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Abstract
Governments, researchers and stakeholder groups often call for science to inform
environmental policy and management. Despite these calls, researchers continue to observe a
gap between the production of scientific knowledge and its use in environmental decisionmaking. The overall aim of this thesis was to take a holistic view of the scientific knowledge
and decision-making gap by examining both sides of the ‘divide’. The specific research
objectives were to develop an in-depth understanding of (1) how a body of scientific
knowledge can be synthesised to define an environmental problem relevant for environmental
decision-making (2) how a body of scientific knowledge can be synthesised and integrated
with other knowledge types (such as experiential knowledge) to inform the implementation of
a policy solution (3) how socio-political factors influence practitioners’ perceptions of the
role of scientific-knowledge synthesis in informing environmental decision-making (4) how
the rules and norms within which management agencies operate influence how scientific
knowledge can be used to implement solutions in environmental decision-making. To meet
the overall aim and specific research objectives I used a multi-disciplinary research approach
that comprised natural and social research methods. To narrow the focus of my research, I
selected two contemporary approaches proposed to link science with environmental decisionmaking. The first approach was evidence-based practice and evidence synthesis. The second
approach was adaptive management.

My research findings provide empirical evidence of how some of the mismatches that create
a gap between scientific knowledge production and its use in environmental decision-making
can be ‘bridged’ using evidence synthesis methods and adaptive management. Through
collaboration, researchers can make primary research more accessible to practitioners using
evidence synthesis methods. Co-designing and co-producing the evidence synthesis produces
findings considered credible, salient by practitioners. Designing experimental management
actions in collaboration with stakeholders provides a greater institutional flexibility to
manage adaptively.

The overarching finding of my research is the importance of conducting multi-disciplinary
research that combines natural and social research methods. This finding is relevant for both
the application of evidence synthesis methods and adaptive management. Contemporary
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environmental problems are typically characterised by competing stakeholder objectives,
require compromise, and where scientific knowledge is one of several sources of information
that informs a decision. For researchers to play a constructive role in helping society to solve
environmental problems it is critical that they work closely with practitioners and their
stakeholders to provide credible, salient and legitimate ecological and social knowledge.
Combined, this knowledge can be used to develop a shared understanding between
researchers, management agencies and their stakeholders of how to manage and restore
aquatic ecosystems. Participation is the key to bridging the gap between scientific knowledge
production and its use in environmental decision-making.
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CHAPTER 1: INTRODUCTION

1.1 Background

Scientific knowledge has an important role in environmental decision-making with
governments around the world mandating that environmental policy and legislation be
informed by best available science (see Charnley et al. 2017). This directive is based on the
view that scientific knowledge can improve the quality of these decisions and the efficacy of
associated outcomes (Cooke et al. 2017a; Holmes and Clark 2008; McNie 2007; Productivity
Commission 2010). Environmental management agencies aim to base their work on best
available science to frame environmental problems and achieve well-informed, credible,
impartial and practical outcomes that retain the trust and confidence of governments and
communities (de Brouwer 2015). Scientific knowledge can help environmental management
agencies achieve this aim by assisting society to understand the likely outcomes of alternative
policy options and of the effects of past decisions (Oreskes 2004).

Historically, the interface between science and policy was described as linear where decision
makers applied research findings provided by experts (Fig. 1a). The role of science was
purposely separated from decision-making to maintain its objectivity and credibility, and to
ensure that it is was not ‘tainted’ by values and politics (Kirchhoff et al. 2013).This linear
approach implied that agreement on scientific understanding was required to reach political
consensus and then for action to occur (Pielke 2007). The appeal of the linear model is that
scientific findings (i.e. facts) are established, which are untainted by values, provide the
answer upon which a decision maker can act (Pielke 2004). However, scientific research
often provides findings that are contestable, particularly when debated in the political sphere
(Herrick and Sarewitz 2000). In situations where the stakes and uncertainty are high, science
alone is not capable of solving environmental problems, suggesting that the linear model
rarely plays out in practice (Funtowicz and Ravetz 1995). These situations, where problems
are often viewed as ‘intractable’, require alternative models that enable scientific knowledge
to inform environmental decision-making (Pielke 2007).

