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STATEMENT OF ORIGINALITY

This thesis is presented as a collection of linked papers with the aim of informing
environmental conservation research and practice about the role and value of experience.
The thesis relies on information from a number of non-biclogical disciplines including
clinical medicine, philosophy, systems science, phenomenography, and cognitive
psychology. Data collection, analysis, and write-up for the main chapters and Appendix 1
were for the most part conducted by myself, and the contribution of collaborators did not
extend beyond a normal supervisory role. However, the breadth of the thesis would not have
been possible without discussion, ideas, feedback on earlier drafts, and guidance from a
number of individuals. To acknowledge such assistance, individuals have been listed at the
beginning of each chapter as co-authors in the order of the magnitude of their contribution.

{See acknowledgements for a more detailed account of their assistance).

This thesis 1s my own work except where otherwise acknowledged (see

Acknowledgements).

loan Fazey
January 2005,
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PREFACE

This thesis is an exploration of the nature of environmental conservation and how more
effective conservation practice can be achieved. Much of the context of the thesis stems from
a desire to develop a personal understanding of the relative contributions of science and
experience for informing conservation management. This desire grew from my own previous
experience of conservation work where there were always difficulties obtaining relevam
information and translating it into a form n which it could be applied effectively. In many
cases, significant gaps m information meant that relying on experience and good judgement

was often the only possible way forward.

While the thesis concentrates on developing understanding about the nature, role and value
of experience, an additional personal aim was to broaden my understanding about
conservation issues generally, and of other disciplines and research methods, To represent
the personal development of understanding about conservation and experience, chapters are
presented in the order in which they were written or data collected. The thesis is therefore
not intended to be a linear progression through theory, data collection, analysis and
interpretation of results. Instead, chapters have been written as stand-alone pieces of work,
and were generally cotnpleted before beginning the next chapter. Later chapters would not
have been conducted without insights from previous ones, and diagrams in some of the
sections are used to clarify interconnections between chapters. Because the thesis relies on
ingights from a wide range of disciplines, it does not conform to ihe fraditional biological

scientific study.

All of the main chapters, including the synthesis, have been written with publication in mind:
Chapters 2-3 are in press; Chapters 5 and 7 have been submitted to journals; and Chapters 4,
6 and 8 are in preparation and will be submitted by April 2005. In addition, Appendices -1
are publications that have been written during the course of the PhD. These papers do not
relate directly to the central theme of the thesis, but they have coniributed to my
understanding about environmental conservation and the development of appropriste
conservation theory. Because the main chapters are intended to be stand-alone pieces of
work which were written with particular journals in mind, the chapters have minor stylistic

differences. For example, some chapters use UK. spelling and others American, and
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chapters may use either the term “environmental conservation” or “conservation biology”.

Because the chapters stand-alone, some repetition between chapters was unavoidable.
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SUMMARY

To facilitate the implementation of research, recent studies have suggested that
environmental conservation should adbpt an evidence-based approach from clinical medicine
and public health (Pullin and Knight 2001, Pullin er al. 2004). In this approach, scientific
research is systematically reviewed and disseminated through organisations dedicated to the
process. Strong emphasis is placed on the integration of experimental research. While the
proponents of the evidence-based approach acknowledge the importance of experience for
decision-making, there has been limited discussion about how experience should be
incorporated into the decision-making process. To achieve greater integration, an important
first step is to determine the nature, role and value of experience for environmental
conservation. To achieve this step, a broad range of topics has been explored in this thesis.
This has involved drawing insights and understanding from a wide range of non-biological
disciplines, including clinical medicine, philosophy, systems science, phenomenography and

cognitive psychology.

The nature of environmental conservation was examined through a review of publications in
three prominent conservation journals (Chapter 2), and by comparing conservation with
clinical medicine to ask if an evidence-based approach could assist the review and
dissemination of conservation research (Chapter 3). These first two studies in the thesis
suggest that while experimental evidence is important, to take into account the complexity of
environmental systems, environmental conservation also often needs: (1) greater
acknowledgement of uncertainty; (2) a holistic and inter-disciplinary approach; and (3)
stronger links between research and practice. The evidence-based approach could have many
significant benefits for conservation, but would need to be complemented by other
approaches, such as adaptive ménagement or the appropriate application of experiential

knowledge.

Another key issue for conservation is how people theorise and build understanding of
énvironmental systems. Therefore, the nature of formal conservation theories (Chapter 4)
and how practitioners apply them (Chapter 5) was explored. These two studies suggest that:
(1) theories, by necessity, are summaries of a complex world and therefore all theories have
limitations; (2) multiple concepts are necessary to guide conservation action; (3) the human

mind significantly affects the theories we accept (Chapter 4); and (4) when practitioners
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make decisions, formal theory is combined with the rest of an individual’s educational,

research, work and environmental experience (Chapter 5).

Taking into account issues raised in preceding studies (Chapters 2-5), a case study elicited
the extensive implicit knowledge of seven on-ground managers of the large and complex
Macquarie Marshes wetland system in south-eastern Australia (Chapter 6). Detailed
scientific research and data for the wetland were lacking, yet there was extensive on-ground
experiential knowledge about the impediments to achieving effective conservation of the
wetland. n addition, an experimental approach would have been unable to capture the

complexities of the conservation issues (Chapter 6).

The on-ground managers were interested in finding ways to articulate their deep
understanding of conservation issues to ensure that adequate attention was given to the
ultimate causes of the conservation problems, and not just to dealing with the symptoms of
the problems. A series of semi-structured interviews and a workshop informed the
development of a conceptual model to communicate the impediments to achieving effective
conservation of the wetland to a wide audience. The wetland is undergoing dramatic changes
as a result of water extraction for irrigation. The conceptual model highlighted the strong and
complex positive feedback that was continually reinforcing the potential for policy and/or
management by water agencies to favour the interests of the irrigation industry. While action
on many levels and scales was required, without major governmental intervention and a shift
in the prevailing worldviews of the water agencies and the public, the health of the

Macquarie River and the wetland was likely to continue to decline.

The case study (Chapter 6) highlighted the notion that extensive research and/or
management experience of an environmental system has considerable value for informing
conservation practice, and that finding ways to articulate such knowledge was important.
Given that many practitioners rely on their experience when making decisions, a next step
was to determine how practitioners could learn better from their experiences and apply
experiential knowledge more appropriately. By reviewing some of the literature from
cognitive psychology and phenomenography on how people learn, a way of thinking was
presented to help researchers and practitioners develop expert understanding of
environmental systems in an adaptive and flexible way (Chapter 7). To do this, individuals
ﬁeed to: (1) vary and reflect on their experiences and become adept at seeking out and taking
different perspectives; and (2) become proficient at making balanced judgements about how
or if an experience will change their current working representation of the environmental
system by applying principles of “good thinking”. Such principles include those that assist

individuals to be open to changing their current way of thinking (e.g. the disposition to be
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adventurous) and those that reduce the likelihood of making emronecus interpretations (e.g.
the disposition to be intelleciually careful). A key finding was that while experiential
knowledge is different to knowledge derived from experiments, they arc complementary, and
both are important. ’

Finally, the studies in the thesis were integrated in a discussion about the role and value of
experience in relation to evidence-based conservation (Chapter 8). A conceptual model was
used to demonstrate how expertise in learning from experience, defined by a person’s
capacity to seek out and take different perspectives and to be open to how an experience
might change their current way of thinking, influences the development of understanding
about envirommental systems. An evidence-based approach provides an important
springboard for increasing emphasis on reviewing, planning and reflecting on conservation
actions, Therefore, in addition fo making research more accessible to the wider conservation
community, the approach could also facilitate the development of a practitioner’s personal

- understanding of environmental systems.

There are five general conclusions arising from the thesis about the role and value of

experience for environmental conservation:

(1} Because personal experience will often play a dominant role in decision-making,
developing our capacity to learn from our experiences - including the experience of
research - will have a significant influence on the effectiveness of conservation

decisions;

(2) While an expert’s implicit knowledge is qualitatively very different from explicit
knowledge, both are important and complementary;

(3) Some experiential knowledge can be expressed quantiiatively, but making implicit
knowledge explicit changes its nature because it is no longer linked to the rest of an

expert’s personal knowledge;

(4) Synthesizing and communicating research is essential to help prevent people from

heading down potentially erroneous ways of thinking;

{5) There is no single definition of expertise. It is difficult to compare one expert with
another as their knowledge 18 built from a unique set of experiences. However, it takes
considerable time to develop the form of expertise that is typically discussed in the
education literature. When referring to “expert knowledge”, it is therefore important to
be clear about the basis and extent of this knowledge, and the degree to which the

knowledge is relevant,
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Chapter 1

INTRODUCTION

1.1 Background

“Conservation” can be considered to be the “management of human use of the biosphere that
provides the greatest sustainable benefit to current generations while maintaining ifs
potential to meet the needs of future generations” (E;NEP 1992y, This definition embraces
“preservation, mainfenance, sus%aiﬁz&)}e use, restoration and. enhancement of the natural
environment” (UNEP 1992). Thus, the academic discipline of environmental conservation
primarily aims to inform society about threats to the natural environment and biodiversity,

and how to alleviate those threats and manage environmental systems appropriately.

Given the extent of the global environmental crisis, there have been suggestions that
environmental conservation is failing in its duty to inform practitioners about the
conservation of biota, Whitten ef o/, (2001) argued that enough is often known about
conservation problems fo take immediate action, such as to half illegal logging or large-scale
loss of native vegetation. Instead of more priority setting, plamming, and. assessment
exercises, they suggested that greater emphasis should be placed on on-ground action

{Whitten et al. 2001).

Determining what makes research useful depends on personal opinion and values.
Nevertheless, irrespective of whether it is considered to be relevant, environmental
conservation bas serions problems disseminating and implementing research (Pullin and
Knight 2001). It takes longer for conservation journals to publish their results than other
biclogical journals (Kareiva er af. 2002}, and practitioners rarely apply the research when
compiting management plans (Pullin ef &f. 2004).

The problem stems, in part, from the inaccessibility of research. With substantial amounts of
conservation and environmental publications “hidden” in the greyv literature or in obscure

journals, practitioners may be unaware that the information exists (see Pullin ef o/, 2004),
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Yet, even if it were accessible, practitioners working in a real world of time and resource
constraints are unlikely to use it unless it is presented in a form where its relevance can be
easily judged (see Ely et al. 1999). As a solution, it has been suggested that environmental
conservation adopt the “evidence-based approach” from clinical medicine and public health,
where research is systematically reviewed and disseminated through organisations dedicated
to the process (Pullin and Knight 2001). Such processes are important because they also
provide mechanisms where researchers can be informed about the relevance of the research

to practice (Waddell 2001).

Appropriate research is necessary to prevent “superstitious learning” by individuals and
organisations, where erroneous connections between cause and effect can occur (Levitt and
March 1988). However, environmental systems are often dynamic, complex and context-

specific, and data are usually lacking. In such situations, it is often the degree of personal 7
experience that counts most when making conservation decisions (Woodwell 1989). While
the proponents of an evidence-based approach acknowledge personal experience is important
(Pultin and Knight 2001, Pullin et al. 2004), there has, so far, been limited discussion about
how experience should be incorporated into the decision-making process. To achieve greater
integration, an important first step is to determine the nature, role and value of experience for

environmental conservation.

1.2 Objectives and Aims

This thesis aims to develop a better understanding of the role and value of experience for

environmental conservation. To do this, five main topics are addressed:

s Section A: Understanding environmental conservation {Chapters 2 & 3);

e Section B: Developing and applying formal conservation theories (Chapters 4 & 5);
e Section C: Capturing implicit knowledge (Chapter 6);

e Section D: Leamning better from experiences to develop expert understanding of .

environmental systems (Chapter 7);

e Section E: Synthesis: Understanding the role and value of experience for conservation

research and practice (Chapter §).

Fig. 1.1 provides a schema for the links between chapters. The process is not a traditional
linear progression through theory, data collection, and interpretation of results. Instead, to
avoid making prior assumptions about the role and value of experience, each chapter was

largely conducted one step at a time. The chapters are presentéd in the order in which data
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were collected or in which they have been written to represent the development of
understanding about the research topic. In recognition of the need for accessible research,
chapters have been written as independent picces of work, each with a clear contribution to
the discipline of environmental conservation. Nevertheless, chapters later in the thesis would

not have been conducted without the direction from previous ones,

In Section A, the nature of environmental conservation and issues surrounding the
dissemination and application of research are explored to provide the context within which
the role and value of experiential knowledge can be examined. Chapter 2 reviews the
research published in three conservation journals, and discusses the relevance of the
published research to policy and management. Chapter 3 explores whether conservation
practice could be improved by applying the evidence-based approach characteristic of
¢linical medicine and public health to facifitate the review and dissemination of conservation
research. By comparing clinical medicine and environmental conservation, the role of

different types of evidence for informing practice is considered.

Given the complexity and uncertainty of conservation issues, another key issue is how we
think about, theorise and build understanding of environmental systems. Because formal
theories are primarily built from our personal understanding, ﬁxey are strongly influenced by
our experiences (e.g. Lakoff and Johnson 1999). Section B therefore explores the nature of
theory, how our cognitive capacities influence our acceptance of certain theories, and how
practitioners apply formal theory. Chapter 4 considers the challenge of developing theories
that have a practical focus, but which do not mislead scientists and practitioners. Chaplier 5
then explores how practitioners apply conservation theory in real world setfings, based on an
exploratory study of planners and implementers of conservation programs of the New South
Wales National Parks and Wildlife Service (NPWS), south-eastern Australia.
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Many practitioners have considerable experience of particular environmental systems, and in
the absence of appropriate research, expenential knowledge can be valuable for informing
conservation practice (e.g. Robertson and McGee 2003, Martin ef af. in press). However, the
nature of experiential knowledge means that if can often be difficult to articulate (Polanyi
1938). Thus, finding ways fo capture and present such knowledge is an important issue for
environmental conservation. In Section C, Chapter 6 applies a method si}sciﬁﬁa}iy designed
to elicit the experiential knowledge of en—gmund- conservation managers working in a
complex and dynamic wetland system in south-eastern Australia. To articulate the
understanding of the managers, a conceptual model of the dynamics of the system is
developed and presented, taking into consideration insights about conservation theory from

Chapters 4 and 3.

Because practitioners rely heavily on experiential knowledge (Pullin ef ¢f. 2004}, Section D
explores how we can find more effective ways to learn from our experiences. Chapter 7
exaﬁﬁned how we can learn better from, and make the most of our personal experiences, and
learn how to apply experiential knowledge more appropriately. Research from
phenomenography (studies of what expert teachers and learners can tell us about learning)
and cognitive psychology is reviewed and discussed within the context of developing expert

understanding of environmental systems.

Finally, Seciion E (Chapter 8) presents a conceptual model that explains how expertise in
learning influences our capacity to learn from experiences to develop expert understanding
about environmental systems. The model is a synthesis of understanding derived from
previous chapters. Its tmplications for understanding the role and value of experience for

environmental conservation are discussed in relation to evidence-hased conservation.

1.3 Approach

This thesis is an exploration of a number of different issues and topics, which lead to a better
understanding of the nature, role and value of experience for environmental conservation.
While no single or specific research method has been applied throughout the thesis, each

chapter is influenced by three main considerations:

1) In recognition of the inter-disciplinary nature of conservation biology (Soulé 1985,
Hunter 2002), where possible and appropriate, chapters shouid: (a) draw on knowledge
from outside the biological disciplines; (b) engender collaboration with researchers or

practitioners from other disciplines; and (c) integrate different types of information.
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2) Chapters should have an underlying practical focus, and thus should: (a) be an
independent piece of work; (b) provide a clear message to conservation researchers and
practitioners who may not be familiar with material from other disciplines; and (c) be

accessible to a wide audience (i.e. written in a format amenable for publication).

3) Bearing in mind considerations (1) and (2) above, chapters should make use of the most
appropriate method for the research task. Methods employed include quantitative
methods, theoretical research, and qualitative methods (including interviews, grounded

theory, causal loop diagrams and workshops).

1.4 Definitions

Definitions of key terms are provided within each chapter. However, the term
“environmental system” is used throughout the thesis. We take Newell and Wasson’s (2002)
defmition that a “system” is “something composed of discernible parts that interact to
constrain each others behaviour”, where the “characteristic behaviour of that system arises
from the internally generated forces imposed on parts of the system by (other) parts of the

system™.

By “environmental system” we are referring generally to the social, biological and physical

components that drive a system’s dynamics.
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SECTION A:

UNDERSTANDING ENVIRONMENTAL
CONSERVATION |

To understand the nature, role and value of experience, it is first necessary to gain an
understanding of the nature of the discipline of environmental cownservation, and how
research and other types of information are used in environmental management. Chapter 2
reviews an extensive body of literature from three conservation journals, and discusses the
relevance of the research published in the journals to policy and management. Chapter 3
asks whether the application of some of the mechanisms adopted in medicine and public
heaith would benefit conservation practice. The chapter compares the types of evidence
available in conservation and medicine, and points to some of the difficulties when

integrating scientific studies with other, more qualilative, types of evidence.
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Chapter 2

WHAT DO CONSERVATION BIOLOGISTS
PUBLISH?

Citation: loan Fazey, Joern Fischer, David B. Lindenmayer, D.B. (2005). What do

conservation biologists publish? Biological Conservation.

2.0 Summary

We provide an overview of publications from three prominent conservation journals
(Biodiversity & Conservation, Biological Conservation and Conservation Biology)
published in 2001 (n = 547 papers). We found a wide breadth of studies of different topics
from different climates and habitats and across a range of spatial scales. Most studies were
guantitative (89%) and used inferential statistics (63%). Research was biased towards
vertebrates, forests, relatively pristine landscapes, and towards studies of single species and
assemblages rather than communities or ecosystems. Despite assertions in the literature that
conservation is synthetic, eclectic and multi-disciplinary, few studies were truly cross-
disciplinary (13%). In addition, few studies investigated the loss of native vegetation (2%),
or specifically studied introduced (4%) or non-threatened species {4%). 20% and 37% of
studies had high relevance to policy and management respectively. However, only 12.6% of
studies actively went out to test or review conservation actidns. Although many topics are
covered in the literature, improvements are possible. We suggest 1) broadening the number
of habitats, taxonomic groups and scales studied and 2) providing closer and clearer links

with other disciplines and research approaches, and with policy and management.

2.1 Introduction

People have been engaged in conservation activities for centuries, i.e. ever since human
reasoning began to extend the idea of deferred gratification (“save this fruit to eat tomorrow

rather than now™) (Hunter 2002). Over the last 150 years there have been significant changes
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in western conservation ethics and values, During the 19" century and first half of the 20"
century, the careful use of natural resources was advocated mainly for the need for spiritual
satisfaction or for the conservation of limited resources for future human use (Calicott 1990).
More recently, there has been increasing recognition of the need to care for the function and
integrity of natural processes and systems, and that all components of nature have intrinsic

value (Callicott 1990).

With changing values there have been dramatic increases in organisations, institutions and
programs interested in serving a conservation ethic. Some of the earlier prominent ones
“include the International Union for the Protection of Nature established in 1948 (now the
IUCN World Conservation Union), the International Biological Program (1968-1974), and
journals like this one (first published in 1968). Such organisations greatly assisted the
development of an academic discipline specifically devoted to the conservation of biota and
contributed to early definitions of what constituted the study of biological conservation (e.g.

Polunin 1968).

Research in numerous disciplines, including biology, ecology and wildlife management
greatly contributed to increased understanding about nature conservation. However, many
felt that a new discipline was required to bring different components of research together
(Jacobson 1990). In 1978, the First International Conference on Conservation Biology was
held at the University of San Diego, followed by the ensuing publication of the book
Conservation Biology (Soulé & Wilcox 1980).

In 1985, the landmark paper “What is Conservation Biology?” was published (Soulé 1985).
This paper was significant because it attempted to define a new field of inquiry characterised
by few disciplinary boundaries. Soulé (1985) argued that the eclectic, synthetic and multi-
disciplinary nature of conservation biology resulted because all components of human
activity (law, economics, sociology etc.) are ultimately linked to the state of Earth’s
biological diversity. Some of the most important points from Soulé’s paper are summarised

in Table 2.1.

In this paper we provide a snapshot overview of conservation research. To do this we
investigate four main themes: an overview of topics, habitats, taxa, and the ecological,
temporal and spatial scales of the research. We also investigate these four themes with
regard to the relevance of the research for informing policy and management. Our aim is not
to make major comparisons between journals, as most people will already be familiar with

the biases or preferences of a particular journal.

11
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Fable 2.1: Key aspects defining conservation biology (from Seulé 1985).

Aspects defining conservation biology:
s  Conservation biology is a crigis discipline.
¢ Tolerating uncertainty is often necessary.
¢  Given incomplete knowledge, conservation biology is a mix of science and art requiring mtuition as well as
information.
+  Conservation is synthetic, eclectic and multi-disciplinary with dependence on biological and social science
disciplines.
e  Conservation biology is holistic: Processes need to be studied at macroscopic levels, and reductionism alone
cannot lead to explanation of community and ecosystem processes.
s  Conservation biology is based on & number of underlying functional and normative postulates suggesting
rules for action.
Functional Postulates:
1. Many species constituting natural commmunities are products of co-evolutionary processes.
2. Many ccological processes have thresholds below and above which they become discontinuous,
chaotic or suspended.

3. Genetic and demographic processes have thresholds below which non-adaptive, random forces begin
to prevail over adaptive, deterministic forces within populations.

4,  Nature reserves are inherently disequilibrial for large, rare organisms.
Normative Postulates:

1. Diversity of organisms is good.

2. . Ecclogical complexity is gdéd.

3. Evolution is good.

4. Biotic diversity has intrinsic value.

2.2 Methods

2.2.1 Choice of journals

Our survey covers three international conservation biology journals: Biodiversity &
Conservation (B&C), Biological Conservation (BC) and Conservation Biology (CB). The
journals were selected on the basis that they were the highest impact biological journals with
‘conservation’ in their title. These are some of the longest standing journals publishing
conservation research. They have all been heavily involved in the promotion of conservation
biology and together provide a good representation of the global scientific literature in
conservation biology. While the review of only three of many journals that are fully or
partially devoted to conservation will influence the results of this study, sampling a larger
number of journals with fewer papers from each is problematic. This is partly because in
some of the more ecologically-oriented journals {e.g. Journal of Animal Ecology) it can be

difficult to decide if a pﬁbiication should be included as a paper that is devoted to
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conservation biology. Other conservation related journals are often quite specific to
particular issues (e.g. Restoration Ecology), to a specific region {e.g. Pacific Conservation
Biolegy) or to particular taxa (Invertebrate Conservation). We were careful to ensure there
were no special issues of the journals that would highly skew the results (there was only one
special issue which we account for in the analysis — see section 3.3.1). Thus, while the
choice of the joumals for this survey will influence some of the results, we believe the
journals we focused on will provide a good overviex# of the most widely read international

publications specific to the discipline of conservation biology.

The three journals reflect a range of different types of publications and editorial policies.
The 2061 impact factors for the three jqumals were 2.78 for CB, 1.69 for BC, and 1.31 for
B&C (ISI Web of Knowledge).

2.2.2 Data collection

With the exception of letters and book reviews, we read all publications in the three journals
from 2001 (total n = 547; comprised of B&C = 124, BC = 210, CB = 213). Other sampling
protocols would have been possible, but our aim is w provide a snapshot overview rather
than a historical trajectoty of the discipline, Therefore, an actual review of one year, with a
large number of papers was considered informative. Numerous questions were asked of each
paper, such as the habitat type and species studied. Questions and different categories (e.g.
forest or marine) were denived inductively by reading the first 100 papers from 2001 (equal
pr@gartiéns from each journal relative to their overall proportion). These papers were re-read
once appropriate questions had been determined. Many of the questions and categories are

self-explanatory. Those reguiring precise definition are presented in Table 2.2,
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Table 2.2: Questions and categories requiring detailed definition.

Questions Categories )

Type of pubdication: Catepories include: Essays and commrents, reviews, snd bndividua studies (Lo, qualitstive and quantitative studies)

Mode of mguiry: Netural experiment = studies which have some elements of tree experiments, e.g. those comparing data before and after intervention or that use an unaktered site
a8 a control (see Diamond 1986),

Topic overview: Wider context of conservation bislogy = papers that specifically engage broader discussion about conssrvation other than just focussing on the biclogical e
copmnunity participation, ethics sie,

Threatening process: Pisturbance = species affected by presence of humans {e.z, birds o beaches).

Climatic zone:
Habitat modification:

Landséa;»e structure:
Species status;

Highest organisational
tevel:

Largest spatial scale:

Effects of take = hunting, harvesting or fisheries bycatch,

Habitaf change = loss of native vegetation, effects of logging, grazing ete.

Habitat fragmentation = edge effects, studies of isolation/connectivity, or *general fragmentation” (studies that do not isolate different fragmentation processes).
Effzet of smail population size = silee effects, inbreeding etc,

Midtiple = more than one threstening process or where threatening processes are discussed generally

Zones are based on Hutchinson er of. (1992}

The degree to which the study site has boen altered by processes other than fragmentation, Categories inclade: Low (e.g. relatively pristine amnd undisturbed),
medium (.. areas that have been selectively logged or grazed), high (e.p. urban areas that have very little vegetation remaining) or raultiple (more than one
category)

Small fragments = <100k, large fragments = 108-1000ha, natural = >1000ha

Whether research is conducted solely on nos-threatened, threatened o introduced species. * Multiple” refers o studies that include species from more than one
stafgs category, . .

Categories include: Individual/popuiation, assemblage (multiple species but from one taxonomic group e.g birds), compamity {across a range of tsxonomic
groups or where interactions between species from different taxonomic groups are specifically studied}, ecosysfern {across a range of communities). When a study
vovers multiple categories, the highest level was noted

Categories include: Local (<1, landscape (4-100km’Y, regional (muitiple landscapes), continenlad {s0ross continent or multiple continents). Where a study
covers multiple categories, the largest scale was used.
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Research can inform a wide spectrum of conservation acfivities along 2 confinuum from
broad political debates about the direction that society should be taking to more specific on-
ground action. To determine the degree to which publications were relevant to conservation
activities at different points on this continuum, we asked whether publications had high
re}evaﬁce.te policy or management (HRP and HRM respectively). We take “policy’ to be the
result of “the interaction of values, interests and resources, guided through institutions and
mediated ihmugh politics” (Davis et al. 1993), and consider ‘management’ to be the
administration and control of specific c_onservation actions, such as the development of
management plans or mitigation measures. Each publication was assigned a score between
zero and three for the degree to which it aimed to inform policy and management. The score
was based on 1) objectives of the study, 2) the degree to which it considered policy or
management in the introduction and discussion and 3) the clarity with which it delivered its
conservation message. A paper was considered to have high relevance if it had a score of two
or more. Because HRP and HRM were assessed separately, a paper with HRP could also
have HRM.

The classification of publications was inevitably subjective, but we made every effort 10
retain consistency throughout the survey. To maintain consistency, the primary author (IF)
assessed all papers. Due to the large amount of data gathered, we have been selective in the
data we have presented. We do not present data on the countries where research was
conducted. This is covered elsewhere (Fazey ef al. 2005-a [Appendix 1}). Similarly, we do
not review theory In the conservation literature as it has been reported in With (1997). Means

are reported with standard errors.

2.3 Results
2.3.1 Overview

2.3.1.1 General

On average, it took 3.9 (+/-0.13) vears from the last year of data collection for a paper to be
published. There was no difference between journals for years to publication, although the
difference was close to Eeing significant (Fys = 2.47, p = 0.09 B&C: 3.5 (+/-0.8), BC: 3.8
(+/-2.3) and CB: 4.3 (+/-0.3)). )

The majority of papers were individual studies (85%), with the remainder being

essays/comments (8%) and reviews (6%). CB had relatively fewer individual studies (72%)
compared to B&C (95%;) and BC (95%). B&C and BC had no comments/essays, All three
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journals had a similar proportion of reviews (B&C: 7%, BC: 5%, CB: 7%). The majority of
studies collected some of their own data - i.e. were not only relying on existing data sets
(79%) and 89% were mainly based on quantitative data. 63% of articles used inferential
statistics, but only 8% of individual studies were true experiments and 18% were natural

experiments.

2.3.1.2 Topics studied

Papers considering the threats to biodiversity dominated the literature (40%) (Fig. 2.1a).
B&C had the greatest proporiion of papers devoted to biodiversity surveys and studies
examining the causes of species distributions (B&C: 26%, BC: 5%, CB: 1%). BC had a
higher proportion of papers devoted to studies of species biology (BC: 28%, B&C: 5%, CB:
6%). CB had higher proportion of papers that considered the non-biological wider context of
conservation (CB: 25%, B&C: 7% and BC: 1%). Of all publications in the three journals,

14.1% explicitly proposed, developed or tested conservation theory.

2.3.1.3 Threatening processes _

71% of all papers considered at least one threatening process (Fig. 2.1b). The most common
categories were multiple (18%), habitat change (13%), and habitat fragmentation (11%).
Loss of native vegetation was rarely studied directly (2% of all papers). Of the 61 papers on
habitat fragmentation, 36 considered general fragmentation, 13 edge effects and 12

isolation/conmectivity.

2.3.1.4 Cross-disciplinary research

13% of all papers (n = 73) were cross-disciplinary, i.e. they included both a biological and
non-biological discipline. The non-biological disciplines included: Economics (p=8),
Education (n=6), Health sciences {n=4), History (n=8), Policy (n=24), Sociology (n=12),
Multiple (n=4), and Others (n=7).
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Fig. 2.1: Proportion of all publications (n = 547) and jowrnals for: a) different
conservation topies, b) different threatening processes considered in a study. The
categeries for papers where the threatening process counld nof be identified are not

shown.
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2.3.2 Habitats

2.3.2.1 Climatic zone and habitat type

Studies were conducted across a range of different climatic zones: Cold to very cold (13%),
cool (19%), warm (16%), hot (14%) and multiple (15%). Fewer studies were conducted in
high montane and dry warm fo hot regions (1% and 5% respectively)(e.g. arid zones in
Australia and Africa).

Studies were dominated by those conducted in multiple habitats (21%) or in forests (20.5%).
Habitats least represented were deserts (0.7%) and montane (1.6%), with others being more
evenly represented: e.g. agricultural (2.4%), scrub (2.7%), coastal (3.7%), wetlands (4.4%),
grasslands (4.8%), marine (4.9%), aquatic (5.5%), woodland (6.4%).

2.3.2.2 Degree of habitat modification

Studies were biased towards habitats with low meodification. Of the 283 studies where habitat
modification could be identified, 54% were conducted exclusively in low-modified (e.g.
intact forest, relatively pristine habitats), 8% exclusively in medium-modified (e.g. grazed
woodlands, selectively logged areas), 2% exclusively in highly modified habitats (e.g.
urban), and 36% considered habitats with multiple modification classes. Even when papers
from the multiple classes were added to the other classes, the total number of papers
considering low, medium and highly modified habitats were 251, 106 and 41 respectively,

i.e. studies were still strongly biased towards habitats with low modification.

2.3.2.3 Landscape structure

Studies were biased towards large natural habitats (Fig. 2.2). There were 341 papers where
landscape structure was relevant or could be identified. Of these, a higher proportion were
conducted in natural landscapes (45%) compared to large fragments (7%), small fragments
(12%), studies that considered the matrix with large and small fragments (10%), multiple
classes (22%) and islands (4.4%).
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Fig. 2.2: Proportion of publications conducted in different landscape structure classes

{n = 341). Publications where landscape structure was not possible to determine were

exeluded.

2.3.3 Taxonomic groups, number of species, and their status

2.3.3.1 Number of species and species status
Some studies dealt with large numbers of species (mean = 64.5, +/- 7.9) but most dealt with

relatively few (median = 5).

Of the 436 papers where species status could be identified, studies of threatened species
{42%) were far more common than those of non-threatened (4%} and introduced species
(4%%). 50% of studies included species with more than one status. Of these, only 7%
specifically studied introduced species and 31% studied non-threatened species. 60% of the
studies which included more than one species status were on a wide variety of species, such
as biodiversity surveys where species status was not a primary consideration of the study. In
addition, a special editon (in BC; Issue 1, Vol 89) of resecarch from &ew Zealand on
introduced species skewed the results, accounting for 9 out of 32 papers that specifically
studied introduced species. Thus, even when studies where more than one species status was
included and special editions were taken into account, there were siill few publications that

specifically set out to study introduced or non-threatened species,
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2.3.3.2 Toxa
Most taxonomic groups were relatively well represented except fish, fungi and lichens (Fig.

2.3). Birds and mammals were particularly well-represented (31% of all individual studies).

[} (9] P %3]
[} [e] Q o
1 i 1 f

% all publications

—
o
b

o
1

Fig. 2.3: Proportion of all publications (n = 547) and the proportion of publications in

different journals for the taxonomic group studied.

Of the 73 papers studying invertebrates most studied arthropods (52 papers, with 33 studying
insects, and 19 studying all other arthropods). Non-arthropod invertebrate taxa were poorly
represented (6 studies on corals, sponges and echinoderms, 8 on molluscs, and 7 on multiple

invertebrate taxa).
2.3.4 Ecological, spatial and temporal scale

2.3.4.1 Orgamisational level
More publications were conducted at the individual or population level than other
organisational levels (Table 2.3). Fewer studies at higher organisational levels were

experimental or natural experiments {Individuals/populations: 44%, assemblage 31%,
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commmunity 22%, ccosystem 3%) or used quaniitative data {(Individuals/populations: 83%,

assemblage 94%, community 78%, ecosystem 34%).

2.3.4.2 Largest spatial scale considered |
There was a relatively even distribution of studies at different spatial scales except for the

continental scale, which had a lower proportion (Table 2.3). There were more frue
~ experiments or natural experiments at the local scale (66%;) than at the landscape (23%),
regional (12%:) or continental (0%} scale. There also were more studies that used quantitative

data at the smaller scales (local 93%, landscape 88%, regional 73%, and continental 50%).

Table 2.3: Spatial and temporal scale of studies

Seale _ o Yo
Highest individual/populations 54%
orgamisational level Assemnblage 254
(n=479) Community _ 17%

Ecosystem . k)
Largest spatial Tocal ' 36%
scale (o= 4703 Landscape 26%

Regional 3484

Continental _ 3 ' 4%
Temporal scale N yrs. the stady spanned (n = 376} Mean: 123 (+/.2) Median: 2

™ yre. data collected (n = 352) Mean: 4.9 {+/.0.5) Median: 2

N intervals or seasons per yvear (n = 347) Mean: 1.5 {(+/-0.1} Mediay 1
2.3.4.3 Temporal scale

Although the mean number of years a study spanned was considerably higher than the mean
number of years of data collection {means of 12.3 and 4.9 respectively), the median was the
same (median = 2, Table 2.3). This suggests that, mos{ studies covered a short time span,
Similarly, most studies did not collect data over different intervals or seasons throughout the
vear {Table 2.3). Differences between jowrnals for number of years of data collection were
significant {Fae; = 3.53, p = 0.03) with B&C having 2.9 (+/-0.53) years, BC 4.9 (+/-0.75)
vears and CB 6.7 (+/-1.34) vears.

2.3.5 Policy and management
2.3.5.1 Relevance to policy and management

37% of publications had a high relevance to management (HRM) and 20% a high relevance
to policy (HRP). 25 publications had both HRP and HRM,
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2.3.5.2 Differences between studies with HRP and HRM

Publications of HRP had a higher median number of species than papers of HRM (medians
of 21 and 2 respectively). More publications of HRP were cross-disciplinary (34%)
compared to publications of HRM (7%).

There were 279 publications where both threatening process and relevance to
policy/management could be determined. There were differences in the proportion of studies
for each threatening process that had either HRP or HRM (Fig. 2.4). For studies with HRP,
‘muliiple” and ‘effects of take’ categories had the highest proportions (Fig. 2.4a). For studies
with HRM, ‘disturbance’, ‘effects of take’, ‘habitat change’, and ‘other’ categories had high
proportions while ‘habitat change’ had the highest actual number of studies with HRM (Fig.
2.4b). ‘Habitat fragmentation’, ‘introduced species’ and ‘multiple’ categories had relatively
low proportions, although overall habitat fragmentation had a high actual number of studies
(Fig. 2.4b). '

The proportion of publications with HRP was relatively high for studies that considered
multiple habitats (26%) compared to montane (11%), agriculture (8%), marine (8%},
wetlands/riparian (6%), woodlands (6%) and grasslands/savanna (4%). Publications with
HRM were relatively even across habitat type, although scrub (53%), wetland (57%) and
woodlands (55%) had proportionately more publications with HRM compared to studies in
aquatic (31%) and desert (25%) habitats.

Fungi/lichens and invertebrates were poorly represented in the papers with HRP and HRM.
There were no HRP studies for ﬁmgi/iichens and few for invertebrates (6%) compared to
birds (11%}, herptiles (12%), flora (13%), fish {14%), and mammals (16%). There were also
few studies with HRM for fungi/lichens (20%), herptiles (27%) and invertebrates (31%)
compared to birds (51%), fish (57%), flora (44%) and mammals (47%).

2.3.5.3 Testing conservation actions
12.6% of publications tested or reviewed a specific conservation action. Actions most
frequently tested were translocation (n = 10), restoration (n = 10) and other types of species

recovery efforts (Fig. 2.5).
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A: Policy

% high relevance

% high relevance

Fig. 2.4: Proportion of papers for cach threatening process with: a) high relevance to
policy and b} high relevance to management, The total number of papers where
threatening process and policy/management relevance could be determined was 279,

Numbers above each bar give the actwal number of publications with high

policy/management relevance.
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12 4

Number publications

Hig, 2.5: Number of publications that tested or reviewed a specific conservation action.
Total n = 69. '

2.4 Discussion

2.4.1 Publication type

Conservation biologists study a diverse range of topics covering numerous scales, regions,
habitats and taxa. The variety of research suggests that academics, students and practitioners
have a wide breadth of knowledge and experience to guide conservation action. While the
three journals had differences in the type of studies they published, these differences tended

to complement each other (Fig. 2.1a).

Although most studies considered at least one threatening process, it was striking that only
2% of all publications specifically addressed the loss of native vegetation (Fig. 2.1b), the
greatest threat to biodiversity (Fahrig 2003). For example, in Australia 6,878 square
kilometres of native vegetation are being cleared each year equating to 50 rugby fields per
hour (QCC et al. 2001), killing approximately 100 million native mammals, birds, reptiles
and 190 million trees (Cogger et af. 2003). The dearth of research on the loss of native

habitat could be due to three reasons: 1) It may be considered to be an uninteresting subject —
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once the vegetation has gone what is there left to study? 2) More complex aspects of the
problem such as broad ecosystem impacts, extinction debts and accumulative effects of
piecemeal loss of vegetation (e.g. through development) may be considered too difficult to
address directly. 3} Since they often oceur together, some people assume that fragmentation
studies include both the loss and subdivision of native vegetation, despite the distinet
differences between the two processes (Fahrig 2003). Thus the current literature may give an
impression that the loss of native vegetation is less important than it actually is, which may

contribute to claims that it is failing to address today’s problems (e.g. Whitten e &f. 2001),

2.4.2 Habitat

There have been numerous recent calls for more emphasis on studies m modified landscapes,
given the vast proportion of the world’s landmass is cutside reserves (Daily 2001; Fischer er
al. in press a [Appendix 21). Human demographic predictions also suggest rural areas will
increasingly be abandoned and more people will move to coastal and urban environments.
Hence, a greater understanding of how io protect and manage riparian, xx}eﬂané and coastal
ecosystemns and restore marginal, abandoned land will be required (Young 2000; Luck ef af.
2004). Despite these calls we found that few studies were conducted entirely in areas under
intense hﬁman ﬁxessure (agricultural landscapes, coastal and urban areas). This was also
reflected in data on landscape mwodification and structme (Fig. 2.2}, suggesting that

conservation biology is dominated by research in relatively intact habitats,

2.4.3 Taxonomic group

Research in conservation biology is dominated by vertebrates, with work on birds and
mammals constituting a high pmpé;’tion of all studies (Fig. 2.3). This bias is already well
documented {¢c.g. Clark & May 2002, Baldi & McCollin 2003) and is also reflected in the
allocation of resources and in the value the public places on different taxa (e.g. Czech ef o/,
1998). Surprisingly little research was conducted on introduced species, despite thelr
importance as a threat to biodiversity (Novacek & Cleland 2001).

2.4.4 Ecological, temporal and spatial scale

Single species and genetic studies are essential for conservation, yet practitioners are
increasingly being asked io manage mulitiple species and habitats (T. Soderquist, personal
communication). Qur data suggest that conservation biologists are tackling some of the
difficult research questions at landscape or regional scales (Table 2.3). However, despite

Soﬁﬁé’s (1985) assertion that conservation biology is holistic (Table 2.1), our data suggests
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that more work may be required on the conservation of communities and entire ecosystems
{Table 2.3).

245 Relevance to policy and management

Conservation biology is an applied discipline that aims to inform practitioners about how
best to understand and manage species and habitats, We found 37% and 20% of studies had
HRM and HRP respectively. Whether this is a sufficiently high proportion is difficult to
judge, and depends on how one values pure or appii'ed research, However, while authors
believe their work is being used to guide management and policy (Flaspohler er a/. 2000;
Ormerod ef al. 2002), a recent survey by Pullin ef @l (2004) found that only 23% of
practitioners “always” or ‘usvally” used scientific publications when compiling management
plans. The survey strongly suggests that the majority of conservation actions remain
experience-based and rely heavily on traditional management practices. The limited
application of primary research may be due to 1) the lack of accessibility of research or 2)

that it is not considered to be relevant fo conservation practice.

2.4.5.1 Is research accessible to practitioners?

Pullin ef al. (2004} found evidence that practitioners did not access primary research because
it is too time conswming to locate, access and read. Pullin er af. (2004) strongly advocate that
conservation adopt the evidence-based concept developed and used in medicine and public
health which aims (o promote the use of the best available evidence to make decisions. In
this approach strong emphasiz is placed on reviewing studies and making them accessible
{Sacket ef af. 2000}, including using new fora to guide the production and dissemination of
systematic reviews (Fazey ef &, 2004 [Chapter 3], Pullin and Knight 2003).

Cur study supports Pullin and Knighis®s (2001, 2003) hypothesis that research may not be
readily accessible to practitioners. First, it takes considerable time for results to be published
following the last year of data collection (3.9 +/- 0.13 years), and consetvation journals take
longer to publish articles than other ecological journals (Karetva ef ¢f. 2002). Making new
information rapidly available is important for any crisis discipline, and there have already

been calls for reviewers to turn articles around more guickly (Meffe 2001).

Second, only 6% of all studies were reviews. Concise reviews are essential because no
individual can retain all information and be expecied o make reliable conclusions from it
(Sacket ez al. 2000), In clinical medicine reviews are now much more highly valued, and
their value is beginning fo be reflected in incentives for their production (Fazey ef al. 2004
[Chapter 31).
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Third, many of the conclustons of the papers we read were not sufficiently clear with respect
to how they might influence policy and management. Authors and editors could do more to
ensure it is clearly communicated as fo how their work relates to practice, e.g. by providing
short sections in fhe abstract and discussion. This has been beneficial in other applied
disciplines like clinical medicine (e.g. Brifish Medical Journal) and has already been
demonstrated to be effective in some ecological journals (e.g. Journal of Applied Ecology;
Ormerod et al. 2002). '

2.4.3.2 Is the research relevant?
‘Relevance’ refers to whether something is “closely connected or appropriate to the matter in
hand” (OED 2002). Thus whether a published article is relevant is context dependent, and

certain types of information will be more relevant for some conservation issues than others.

The necessity for a range of types of information is highlighted by the differences between
studies with HRP and HRM. Publications of HRP were more likely to include a non-
biological discipline and tended to concentrate more on multiple species and habitats
compared to publications with HRM, which were often species or habitat specific. The
differences reflect the broader nature of policy with regard to guiding conservation action.
Because cross-disciplinary studies often integrate different types of knowledge, they are also
often more qualitative or integrative than single disciplinary biological studies, Qur results
therefore suggest that such studies clearly have a role to play in providing policy advice

about conservation issues,

The lack of studies with HEM for multiple species also raises the guestion of whether
conservation biology is adequately providing sound management advice to profect
biodiversity at broader organisational levels despite the absence of detailed knowledge of
each species’ biology and habitat requirements (sec Section 2.4.4). This problem is clearly
highlighted by the debate about the usefuiness of theoretical approaches and frameworks that
rely on environmental swrogates for achieving conservation outcomes (e.gz. Simberioff
1998). On the one hand such theory may be flawed (e.g focal species approach, see
Lindenmayer ef al. 2002; umbrellas and flagships, see Andelman & Fagan 2000). On the
other hand, practitioners may resort to less than perfect theory because they are faced with

threats that require immediate action (e.g. Hess and King 2002).

There is a distinct lack of application of theory in conservation research and practice (With
1997) and little consensus on how to apply ecological theory for the conservation of
communities and ecosystems (Knight 1998) or at landscape scales (Hobbs 1997). This
problem is due in part to the lack of integration of ecological theory (Pickett ef /. 1994), and
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there is a need to identify or develop theory to guide practice in a way that is not misleading
but which is still useful to managers working in complex systems in a real world of time and
resource constraints. To achieve this we will need a greater understanding of: 1) what makes
a theory useful, 2) how practitioners apply formal theory (if they apply any at all), and 3) the
way people think and make decisions (Anderson 2001). To answer these questions,
conservation biology will need to apply research methods from the social sciences and refer
to knowledge from other disciplines such as psychology, phenomenology and philosophy
(e.g. Anderson 2001). We will never have perfect theory that is completely practical,
explanatory and predictive. Multiple approaches will therefore always be required for

conservation management (e.g. Lindenmayer & Franklin 2003).

Studies investigating the effectiveness of interventions are often highly relevant to
practitioners, yet we found that only 12.6% of studies specifically set out to test or review
conservation actions. We also found that conservation approaches most tested or reviewed
tended to be those most amenable to experimental or pseudo-experimental methods, e.g.
translocation, habitat restoration and species recovery efforts. In these cases, it is possible to
identify a desirable outcome (e.g. an increase or decrease in population size) and compare
the situation before ‘and after intervention or use some natural standard as a control.
However, many interventions (e.g. legislation, economic incentives or those involving
multiple species and habitats) are less easily tested and reviewed directly (Fazey et al. 2004
[Chapter 3]).

In medicine, the evidence-based concept revolutionised practice because it emphasised the
importance of testing the effectiveness of interventions (Pullin and Knight 2001}). Thus while
methods employed in the evidence-based approach have the potential to provide many real
significant benefits for conservation (Fazey ef al. 2004 [Chapter 3]), it does tend to promote
research on aspects that are most amenable to testing. In conservation, many problems
require non-biological solutions because the causes of conservation issues often stem from
the unsustainable nature of human activities (Harcourt 2000). Thus, adoption of the
evidence-based concept requires care. Importantly, given the nature of conservation issues,
conservation biology needs to ensure that it does not become preoccupied with management
solutions that make good experimental studies when more novel or complex ways to treat the
real causes of the problem are necessary. For example, translocation of an endangered
species faced with urban development is usually considered by ecologists to be a last resort.
Yet, it is now so often used in the UK. as a mitigation strategy that it is becoming accepted
as an effective mitigation measure at the expense of searching for more innovative ways to

prevent the need for translocation in the first place (I. Fazey, personal' observation).
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2.5 Caveats

This paper provides a snapshot of research in conservation biology. Having only covered
literature from three journals published in one year means that some care needs to be taken
when drawing conclusions as research topics found to be lacking in this study may be
covered by other journals. Tt is also difficult to determine whether conservation biologists
should devote more time and resources to ceriain topics, as most research is in some way
relevant to real world problems. We have therefore taken a conservative approach when
making récommendations by only concentrating on the topics and issues found to be most
lacking.

2.6 Conclusion

Experimental approaches must continue to inform conservation practice and be integrated
with all the other types of information and evidence available fo guide decisions.
Experiments must also be applied within a coberent theoretical framework that actively
acknowledges the uncertainty invelved in making decisions (e.g. Whelan er al. 2002).
Nevertheless, in the end, it is imporiant that conservation biclogy continues to sirive to find
ways to manage biodiversity that focus on lasting and healthy ecological interactions rather
than just focusing on the parts of conmmunal structures in isolation (Freyfogle & Newton
2002). To do this, we will need effective research that is relevant to practitioners, but we will
also need the experience from practitioners to inform us about what they think makes |

accessible and nsefil conservation research.
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Chapter 3

CAN METHODS APPLIED IN MEDICINE BE
USED TO SUMMARISE AND DISSEMINATE
CONSERVATION RESEARCH?

Citation: Ioan Fazey, Janet G. Salisbury, David B. Lindenmaver, John Maindonald, Robert
Douglas (2004). Can methods applied in medicine be used fo summarise and disseminate

conservation research? Environmental Conservation, 31 (3): 190-198

3.0 Summary

To ensure that the best scientific evidence is available to guide conservation action, effective
mechanisms for communicating the results of research are necessary. In medicine, an
evidence-based approach assists doctors in applying scientific evidence when treating
patients. The approach has required the development of new methods for systematically
reviewing research, and has led to the establishment of independent organizations to
disseminate the conclusions of reviews. Such methods could help bridge gaps between
researchers and practitioners of environmental conservation. In medicine, systematic reviews
place strong emphasis on reviewing experimental clinical trials that meet strict standards.
Although experimental studies are much less common in conservation, many of the
components of systematic reviews that reduce the biases when identifying, selecting and
appraising relevant studies could still be applied effectively. Other methods already appiied
in medicine for the review of non-experimental studies will be required in conservation,
Using systematic reviews and an evidence-based approach will only be one tool of many to
reduce uncérfainty when making conservation-related decisions. Nevertheless an evidence-
based approach does complement other approaches {for example adaptive management)j, and
could facilitate the use of the best available research in environmental management. In
medicine, the Cochrane Collaboration was established as an independent organization to

guide the production and dissemination of systematic reviews. It has provided many benefits
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that could apply to conservation, including a forum for producing and disseminating reviews
with emphasis on the requirements of practitioners, and a forum for feedback between
researchers and practitioners and improved access to the primary research. Without the
Cochrane Collaboration, many of the improvements in research communication that have

occurred in medicine over the last decade would not have been possible.

3.1 Introduction

Pullin and Knight (2001) recently proposed a framework based on evidence-based practice
in clinical medicine and public health to revolutionize the way conservation management is
conducted. Conservation practitioners intervene with the aim of improving the health of
ecological systems just as doctors try to improve the health of their patients. Conservation
interventions include the restoration of habifats (Pywell er al. 2002) and populations (Raesly
2001), mitigation of human activity (Cosgrove & Hastie 2001), removal of invasive species
(Craik 1998} and controlling rates of species harvestings (Soerhartono & Newton 2001).
Practitioners also intervene using legislation (Salvatori ef al. 2002), economic incentives
{(Richards 1996; Musters et al. 2001) and landscape planning (Luiz & Bastian 2002; Meegan
& Maehr 2002).

Although ecological studies can be useful for guiding such interventions (Ormerod et al.
1999, 2002; Flaspohler et al. 2000), there are relatively few direct studies of the
effectiveness of interventions in the literature. Only 12.6% of 547 studies published in 2001
in three prominent conservation journals (Biological Conservation, Conservation Biology
and Biodiversity and Conservation) specifically tested or reviewed an intervention. Only 6%
of the 547 publications were reviews of conservation research (Fazey et al., 2005-b [Chapter
2D.

Summarizing and disseminating conservation research is the first step towards achieving
effective implementation. Most information flow involves a passive process of diffusion
through journals rather than by proactive dissemination involving information targeted for
the intended audience (Lomas 1993). Conservation managers find serious problems with the
research literature; it is voluminous, has little coherence and is of varying quality (I. Fazev,
D. Lindenmayer, personal observation 1990-2004). Journals are obscure or expensive, and
reports and environmental impact statements are generally accessible only to those for whom
the work was originally intended. While some individual scientists do work hard to
disseminate their findings, it is more often left to the practitioner to locate, synthesize and

assess the relevance of information.
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A recent study in clinical medicine found doctors did not use “evidence’ if they could not
access a relevant piece of information within two mimutes (Ely ef @/, 1999). We believe that
similar problems exist in conservation. Without accessible information, practitioners will
inevitably fall back on personal experience or subjective judgements. The value of
experi¢nce in solving environmental problems cannot be understated (Woodwell 1989}, yet
we can still do much more to ensure that existing research is readily available to practitioners

and encourage them o use it

3.1.1 Can conservation biology learn from medicine?

Since the 1970s, there have been major improvements in the accessibility of science to
medical researchers, doctors and patients. Systematic methods for identifying, selecting and
critically appraising the primary literature and associated data have been developed to
mitigate the biases that can occur when individuals review information. Organizations have
also been formed to guide the production and dissemination of these reviews, The best
known of these organizations is the Cochrane Collaboration (CC), which was established in
1993 to oversee international collaborations that review the systematic reviews, assess and
develop the methods for reviewing data, and address issues of communicating science o

doctors and patients.

The approach adopted in clinical medicine and public health has become known as
‘evidence-based medicine’ {(or ‘evidence-based practice”). This approach can be defined as
‘the integration of best research evidence with clinical expertise and patient values’ (Sackett
et al. 2000). Tt alms to review evidence as objectively as possible for the effectiveness of a
specific practice, and ensure that practitioners understand and apply the results of research. It
is not about making decisions based solely on scientific data; clinicians still have to integrate

the data with other individual patient factors (Chalimers 1993),

Pullin and Knight (2001) have suggested that conservation management adopt a similar
approach. So far there has been no defailed discussion about whether an evidence-based
approach would be appropriate for conservation. In this paper we expand the debate and
highlight how the methods and organizational structures in medicine could assist
communication between researchers and practitioners. We address three main questions. (1)
Can we systematically review evidence for conservation management? (2) Is an evidence-
based approach appropriate for conservation management? (3) How can we make results

from systematic reviews widely accessible?




Chapter 3: Can we use methods from medicine fo sunwarise and disseminate research?

3.2 Q1: Can we systematically review evidence for conservation

management?

3.2.1 Systematic reviews in medicine

The purpose of a systematic review is to use explicit methods fo identify, select and critically
appraise relevant research and to collect and analyse data from the studies that are included
in the review. Statistical methods (meta-anaiysis) may or may not be used to analyse and
summarize the results (Glasziou ef al. 2001). In medicine, most reviews of basic science are
published in scientific journals, whereas systematic reviews of the effectiveness of
healthcare procedures are generally published through organizations such as the CC or in
specialist publications. Systematic reviews have begun to be applied to other basic sciences,
such as ecology (Gates 2002), but have not vet been used to assess the effectiveness of

conservation management interventions (Pullin & Knight 2001).

There are three main components that typically make reviews ‘systematic’ (as applied in
medicine; Clarke & Oxman 1999). The first is the method that is .used to find retevant studies
in the literature, such as the choice of databases, whether journals are fo be searched by hand,
- or if studies published in other languages are to be considered. The second is the way in
which studies from the searches are chosen for inclusion in the review and the criteria that
are used fo do this. Once the criteria have been defined, it is usually expected that at least
two .independent reviewers read each study because this dramatically reduces the bias
associated with deciding whether it should be included. The third component is the process
by which evidence from the separate studies is critically appraised, such as using statistical
methods (see Gates 2002 for a detailed account of how systematic reviews differ from

traditional narrative reviews and meta-analyses in an ecological context).

Systematic reviews published by the CC are reviewed in a similar way to journal papers,
although the pfocess is more rigorous. A formulated question, protocol for the methodology
and the completed review are all assessed in separate stages by the most relevant editorial
board before the review is published. A section on the implications for research and practice
are mandatory and the authors must state any conflicts of interest that may have influenced
their judgements, including personal, political, academic or financial (Clarke & Oxman
1999). Reviews are not published if there are strong conflicts (for example a pharmaceutical

company funding a review of one of their own products).
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3.2.2 Types and quantity of evidence in conservation

While there are similarities between medicine and conservation management, there are also
fundamental differences (Tables 3.1 and 3.2). Medicine primarily concentrates on the health
of one species with a global distribution, whereas conservation tnanagement is often
concerned with the well-being of multiple species and habitats that are usvally restricted in
range.

These differences affect the type and quantity of information available for synthesis and
review. The more controlled the conditions of the original studies, the more robust the
review conclusions will be. In medicine, the CC deals only with reviews of clinical trials that
have been carried out under the most robust experimental conditions, in other words
randomized controlled trials (RCTs). Such experimental conditions are rarely attainable in
conservation biclogy. Some study designs, such as natural experiments that compare
situations before and after an event, or that use a natwal standard as a control (see
Lindenmaver ef of. 2001}, have characteristics similar to true experiments (Diamond 1986).
The use of these designs is increasing in conservation, and there are also opportunities for
collecting more evidence from interventions that we use to manipulate environmental

conditions,

Despite these opportunities, there is proporfionately much less evidence from studies
conducted under controlled conditions in conservation management compared to medicine,
This is partly because obtaining adequate replication is difficult (Eberhardt & Thomas 1991},
as in the case of replicating wetlands with specific vegetation communities when assessging
the effect of water level management (see La Peyre ef o/, 2001), There are also problems in
measaring desirable ouicomes, and even if they can be measured, there can be disagreements
- on what constitutes a successfol intervention. For example, the eradication of rabbits on
Round Island, Mauritius, resulted not only in the positive outcome of the regeneration of
endemic tree and reptile species, but also in the spread of the previously sparse exotic grass
Chioris barbata (North e al. 1994),

One much discussed issue in the medical Lterature is whether experimental units in the
primary studies (usually patients) have been randomly assigned to treatments
Randomization is the only means for controlling for unknown and unmeasured differences
between comparnison groups as well as those that are known and measured (Kunz & Oxman
1998). In expenmental design, unpredictability is therefore introduced by using random
allocation to protect against the unpredictable bias that can occur in non-randomized designs.
Failure to include randomization can result in either an increase or a decrease in the effect of

an intervention (Kunz & Oxman 1998},
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Statistical and methodological improvements have helped to eliminate some of the biases
that affect conclusions of systematic reviews that are based on observational (non-
randomized) studies (Benson & Hartz 2000). However, introducing some element of
randomization in the primary studies where possible is important. For example, in the Tumut
fragmentation ‘natural’ experiment, Lindenmayer et al. (1999) included elements of
randomization by enumerating a large number of eucalypt forest patches, and then randomly

selecting from them.

Table 3.1 Similarities between medicine and conservation management.

Subject Similarity

Overall aim Common goal of doing more good than harm

Applied science Interaction and communication between researchers and practxtxoners 18
essential to achieve effective outcomes

Intervention Procedures and interventions are common, and are essentially experiments in
progress

Monitoring outcomes Essential for informing future practice

Crisis discipline Decisions are often made in the absence of perfect information

Experience Has an important role and is widely used by practitioners

Table 3.2 Differences between medicine and conservation management.

Subject

Medicine

Conservation management

Overall aim
Types of evidence
Sample sizes

Qutcomes
Number of species

Problem
Funding and resources

Influence of politics

Practitioners and
consumers of
information

Benefit of trying to improve the
health of a person is rarely contested
Often experimental and easier to
control potential explanatory
variables

Easier to obtain large sample sizes
Can be easier to define and measure

Concentrates on well being of single
species

Conclusions of studies can have
global implications

Significantly greater than
conservation, with strong interest
from the private sector

Generally supportive

Distinction between researcher,
practitioner and consumer is often
clesrer (i.e, doctors = practitioner,
patient = consumer). This makes it
easier to tailor information to them

Benefit of conserving biodiversity is
often contested

Rarely experimental and usually difficult
to control explanatory variables

Harder to obtain large sample sizes
Usually harder to define and measure

Deals with multiple species and habitats
that are often restricted in range

Conclusions of studies are often
Tandscape or problem specific

Much less funding than in medicine, with
relatively little interest from the private
sector

Often negative

Practitioners and consumers are varied
and difficult to identify. Practitioners
could be farmers, policy makers,
conservation biologists, foresters efc.
However, a farmer may also be
considered to be a consumer
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In environmenial conservation, a huge range of variables may drive an issue. Directly
controlling for the variables or controlling for them indirectly by using randomization may
be very difficult. However, this is also the case for many areas of medicine (such as
epidemiology or neurcpsychiatry), which have difficulties conducting experiments to
identify whether an action truly causes a pheﬁbmenon {van Reekum er af. 2001). In these
cases various criteria have been used to help pull together different strands of observational
evidence and provide a process and framework upon which to build a balanced judgement. A
number of different sets of criteria for inferring cansation have been proposed, the most well
known of which are the criteria published in response to the issue of whether smoking causes
lung cancer (Hill 1965). The criteria include assessing the consistency, strength, specificity,
temporal relationship and coherence of the association (Fox 1991, and references within).
Applying such criteria has greatly influenced the use of observational data in medicine and

public health and has direct relevance to conservation managernent.

A system that ranks the ability of the original study to control for bias is also used to
synthesize less robust studies (NHMRC [National Health and Medical Research Council]
2000). Similar systems could be applied to evaluating conservation procedures that include 2
wide range of evidence, including anecdotal and expert opinion (Pullin & Knight 2001}).
Expert opinion and experience will always be an important part of making decisions; the
goal has to be to use the best available scientific evidence. Adopting such an approach
encourages researchers to develop and use more rigorous experimental designs wherever

possible in order to improve the ranking of the evidence they collect.

Despite some clear differences between medicine and conservation, we see no reason why
atierépts could not be made in comservation management to begin to use more of the
techniques applied in medicine that help to objectively synthesize and apply what may
mitially appear to be disparate types of evidence. This includes using at least some of the
~ components of systematic reviews, Conclusions from such reviews may not be as robust as
those that synthesize randomized experimental data, but would be an improvement on more
traditional reviews that do not acknowledge the many sources of bias associated with them
{see Gates 2002).

3.2.3 Are the types of questions about conservation interventions amenable to
systematic review?

In medicine, considerable emphasis is placed on formulating questions that systematic

reviews can answer. Precise questions allow focused reviews. Producing systematic reviews
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therefore necessarily lends itself to a reductionist approach. In ecology, such reductionism
emphasizes the structural aspects of natural systems and focuses on individual species and
population dynamics of species within isolated ecosystems, compared to more holistic

approaches that focus on macro-level functional aspects (de Leo & Levin 1997).

Fully controlled experiments are likely to be most appropriate for answering specific
questions. However, in some cases it may be impossible or inappropriate to isolate
consetvation interventions if they act synergistically, such as in the use of multilateral
accords, declarations and actions to reduce seabird mortality in longline fisheries (Gilman
2001). Thus, finding solutions to conservation problems often requires a more integrated or
interdisciplinary approach (Ludwig e al. 1993) that takes advantage, where possible, of any

experimental evidence.

To iltustrate the problem of systematically reviewing specific questions of conservation
management, we consider the effectiveness of wildlife underpasses constructed under roads
for amphibians in the Northern hemisphere. Wildlife underpasses are often used to mitigate
the detrimental effect of roads that kall individual animals (Lode 2000} and fragment and
reduce the viability of poputations (Hels & Nachman 2002). There are many guestions about
the effectiveness of underpasses for amphibians that could be reviewed. Some of these might
be: (1) does a particular frog species use the underpass? (2) For amphibian species, do
underpasses, compared to having no underpasses, reduce mortality? (3) For an amphibian

species, do underpasses increase the viability of the metapopulation in the long term?

When faced with a development application for a road, a review of guestion (1} could
provide some informafion for an environmental impact statement. Similarly, It may be
possible to review studies that ask if underpasses reduce mortality {(question 2). However,
while knowing if wildlife underpasses mainiain the viability of frog populations is the most
useful question {guestion 3), it may also be the least practical. Tunnels may maintain
viability in some cases, such as when there are relatively stable populations on either side of
the road, but not in others where other factors may be influencing population viability. These
issues are further complicated when multiple species are considered, because roads have
different impacts on species (de Maynadier & Hunter 2000) and underpasses provide
variable benefits {Clevenger & Waltho 2000). '

Sackeit ef al. (2000) make the distinction bétween knowing the evidence, and applying the
evidence in a particular circumstance. Reviews are essential simply because no individual
can retain all information and hope to be able to deduce reliable conclugions from it
Although we need more systematic reviews of conservation science, the example above

iltustrates that there will still be significant issues in deciding how they would apply fo
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individual circumstances. In medicine, methods are being developed to improve on the
integration of questions and different types of evidence where answers to multiple questions
are required to guide decision-making (see NHMRC 2000). Such methods would also be

necessary for the application of systematic reviews of conservation management.

3.3 Q2: Is an evidence-based approach appropriate for conservation

management?

Because of the complexity of ecological systems, even if the likely outcome of an
intervention is known, there will often be a high degree of uncertainty that cannot be
predicted even with the best scientific evidence (Table 3.3). For example, while a review of
introducing grazing on lowland heaths in the United Kingdom (UK} found that higher
stocking rates generally increased plant species richness, the precise effects on species
composition varied widely between sites (Bullock & Pakeman 1997). Without near-perfect
information, conservation-related decisions will often rely heavily on value-based
judgerents (Dovers ef al. 2001) and expert judgement (Woodwell 1989). Thus, to confront
uncertainty, a number of complementary approaches (such as quantitative risk assessment,
safe minimum standards and the precautionary principle) will always be required (Mooney

& Sala 1993).
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Table 3.3 Degrees of uncertainty (Modified from Dovers 2601).

Degree of uncertainty Definition

Identified risk Sufficient information exists for believable probability distributions to be
assigned to possible outcomes of future states (¢.g. intervening to trap
infroduced American mink that are predating on breeding colonies of terns

- mesting on an island; Craik 1998)

Uncertainty Although we are confident of the direction of the likely change, we cannot
' assign probability distributions to future states {e.g. releasing a virus to
control rabbits; Cooke & Saunders 2002)

Ignorance We cannot be confident of the direction of likely change and where threshold
effects and likely surprises lurk (e.g. the impact of altering sediment flux
washed out of estuaries onto coral reefs; McCulloch ef al. 2003)

Adaptive management is one such approach that is promoted in conservation. While an
evidence-based approach using reviews of the literature asks if there is prior evidence for an
intervention, adaptive management aims to learn through the continued reflective process of
reviewing management decisions. In this respect adaptive management actively
acknowledges uncertainty because it tries to learn from it, while an evidence-based approach

does not do this directly.

Unfortunately, adaptive management is rarely well structured and implemented (Taylor
1997), and while one of the claimed benefits of adaptive management is that practitioners are
forced to work closely with researchers, there is no mechanism for ensuring such
cooperation (Allan & Curtis 2003). Ensuring that reviews of research are available to.

practitioners will therefore always be an important part of conservation.

As in medicine, it is likely that many reviews of conservation management would find little
evidence to support or reject the use of a certain procedure. For example, in the UK,
translocation is a common mitigation strategy for reptiles and amphibians faced with habitat
loss as a result of economic development. The intervention is expensive, but there are few
studies that have assessed the effectiveness of the approach, and translocation is often used
without full awareness of its limitations (cf. Seigel & Dodd 2002). Many management
actions are also not monitored (Block er af. 2001), and any review that highlights the lack of
available information strengthens the argument for the collection of more and better
evidence. Adopting an evidence-based approach could thus complement and work with
adaptive management that requires monitoring to be effective. The results of adaptive

management projects could feed into an evidence-based approach to ensure that results are
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widely available. An evidence-based approach will therefore be appmpriate for conservation,

as long as it is not applied in isolation from other approaches.

3.4 Q3: How can we make results from systematic reviews widely

accessible?

3.4.1 The Cochrane Collaboration

There is no point in conducting reviews if they are not accessible to researchers and
practitioners or if the implications of the reviews for conservation management are unclear.
In medicine, it was recognized that an organization was needed specifically to guide the
production and dissemination of systematic reviews. The international non-profit CC now
inghudes 49 international editorial review groups for different areas of medicine, 11 groups
that investigate the methods for reviewing information and disseminating their findings, 15
Cochrane Centres that support the CC worldwide, and consumer networks that ensure the
information provided is continually relevant and useful. Reviews are available from the
Cochrane Library on compact disk or via the Internet. In some countries access is free, such
as in the UK and Australia, where there is govemnment sponsorship. Cochrane Centres are
usually funded by their respective governments, while the majonty of individuals making'up
the editorial and working groups do so voluntarily, or as part of their existing jobs in

academic and health care institutions,

3.4.2 Why is an independent organization devoted to disseminating reviews
important?

The CC was set up to be an independent organization with guiding principles that allow it to
disseminate information in an unbiased and non-political way. The principles aim not only to
maintain the core principles of science, such as rigour and objectivity, but also to promote
the accessibility of science to society. The fen principles are: collaboration, building on the
enthusiasm of individuals, avoiding duplication, minimizing bias, keesing up to date,
striving for relevance, promoting access, ensuring quality, maintaining continuity and

enabling wide participation (Cochrane Collaboration, hitp://www.cochrane.org).

There have been many direct and indirect benefits of an independent organization that guides
the production and dissemination of systematic reviews (Table 3.4). Recognition for
synthesizing activities has increased, and conducting a systematic review is now considered

to be an important part of an academic’s portfolio and postgraduate research. Reviews have
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highlighted the limits of current information and there is now greater emphasis on publishing
studies with null results and obtaining more and better evidence. There have also been major
improvements in accessibility of the primary literature through free comprehensive search
databases, journals and databases of clinical trials (such as PubMed,

http://www.ncbi.nlm.nih.gov/entrez/).

Access to data, primary studies and reviews are currently limited in conservation. This is
either because of the physical difficulty of accessing the research or because it is not
produced in formats that are clear, concise and understandable. Current incentives do not
encourage collaboration and synthesis activities, and academics face strong disincentives for
applied research that may not be as new, exciting or publishable as pure research.
Conservation journals have a longer time from submission to pub?ication than other
ecological and evolution journals (Kareiva et al. 2002}, and access to them is limited if an
individual is not affiliated with a large institution that can afford a wide range of journals or
expensive search databases. The conclusions of conservation-related reviews are also likely
to be biased by primary studies with positive results {cf. Jennions & Moller 2002} and
practitioners may be using interventions despite unpublished studies that have found them to

he unsuccessiul,
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Table 3.4 Summary of the benefits of the CC for medicine that could also apply to

~ comservation management,

Direct henefits Other bengfits from reviewing and disseminating
reviews through the CC
Forum for the development of mrethods for Global collaboration
iewing evidence . o i
TEVIGWINE &t Reviews clarify Hmits to current research and
Forum and process for disseninating research to knowledge
practifiopers

: Greater accessibility to primary research
Forum and process for feedback Gom practitioners

10 researchers The colisction of more and better evidence

Greater inclusion of null resulis in the fiteraturs

Highlights the importance of an applied discipling to
the widey community

Encourages incentives for synthesising mformation

It is essential for conservation to find mechanisms that demonstrate its importance to the
wider community, In medicine, the CC has influenced more than just research and direct
practice. Reviews have been used by patients, in parliamentary reviews, commissions and
inguirfes, and have facilitated the transparency of medical science in the public arena (1.

Salisbury, personal observation).

3.4.3 Are there existing organizations like the CC in conservation?

We are unaware of any organizations or programmes in conservafion with the same
objectives and principles as the CC. Some conservation organizations have principies
similar to the CC (Table 3.5). Some systemai‘ié processes aim to review information and
make reliable conclusions from it in & similar fashion to the application of the results of
systematic reviews in medicine, for example designating risk status of species (Shank 1999)
or assessing the loss of individuals and habitat of endangered species (Smatlwood er all
1999), Some conservation-related journals are dedicated to reviews {such as Annual Review
of Ecology and Systematics}, aim fo make research results more understandable to
practitioners (such as Frontiers in Ecology and Environment published by the Ecological
Society of America and Conservation in Practice produced by the Society for Conservation
Biology) or aim to make quality science freely accessible to society (such as PloS Bielogy

http://www . plosbiology.org). Some learned organizations might provide guidance based on
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reviewing information (for example briefing papers produced by the Fisheries Society of the
British Isles, hitp://www.le.ac.uk/biology/fsbi). However, there are no organizations with the
same principles of collaboration, altruism and independence as the CC, which directly aim to
develop methods for reviewing studies of conservation management, guide the production of

the reviews and widely disseminate their findings at low cost or free of charge.

Table 3.5 Examples of conservation organizations and programmes that aim to achieve

~ similar outcomes or are based on similar principles to the CC.

Organization

Aim

Web address

Tropical Ecology
Assessment and
Monitoring Initiative
(TEAM)

‘Web-based conservation
Knowledge Management
System (KMS)

Synthesis and Analysis of
Local Vegetation
Inventories Across Scales
(SALVIAS)

UK’s National Biodiversity
Network (NBN)

Australian Virtual
Herbarium

Global Biodiversity
Information Facility
(GBIF)

Nattonal Biological
Information Infrastructure
(NBII) and Towards Best
Practice (TBP) elForum

World Conservation Union
(IUCN)

Network of international field stations using
standardized research protocols to monitor
biodiversity and track changes in tropical forest
ecosystems

Pubiic system for searching, organizing and sharing
data and other resources including publications

Network of ecologists, conservation biologists,
biogeographers, botanists and computer
programmers interssted in understanding large-
scale patierns of plant diversity, Assembles,
maintains, disseminates global database of local
vegetation

Database to make wildlife information widely and
freely accessible to support decision-making. The
independent NBN Trust facilitates the building of
the network .

On-line botanical information resource providing
access to data associated with scientific plant
specimens in Australian herbaria

Encourages, coerdinates and supports the
development of worldwide access to biodiversity
data held in natural history museum collections,
libraries and databanks

The USA node of the GBIF. It includes an
interactive discussion forum for engaging in
moderated debates of submitted best practices.

Globat organization that aims to provide advice,
guidelines and conduct conservation programmes
(see text for more details)

www.teaminitiative.org

www.cabs.conservation.org/
cabskns

http://eeb37 biosci.arizona.e
du/~salvias

www.nbn.org.uk

www.chah.gov.au/avh

www.gbif.org

www.nbii.gov and
www.nbii.gov/datainfo/bestp
ractices

WwWw.iucn.org

Perhaps the conservation organization most similar to the CC is the World Conservation
Union (TUCN). The TUCN is a collaboration of a large number of scientists dedicated to
providing advice and guidelines. It includes more than 10 000 internationally recognized
scientists and experts from more than 180 countries that volunteer their services, and has

approximately 1000 staff members. Its mission is to ‘influence, encourage and assist
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societies throughout the world to conserve the integrity and diversity of nature and to ensure
that any use of natural resources is equitable and ecologically sustainable’ (TUCN 2001, p.
3}

One of the key objectives of the TUCN iz to develop information management and
communication systems to ensure the accessibility of accurate data, information and
knowledge to guide conservaiion action (JUCN 2001, p. 59). However, the TUCN does not
currently produce reviews in the same way as the CC because its main focus is to provide
information on biodiversity rather than on reviews of management action per se. Despite
these differences, as a well-respected global and independent organization with extensive
networks of expertise, the IUCN may be well positioned to be an umbreila body to guide the

production of systematic Teviews of conservation interventions.

3.5 Achieving better communication between researchers and
practitioners

Weo believe that the accessibility of primary research for conservation managers is currently
inadeguate. Conservation biologists who wish their work o be of relevance to the world’s
environmmental problems should ensure that therwr research is understandable and widely
accessible. Greater incentives for reviews and finding more effective ways to disseminate
them will be a necessary part of this process. Practitioners will not waste fime sifting through
primary literature that has not been well synthesized and will be in a better position to
implement conservation strategies that are based on evidence of effectiveness rather than on

opiiion or frial and error.

Although it will not be possible {o use precisely the same methods as those of the CC that
review tightly controlled experimental data, many of the systematic components can be used
for reviews of conservation management. Some of these methods can be used immediately,
including being more specific in how studies are searched for and the criteria used for
deciding whether a study should be included in a review. This would highlight the current
difficulties of accessing primary research and may prompt unprovements in database access,
Stating the implications of reviews for research and practice is now a standard procedure in
many medical journals, and a:xiitors of conservation-related journals could also encourage

this {as in the Jowrnal of Applied Ecology).

We acknowledge that conservation will attract less fonding than medicine and public health
(Noss 2000). Consequently, further discussion and debate will be needed to determing

precisely how the conservation biology scientific comuunity can contribute to providing
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sound advice to practitioners given ifs current resource limits. For exarmple, there are similar
organizations to the CC that are smaller and less well resourced, such as the non-profit
Campbell Collaboration (hitp://www.campbelicollaboration.org) that aims to help people
make well-informed decisions about the effects of interventions in the social, behavioural
and educational arenas. It is important to recognize that systematic reviews in medicine and
the CC were driven predominantly by the enthusiasm of a few people, headed by Iain
Chalmers in Oxford, UK. Most of the expense of the CC supports the Cochrane Centres,
while the library of reviews is predominantly funded by the non-profit returns from its wide-
scale use. It may, for example, require relatively little funding for researchers to form
editorial review gréups to work on selected conservation topics. Many collaborations of
scientists already exist and may be able {0 act as editorial groups (for example the Declining
Amphibian Task Force, htip//www.openacuk/daptffindexhtm). In the experience of
medicine, once the process of systematic reviews took hold and the hmits to current
information became apparent, the work of reviewing research atiracted more support from

outside the medical profession.

Despite the many advantages of the CC it is important to recognize there are still substantial
gaps with respect to getting good quality research evidence into medical practice (Waddell
2001). Summarizing research is a necessary first step, and one in which researchers must
play an important role, but more effort will be required to ensure that well-attested science is
implemented. Because there are rarely single answers to conservation issues, and marny of
the problems are social or political rather than purcly biological, we will need effective
methods o integrate and implement 2 wide variety of different tvpes of information. Thus,
introducing a CC-like organization in conservation would not meer @fl of conservation’s
information needs, but would be an important step to achieving the more effective use of

science in management.
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SECTION B:

DEVELOPING AND APPLYING FORMAL
CONSERVATION THEORY

In the previous section, Chaplers 2 and 3 suggested that (o take into account the complexity
of environmental systems, envirommental conservation often needs: (1) to acknowledge
uncertainty; (2) a holistic approach; (3) an inter-disciplinary approach; and (4} stronger
links between research and practice. Even if research can be reviewed and disseminated, the
systematic implementation of scientific research with other types of knowledge (such as

personal experience) will be a major challenge.

Given the complexity and uncertainty of environmental systems, a key issue is how people
think about, theorise and build understanding of these systems (Chapter 2). In Chapler 4, the
problems of trving to develop practical theories that are not misleading are considered, and
discussed in relation to assessing formal conservation theories. An attempt is made to
provide a way of thinking about conservation théory to advance the debale abour ifs
application in a real world of time and resource constraints. In Chapter 5 ways that
practitioners apply conservation theory in a real world setting arve examined by focusing on
an exploraiory study of conservation planners working with the New South Wales Parks and

Wildlife Service, south-eastern Australio.
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Chapter 4

COMPARATIVE USEFULNESS OF
CONSERVATION THEORY

Citation: Ioan Fazey (in prep) Comparative usefulness of conservation theory. The paper is
- being revised following an invitation for re-submission to Conservation Biclogy. Note that

the complete Hist of authors is yet to be determined,

Comments on this paper from reviewers have recently been received. They have suggested
that the paper is curvently lacking philosophical depth, and have suggested that some of the
points we raise are trivial. It was not intended that a deeply philosophical accownt of the
nature of theory be produced, and instead the aim was to present a different view of theory
that takes into account the way in which people summarise and understand the world. In the
revised edition fwhich is in progress and is nof presented in the thesis), the aim is to clarify
how the metaphorical basis to the way we think (see Lakoff and Johnson 1980, 1999) has
direct relevance 1o the issue of assessing conservation theory and to the points made in the
current version of the paper. Further, while some of the points raised in this chapter may
appear to be simple, they are not wivial. Despite the important implications of some of the
issues that are raised. many academic and practicing conservation biologists do not give

them sufficient consideration when applying theory to the study and conservation of biota.

4.0 Summary

Whether or not we use a particular theoretical tool for conservation depends dimcﬁy on how
we define and assess theory. Theories are traditionally ranked according to their “validity’.
Nevertheless, becanse conservation theory has both heuristic and practical uses, using this
approach means we can reject theories and concepts that are potentially useful. We suggest
that ‘usefulness’ 1s a more appropriate measore of the worth of a theory than *validity’,
because it covers a wider range of attributes other than just its ability to give precise

predictions or explain. One implication of this is that if requires users of theory 1 be more
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explicit about what the theory is supposed to be useful for, reducing confusion and ill-posed
criticism when debating the appropriateness of theory. The approach also highlights the need
to identify the limitations of theories and the methods used to assess them. Irrespective of
how we assess theory, we suggest that: 1)} conservation biologists need to recognise that
theories can have many different uses and that all theories will have some limitations. 2)
Identifying attributes of theories that make them useful to practitioners may aid the
development of practical the_ory that is less misleading. 3) Qualitative methods will be
needed, in addition to quantitative empirical methods, to assess some theories. 4) Continual
re~evaluation and rigorous testing of conservation theory is necessary for theory to keep pace
with increasing knowledge and changing conservation issues. 5) Because all theories have
limitations, a risk-spreading approach using multiple theories will be required to guide many

management decisions.

4.1 Introduction

Conservation biology aims to increase understanding of ecological systems and the influence
humans have within and upon these systems {Soulé 1985). It also aims to provide knowledge
and tools to help -éileviate anthropogenic impacts and prevent the loss of biodiversity.
Ecological systems are complex with processes rarely being driven by a single cause (Pickett
et al. 1994). Adding the effect humans have within ecological systems increases this
complexity, making the development of conservation theory difficult. It is therefore not
surprising that the young discipline of conservation biology is dominated by descriptive

research with few publications grounded in theory (With 1997).

Conservation biologists often find themselves in a dilemma. Faced with a need for
immediate conservation action, and usually with limited resources, they can either accept
_and apply a possibly simplistic theory knowing it may not lead to effective long-term
conservation of biota, or they can spend valuable time searching for more comprehensive

and costly solutions.

- Although there are examples where ecological theory has been successfully applied to
conservation (e.g. Ripple e al. 2001), the scientific community has been criticized for not
providing theory that is practical (e.g. Hobbs 1997, Whitten et a/. 2001). Without practical
theory, managers often resort to using simple concepts as tools to help them guide decisions.
Such concepts include flagship (Bowen-Jones & Entwhistle 2002}, keystoﬁe (Kotliar et al.
1999) and focal species approaches (Hess & King 2002). They also include rules of thumb,
such as those derived from threshold theory (McIntyre ef a/. 2000) or the one migrant per

generation rule in conservation genetics (Mills and Allendorf 1996).
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There has been considerable debate about the validity and usefulness of these simple
concepts. Many are used because of the necessity to act quickly with incomplete data and in
the hope that decisions have at least some theoretical basis (Hess & King 2002). In some
cases, their application has resulted in conservation benefit, such as helping to raise vital
funds (see Bowen-Jones & Entwhistle 2002) or communicating complex ideas and

integrating different approaches to solving environmental issues (Mclutyre ef od. 2000).