Increasingly, scientific knowledge is considered only one of several inputs into
environmental decision-making. Other inputs include stakeholder values, knowledge and
behaviour and complex interactions between them (Fig. 1b) (Head 2010; Toomey et al.
1

2017). Thus, contemporary approaches for linking science with environmental decisionmaking recognise a need for close interaction between researchers, environmental
management agencies and stakeholders to develop and apply new knowledge (Reed et al.
2014; Roux et al. 2006; Wall et al. 2017; Young et al. 2014). Conflict management, trust and
consensus building are features of this close interaction (Kirchhoff et al. 2015).

Figure 1 Historical (a) and contemporary (b) conceptual models of the interface
between science and environmental decision-making (adapted from Toomey et al 2017).
Despite an increasing recognition of the need for close interaction, researchers continue to
observe a gap between the production of scientific knowledge and its use in environmental
decision-making (Azevedo-Santos et al. 2017; Diana et al. 2018). One of the reasons for this
gap is the different operational cultures of management agencies and research organisations,
which are known to impede the use of scientific knowledge in environmental decision2

making (Roux et al. 2006). Policy-makers typically focus on short-term issues, and require
evidence quickly while researchers often take a longer-term view with slower reporting
timescales (Rose et al. 2018). Thus, research findings are not always readily available to
inform decisions (Benson and Stone 2013; Fazey et al. 2005b). Researchers are often not in a
position to capitalise on opportunities to promote the use of scientific knowledge in
environmental decision-making (Rose et al. 2017). Conversely, practitioners find that
primary research takes too long to locate, access and read to inform decisions (Cook et al.
2012; Pullin et al. 2004).

Additional reasons for the gap between the production of scientific knowledge and its use in
environmental decision-making is because some policy makers do not understand the science
and researchers do not understand how policy is made (Rose et al. 2018). This lack of
understanding could explain, in part, why individual studies are often not perceived to be
relevant or undertaken at a scale that can inform environmental decision-making (Cash et al.
2006; Hering 2016; Likens et al. 2009). Scientific knowledge also needs to be integrated with
other knowledge types (such as experiential) to inform environmental decision-making,
which can require multi or interdisciplinary research approaches (Hering 2016; Raymond et
al. 2010) that can be difficult to implement (Bennett et al. 2017; Gawne et al. 2010). If we are
to improve the use of scientific knowledge in environmental decision-making, these
mismatches need to be overcome.

Knowledge synthesis offers one way to improve the use of scientific knowledge in
environmental decision making. Knowledge synthesis typically comprises a set of methods
used to review, collate and communicate the best available knowledge on a specific topic or
question, including explicit scientific knowledge, but also other forms of knowledge held by
stakeholders (Dicks et al. 2017). A range of knowledge synthesis methods have been
developed for different environmental decision-making contexts (Cook et al. 2017).
However, the potential of these methods to inform environmental decision-making has not
yet been completely realised. There is opportunity to evaluate how these methods may
overcome some of the mismatches between scientific knowledge production and its use in
environmental decision-making.

Balancing human needs while maintaining the biodiversity and integrity of ecosystems,
particularly aquatic ecosystems, is a key challenge for environmental management (Dalin et
3

al. 2015; Overton et al. 2014; Palmer and Bernhardt 2006). Pressures on aquatic ecosystems
are increasing with human population growth, economic activity, land-use alteration and
climate change (Dudgeon et al. 2006). Effective management, and in some instances
restoration of aquatic ecosystems is required if they are to continue providing clean water,
consumable fish, wildlife habitat, healthier coastal waters and other goods and services
(Arthington et al. 2010; Palmer and Bernhardt 2006). For this reason, I focus on aquatic
ecosystems as a case study.

Environmental flows have been introduced into regulated rivers around the world in
recognition that they are central to maintaining ecosystem goods and services that support
sustainable development (Hirji and Davis 2009; Nichols and Dyer 2013). This management
and restoration approach recognizes the connected nature of social and ecological systems.
Environmental flows are “the water regime provided within a river, wetland or coastal zone
to maintain ecosystems and their benefits where there are competing water uses” (Dyson et
al. 2008). The terms ‘environmental flow’ and ‘environmental water’ are often used
interchangeably. For this study both terms relate to water that is either held as a water right or
is defined as a rule in statutory water plans, to achieve environmental outcomes (Connell
2011; Docker and Robinson 2013; MDBA 2012). The use of environmental flows in aquatic
ecosystem management and restoration forms the central theme of my case study.