7 However, the concepts described above can be difficult to define and apply appropriately
{e.g. Mills et al. 1993, Simberloff 1998). In addition they are offen not supported by
empirical evidence {Andetman & Fagan 20003, can have signiﬁcant biological limitations, or
may be theoretically flawed (Lindenmayer e al. 2002). There is also the danger that
applying overly simplistic concepts may set a precedent where the true complexity and

uncertainty of conservation tssues is not fully acknowledged (Harrison 1991).

How we define and assess theory has important implications for deciding whether or not we
use simple concepts. In this paper we suggest an approach 1o help conservation biologists
advance the debate about the role of theory in management. To do this we provide a
practical, rather than deeply philosophical, account of the nature of conservation theory, We
begin by defining what we mean by ‘conservation theory’, then highlight some of the
problems that can arise when attempting to assess a theory’s ‘validity’. We suggest that
comparing the ‘usefulness’ of competing theories can be more effective than attempting to
test their validity because it provides a practical way to assess a wider variety of valuable
attributes. Finally, we propose several practical activities that can help conservation

biologists improve their assessment and use of conservation theory.

4.2 Defining conservation theory

4.2.1 Theory

We define a theory to be a model or conceptual framework that is believed to capture the
way that some part of the world works. We all routinely develop a range of private and
public ‘theories’ to help us order daily events, o categorise, to explain and predict (see for
example Kelly 1963, Lakoff 1987). While our theories can be explicit and formal, many of
them are unconscious and used intuitively (Lakoff & Johnson 1980, 1999). Therefore the
definition encompasses a wide range of abstract constructs, ranging from unRconseious
mental models, notions, assumptions, and generalisations, throngh descriptive theories and
models, to formal mathematical models and physical laws. The higher-level frameworks that

bring the different components of theory together are also included, and the terms ‘model’,
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‘mental model’, ‘conceptual framework” and *worldview’ are taken to be synonymous with
‘theory’.

The nature of theory has Been widely discussed in ecology. While the definition is broader
than many others (e.g. Peters 1991, Pickett ef of. 1994, Wiens 1995, Waltz 1997), it is not

inconsistent with them.

4.2.2 Conservation theory

Theories generally help us summarise our understanding of the world and make better use of
our knowledge. ‘Conservation theory’ is therefore defined to be theory that helps us
summarize our knowledge of how to preserve, maintain, sustainably harvest, restore or

enhance biodiversity and the natural environment.

Conservation theory is based on principles from a range of disciplines (Fig. 4.1). These
foundations include: 1) Ecological theory that summarises our knowledge about how the
biophysical and bioclogical world works. 2) Conservation-specific ecological theory that
summarises our knowledge about how the natural world works when influenced directly or
indirectly by humans. 3) Theory from non-biological disciplines such as economics or
business management. Table 4.1 lists some of the many applications of conservation theory.
The list is not meant to be comprehensi{fe, and a theory may have more than one use

depending on the circumstance to which it is applied.

Theory is essential for conservation. Scientists need theory to generate questions and
hypotheses, build frameworks of understanding, design studies, integrate different types of
information, and help them understand the ecological processes that generate observed
patterns. Theory is also essential for conservation practitioners because it allows them to
build a picture of how the world operates to guide their actions to mitigate or alleviate
human impacts on ecological systems. Theory helps practitioners anticipate the likely
outcome of a management action, and reflect on how the results of their actions alter their

own understanding.
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CONSERVATION SPECIFIC

ECOLOGICAL THEQRY
How the ecological world works NON-ECOLOGICAL
when affected directly or indirectly THEORY
by humans e.g. cultural, social, economic
aic.
ECOLOGICAL
THEORY
How the biophysical and |
biological world works CONSERVATION THEORY

Multiple constructs - concepts,
mathematical models, hypotheses eic.

Multipie uses — as a heuristic tool or as
practical tools to help guide decisions
and management.

Fig. 4.1: Different components of conservation theory.
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Table 4.1: Different uses of conservation theory

Use Example _

Anticipate/Predict To help make decisions about the likely outcome of  course of action, e.g. by using a
mathematical model to anticipate the future population of a species (Lindenmayer &
Lacy 1995).

Explain To suggest a cause of an observation, e.g. using process based metapopulation theory to
explain patterns of species declines (Telfer ef al. 2001).

Describe To represent a process or collection of observations, ¢.g. habitat modelling tools
(Melntyre 2003)

Facilitate design To help form a plan or scheme such as a mode] or framework to assist reserve selection

(Margules and Pressey 2000).
Identify key questions e.g. developing a process based understanding of population changes in fire-prone
landscapes (Whelan ef al. 2002).
Communicate To convey knowledge between researchers and practitioners, ¢.g. a framework to help
practitioners decide when to transclocate freshwater mussels (Cosgrove and Hastie
2001).
To communicate to non-ecologists about conservation issues (farmers, politicians,
schoolkids etc.) using broad concepts like metapopulation or habitat threshold theory
(Mclintyre et al. 2000).
Motivate/Engage To increase interest in conservation issues, e.g. focal species as a ‘sociat hook” (see
Lindenmayer and Fischer 2003).
To attract funding, ¢.g. flagship species (see Bowen-Jones and Entwhistie 2002).
Facilitate change inthe  To change how we perceive the world e.g. the contour landscape model (Fischer ef al.
way we think in press b. [Appendix 21)

Nevertheless, there is a distinet lack of conservation theory in the literature, particularly
theory directly applicable to management (With 1997). Very little of the published
theoretical work is explicitly commented on, reviewed or tested. From a total of 547 papers
published in 2001 in three journals devoted to conservation biology (124, 210 and 213
papers from Biodiversity & Conservation, Biological Conservation and Conservation
Biology respectively) that only 14.1% explicitly addressed some aspect of theory. 52% of
these theoretical papers specifically tested or reviewed the empirical evidence for theory
(Fig. 4.2). Of all the theoretical papers, the types of theories most often reviewed or tested
witﬁ empirical data tended to be those most amenable to a hypothetico-deductive approach
(e.g. asking whether indicator species co-occur with other species or whether edge effects
occur at habitai boundaries — see Fig. 4.3). The theories least often reviewed or tested with
empirical data tended to involve broader concepts or frameworks or more complex ideas. In
many of these cases it is often not feasible to assess the theories directly using empirical

data.,
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Fig. 4.2: The types of papers expii'ciﬂy addressing theory (total a = 77) from a survey of
547 publications in 2001.
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@ Type theory

25.0 B Type theory tested with empirical evidence

20.0 -

15.0 4

10.0 4

% of theoretical papers

50

Fig. 4.3: The proportion of theoretical papers for different types of theory and the

proportion of theoretical papers for different types of theory tested or reviewed using

empirical data (total n = 77).

4.3 Assessing theory

4.3.1 Assessing the validity of conservation theories

In some of the literature of philosophy there is an assumption that theory will only be used as
a heuristic tool. This assumption can sometimes lead philosophers to the conclusion there are
set criteria for assessing all theory, with considerable emphasis being placed on their
‘validity”, which is usually taken to mean their predictive or explanatory power {(e.g
Watanabe 1975). However, theory does not necessarily need to give precise predictions or

full explanations to be useful (as discussed below).
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Most people consider a valid theory to be one that gives a good explanation of how the world
actually works or that provides reliable predictions, In conservation biology, attempts to
determine the validity of a theory usually depend on an assessment of 1) the degree to which
the theory is supported by empirical evidence, or 2) the theory’s dependence on ‘robust
ecological principles’ {e.g. Andelman & Fagan 2000, Lindenmayer et of. 2002).

This approach suffers from four main limitations. First, many important theoretical
constructs are not easily “tested” with empirical data via the hypothetico-deductive approach,
Second, there will always be some mismatch between empirical data and the theory because
theories only describe a segment of the entire system - if investigators try to falsify a theory
they will always find something wrong with it (Weinberg 1992, p. 93). Third, asking if a
theory is based on “sound ecological principles” is circular, because the principles themselves
have underlying assumptions and generalisations which are just as much affected by the
problem of ‘proof” as the theory that is based on them. Fourth, the degree to which a theory

is “valid’ is not necessarily correlated with its usefulness (see below).

There are two traditional solutions to the firsi three problems. First, when a theoretically
predicted result is not obtained in an experiment, a scientist will often choose to continue as
if the theory is correct. They may continue to test the theory, collecting more data or revising
procedures, with the intention of providing some confirmation of their ideas (Greenwald ef
al. 1986). This approach is particularly prevalent in the biclogical sciences (Murray 2001},
Second, theories may be altered o take into account the results of experiments by adding
auxiliary hypotheses (Lakatos 1978, p. 4). For example, Terborgh (1977) noted that the
theory that habitat complexity causes bird species diversity did not hold for tropical forests.
He found that other faciors, including competitive mteractions, changing composition of
available resources and a decline in productivity at higher elevations, were involved.
Terborgh concluded that avian diversity was a complex community property that could not
be explained without adding other theoretical components. In either case, the decision to
accept or reject a theory is subjective and involves weighing up the advantages and

disadvantages of using a particular theory (Sterman 2000).

The fourth limitation 1s that validity and usefulness are not necessarily correlated (Fig. 4.4).
For example, Copernicus’s theory of the Solar System, where the Earth revolves around the
Sun and not vice versa, has superseded Ptolemy’s theory. However, for nearly three
centurtes, available astronomical instruments were not accurate encugh to demonstrate that
Copernicus’s theory gave a better explanation of planetary motion, For much of this time,

both theories seemed to provide equally accurate predictions of planetary motion (Lakatos
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1978 p. 169-172). Ptolemy’s theory may have been invalid, but it still gave useful

predictions.
+
A
%
] A: Invalid and useless
D ,/’ B: Valid and useful
/” B C: Invalid and useful
VALIDITY D: Valid and useless
A /’, C
/," o Ptolomaic theory
p e
.o, >
- +
USEFULNESS

Fig. 4.4: The relationship between validity and usefulness of theory. There are four
domains of: A: Invalid and useless; B: Valid and useful; C: Invalid and useful; D: Valid
and useless. The dotted line represents a commonly held view that usefulness is
positively correlated with validity. As an example, Ptolomaic theory proved to be an
incorrect explanation of the workings of the solar system (i.e. invalid), but still provided
equally accurate predictions of planetary motion to Copernican’s theory for almost

three centuries (i.e. it was useful}.

The flagship species approach provides an example from conservation. A high profile,
charismatic species is used to help raise funds or increase public awareness of the need for
the conservation of a ‘fleet’ of other species that share the same habitat. In many cases it is
assumed that the conservation of the flagship will result in the conservation of other species,
but this asswmption is not necessarily valid and is not easily tested (Simberloff 1998).
Nevertheless, if the primary objective is to increase public awareness of the conservation
needs of particular species, then the approach may be considered socially useful (see
Lindenmayer and Fischer 2003), even if some of its ecological aspects turn out to be

biologically invalid.
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Because conservation theories can have many uses (Table 4.1}, a validity-only approach can
lead fo the loss or suppression of useful ideas. It is therefore geuerally betier to use an
approach that encourages & weighted assessment of a broader range of attributes of a theory

{usefulness), rather than just focussing on its ability to predict or explain (validity).

4.3.2 Comparative usefulness of conservation theory

A ‘useful’ theory is defined as one that helps its users achieve a desired end. Under this
definition, a theory can only be judged by its success in achieving what it was supposed to be
useful for, or for which it was designed For example, the focal species approach was
originally developed as a practical tool to guide the restoration of Iandécépeé. The basic idea
was to manage landscapes for those species affected most by key threatening processes, such
as habitat isclation or resource depletion (Lambeck 199?}. However, the focal species
concept has also been used to guide the deconstruction of landscapes, ie. to determine where
areas of habitat can be removed from 2 landscape without major ecological impact (e.g
Rubino and Hess 2003). To claim the focal species approach is useful, independent

assessments are required of each use.

Regardless of whether we are asking about validity or usefulness, the only practical way to
assess a theory is to compare it with another. Such comparative, or differential, measures are
more robust than methods that require absolute assessments and provide a more powerful
process to drive scientific progress. It is recognised there will be many cases in conservation
biology where there are no alternative theories fo use as a comparison - in such cases a given

theory can always be compared with 2 less advanced version of itself.

The most desirable attributes of theory and their relative mportance are dictated by the
problem to which the theory is to be applied. Table 4.2 gives some of the most important
attributes, Fig. 4.5 explains the attribute ‘range of convenience’. The list is not meant to be
comprehensive and the atiributes are not necessarily mwutually exclusive, e.g. a8 more
‘accessible’ theory that does not rely on computer technology may be more ‘practical” i it is
to be used in developing countries. In many cases the most important attribates determining

a theory’s usefulness will be its ability to predict or explain,
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Table 4.2: Attributes of usefalness of theory

Prediction

Explanation

Simplicity

Accessibility

Prescriptivensss

Productivity
Practicality

Range of
conpvenisnce

Agcuracy
Precigion

Congistency
of error

Range of circinstances in which the insights and/or predictions frotm a theory can cover {Fig. 4.5). One theory may be considered more useful than another if
it can provide insights to a greater number of situations, species Jandscapes ¢ic.

The correciress of g theory's insight or prediction — ¢.g. the degree to which it is certain a prediction of a result is larger or smaller than a value, or how likely
a specific value will be the real value,

The exactness of a theory’s insight or prediction — Le. is the result qualitative (e.g. concavé or convex, more of less) or quantitative — ¢.2. the number of
decimal places. The prediction can be a sccurate but not precise and vice vessa.

Is the value provided by the theory consistently erronecus? E.g. the error might always be two measurements greater than the real value,

How weil 2 theory tells us why something happensd. Prediction without providing a reason is useful, but such & tool is a poor substitute for undorstanding. I
we understand we will also be more able to predict.

Simplifiring some aspect of the world s essential for a theory to be a usefol summary of our vaderstanding. The simpler a theory s, the more likely it will be
useful, However, there is s clear distinction between simple and simplistic. Sinple theory avolds unnecessary detail, whereas simplistic theory has the
connotation of being misteadingly simple. Albert Einstein once cormmented that a theory should be a5 simpie us possible but no simpler.

The range of people who can use a theory casily, e.g. 2 model or theory that requires arcane mathematics of complex conrputer packages would be less
accessible thap a framework written in relatively non-technical language. The clarity with which the theory is expressed, and the language used to express it
are also important atiributes that may affect the usefilness of a theory.

How well a theory tells you how to think, Does the range and quality of the concent focus attention on what {s meaningfol or signiticant, on facts and solid
ideas rather than just on opiaion, the trivial or tautologous?

How well does a theory generate new work, thoughts and hypotheses?

Can include many attributes — can the theory be casily be applied, does it take info accourd the constraints practitioners are working under? E.g. - a
framework that summarises ceological processes to help assessors decide whether a proposed development wiil trigger legislation aimed to protect listed
species, The fiamework may need to help the decision process, help achieve consistency between assessors or document the thought process that takes them
o the decision that bag been made. Tt may also need o work under certain bureaucratic constraints. Realism of the mede! should be compromised as Hittle as
possible, bul the famework might be useless 1F 16 weren't practical,
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Fig. 4.5: The range of convenience of two different theories. The grey dots represent
different cases in which a prediction or insight from a theory is required. The larger
circles represent the range of circumstances of the theory A and B. A has a larger range

of convenience than B,

The 19" century philosopher Charles Pierce believed science continues to advance because
of the unattainability of the absolute truth. Although human knowledge is constantly
progressing, perfect and absolute truth must be seen as an ideal limit which we cannot reach
(see Chen 1994, p. 48-49). Similarly, usefulness 18 not absolute, There will always be scope
for improvement such as developing 2 theory that is just as practical, but is more predictive.
There will always be the potential for a more useful theory, and so the continuous re-

evaluation and testing of theory is required.

There are four important reasons for focussing on the comparative usefulness of

conservation theories:
1)} HIreduces the chance of abandoning potentiaily useful theories.

2) It ensures a healthy focus on the limifations of theory. Rather than seeking evidence that
a given theory is valid, attention: should be focused on the theory’s limitations to ensure

that it is not misused (Sterman 20003,

3y It allows scope for the development of conservation theory that is valued for its

practicality in addition to the traditional attributes of prediction and explanation,

4} It requires the user to be more explicit about what they are frying to achieve when using

a particular theory.
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If such an approach is to work, then users must learn to state clearly the context within which
a given theory is supposed to be useful. Unfortunately, the intended use of theories is often
confused or ill defined (e.g. corridors; Hess & Fischer 2001, ecological boundaries; Strayer
et al. 2003). A focus on clear definitions of usefulness would help to reduce confusion and

ill-posed criticism when debating the appropriateness of a conservation theory.

4.3.3 The Usefulness of Simple Theory

Theory can help us achieve a desired end, but it can also be misleading. At best, a misleading
theory can be unhelpful; at worst it can have negative consequences for biodiversity. For
example, the keystone species concept suggests that a few species have strong community
interactions and effects, and thus protecting them could be an effective way to conserve
others. However, because strong ecological interactions do not necessarily occur and it can
be difficult to identify keystone species, conservation activities based on the approach could
be a waste of valuable time and resources (Mills e al. 1993). There is now considerable
evidence that restoration and management based on simple concepts that do not consider the
context specific relationships between an ecosystem’s environment and its organisms are
misguided (e.g. Platt & Peet 1998, Schmiegelow & Monkkonen 2002). Claims that some
conservation theories are simplistic and misleading are therefore fully supported (e.g.

Harrison 1991, Andelman & Fagan 2000, Lindenmayer et al. 2002).

Nevertheless, there is also the problem that we rarely acknowledge that the structure of our
minds and our bodily experiences greatly influence the Way we think and therefore whether
we accept or reject a pérticular theory (Lakoff & Johnson 1999, Anderson 2001). Hoffman
(2003) suggested that certain attributes of theory figure prominently in a person’s decision to
accept or reject it. He suggested those that get accepted tend to: 1) be simple; 2) tell a good
story; 3) do not need consultation with their originator; 4) stimulate experiment; 5) provide a
framework for understanding (even if they are not very predictive); or 6) bring clarity to a
small corner of the world. Qur decision to use a theory is also influenced by factors including
our education, cultural values, previous experiences, or the status and strength of the

personality of the person proposing a theory.

A good example of a widely acclaimed conservation theory is metapopulation theory {(sernsu
Levins 1969). However, the generality of metapopulation dynamics has been questioned
(Doak & Mills 1994) and there are few species whose populations behave in a classical
metapopulation way (Harrison & Taylor 1997). Many of the assumptions of the theory are
rarely met, e.g. species may not be confined to specific habitat types (e.g. Telfer et al. 2001),

and many have dispersal rates that are either too high or too low for metapopulation theory
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to fully explain regional dynamics (Doak & Mills 1994}, The concept also sets an
expectation that habitats can be neaily delineated, thereby playing down the role of the
matrix in conservation. This can set a dangerous precedent that cwrrent activities between
habitat patches (e.g. agriculture) have no detrimental effect or that the matrix has little value

for conservation {Fischer ef al. in press a. [Appendix 2]).

Despite these limitations, the metapopulation concept has been widely accepted (e.g
Stinchcombe e al. 2002}, Many consider the metapopulation concept has been successful
because of its perceived heuristic value and mathematical tractability (e.g. Telfer e7 al
2001). It has, however, been successful also because it is easy to understand at a generic
level, helping practitioners explain the need for conserving more than one population of a
species 1o non«ﬁcaiagists, and emphasising the need for conservation at multiple scales (e.g.

Lindenmayer 2000).

There will always be situations where simple theories are more useful than complex theories,
particularly when ﬁeh:i conditions make tests of predicted outcomes difficult or impossible ¢
perform. The human mind did not evelve to fully understand complex dynamics and
probabilites, and concepts like flagship, umbrella and focal species tend to be accepted
primarily because they reflect the metaphorical way we think about and understand the world
{Lakoff & Johnson 1980, 1999). We suspect that metapopulation theory is widely accepted
- not because it is computationally sophisticated in application (although there will be those
who value this aspect of the approach), but because the basic concepts of the theory fit neatly
with the way humans ook at the world, i.e. there are discrete units of habitat that peopie can
delineate, categorize, and think about in simple terms. For the human mind, “a model of
reality that assumes less, and promises less may be more reliable than one that includes a lot
more detail” (Anderson 2001).

4.4 Suggestions

We are a long way from achieving fully integrated ecological or conservation theory (Pickett
et al. 1994, Holling 2000}. We will therefore be using imperfect theoretical tools to guide
management and restoration for the foresceable future, Irrespective of how we assess theory,

it is suggested that:

1) Academics, practitioners and non-biologists need greater awareness that theory can have
many different vses and that all theories will have limitations. Academics can play an
important role in ensuring that the limitations of theory are clearly understood by practicing

conservation biologists and non-biologists. Practitioners need to explicitly state the
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weaknesses of the theory they use when talking to non-biologists. Being open about a
theory’s limitations is not easy in a critical and competitive academic environment, nor in an
environment where experts are expected to deliver a single ‘correct answer’, However, being
clear about what a theory is supposed to be useful for can reduce confusion and undue

criticism.

2) Conservation biologists have often been drawn towards simplistic theory out of
desperation for something practical. Identifying some of the aftributes of theories that lead
practitioners to consider them useful may aid the development of practical theory that is not

misleading.

3) Not all of the theoretical constructs applied to conservation will be amenable to testing
using statistical or quantitative methods. Qualitative methods will also be required to

compare theories.

4) Applied conservation theory needs to change to keep pace with increasing knowledge of
ecological systems and conservation issues. This requires continual re-evaluation and
rigorous testing of the usefulness of conservation theories. For example, greater
uﬁderstanding of human-impacted environments has demonstrated that habitat fragments are
not equivalent to islands in a sea of inhospitable habitat. This has ultimately resulted in the
recent rejection of the theory of island biogeography as a useful tool for some conservation
problems (Haila 2002). Specific assessment of its usefuiness for conservation management

may have resulted in its limitations being highlighted sooner.

5) No single theory will ever give us a definitive conservation approach. We therefore need
to apply multiple approaches to guide conservation action. This risk-spreading sfrategy was
strongly advocated in a critique of the focal species approach (Lindenmayer ef al. 2002).
Although the critics did not necessarily reject the focal species approach as a tool for
restoration, they did express considerable concern that it would be widely adopted without
acknowledgement of its limitations. Much of the criticisms were based on the premise that it
would not work in all situations or for all species. Consequently, Lindenmayer ef al. (2002)
suggested using multiple restoration approaches to spread the risk of a single one proving
deficient or unworkable. Such risk spreading strategies applied at multiple spatial scales will
be a useful way forward fbr many conservatioﬁ issues (Lindenmayer & Franklin 2002, p.

51).

In this paper it has been suggested that we need to broaden our focus from ‘validity’ to a

more inclusive concept of ‘usefulness’ when assessing conservation theory. This broader
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approach does not reduce the need for rigorous assessment and scrutiny of the theoretical

approaches currently being applied to conservation problems.

Conservation biologists rarely state the theoretical basis of their studies (With 1997) Jet alone
what they are trying to achieve by using a particular theory. A call is therefore made on those
who develop or use a theory to be more explicit about what the theory 1s supposed to be
useful for, and think carefully about how thev evaluate its effectiveness. Academics,
conservation practitioners and non-biologists need to recognize that all theories have
limitations, be open about the weaknesses of their theories and the methods used 1o assess
them, and give greater consideration to the need for risk-spreading strategies that apply

multiple approaches over multipie spatial scales.
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Chapter 5

APPLYING ECOLOGICAL THEORY FOR
CONSERVATION MANAGEMENT

Citation: loan Foazey & Andy McQuie (In Press). Applying ecological theory for

conservation management. Ecological Munagement and Restoration.

5.0 Quthline

This study explores how conservation practitioners use ecological theory and the constraints
to its application. The work 1s based on the results of observations, discussions and
mterviews with staff of the North Plains Region of the New South Wales Natic‘anéti Parks and
Wildlife Service (NPWS).

5.1 Imtroduction

Theory is essential for effective conservation because it helps people understand the
complexity of the real world by providing a summary of the way that some part of it works.
Scientists need ecological theory to generate questions and hypotheses, build frameworks of
mderstanding; design studies, integrate different types of information, and help them
understand ecological processes (Pickett ef af. 1994), Practitioners need ecological theory to
help them build a picture of how the world operates, guide their actions and help them
understand how the results of those actions fit within the context of the problem they are

addressing,

Conservation has been criticised for not basing its science on theory (With 1997) and for not
providing useful theory for practitioners (¢.g. Hobbs 1997). A starting point to addressing
such issues is to ask how practitioners apply ecological or conservation theory and begin to

identify some of the practical constraints to this process.
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5.2 Methods

Research was conducted between March and June 2004 while principally based at the
Coonabarabran area office of NPWS. During this period the senior author assisted with field
operations and had numerous discussions with staff. Semi-structured interviews were
conducted with 12 staff from the North Plains Region who were involved in the planning and
management of conservation activities. Three subjects were women, a proportion roughly
equivalent to that in the workplace of the North Plains Region of NPWS. Interviewees were
selected to cover activities over a range of ecological systems (single species to broad habitat
types), scales (local to regional), and issues (management of forests, grassland, fire, water

and pests).

Subjects were asked about their education and experiential background, the nature of their
job, and the role of ecological theory in their work. They were also asked to identify
constraints to the application of ecological theory, and were then presented with a list of
possible constraints for comment. Interviews lasted between 1 — 2 hours. Transcripts were

coded and analysed using a grounded theory approach (Strauss and Corbin 1990).

5.3 Results and Discussion

5.3.1 Work activities, education and experiential background

Equal numbers of subjects fell into three broad categories: 1) Those who primarily planmed
activities, 2) those with roughly equal planning and implementation roles, and 3) those who
primarily implemented conservation work, Planners tended to conduct desk-based work,
including research, whereas implementers were largely concerned with ensuring
management plans and policies were implemented. Planners spent more time on activities to
which formal ecological theory had greater relevance, compared to implementers whose

duties were often practical or administrative.

While all interviewees had graduate qualifications, the type of education differed between
the three groups. Planners had a strong ecologically-oriented education,
planners/implementers a mix of ecological and general science degrees, and implementers a
more general or applied science education. Experiential background also differed with
planners predominantly having research backgrounds, planners/implementers a mix of

ranger and planning experience, and implementers having a strong background as rangers.
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5.3.2 Explicit and implicit use of ecological theory

Almost all interviewees indicated that they frequently used scological theory when dealing
with conservation-related activities. However, theory was usually applied implicitly.
Subjects found it difficult to articulate precisely which theory they applied to address a
particular issue, and they used and integrated a range of principles by pulling out a mix of
theory from a “mishmash somewhere in the back of (their) head”. Articulating which
ecological theory was b'eing used at any one time was also difficult because it was only one

aspect that influenced a decision. As one implementor put it

“It’s a bit like a cake recipe; the environmental theory gets thrown into the mixing bowl
(with) environmental experience, life experience and personality. At the end vou get the

product that is the solution or the explanation of how something works.”

While all subjects frequently applied ecological theory implicitly, they differed in how often
they used it explicitly. Planners tended to do this more often, and felt they could be explicit
about what they were using, if necessary. On the other hand, implementers rarely felt their
work required them to be explicit about which ecological theory they were using, although

they did acknowledge that the implicit use of theory influenced their decisions.

5.3.3 Top dewn flow of ecological theory through the institution

The flow of ecological theory through the agency was largely a top-down process. This is
because many of the conservation-related decisions are made at policy and planning stages,
and decisions have already been made for those implementing them. Ecological theory is
often embedded in policy or planning documents without the knowledge of the
im?iementers. One planner remarked that implementers “don’t necessarily know they are

using theory, as there are lots of things set up for them already™.

Planners therefore have a mwuch greater influence on how ecological theory enters the
decision making process through both their position in the hierarchy of decision-making, and
because they have a stronger education and background in ecology, and greater exposure to
in-house or external ecological research. Compared to wroplementers, constraints affecting
planners will therefore have the greatest impact on the effectiveness of NPWS to apply

ecological theory (Fig. 5.1}
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Flow of ecological theory
through the institution

PLANNERS

Strong influence on application of

ccological theory:

¢ Strong ecological education
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+  Grester exposure to ecologicat
research

EQUAL PLANIMPLEMENT

IMPLEMENTERS
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¢ More general education

¢  Practical background

e« Less exposure to ecological
research

them to be important.

Constraints to the application of ecological theory
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able 1o apply theonies
Insufficient time to search the literaturs for theories

Theories are not specific enough to deal with context
specific issues

Fig. 5.1: Factors defected that influence the application of ecological theory. Planners
have a much stronger effect on the application of ccological theory because they have a
greater role in conservation related decisions, and have a stronger ecological
education/background and greater exposure to ecological research. Practical
constraints affecting planners will therefore have the greatest overall impact.

Constraints are only listed if at least half of the snbjects in each job type considered
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5.3.4 Constraints to the application of ecological theory

A variety of constraints o the effective application of ecological theory were suggested, with
the most common shown in Fig, 5.1. There were differences between the three groups as to
what constraints were considered to be important. Implementers felt they did not know
enough about what was in the literature and did not have enough time to find out. They also
felt that many ecological theories were not specific enough to the problems they were frying

10 address.

Interviewees with roﬁgiﬂy equal planning and implementation roles generally felt there was
insufficient information about a species or ecological system to apply a theory appropriately,
or did not have enough time to do so. They were the only group that commented on the lack
of monitoring and validation as a significant constraint to the effective application of
ecological theory. This was perhaps not surprising given they were in a unique position
where they both planned and executed decisions. When planning future actions they had a lot
1o gain from reflecting on the outcomes of previous ones, and were in a better position to do

80,

All planners emphasised the problem that managerial staff who did not &nderstand the nature
of ecological systems often heavily influenced final decisions. They commented that many
of the managers had little ecological background, and therefore did not appreciate that
conservation decisions are rarely “black and white”, The planners felt the situation was
exacerbated by the recent merging of the Environmental Protection Agency (EPA) with
NPWS to create the Department of Environment and Conservation, as many of the managers
from EPA were now influencing NPWS-related decisions. The planners pointed out that
many of the EPA managers were more at home with quantitative tests from which to draw
conclusions, such as whether a poﬁu.tant in a river had reached a certain level They were
less familiar with incorperating ecological principles when making more complex and value-
laden decisions such as whether sufficient water had been allocated to maintain the health of

a river gyslem.

In this study, we found that ecological theory was usually applied implicitly, irrespective of
whether the individuals are planners or implementers. The background and experience of
those making the decisions therefore had & major influence on how individuals perceived
and/or dealt with an issue. With limited ecological background, the worldview of managerial
staff is substantially different to that of planners and implementers. Because the managerial

staff have such a strong influence on final decisions in an agency where ecological theory
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flows top-down, any lack of ecological understanding by the managers is likety to be a major
constraint to the effective application of ecological theory. Solutions to this problem lie in
ensuring that more managers have an ecological background, and that they are aware of the
difficulties of dealing with conservation issues and take them into account when making

their decisions.
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SECTION C:

ELICITING IMPLICIT KNOWLEDGE

Chapters 4 & 5 suggested that: (1) Theories are summaries of a complex and dynamic world
and therefore all theories will have limitations; (2} muitiple concepts are necessary fo guide
conservation actions; {3) the human mind significantly affects the thegries we aceept, (4)
ecological theory is combined with a multinide of other experiences 1o generate “personal

theories” to guide decisions.

Section C considers the issues addressed in Chapters 2-5. Chapter 6 is a case study of
eliciting the implicit knowledge of on-ground conservation managers working in a complex
and dynamic wetland system where data and appropriate research are lacking. The

influence of previous chapters is highlighied in Fig. C.1.

There are three main initicd influences on the study, First, in accordance with the need for
greater finks between research and practice {(Chapters 2 & 3), the study was informed by
working and consulting with the conservation practitioners, rather than making independent
assumptions about the type of research that was required. In this case, the practitioners
wanted (o be able to articulate their understanding of the conservation of the wetland 1o
ensure that adegquate focus was given lo the wltimate causes of the conservation problems,

and not just to dealing with the symptoms of the problems.

Second. consideration was given o the need Jor the research to be accessible 10 a wide
audierce (Chapter 3). The study was therefore intended fo be a publication, produced in a
way that ensured the results could be wndersiood by people from a broad range of
backgrounds. The intention was to submit the paper to “Ecology & Society”, which is a free
Jowrnal accessed through the internet. Extensive use of appendices helped mould the chapter

to the journal format.

Third, the dynamism and complexity of the wetland svstem meant that other approaches, in
addition to experiments, were needed (Chapter 3). It was felt that an experimental approach
would have been unable to capture the complexities of the conservation issues. Another
problem was that previous research and daia were limited, yel there was extensive on-

ground experiential knowledge about the conservation of the wetland,

75



Section C: Capturing implicit nowledge

The study therefore aimed to elicit the implicit knowledge of on-ground managers about the
conservation issues affecting the wetland that was disseminated through a publication that
used a conceptual model to explain the complexities and dynamics of the conservation issues

affecting the system.

To achieve the aims of the study, three main issues were considered. F irst, because
experiential knowledge is a colledz‘on of implicit and explicit theory, research, educational,
environmental and personal experience (Chapter 5), research methods were required that
captured the “whole” of the practitioners’ set of experiences. The study therefore empfoyed

qualitative methods including a combination of semi-structured interviews and a workshop.

Second, when developing formal theory with a practical focus (in this case a conceptual
model) it is important to be clear about what the theory is supposed to be useful for,
acknowledge its limitations and consider the influence of human cognition on the acceptance '
of the theory (Chapter 4). The model aimed to be a communication tool to be accessible fo a
wide audience (including politicians and landholders). Given that humans do not deal well
with complex probabilities and feedback in dynamic systems, the model was designed to be
largely visual and relatively simple. However, it was important to ensure that by being
simple, it did not lose the essence of the dynamics of the system and become misleading

{Chapter 4).

Third, the dynamism and complexity of envirommental systems means that holistic and
interdisciplinary approaches are often required (Chapters 2 and 3). Practitioners were
asked to draw boundaries around the components of the system they felt were most
important and relevant. The study was therefore not confined to bio-physical realms, but

also integrates social, political and economic issues.
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Uneertainty in environmental systems
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Chapter 6

ELICITING THE IMPLICIT KNOWLEDGE OF ON-
GROUND MANAGERS: A CASE STUDY OF THE
MACQUARIE MARSHES

Citation: Ioan Fazey, Katrina Proust, Barry Newell and Bill Johnson (Submitted). Eliciting the
implicit kmowledge of on-ground managers: A case study of the Macquarie Marshes. Ecology and
Society.

6.0 Summary

Experiential knowledge can be particularly valuable for guiding conservation action. We capture the
extensive implicit understanding of seven on-ground conservation managers about the conservation
issues affecting the Ramsar listed Macquarie Marshes in New South Wales, Australia. Multiple
interviews, a workshop, and meetings were used to elicit the managers’ knowledge about the main
problems affecting the conservation of the wetland, the impediments to achieving effective
conservation outcomes, and the feedback dynamics that reinforce the lack of conservation action. The
results suggest that: (1) the Macquarie Marshes are seriously threatened by lack of water; (2) there are
many complex interacting social, physical, political and institutional impediments to achieving
effective water delivery; (3) immediate steps need to be taken to achieve more effective water
delivery and (4) there are strong feedbacks in the system which continually reinforce the tendency for
water agencies to favour the short-term interests of the irrigation industry. The feedback is primarily
driven by three factors: (1) the community’s belief in economic growth; (2) the water agencies’
traditional engineering and resource-use worldviews; and (3) individual’s drive 1o protect their own
interests. Without major governmental intervention and a shift in the prevailing worldviews of the

water agencies and the public, the health of the Macquarie Marshes is likely to continue to decline.
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6.1 Introduction

Environmental practitioners rely heavily on experiential knowledge when planning and implementing
conservation actioﬁs (Fazey and McQuie In Press, Boiral 2002). Without such knowledge, many day-
to-day management activities would be ineffective. Thus, given the complexify of socio-biophysical
systemns and the inevitable lack of data and appropriate tesearch, it is often the amount of experience a
practitioner has about a particular system that counts most when making judgements about resource

management (Woodwell 1989).

Quantitative methods to combine expert judgement with field data are being employed in
conservation (Calheiros ef al. 2000, Martin ef af. in press). However, experiential knowledge is often
difﬁcult or impossible to articulate quantitatively (Polanyi 1997, Boiral 2002). Researchers have
therefore turned to social science methods to elicit expert knowledge. Such approaches have been
used to help understand patierns of vegetation change (Lykke 2000}, determine natural flood regimes
(Robertson and McGee 2003), and guide ecosystem managemnent (Olsson and Folke 2001).

Qualitative experiential knowledge can generally be separated into two calegories: (1) implicit
knowledge, and (2) tacit knowledge (Nickols 2000). Implicit knowledge 1s that which can be, but has
not been, articulated. It includes knowledge that can be teased out of an expert, such as how fo set
traps for feral animals, or how to operate GIS systems. Conversely, tacit knowledge cannot be
articulated. That is the expert may “know more than they can tell” (Polanyi 1997). For example,
expert trappers might not be able to explain precisely how they know where to set their fraps, and
instead rely on intaition to inform their activities. Such in-depth expertise, built through many years of
experience, reflects a much deeper understanding than simply recalling isolated facts or using general
strategies (see Fazey @ «f. Revision submitied [Chapter 7] for a discussion of expertise in an

environmental context).

On-ground conservation managers are in a good position to develop imgiiciﬁ and tacit knowledge
about environmental systems because they see first-hand the short- to medium-term resulis of
management decisions (Whiteman and Cooper 2000). In this paper, we capture the extensive
experience of seven on-ground.consewation managers of the Macguarie Marshes (referred to herein
as the “Marshes™) in south-eastern Australia. We aimed to elicit their implicit understanding of: (1)
the main problems affecting the conservation of the wetland, (2) the impediments to achieving
sffective conservation outcomes, (3) actions required to achieve more effective cutcomes, and (4) the
feedback dynamics within the system that may be contributing to the lack of conservation action, Our
aim has been to capture and articulate the experience of those directly involved in the conservation of
the Marshes. The results clearly show that in order to achieve effective conservation the involvement

of many different stakeholders will be required.
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6.2 Approach

6.2.1 Study area: The Macquarie Marshes

The Marshes are a large, complex and ephemeral wetland situated in the lower third of the Macquarie
River catchment in the central-west of New South Wales, Australia (see figure 6.1). The Marshes
cover around 220,000 ha, (Brereton et al. 2000). ‘Within this area, 21,654 ha is managed as a Nature
Reserve by the Department of Environment and Conservation (DEC) (formerly New South Wales
National Parks and Wildlife Service). The reserve is in three main blocks: the Northem and Southern
Marshes, and the Ninia property. The Marshes are important ecologically with both the Reserve and a
private property being listed under the Ramsar Convention. The wetland is best known for its
extensive reedbeds, river redgum forests and is argouably Australia’s most important breeding site for
colonial nesting waterbirds (Kingsford and Auld 2003). The Marshes are also important for the
economy of the local community, which is reliant on flooding to provide vegetation growth for cattle

grazing (Brock 1996).

Quambone
prasiaig

MACQUARIE

- T G e

v Wallington -
b St

Bu&éﬁda_ng Dgﬁf;r

Figure 6.1: Location map of the Macquarie Marshes.
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Water flows through the Marshes are highly variable, with the flora and fauna dependent on flooding
events. However, the natural flow regime has been significantly altered since the completion of
Burrendong Dam in 1966 (Kingsford and Thomas 1995, Kingsford and Johnson 1998). This dam is
lacated 250 kilometres upstream of the Marshes, Currently there are seven significant dams in the
Macquarie River catchment, which regulate flows to support urban towns and agricultural enterprises
(Wolfgang 2000). There is also considerable conflict between stakeholder groups due to the over-

allocation of water resources {see Smith 1998).

6.2.2 Participants

Seven on-ground conservation managers participated in this study. They included DEC staff and
members of the Macquarie Marshes Management Committee, an organisation of landholders working
towards fthe sustzinable management of the Marshes (Jones 2003). By on-ground conservation
managers, we mean those who are or have been based primarily at the Marshes, and who are actively
involved in either managing some aspect of the ecological system or managing and dealing with

issues of water delivery for the purposes of conservation. They are referred to herein as the ‘mangers’.

Individual managers were chosen primarily because of their expert knowledge which has been
directly built from observations of the ecology of the wetland, and through their experience of being
involved in the conservation of the Marshes. They had z total of 140 vears of being involved in the
management of water on the Marshes, 234 years of experience of the Marshes generally, and 275
vears of exposure to or working on Australian wetland and riparian syétems, Some of the managers
have spent most of their lives on the Marshes and have learnt from previous generations of

landholders with similar amounts of expertise.

6.2.3 Method

The rescarch was conducted between February and August 2004, when the first author was primarily
‘based at the Coonabarabran Area Office of DEC. The implcit knowledge of the participants was
captured using multiple interviews, a workshop, and a group meeting. To articulate the feedback
processes inhibiting effective conservation action a conceptual mode! of the social, economic and
biophysical system of the Marshes was developed using causal loop diagrams (CLDs) (see Appendix
6.7.1 for full details of the methods). Figure 6.2 illustrates the labelling conventions for CLDs and
how to interpret them (see Sterman 2000 for detail).
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Figure 6.2: Labelling conventions for causal links. The arrows indicate that a change in
variable A causes a change in variable B. Each link is assigned a polarity. The polarity of the
causal link between A and B is said fo be positive when an increase/decrease in A causes B to
increase/decrease above/below what it otherwise would have been. A causal link is negative
when an increase/decrease in A causes B to decrease/increase below/above what it otherwise
wonld have been. A short line indicates that there is a delay between a change in A émd the

corresponding change in B.

The expressed implicit knowledge of the managers is presented under four headings in the results: (1)
the underlying convictions about the wetland; (2) the impediments to achieving effective water
delivery; (3) immediate action that is required to help reduce the rate of ecological change on the
wetland; and (4) the feedback dynamics contributing to the difficulties of achieving effective

conservation outcomes.

Sections (1)-(3) and the material presented in Appendix 6.7.2 are derived from data collected during
the interviews and the workshop. In many cases, the managers referred to documents for detail and/or
to back up their statements. These documents have been included as references in the results for
completeness. Section (4) presents the conceptual model of the Marshes system, which the researchers
developed on the basis of the managers’ views and using additional supporting documents. Extensive
feedback on all sections of the results and appendices has been sought from the participants to ensure

that their knowledge has been presented accurately (see Appendix 6.7.1).
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6.3 Results

6.3.1 Underlying cenvictions

The managers have four main convictions about the wetland. Some of the evidence for these
convictions is provided in Appendix 6.7.2. The convictions are: (1) the Marshes are an extremely
important part of Australia’s natural and cultural heritage; (2) a functioning wetland ecosystem is vital
to the local community; (3) the Marshes are undergoing major ecological change and are seriously
threatened; and (4) the main cause of the threat to the wetland is lack of water (primarily caused by

over-exiraction upstream of the Marshes).

6.3.2 Impeéiiments to effective water delivery

To the managers, “effective water delivery” means the establishment of an appropriate water flow
regime that is able to maintain the ecological character of the Marshes, That is, a flow regime that
does ot impair or imbalance any of the processes or functions which maintain the products, attributes
and functions of the wetland {as described in O’Conunell 2003}, Given the degree of variability of
natural water flows before river regulation, the managers recognise that determining an appropriate
regime is extremely difficult. However, they suggest there are five main requirements for a flow
regime to be considered appropriate, none of which are currently being fully met {Table 6.1). These

requirements are similar to the main parameters used for assessing hydrologic alteration (Richter ef al.

1996).

The managers believe there are a number of interacting physical, social, political and institutional
impediments o achieving effective water delivery (Table 6.2). They were particularly concerned
about the lack of neutrality of the water agencies. The managers gave mumerous examples of policies
and management decisions that appeared to have been made in favour of irrigation over
environmental or other concerns. The managers provide a number of examples that have occurred in
the last four vears, where the water agencies have: (1) ignored the requésts of the River Management
Committee (RMO); (2) manipulated the rules of the water share plans against the wishes of the RMC;
(3) regularly made it difficult to use the water allocated fo maintaining environmental flows; and (4)
undermined the decision-making process and reneged on promises to support environmental interests.
The managers also point to the NSW Government 2000 Water Management Act which clearly states
that the extraction of water must not prejudice the protection of a water source and its dependent
ecosystems and basic landholder rights (NSW Government, Chapter 2, Part 1, Division 1), They

betieve that the act is not being followed.

The managers have had considerable difficulty communicating with the water agencies. It often takes

several months to obtain replies to letters and it is difficult to obtain updates of accounts of the water
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aliocated to maintaining environmental flows. In some cases, water allocated to the environment has
not been forthcoming and appears to have been used to service other interests, For example, in 2002,
an informa! committee set up to manage the environmental water decided to release the total amount
of water that was supposed to be available in the account (76,000 ML}. However, the commiftee was
informed that only 4§,i§§€} ML were available as the other 31,000 ML “were accounted for in rainfall
that hadn’t fallen vet”. The managers had to wait uniil the following vear before they could access the
remaining water that had been allocated to the environment. This resulted in two separate smaller
floods over two yea:s, contributing to considerable stress and death of wetland trees in areas that a

single, larger flood would have covered.
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Table 6.1: The main reguirements for achieving an appropriate flow regime for the Marshes. Only some of many examples are presented (see

Appendix 6.7.2 for more detail),

Main requirement

Delivery of a sufficient
gverall volume of water

Delivery of water at
appropriate rates of flow

To ensure floods persist for
appropriate periods of time

Drelivery of water at
- appropriate times within
years

Delivery of water at
appropriate times between
years

Examples of requirement

A minimum of 200, 000 ML of water are required fo frigger s breeding event of
colonial nesting waterbirds (Kingsford and Johnson 1998} Breeding events are
oceurring less frequently than before river regulation due to lack of sufficient
volutnes of water {Kingsford and Johnsen 1998).

To achieve floods that are large enough to cover vegetation that is dependent on
inundation, but at less regular infervals than wetland vegetation at the wetland
core, at least 400, 000 ML is required over a period of -380 days (Kidson and
Raisin 2000).

Flows are required st sufficient rates to prevent erosion and to generate
widespread flooding. in some aress erosion is occurring in some of the wetland
chaneels and it now takes three tires the amount of water in the chamnels to
achieve overbank flow and flooding of the surrounding wetland (Brereton 1994),
Effactive breeding of eolonial nesting birds requires flooding of sufficient.
duration fo ensure birds do not abandon their nests (Magrath 1991, Kingsford
and Auld 2003).

The main breeding sesson for birds wag thought to be between August and
November before the construction of the dam (Masman snd Johnstone 20005,

The Marshey are adapted to natural variafion in flooding between years, bt thig
variation has been significantly altered. E.g. 20012004 were dry years with no
bird bresding events, but rain that 1l in August 2003 would have been sufficient
to generate a breeding event if it had not been captured by the dam (Kingsford
2004),

Why the requiremerit is not heing met

The volunie of water allocated to maintaining an ecologicelly functiening
environment is insufficient for bird breeding, Water allocsted fo the
environment is 160, 000 ML in a vear when there is sufficient water in
the darn for a 100% allocation (DLW 2002).

Large floods have significantly decreased in the Marshes since
construction of the dam. Estimates from theorgtical modetling sugpest
that they have decreased by af least 25% (Brereton et al. 1996), while
mangers suggest that the decrease is much greater. Large foods are
carrently only possible when the dam spills,

Continuous low Hows of water to service irrigation and stock contributes
o the erosion {Brereton 19941, and Hmited size of the dam valves and
restrictions ou the floodplain upstream of the Marshes prevent high rates
of flow.

Lack of sufficient overalt volumes of water mean that it is difficultto
achieve 4 tail on the flood that is long enough 1o ensure young birds can
fledge and can build srength.

The breeding season for colonial birds in the Marshes is now two to three
months iater, due o the release of water from storage in spring and
summer to satisfy irigation and stock requirements {Kingsford and Auld
2003

River regolation aims to reduce variability.




Table 6.2: Impediments to achieving effective delivery of water to the Marshes {(continued on next page).

Impediment

Expianation

Bio-Physical

Political

Insufficient water allocated to the
environment in water sharing
plans to sustain the wetland
Natural tributary flows, used as
additional irrigation resources, no
longer reach the Marshes

Flow of water for irrigation
occurs at a different time of year
to rainfall periods

Physical impediments on the

_floodplain

Size of release valves in the dam

Tranglucent flows

Lack of will/ability to make
significant changes

The volutmes of water allocated fo environmental flows are insufficient to maintain the ecological character of the Marshes
(see Table 6.1 and Appendix 6.7.2)

When rain enters the Macguarie River below the dam through tributaries, water release from the dam intended to service
irrigation is reduced, and the tributary flows are used instead. However, tributary flows (which account for approx. 10% of
the total amount of catchment water that would naturally have entered the Marshes), could significantly comribute to: (1)
achieving larger floods and (2) achieving more natural variability.

Water is released from the dam for irrigation and stock watering during the summer months, and may therefore enter the
Marshes during this period. Rainfall in the upper catchment usually occurs during winter, ’

Urban and agricultural development on the floodplain upstream of the Marshes creates a bottleneck, making it difficult for
large volumes of water, which are necessary for widespread flooding, to reach the wetland.

"The small valves prevent the release of large volumes of water, which reduces the capacity for flooding the wetland. Large

floods on the wetland are only possible when the dam spills, which is a rare event.

Translucent flows aim to mimic a natural flow of water out of the dam by releasing water when it rains in the upper
catchment. However, because of the size of release valves, only low volumes can be achieved . This process has failed to
reproduce natural conditions and has contributed to channel erosion.

Many politicians at the state and federal level eppear unwilling or unable to act to achieve changes that will help to achieve
effective water delivery. This is partly due to (1) the fack of public awareness about the ecological state and importance of
the Marshes and hence lack of public support for politicians to take difficult decisions, (2) pressure from an irrigation
industry that has substantial economic leverage and has considerable lobbying power, and (3) the perception that the region
has “safe” electoral seats which reduces politicians” willingness to make policy changes.




Table 6.2: Impediments to achieving effective water delivery to the Marshes {continued).

Impediment

Explanation

Secial

fustitutional

Threat of Htigation

Public perception that the
Marshes are healthy

Public perception that the
Marshes receives z lot of water

Lack of general public inferest in
the conservation of the Marshes
Lack of will/abikity to enforee
fleodplain restrictions

Policies preventing dam spills

Lack of peutrality of goverament
water agencies

Previcusty, Macquarie River Food and Fibre {representing individuals whe have developed agriculiural enterprises on the
flogdplain} have threatened Jegal action against water agencies if access fo their properties is restricted by large refeases of
water from the dam. This creates {1} pressure on the water agencies to conform to the requests of irrigators, and ()
decregses the possibility of achieving medhu to large floods on the Marshes.

There is a gencral perceplion ia the region that the Marshes are either healthy, or are within 2 natural drought period. This
means that people are (1) less concerned about the Marshes, and (2} are less willing to support political actions,

Water released from Burrendong dam to service irrigation, stock and domestic use upstream of the Marshes generates a
pereeption in the region that the Marshes receives a lot of water. This is degpite the problem that the volume of water is
significant]y less than that which the Marshes would have received historically, and that much of the continueous low volume
flows that reach the Marshes goes round the wetland via the Northern Bypass Channel to service downsiream users.

There is 4 Jack of public knowledge about the Marshes. Despite the size of the wetland, many people whe live in the region
have never visited them,

It appears that the water agencies are incapable of enforcing floodplain regulations. This can be due to (1) lack of resources,
or {2} inability o deal with the pressure from different stakeholders. For example, in recent meetings of the local fleodplain
management committes (for managing areas upstream of the Marshes), representatives of the Macquarie Marshes
Management Commitiee and NPWS heve been barred by private landholders from conducting site visits to assesy impacts of
Hloodplain development. The water agencies, which have been allowed access, have resorted to a reassessment of the water
flow models (at considerable cost), rather than enforcing previous decisions,

Water ggencies appear to ensure that as mauch water as possible enteting the dam ean be retained for aflocation to different
stakeholders. This also includes mainfatiing “air space” o ensure that if it does rain, then no water is “wasted” through dam
spills.

The manegers provide numerous recent examplos of policies and management by watcr agencies that favour the interests of
the irrigation industry over environmental and other inferests (see text).
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The managers have an almost total lack of confidence in the willingness of the water agencies to
service the broader environmental and community interests of the Macquarie Vailey, They point out
that this problem is not new, and refer to the Water Administration Audit in 1986, where the NSW

Parliament approved the abolition of the Water Resources Commussion (WRC):

“The Audit found the WRC was ineffective in management of the State’s water resources, having
difficulty in moving bevond its former role of rural supply authority. Broad water needs of the whole
community, including the needs of the natural environment were residual considerations to irrigation

development and operations.

1t is likely that the extent of powers available to the WRC in development of the Water Management
Plan for the Macquarie Marshes will radically change, as will the overall management philosophy.
The new Department of Water will be required to address cultural, scientific and aesthetic values as

legitimate community needs in terms of water management” (DEP 1987).

According to the managers, the culture of the water agencies is still focused on servicing the interests
of the irrigation industry, While there have been some p@si&i?e changes, as far as the managers are
concerned, they have not yet resulted in any significant visible outcomes for the Marshes and only

appear to be slowing the rate of ecological change rather than reversing the frend.

6.3.3 Suggestions for immediate action

To achieve more effective water delivery, the managers suggest three important actions that could
immediately help slow the rate of ecological change of the Marshes. First, it is suggested there should
be an embargo on extracting water that enters the river below the dam (through tributaries) or water
that is released from the dam during controlled spills. This would enable more extensive and natural
variability of floods on the Marshes when rainfall in the catchment was high. Second, greater
enforcement is required {o ensure that volumes of water extracted from the river ia not greater than
that stipulated in the licences . Third, water licences need to be purchased to increase the volume of '

the water that is used to maintain environmental flows.

6.3.4 Why is it so difficult to achieve effective conservation outcomes?

This section presents a conceptual model of the Marshes svsterm as perceived by the managers that
explains some of the feedback é}}rﬁamics of the system that acts fo reduce the hikelthood of achieving
effective conservation outcomes. The reinforcing feedback loops are first explained individually and

are then presented in an overall, infegrated CLD of the Marshes system.
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6.3.4.1 Belief in economic growth

Figure 6.3 illustrates the continual reinforcement of the Macquarie Valley community’s belief in
economic growth. Historically, the search for a better life drove early settlement. The individual’s
desire for prosperity continues in the Macquarie Valley today, with a prevailing belief that economic
growth will satisfy this desire, A belief in economic growth tends to focus atiention on short-term
economic returns, leading to support for high-profit agricultural enterprises. In Australia, between the
iate 1960s and late 1990z, cotion predgctiou has increased twenty-fold, with the result that cotton 18
now Austratia’s fifth largest agricultural export, making Australia the world’s fourth largest cotton
exporter (Eslake 2002). Similar levels of increase in cotton production have occurred in the
Macquarie Valley since the construction of the dam, These developments have contributed to the
community’s perception that irrigation contributes to community prosperity. These perceptions then
fead to increased levels of commitment to economic growth. The tendency to focus on short-term

economic returns decreases the tendency to focus on long-term ecological sustainability.

6.3.4.2 Conflict among weter users
Pressure on water resources {see Appendix 6.7.2 for details} inevitably leads to conflict between water

user groups, as shown in Figure 6.4. As the tendency to protect individual water interests increases, so
does the amalgamation of like-minded people. This acis to reinforce the opinions of individuals,
exacerbating any existing conflict among groups, and- further increasing the tendency to protect
individual water rights. Conflict among water user groups increases the pressure on politicians to find
solutions, and because of short terms of office, the politicians are likely to try fo find quick answers or
short-term solutions that delay the need to make major changes. This also increases pressure on the

water agencies to find ¢uick or short-term solutions.
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Figure 6.3. Economic Growth. The reinforcing causal loop (R) illustrates some of the social
factors contributing to, and arising from, a belief in the advantages of economiic growth. As the
tendency in the community to focus on the short-term economic returns from irrigation

increases, it reduces the tendency to focus on Jong-term sustainability. See text for details.
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Figure 6.4. Conflict among Water Users. The reinforcing causal leop (R) illustrates some of
the social factors that result from increased pressure on water resources. As conflict over water
increases, the pressure on politicians to find solutions increases. This increases the tendency for
politicians to search for quick solutions, resulting in increased pressure on water agencies to

provide the same. See text for details,
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6.3.4.3 Worldviews of water agencies _

Figure 6.5 illustrates how the adoption of traditional engineering and resource-use worldviews
influences the policy and management decisions of the water agencies. The water agencies were
originally established to service the irrigation industry, and water-management decisions were
primarily made by the same engineers who were charged with the construction of water-delivery
schemes (Proust 2004). While there has been much restructuring and numerous name changes to the
New South Wales water agencies (Proust 2004), many individuals with a strong traditional resource-
use and engineering background remain in the organisation. According to the managers of the
Marshes, the prevailing worldviews and culture of successive water agencies continue to focus on
servicing irrigation. Worldviews affect the unconscious perceptions of a group of people (Kalu 2001),

and have both implicit and explicit influences on policy and management.

In addition, compared to many other stakeholder groups, the irrigation industry has significant
lobbying power and access to water agencies and politicians. The power is derived from (1) the ease
with which an economic argument can be made for supporting the industry because of the immediate
economic returns gained from irrigation and (2) the funds available for lobbying. Overall, the
prevailing worldviews of the water agencies and the extensive lobbying power of the irrigation

industry increases the likelihood that policy and management will favour irrigation.

6.3.4.4 Commumity, politics and environmment

Figure 6.6 illustrates some of the relationships between political actions in favour of the environment,
and community awareness. Increasing awareness increases the level of community interest in the
environment, which also acts to increase the community’s awareness of environmental problems (R1).
Increasing community interest also increases the likelihood that politicians will act in favour of the
environment (R2), which increases the capacity of the ecological system to withstand natural extreme

events or threats from detrimental human activities.
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Figure 6.5.  “Worldviews of Water Agencies. The reinforcing cansal loop (R) fllustrates some
of the effects of the tradifional engineering view and the traditional resource-use view prevalent
in water agencies. Combined with the Jobbying power of the irrigation industry, the worldviews
of the water agency increase the potential for policy and/or management to faveur irrigai:ion

over pther inferests. See fext for details.
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Figure 6.6, Community, Politics and Environment. The reinforcing causal loop (R1)
ilustrates the social effects that wmay result when the community fakes an ioferest in the
environment. The reiafar#iﬁg causal loop (R2) illustrates the effects that this interest may
produce in the political domain. As actions in favour of the enviromment increase, so does the
capacity of the Macquaric River to withstand cxtreme events or threat from defrimental human

activities. See text for details,

6.3.4.5 Linking cuorent feedback loops

Figure 6.7 presents a wider view of the Marshes system showing the links between the variables in
Figures 6.4-6.7. Strong feedback effects reinforce the potential that policy and/or management will
favour irrigation, thereby reducing environmental awareness and action (R5). The likelihcod that
policy and management will favour irrigation is driven by: irrigation activities that provide lobbying
power (R1}; the traditional worldview of the water agencies (R2); and the tendency for politicians to

seck advice from the water agencies to solve conflict (R3 and R4). Decreased actions m favour of the
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environment ultimately lead to a decrease in the capacity of the ecological system to withstand natural
extreme evenis or threats from detrimental human activities. This was apparent in the Marshes in
January 2005, when a fire lit by Lightning burnt 90% of the main reed-bed. This would not normally
be a problem as reeds usually re-grow very quickly, but it appears that because there was so little

moisture in the soil, the root structure of the reed-bed had also been burnt over large areas.

Figure 6.7 (Next page). The Marshes system. Key variables in the individusl CLDs described in
Figures 6.3-6.6 collectively illustrate important connections between the sub-systems. With this
wider view of the system, additional feedback dynamics become visible, The loop labelled
Economic Growth (R1) is linked to Pressure for Solutions (R3) via the power of the irrigation
industry to lobby politicians or water agencies. The loop labelled Worldviews of Water Agencles
{R2) is linked to Pressure for Selutions (R3) via the potential for policy/ management to favour
irrigation over other interests, The loop labelled Conflict among Water Users (R4) is linked to
Pressure for Solutions (R3) via conflict between water user groups. These links form part of the
positive feedback behaviour driving the system. Increasing potential for policy and management
to favour irrigation decreases actions in favour of the environment (RS), while a decreasing
tendency to focus on Jong-termy sustainability decreases awareness of the seriousness of
environmental issues (RS). This uitimately leads to a decrease in the capacity of the Macquarie

River to withstand exfreme natural events or threats from detrimental humoan activities,
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6.4 Discussion

Overall, the managers suggest that: (1) the most immediate threat to the Marshes is lack of
water; (2) there are many complex interacting social, physical, political and institutional
impediments to achieving effective water delivery; (3) some immediate steps need 1o be
taken to ensure more effective water delivery and (4) there is strong feedback in the system
which 1s continually reinforeing the potential that policy and/or management will favour
irrigation {Figure 6.7). This feedback is primarily driven by three prevailing beliefs and
worldviews: (1) belief in economic growth; (2) the water agencies’ traditional engineering

and resource-use worldviews; and (3) individual’s dnive to protect their own interesis.

Strong political leadership is required to achieve any significant positive environmental
outcomes. There have been some important steps by policy-makers towards effective water
reform, including the recent release of the National Water Initiative (NWI) in June 2004 by
the Council of Australian Governments. The NWI represents a significant change m
Australian water policy, and is partly a result of policies that are geared towards achieving
greater environmental stability through market-based systems (Conmell er ol 2004),
H{)wéver, care is needed when advocating market-based systems for reforming water
resource allocation, as there can be significant counter-intuitive environmental effects {Crase
et al. 2004). The initiative also places little emphasis on institutional development, new
funding arrangements, environmental research, or dispute resolution (Connell er al. 2004).
Without such emphasis, given the prevailing strength of the worldviews and the positive
feedback driving the Marshes system, many significant on-ground impediments to effective

water delivery will remain.

In the case of the Macquarie Valley, the strength of the prevailing worldview of the
community continnaily acts to reinforce current activities, and deflects attention from any
looming environmental crisis. There are two major effects: First, a perceived need to protect
individual inferesty results in activities that increase pressure on waler resources, such as
intensifying the capture of surface rmun-off, preventing it from reaching the river. As pressure
on water resources increases, uncertainty and risk can also increase. Second, beliel in
economic growth results in demand to reduce the risk associated with the delivery of water
to mrrigators. Water agencies with a traditional engineering snd resource-use worldview
respond with technological solutions that aim to confrol the natural environment. This can
result in extensive attempis to find technological solutions, imrespective of the cost or
likelihood of success.

95



Chapster 8: Eliciting implicit knowiedge of on-ground managers

For example, in March 2004, the New South Wales Parliament passed legislation to provide
$A20 million to fund a cloud-seeding experiment to atternpt fo mitigate the effects of global
warming in the Australian Alps. There is no scientific evidence that cloud seeding works
{especially to mitigate climate change), and little consideration was given to the sensitivity
of the alpine environment (NPANSW 2004}, In the Macquarie Valley, continued pressure on
water resources has also led to recent discussions about raising the height of Bwrrendong
dam to increase s storage capacity. Such additional intervention would further reduce the
natural variability in the river system, delaying and ultimately exacerbating the

environmental degradation.

The robustness of the positive feedback loops in the system described by the managers
suggests there are no easy solutions to the causes of the problems of water delivery. Strong
political leadership is much easier with public support, which comes in part from greater
awareness of the serivusness of environmental issues and the feedback from a demonstrated
commitment by governinent agencies to service the broader community and environmental
interests. Thus, in the case of the Macqguarie Valley, long-lasting solutions will be achieved
only with a shift in the current worldviews of the immediate community, and of society at

large, to worldviews that favour more sustainable economic activity.

In general, the implicit knowledge of the managers suggests that feedback from Macquarie
Valley ecosystems about sustainability of economic activity is tacking, This is common issue
in resource management (Chapin ef &/, 1998, Whiteman ef al. 2004). While major shifts in
the worldviews of the community are unlikely to occur, the results do point to a possible
social hook o instigate change in the way people think sbout the Marshes and the wider
river ecosystem. Because the Marshes are located in the lower reaches of fhe Macquarie
River, where the effects of environmentally detrimental activities are most apparent, the
Marshes could be promoted as a vseful indicator of the overall health of the river system.
People directly or indirectly dependent on the Macquarie River (whicﬁ includes the majority
of people in the Macquarie Valley) may have greater incentive to document and look more
objectively at the causes of the ecological changes if they can accept that the wetland
provides a broad measure of the long-term ecological and economic sustainability of
upstream human activity, Such ways of thinking are not only essential for conservation, but
they are also essential for the long term resilience of businesses and their dependent human

communites { Whiteman et al. 2004},
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6.4.1 The implicit knowledge of the managers

The managers exhibited expert knowledge of different aspects of the Marshes system (see
Fazey et al. Revision submitted [Chapter 7]). They were acutely aware of the ecological
fragility and inherent variability of the Marshes and treated them with respect. One
participant felt greater comfort when ecological outcomes were uncertain because
-assumpﬁ(ms were not being made about the system’s dynamics. Anothet commented that it
ook at least 30 vears of working within the svsiem and observing the wetland’s response to

fiooding before the extent of its complexity became apparent.

The results Hlustrate the extent of the manager's knowledge of the system, which was built
from a mix of observation, experience, scientific reports, and discussions with researchers,
landholders and with each other. However, by making parts of their knowledge explicit,
those parts no longer remain linked to the rest of thelr implicit or tacit knowledge (Boiral
2002). The extent of the managers” expertise was more clearly highlighted in the workshop.
In this case, unhke the researchers, the participants were able to tease out information from
each other because they knew which questions to ask. This provided a more extensive
expression of a depth of understanding about the conservation issues and their ultimate

causes than those presented in this paper.

Scientific studies alone would not have captured the complexity of the Marshes sysiem.
Thus, while an adaptive scientific approach would greatly benefit the management of the
Marshes, it would be much more powerful with guidance from the mmplicit knowledge of
experts who have an in-depth understanding of the wetland (sce Fazey et af. Revision
submitted [Chapter 73).

6.4.2 Limits to the conceptual model

Because all models are summaries of a complex and éynamié world, they inevitably have
limitations (Fazey in prep. [Chapier 4]). The aim of the conceptual model in this paper was
to communicate to a wide audience the strong feedback that is reinforcing impediments fo
the effective conservation of the Marshes. The model was designed fo be 2 communication
tool, and 1s therefore relatively simple. It was not designed to capture all the detail of the
system, or give precise predictions. The model is partly limited in that it is built only from
the experiential knowledge of the on-ground managers and from existing reports and
publications. Ideally, additional experience and perspectives of the system would be
included. However, as highlighted by this paper, the managers’ knowledge of the Marshes
and 1ts conservation problems was extensive. While many people have experience of

atteropting to achieve effective conservation action on behalf of the Marshes, the participants
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were relatively unigue in that their understanding was built from direct observation of the
outcomes of the attempts. There are few other practittoners with a similar deep tacit and

implicit understanding of the wetland.

6.5 Concluding remarks

This study represents a particular perspective on the prevailing worldviews of the wider
Macquarie Valley community from a particular subset of people. There is likely to be a wide
range of worldviews about the value df comservation in the community, and thus all
stakeholders need to be involved in making final decisions about how the Valley's water
resources are to be shared and used. However, it is important that such decision-making is
not confused with the need for consulting people with the appropriate experfise to help
determine the degree to which the levels of water extraction are impacting the Macquarie

River and its dependent ecosystems.

The conservation of the Marshes is just one of many examples of the conflict between
irrigated agriculture and wildlife conservation, which has reached a critical point on a global
scale (Lemly 7 of. 2000). While there are many ways of perceiving the Marshes system, the
perspective from the managers who have buili their knowledge through first-hand
experience, suggests there is strong feedback that increases the potential for decisions by
water agenciés to continue to favour the irrigation industry. From the perspective of the
managers, without major governmental intervention and a shift in the prevailing worldviews
of water agencies and the public, it is likely that the health of the Macquarie River will

continue to decline and that the Marshes will be lost forever.
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6.7 Appendices

6.7.1 Appendix 1: The Research Process — the ‘Marshes Approach’

The Marshes Approach consisted of seven stages, many of which provided G}:ﬁpﬂfﬁﬁtﬁﬁes for
the primary researcher to reflect on the results, and to seek ciarif_i.sé%it}n from the participanis
about the accuracy of the interpretation of their implicit unéerstaﬁding, Importantly, during
the 6 month period of data collection, the primary researcher was predominantly based in the
Coonabarabran Area Office of DEC.

In stage one (6 weeks) the first author participated in day-to-day management activities of
the Marshes, working as a volunteer of DEC. This allowed familiarisation with the study
area znd its issues, and gave {ime 1o identify potential participants for the study and {o gain
their trust.

In siage two, each manager was interviewed twice. During the interviews, managers were
asked to describe the “Marshes system”. They were encouraged to draw a boundary around
the parts of the system that they felt were most relevant to the conservation of the Marshes.
In all cases, the managers took a broad system view. They did not consider the ecological
components of the Marshes in isolation to the physical, social, political and economic

components.

In both interviews, the interviewer (first author) used open-ended questions to begin
construction of a conceptual model to describe the Marshes systermn. As the interviewee
talked, the researcher built up & rough struchwal diagram of the topic that was being
discussed, with preliminary causal links between different varisbles {ie. a defailed
spidergram). This enabled an initial exploration of some of the complex feedback effects that
were occurring in the Marshes socio-biophysical system (similar to the approach used in
Vennix 1996).

At the beginning of the first interview, the participants were invited to discuss what they
considered to be the most important issues and aspects of the Marshes system. In the second
round of interviews (1-3 weeks after the first round), the managers were shown data
generated from the first interview, and a list of all topics discussed by the participants. They
were then asked to elaborate on one of the topics, or discuss another topic, which had not yet
been considered. By the end of the second imterview, the raw data consisted of two sets of
detailed spidergrams per individual (except in one case where two participants had been
interviewed together at the same time as their second interview). As the overall intention was

to capture the understanding of the managers, discussions up to this point had not been led in
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any particular direction, and no assumptions by the researcher had been made about what

constituted the most important or relevant issues affecting the Marshes.

The third stage centred around a workshop (20® July 2004) with the aim of gaining deeper
insights into the operation of the Marshes system. An attempt was made o identify changes
which had affected the conservation or management of the Marshes in both positive and
negative ways. At the beginning of the workshop, four underlying convictions from which
the workshop could progress were presented (see Resuits and Appeﬁdix 6.7.2). These
convictions were based on information already derived from interviews, and managers were
asked if they agreed with them before the workshop commenced. The workshop was
facilitated by B. Newell and separate notes were taken by both L Fazey and K. Proust to
ensure that the discussion was adequately captured, and to reduce any bias in its

interpretation.

In stage four, a preliminary conceptual model was built which integrated components of the
data from individual inferviews and from the workshop. This provided the basis for stage
five where, in a third round of individual interviews, the managers were asked t© comment

on the initial conceptual model and to clarify issues discussed in earlier stages.

In stage six, all information was distilled and integrated fo produce a set of tentative
hypﬁthéses (CLI)s) that explain why there appears to be so little positive conservation action
i favour of the Marshes. This required the data that had already been collected and input
from the researchers’ understanding of the managers® perceptions. In stage seven, the
gections of the results and the appendices {inchuding the CLDs) were discussed at a final
meeting with ali participants to ensure that their implicit knowledge had been articulated

accurately.

6.7.2 Appendix 2: Basis of the underlying convictions of the managers

The underlying convictions of the managers are based on their expert knowledge, and on

their familiarity with various publications, reports and documents.

6.7.2.1 The Marshes ave importani ecologically

The Marshes are one of Australia’s largest wetlands, and are arguably the most important
site for the breeding of colonial waterbirds in Australia (Kingstord and Auld 2003). Some
220 species of bird, 15 fish, 14 snake and 15 manumal species have been recorded in the
Nature Reserve, and it is a prime example of the red gum-reed-water couch vegetation
association (NPWS 1993). 1t includes the largest and most northerly extensive area of reeds

(Phragmites australis) in south-eastern Australia, has the largest area of River Red Gums

103



Chapter 6; Eliciting implicit knowledge of on-ground monagers

{Encalyptus cama!duiensis} in New South Wales, and has one of the most southerly
occurrences of coolibah (E. microtheca) (NPWS 1993). Nine bird species are listed in the
Japan-Australia and China-Australia migratory bird treaties, and 18 are listed as endangered
(NPWS 1993).

The importance of the Marshes is formally recognised in a number of ways, including: The
Ramsar Convention of 1971; the National Trust of Australia as a Landscape Conservation
Area; the Australian Heritage Commission’s Register of the National Estate; the directory of
important wetlands of Australia; and the Japan-Australia and China-Australia Migratory Bird
Agreements (from Brock 1998).

6.7.2.2 The Marshes are important 1o the local compmmity

Before European seftlement, the Marshes were used extensively by the Wailwan aboriginal
tribe. The site held special cultural and spiritual significance, and provided a regular source
of food and water (Masman and Johnstone 2000). By the 1850s most of the prime frontage
of the Macquarie River was occupied by European settlers, and the pastoral industry had

becormne well established.

The Marshes remain vitally important fo the local community (Masman and Johnstone 2000,
Jones 2003). Approximately one-third of the properties on the Marshes run only caitle, while
two thirds run a mix of cattle and sheep, with cropping occurring on half of the properties
(Cunmingham 1996). The community is dependent on an ecologically functional wetland, as
cattle production is only possible in areas that are flooded more regularly (see below). The
Marshes are also a flow-through system, in which water passes through the wetland to

service downstream users.

Recognition by the community of the importance of the wetland is exemplified by the good
relationship between the Macquarie Marshes Management Committee and DEC. Given #is
relatively remote location, the co-operation of landholders for the management of the Natare
Reserve is essential. Landholders report frespassers and are often the first people present in
the event of bush-fire. They have also played a significant role in highlighting the plight of
the wetland, and many individuals have contributed substantial amounts of their time in

activities related fo water resource management.

6.7.2.3 The Marshes are undergoing major ecological change and are seviously threatened

8.7.2.3.1 Experiential evidence from the managers

Because of the complexity of the wetland system, some of the sirongest evidence for major

change on the Marshes comes from the observations of the managers. Over the last 30 years
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the managers have observed a general drying out of the Marshes. They point to clear
indicators of change. These include the loss of large areas of ephemeral wetland vegetation,
dying of River Red Gums, and the regular appearance of deep cracks in the substrate. For
example, in what used to be one of the wetter areas of the North Marsh (P Block), the 1982
drought was the first time in living memory that people could ride from the stock vards and
not come across water. Acvording to the managers, landholders are now generally surprised
when the area is wet, 2s i seems (o be dry most of the time. The fire trail that was
constructed out to the Bora Well in 1994 provides another example. Construction of this trail
was not previously possible, and it still remains clear even though similar trails usually grow

over within 2-3 years.

The South Marsh has seen some of the greatest change. Here, large areas of wetland
vegetation have disappeared to be replaced by weeds. For example, the reed-beds were burnt
in 1992 as part of a fire-management program. The area did not recover, even though
regrowth is usually expected one year after fire. It appears that the underlying root system
had already died due to lack of water, and all that remained before the fire was surface
vegetation. Overall, by the 1990°s, only 50% of the reed-bed in the South Marsh remained
compared to the gitnation before river regulation (Brander 1987). I*Eow less than 10%

remains,

There are suggestions that unusual events are cceurring in response to changes i water flow.
In many areas, River Red Gums are stressed or dying due to lack of water. In other areas,
where ephemeral wetland vegetation is normally present, young trees are sprouting. This
appears to be due to floods of smaller volume, which do not persist long enough to drown
sprouting red gums. Assuming that the young trees obtain enough water to survive, they will
shade out more ephemeral wetland vegetation resultmg in the development of more
homogeneous vegetation structures. In addition, in some areas, the watertable appears to
have dropped, and because of the deepening of channels, it now takes an estimated three
timzes the amount of water in the channel before overbank flow and flooding of the wetland
can occur (Brercton 1994} Weeds, such as Noogoora burr (Xunthiton occidentale) and
Lippia (Phyla nodifloray that are normally kept under control from flooding are also

becoming a problem and are out-competing natural vegetation.

There are aiso social changes that have occurred in the local commmity that appears to be
related to changes in the capacity of the ecological system (o sustain agricultural practices.
The number of families sopported on the Marshes has fallen from about 50 to 30 over the
last 30 years, and the size of properties has increased as landholders have bought land in

attempt 1o maintain a viable income. While it is difficult to attribute such changes directly to
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a decline in the carrying capacity of the wetland, according to the managers, areas adjacent
to the Marshes have not undergone such dramatic declines in population or seen shmilar

amalgamation of property.

6.7.2.3.2 Waterbird breading

There is limited peer-reviewed literature on the management of the Marshes. Most of the
existing published research concentrates on the breeding of colonial nesting waterbirds. This
research clearly demonstrates 3 significant decrease in the frequency of breeding events and
the size of bird colonies since river regulation (Kingsford and Auld 2003). Bird breeding is
uéuaﬂy triggered when anmual flows exceed 200,000 ML. Flooding on the wetland also
needs 1o be of a sufficient duration for breeding success (Kingsford and Johnson 1998,
Kingsford and Auld 2003). When flows are between 200,000 and 500,000 ML, breeding
colonies are usually less than 20,000 pairs (Kingsford and Johnson 1998). Estimates suggest
that before river regulation, over 100,000 breeding pairs may have been involved in each
breeding event. During the three large floods of the 1950s, colomes may have been much
larger (Kingsford and Johnson 1998).

Between 1985 and 1995 there was a total of 124,000 nests of six heron and ibis species. This
was estimated to be half’ of what would have occurred if no water had been diveried, and
while it was estimated that a2 median of 4,000 nests would have been constructed each vear,
only 200 nests per vear were observed (Kingsford and Johnson 1998). There have also been
decreases in the number of bird breeding events. While the managers suggest that at least
one breeding event every two years is expected, there have been none in the last four years.
This was despite sufficient rainfall in the upper catchment in August 2003 to trigger a bird
breeding event if the water had not been captured in the dam (Kingsford 2004).

§.7.2.3.3 River Red Gums

A recent study for DEC of the health of River Red Gum trees at 22 sites in the Macguarie
Marshes clearly indicated that trees that had received water in the last two vears had a
similar health to these same trees that were assessed in 1994 (Woodlots and Wetlands 2004).
Trees that had not received flooding since 2000 had a 61% decline in canopy density as well
as significant increases in dead branch frequency and epicormic growth. In some plots, over
30% of trees had died over the past decade. There was no evidence that the decline 1 tree
health was due to factors other than to a lack of water. In order to prevent further death of
River Red Gums, it was recommended that the wetlands receive flooding as soon as
possible, and preferably before the summer of 2094@5. This did not occur due to lack of
available water in the dam. Extrapolating from the Woaodlots and Wetlands (2004) study, the
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managers suggest that 75% of the estimated 20 000 ha of River Red Gum fﬁmsf on the
Marshes are showing signs of stress from lack of water. It is not known to what extent other
tree species that grow in the peripheral areas of the Marshes are under stress. Because many
of these species are less reliant on frequent flooding, the effects of lack of water take longer

to become apparent.

6.7.2.3.4 The Marshes are seriously threatened

Overall, the managers believe that the Marshes are so seriously threatened that if no large
floods occur within the next 5 years, the South Marsh area of the Nature Reserve will be lost
altogether, and that the majority of the North Marsh will have been lost or its ecological
character significantly and irreversibly altered. |

6.7.2.4 The megn cause of the threat i the Mopshes is lack of water

Over the last 40 years, the managers have observed a significant decrease i the amount of
water reaching the Marshes and point to a number of publications and reporis that supports
their observations. In general, water flows at the gauging station below the Marshes have
decreased significantly for high and medivm rainfall events, and the area flooded by large
floods has contracted by at least 40-50% between 1944 and 1993 (Kingsford and Thomas
1995). Between 1944-1953, 51% of all water passing through the city of Dubbo reached the
wetland, but by 1984-1993 this had decreased fo 21% (Kingsford and Thomas 1995}

The volumes of water allocated to the environment have increased in subsequent water
sharing plans, but the managers point out that it still falls very short of being able to maintain
the ecological character of the Marshes. While more recent changes on the Marshes have
been exacerbated by the 2001-current drought, the main cause of the lack of water is over-
extraction upsirearn, which has reduced the capacity of the Marshes to be able to withstand
extreme natural events (Kingsford 2004). In the Macquarie Valley, 89% of the water that is
extracted is used for irrigation, with the dominant irrigation enterprise being cotlon
production (DLWC 2002, Wolfgang 2000).

There are many management issues for the Marshes, including the conu;oi of feral animals,
weeds, erosion, fire and salinity (NPWS 1993). However, most of these are closely related to
issues of water delivery. For example, flooding is one of the most efficient ways of
controlling or inhibiting the growth of weeds, and eroston is alse primarily caused by more
continuous Iow flows of water through fthe channels. It has been suggested that agricultural
land-use practices that are less reliant on irrigation both within and upstream of the Marshes

{e.g grazing) have considerable environmental impact (e.g. Kidson er o/. 2000). However,
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the managers point out that areas of the Nature Reserve that have not been grazed since 1989
are exhibiting as monch, and sometimes more change, than in areas outside the Reserve. Thus,
while there may be a mumber of management issues for the Marshes, effective longterm
conservation of the wetland éan. be achieved only by first solving the issues of effective -

water delivery.

6.7.3 Appendix 3: Historical basis of current pressures on water resources

In Australia, historically, irrigation has been strongly supported through subsidies, price-
maintenance schemes, tariff barriers and cheap water. Governments have invested heavily in
infrastructure, with a tenfold increase in the capacity of major dams between 1940 and 1990
(Smith 1998). In the Macquarie Valley, the first weirs and their off-takes were constructed in
1896 1o improve water supply for pastoral purposes. As the extent of water control structures
increased, so did the potential for irrigation. Plans for the constrection of Burrendosig Dam
were made in 1907 and 1934, but were consistently and heavily opposed by settlers on the
Lower Macquarie River, who argued that the extraction of so much water would prejudice
their established interests (8. Knight and Partners, 1984). By the carly 1940s, a large number
of river regulation structures and water off-takes had been constructed, and there was greater
pressure on water agencies and the government to service an irrigation industry. Burrendong
dam was authorised in 1946, and completed in 1966. The increased stability of river flows
enabled the growth of cotton which was first planted in the valley within one year of the
completion of the dam (Cotton Australia, 2004). The inigaﬁen industry expanded rapidly
from 17,500 ha in 1965-1969 10 85,577 ha in 1990 (Kingsford and Thomas 1995).