Effective management and restoration of aquatic ecosystems, as for other systems, requires
the gap between the production of scientific knowledge and environmental decision-making
to be bridged. To bridge this gap requires an in-depth understanding of how scientific
knowledge can be integrated into decision-making while accommodating the plurality of
knowledge types and stakeholder values. Bridging the gap will require an understanding of:

1. how scientific knowledge can be synthesised to identify the likely cause of an
environmental problem relevant for environmental decision-making

2. how scientific knowledge can be synthesised and integrated with other knowledge
types to inform the implementation of a policy solution

3. how socio-political factors influence practitioners’ perceptions of the role of scientific
knowledge synthesis in informing environmental decision-making
4

4. how the rules and norms within which management agencies operate influence how
scientific knowledge can be used to implement solutions in environmental decisionmaking.

1.2 Research aim and research approach

The overall aim of this thesis was to take a holistic view of the scientific knowledge and
decision-making gap by examining both sides of the ‘divide’. Meeting this aim required an
in-depth understanding of (1) how scientific knowledge is developed and (2) what social
processes of environmental decision-making influence its use. As such, I focused on four
elements of environmental decision-making contexts that influence the use scientific
knowledge. Each element is interrelated with one building on the next (Fig. 1). First, I
investigated how primary research findings can be synthesised with biological monitoring
and hydrology data to identify a likely cause of an environmental problem (Chapter 2).
Second, I investigated how primary research can be synthesised and integrated with other
knowledge types to inform the implementation of a policy solution (Chapter 3). Third, I
examined contextual factors that would influence the use of evidence synthesis methods to
inform environmental decision-making (Chapter 4). Fourth, I examined the social rules and
norms that influence how scientific knowledge is applied in environmental decision-making
(Chapter 5). By investigating these four elements I was able to provide empirical evidence of
the challenges of using scientific knowledge in environmental decision-making and how they
might be overcome.

My research is significant because it provides new insights into the important relationships
between scientific knowledge production and the decision-making context in which it must
be applied to solve environmental problems. My research is original because it examines both
the ecological and social aspects of the problem, exploring the production and use of
scientific knowledge as well as the intricacies, politics and structural elements of the
decision-making context.
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Figure 2 Overview of the holistic research approach used to investigate the role of
scientific knowledge in environmental decision-making
The philosophical perspective (i.e. worldview) that guided my multi-disciplinary research
approach was ‘pragmatism’. The central tenet of pragmatism is that the ‘validity’ of a belief
or concept is defined in terms of its practical consequences (Howarth 2007; Sanderson 2009;
Suter and Cormier 2013). Pragmatist’s believe that all necessary research approaches should
be used to understand a research problem (Moon and Blackman 2014). This philosophical
perspective aligns with contemporary approaches to ecosystem management and restoration
that focus on collaboration, restoration and adaptive management (Gerlak 2008). Adopting
this perspective enabled me to use appropriate methods to undertake the natural science and
social science components of my research. This holistic research approach enabled me to gain
the greatest insights into different aspects of environmental decision-making.

I used natural science research methods to investigate how science can be used to identify the
likely cause an environmental problem and to inform a policy solution. This component of
my research was underpinned by a post-positivist philosophical perspective, realist ontology,
an objectivist epistemology where generalizable knowledge is acquired through unprejudiced
use of the deductive scientific method (Charnley et al. 2017). The defining feature of realism
is that there is a world existing independently of our knowledge and while theories about a
6

real phenomenon might change, reality does not (Bazeley 2013). The main strength of this
component of the research design was that by applying the natural research methods I
developed an in-depth understanding of the strengths and limitations of these methods for
informing environmental decision-making. I anticipated that I would not have gained these
insights without taking this position.

The ontological perspective I adopted for the social science component of my research was
critical realism whereby reality is captured by a broad critical examination (Moon and
Blackman 2014). This ontology enabled me to explore social aspects of decision-making
such as legitimacy (Gawne et al. 2010). Constructivist epistemology assumes knowledge is
constructed rather than discovered, and concepts, beliefs and theories will be continually
modified based on new experiences (see Bazely 2013). My research was conducted
recognising that there is only one reality, although it has no meaning without conscious
minds engaging it, unlike some constructivists who acknowledge multiple realities (Bazeley
2013).

1.3 Literature review

To narrow the focus of my research, I selected two contemporary approaches proposed to
link science with environmental decision-making. The first approach was evidence-based
practice and evidence synthesis, which in my case studies refers to the synthesis and
dissemination of evidence on the effectiveness of management interventions (See Schwartz et
al. 2018). I focus on the use of an evidence synthesis method: Eco Evidence (Norris et al.
2012). The second approach was adaptive management, which is essentially an experimental
management approach, its purpose is to learn by doing (Holling 1978; Walters and Holling
1990). These two approaches are complimentary as Eco Evidence can be used to inform
adaptive management by assisting with framing a management issue and in developing
effective strategies and actions that have the greatest likelihood of effectiveness (Nichols et
al. 2017a). I will now provide an overview of these approaches, along with a review of the
social processes and rules that influence the use of scientific knowledge. I provide more
specific detail within the introductions of Chapters 2-5.

7

1.3.1 Evidence-based practice and evidence synthesis

The theoretical foundation of evidence-based practice lies in medicine where it describes the
“integration of best research evidence with clinical expertise and patient values” (Sackett et
al. 2000). The practice involves the objective review of research results to determine the
effectiveness of a specific practice. Clinicians using their expertise and experience consider
whether and how evidence contained in a systematic review matches the patient's situation to
decide whether an intervention should be applied (Sackett et al. 1996). Evidence-based
practice is now well established in medicine and is gaining interest in environmental
conservation and management (Cooke et al. 2017b). Evidence-based practice in conservation
and environmental management evaluates the effect of specific actions and the extent to
which they vary and the reasons why (Schwartz et al. 2018).

Evidence synthesis, particularly systematic reviews are a key feature of evidence-based
practice (See Schwartz et al. 2018). Systematic reviews have a number of characteristics.
They pose a clearly formulated question and use systematic and explicit methods to identify,
select, critically appraise, extract and analyse information from relevant research (Fazey et al.
2004; Pullin and Knight 2001). Rigour, transparency and replicability are achieved by
following a strict protocol for systematic review (Pullin and Stewart 2006).

Recognising that there are a broad range of knowledge types that inform environmental
decisions (Raymond et al. 2010), various knowledge synthesis methods have been developed
to capture them (Dicks et al. 2017; Pullin et al. 2016). For the natural sciences, evidence
synthesis methods can be grouped broadly into two categories based on their primary purpose
(Cook et al. 2017): configurative methods, used to conduct a synthesis to formulate new
hypotheses; and aggregative methods, used to test hypotheses. Selecting an appropriate
method will depend on the decision-making context with consideration of the questions being
asked, budget, timeframe, output required, and the level of scientific rigour (Pullin et al.
2016; Webb et al. 2017).

Proponents of evidence-based practice recognise that scientific evidence is only one input
into decision-making processes (Skinner et al. 2013). Concern exists among researchers that a
positivist approach (i.e. where science provides an observer with an objective account of the
world, see Evely et al. 2008) does not account for the complexity inherent environmental
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decision-making and assumes a linear transfer of knowledge into the process (see Reed et al.
2014 and Adams and Sandbrook 2013). These concerns highlight the need for the real-world
applications of evidence synthesis methods and a deeper understanding of the decisionmaking contexts that they are to inform. Proponents of evidence-based practice acknowledge
its full potential is yet to be realised (Cook et al. 2013b; Cooke et al. 2017b).

1.3.2 Eco Evidence

Eco Evidence is a specific systematic review and evidence synthesis method developed for
the natural sciences that employs a form of causal criteria analysis (Norris et al. 2012). The
method was developed drawing on the experience of epidemiologists who faced difficulties
in attributing causation (Nichols et al. 2011; Norris et al. 2012). Eco Evidence is designed to
strengthen existing decision-making frameworks (such as adaptive management) by
improving the rigor, transparency, and effectiveness of how scientific evidence is used to
inform decisions (Nichols et al. 2017a). The method enables an investigator to systematically
review primary research for one or more cause–effect hypotheses to assess the level of
support for a hypothesised management problem (Fig. 3). Some degree of scientific
uncertainty is synonymous with ecological systems (Allen and Gunderson 2011; Fazey et al.
2004), but Eco Evidence enables scientific evidence to be collated and assessed to identify,
and depending on the evidence available, reduce uncertainty by drawing on multiple lines of
evidence (Nichols et al. 2017a). In instances where there is a lack of scientific evidence on a
specific topic (Fazey et al. 2005b), using the Eco Evidence method will help identify the
knowledge gap.