The CLD in Figure 6.8 illustrates some aspects of irrigation development. An increasing
number of people engaged in irngation led to greater demand for the control of water
resources so as to reduce the risk associated with variable river flows. This led to increased
pressure on government to service the irigation industry, maising the pg)tﬁﬁtiai for irrigation

and increasing the number of people involved in such activities,

Second, in the late 1980s and carly 1990s, changes in licence regulations enabled licence
holders to sell the water allocated to them, rather than have ti;e water licence tied to a
particular piece of land. This allowed licence holders to sell water if they were not intending

o use it themselves, increasing the likelihood of over-use (Crase ef af. 2004).
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Figure 6.8. Irrigation Development in New South Wales. The reinforcing causal
loop (R} illustrates some of the historical factors in irrigation development. When
contemporary factors are taken info account, the combined ¢ffects increase the demand

on water resources in the caichmeni, Note the delays. See text for details,

Four other significant factors contributed to current pressure on water resources. First, the
amount of water in the river was significantly over-allocated. In the early 1970s water
licences were issued to attempt to regulate water extraction. However, two unusually large
floods in the 1950°s influenced estitnates of the amounts of water available in the catchment
and the dam was re-designed to hold three times the amount originally intended (Knight and
Partners, 1984). Licences were also granted even when 1t was apparent that demand would
exceed supply, and many landholders in the Central Macquarie Valley began to subdivide

their properties o obtain multiple licences (Masman and Johnstone 2000).
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Third, greater predictability through regulation of the water supply has resulted in increased
expectation that water will generally be attainable. For example, irrigators may plant cotton
at the beginning of a season without knowing whether or not water will be available to finish
the crop. Later in the season they have argued that they will suffer economic loss without
additional altocation of water. In some cases, it is believed that water that was supposed to
have been kept as part of the allocation to other stakeholders has been given to service the
needs of irrigation, despite objections from those other stakeholders (e.g. use of town water

in October 2003).

Fourth, pressure on water resources is greatest during' periods of low water availability, such
as the 2001- current (2005) drought, resulting in significant conflict between water user
groups (see Figure 6.4).

110



Section I); Learning more ¢ffectively from experiences

SECTION D:

LEARNING MORE EFFECTIVELY FROM
EXPERIENCES TO DEVELOP UNDERSTANDING
ABOUT ENVIRONMENTAL SYSTEMS

Chapter 6 emphasised that extensive research and/or management experience of an
environmental system hos considerable value for informing conservation practice, and
finding ways fo articulate this knowledge is important. While scientific research is essential,
in complex and dynamic systems like the Macquarie Marshes, detailed research is often not
available. Even If it were, oulcomes of many interventions are stiff fikely to be uncertain,
Thus, the extent of personal experience will ofien be an importamt factor influencing the

effectiveness of decisions.

Given that the extent of personal experience is important, and that experience clearly has a
role in environmental conservation (see also Sutherland et al. 2004), Chapter 7 takes the
next step by asking how we can learn more effectively from our experiences to develop better
undersianding of envirenmental systems. It does not suggest that we should use experience
instead of scientific knowledge, but il does recognise that considerable improvements can be
made in how we learn from experiences and in how we apply experiential knowledge. Some
of the research from phenomenography and cognitive psychology is reviewed to provide u
way of thinking about learning to help researchers and practitioners develop their capacity
fo be more adaptable when faced with new situations. The chapter explains the nature of
expertise and introduces the idea of variable veflective practice, suggesting how this can be
applied in a conservation context. At the end of the chapter, differences between
experimental evidence and experience ave bricfly discussed, highlighting that both are

essential and complementary components of decision-making.
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Chapter 7

LEARNING MORE EFFECTIVELY FROM
EXPERIENCES

Citation: Toan Fazey, John A. Fazey, Della M.A. Fazey (Revision submitted}, Learning more
effectively from experiences. Submitted to Ecology and Society.

7.0 Summary

Developing the capacity for individuals to leam effectively from their experiences is an
important part of building the knowledge and skills in organizations to do good adaptive
management. This paper reviews some of the research from cognitive psychology and
phenomenography to present 8 way of thinking about learning to assist individuals to make
better use of their personal experiences to develop understanding of environmental systems. We
suggest that adaptive expertise (an individual’s ability to deal flexibly with new situations) is
particularly relevant for environmental rescarchers and practitioners. To develop adaptive
expertise, individuals need fo: (1) vary and reflect on their experiences and become ad.epl; at
seeking out and taking different pexspectives; and (2) become proficient at making balanced
judgements about how or if an experience will change their cucrent perspective or working
representation of a social, economic and bio-physical system by applying principles of ‘good
thinking’. Such principles include those that assist individuals o be open to the possibility of
changing their current way of thinking (e.g. the disposition to be adventurous) and those that
reduce the likelihood of making erroneous interpretations {e.g. the dispositieﬁ to be
intelectually careful}. An example of applying some of the principles to assist individuals
develop their understanding of a dynamically complex wetland system (the Macquarie Marshes
in Australia) is provided. The broader implications of individual learning are also discussed in

relation to organisational learaing and the role of experiential knowledge for conservation.
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7.1 Introduction

Active adaptive management is often suggested as a way of dealing with uncertainty in
conservation and resource management (e.g. Walters and Holling 1990, Lee 1999). Using
interventions as experiments, managers ‘learn-by-doing’, with the ‘active’ emphasizing an
experimental approach (Walters and Holling 1990). Active adaptive management is based on
the premise that knowledge of the system is always incomplete. The system is seen as a moving
target, which s continuously evolving because of the human influences on it (Walters and
Holling 1990). The results of experiments in these systems are often described as being
surprising (e.g. North ef of. 1994), thus a primary aim of active adaptive management is to learn
something from the experiments, and for scientists to recognize the surprises and pursoe their

imphcations (Lee 1999).

An experimental approach prevents ‘superstitous’ learning, where erroneocus connections
between cause and effect can occur {Levitt and March 1988). This partly arises because
environmental and resource problems are most apparent during extreme events, which are
usually followed by less extreme events. A problem may therefore appear to have been solved,
despite the possibility that it ocourred because of a particular mix of fuctuating causal factors
{Levitt and March 1988). Superstitious learning can also be induced by evaluations of success
which are insensitive to the actions taken, particularly when there is a high degree of
accountability, and where managers are held to standards that have litile grounding in

ecological science (Levitt and March 1988).

The concept of superstitious leamning is partly based on the premise that humans have a Iiml;tcd
capacity to understand the complexity of ecological systems. This is true to some extent
because the human mind does not deal well with complex probabilities (Anderson 2001) and
with the complex feedback between the different components of dynamic systems (Sterman
2000). However, when searching for objectivity, we often forget that, despite the complexity of
our daily lives, we still manage to function effectively, The vast majority of our decisions are
informed by our implicit understanding and experience of how the world works (Lakoff and
Johnson 1999), not on evidence from controlied experiments. While experimenta} evidence is
essential (Walters and Holling 1990}, the extent of our personal experience is often one of the
most lmportant factors influencing the effectiveness of resource management decisions
(Woodwell 1989},

Developing the capacity for individuals to be able to leam effectively from their experiences is
an important part of building the knowledge and skills in mdividuals and organizations to do
good adaptive management (Kleiman ef of. 2000, Salafsky ef af. 2001). This paper therefore

aims to present a way of thinking about how mdividuals learn to help researchers and
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practitioners develop expertise in a way that enhances their ability fo deal flexibly with new
situations. The paper is based on the premise that, if individuals understand how 1o leam, they
will be able to learn more effectively in complex, dynamic social, economic and bio-physical

systems (referred 1o herein as ‘environmental systems’).

We first explain ‘learning’ from a phenomenographic perspective (i.e. from studies of what
learners and teachers can say or demonstrate about their own experiences of learning), and
highlight the importance of developing “adaptive expertise’. We then review some of the key
factors that influence learning and suggest how individuals can put the ideas into practice. This
includes an example of applying the ideas to facilitate understanding about the conservation
issues affecting a complex and dynamic wetland. Finally, we briefly consider the broader
implications of developing the capacity for individuals to learn more effectively from their

experiences.

7.2 Learning and expertise

7.2.1 What is learning?

We adopt the view about learning that comes from phenomenography. In this view, a person’s
understanding of the physical, social, emotional and conceptual/intellectual world is taken to be
the dynamic relationship between that person and the world, and is therefore a product of the
individual’s experiences in anhd of the world (Marton and Saljo 1976 a, b). With new
experiences, the way in which a person perceives and acts in the world changes. Learning can
therefore be considered to be a change in a person’s understanding of their place n the world
and how they perceive It; 1.e. a change in the person-world relationship (Fazey and Marton

2002).

This view of learning has several implications. First, a person’s understanding and their
learning canmot always be easily distinguished because understanding is directly mléied to what
is learned. Second, because understanding is that which is arrived at by the learner, there may .
be individual differences in how people understand a system or situation. Third, understanding
enables a person o do certain things, and, just as there are different ways of understanding the
world, there are variations in whét this understanding allows a person to do (Fazey and Marton
2002). This view of learning emphasises that each person may understand the environmental
system they work in differently, because their understanding of the whole of the system is based

on & unique set of experiences of how a subset of that systemn operates.
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7.2.2 What is expertise?

Research indicates that experts acquire extensive knowledge that affects what they notice, and

how they organize, represent and interpret information. This, in turn, affects their capacity to

remember, reason and solve problems. Expertise is therefore not just memory and intefligence,

or simply the use of general strategies (Bransford et al. 2000). In general, it takes around 10

years to develop expertise in something in the way that is typically discussed in the educational

literature (e.g. Chase and Simon 1973).

There are six key outcomes from observations about how an expert’s knowledge differs to that

of & novice (from Bransford er al. 2000}

5)

6}

7)

8)

Experts recognize features and patterns that are not noticed by novices. For example, chess
masters and less experienced, but still extremely good players, show no difference in
thinking about the number of possibilities of making a move, or the number of possibie
counter moves that could be made by their opponents (deGroot 1965). Instead, experts
appear to be able to “chunk™ together related pieces of mformation, thereby enhancing

short-term memory and decision-making (Chase and Simon 1973).

Experts organize content knowledge around central ideas, which guide their thinking about
certain situations. In ph;?si{:s, for example, an expert’s thix;king is based around how general
principles might be applied to a particuiar problem. Novices, on the otiier hand, tend to
perceive problem solving as memorizing, recalling and manipulating equations to get
answers (Larkin and Simon 1987). It is therefore probably more important to determine a

basis for organizing facts, rather than concentrating on frving to retain large amounts of

- factual detail when beginning to develop understanding about an environmental system.

While experts have acquired vast knowledge, they do not need to scarch through everything
in order to find what is relevant to a particular circumstance or task. Expert knowledge is
attached to cerfain contexts (Stmon 1980, Glaser 1992), and it cannot always be easily

reduced to isolated facts or propositions.

Experis are able to retrieve knowledge effortlessly. This does not mean that experts always
accomplish tasks in less time than novices, but fluent retrieval places less demands on
conscious attention (Schneider and Shiffrin 1985). For example, novices cannot
simultaneously drive a car and hold a conversation. With experience, the application of
knowledge about how to drive becomes automated, and less cognitive capacity is required

for driving.
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Gy An expert may not necessarily be good at helping others learn. Expertise can sometimes
inhibit teaching, becanse many experts forget what i1s easy and what is difficult for the

learner.

10) Experts display different degrees of flexibility in being able to adapt and deal with new
situations. While a person may be technically proficient, they may not be able to adapt in a
creative way. A hypothetical example is a trapper who demonstrates expertise in keeping a
site free of rabbits. In thig context, the specific trapping skill may be sufficient to achieve
the desired outcome. However, if the desired outcome is to maintain the rabbit population
for optimum grazing to conserve flora, more flexibility in their skill is required. Experts
who are highly competent and have developed their understanding of something in a way
that allows them to flexibly deal with new situations can be described as having developed

‘adaptive expertise’ (see Hatano and Inagaki 1986).

These observations highlight that expert knowledge and understanding can ofien be difficult to
articulate, and that experts may not always be able to explain why they know or do something.
Such personal knowiedge is referred (o as “tacit knowledge’ (sensy Polanyi 1958). It is built on
our unigue experiences of the world, and is often assimilated informally (Boiral 2002). While
tacit knowledge carnot be articulated, it forms the basis of much of an expert’s implicit
understanding (which has not, but can be made explicit). Implicit and tacit knowledge have
significantly contributed to environmental management. Examples include: helping focus
conservation activities to the real causes of a problem (e.g. Fazey et af. Submitted [Chapter 6]),
increasing the applicability of research results (Steiner 1998); asssiting industry to reduce
discharge of pollutants (Boiral 2002), guiding ecosystem management {Olsson and Folke 2001);
and determining natural flood regimes (Robertson and McGee 2003).

Experienced and highly skilled people demonstrate expertise by solving problems through using
their tacit understanding of the systems they work in. Through soch understanding, individuals
may recognize emergent properties of a system and can often make good predictions. For
example, subjective judgements about extinction risk made by experts were only slightly less
accurate than models of population dynamics. Importantly, R“ only took experts 1-2 hours to
make a prediction, compared o 12 days using the models {(McCarthy er of. 2004). In
recognition of the value of expert knowledge, many organisations are now trying to find ways
of capturing the expertise of employees who are approaching refirement or are leaving to other
jobs (Holloway 2000, McManus ef a/, 2003),
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7.2.3 Expert understanding of environmental systems

Understanding how we learn is important for anyone who wants to develop expertise or learn
how to do something better. In environmental conservation, the role of the practitioner is varied.
Nevertheless, most environmental practitioners aim to achieve a better understanding of the
environmental system they operate in or intervene with to ensure decisions are appropriate and
outcomes are more effective. The particular physical, social or intellectual skills they learn or
use, such as catching feral animals, developing communication skills, or acquiring greater
understanding of statistical methods, all contribute to the development of the practitioner’s

personal understanding of some part of the system.

The concept of adaptive expertise has particular relevance for environmenial practitioners who
are making management and policy decisions within an endlessly varving, dynamic system.
Adaptive experts have a depth of understanding that allows them to use their intellectual,
physical, emotional and social capabilities to identify and interpret changes in systems.
Individuals may initially be surprised by major unexpected events, which have the potential to
result in abrupt changes in their understanding (e.g. Proust 2004). However, as they develop
their ability to learn adaptively, they are 1o longer ‘surprised’ by unanticipated events. Adaptive
experts are able to flexibly and more smoothly translate an experience into better understanding,
even when those experiences have not been anticipated. They accept uncertainfy, and have

greater capacity 1o act appropriately when faced with unanticipated management outcomes.

We refer to individuals who are able to think and act flexibly as ‘adaptable practitioners’.
Experts may demonstrate a variable breadth of expertise, such as a rabbit trapper with a
relatively narrow focus compared to an expert manager of a dune system, who might trap
rabbits but also needs other skills and knowledge to be effective. In both cases, however, they

can only be described as adaptable practitioners if they demonstrate adaptive expertise.

7.3 Factors affecting individual learning

In this section, we review some of the key factors that affect individual learning, While studies
of learning provide several different perspectives on how to assist individuals to develop
adaptive expertise, we restrict our focus to the importance of: (1} practice, (2) vanation m

practice and (3) reflection in learning and the importance of ‘good thinking’.

7.3.1 Practice

Learning how to do something better requires regular practice, In the early stages of learning, a

learner 1s conscious of almost everything, but is often unable to identify what is important. As
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learning progresses, thinking and behavior are graéﬁxally refined and it becomes incregsingly
automated until the learner can do what they want while paying little atiention to doing it. After
extended practice, improvement in even the most complicated routines may not be detected, but

there is continued improvement in secondary tasks performed at the same time (Schneider

1985).

There are three striking ways of enhancing practice that supporis effective learning, First, actual
practice can be complemented and, in some cases, replaced by imagined practice in the form of
detailed mental rehearsal or review (e.g. Feltz and Landers 1983, Malouin et af. 2004). Second,
practicing making judgements about the performance of a task before and after receiving
external feedback can improve any later performances, so long as the individual has an
awareness of a set of nnderstandable, objective criteria by which an attempt or performance can
be judged (Wulf and Shea 2003), Third, random experience of variation of a task and/or
frequent changes that introduce unrelated practice tasks leads to better retention and improved
adaptability than when an individual constantly practices the same thing (Shea and Morgan
1979, Magill 1998) (see below),

7.3.2 Variation in practice

At the end of the initial period of practice, learners who have only practiced a task in the same
way outperform those who have had higher levels of variation in the practice. In later tests,
however, there is ofien no difference between the performance of high and low variation groups
(Shea and Morgan 1979, Jarus 1994). Importantly, when trying a new variation that neither
group has practiced, high variation practice groups always outperform: low variation practice
groups (Fazey and Fazey 1989). That is, those who have experienced variation during practice

develop adaptive expertise.

To develop adaptability, there are five aspects of practice that can be varied (Fazey in prep-b):
{1} the intended outcome; (2} the criteria by which the outcome is judged; {3) the way a task is
done or experienced; (4) the reason for which the learning or creative task is undertaken; and
(5) the perspective a person can take (e.g. van Merrienboer and de Croock 1997, Pramling
1990), such as a stakeholder who tries to look at a conservation issue from the perspective of
other stakeholders (e.g. Lynam er ol 2002). These dimensions of variation are not mutually
exclusive and interact in complex ways. Introducing variation in only one or two of these
dimensions may therefore be sufficient to induce more effective learning (Marton and Booth

1997).

Introducing variation helps to break what phenomezoiégiszs call the “natural attitude’ - our

habitual assumption that what we experience is reality - rather than the attitude that it is reality
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experienced in a particular way (Fazey and Marton 2002). That is, it helps to demonstrate that
what we experience is not the same reality that others experience. Trving to look at a problem
from different perspectives is therefore possibly one of the most crucial elements of variation
that needs to be practiced (Marton and Wenestam 1988}, People will not only be better learners
if they are open to how an experience changes their current understanding, but also if they are

open {0 how others have perceived the same experience.

7.3.3. Reflection and thinking

To be effective, practice must be purposefil and fit in an overarching framework that includes
planning, monitoring and/or reviewing. The vsually adopted model is a simplified version of
Kolb and Fry’s (1975} interpretation of K. Lewin"s cyelical account of learning. In this model,
the learner moves from active or concrete involvement in an experience, to observing and
reflecting, through to forming abstract concepts and then to testing the implications of the
congepts in new situations. This is popularized as the “plan, act, review and try again
approach™. The metaphor of 2 moving wheel or a spiral is often used to emphasize continuous
change and the leaming that occurs over multiple attempts to achieve a leaming goal. With
added emphasis on reflection, the model provides a useful templaie for designing experiences to

facilitate learning {e.g. Boud and Miller 1997).

Such feedback-based models stress the need for monitoring the discrepancies between an
intention and actual outcomes. In some professions, {e.g. branches of caring and medicine),
reflection on critical experiences is taken to be an important aspect of both individual learning
and the development of a professional knowledge base (e.g. Schan 1996). In such cases, asking
personal guestions about an incident like “what was my part in it” and “how did it affect me”
can be considered equally important to asking “what happened and why”. There is, however,
evidence to suggest that it is more important to be aware of what was done, and what resulted
from it than to be aware of the shortcomings of an attempt o do something (Wulf and Shea
2003).

For envivonmemal pﬁactitior;ers, reflection on specific experiences aims fo stimulate better
understanding about an environmental system. Cognitive scientists take the view that people
construct some form of dynamic working representation, or mental model, of how a system
operates from their current understanding of that system (O’ Connor and McDermott 1997). In
developing major shifts in understanding, a person must also change their mental model. While
mental modeis do not fully capture the dynamic learning process, they do provide a useful

heuristic to communicate notions of how an individua! changes their understanding.
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The process of adapting mental models is captured in models of double-loop learning (e.g.
Sterman 2000). In one loop, a decision is made, acted on, and the results used to inform betier
decision-making. Feedback from the actions m the first loop can also induce change in the
mental modei, which is represented in the second loop. As our mental models change, we

change the structures, strategies and decision rules that control the decision-making processes in

the first loop (Fig. 7.1).
/.Real Woﬂé\ i

Decisions Information

( \/Fwdback'

Sﬂ’awg&’ » Smu}fe, Meﬁt&ﬁ ?\f{Odfﬁ]ﬂ Of
Decision Rules Real World

Fig. 7.1: Double-loop learning (from Sterman 2600). Feedback from the real world can
induce change in mental models. Change in the mental model leads fo new gouls and

decision rules, not just new decisions.

Our ability to evaluate our mental models is constrained because the tools we design to evaluate
our working representations (GIS, scientific research, etc.) are infiuenced by those same mental
models, which affect what we measure, define and give attention to (Sterman 2000), Humans
are also notoriously poor at understanding the dynamic feedback of systems (Sterman 2000),
which is made particoiarty difficult in environmental contexts because outcomes of
management often take a long time to become apparent and are confounded by many other

factors {Hinrichsen 2000). Further, humans are very defensive about altering thetr mental
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models (Argyris 1985) and change is offen resisted until actions or decisions produce serious

deleterious outcomies (Proust 2004).

To induce change in our mental models, we must become adept at taking different perspectives
by applying ideas like variable and reflective practice (Table 7.1). Taking different perspectives
allows us to vary our experience and question our current understanding. However, we also
need to be open to changing our menial model as our understanding of the system develops. To
do this, we need to become ‘good thinkers’ (Perkins ¢f of. Unpublished). Good thinking can be
characterized as seven broad thimking dispositions (Table 7.2). Each disposition has three
elements; inclination (a person’s felt tendency towards a particular behavior), sensitivity (a
person’s alertness fowards a particular occasion), and capability (the ability of a person to
follow through with a particular behavior). The ‘ideal thinker’ is disposed towards all of the
thinking behaviors, and appropriately exhibits one or more of them depending on the occasion.
The theory of good thinking is based on logical arguments and a scattering of empirical
evidence for the importance of dispositions. Perkins 7 o/ (Unpublished) argue that the theory
raises provocative guestions about existing models of thinking, casts new light on controversial
izsues in the field, connects in interesting ways to findings in other promising areas of cognitive

research, and has important implications for the education of good thinking.

Table 7.1: Summary of some of the important factors influencing how individuals learn.
Note that the points discussed apply equally to beth learning a particular skill or ability

and to learning how to learn,

Factor Summary _

Practice With practice, the appheation of & learned sldll or sbility can eventually beceme sutomatic in
flexible and adaptive way
Actual practice can be complemented and sometimes replaced by detailed mental rehearsal or
TeVIew

Practice making judgements improves performanes, as long as there is a clear objective and set
of eriteria for judging performance

Yariation Variation breaks our tendency to assume that what we experience is reality, not reality
expetienced in a particular way .
Variable practice leads to better retention and develops adaptive experiise
To develop adaptability, # is possible to vary: (1} the mtended outcome, (2} the criteria or
precision by which an outcome is judged, (3) the way a task is done or experienced, (4) the
reason Tor doing a task, {3) the perspective a person can take

Reflection For effective learning, continuous monftoring of discrepancies between intended and actual
outcomes is required
A number of explicit methods can be used to promote learning. Bowever, having the right
atiltude by taking s mindfulness approach to leaming is the most important factor influencing
leamning effectivencss
Thinking abowt our thinking is essential for developing an effective learning attitude (Table 7.2)
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Table 7.2: Developing an appropriate learning attitude is influenced by how we think. Good thinking has seven broad dispositions, each with three

components (from Pekins ef al. Unpublished).

Disposition

Component
inclination (examples)

Sensitivity (examples) .

Ability (examples)

i3 To be broad and
sdventurous

23 Toward sustained
intellectual curiosity

3y To clarify and sesk
understanding

4) To plan and be
strategic

53 To be inteliectually
careful

6} To seek and evaluate
TERRONS

73 To be metacognitive

Tendency fo be open-tinded, impulse to probe
asswnptions, desire fo tinker with boundarics

Zest for inquiry, urge to find and pose problems,
tendency to wonder

Dresire to grasp the essence of things, impulse to
anchor ideas 1o experience and seck connections
to prior knowledge

Urge to set goals, make and execute plans, a
desire to think shead

Urge for precision, # desire for mental
orderliness, organisation, and thoroughness

A leaning towards healthy scepticism, the drive
to pursue amnd demand justification, the urge to
discover grourds and sources

Usge o be cognitively self-aware and to monitor
the flow of one’s thinking, desire to be self
challenging

Aleriness to binariness, dogmatism, sweeping
generatities, parrow thinking

Aleriness to unagked questions, anomalics,
hidden facets, detecting gaps in knowledge

Aleriness to unclarity, discomfort with
vagueness, 2 leaning towards hard questions

Alertness to lack of direction, lack of
orientation, sprawling thinking

Alertness to possibility of error, disorder and
disorganisation, inaccuracy and inconsistency

Alertness to evidential fhrundations,
responsiveness to superfciality and over
generalisation

Alertness to loss of controf of one’s thinking,
detection of complex thinking situations
requiring self monitoring

{dentify assumptions, empathic and flexible
thinking, to look at things fromn other points of
view

To observe closely, focus and persist i a Hne of
inguiry

Ability to ask pointed questions and buiid
complex conceptialisations, ability to muke
analogics and comparisons

Ability to formulate goals, evaluate alternative
moedes of approach, make plans and forecast
possible cutoomes ’

Ability to process information precisely, to
recognize and apply intellectual standards

Ability to distinguish cause and effect, to
identify logical structure, reason inductively

Ability 1o exercise control of montal processes,
1o conceive of the mind as active and
interpretive, to be self evahuative, to reflact on
prior thinking
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As with learning anything, ideas like variable and reflective practice and good thinking can
become gutomated in an adaptable way if practiced with intention (e.g. Palmer and Drake
1997}, Practicing applying ideas abouf learning and good thinking to a wide variety of skills,
abilities and circumstances develops flexibility in dealing with new leaming situations.
Initially, practicing learning or thinking requires careful analysis and reflection of events and
experiences, Eventually, the process becomes more automatic. In the end, an expert learner
is able to learn or think skillfully with little more than speradic self-checking (Pramling
1990).

7.4 Applying the ideas of variable and reflective practice and good
thinking

7.4.1 Developing understanding about complex systems

To develop individual understanding of environmental systems, the ideas of variable and

reflective practice and good thinking should be applied to three main situations:

7.4.1.2 Whenever we use any technique, display skill or demonstrate ability:

For example, when building a fence for stock management, designing an experiment,
evaluating the effectivensss of policy, or conducting an environmental impact assessiment.
Past performance should be reviewed, then the current performance planned, conducted and
monitored to determine what was done and how it might have been done better. Variation
can be introduced in many ways, such as by mentally considering how things could have
been different, such as whether a fire would have respdnti@d differently if the wind had
changed. A practitioner never experiences exactly the same situation twice, and variation is
always present. However, without active reflection, we become comfortable with the way we

do something, reducing our capacity to learn from new situations,

7.4.1.2 Reflecting on naturdl variation in the redl ecological world:

A common cri de couer is that many environmental scientists and practitioners do not spend
sufficient time directly in an environmental setting (e.g. Noss 1996, Campbell 2043). There
are two reasons why this is important. First, we need {o ensure that what is being learnt about
an environmental system is relevant to what we are trying to achieve in the real ecological
world. Scientific knowledge stresses objectivencss and distance. However, it is still
important to observe events from within the system being studied or managed because

spending time in an ecological setting helps to develop our tacit understanding, which guides
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our gquestions and how we go about answering them (see Polanyi 1958). As Noss (1896)
points out: “abstractions and fancy technologies are no substitates for the wisdom that

springs from knowing the world and its creatures in intimate, loving detail”,

Second, spending time in an environmental seiting thay also help fo motivate environmental
learning. Whiteran and Cooper (2000) suggest that managers who are physically located
outside in their local ecosystems and who gather management knowledge through first-hand
experience develop both a greater identification with their local ecosystem and have greater
commitment to sustainable management practices. Strong personal identification with an
environmental system will promote leaming because the learning process is more likely to be
perceived as being personally important. Such intrinsically motivated learning is more
powerful and robust in the face of difficulties than learning that 1s driven by extrinsic factors,
such as rewards or punishments, where a person does something because they have to, rather

than because they want to (Dect and Ryan 1985).

While spending time in environmental settings can facilitate the development of
understanding of an eovironmental system, individuals will also enhance learning by actively
engaging in the learning process, such as by applving the ideas of variable and reflective
practice and good thinking. To do this, it is necessary to actively reflect on observed events
and become accustomed to spending field-time thinking about what is happening, and how it
might be different even if nothing is actually occurring at the time. For example, spending
field-time thinking about or discussing with others the different ways selective logging might
impact a forest will help individuals improve their understanding of that particular forest and

its hiota.

7.4.1.2 Develaping expertise in exploring the feedback in systems:

This requires practicing dealing with complexity by trying to understand the links between
the different compoﬁeﬁts of a system (e.g. specific taxonomic groups or ecological vs. social
or economic) rather than always trying to reduce them to immediately manageable pieces.
An example 15 the development of business practices that are resilient over the long-term. To
be sustainable, corporations need feedback from ecosystems about the ecological impact of
their activities (Whiteman er al. 2004). To be effective, however, a shift in culture in the
corporate boardroom is required where individual decision-makers accept and understand the

complex interactions and feedback between social and natural systems (Chapin ef o/, 1998),

Practicing building formal simulation models of environmental systems using tools such as
causal loop diagrams or stock and flow models is particularly useful to induce learning about

systems (Sterman 2000). Importantly, all simulation models provide individuels with
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opportunities to vary their perspective, by enabling them to explore how a system might
operate with different initial conditions or contextual setiings. They also help individuals to
articulate their understanding, and allow them to compare their perspective with that of

others.

In general, relatively simple ways of thinking about planming, acting and reflecting may be
enough to induce some change in understanding, so long as people have developed the
capacity to be open to changing their mental models. Discussing experiences with other
people (e.g. Lybeck 1981) or roleplaying (c.g. Lynam ef al. 2002) can be effective ways to
provide alternative perspectives. Building relatively simple models such as spidergrams of
links between components may also provide & basis upon which detail can be added and
integfaéed. Thus, while considerable effort is required in the initial stages of developing

expertise in learning, it is not meant to be an arduous life-long learning sentence.

7.4.2 An example of applying the Jearning ideas

Between February and August 2004, research was conducted which aimed to elicit the
implicit knowledge of seven on-ground managers about the current conservation problems
and issues facing the dynamic Macquarie Marshes (referred to from this point forward as the
Marshes) in south-eastern Australia (see Fazey ef al. Submitted [Chapter 6]). At the same
time, the ideas about variable and reflective practice were also applied in an attempt to
facilitate the development of the on-ground managers’ personal understanding of the
environmental  systemn. The case study presented below therefore provides a useful
illustration of applying the learning ideas presented in this paper. While detailed data was not
collected that assessed the effectiveness of the approach to induce change in the
understanding of the participants, 2 number of issues were raised that are worthy of

reflection.

Research stages for eliciting the implicit knowledge of the on-ground managers io which ideas of
variable and reflective practice have been applied

The Marshes are a 220 (000 ha gphemeral wetland system located in the central west of New
South Wales, The area is primarily managed privately by landholders, with around 21 000 ha
managed as a Nature Reserve by the Department of Environment and Conservation (DEC)
{see Fazey ef a/. Submirted [Chapter 6] for full details). The seven participating on-ground
managers were all experts of at least some aspect of managing the complexities of wetland
systems, with six having extensive experience of the Marshes. The on-ground managers had

a total of 140 years of experience of being involved in the management of water on the
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Marshes, and 234 years of general experience of working in the Marshes. Some of the

managers exhibited a deep tacit ecologica! understanding of the wetland.

A number of research steps were used to elicit the implicit knowledge of the managers
(Figure 2). Puring the research process, the ideas of variable and reflective practice (Table 1)
were also apphied io the different research stages by capitalising on the range of individual
and group activities that provided variation in the perspectives taken, the process of data
collection, and in the outcomes (Table 3}. in the first stage (Figure 2), the researcher spent
two months becoming familiar with the issues facing the mmge-rs by working as a
volunteer with DEC. This provided a period for trust to develop between the participants and
the researcher, and t ensure that the participants felt they had sufficient control in the

process and that they were confident their knowledge would be communicated appropriately.

In other stages, repeated opportunities were provided for the participants to articulate their
individual understanding. Each opportunity was deliberately structured to vary how their
expertise was articulated. This not only ensured that the rescarcher was able o learn about
and capture the compiexities of the conservation issues, but also enabled variation in the way
the participants explored their personal understanding. There were five stages that provided
opportunity for variation: (1) Data consisting of simple conceptual links between statements
made by a participant were generated in individual interviews. This enabled the initial
examination of some of the feedback process occnting in the system; (2} The process was
repeated in a second interview where a different aspect of the system was examined; (3) a
workshop was held with all participands to identify and discuss the significant historical
changes to the environmental system that had contributed to current conservation problems;
and (4) a preliminary conceptuat model deseribing the environmental system was discussed -
separately with each participant in a third interview (for a detailed account of the method,
see Fazey ¢f af. Submitted [Chapter 6]); (5) A final meeting was held with all the participants
to enabie them to collectivaly give feedback on the accuracy of the conceptual model and the

presentation of their expert understanding,
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STAGE 2: TWO

INTERVIEWS PER STAGE 3.
STAGE 1: PARTICIPANT WORKSHOP
FAMILIARISATION Discussion of key
changes in the system

U

STAGE 4: INTEGRATING DATA

Preliminary conceptual model of all
information derived from participants

U

STAGE 5:
CONFIRMATION

Third round of interviews

4

STAGE 6:
INTERPRETATION

!

STAGE 7: FINAL
CONFIRMATION

Reflection

Retlection

Fig, 7.2: Research method used to elicit the expertise of seven on-ground managers of
the Marshes. Note that stages 5 and 7 allowed reflection of the process, including
assessmenis that ensured the researcher was adequately reporting the expert

uvnderstanding of the on-ground managers.
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Table 7.3: Ways in which ideas of learning were applied to hielp research participants develop their personal anderstanding of the Marshes

environmental system.

Factor influencing learning

Achieved by:

Providing an appropriate learning environment
where participants {21t motivated to patticipate

Practice Of srudving persoaal
umlerstanding of the Marshes
system

Variation By looking at personal
uniderstanding of different

components of the Marshes
system, and sharing perspectives
with others

Reflection On different stages during the
data collection process

Participants were parily selected on the baxis of their interest in participating, i.e. they participated because they wanted
toffelt it would be usefl to them and/or the Marshes

Participants were oaly asked to provide information on aspects they folt they were competent to discuss
Participants chose which components of the system they discussed
No prior sssumptions were rade by the researcher about what issues/problems were most important

Practicing articulating their understanding through describing the complexities in the first and second mterviews,
workshops and providing feedback to the researcher on a preliminary conceptual model in the third interview.

Drata produced in the first sad second interviews were of different components of the Marshes system
Different perspectives were shared af the workshop
The preliminary conceptual model was discussed with individuals at the third interview

At the second interview, the data from the Brst interview was discussed
At the workshop, data from first and second interviews were presented for reflection by all participants
Reflection on the preliminary group conceplual model with each participant af the thisd interview

Participants asked in thisd interview what they had learnt from the proeess and to reflect on whether their understanding
had changed
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7.4.2.2 Reflecting on applying the ideas about learning and on the expert knowledge of the participarts

In the third interview, the managers were asked if they had personally gained from the
process. The two participants with the least direct experience of the Marshes, who were from
outside the core group of managers, felt they had learnt a great deal. One of these suggested
that they had gained a better understanding of the perspective of the other participants and
that it had been a good opportunity to show their willingness to learn from those with the
most experience. Another three individuals suggested that, although they took in very little
new infcrmaiién, the process confirmed what they thought they aiready knew. One manager
commented that they sometimes wondered if their perception of the issue was valid, given
the inaction by relevant government agencies to deal with the conservation problems. Being
involved in a process where they shared and discussed their views reinforéed their
perceptions, and gave them greater confidence in their own expertise and in their

understanding of the causes and severity of the conservation problems facing the Marshes.

The sixth participant would not commit to whether the process was personally wuseful, but
acknowledged that the conversations with the primary researcher were influentisl in
developing their thinking and understanding. Finally, only one participant felt they had
personally gained very litile. However, they acknowledged in the final meeting that the final
document (Fazey ef al. Submitted [Chapter 6]) was likely to be a useful tool to help
articulate their collective expert understanding and add credibility to their expertise.

While a full evaluation of the application of specific ideas of learning is beyond the scope of
this paper, the process appeared to have 'indm;ed some degree of change in the way
participants either understood the Marshes system, or in their perception of their competence
in understanding. Importantly, however, the process confirmed the extent of the managers
experiential knowledge. This was most apparent in the workshop where they worked
together in a dynamic and flexible way to provide answers to questions asked by the
researchers. In the workshop, it was clear that certain individuals had a more complete
understanding about 2 particular 1ssue than others, but together they generated a collective
understanding that was greater than the sum of the parts. As some of the managers put it,
they “fed off each other” during the discussion. Their personal in-depth knowledge allowed
them to ask pertinent questions when dealing with a topic that was outside their immediate
area of expertise, enabling them te tease out the implicit knowledge of those with greater

experience.

The expert knowledge of most of the managers was derived from their long-term experience

of working and living in the Marshes. They also had a deep and longstanding respect for the
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natural environment they lived and worked in and had a strong personal motivation to learn
about and conserve the Marshes and the human community that depended on it. This
observation supports the proposed link between ecological respect and a sense of personal
identification with a greater commitment to sustainable management practices (Livingston
1994, Whiteman and Cooper 2000},

Observations of the expert understanding of the managers also provides some support to the
notion that personal identification with an ecosystern may promote an inirinsic motivation to
learn about the ecology of that system. The personal interest of some of the participants to
learn appears to have been derived from their economic dependence on an ecologically
functional wetland. Without flooding on the Marshes fo generate native vegetation growth to
feed cattle, cattle graziers would not be able to sustain a living. Such dependence on natural
flooding events means that catile graziers (particularly those that are solely dependent on
catile production) are hkely to be more aware of changes in wetland dynamics than

individuals involved in other agricultural enterprises.

Compared to agricultural enterprises such as cropping (which are less dependent on
flooding), cattle graziers on the Marshes continually receive and react to feedback from
water flows entering the wetland. Cattle grazing on the Marshes is also different from other
agricultural enterprises that are also heavily dependent on water resources, such as cotton
production. Cattle grazing on the Marshes relies on working with, and responding to the
variability in the timing, duration and extent of flooding events. lrrigation enterprises,
however, generally depend on reducing risks associated with natural variability in water
flows by attempting to control water delivery (e.g. through construction of weirs and dams),
Because cattle graziers on the Marshes have such strong links fo the variability in water
flow, they are more likely to be intrinsically motivated to observe and reflect on the
variability in flooding and the response of the wetland to those flooding events. The cattle
graziers are therefore more likely to build 2 more in-depth ecological understanding of the
Marshes.

Over the last 40 years, since river regulation on the .Mac‘quarie River, there have been major
changes to the water regime with significant amounts of water being extracted to sappott
upstream towns and irrigation industries (Kingsford and Thomas 1995). This has resuited in
a major change in the ecological character of the Maishes, with direct cgﬂsequennas- for the
hivelihood of many individuals on the wetland (Fazey ef of. Submitted [Chapter 61). In the
case of the Marshes, the expert understanding of many of the catile graziers therefore has
particular relevance and value for providing insights into how much upstream water

extraction is likely to be ecologically sustainable.
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The economic dependence of some of the managers on the wetland clearly influenced their
perspective and their own understanding of the Marshes, particularly when they were
exposed to stakebolders with radically different views of how to best use river water.
However, many other stakeholders in the Macquarie Valley lack the long-ierm embedded
ecological knowledge of the Marshes, When it came to questions about its management, the
on-ground managers were adamant that the wetland was under serious threat of ecological
collapse, and that the answer predominantly lay in tackling the water delivery problems
occurring beyoud the geographical boundaries of the Marshes (Fazey e¢r «l. Submitted
[Chapter 6]).

7.5 Implications of more effective individual learning

7.5.1 Individual to group and organisational learning

Many of the characteristics of a ‘high quality” learning organization (Table 7.4) revolve
arcund notions of openness and freedom of expression (Bapuji and Crossan 2004). To
achieve such a learning culture, members of an organization must also aspiré to such goals.
In our view, personal characteristics such as integrity, humility and openness to criticism and
change are necessary for an individual ‘ideal learner” to be able to take and be open &:}
different perspectives (see also Antonacopoulou 2004 for a discussion of the characteristics
of good scholarship). Individuals with such characteristics will paturally engender an
environment in which others can learn, Thus a high quality learning culture is only likely to
be possible if individaal members are also willing to engage in learning, and if they have

developed the capacity to learn effectively.

Considerable emphasis is placed on the importance of leaders who can facilitate the learning
of others (Richter 1998, Ramus and Steger 2000, Olsson er al. 2002, Naot et al. 2004,
Rushmer et al. 2004). In formal organizations {e.g. corporations or recognized instititions),
managers influence subordinates through role modelling, goal definition, reward allocation,
resource distribution, communication of organizational norms and values, structuring work
group interactions, conditioning subordinates’ perceptions of the work environment, and
through having influence over the processes and procedires used (Ramus and Steger 2000).
Even though most leaders do not view themselves as facilitators of learning {Bapuji and
Crossan 2004), these influences directly affect the learning opportunities of others (Ramus
and Steger 2000).

Targeting leaders may therefore be a good place to begin to develop a culture of learning

within an organization (Rushmer et gl 2004). For example, attempts are being made to
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change the culture within the UK National Health Service so that it can learn better from,
and reduce the number of adverse incidents affecting patients and staff. Managers have first
been assisted to gain & fuller understanding of learning as a process of change {Jones et .
2005-a), and have then been supported by mechanisms that help them work and learn more

effectively as individuals or in groups (Jones e7 af. 2005-b).

While it is generally accepted that it is the individuals who learn and not the organization
{Miner and Mezias 1996), only focussing on individuals means that the social context of
jearning in which the individuals are embedded can be neglected (Richter 1998). Thus, in the
interpretive perspective of organizational learning, learning i3 considered to be a social
practice (Ortenblad 2002). To understand the way information travels through an
organization, the relationships between individuals and the commmnities within the
organization also need to be understood (Richter 1998). Individuals are considered to make
sense of the world by communicating and using language and symbols that allows them to
collectively invent and reinvent a meaningful order (i.e. ‘sensemaking’; sensu Weick 1995),
Actions are then made in accordance with that particular interprefation of reality (Westley et
al. 2002). That is, the organizational learning is considered to be context dependent
(Ortenblad 2002,

The interpretive perspective of organizational learning sees learning as a never-ending
process (Blackler 1995), which is important when trying to manage environmenial systems
adaptively. The perspective also does not assume that organizational learning is confined to a
formal organization, such as a corporation or recognized institution (Araujo 199%). This is
particularly relevant for environmental practice where much of the learning occurs in loosely
defined organizations, such as in the group of Marshes managers. Information flowed into
the group through individuals with outside experience, and was then interpreted collectively
through interactions between the members. This gave mise to a unigque collective

‘understanding of how and why the wetland was changing (Fazey er af. Submitted).

This suggests that while improving the capacity of individuals to learn is essential for
building a learning culture, the resulting learning processes and knowledge will not only be
confined to particutar individuals within a group or organization. Coliaboration between
individuals is therefore necessary to gain a fuller understanding of dynamic environmenial
systems {Olsson er «f. 2004), and social learning processes increase the capacity of
organizations 1o respond to feedback from the environment so that actions can be more
sustainable (Berkes ef of. 2003).
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Table 7.4 Hypothetical characteristics of a high quality learning srganization (from
Lipshitz e al. 2002, Naot ef al. 2004)

Characteristic Requirement
L0 achieves outgomes The organization produces dssired outcomes or averts undesired ovlcomes by
learning
LO employs processes Captures notions of Where examination of sensitive issues and reframing of
that are likely to produce  single and double- assumptions, values and goais can ooour
effoctive learning loop learning
Transpatency Willingniess to expose one’s thoughts and actions to others
in order to receive foedback
Intogrity _ Willingness to seek and provide information regerdiess of
its implications
Issee-oriontation Focussing on the relevance of inforoation e the issue under
consideration regardless of the social standing, rank, source
or recipient
Inquiry Persisting in investigation until fell understanding is
achieved
Accountability Wilhingness {o assume responsibility for learning and for the
implementation of lessons learned
1O sets(orig setmya Reciprocal commitment between the organization and its members
context where learning is _
most likely 10 ocour Commitment of the organization’s leadership to learning and its toletance for error

An approprizte task structure zad proximity to the core tasks of the organization

High cost of potential error (i.e. learning is more likely o ocour if cost of error is.
high}

Environmental uhoertainty (i.¢. leaming is more Iikely o ocour where there is a high
degres of uncertainty)

7.5.2 The complementary role of experiential and experimental knowledge

Relying on experience to inform decisions has both advantages and disadvantages when
compared to using experiments, and both experience and experiments are essential for
effective environmental practice and can play a complementary role (Table 7.5). However, it
is often difficult {o separate their relative influence in making decisions. The majority of our
decisions are predominantly governed by our implicit and tacit understanding of how the
world operates {Lakoff and Johnson 1999). This mfluences the experimental questions we
pursue, how we conduct the experiment, and how we analyse the results. The results may
alter our understanding and allow us to adapt our mental model (Fig. 7.3). Other experiences

may alsc influence our understanding, but our understanding also influences what we learn
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from, and how we perceive, those experiences (Fig. 7.3). When we make a decision, the
results of research are therefore combined with the experience of doing the research, the way
we interpret the results, and our personal, envirommental, and educational experience (e.g.

Fazey and McQuie In press [Chapter 5]},

The key to improving personal understanding of a system from both experience and the
results of experiments is to develop the ability to take different perspectives and learn to
become open to how they might affect our mental models. To do this, applying ideas like
variable and reflective practice (Table 7.1) and good thinking (Perkins ef al. Unpublished,

Table 7.2} will be necessary.

Table 7.5: Some of the differences between expert and experimental knowledge

highlighted by the characteristics of expertise and individual learning.

Expert knowledge

Experirnental knowledge
Perspective Greater capacity for a holistic Greater capasity Tor o reductionist
peispoctive perspective
Historical Hasz some capacity to take into zccount Has less capacity to take into account the
perspective the historical fratectory of something in mfluence of a historical trajectory

{.earning frorm
jong-tern outoomes

Dealing with
confounding factors

Acocessibility

Requirement

order to make better predictions about
the future by interpreting the present
with respect 10 past experiences (Polanyi
1938). For environmental systems, this
requires extensive experiencs of the
same phenomenon or system (¢.g. some
of the managers of the Marshes).

Less capacity 1o learn from interventions
whose putcomes take a long 8me to
begome apparent becaust an individual’s
experience is finite and relies more on
immediate feedback

Has less capacity fo deal with
confounding factors when frying to
distinguish botween cause and effect
Difficult for others 0o access and pick np
because #t is cither inarticuiate (tacit), or
very difficult fo articulate (noplicit)
Requires experirmental knowledge as a
check and balance to ensure accurate
contections between cause and effect

because predictions are based only on
what is poourring in the present.

Has greater capacity to learn from
interventions that have losg-term
cuicomes because eXperinents can run
over long periods of time

Hag greater capacity to dest with
confounding factors when irving to
distinguish between cause and effect
Easier for others to sccess and pick up
beeause it is formalized and made
explicit

Reqguires expert knowledge o identify
approprigie questions, interpret results
and puintain a more holistic perspective
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Other experiences

Perception of the
experience

< EXPERIENCE

Mental medei‘\

Review resulis

Questions we
pursue
EXPERIMENTS

Fig. 7.3: Experiments and ofher experiences may stimulate change in our mental model
as we develop understanding, but our nuderstanding and mental models also influence
the questions we ask, how we conduct the experiment, and how we analyse and perceive

the results.

7.6 Concluding remarks

This paper acknowledges the importance of expenential knowledge for cffective
conservation research and practice. It is not, however, intended to be an argument for using
experience as a replacement for appropriate research to inform decisions or for developing
individval understandings of environmental systems. Instead, it 1s a plea for increased rigour

in using what we know about turning experience into more effective learning.
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This paper has highlighted that it is possible to greatly improve how we leamn as individuals.
In current educational settings, students are rarely taught how to learn, and learning is often
Jjust expected to “happen’ during the educational process. Thus the ideas presented may seem
simptle, but they have profound implications for educational and professional development.
Giving greater consideration to applying ideas about learning from experiences to
environmental practice would not only result in more adaptable practitioners with an
inquisitiveness and ability to learn, but would also result in more people who were mindful

that their view of the world is only one perspective of many.
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SECTION E:

SYNTHESIS

The aim of this thesis was to develop understanding about the role and value of experience
Jor environmental conservation. This is addressed in detail in the next chapter. However,
previous chapters have made independent contributions to the discipline of environmental

conservation,

e Chapter 2 reviewed current conservation liferature and discussed ifs relevance 1o policy
and management;

s Chapiter 3 suggested ways in which conservation can do more fo bridge gaps between
research and practice;

o Chapter 4 discussed the problems of developing practical theory that is not misieading;

s Chapter 5 exploved how practitioners apply formal theory;

o Chapier 6 developed and applied a method for eliciting the experiise of on-ground
conservation managers, which included the development of a concepiual model
specifically designed to be a communication tool;

o Chaprer 7 suggested how researchers and practitioners could more effectively build

expert understanding of environmental systems.

Chapter 8 is a ssj;znfhes;is that considers the research from previous sections. That is, it
considers: (4) the nature of environmenial conservation; (B} the development and
application of conservation theory; (C) the elicitation of implicit (experiential) knowledge:
and (D) suggestioms of how we can learn more effectively from our experiences {see Fig,
E.I). The synthesis presents a conceptual model that explains how our level of expertise in
learning influences the ability to change the way we think. The intention is that the model
will facilitate change in the way researchers and practitioners perceive experiential
knowledge, The implications of the model are discussed in relation fo understanding the role
and value of experience within un evidence-based approach. The chapter is meant 16 be o
stand-alone piece of work accessible to a wide audience (see “approach” in Chapter 1),

therefore some repeiition with earlier chapters was unavoidable.
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HNeed to rake different perspectives and be open 1o how they
might change our way of thinking

Fig. E.1: The main links
between chapters leading to
better understanding of the
role and value of experience
for environmental
conservation. Chapter 8

YOU ARE Experimentad and experiential knowledge is complementary

i can e difficult to articulate expertise builds on chapter 7, and

integrates research from

previous sections.
SECTION E: SYNTHESIS

Chapter 8: Understanding the role and value of experience for environmental conservation







Chapter 8 Urderstanding the role and value of experience

Chapter 8

THE ROLE AND VALUE OF EXPERIENCE FOR
ENVIRONMENTAL CONSERVATION

Citation: loar Fazey, John Fazey, Janet Salisbury, David Lindenmayer and Sieve Dovers
(Submitted). The role and value of experience jor envirommental conservation.

Environmental Conservation

8.0 Summary

The importance of experiential knowledge has been acknowledged in discussions about
evidence-based conservation. However, to integrate such knowledge with other types of
evidence, it is necessary to understand the role and value of experiential knowledge. This
paper describes experiential and expert knowledge, then presents a conceptual model to
demonstrate how our ability to learn from cur experiences influences the development of
understanding about environmental systems. The aim of the model is to communicate a
particular way of thinking about experiential knowledge and its implications for evidence-
based practice, There are five main conclusions about the role and value of experiential
knowledge for environmental conservation: (1) because experiential knowledge will always
play a role in decision-making, developing 2 capacity to lean from our experiences
(including research) will have a significant influence on the effectiveness of conservation
outcomes; (2) while an expert’s implicit and tacit knowledge is qualitatively very different
from quantitative data, both are important and complementary; (3} some experiential
knowledge can be expressed quantitatively, but making implicit knowledge explicit changes
its nature because it is no longer linked to the rest of a person’s experiential knowledge; (4)
synthesizing and communicating research is essential to help prevent people from pursuing
potentially erroneous ways of thinking; and (5) expertise is difficult to define, thus the extent
of a person’s experience and its relevance to a particular problem should be made clear. In

general, this paper also suggests that an evidence-based approach can increase the emphasts
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on reviewing, planning and reflecting on conservation actions, with potential for facilitating

the development of an individual’s expert understanding of environmental systems.

8.1 Introduction

“Scientific discovery reveals new knowledge, but the new vision which accompanies it is not
knowledge. It is less than knowledge, for it is a guess; but it is more than knowledge, for it is
a foreknowledge of things vet unknown and at present perhaps inconceivable. Our vision of
the general nature of things is our guide for the interpretation of all future experience. Such
guidance is indispensable. Theories of the scientific method, which try lo explain the
establishment of scientific truth by any purely objective formal procedure, are dpomed to
Juilure. Any process of enquiry unguided by intellectual passions would inevitably spread out

into g desert of trivialities.”

Michael Polanyi (1958}, Personal Knowledge:
Towards a Post-Critical Philosophy, p. 135

Conservation practitioners rarely apply primary research and rely heavily on experience to
make decisions (Pullin ef @/, 2004). This has led to calls for the application of more science,
the adoption of an evidence-based approach, and the provision of mechanisms to review and
disseminate research to ensure that it is accessible (Pullin er of. 2001, Sutherland ef of, 2004).
Such mechanisms are essential to help bridge gaps beiween conservation research and
practice, to facilitate the use of the best available pvidence when making decisions (Fazey ef
al. 2004} and to ensure that untested practices are not widely adopted simply because they

have been used previously (Sutherland ef o, 2004).

While environmental conservation must be informed by appropriate research, in the end, it is
the practitioner who must decide how to integrate the results of research with a wide range of
context-specific igsues and priorities (see Sakett ef al. 2000). In addition, in conservation, the
outcomes of decisions are often uncerfain or difficult to measure (Dovers 2001). Thus, the
amount of experience 2 practitioner has about a particular environmental system (which, for
the purposes of this paper is a collection of interacting social, economic and bio-physical
components; e.g. Fazey et al. Submitted), can have significant implications for conservation
{(Woodwell 1989). However, the experience of applying conservation actions also helps to
butld understanding of an environmental system, This understanding may, or may not, have

been modified by the results of research (Fazey ef af. Revision submitted {Chapter 7]).

The value of experience is acknowledged in discussions about evidence-based conservation

(Pullin e /. 2001, Sutherland e af. 20004). However, these discussions clearly distinguish
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between using personal experience to apply the results of rigorous research, with the
dissemination of possibly erroncons personal experience about the effectiveness of
conservation actions that have not been evaluated. Neveriheless, in conservation, research
and data are usually lacking, and given the compiexity of environmental systems and the
need for immediate action, experiential knowledge is often the best evidence that is available
(e.g. Huntington ez al. 2004, Fazey et ol. Revision submitted {Chapter 7]). There is also,
however, considerable difference between disseminating the opinions of an individual and
using rigorous methods to ehicit the experiential knowledge of a group of people with
_extensive experience of an environmental system. Thus, finding ways to both capture
experiential knowledge and integrate it with scientific approaches is important (Fazey ef af.

submitted [Chapter 6}; Martin et a/ in press).

A first step to achieving such integration is to gain a better understanding of the role and
value of experience for environmental conservation. In this paper, we briefly describe the
overall nature of expertise, then present a conceptual mode! that incorporates research from
cognitive psychology and phenomenography to explain how our capacity to learn from our
experiences influences our ability to develop understanding about environmental systems.
The primary atm of the model is to comuunicate a particular way of thinking about
experiential knowledge. The implications of this view are discussed in relation 10 an

evidence-based approach.

8.2 Experiential and expert knowledge

Knowledge derived from experience can broadly be separated into “explicit’, “tmplicit’, and
‘tacit’ knowledge (Nickols 2000) (Figure 8.1). Explicit knowledge is that which has been
articulated; implicit knowledge can be, bul has not been articulated; and tacit knowledge
(sensu Polanyi 1958) cannot be articulated. To describe tacit knowledge, Polanyi (1997)
gives the example of being able to recognise a person’s face, but without being able to

explain why or how it is done.

Experiential knowledge can also be broadly separated into ‘expert’ and ‘non-expert’
knowledge (Figure 8.1). Compared to less experienced individuals, experts have acquired
extensive knowledge through their experiences which affects what they notice and how they
organise, represent and interpret information. For example, there was no difference between
chess masters and extremely good chess players in the number of possible moves they
thought they could make, or the number of possible counter moves they anticipated from
their opponents. The expert chess masters, however, appeared to be able to “chunk” pieces of

information together allowing them to recognise features and patterns not noticed by the
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other players (deGroot 1965). Thus, expert knowledge can be difficult to articulate and
cannot always be reduced to isolated facts or propositions, and is considered to be much
more than just memory and intelligence, or the use of general strategies (Bransford er o/,
2000; and see Fazey ef al. Revision submitted [Chapter 7] for a more detailed description of

expertise in a conservation context).

Articulated verbalty/writien

EXPLICIT - quantitatively

KNOWLEDGE
T Articulated verballypwritten

quatitatively

Not articulated, but can be

EXPERIENTIAL MPLIGIT
KNOWLEDGE [::> KNOWLEDGE —

TACIT P Cannot be articulated
KNOWLEDGE

NON-EXPERT EXPERT
EXPERIENTIAL EXPERIENTIAL
KNOWLEDGE KNOWLEDGE

Figure 8.1: Different forms of experiential knowledge. Experiential knowledge can be
explicit, implicit and/or tacit. Such knowledge can also be considercd o be *non-expert’
or ‘expert’. Expert experiential knowledge represents a deep level of understanding of
an environmental system that has either been made explicif {(qualitatively or

gquantitatively), or is implicit and/or tacit.

People who have developed a deep tacit understanding of an environmental system through
extensive experience exhibit the hakh’naﬁ_e:s of an expert. Such individuals may be able to
recognise emergent properties and make good predictions, even though they might not be
able 1o explain why or how they make them (Fazey e a/. Reviston submitted {Chapter 7]).
For example, expert judgement was compared with computer models when predicting

population trends of several hypothetical species. The opinion of experts was only slightly
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less accurate than the simulation models, but it took the experts only 1-2 hours to make the
predictions cormpared to the 1-2 days to run the models (McCarthy ef af. 2004). In general,
research suggests that it takes around ten years to develop “expertise’ of the form that is
typically described in the educational literature (e.g. Simon and Chase 1973). There is,
therefore, considerable difference between expert knowledge, which exhibils a considerable
depth of understanding about an environmental system, and experiential knowledge, which

may not vet have developed into expert understanding.

Expert knowledge has made a significant coninbution to conservation. For example, when
expert &nowledge has been articulated quantitatively, it has greatly improved ecological
models, providing a cost-effective way of making maore confident predictions in the absence
of published data (Martin ef «/. in press). In other cases, the implicit knowledge of experts
" has been captured gualitatively and has been used fo assist management and research. It has
been used to enhance the applicability of research results {Steiner 1998), guide ecosystem
management (Olsson and Folke 2001), determine natural flood regimes (Robertson and
McGee 2003), develop betier understanding about the patterns of vegetation change (Lykke
2000), and help focus policy and management on the most important impediments to

effective conservation action (Fazey er ¢/. Submitied [Chapter 6]).

The value of indigenous (expert) knowledge in the conservation literature is particularly well
recognised {e.g. Whiteman and Cooper 2000, Horstman and Wightman 2001, Olsson and
Folke 2001, Aswani and Hamilton 2004). Olsson ef @l (2004) highiight the difference
between traditional ecological knowledge, which ig an attribute of societies with 2 historical
continuity in resource use practice (e.g. Whiteman and Cooper 2000, Horstman and
Wightman 2001), and local ecological knowledge, which is an attribute of more recently
evolved resource management systems (Roberston and McGee 2003, Fazey ef ol. Submitted
[Chapter 6]}. In both cases, however, expert understanding of an environmental system is
generally built throngh many years of observation and reflection. Such knowledge can
provide a valuable complement fo knowledge derived from scientific methods (Horstman
and Whightman 2001, Huntington ez of. 2004, Olsson ¢f al. 2004),

8.3 How do we learn from experiences to develop expertise about
environmental systems?

To learn and develop expertise, we need to change our understanding of our place in the
world and how we perceive it. This implies that, because we arc slways having new

experiences, our relationship with the world and our understanding of it is always changing
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(Fazey and Marton 2002). To better understand the dynamic learning process, cognitive
psychologists often take the view that people understand the world by constructing working
representations. That is, people construct “mental models™ from their observations and
experiences, which then shape thoughts and actions (O’Connor and McDermott 1997).
While the concept of having 2 working representation does not fully capture the dvnamic
learning process, it does allow an arbitrary boundary to be drawn around a person’s
understanding about 3 particular environmental system or conservation issue that occurs at a

particular point in time.

Although our understanding about an environmental system may be continuously changing,
it may take some time, or particularly significant events, before a major change in our mental
model occurs {Proust 2004). Humans can be very defensive about changing their mental
models (Argyris 1985) and are notoriously poor at learning in dyvnamic complex systers (see
Sterman 2000 for an account of the problems and biases of human cognition). Over 95% of
our thought 18 unconscious, affecting how we conceptualize all aspects of our experience
{Lakoff and Johnson 1999), including the decisions we make and the rescarch we conduct
(Polanyi 1938). Because the vast majority of our decisions are driven by implicit
understanding, learning how 1t learn better from the experiences that build this
understanding, and how to more appropriately apply our expertise, would contribute to more
effective decision-making in natural resource management and conservation (Fazey e ¢/

Revision submitted {Chapter 71).

Being a good learer depends on our capacity to do two things. First, if we can take different
perspectives on an event or situation, then we will have a greater opportunity to understand
an environmental system. For example, students developed a deeper understanding of
Newton's physical laws when a computer simulation of a ball dropping from a moving plane
allowed them to observe and analyse what was happening from different angles, such as
from the ground or from above (Ueno 1990). To learn how to take different perspectives, we
need to apply ideas like variable and reflective practice (Fazey #f ol Revision submitted
[Chapter 7]}, This requires the learner to become accustomed to reviewing, plaaning, acting,
and then reflecting on how they could have done something differently, or how oufcomes
might have varied if the contextual setting was different. By adding variation to our
experiences, we develop adaptﬁve expéri’ism enabling us to be flexible when facing new

sitnations (Fazey ef of. Revision submitted | Chapter 7]).

Second, we need to be open to the potential for an experience to change our mental model,
and develop expertise in determining when it 1s appropuiate to do 8o (Fazey ef 4/, Revision

submitted {Chapter 7]}, This requires discipline in our thinking, and mindfulness of how we
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react to different experiences and perspectives. We need to become skilled in applying
principles of *good thinking’, such as being empathic, flexible, inquisitive, asking pointed
questions, evaluating different modes of approach, and being self-reflective. That is, we need

to become more aware of the ways in which we think (see Perkins ef ¢ 2004).

By applying ideas Iike variable and refiective practice and good thinking, we become better
learners (Fazey ef al. Revision submitted [Chapter 71). Figure 8.2 explains how our level of
expertise in learning from experiences influences our potential to change our mental models
and our understanding of an environmental system. To understand Figure 8.2, it is easiest to
begin with the variable “potential to change mental model”. As the potential for change
increases, we are less likely fo be dogmatically committed to our existing model. Our
potential to change our understanding of an environmental system increases, allowing
identification of questions of which we may previously have been unaware. This, in turn
increases our potential to re-evaluate our current mental model, closing the feedback loop

(R], in Figure 8.2},

As we change our understanding of an environmental system, we also have greater capacity
to build a new, or modify an existing formai theery". The act of making our implicit theories
explicit by building a formal theory helps us to: (1) identify and ask new questions (R2, in
Figure 8.2}, and (2} articulate our formal theory to other people {0 gain different perspectives
on how the system might operate (R3, in Figure 8.2). Theovies only describe a part of the
real world, and irrespective of whether they are personal or formal, they all have hmitations.
Making our theories explicit so that we can share them with others helps us to identify those
limitations, which also heightens the potential to re-evaluate the accessible parts of our

existing mental model.

The conceptual model in Figure 8.2 demonstrates the potential for an individual io develop
understanding about an environmental system. However, the positive feedback in the loops
(R1-R3) can alse act to constrain our thinking, particularly if we have 2 closed mind, fack an
mtention to change, or have a commitment to something that might be affected by such a
change. This is because our mental models also affect how we perceive an experience, and
how we try fo gain a better understanding of the world. For example, when conducting
research, our mental models influence the questions we identify and pursue, the methods we
use i answer those ‘questia}ns, how we interpret the results, and our evaiuatiozz of the impact
of the research experience on our mental mods! (Figure 8.3). The tools we use 1o interpret
the world (e.g. science, GIS, computers) are also designed by our mental models, influencing

what we measure, define and give attention to (Sterman 20007,
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Ability fo be open
to different
perspectives

Level of expertise in
fearning from
experisnces
o

Ability fo change

mental model T ' Ability to take
different
' perspectives
+
Potential o .
_ re~evaluate mental
. model
+

|
+ +
Potential to change @ '
understanding of an

environmental system ..
g Questioning

. R3
Potential to ask
- new guestions

@ +

Formal theo
+ v Capacity to articulate

mental model

Capacity fo build a new +
formal or explicit themy\/

Figure 8.2: A conceptual model of how the level of expertise in learning from an
experience influences a person’s capacity to learn about environmental systems, The
model is a causal loop diagram. The polarity of each arrow indicates whether a variable
increases or decreases when the previous variable increases. For example, if the ability
to change a mental model increases, then the potential to change nunderstanding abount
an environmental system also increases (see Sterman 2000 for a full account of causal

foops). In this diagram, all the arrows are positive creating a reinforeing loop (see text).
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Other experiences

Perception of the
experience

Mental model

X Evaluation of how
Questions we experience may change
pursue mental model

Interpretation of

results
Method of inquiry .N_/X

Figure 8.3: Mental models, which are built from observation and experiences, influence
the way we perceive new experiences. This includes influences on how we perceive the
experience of conducting research, such as by affecting the questions we pursue, the
methods we use to design studies, the way we collect data, and how we perceive the

resulis of research.

This means that while our vnderstanding of the svstem may be changing with new
experiences, we may also be reinforcing particular ways of thinking about that system, or
possibly the ways of thinking about the approaches we are using to try o develop better
understanding. This partly explains why certain formal theortes with significant limitations

can remain unguestioned for a long time. Initially, a theory may open up new insights into
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the way we think, but then our eyes begin to see the world through the lens of that theory.
The acceptance of the theory can also be reinforced because of our tendency to read or
publish in certain journals, present at particular types of conferences, and work with people
who generally think and feel the same way. The application of Island Biogeography Theory
to terrestrial systems for conservation is a good example. Despite s many limitations, it was
widely accepted for many years. Recently, it has been suggested that we need to return to

what researchers were thinking about before the theory’s inception {Haila 2002).

The strongest defence against our current mental models driving us down particular thinking
ﬁaths is our expertise in learning, which is defined by (1) our ability to take different
perspectives and seek clarification by testing alternatives, and (2) by our capacity to be open
to how an experience or perspective might change our mental model (Figure 8.2) (Fazey ef
al. Revision submitied [Chapter 7}). Taking 2 step back and finding new ways of locking at
an issue reduces the fendency to assume that the way we perceive something is the only way,
or that it is the same way that others perceive it. Taking different perspectives gives us
greater potential for re-evaluating our mental maodel, and if we are open to how those
perspectives might mfluence our understanding, our potential to be willing to expand and

change our mentat model and develop our understanding also increases (Figure 8.2).

8.4 Why do we not value experience?

Although experiential knowledge is qualitatively very different, it is complementary (with
both advantages and disadvantages) to information derived from experiments (Fazey et al.
Revision submitted {Chapter 71). However, implicit and tacit experiential knowledge tends to
be given less value than information that has been quantified or made explicit (Boiral 2002).
There are five main reasons for this. First, by articulating experiential knowledge, the nature
and value of the knowledge chunges because it then no longer remains linked fo the rest of a
person’s rick iroplicit and tacit understanding, Sewﬂ@ because of the way information is
stored and processed in the brain, it can be difficult for someone to qualify why or how they
know something (Bransford er al/. 2000). Third, experiential knowledge is difficult to
recalibrate (synthesise} against quantitative measures. Fourth, because experiential
knowledge is based on a person’s unique set of experiences (e.g. ecosysiem ot conservation
issue), the degree to which the knowledge is relevant to other circumstances is difficult to
determine. Fifth, our culture and society greatly affect the way we think and how we
congtruct our mental models, reinforcing the view that experience may be less important than

quantifiable or explicit information.
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To understand this last point, it is necessary to consider the concept of “worldview”. While
there are many different definitions of worldview, it generally refers to the way the world is
understood by a particular society (e.g. Kalu 2001, Hallowell 2002). It is literally the way a
group of people perceive, understand and explore how the world and the universe works (e.g.

spiritual outlook, scientific approach, belief in a free market economy ete.} (Hallowell 2002). |
Worldviews are resistant to change because of consistent and continued reinforcement by the
behaviour of like-minded individuals (e.g. Fazey ef of. Revision submitted [Chapter 7]).
Thus, even though individuals may change their outlook through experiences, their particular
society’s worldview continues to reinforce an individual’s thinking behaviour and mental
models. This reinforcement also occurs within academic disciplines where the articles that
are read and conferences attended influence the research produced, which is then reviewed

and assessed by a similar-minded group of researchers,

For example, research output from the discipline of Conservation Biology suggests that it is
dominated by a quantitative and reductionist worldview. The literature published in 2001 in
tirree prominent conservation journals was predominantly comprised of quantitative research
{89%,), inferential statistics (63%) and studies that focused only on biological disciplines
{87%). There were also relatively few studies at broad organisational scales, such as of
communities and ecosystems (25%) (Fazey et al. 2005-b [Chapter 6]). However, while
quantitative and reductionist approaches are essential, no single reductionist (or synoptic)

view is sufficient to understand the world (Kline 1995).

The need for multiple approaches was recognised in the seminal paper “What is conservation
biclogy?” (Soulé 1985), in which the discipline was described as needing to be “holistic™,
“synthetic, eclectic and multi-disciplinary”, dependent on “biological and social disciplines”,
and a “mix of science and art requiring intuition as well as information”. Soulé’s {1983%)
vision captured a gencral trend by western society that has been steadily moving away from
the Newtonion model of knowledge production set in a context predominantly governed by
the interests of a particular academic community (Gibbons er al. 1994). Instead, in response
to increased complexity, unpredictability and irregularity of society, knowledge production
is increasingly being conducted in a context of application (Nowotny et af. 2001), This new
mode of knowledge production has less disciplinary boundaries, is heterarchical, and is more
accountable and reflexive to society {Gibbons et al. 1994). Such changes in knowledge
production are already occurring in many applied conservation and ecological domains,
However, itrespective of whether this change s perceived to be a positive or negative
development, further shifts may be required before the value of expertential knowledge is

mote widely recognised and accepted.
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8.5 Why evidence-based conservation and expert knowledge are
both important

We agree with the proponents of evidence-based conservation (Pullin ef al. 2001, Sutherland
ef al. 2004) that a revolution is required in the way we conduct conservation, ami that an
evidence-based approach is a good way to begin facilitating better environmental learning.
The evidence-based approach is particularly important for three reasons: (1) it eticourages
the review of what is often disparate and inaccessible research; (2) it provides a forum for
the dissemination of synthesized research; and (3) it sets a precedent for reviewing current
information, formulating plans, and then evaluating and disseminating the outcomes {Fazey
et al. 2004). Given the high degree of dynamic complexity In environmental systems, we
therefore suggest that the strength of the approach is likely to be its capacity to facilitate
greater reflection and learning from conservation interventions, rather than simply its

provision of detailed 4 priori evidence for those actions.

Through greater accessibility to the results of research, individuals are more likely to be
exposed to different perspectives providing them with greater opportunify to re-evaluate their
mental models (Figure 8.2). As Sutherland ef ¢f. (2004) point out, this helps break particuiar
{possibly erroneous) ways of thinking. In addition, an evidence-based approach encourages
individual practitioners to apply some of the principles of reflective practice by setting
precedents for greater evaluation of conservation actions. Such reflection is vital for the
development of individual expert kmowledge (Fazey ef al. Revision submitted [Chapter 7]).
However, disseminating information is only one step towards implementation (Lomas 1993),
and in environmental conservation, the effectiveness of conservation decisions will be
heavily influenced by our expertise because practitioners will always need to determine how

to apply research results in context-specific and dynamic settings.

Compared to one person’s experience of an intervention, the accumulation and dissemination
of the experience of many individuals could be particularly powerful (Sutherland ef al.
2004). However, accumulating information often losgs the detail of what, how and why an
ntervention was applied. In particular, a practitioner may have a certain degree of
understanding about the historical trajectory of a problem, whereas predictions from
experiments are mostly based on a snapshot of what is currently occurring (Fazey ef al.
Revision submitted [Chapter 7]}. Because environmental systerns are complex, “learning-by-
doing” approaches, like adaptive management (Walters and Holling 1990) or the application
of expert knowledge will also often be required (Fazey et af. Revision submitted [Chapter
71). Nevertheless, such approaches would benefit from, and are complementary to evidence-

based practice (Fazey er of. 2004).
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Because studies with rigorous experimental designs are easier to systematically synthesize
than studies that lack strict control (Fazey et al. 2004); the amount of available evidence that
is reviewed can become skewed towards interventions that make better experiments. For
example, in medicine there is often considerable evidence that has been reviewed for the use
of pharmaceuticals, compared to more individually tailored and holistic approaches such as
counselling or cognitive therapy to treat mental illness (R. Woodward, pers. comm.).
Environmental conservation will therefore need ways to. integrate different types of
knowledge to ensure that it does not become preoccupied with management solutions that
make good experimental studies when more novel or holistic ways are required 1o treat the

real canses of the problem (Fazey er af. 2004; Fazey et of. 2005).

To make sure we do not head down particular thinking paths that reduce our acceptance of
other approaches, we will regularly need to take a step back, take different perspectives and
be open to how something might change our way of MI}g That 13, we will need to rely on-
* pur individual expert understanding of environmental systems to maintain focus on what is
important {(e.z. Fazey ef gl. Submitted {Chapter 6]). Without such understanding, much of

conservation research would “spread into a desert of trivialities” (Polanyi 1958),

‘Knowledge management” has become a major industry (McManus ef ol. 2003), and many
organisations are trying to find ways to capture the implicit and tacit knowledge of
employees before they move elsewhere (Holloway 2000). For example, in medicine, intranet
systems are increasingly being used to capture, share and reflect on jmplicit and
organisational information (e.g. Mimnagh 2002). Finding better ways to disseminate impﬁsié
knowledge could also benefit many conservaton organisations. Mechanisms for the
management of explicit knowledge may need to be in place for implicit knowledge
management to work (Mimnagh 2002), Thus, provided that the value of implicit knowledge
is recognised, an evidence-based approach could be a useful springboard for a much wider

revolution that includes the development and sharing of experiential knowledge.

8.6 Concluding Remarks

There are five main conclusions arising from this paper about the complementarity of

experience and science in conservation:

1} Experiential knowledge derived from a mixture of research, work, educational, and
personal experience will always play an important role in decision-making (e.g. Fazey
and McQuie in press), and will have a major influence on the way we smdy

environmental systems. Developing our capacity fo learn from our experiences
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{including learning from the resuits of research} and our ability to re-evaluate our way of

thinking will have a significant influence on the effectiveness of conservation outcomes.

2) Expert knowledge is often considered to be less important than quantitative or explicit
information. However, while an expert’s knowledge is qualitatively very different from

explicit knowledge, both are important and complementary.

3) Some experiential knowledge can be articulated quantitatively and integrated with other
quantitative information. However, experiential knowledge can .oﬁen be difficult to
isolate as single facts or propositions, and it loses much of its value because it is then no
longer linked to the rest of the person’s implicit or tacit understanding. Thus, if it is to be
communicated, gualitative methods of inquiry will often be required.

4) Humans often learn very slowly and there is much potential for generating erroneous
thinking. Synthesizing and communicating research is therefore essential to increasing

the potential for individuals to re-evaluate their carrent ways of thinking,

5} There is no single definition of an “expert’. It is difficult to compare one expert with
another for dealing with a particular conservation issue as their knowledge is built from a
unique set of experiences. However, il takes considerable time to develop the form of
expertise that is typically discussed in the educational literature. When referring to
expert knowledge, it is therefore important to be (1) clear about the basis and extent of
this knowledge, and (2) the degree to which the knowledge is relevant to a particular

circumstance,

An evidence-based approach provides an mmportant springboard for increasing emphasis on
reviewing, planning and reflecting on conservation sctions. In addition to making research
more accessible to the wider conservation community, the process could also facilitate
personal development and understanding of environmental systems. To facilitate greater
reflection to give rise o better understanding, academics and practitioners will need to be
open to the perspective that it is a worthwhile endeavour to elicit, communicate, and share

experiential knowledge.
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EPILOGUE

The conceptual model of how expertise in learning from experiences influences the capacity
to understand environmental systems (Chapter 8) is an example of personal understanding
that has been articulated and formalised. It is relatively simple, but has considerable potential
for changing the way we think about the nature of expertise, and its role and value for
environmental conservation. However, the importance of expertise in learning, defined by a
person’s desire to seek out and take different perspectives and their capacity to be open to

changing their understanding, also has much wider tmplications.

Beliefs, worldviews, and dogma continually reinforce actions that are detrimental to the
environment (e.g. Barlow and Clarke 2002, Fazey et o/, Submitted [Chapier 6]), and people
are becoming increasingly dissociated from nature (Glendinning 1995, Metzner 1995). Both
of these issues are potentially confributing to reinforcing a lack of concem for the
environment {Kempton and Holland 2003, Fazey et al. Submitted [Chapter 6]). To break
reinforcing cycles of perception, individuals need exposure to experiences that will help
them challenge theiv current ways of thinking. This emphasises the importance of
environmental education programs and, given that most people are often forced to find their
own ways to leamn during the mainstream educational process, it also highlights the need for
greater consideration o be given to teaching people how to learn (Fazey et al. Revision
submitted {Chapter 7]). Increasing the capacity of people to be open to other perspectives
could facilitate an increase in awareness of the §ii§< between an individual’s behaviour and
the global environmental and social problems. One of the keys is therefore to find ways of
providing people with experiences that help them develop a deeper, and longer lasting
connection with nature (e.g. Cohen 1997), and then helping them to transiate such a

connection into more ecologically sustainable activities (Cohen 2000).
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Appendix 1

WHO DOES ALL THE RESEARCH IN
CONSERVATION BIOLOGY?

Citation: Fazey, L, Fischer, J., Lindenmaver, D.B. (2005). Who does all the research in

conservation biology? Biodiversity and Conservation, 14: 917-934

Al1.0 Summary

Much of the world’s biodiversity is located within countries with developing economies. We
therefore examine how well developing nations and their scientists are represented in three
international conservation biology journals (Conservation Biology, Biological Conservation,
Biodiversity & Conservation), We found: (1) That 28% of stadies were from lower income
countries and only 15% of all papers had primary authors from these nations. Of papers from
lower income countries, although 80% had at least one local author, only 47% had primary
authors from the country where the study was conducted. (2) Lower income countries had
more research with a sirong applied focus compared 1o research from high-income countries.
{3) In Jower income countries rescarch was often funded by international sources but the
primary authors of these studies were from affluent nations. (4) The three journals differed
in how weli they represented lower income nations and their scientists, reflecting their
editorial policies for including research from lower income nations. The main reason for the
large discrepancy in a country’s output of conservation research is due to the difference in a
nation’s ability to invest in science. However, a brief survey of authors supgests that there is
a large amount of information available in lower income and non-English speaking countries
that is not easily accessible to the international conservation community. Journals may
therefore need o consider altering their policies if we are to improve the representation of

research by scientists in lower income nations.
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Al.1 Introduction

Much of the world's bicdiversity is located in couniries with developing economies.
Estimates of the number of endemic plant and vertebrate species suggest that 70% of the
world’s biodiversity is found in only 17 megadiverse countries {Conservation International
2000), of which only two are classified as high-income countries (Table Al.1). Other trans-
nationgl estimates of globally important areas for biodiversity are identified by species
endemism and by the degree of threat fo the habitats and ecosysiems that harbour them
(Myers er al. 2000). Using this classification, 23 hotspots have been identiﬁed. Of these
globally important and threatened areas, 17 are located entirely in regions comprised of low
or middie-income countries and only three are found entirely within high-income countries
{Table Al.1). The high level of threat to substantial biodiversity in lower income countries

means that concentrating conservation effort in these regions is particularly important.

it has been argued that more on-the-ground conservation action rather than detailed research
is needed {Whitten ¢ of. 2001) and that more emphasis on finding ways to protect
gcosystem function is necessary, rather than just priority setting and theoretical modelling
(Ginsberg 1999). Despite these criticisms, research can have an important role as a rational
basis for decision-making (Kinnaird and O’Brien 2001}, so long as the priorities for action
and research need are clearly defined (Sheil 2001). Indeed, most conservation biologists
would argue there is a fundamental lack of knowledge about many threatened species and
habitats, particularly in developing nations. Importantly, lack of such basic research can
have implications on how we percetve particular threats (Berger er af. 2001, Rodriguez et al.
2001} or how we make decisions (Dovers ef 4f. 1996; Dovers and Mobbs 1997). Thus, while
more congervation action is required, there is still a need for research that helps us
understand how to conserve biota, particularly in developing countries that harbour much of
the world’s biodiversity (Table Al.1).