Eco Evidence can be applied within the adaptive management cycle (Fig. 3) (Nichols et al.
2017b). Researchers, decision-makers and stakeholders can use Eco Evidence within the
planning, evaluation and adjustment phases of adaptive management to: (1) develop and
refine conceptual models that characterise environmental problems and to identify options
that are likely to be effective in addressing them; (2) evaluate the likely ecological effects of
alternative policy and management options using primary research evidence; (3) identify
knowledge gaps; (4) select performance indicators and (5) evaluate the likely effectiveness of
management actions in combination with monitoring results. Proponents of Eco Evidence
recognise that the method needs to be applied within participative and collaborative forms of
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decision-making to assist stakeholders and decision makers identify appropriate options
(Skinner et al. 2013).

1.3.3 Adaptive management

Adaptive management is essentially an experimental approach for managers to learn by doing
(Holling 1978; Walters and Holling 1990; Williams and Brown 2014). Adaptive management
comprises a planning, doing, evaluation, learning and adjustment stages along with elements
within each stage (Fig. 3) (Allen et al. 2017; Rist et al. 2013a). It is the emphasis on formal
learning via monitoring, and incremental management adjustments based on experience that
distinguishes adaptive management from other management approaches (Holling 1978; Rist
et al. 2013). This systematic process is designed to continually improve management policies
and practices (Pahl-Wostl 2007).

Two types of adaptive management are described in the literature. The first, passive adaptive
management involves learning from past interventions to identify the best management
intervention to meet the objective(s), which is then implemented. Results from the
intervention are used to update the model(s) used in the planning stage to inform future
decision-making (Rist et al. 2013a; Williams 2011b). The second type, active adaptive
management, involves designing management interventions as hypotheses to meet the
objective(s). The interventions are implemented to compare how the system responds, which
helps to reduce uncertainty and enables learning about the system being managed (Williams
2011b). Determining which type of adaptive management is appropriate depends on the
circumstances of a given management problem and the resources available (Gregory et al.
2006).

Adaptive management was first introduced for natural resource management in the late 1970s
(Holling 1978) and is now being initiated by management agencies around the world (Gerlak
2008; Rist et al. 2013a; Westgate et al. 2013). Adaptive management has been adopted
because it provides a way to manage resources in the face of complexity and uncertainty,
which is a feature of large-scale aquatic ecosystem management and restoration programs
(Hart 2015b; LoSchiavo et al. 2013; Thom et al. 2016). There are at least four types of
uncertainty in ecological systems (Williams 2011a) relevant for environmental decisionmaking. The first is environmental variation, particularly climate variability, which has a
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dominating influence on water resource availability. The second type is partial observability,
which relates to the uncertainty about the status of a water resource, which can be seen in the
sampling variation associated with monitoring. The third is partial controllability, which
refers to the difference between the actions targeted by decision makers and the actions that
are implemented. For example, attempts to restore important components of a flow regime
such as overbank flooding may not be feasible because of limited capacity to release water
from a dam because its valves are too small. The fourth type is structural or process
uncertainty, which relates to a lack of understanding of ecological relationships. Designing
policy and management actions to reduce uncertainty, particularly structural uncertainty, is a
key objective of adaptive management (Rist et al. 2013b; Walters 2007; Williams 2011a).

Although the concept has been the focus of research for more than 40 years, successful
implementation remains an ongoing challenge for management agencies (Susskind et al.
2012). Social rather than technical challenges are often cited as the reason why implementing
adaptive management fails (Allan and Curtis 2005; Allan et al. 2013). The rules that
management agencies operate within are often not conducive to adaptive management (Keith
et al. 2011; Ruhl 2005). While some of challenges of working within these rules are not
unique to adaptive management (Rist et al. 2013a), they do need to be overcome for adaptive
management to be implemented effectively.

Figure 3 Linking the Eco Evidence framework and adaptive management cycle (from
Nichols et al. 2017a)
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1.3.4 Social processes and rules that influence the use of evidence synthesis methods
and adaptive management in environmental decision-making

Scientific knowledge can contribute effectively to environmental decision-making when it is
credible, salient (relevant and accessible) and legitimate (Cash et al. 2003). Credibility refers
to the scientific adequacy of the research and arguments. Salience refers to relevancy and
accessibility of research to decision makers. Legitimacy refers to stakeholders’ perception
that the research conducted is respectful of their values and beliefs, unbiased and fair. The
absence of one of these characteristics cannot be offset by more of another, and all three must
be balanced in a way that reflects the decision context (Wall et al. 2017). One of the
challenges in attempting to balance these characteristics in particular decision contexts is that
there will likely be trade-offs between the three (Cash et al. 2003; Sarkki et al. 2014). Thus,
to understand and assess how these characteristics can be met, and potential trade-offs
between them, requires consideration of the decision-making processes and interactions
between the people involved (Dilling and Lemos 2011; Sarkki et al. 2015).