In this paper we examine how well research from lower income nations and their scientists
were represented in the interpational conservation biology literature. The motivation for this
paper stemmed from the hypothesis that widely available conservation literature is biased to
regions of the world that are more affluent but of lower conservation concern, and that
scientists conducting research in lower income countries are often from richer nations. We
also hypothesise that the limited resources available in lower income countries are more
likely to be spent on conservation research that has a more applied focss, rather than on

investigations of underlying patterns and processes.
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Table Al.L (A) High and Lower income megadiverse countries and (B) Biodiversity hotspots. “*High-income countries’ are defined as those with a

gross national income per capita equal te or greater than US$9,266 (World Bank Data, 2001). We class all other countries as ‘lower income’,

A} Mepadiverse Countries High (H}or Lower  The 25 Biodéversit? Hotspois Part of hotspot 18 Contains only high-
Defined on the basis of number of species income (1) Defined on the basis of number of species, degree of endemism and the high-income income country™
and degree of enderaism {data from degree of threat to biodiversity from habitat loss (data from Myers of of. courtry™
Conservation International 2000 20013, The hotspots are in decreasing order of importance.
Australia H Tropical Andes No No
Brazil L Mescamerica Yes No
China L Caribbean Yes MNo
Colombia L Bruzil's Aflantic Forest No No
Democratic Republic of Congo L Choc/Darien/Western Ecuador Mo No
Ecuador L Brazil's Cerrado Ne No
India L Central Chile No No
Indonesia L California Floristic Province Yes Yes
Madagascar L Madagascar No No
Malaysia L Eastern Arc and Cosstal Forests of Tanzania/Kenya No No
Mexico L Westers African Forests No Mo
Papua New Guinea L Cape Floristic Province Ko No
Peru - L. Sucenlent Karoo No No
Philippines L Mediterranean Basin Yes Neo
South Africa L Caucasus No No
US.A H Sundatand Yes No
Venezuela L Wallacea No No
Philipines No No
Indo-Burma No No
South-Central China No No
Western Ghats/Sri Lanka No Ne
SW Australia Yes Yes
New Caledonia No No
New Zealand Yes Yes
Polynesia/Micronesia Yeos Mg
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To quantify how well scienfists and their research from lower income countries are
represented in the international literature we surveyed three prominent conservation biology
journals. From this sample of publications, we ask fowr questions: 1) Where are the stodies
conducted and who carries out the research? 2) Does funding come from international or
local sources? 3) Does research in countries with higher incomes have a more applied focus
than research from countries with lower incomes? 4) Do journals differ in the degree to
which they represent studies from lower income countries and their scientists? In the
discussion, we: (1) examine whether research in lower income countries is inaccessible to
the international conservation community, (2) consider the importance of involving local
scientists in research, and (3) suggest how journals might alter their policies to include more

authors from lower income countries,

Al1.2 Methods

A1.2.1 Selection of publications for the survey

Because ‘conservation biology’ is a widely used term that encompasses a wide range of
disciplines in an applied and theoretical context, for the purposes of our study, it was
important to clearly define what was meant by ‘conservation biology’. We defined
‘conservation” to be the “management of human use of the biosphere that provides the
greatest sustainable benefit to current generations while maintaining its potential to meet the
needs of future generations” (UNEP 1992). This definition embraces “preservation,
maintenance, sustainable use, restoration snd enhancement of the natural environment”
(UNEP 1992). Thus ‘conservation biology’ refers to the conservation of all biological
entities, i.e. all aspects of biodiversity {genes, species, communities, ecogystems), and the
way that different components of biodiversity interact with each other and with the physical

environment.

With the exception of letters and book reviews, we read all publications from three
international conservation biology journals in 2001 (total number of papers = 547). The
journals were Biodiversity & Conservation {volume 10} with 124 publications, Biological
Conservation {volumes 97-102) with 210 publications and Conservation Biologv (volume

15} with 213 publications.

The journals were selected on the basis that they were the highest impact biological journals
with ‘conservation’ in their title, and that together they provided a good representation of the
global scientific literature in conservation biology. While the review of only three of many

journals that are fully or partially devoted to conservation will influence the sesults of the
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study, sampling a larger number of journals with fewer papers from each is problematic.
This is partly because in some of the more ecologically oriented journals (e.g. Journal of
Animal Ecology) it is sometimes difficult to decide whether a publication should be included
as a paper that is devoted to conservation biology. Other conservation related journals are
often quite specific to particular issues {e.g. Restoration Ecology) or to a specific region (e.g.
Pacific Conservation Biology). Thus, while the choice of the journals for this swrvey will
influence some of the results, we believe the journals we focused on will provide 2 good
overview of the most widely read international publications that are specific to the discipline

of conservation biclogy.

The journals reflect a range of different types of publications and ediforial policies.
Conservation Biology, the Joumal of the Society for Conservation Biology is the most
frequently cited journal that is devoted entirely to biological conservation. The journal has a
wide scope and represents many scienfific disciplines that contribute to the study and
conservation of species, habitats and ecosysters (Conservation Biology 2002). Biological
Conservation has as its main purpose “the widest dissemination of original papers dealing
with the preservation of wildlife and the conservation or wise use of biological and allied
natural resources” (Bioiogicai Conservation 2002). Biodiversity & Conservation devotes
itself to the publication of articles “on all aspects of biological diversity, its description,
analysis and conservation, and its controlled rational use by mankind™. Importantly, the
editors of Biodiversity & Conservation actively encourage confributors from developing
countries to attain a more global perspective on conservation (Biodiversity & Conservation
2002). The 2001 impact factors for the three journals were 2.783 for Conservation Biology,

1.689 for Biological Conservation, and 1.311 for Biodiversity & Conservation.

Al.2.2 Data collection and analysis

For each paper we recorded the couniry where studies were conducted, where authors were
from (based on the address of their instifution} and whether the study was funded from
sources inside or outside the country of study {cbtained by screening the acknowledgments).
We also determined whether papers had a strong applied focus for (1) informing policy, (2}
guiding management or (3) conducting biodiversity surveys. Publications were scored
subjectively between zero and three for the degree with which they addressed each of the
three subject areas listed above. This score was based on the guestions that each study asked
and the degree with which it considered each of the three subject areas in the introduction
and discussion. A paper was considered to significantly address one of these subject areas if

It was given a score of two or more. Some opinion papers or those that reviewed or studied
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some aspects of underlying biological processes scored less than two for all three categories,
and were therefore deemad not to have a strong applied focus. Further, because each of the
three categories were considered separately for each publication and were not mutually
exclusive, 27 of the publications were considered to address more than one of the pre-
defined subject areas, The classification of a publication was inevitably subjective, but we
made every effort to retain consistency throughout the survey, by ensuring all papers were

assessed by the primary auther (IF),

For analysis, the author’s country and the country of study were classed as either high-
income or lower income. High-income countries are defined by the World Bank as having 2
gross national income per capita equal to or greater than US§ 9,266 (World Bank Data,
2001). In 2001, there were 23 high-income countries: U“SﬁA,,. Canada, Japan, Australia, New
Zealand, Iceland, Norway, Switzerland and all 15 countries in the Eumpean Union. All other
couniries are classed by the World Bank as either low or middle income countries. For the
purposes of this paper, we refer to low and middle income countries together as ‘lower

income countries’.

Al1.3 Results

A1.3.1 Where were the studies from and whe conducted them?

The largest number of publications were both written {(39%) and conducted (30%) in the
U.S.A., the Ewopean Union countries except UK. (20% and 15%), Australia and New
Zealand (13% and 12%) and the UK. (8% and 6%) {Fig. Al.1). In the Camribbean, Central
and Sonth American countries (12.6% of all studies), less than half were written by primary
authors from those countries. In general, more studies were written by primary authors from
high-income countries than the number of studies in high-income countries, and less studies
wére written by primary suthors from lower income countries than the number of studies
that were condacted there. This indicates that scieniists from more affiuent nations

frequently conduct research in poorer countries,

More studies were conducted in high-income countries (56%) than lower income countries
(28%%) {see Fig. Al1.2a). There were also more studies written by authors from high-income
counfries compared to those in lower income countries (Fig. Al.2b). Only 15% of
publications had a primary author from a lower income country, and only 21% of all

publications had at least one author from a lower income country.
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Even when the number of publications in different country classes was taken into account, *
primary authors from lower income countries were still not well represented in the scientific
literature (Fig. AL3), Only 74 of the 158 studies from lower income countries (47%) had
primary authors from the same country as the study itself. Of these 74 studies nearly a third
(n=23) were from India and South Africa. Conversely, 97% of the 306 studies from high-
income countries had primary authors from the country where the study was conducted.
Secondary authors from lower income countries were much better represented in the
literature, with 80% of the papers from lower income countries having at least one author

from the same country of study.

A1.3.2 Did funding come from international or local sources?

More studies were funded locally in high-income than in lower income countries, and more
were funded from international sources in lower income than in high-income countries (% ;
= 159, p <0.001) (Fig. Al.4a). Inlower income countries, 44% of the studies relied totally
on international funding sources and 15% on both international and local sources. Onily 20%
of the studies in lower income nations were exclusively funded locally, compared to 65% in
nations with higher incomes. Of the locally funded studies in lower income countries, over
half (53%)} were in either India or South Africa. When South Africa and India were
excluded, 90% of studies in poorer nations were solely dependent on at least some form of

international funding.

For studies from lower income countries where primary authors were from high-income
countries (n = 85}, very few of these authors received funding exclusively or partially from
local sources (1% and 9% fespectiv&:iy}ﬁ Similarly, for all studies in lower income couniries
that relied entirely on international funding (n = 70), only 9 {13%) had primary authors from
those countries. Thus, the majority of international funding for research conducted 1nr lower
~income countries came with the researchers from richer couniries that then went on io

publish their work as the primary author.
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publication was given the same couniry of study as the primary author. Total n = 547,
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Fig. AL2: (A) The percentage of publications from different country classes. “No country’
refers to publications that did not relate directly to any particular country such as some essays,
comments or reviews. (B) The percentage of studies from high-Income and lower income

eountries that had primary or secondary authors from those countries (n = 547).
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income countries (n = 307 and 158 for high and lower income countries respectively).
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A1.3.3 Did research from lower income countries have a more applied focus?

There were differences in the types of studies that were conducted in high-income and lower
income countries (¥* 1 = 154, p <0.005) (Fig. Al.5a). Lower income countries had
proportionately more studies than high-income couniries that aimed to guide management
{31% compared to 14%), inform policy (20% compared to 11%) and conduct biodiversity
surveys (12% compared to 4%). However, there was no difference i the degree to which
primary authors from high and lower-income countries conducted research with an applied
focus in lower income countries (¥” = 1.873, p > 0.75) (Fig. A1.5b). This suggests that the
reason for more studies with an applied focus in lower income countries is likely to be
because it is from such a country rather than because 1t is written by a primary author from

that country.

A: For all publications B: For publications from lower income

countries
50
50 B Frimery author from
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Fig. ALS: Percentage of publications with a strong applied focus, i.c. that aimed fo
inform policy, gaide management, or conduct biodiversity surveys: (A) For high and
lower income countries (Total n = 307 and 158 respectively). (B) For primary authors

from high and lower income countries (Total n = 465 and 82 respectively).
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A1.3.4 Do the jourpals differ in the degree to which they represent lower

income countries?

There were significant differences between the three journals surveyed in the distribution of
studies in different country classes (3 « = 109.3, p <0.001) (Fig. AL6). Of the three
journals, Biodiversity & Conservation had the highest proportion of smdies that were
conducted in lower income countries. A fotal of 52% of the studies in Biodiversity &
Conservation were from lower income, compared to 42% from high-income countries.
Biological Conservation had the greatest difference in the proportion of studies that were
undertaken m high and lower income countries (75% and 20% respectively), and
Conservation Biology the highest propertion of publications that were theoretical, opinion

pieces, or comments, and therefore not associated with a particular country (Fig. A1.6).
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Fig. Al.6: (A) Proportion of publications in each country class for each of the jomrnals

that were surveved. ‘No country’ refers to publications that did not relate directly to
any particular country soch as some essays, comments or reviews, Total publications
were 123, 210, and 213 for Biodiversity & Conservation, Bivlogical Conservation and

Conservation Biology respectively.
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There were also significant differences between journals in the proportion studies that had a
primary author from the high or lower income country where the stdy was conducted (37 ;=
13.3, p <0.005) (Fig. Al.7a). Conservation Biology had proportionately fewer studies
written by primary authors from the same lower income country where the study was
conducted (24%) compared to Biodiversity & Conservation (60%) and Biological
Conservation (55%). However, the journals were similar in the proportion of studies that had
at least one author from the bigh or lower income couniry where the study was conducted
(32 2= 0.795, p > 0.5) (Fig. AL7b). '

A: Primary authors {rom same couniry as B: Secondary authors from same
the country of the study: country as the country of the study:
& High ,
incoms B High

income

Publications {3%)

Biodiversity &
Conservation
Biclogical
Conservation
Conservation
Biclogy
Biodiversity &
onservation
Biclogicat
Congervation
Conservation

Pig. AL.7: The percentage of publications with authors from high-income and lower
income countries that were from the same couniry where the study was conducted for
each of the three journals: (A) primary authors and (B) at least one author. Total n for
high-income countries in Biodiversity & Conservation, Biological Conservation and .
Conservation Biology were 51, 158, and 98 respectively. Total n for lower income

countries from the three journals were 65, 42 and 51 respectively.
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Al.4 Discussion

Al.4.1 Why so little research from lower income countries?

In the three journals surveved, authors fiom lower income countries were not well
represented. There was much less conservation research from lower income countries than
from high-income countries (Fig. Al.2a). Even when there was research in lower income
nations, primary authors from more affluent nations wrote over half of the publications {Fig.
A1.2b). Junior authors from lower income nations were better represented, with 80% of the
studies from lower income countries having at least one author from the same country as

where the sdy was conducted (Fig. AL3).

The main reason for the large discrepancy between the numbers of studies from high and
Tower income countries is likely to be due to differences in their ability to invest in science,
Society invests in science because the advances in scientific knowledge benefit society
(Tilman 2000), but lower income nations have fewer resowrces to train conservation
biclogists and their work. It iz well known there are large differences in the scientific
investment of nations (May 1998). Only 15 counfries produce over 81% of the world’s
publications in science, engineering and medicine, with the U.8. A accounting for 35% of all
publications (May 1997). Most of these top 15 nations were high-income, and only two were
lower income countries (India and the People’s Republic of China). In our study we found
that 28% of publications were from lower income countries, but only 15% had primary

authors from these nations.

Data from this study does indicate that high income nations increase conservation research
in lower income countries because few of the studies 1 lower income nations were funded
locally (Fig. Al.4). Half of the exclusively locally funded studies in lower income countries
were conducted in South Africa or India, leaving few other lower income countries that did
not rely on at least some international funding, This finding suggests much of the existing
international conservation biology research from lower income countries would not be

conducted without (he funding of authors from more affluent nations.

There may be other reasons why relatively little research is published internationally by
scientists from lower income countries. For example, in Latin America, promotions and
salaries are rarely tied to publishing activities (Young ¢f al. 2002). In addition, a couniry’s
research output 15 likely to be higher if it’s research base is 1n univessities because graduates
play a iaz’gémie in publishing (May 1997}, In the U.S.A., UK. and Australia, many students

are encouraged to publish their theses as research papers. However, in some countries where
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English is not the first language, such as in Brazil, students may not actively start publishing
until much later in their career (D. Tubelis pers. comm.). In India, some students may even
feel reluctant o submit papets to international journals because they believe their research 1o
be inferior than research from other countries, and instead choose to publish locally (N.

Chettri, pers. comm.).

A1.4.2 Are we missing out on research from lower income nations because it is

less accessible internationaliy?

The country of origin of an author was based on the address of the institution with which
they were affiliated. It is possible the results were influenced by authors from high-income
countries that were posigraduate students from lower income couniries supported by
international scholarships. However, some studies also appeared t© be writlen by authors
from high-income couniries that were affiliated with organisations based in lower income
countries {e.g. N.G.O.5). Further, some countries {e.g Tanzania and the Democratic
Republic of Congo), may not have been represented at all in the dataset if it weren’t for these
authors. Thus, institutional addresses are just as likely to have increased the representation of

lower incoire coutttries in the literature as to decrease it

There is no doubt that the journals we surveyed influenced the results of this study.
However, as discussed in the methods section, it was difficult to sample from journals that
were not entirely devoted to conservation, and we chose to limit our survey to high impact
journals, Thus, we believe the three Jourpals were likely to provide a good indication of the
most widey read international publications in conservation biology, but may not be a good
representation of more locally based journals, particularly publications in languages other
than English. On this basis, it is important to know if there is a large body of research from

lower income countries that is not easy to access infernationaily.

We found that lower income countries had higher proportions of research that was more
difecﬁy applied to conservation {Fig. Al.5), and it i8 possible that authors from lower
mcome nations are publishing their results in journals with a more applied emphasis.
However, there was no difference in the type of studies that were conducted in lower income
nations by primary authors from those countries and by authors from more affluent nations.
While this finding does not rule out the possibility that authors from lower income nations
are publishing elsewhere, it indicates that the type of research they do does not necessarily

exclude them from publishing in the three jowrnals that were surveyed in thig study.

For scientists from lower income countries, langnage is probably the biggest barrier to

publishing. Without a very good grasp of English, most will be at a disadvantage if they
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want fo publish in an international journal, and may instead publish their work in their own
language. For example, India and South Africa accounted for a considerable proportion of
the studies from lower income countries, and both these countries have a large middle class
that is fluent in English. Conversely, authors from Asia and the Middle East were poorly

represented.

To get some indication if there is a large body of research from lower income countries that
is not published internationally, and if language is a bamier to publishing in non-English
speaking couniries, we confacted 11 conservation biologists or ecologists from a range of
lower income countries. We received replies from seven different countries (Table AL2).
English language was not considered to be a major problem for scientists int South Africa,
India and Israel. In Iran it was sometimes a problem, and in Brazil and Hungary, language
was thought to be a strong barrier to publishing. The comments also clearly showed there
was a substantial amount of Information in local journals, reports and theses in these
countries, and many local journals were not published in English (Table A1.2). In some of
these countries (e.g. India), access to journals, web sites and other informational
infrastructure can greatly limit the accessibility of local researchers to their own work. Much
of the information in these countries will therefore not be easily accessible 1o the wider

international community.

Conferences have been one traditional way of itrying to make current research more
accessible, but they are often too expensive for many conservation researchers or &
practitioners. In addition, conferences may not have much impact to increase the
presentation of research from less affluent nations even when financial support is provided.
For example, during the Conference of the Society for Conservation Biology, Canterbury
2002, only 18% of the 608 papers had primary authors from lower income countries
compared to the 13% in this study. This was despite travel grants for students from less

afftuent nations.

Pimm ef . (2001} siated that “we are not so limited by our lack of knowledge as our failure
to synthesise and distribute it”, and we believe that conservation biology has a long way to
20 to tackle the problem of making information and research more accessible. There have
been numerous calls for improving communication between scientists and practitioners {é.g.
Puilin and Knight 2001, Prendergast ef al. 1999), and effective dissemination of research to

a wide audience is imperative for this process.
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Table AL.2: Impressions of conservation/ecological scientists from different countries abeut publishing in conservation related journals,

Country For & conservation related paper (e.g. How many BPo conservation  Isthsrealotof Is language a major I publishing in  Is publishing an
biogengraphical, zoological, ecological etey:  journals are biclogists often  unpublished difficulty for scientists internationsl important
How many local non —  How many local  there thatare  publish in information inreports  fo publish in Jjourogls consideration for
¥inglish language Engtish language specific to internations] and theses? international generally promotion or
joumnals couid it be joutnals could it conservation  joumnals? congeryvation journals? encouragad? salary increnses?
sent to? be sent w? biology?
South Africa § S+ 2 Yes Yes No Yes Yes
India (resalts  Very few, sors T+ 4+ Yes Yes MWot for the majority Depends on Yes, but not
from two newsletters and ingtitution always
scientists) butleting. Most
joumnals in English
Hungary 4+ {also some small 5+ (twe of these i Mo casy answer, Yes—major problem  Yes — big probiem Yes Not directly, but is
tocal journals) can have English bt nunibers that many good {and important for
or Hungarian incremsing bad) reports buried in promotion to
papers} national parks/ sendor fevels
conservation authority
Mexico &t ? Y Maost papers Some 7 ? ?
pusblished in
U5 A and
European
journals
fran .25 environmental 3 5 Yes Some Can be a problem, but Yes Yes
redated joumals not always
Brazil Very few Very few g Some-- mainky  Many publications in~ Yes Yes, but not as in some cages
Biotropics and Portugusse arg in muich ag in
Tropical mwmseums or books. USA or
Ecology Lots unpublished Europe
theses
lsracl 5-10 ? 2 Yes Yes No Yes Yes
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A1.4.3 Does it matter that international primary authors conduct so much of the

research from lower income countiries?

Local scientists often have important knowledge about the area studied, its biota and their
threats, and often have access to relevant local publications and reports. They may also
undersiand local communication networks or the cultural background to @ particular problem
(e.g. Ramanvjam and Kadamban 2001). In many cases local researchers are essential to
evaluate conservation policy {e.g. Soto ef al. 2001, Long and Zhou 2001), threats to
biodiversity (e.g. Silori and Mishra 2001) or conduct research on the sustainable use of
species {e.g. Shinwari and Gilani 2003). They can also more easily develop partnerships
with local commumnities (Getz ef @/, 1998), such as for social and biological monitoring
programmes {Kremen ef o/, 1998). Importantly, the knowledge and expertise gained during
experimental design and data collection is not lost from the country of the study when local

scientists are involved.

In many conservation studies, inclusion of local scientists 1n conservation research will
therefore be umportant. However, although it may be desirable to increase research output
from scientists in lower incorne countries, the issue 13 complex. International primary authors
work hard fo secure research funding for studies in lower income countries, and they are
under substantial pressure to “publish or perish”. Many researchers who work overseas also
use their experience positively for ::ouser\}ationg and as demonstrated, there would be less
research from lower income countries if there was no input from international scientists.
Nevertheless, because scientists from more affluent nations ofien have a stronger educational
background, they should take their role as ‘ambassadors of science” seriously in situations
where knowledge of the scientific method is lacking. This iﬁéiufdes openly sharing scientific
expertise, language abilities, and skills in obéa;i;amg international fonding to help local
researchers publish more widely. They should also ensure they follow the “code of ethics’ for
conducting research in lower income countries to help these countries build their own

scientific infrastructures {Colvin 1992}

Improving collaboration between scientists is not easy, but 1t is important to ask whether
conservation biology as a discipline can be saustied with the trends reported in this study.
Encouragingly, 80% of all publications from lower income countries had at least one author
from the couniry where the data was collected (Fig, AL3). This indicates a basic level of
international collaboration in much of the research. However, a considerable number of
studies in lower income countries did not involve local scientists. A possible reason for this

trend is that some research from lower income countries does not reach the international
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stage because it is supplanted by research from more affluent nations that is better funded,
has a stronger scientific foundation, or is more relevant to the international journal (ie.
papers subuitted from lower income countries have higher rejection rates). For example, in
India, unaffordable page charges can limit the choice of international journals that a paper
can be sent to, and the subject of the paper may no Jonger be relevant 1o the international
journals that do not have page charges (N. Chettri pers. comm.). Can refereed journals

therefore do more o encourage the inclusion of authors from lower income countries?

Cur findings suggest that editorial policies can have & major influence in the proportions of
published papers from high and lower income countries. Biodiversity & Conservation, which
actively encourages submission Ey authors from lower income nations, had higher
proportions of studies and primary authors from these countries than the other journals.
Conversely, Conservation Biology had very few studies by primary authors from lower
income countries. Journals should not necessarily drastically alter their policies to include
more studies from lower income countries, as many other papers that are more valuable from
a different standpoint might not be published. However, it may be desirable for editorial
boards to consider how they could increase the representation of scientists from lower
income nations in their journals (see Table Al.3 for some suggestions), International funding
bodies may also be able to increase their emphasis for scientists from high-income nations to
collaborate with local i‘esearchers, and many individual researchers could do miore to actively

collaborate with others.

Table AL3: Suggestionys as to how journals might enceurage greater inclusion of

scientists from lower income conntries

Percentage space allocation to studies from primary authors from lower income countries

Technical advice for authors

Editorial assistance for non-English language authors

Remove page charge policies

Financial assistance to younger scientists for publishing or translating previous work

Strong selection for papers that have at least one author from the lower income country whare the study was
conducted '

5 £ 4 5 4 &
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In summary, our results demonstrate that although many publications of studies conducted in
lower income countries had junior authors, less than half of the papers had primary authors
from those countries. Further, the editorial policies of international jourpals clearly
mfluenced the degree to which primary authors from lower income countries were
represented. Editorial boards should therefore consider whether they can alter their policies
to more adequately reflect the research on biodiversity and its threats by scientisis from

lower income and non-English speaking countries.
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Appendix 2

APPRECIATING ECOLOGICAL COMPLEXITY:
HABITAT CONTOURS AS A CONCEPTUAL
LANDSCAPE MODEL | |

Citation: Fischer, J., Lindenmayer, D. B. and Fazey, I (in press). Appreciating ecological

complexity: habitat contours as a conceptuad landscape model. Conservation Biology.

A2.0 Abstract

Organisms respond to their surroundings at multiple spatial scales, and different organisms
respond differently to the same environment. Existing landscape models, such as the
“fragmentation model” (or patch-matrix-corridor model) and the “variegation model”, can be
limited in their ability to explain complex patterns for different species and across multiple
scales. An alternative approach is to conceptualize landscapes as overlaid species-specific
habitat contour maps. Key characteristics of this approach are that different species may
respond differently to the same environmental conditions, and at different spatial scales,
Although similar approaches are being used in ecological modeling, there is much scope for
habitat contours as a useful conceptual tool. By providing an alternative view of landscapes,
a contour model may stimulate more field investigations stratified on the basis of ecological
varisbles other than human-defined patches and patch boundaries. A conceptual model of
habitét contours also may help to communicate ecological complexity to land managers,
Finally, by incorporating additional ecological complexity, a conceptual model based on
habitat contours may help to bridge the perceived gap betwgen pattern and process in
landscape ecology. Habitat contours do not preclude the use of existing landscape models,
but should be seen as a complementary approach most suited to heterogeneous human-

modified landscapes.
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A2.1 Introduction

How we conceptualize landscapes influences how we study and manage biodiversity.
Human-modified landscapes are commonly perceived as a mosaic of patches situated within
2 more or less hostile matrix {e.z. Saunders ef ¢l 1991, Forman 1995b). This predominant
world view (here termed the “fragmentation model”) has often led fo an inappropriate
neglect of small patches and habitat features not recognised as patches by humans (Joyal er
al. 2001; Haila 2002). Partly because of this, Mcintyre and Barreft (1992} suggested the
“variegation modei” as an alternative way of conceptualizing meodified landscapes. Their
mode! recognized gradients in habitat suitabihity, and emphasized the complementary value
of semi-isolated trees present throughout many Australian grazing landscapes (Barrett ef al.
1994), We are not aware of other models explicitly designed to conceptualize modified

Iandscapes.

Recent work suggests that the fragmentation and variegation models by themselves are a
weak conceptual foundation for conservation research and management in heterogeneous
human-modified landscapes. For example, studies on countryside biogeography in Costa
Rica demonstrated that a large number of birds, moths, and butterflies persisted in a severely
modified tropical landscape, including in areas outside of remmant patches, and with
narkedly different responses between different organisms (e.g., Daily ef al. 2001; Ricketts ef
al. 2001; Hughes e al 2002; Homer-Devine ef ol 2003). Similarly, studies in the
Nanangroe grazing landscape of southeastern Australia have highlighted that different
species responded to their environment at different scales, and in respoase to different
habitat attributes (Lindenmaver ef al. 2001a; ef ol 2004, In press a). Given the range of
possible responses by different organisms to a given set of environmental conditions, we feel
a new cénseptual landscape model is needed that guides our thinking to be less

anthropocentric, and that can accommodate species-specific characteristics,

The aim of this paper is to present an alternative conceptual model of biodiversity patterns in
heterogeneous buman-influenced landscapes. Our approach is based on habitat contours, and
as such has similarities with recent quantitative habitat modeling approaches (Guisan and
Zimmermen 2000; Guisan ef ol 2002). Despite these similarities, the primary objective of
our paper is not to provide a quantitative modeling approach. Rather, we hope our
conceptual model may help to facilitate change in the way ecologists and land managers
perceive modified landscapes, We briefly review the fragmentation and variegaiion models,
and then outline a new conceptual model that is based on habitat contours. Potential uses of

this model as a research and communication tool are highlighted, and a brief case study on
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the greater glider (Petauroides volans) in the Central Highlands of Victoria (Australia) is

used to demonstrate parallels to modern empirical modeling approaches.

A2.2 The fragmentation and variegation models

The fragmentation model is derived from the theory of 1sland biogeography (MacArthur and
Wilson 1967). Despite its original focus on true island systems, the theory is often appiied to
terrestrial ecosystems (Haila 2002). In the 1970s and 1980s, island biogeography formed the
basis for a range of guidelines for the design of reserve networks (Diamond 1975; Davey
1989). By the 1990s, the fragmentation paradigm had gained considerable momentum, and
the existence of patches embedded within a somewhat hostile matrix was a widely accepted
way of conceptualizing modified environments (Haila 2002; Table A2.1}. Users of the
fragmentation model often define habitat patches on the basis of their vegetation cover and
refer to the dominant background patch type as the matrix (Forman and Godron 1986},
Although some have emphasised that within-patch conditions can be heterogeneous (e.g.,
Forman 1995b), in practice, the distinction befween patches and the mairix can often lead to
a binomial classification of land into habitat and non-habitat (e.g., Vos ¢ ¢/ 2001; Wesiphal
and Possingham 2003). This classification can be powerful in some environments -
especially for organisms that are fotally restricted to certain vegetation types and in
landscapes where vegetation ocours in neatly delineated areas (e.g. Sarre ef of 1995).
However, in some cases, organisms are not tightly related to pre-defined patches of different
vegetation types, and the fragmentation model may be overly sinplistic,

Mclniyre and Barrett (1992) recégmissé the limitations of the fragmentation model n the
New England Tablelands of New South Wales (Australia). They found the density of
vegetation cover changed gradually, which made it difficult to delineate “patches” in a
meaningful way. On this basis, they suggested an alternative approach to conceptualizing
landscapes, 1.e., the variegation model. Mcintyre and Barrett {(1992) considered a variegated
landscape was characterised by a gradual change in vegetation cover, which matched the
distribution of some fauna, such as woodland birds (Table A2.1). Although the variegation
model has received less attention than the fragmentation model, several anthors found it a
useful alternative to fragmentation {e.g., Ingham and Samways 1996; Fischer and
Lindenmayer 2002). Mclntyre and Hobbs (1999) further examined the relationship between
the fragmentation and variegation models, and suggested there was a temporal component to
landscape change. Different landscape alteration. states meant iandscapes could be classified
as intact, variegated, fragmented or relictual, and this temporal sequence corresponded 1o a

decrease in available habitfat and an increase in disturbance and edge effects.
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The most important difference between the fragmentation and variegation models is their
ability to deal with spatial continua in habitat guality or vegetafian type. The fragmentation
model does not generally deal with gradual changes (apart from edge effects that may extend
deeply into 8 patch; see Laurance 1991b, 2000), whereas the variegation model was
developed explicitly to incorporate gradients (Table A2.1). However, neither the
fragmentation nor the variegation model can easily deal with species-specific differences in
response to a given landscape because both models are based on biophysical patterns deemed
to be relevant by humans. Indeed, Melntyre and Hobbs (1999) conceded thai many
landscape models were somewhat biased towards an anthropocentric perspective of the

world,

Some workers have attempted to overcome this problem by labeling species according to
their use of a moedified landscape ~ such labels include “forest-interior species” (Tang and
Gustafson 1997; Zanette ef al. 2000), “edge species” (Bender ef af. 1998; Euskirchen ef al.
2001), “generalist species”™ (Andrén 1994; Willlams and Hero 2001), or more generally the
notion that different species utilize areas between patches to different extents (Andrén ef al.
1997). Similarly, attempis have been made to describe the malrix in more detail because in
some cases Iabeling it as non-habitat was considered simplistic. Gascon and Lovejoy (1998)
considered the likelihood of a given species to move through the matrix depended on the
vegetation structure in the matrix. They likened the matrix to a filter with a2 certain pore size
that influenced its permeability (see also Forman 1995b). Although refinements in iabeling
species or matrix types will sometimes be sufficient to explain ecological patterns in
modified landscapes, in some cases it may be useful fo start from more neuiral grounds and
consider a more flexibie landscape model. Such a conceptual model is explained below and
it may be particularly wseful in heterogeneous landscapes, and when muitﬁple species are

considered simultaneously.
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Table A2.1: Comparison of key characteristics of the fragmentation, variegation and contour-based landscape models (based on Ferman and Godron

1986; MclIntyre and Barrett 1992; Forman 1995b; Wiens 1993; Mclatyre and Hobbs 1999; this paper).

Fragmentation Medel

Variegation Model

Contour model

Features ané terminology

Mode! summary

Begree of realism

Degree of complexity

Ability to deal with multiple species
Ability to deal with multiple spatial scales

Eage of quantifying patterns

Ease of communication

patches; matrix; corridors

patches of habitat focated in a somewhat
hostile matrix of non-habitay; patches may
be connected through corridots

high fo low, depending on species and
landscapes

Low

fow, valess species are very similar
high, can consider the area covered by
patches at multiple spatial scaies

high, presence or abundance data need to
he collested from patches and the matrix

High

gradual changes from hobitat to non-
habitat

gradual changes from habifat to non-
habitat; may be related to vegetation cover
{e.g., gradual decline in tree density)

high to low, depending on species and
lamciscapes

medium

fow, unless species are very similar
medium, model deals primarily with
gradus] changes in woodland vegstation
medium, presence and abundance data
reeds to be collected across a gradient

peaks and tronghs; contour-gpacing

each species hag ifs own habitat-confour

map with peaks and froughs; spacing of

contours represents the change of habitat
suitabifity through spsce

high
high

high, even if species are very different
high, nested contowrs and cheices sbout
contour resolution arg possible

low, detailed data on multiple habitat
features and species is required at multiple
spatial scales

medinm

medium
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A2.3 A contour-based landscape model

Ecological complexity is difficult to summarize in simple graphical representations, which
often form a useful basis for conceptual tools. Multiple species, multiple spatial scales, and a
wide range of ecological processes inferact in complex ways to give rise to emergent
patterns. Humans are inherently bad at conceptualizing continua (Anderson 2001). In the
ecological sciences, this 1s highhighted by many cases in which continua have been broken
up into seemingly discrefe units to help commmmication. Examples include landscape
alteration states (from intact to relictual; McIntyre and Hobbs 1999), edge vu. forest-interior
species and arca-sensitive species {Villard 1998), generalists vs. specialists (e.g., Mclatyre
and Martin 2002), or the core of a bioclimatic domain vs. the remainder of the bioclimatic
domain (e.g., Nix 1986). All these entitics are exireme polnts along continua that are
segmented to reduce complexity. Although the reduction of complexity is an important:
characteristic for any model, concept or theory o be widely accepted {(Hoffman 2003}, we
are concerned that oversimplifying ecological complexity in heterogeneous landscapes can
have undesired consequences for conservation {e.g., by neglecting key habitat attributes that
are not part of human-defined patches). For this reason, we feel 2 new conceptual landscape

model should convey more complexity than previous approaches.

A noteworthy tool for representing spatial continua is that of topographic contour maps.
Many scientists and land managers are familiar with topographic maps that summarize a
large amount of complex spatial information (elevation, slope, aspect, catchment area) ina
simple graphical representation. A similar approach may be useful for conceptualizing
landscapes in a conservation context. A landscape can be visualized as a map of overlaid
habitat suitability contowrs for different species {(or in the case of many species parallel
habitat suitability contours} (Fig. A2.1). The properties of a contour-based landscape model

can then be summarized in six key characteristics (see also Table A2.1).

6) Habitat is a species-specific concept. Hence, areas of high suitability for one species do

not necessarily coincide with areas of high suitability for another species (Fig. A2.1a).

7y The spatial grain at which species respond to their environment, and at which species
abundance will reach peaks and troughs, can vary between species (Kotliar and Wiens
3996); This realization can be translated onto a contour map through different spacing of
contours for different species (e.g., species may have densely spaced confours with many
peaks and troughs {fine spatial grain] or widely spaced contours with few peaks and
troughs {coarse spatial grain; Fig. A2.1b]).
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8)

9

Species respond to ecological phenomena at a range of spatial scales (Forman 1964).
Spatially nested contours ca:n be represented, and different resolutions of contours can be
used to represent responses at different spatial scales. If oply the continental scale 1s of
interest, the interval between contonrs can be somewhat coarse. If microhabitats are of

interest, contour mtervals will need to be finer.

A contour model can be simplified to correspond to the fragmentation model and
variegation model where appropnate. The fragmentation model translates into a contour
mode! if contours (a} are spaced widely within a given patch {continuously -high
suitability), (b) undergo a rapid transition from high snitability to low suitability at the
edge of a human-defined “patch”, and (¢) are widely spaced and indicate low habitat
suitability within the matrix (Fig. A2.1c). The variegation model also can be represented
through habitat contours, but the “edge zone™ of gradually changing contours would take
up a much larger area to indicate a more gradual change (Fig. Azkld),. Hence, habitat

contours are an extengion, not a replacement of existing landscape models.

10) A given species’ habitat contour map is the emergent pattern arising from g myriad of

ecological processes operating at mulitiple spatial scales. Knowing a species’ habitat
contour map does not allow direct conclusions about the processes causing the pattern in

species distribution or abundance,

11y A given contour map is set in geographical space and does not have g temporal

component. This may require the consideration of multiple “snapshots’ of contour maps
at various different times (e.g., some species have changing habitat requirements at
different stages of their life cycle [Palomares 2000; Lehtinen ¢r af. 2003]).

218



Appendix 2; Habitat contonrs as a coneeptual mode!

Geographical space

'y
(@ (b)
— Species A ~-~- Species B Fine grain
Coarse grain
(d)
gradual
change

Geographical space

Fig. A2.1: Graphical presentation of a conceptual landscape model based on habitat
contours. Key model features are that it (a) allows for species to differ in what
constitutes suitable habitat, (b) recognises ti_iﬁ‘ermces in the spatial grain of species, (c)
contains the fragmentation model, and {d} contains the variegation model. Further

characteristics and Hmitations are sutlined in the text.
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A2.3.1 Four potential uses of habitat contours as a conceptual model

A2.3.1.1 Facilitating change in the way we think about landscapes

The primary usefulness of habitat contows is that they provide an alternative — and
potentially more holistic — way of thinking about ecological complexity, especially in
human-influenced landscapes. It is becoming increasingly clear that an exehusive focus on
paiches is not sufficient to conserve many species in many modified landscapes {e.g.,
Semlitsch and Bodie 1998; Joyal ef af. 2001; Fischer and Lindenmayer 2002; Luck and
Daily 2003), and the variegation model alone is unlikely to be a viable alternative in all
situations. A more holistic way of thinking about ecological complexity may improve the
design of future ressarch projects as well as communication among scientists and land

managers.

A2.3.1.2 Realistic experimertal design and ingevpretation of field studies

Many ecological studies in modified landscapes are centred around a paradigm of
fragmentation. Some ecological questions can be answered well on this basis (e.g., for
species that are closely associated with human perceptions of “patches™). Other ecologicat
questions would be better addressed with a more flexible approach. This is especiaily the
case when various species are considered simultaneously or when anthropocentric scales are
meaningless. For example, Hazell e ol (2001) examined landscape use by frogs in an
agricultural iandscape in southeastern Australia. The occurrence of frog species was related
to moisture gradients in the landscape as well as woodland paiches. Becaunse factors other
than vegetation cover affected the occurrence of frogs, Hazell (2002) concluded landscape
models useful for mammals or birds may be of limited value for frogs. Clearly, considering a
priori the limitations of pre-definad patches to reflect all species” habitat requirements will

be vseful in ﬁlany landscapes.

Considering different species and spatial scales presents a challenge to the statistical design
of ecological studies. Patches lend themselves to a rigorons stzatification. However, other
ecological variables can also be used as the basis of a sound experimental design, such as
aspect, topographic position or habitat structure in a certain area {e.g., Fischer ef al 2004}, In
addition, a contour model highlights the importance of incorporating multiple spatial scales,
especially (but not only) if a range of different species are considered. A range of tools are
gvailable to study multiple spatial scales (summarized in Meentemeyver and Box 1987;
Mackey and Lindenmayer 2001). Although we focused largely on the landscape scale {(e.g.,
tens of square kilometres), the inherent ability of a contour model to incorporate multiple

scales means it also may incorporate larger, or indeed smaller, scales. At least in the first
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instance, considering landscapes or regions as overlaid species-specific contour-maps may
be a better way of thinking about ecological complexity than considering them as mosaics of
patches. If it is decided that other, simpler landscape models adequately describe the patterns
and processes of interest, it may be preferable o revert to a stmpler model (see Table A2.1

for trade-offs between realism and simplicity),

2.3.1.3 Commusication between different strands of ecology
By acting as a communication fool, the habitat contours model may help bridge the
perceived gap between pattern and process in landscape ecology (Hobbs 1997). Wu and
Hobbs (2002) argue that landscape ecologists who focus on emergent patterns have made
little progress in reiating emergent patterns to ecological processes. Similarly, studies that
investigate processes directly have had only limited success in applving {heir findings to real
landscapes. This may be partly because the traditional reductionist goal of focusing on
smaller and smaller scales {Meentemever and Box 1987) may be in stark contrast with
landscape-scale research and conservation management, On this basis, Hobbs (1997) argued
~ that linking pattern and process was an important requirement for landscape ecology to prove

itzelf as a useful seience.

A contour-based landscape model may be a useful tool to generate spatially explicit
hypotheses, which may be tested with respect to patterns and processes (Fig. A2.2). A
contour-based landscape model may be built from first principles on the basis of known
ecological processes (bottom-up approach). This approach is compatible with the ideas of
Wiens (1995), who suggested visualizing space as cost-benefit contours, and it may lead to
testable predictions of likely emergent patterns for one or multiple species. Conversely,
large-scale field studies may be used to generate maps of known emergent patterns and
create hypotheses with respect to potential ecological processes that may have caused these
patterns (top-down approach; see case study on the greater glider below). Thus, a contour
model may be a possible starting point to aid communication between traditional reductionist

science and more patiern-based field research in landscape ecology.
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Investigation of Emergent Patterns
Tool: Field surveys and statistical modeling

Hypothesis generation regarding potential
processes causing the emergent patterns
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Investigation of Ecological Processes
Tool: First principles, lab experiments, experimental
model systems

Fig. A2.2: Graphical representation of how a conceptual model of habitat contours may
assist communication between traditional reductionist science and patterm-based

landscape ecology.

A2.3.1.4 Communication with kmd memagers and land-use planming

Conceptual models are vital to communicate ideas among scientists and land managers. The
fragmentation model has been greatly successful as a2 communication tool. For example,
general principles such as “a bigger patch is better for biodiversity conservation than a
smaller patch” (e.g., Diamond 1975) are widely accepted &mohg land managers, such as
Australian farmers (e.g., Bemnett ef g/ 2000). Although general principles based on
traditional landscape models have helped conservation in many modified landscapes (e.g.,
large patches may be targeted for exclusion from grazing) some conservation issues cannot
he adeguately addressed from the basis of the fragmentation (or variegation) model. For
example, several endangered lizard gpecies in eastern Australia are reliant on grasslands
{e.g., Osborne er af. 1995; Dorrough and Ash 1999; Milne and Bull 2000} However, native

grasslands are rarely conceptualised as patches, and as a result surveys of farmers have
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shown that grassiands are not highly valued for conservation (unlike clearly recognisable
patches of frees) (Williams and Cary 2001). Exploring ecological complexity with land
managers through the use of a contour-based landscape model may be helpful because the
simple analogy of topographic maps helps explain why it is that whole landscapes need to be
managed, rather than certain paiches in isolation. As a result, the focus of conservation
practices in some modified landscapes may be more successfully targeted to the
requirements of species of concern and will be more likely to simultancously consider a wide
range of organisms with different habitat requirements. In this context, hands-on attempts at
habitat contour mapping may be of direct practical value. For example, in a planning context,
existing maps or aerial photographs may form the background for actual attempts to draw
possible habitat relationships for various species. Although the direct guantification of
contour lines often will be impossible due to a lack of empirical data, the very process of
thinking about species-specific continua may be a useful exercise to visualize the complexity
of ecological systems — as opposed to seeing them as a patchwork of neatly delineated

habitat patches, or one-way habitat gradients.

A2.3.2 Making the link to quantitative ecological modeling

Predicting habitat suitability throngh the use of guantitative models (empirical or non-
empirical) has been an important aspect of ecological modeling for some time. There are
many different approaches to modeling habitat suitability for one or several species {e.g.,
Guigan and Zimmermann 2000; Guisan ef o/, 2002, Ohmann and Gregory 2002; Zaniewski
et al. 2002). Here, we use a case study to illostrate paraliels and possible future connections

between the conceptual model described above and empirical investigations.

 A2.3.2.1 The greater glider in the Viciorian Central Highlands

The greater glider is a forest-dependent arboreal marsupial, and has been the target of a
range of ecological studies in a 6700 ha wouod production block tn the Central Highlands of -
Victoria {Lindenmayer 2002). A key part of this work has been w identify the habitat
requirements of the species. To establish habitat associations for the species, more than [50
field sites were surveyed throughout the montane ash forests of the Central Highlands. These
sites covered a broad range of environmenial conditions (Lindenmayer er al. 1990, 1995).
Numerous measures of vegetation structure and plant species composition were gathered at
the survey sites. Logistic regression analysis showed that the presence of the greater glider
was related to two habitat attributes. The species was significantly more lkely to occur in

old growth stands and stands characterized by large numbers of recs with hollows.
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The two significant explanatory variables in the regression were mapped spatially from
aerial photographs and stored in a GIS database. The habitat mode! was then linked to spatial
data for the two attributes to make a prediction of the probability of occurrence of the greater
glider throughout the entire Ada Forest Block (6700 ha), an area designated for wood
production (Fig. A2.3; see Lindenmayer et 4. 1995 for more details). Although Fig. A2.3
shows spatial predictions based on mean probability values, it also would be possible to
make predictions based on values for the upper and lower bounds of the 93% confidence

mierval asseciated with the mean.

The statistical relationship was based on significant explanatory habitat attributes, and did
not consider other ecclogical variables that may also affect the probability of detecting the
greater glider. Such variables may inchude predation by large forest owls, parasites, the
spatial juxtaposition of suitable habitat and other factors. Habitat suitability, here represented
by contours of occurrence probability, represents the potential distribution of the target
species in a given area whereas other factors like those listed above may further limit the

species’ actual occurrence on the ground.

Spatial patterns of animal distribution are necessarily dynamic. For example, patches of
forest, if undisturbed, may eventually reach a stage of maturity where they would provide
suitable habitat for the greater glider. Therefore, a spatial prediction of suitable habitat now
may be quite different from that made in 100 years as some forest stands age and others are
logged. Similarly, the collapse of hollow trees also will lead fo temporal changes in habitat
suitability (Lindenmayer ef g/ 1997). In this case, both these changes in the significant
explanatory habitat attributes of the greater glider can be tracked by aerial mapping, and it
would be possible to produce contour maps of the predicted probability of occurrence at

regular intervals in the future.
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[ 0.00 < probabifity <=0.10
0.10 < probability <= 0.20
0.20 < probability <= 0,30
0.30 < probabllity <= 0.40
0.40 < probabliity <e 0,50
.50 « probability <= 0.60
0.60 < probabilty <= 0.70
B vrobabinty graater than 0.70

Fig. A2.3: The predicted probability of detecting the greater glider in the Ada Forest
Block (6700 ha) in the Central Highlands of Victoria, Australia.

A2.3.2.2 Potential future applications of empirical modeling

The above case study demonstrated clear parallels between the conceptual model we
proposed and existing empirical modeling approaches. There is ample scope to expand
current modeling approaches to examine the relatiénships between biodiversity and
environinental variables i more detail. Two key areas for future work may include: (1) the
consideration of multiple species simultaneously fo identify groups of species with similar
responses, and species with different responses (see also Vos ef o/ 2001), and (2) the
investigation of relevant scenarios of habitat change and their effect on predicted habitat
suitability maps (e.g., Schroder 2000). Together, these two areas for future work may result
in mapped predictions of future occurrence patterns for various groups of organisms under
different management regimes, and thus could provide useable scientific input for scenario

planning as a conservation tool (Peterson ez al. 2003),

A2.4 Conclusions

Concepts like the contour model can be useful to facifitate a transformation in the way we
percelve ecological complexity. We acknowledge there are obvious limitations to

representing the contour model in diagrammatic form - e.g., it is difficult to imagine that
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dozens of parallel habitat contour maps for different species will ever actually be drawn.
Similarly, the data required for quantification of the contour model often will be unavailable.
However, these limiations do not preclude the usefulness of habitat contours as a tool for
generating hypotheses, communicating ecological complexity, and changing the way

scientists and land managers think about landscapes.

Metapopulation theory is an interesting analogy in the usefulness of concepts to mstigate a
different way of thinking (e.g., Hanski and Simberloff 1997). Although there are many
quantitative examples of metapopulation modeling (e.g., Lindenmayer and Possingham
1996; Vos et al. 2001), an tmportant contribution of metapopulation theory to conservation
has been its ability to act as a conceptual tool (e.g., Teifer ef al. 2001). Because the theory is
fairly easy to understand at a generic level, it has been taken up readily outside the academic
community {Stinchicombe ef o/, 2002), and has successfully changed the way praciitioners
and non-ecologists perceive populations and landscapes. As a result, in parts of the United
Kingdom, it is now more widely accepted that a landscape scale approach is needed to

achieve effective conservation outcomes (1. Fazey, personal observation).

The way we think about human-influenced landscapes affects which research we deem fo be -
important, how we communicate ecological complexity, and which conservation strategies
are considered to be most effective. In many Iandscapes, the fragmentation paradigm will be
overly simplistic, and the variegation model alone is unlikely to provide a satisfactory
alternative in all situations, Habitat comours may be a flexible way of thinking about and

planning for biodiversity conservation in heterogeneous landscapes.
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APPENDIX 3

MAKING THE MATRIX MATTER:
CHALLENGES IN AUSTRALIAN GRAZING
LLANDSCAPES

Cz‘t&z‘z‘on: Fischer, J., Fazey. I, Briese, R. and Lindenmaver, D. B. (In press). Making the

matrix matter: Challenges in Australian grazing landscapes. Biodiversity end Conservation.

A3.0 Abstract

Many ccological theories are based on the concept of patches. Patches are a useful starting
point for conservation efforts, but 2 focus on patches alone will not always achieve desired
conservation outcomes. Conservation strategies in the grazing landscapes of south-eastern
Australia suggest that large patches of trees are widely regarded as “habitat” while other
forms of habitat are largely ignored. We provide data on birds and reptiles from the
Nanangroe grézm,g, landscape that illustrate the potential habitat value of aress located
between large patches of trees — i.e. the matrix. Despite evidence on its potential value,
present conservation strategies rarely consider the matrix. Possible reasons for this bias relate
to the econormics of farming and the history of land use, the current environmental law
framework, and also the reluctance of ecologists to study the matrix. More scientific
evidence on the role of the matrix will be crucial if conservation strategies are to consider
not only patches, but entire landscapes. However, for science to be relovant to land
management, there is a need for new research approaches. First, an increased consideration
of environmental policy and law will increase the likelihood of scientific findings being
adopted by policy makers. Sécond, at an applied level, more practical on-ground research
into farming practices and clearer communication are necessary to achieve more sustainable

matrix management in Australian grazing landscapes.
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A3.1 Introduction

The concept of “patches” is central to many ecological theories (Stephens and Krebs 1986;
Wiens ef al. 1993; Antrop 2001) and conservation strategies {e.g. Diamond 1975). At the
global scale, networks of large patches that are reserved from production (e.g. national
parks) are widely regarded as an important backbone of successful biodiversity conservation
(Diamond 1975; Higgs and Usher 1980; Kitchener et al. 1982; Margules and Pressey 2000).

Similarly, at the landscape scale, patches of remnant vegetation are considered important for |
conservation efforts in modified landscapes (Saunders ef al. 1987). However, an exclusive
focus on patches of trees may lead to suboptimal conservation outcomes in some modified
landscapes. This is because areas outside patches — ie. the “matrix” - often play an
important compiementary role for a range of organisms (Daily 2001; Luck and Daily 2003).

In this paper, we consider a case study from a grazmg landscape in south-eastern Australia,
and highlight key ecological functions of the matrix for birds and reptiles. In addition, we
discuss potential barriers to improved matrix management and how they may be overcome.
We conclade that for conservation biclogy to make a useful contribution to improved matrix
management, more interdisciplinary investigations are needed. For example, an increased
understanding of environmental law will help influence the environmental policy framework,
and detailed on-ground research examining the effect of farming practices on matrix
condition will help identify more sustainable mnagemen{ regimes. Fmally, the clear
communication of ecological complexity will be important to highlight that habitat is more
than large patches of trees, and that a “soft matrix™ can provide habitat for a range of

organisins.

A3.2 Reptiles and birds in the Nanangroe grazing landscape

The Nanangroe area is located in southbern New South Wales, south-eastern Australia
(34°58°S, 148°29°E). It has 2 temperate climate with relatively hot summers (daily maxima
offen above 30° C), and cool winters with occasional night-time frost events. Prior fo
European seftiement, much of the Nanangroe area was covered by nafive eucalypt
woodlands, particularly those dominated by Yellow Box/Blakely's Red Gum (Eucalyprus
meliiodora/E. blakelyi) and White Box (£, alfbens; Yates and Hobbs 1997). Today, native
tree cover is reduced to approximately 15%, and most cover takes the form of relatively
smatl woodland remnants (generally less than 15 hectares), or sem-isolated irees in the
pastures {termed “paddock trees™). Isolation distances between habitat remnants or semi-

isolated trees range from dozems to hundreds of meires. The area is best described as
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variegated (sensu Mcntyre and Barrett 1992; Mclntyre and Hobbs 1999). That is, the matrix
between substantial woodland remnants is characterised by gradual changes in vegetation

cover and scattered paddock trees rather than sharp boundaries.

The Nanangroe grazing area incorporates several private grazing properties, covering a total
area of approximately 200 km®. Several bird and reptile surveys were conducted over the last
four years {Tables A3.1, A3.2). Birds were surveyed using point coﬁnt techniques (Table
A3.1). Reptiles were surveyed using pitfall trapping and active searching at 144 ten by ten
meire plots, and artificial coverboards (sensu Grant er /. 1991) at 125 additional locations
(Lindenmayer et al. 200la; Fischer er of, unpublished data) covering a range .ef
environments. Each fauna survey was accompanied by surveys of habitat structure, which

included the quantification of fallen timber, rocks and various vegetation attributes.
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Table A3.1 Synthesis of recent research on birds in the Nanangroe area that demonsirated the benefits of a soft matrix for birds.

Researeh topic Area sarveved Methods Key findings Interpretation References
Use of sowl] patehes by birds  The entire Navapgroe 105 patches surveyved 91 gpecies detected in patches between  Small patches were a Fischer and Lindenmaver
study aree using point interval comt 0.4 ha and 16 ha; 74 species used valuable complement to Targe  (2002a)
: method with multiple patches smaller than ! hectare paiches, Because by

Use of paddock trees by bigds

Paddock trees as stepping
stones for birds

Two properties (apor,
10 km?)

As shove

obgervers {Cunninghaim ef
af, 1999; Lindenmayer ¢f
al., sapublished data)

70 paddeck wees sites
(single trees und small
¢lumps of troes) susveyed
by one observer for 20
min & a time

- As above; but arvival and

depagrture direction of
birds was recorded

Over 41} species of birds were observed
to use paddock trees

Birds tended to depart in the direction
opposite to their arrrvai direction; some
species followed areas where trees wete
scatiered relatively densely

themselves small patches
catitrot support many bird
species, small patches must
have been part of @ habitat
continuum for many bird
species.

A substantial proportion of
bird species is not resiricted
to woodiand patches, and
gy benefit from seattered
trees in the matrix,
Paddock trees may serve s
stepping stone purpose for
sotre birds,

Fischer and Lindenmayer
{2002b)

Fischer and Lindemmayer
(2007}







Table A3.2 Overview of the reptiles observed in the Nanangroe area (Lindenmayer et al. 2001a; Fischer ¢f al. unpublished data), The tableis a

subjective smmmary that indicates which species used woodland patches or the matrix respectively. An asterisk indicates species that were observed

too infrequently to comment on their use of the matrix,

Species

Use of landscape elements

Tmportant habitat features in the matrix

Otive Legless Lizard {Delma inoranata)
Bearded Dragon (Pogona barbata)
Steiped Skink (Crenorus robustus)

Common Long-pecked Tottolse (Cheloding longicollis}

Teee Skink (Egernia striolara)
Dwyer's Snake (Suta spectabilis dwyeri)
Cunminghem’s Skink {Egernia cunninghami)

Southern Water Skink (Ewlamprus heatwolel}
Fourfingered Skink (Carlio tetradactyla)
Boulenger’s Skink (Morarhio boulengeri)
lacky Lizard (Amphibolurus muvicatus)

Lace Monitor (Varanus varius}

Red-bellied Black Snake {Preudechis porphyriacus)
Eastern Brown Snake {(Preudonaja textilis)
Red-throated Skink (Bassiana platyrota)
Marbled Gecko (Chrisfinus marmoraivs}
Stone Gecko {Dplodactylus viftatus)
Copper-taited Skink (Crenors taeriokatus)
Three-toed Skink (Hemiergis decresiensis)

Largely matrix

Largely matrix

Largely matrix but to some extent
patches

Observed rarely, only in matrix
Observed rarely, oaly in patrix
Observed rarcly, only in roatrix
Observed rarely, beth in patches
and reatrix

Patches and matrix

Patches and matrix

Patches and matrix

Patches and matrix

Patches and matiix

Patches and matrix

Patches and matrix

Cbserved rarely, usually in paiches

Largely patches

Largely patches
Largely patches
Largely patches

Half-buried rocks were used for shelter
Wooden fenceposts and logs on the ground were used for bagking
Logs, rocks and grass tussocks were used for shelter

*

Observed on several occasions sheltering in a large decaying log, or under 4 rock
*

Observed to shelter under building debris in the matrix, and in boulder cutcrops ina
patch

Large rocks along walercourses used for basking

1ogs and shrubs were used for shelter

Rocks and logs were used for shelter

*

Trees used as refuge, especially farge hollows in White Box
it

*

=

Ciranite outcrops and exfoliating rocks used for shelter

‘Qﬁ

*
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Appendix 3: Making the matrix matter

A3.3 Ecological functions of the matrix

Lindenmayer and Franklin (2002) argued there were two different, but related definitions of
what constituted the “matrix™: (1) the area outside reserves, or {2} the area between patches
of remmnant vegetation. The Nanangroe landscape is a production landscape, and 2s such, the
entire study area is part of the matrix according to the first definition. For the remainder of
this paper, we use the second definition of the matrix — 1.e. we are concerned with the areas
between patches of native woodland. The delineation of patch boundaries in a variegated
landsceape is by necessity somewhat subjective. In Nanangroe, we used aerial photographs to
delineate patch boundaries, and patch sizes thus obtamed ranged between 0.4 and 16 ha.

To describe the nature of the matrix, the terms “soft” and “heterogeneous™ are used in this
paper to reflect relatively high complexity of vegetation structure, and ground cover (see
Franklin 1993). While there was substantial variability of these attributes throughout the
Nanangroe landscape {Fischer ef @, unpublished data}, the overall hétefogeneity of the
Nanangroe landscape was high compared to similar farming landscapes in the region (e.g.

relatively high levels of fallen timber, rock cover, some native shrubs).

A3.3.1 A soft matrix can provide habitat

The matrix in the Nanangroe landscape was characterised by a relatively high amount of
heterogeneity expressed through the presence of scattered trees, fallen timber, rocky patches
and areas with relatively tall grass {mostly introduced species). A key function of the mairix
was 1o provide habitat for several species of birds and reptiles, For example, more than 90
species of birds were observed in the Nanangroe study area (Table A3.1; Lindenmayer et al.,
unpublished data), although only approximately 15% of the otiginal woodland cover
remained, Most of these species were not restricted to large woodiand patches, and even
small paiches (< | ha) contributed highly t;c} curmulative species richness across the entire
study area (Table A3.1). In addition, during a survey of scattered trees in the matrix, we
found that almost every second species of bird in the study area used the matrix (Table
A3.1), Thus, the variegated nature of the landscape and its relatively soft matrix countributed
substantially to local bird diversity. This was because many species of birds used very small
woodland patches and scattered trees in the matrix as part of a larger habitat mosaic {Table
A3.1).

The mairix also was used by nearly three quarters of the reptile species recorded in the
Nanangroe area, and features such as rocks, logs and other tree-related habitat atributes were

important refuge sites for many species (Table A3.2). Other studies in a range of different
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ecoéystsms have also shown that the matrix should not be neglected as potential habitat
(reviewed by Lindenmayer and Franklin 2002). In northern Victoria, Lumsden ef al. (2002)
demonstrated that most bat species utilised the matrix for foraging, although some species
were reliant on larger forest patches for roosting sites. The matrix may be equally important
to complement existing patches in very different environments. For example, Fernandéz-
Juricic (2000) found that wooded streets in the city of Madrid (Spain) contributed .
substantially to urban bird diversity. Similarly, selectively logged forests in northern Bormneo
have f}xe potential to support a diverse array of butterfly species, provided habitat
heterogeneity is maintained (Hamer ef al. 2003). The ability of species to persist in the
matrix can be a key factor in detenmining their extinction proneness {Laurance 1991a;
Gascon ef ol 1999). Hence, the maintenance of a wide range of different habitat features

throughout the matrix can be imporiant for the maintenance of regional biodiversity.

While some initial habitat relationships have been established in Australian grazing
landscapes (e.g. Tables A3.1, A3.2}, there is ample scope for more detailed research. A
possible guiding framework may be “countryside biogeography™, which recognises the need
to study and manage biodiversity in human-modified landscapes (e.g. Daily er ol 2001;
Fuck and Daily 2003). A wide range of issues can be addressed using this framework. For
example, 4 series of studies in the Las Cruces farming landscape in southern Costa Rica
provides clues as to what sorts of research questions may be worth asking in Australian
grazing hndscépes (Daily 1999; 2001}, Examples include an explicit assessiment of the effect
of landscape context on biodiversity (Ricketts ef ol 2001; Horner-Devine ef al. 2003; Luck
and Daily 2603), and an appraisal of how the matrix is used by various species. For example,
it can be imporiant to %;:new if the matrix can provide breeding habitat for native species, or if

it is mainly used for foraging (e.g. in the case of birds; see Hughes ¢f al. 2002).

A3.3.2 A soft matrix can enhance connectivity

An important consideration for regional conservation is to maintain habitat connectivity to
facilitate movement between areas of habitat and thus maintain viable populations (Saunders
and de Rebeira 1991; Taylor ef of 1993; Ferreras 2001). Traditionally, connectivity in
smodified landscapes has been thought to be best achieved through the establishment of
wildlife corridors that Jink “habitat patches” (reviewed by Lindenmayer 1994, 1998; Beier
and MNoss 1998; Bennett 1998). However, wildlife corridors will have cértain physical
attributes and link cerfain habiiat types at one or few spatial scales that may suit some, but

not all species. Given these and other limitations of corridors (see Simberloff ef o/ 1992), it
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is fmportant to consider the potential of a soft matrix to increase connectivity for species

across a range of scales and habitat types,

At Nanangroe, we found some indication that scattered trees in the matrix were particularty
important landscape elements that contributed te landscape connectivity for various species
of birds. For example, some bird species were more likely to fravel through the landscape in
directions where trees were scattered relatively densely {Table A3.1). In addition, after
landing in a semi-isolated tree in the matrix, rany birds returned to their point of origin, or
departed in the direction opposite to their arrival direction, which indicated the potential role
of scattered frees as stepping stones for birds (Table A3.1). Additional habitat features may
be needed to assist other organisms fo move through the matrix. For example, decaying logs
and half-buried rocks were used by several species of reptiles that used both the matrix and
patches (Table A3.2). It is possible that without these features in the matrix, currently
continuous populations of some reptile species may become isolated. Importantly, the
permeability of the matrix (sensu Gascon and Lovejoy 1998) can depend on different habitat
features for different species. Hence, the creation or conservation of a heterogeneous matrix

can benefit a range of species.

Landscape context and heterogeneity also have been found to h:e important in other parts of
the world {e.g. McGarigal and McComb 1995; Villard e7 &/, 1999; Hamer ef al. 2003). The
role of the matrix as a connecting landscape element has been noted in various studies, e.g.
for many vertebrates in the Amazon basin (Gascon ef o/ 1999; Laurance ef al. 2002), the
Iberian Lynx (Lyax pardinusy in Spain (Ferreras 2001), or small mammals in an agricultural
area of central-west Indiana (Nupp and Swihart 20003 While several authors have pointed
out species-specific differences in their ability to tolerate the matrix (e.g. Laurance 1994;
Nupp and Swihart 2000}, a soft mairix can often be a starting point to enhance connectivity
for organisms whose populations in different patches are otherwise isolated (Rosenberg ef al.
19973.

A3.3.3 A soft matrix can ok malfiple habitats for a given species

Not all species are restricted to one habitat type throughout their life history. The most
striking example of this phenomenon 18 semi-aquatic organisms, which typically breed in
wet environments, but spend other parts of their life cycle in drier environmenis. At
Nanangroe, outside its breeding season, the Eastern Banjo Frog (Limnodynastes dumeriiiiy
was pitfall-trapped in locations several hundred metres away from the nearest potential
breeding environment (Fischer et al., unpublished data). Work in northern Europe also

demonstrates that a soft matrix can be crucial o enable semi-aquatic species 0 move
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between breeding and non-breeding environments. For example, the Common Toad {Bufo
bufo) may move more than 2 km every vear between its aquatic breeding environment and
summer or winter habitats respectively {Blab and Vogel 1996). The natare of the matrix
encountered by individual toads during these migrations is crucially important i:i}. their
survival — for example, deaths from road traffic are a substantial source of mortality in
northern European amphibians (Blab and Vogel 1996; Hels and Buchwald 2001}, A similar
situation was reporied for threatened turtle species in Maine (USA). Joyal er ai. (2001} found
furtles were using muitiple small wetlands, and throughout the year frequently moved several
 hundred metres between wetlands through the landscape matrix. This finding led the authors
to conciude that wetland protection by itself was insufficient to ensure the survival of turtle
populations, and mafrix management was a critical component of the protection of turtle
habitat. Despite the special situation of semi-aguatic organisms, animals that do not undergo
major biological changes throughout their life history can aiso undergo changes in habitat
use depending on their age (e.g. pre- and post-dispersal habitat; see Palomares er af. 2000 for
an exampie of the Iberian Lynx in Spain).

A3.3.4 The matrix samples the most productive parts of the environment

Human landscape modification is not a random process (Burgman and Lindermayer 41 Q98).
Humans choose areas for production on the basis of accessibility and productivity. This bias
means that tmany nature reserves are in steep and unproductive terrain unsuitable for other
purposes (Margules and Pressey 2000; Paton 2000). Similaly, in production landscapes,
most remnant vegetation ocours on the less productive hilltops (Lemckert 1998; Gibbons and
Boak 2002). Given this bias, the matrix can be an important area for conservation
management, because it has the potential to support different elements of biodiversity than
less productive areas. Our most recent field survey of birds in Nanangroe illustrated this
finding. During our reptile surveys in 2001/2002 we also surveyed 16 landscape umits for
birds. Each landscape wunit measured approximately 2.5 ha, and landscape units were
stratified on the basis of their topographic position (valley or ridge) and relative canopy
cover (high or low). Repeat bird surveys were conducted for ten days at each landscape unit
when pitfall traps were visited. The results of our bird surveys illustrated that productive
valley environments with above average tree cover supported a higher number of bird
species than less productive ridge tops with similar levels of tree cover (Fig. A3.1).
Similarly, altbough more data would be needed for conclusive evidence, valley environments
with below average tree cover tended to support more bird species than ridge environments
with below average tree cover (Fig. A3.1). These considerations highlight the potential value

of restoring parts of the landscape matrix because it often coincides with the most productive
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parts of the landscape, and thus can provide ecclogical benefits that less productive

environments cannot offer.
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" Fig. A3.1 Results of bird surveys conducted at sixteen landscape units in the Nanangroe
area in 200172002 {Fischer ¢f ol unpublished data — see text for details). The dafa
illustrate that bird species richness tended to be higher in more productive valley

environmeunts than on ridge tops.

A3.4 Current conservation practices and the future of the matrix

A soft mairix can provide habitat and facilitate connectivity, and will often sample the most
proaductive parts of the environment. However, most conservation sfrafegies in the grazing
landscapes of south-eastern Australia do not target the matrix, but focus solely on patches of
remnant woodland. The two most widespread conservation activities are (1) fencing off
selected wonciland_areas from grazing, and {2} tree planting in fenced off areas {Bennett ef
al. 2000). These practices are 2 useful starting point, since they aim to ensure that some
_habitat can recover from grazing pressure, and create new habitat in other places. However,
we are concerned that while these activities take place, much habitat and ecological

continuity will be lost because of continuing and severe degradation of the landscape matrix.

In many grazing landscapes of south-eastern Australia, the neglect of the matrix will lead o
a lack of tree regeneration due to grazing pressure. For example, large parts of the

Nanangroe landscape are characterised by an almost complete lack of npatwral tree
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regeneration. In 144 ten by ten metre plots established for pitfall trapping, 94 trees were
measured, and there were no frees shorter than 150 em, and only two trees with a diameter at
breast height of less than 5 cm. A similar finding was made by Spooner ef ¢/ (2002} in a
more extensive investigation of free regeneration in the south-west slopes of south-eastern
Aunstralig. These workers found no tree regeneration in 87% of unfenced woodland remmnants.
A recent study by Saunders ef al. (2003) demonstrated that the threat of a rapid future loss of
tree cover was equally pertinent in Western Australia. Repeat surveys of all individual trees
in a 15 ha grazed woodland remnant showed a significant decline in tree condition between
1978 and 1998. In addition, Saunders ef al. {2003) noted there had been no free regeneration
throughout the enfire remnant since grazing commenced in 1929, In the absence of tree
regeneration in the wheat-sheep regions of Australia, there will be a severe decrease in tree-
associated habitat features in the areas between fenced off patches. A lack of tree
regeneration will lead to a deterioration in matrix heterogeneity, and may mark the transition
of currently variegated landscapes into fragmented or refictual landscapes {sensu Melntyre
and Hobbs 1999).

A3.5 Barriers to matrix management

Despite repeated calls for more integrated landscape management in production landscapes
{e.g. Noss 1983; Hobbs ef al. 1993; Barrett ef ol 1594; Morton e 4l 1993), on-ground
changes have been few in the grazing landscapes of south-eastern Australia. Achieving
fundamental changes is not straightforward — there are lmportant socio-economic, historical,
policy, and legal constraints that need to be overcome to achieve more sympathetic matrix

management in the future,

A3.5.1 Economic and historical constrainis

Land managers have tangible economic reasons to be interested in the short-term ouiput of
produce from their land. Conservation considerations are a relatively recent concern to these
stakeholders — for example, in Australia, the clearing and “improvement” of land was for
many vears rewarded by the government through tax incentives (Saunders 1994; State of the

Envirormment Advisory Council 1996).

The allocation of land for production or conservation respectively (rather than Jandscape
scale matrix management) is currently the most popular way of conservation management
since it requires no fundamental changes to land management practices (Lindenmayer and
Franklir 2002). For example, fencing off certain patches to be “sacrificed” for conservation

ig costly in terms of the funds required for labour and materials (Fenton 1997), but these
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measures can be implemented without fundamental changes to land management elsewhere
on the property. This natural tendency towards solving comservation issues through land
allocation strategies is enhanced by the fact that clearing has been biased in the past - t.e. the
most productive areas are often already cleared (Lemckert 1998; Gibbons and Boak 2002),
and the largest patches of semi-natural vegetation are often located in areas that are relatively
unsuitable for production anyway. Thus, excluding these areas from production is a sacrifice
that may be costly in terms of materials and labour, but can be integrated relatively easily
with existing farming practices. Further, Bennett e af. (2000) showed that most revegetation
activities on Australian farms aimed to establish linear strips of vegetation, which could be
easily integrated with current paddock boundaries and were easiest to work around during
farming operations {e.g. cropping). Indeed, Bennett e ol. (2000) found the primary reason -

for revegetation activities was to enhance production, not to aid biodiversity conservation.

Unlike fencing off patches or establishing linear plantings, sympathetic matrix management
may be more difficult to reconcile with many existing management strategies because it
requires heterogeneity -across the entire landscape — e.g. it may involve changes to
stocking/cropping regimes, or the establishment of additional temporary or permanent
fences, and coordimation of multiple landholders. Thus, while there is considerable
momentum in the farming community to work towards sustainable management practices
with respect to nature conservation (e.g. Davidson 1995; King 1995; Miine 1995; Fenion
1997), there are shori-term economic and historical barriers that work against changes to
matrix management, Future research in this area is critical to establish ways to manage entire
landscapes more sustainably. What exactly are the economic barriers to more sustainable.
matrix management? What are the short- and long-term costs and benefits from various
different conservation and production activities? Do ecologically diverse systems provide a
larger amount of ecosystem goods and services (Daily 1999, 2601)? The answers to these
and related questions may provide useful ways forward because they may highlight
econoniie incentives o sustainably manage sgricnitural land that have been overlooked to

date,

A3.5.2 Legal constraints

The ecologically undesmable paradigm of land use allocation fo address issues of
biodiversity conservation is also apparent in current environmental legisiation. The disregard
for the matrix in existing legisiation most likely arises from a degree of ignorance about its
importance, and political pressure fo avoid conservation measures that are unpopular.

Australia’s land clearing rate is still among the highest in the world, partly because of high
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clearing rates in the state of Queensland (Glanznig 1995; Glanznig and Kennedy 2000).
Nevertheless, other states also continue to clear land, and current environmental legislation
~ highlights the disregard for the potential value of remnant vegetation scattered throughout

the landscape matrix.

The New South Wales Native Vegetation Conservation Act 1997 aims 1o provide for the
management of native vegetation in accordance with the principles of ecologically
sustainable development. While it generally prohibiis the clearing of native vegetation
without development consent, it contains several exemptions which allow clearing of native
vegetation. Current practices falling under these exemptions include the clearing of up to two
hectares of native vegetation every year on an individual property. Similarly, seven trees per
hectare may be removed in any given year for on farm purposes. Finally, all tree
regeneration in the matrix that is vounger than ten vears of age may be cleared (Department.
of {and and Water Conservation 1999; Sundstrom 2001; Bates 2002). These exemptions
demonstrate which aspects of native vegetation are considered worthwhile conserving —
small patches and recently regenerated trees in the matrix are essentially deemed worthless
for nature conservation. Hence, the current legal framework in New Sonth Wales contrasts
starkly with the actual ecological importance of small patches and scattered trees in the
landscape matrix. Similarly, the legal frameworks for native vegetation conservation m other
Australian jurisdictions contain a wide range of exemptions that are rarely grounded in

ecological reality {Bates 2002).

In addition to deficiencies in legislation to adequately account for the value of the matrix, a
lack of sufficient law enforcement may render existing provisions ineffective. For example,
in New South Wales, there is some concern that the number of cases where illegal clearing
has been successfully prosecuted is negligible (Department of Infrastructure, Planning and
Natural Resources, unpublished information). Thus, there is at least some suggestion that for

legislation to be effective, prosecution may need to be more rigorous,

A3.8.3 Scientific constraints

Economic, historical and legal constraints to more sympathetic matrix management can be
further enhanced through the uncritical adoption of existing scientific paradigms. For
example, the theory of island biogeography (MacArthur and Wilson 1967) was an important
foundation of conservation biclogy (Diamond 1975; reviewed by Haila 2002). The resulting
concept of paichy landscapes easily lent itself to a binomial classification of land into habitat
and non-habitat {Lindenmayer ¢r a/. 2003), and thus was consistent with a conservation

approach based on land use allocation. In addition, traditional scientific thinking is strongly
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based on hypothetico-deductive investigations, and therefore most scientists are likely to feel
most comfortable dealing with clearly defined categories as provided by theoretical tools
such as the patch-matrix model {Wiens 1995). However, while a binomial classification of
land may be useful in some landscapes, more integrated management considering entire

landscapes will be important in many cases.

An additional reason why scientists have been reluctant to act in accordance with calls for
more integrated landscape management, may be the perceived political reality they find
themselves in. Given a certain political climate, conciliatory approaches with land managers
that do not require fundamental changes to land management sometimes appear more likely -
to be worthwhile than approaches that are more challenging to the land manager and
advocate more fundamental changes. However, while 2 sense of realism with respect to the
political climate is important, only ecologists will have the necessary information and a firm
basis from which to argue for more sympathetic matrix management ~ indeed, economic and
historical realities that may be of ptima:ry relevance 1o other stakeholders will not allow
changes to matrix management unless ecologists clearly state well-founded reasons for an

abandonment of the status guo and argue strongly for changes to matrix management.

A3.6 Ways forward

For conservation biologists to be effective in bringing about changes to matrix management
in Australian grazing landscapes, more scientific research is necessary, but this alone is not
sufficient. Three additional factors complementing scientific work may be of key
importance: (1) an improved understanding of the current policy framework, and the
opportunities it provides for change, (2) improved communication with all stakeholders
mvolved, and (3) more practical on-ground research that highlights potential avenues for

more sustainable management practices.

A3.6.1 Oppeortunities for change: understanding the legal framework

While the clearing exemptions in New South Wales highlight the current neglect of the
matrix, a more detailed examination of the legal framework highlights several potential
avemues through which change may be achieved, First, the exemptions under the Native
Vegetation Conservation Act 1997 are transitional provisions remagining from earlier
legislation (State Environmental Planning Policy No. 46: Protection and Management of
Native Vegetation). These exemptions may be removed or altered by either Regional
Vegetation Management Plans or Native Vegetation Codes of Practice (Bates 2002). The

Nanangroe ares falls under one of two Regional Vegetation Management Plans that have
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already been gazetted, the Riverina Highlands Regional Vegetation Management Plan 2003.
While this Plan modifies the exemptions discussed above to some extent, subject fo some
conditions, it still allows for the annua! removal of up to ten trees per hectare and all
regrowth younger than ten years of age. Hence, the changes brought about in this case were
somewhat insignificant with respect to their effect on matrix management. However, there
are 19 Regional Vegemtion Management Plans at various stages of development, to which
input can still be made. Communicating the important role of a soft matrix to the relevant
Regional Vegetation Committees may be a possible avenue to improve the legal protections
accorded to the matrix. Indeed, provision of robust scientific data to these Committees is

essential to assist them to adequately discharge their responsibitities {Thompson 2001).

Second, the Native Vegetation Conservation Act 1997 also contains provision for property
agreemenis. These are voluntary but enforceable agreements made between landholders and
the Departinent of Infrastructure, Planning and Natural Resources, which include the
development of a strategy for native vegetation management on ndividual or multiple
properties, in conjunction with the provision of technical and financial assistance to the
landhoider (Department of Land and Water Conservation 1998; Farrier ef of. 1 999). Again,
communicating the importance of a soft matrix to the NSW Department of Infrastructure,
Planning and Natural Resources, which administers these property agreements, and the
farming community could result in the inclusion of more integrated matrix management into
pative vegetation managemen! strategies. The advantage of this second example is that it
also addresses fo some extent the economic implications of a shift towards sympathetic

matrix management.

While understanding the policy framework that governs matrix management can be useful to
identify avenues for improvement, it is important to realise that achieving changes in
environmental pobicy is not a straightforward task. There is a clear need for more
interdisciplinary work examining the links between science, policy development and
mstittional structures to improve the implementation of scientific findings info policy
frameworks (Ison and Russell 2000; Lindenmayer and Franklin 2002).

A3.6.2 Communicating complexity and urgency

To achieve changes in matrix management, scientists will have to communicate with other
scientists, government agencies and land managers. It will be important to explicitly
distinguish between different audiences that scientists want 1o reach. The potentially
important role of habitar featwres that do not coincide with large patches of remnant

woodland necds to be communicated widely to land managers - it will be important to
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emphasise that habitat is more than trees, and that a soft matrix can provide habitat for a
range of animals. However, confronting individual farmers and “demanding” they
implement integrated matrix management is bound to fail and is unrealistic given the
economic realities with which individual farmers have to deal. Indeed, Fischer and
Lindenmayer (2002a) argued that it was important to realise that even small conservation
efforts could be worthwhile, and should be encouraged. Conversely, the true complexity of
ecological systems including the role of the matrix will need to be communicated to other
scientists, to the farming c;}mmunity as a whoie, and to politicians and policy makers.
Sustainability as a goal of environmental management has become a popular catch phrase,
but it is important to recognise that different levels of 'diversiry may be conserved as a result
of different conservation approaches. In the grazing landscapes of south-gastern Australia, an
approach of land use allocation will lead to “patchy™ landscapes, which may look somewhat
reminiscent of northern Europe. On the other hand, a more integrated approach may lead to
the conservation of different types of landscapes representing a range of different alteration
states {see Mcintyre and FHobbs 19991, Both approaches may eventually lead to a stable level
of biodiversity, but the absolute amount of diversity supported is likely to be substantially
higher if a more integrated approach to land management is employed that considers not
only patches, but also the matrix. Given these considerations, 1t is by no means clear that
ecological researchers are doing better, ie. conserving more biological diversity, by
following a non-confrontational pragmatic approach to comservation through land use
allocation. Indeed, in the context of the global reserve network, it is recognised that a globat
target of setiing aside fen percent of all land for conservation is likely to be vastly

insufficient (Rodrigues and Gaston 2001).

A3.6.3 The need for practical research

New research methods that complement reductionist approaches may be helpful to derive
effective management tools. An increased use of systems dynamics approaches may be a
useful starting point o assist us to befter conceptualise complex environmental systemns
{Senge 2001), and may help integrate the knowledge and perspectives of a wide range of
disciplines (Jackson ef al 2001). Multidisciplinary investigations will be necessary fo
consider the range of ecological, economic and social issues associated with changes in
matrix management. At an applied level, future projecis may include investigations into
various grazing regimes and their effect on mawix condition, and the identification or

establishment of “model farms” that are managed sustainably.’
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A3.7 Conclusions

Our case study illustrated that the concept of patches is deeply embedded in conservation
strategies used in Australian grazing landscapes, and the role of the matrix is largely ignored.
This finding highlights the potential negative effects that can arise from over- or misapplying
ecological theories {see also Haila 2002). While much of our case study focused directly on
New South Wales, the problem of undervaluing the matrix is not unigue to Australia. For
example, research in the United States of America suggests that small wetlands may be
undervalued in a similar way to small woodland patches in Australia (Semlitsch and Bodie
1998; Joyal et al. 2001). Addressing conservation issues in the matrix will require' a sound
scientific understanding of the matrix. However, insights from non-scientific disciplines also

will be important.
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