To understand how scientific knowledge can be used to inform environmental decisionmaking also requires an understanding of the rules by which people organise their
interactions (i.e. institutional arrangements) (Cortner et al. 1998). These rules can be formal
and informal. Examples of formal institutional arrangements are laws, policies and
management plans (Huitema et al. 2009). Informal institutional arrangements are unwritten
social rules and norms (Pahl-Wostl 2009). Institutional arrangements often overlap and
reinforce each other, causing them to be inflexible and resistant to change (Cortner et al.
1998). Thus, it can be challenging to identify environmental problems and implement science
informed solutions that do not simply reinforce the status quo (Allen and Gunderson 2011).

Evidence synthesis and adaptive management can be used to help government agencies,
stakeholders and researchers to develop a shared understanding of effective policy options
and actions to manage and restore aquatic ecosystems. This shared understanding can occur
via social learning, which refers to a change in understanding that goes beyond an individual
to become situated within wider communities of practice (Reed et al. 2010). A shared
understanding can be generated from single-loop learning, which occurs when the outcomes
of decisions and actions are evaluated in terms of the way they contribute to meeting goals
and expectations (Armitage et al. 2008; Pahl-Wostl et al. 2007). While double-loop learning
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requires a focus on both changes in the ecological system as well as changes in institutional
arrangements and stakeholder values (Williams 2011a). Triple loop learning occurs when the
underlying values, beliefs world views and protocols that inform environmental decisionmaking are reconsidered (Armitage et al. 2008; Pahl-Wostl et al. 2007). The type of learning
needed to inform environmental decision-making is likely to depend on the nature of the
problem and the broader socio-political context.

Both evidence synthesis and adaptive management are designed to facilitate social learning
required for aquatic ecosystem management and restoration (Nichols et al. 2017b; Williams
2011a). Reed et al. (2008) suggest that to be considered social learning, a process must: (1)
demonstrate that a change in understanding has taken place among participants; (2)
demonstrate that this change goes beyond the individual and becomes situated within wider
communities of practice; and (3) occur through social interactions and processes of those
involved. Reed (2010) also suggests that future research is required to assess the extent to
which social learning occurs in different decision-making contexts, to what extent it is
facilitated by participatory processes and how these processes can be designed. In particular,
a greater understanding is required of the roles that scientists, policy makers, practitioners
and researchers can play in facilitating social learning in different environmental decisionmaking contexts (Blackmore 2007; Reed et al. 2010).

1.4 Thesis outline

Chapter 2 investigates how primary research synthesised using the Eco Evidence method can
inform the planning stage of adaptive management by helping to identify whether flow
alteration was a likely contributor to ecological degradation in the lower Salinas River,
California. The study comprised three stages. I first characterised the type of flow alteration
that has occurred in the lower Salinas River using observed and modelled data. I then
assessed the biological condition of the lower Salinas River using bioassessment data
collected over an 11-year period (1996-2007). Finally, informed by the findings of the first
two stages, I applied Eco Evidence to determine whether there was evidence to support the
hypothesis that flow alteration was a likely contributing stressor of benthic macroinvertebrate
assemblages in the lower Salinas River. I predicted that reduced flow would be associated
with (1) a change in community composition; (2) a reduction in taxonomic richness or
diversity; and (3) a reduction in total abundance, density or biomass. I conclude with a
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discussion of the implications of the findings for the Salinas River’s adaptive environmental
flows program.

Chapter 3 evaluates the utility of rapid evidence synthesis method Eco Evidence for
informing environmental water policy. I applied Eco Evidence with federal practitioners
responsible for developing policy to support refuges for waterbirds during dry periods in the
Murray-Darling Basin. I tested hypotheses related to the effects of changes in inundated
wetland area on waterbird abundance in refuges. The Eco Evidence findings also illustrate the
importance of maintaining several refuge types to support residual populations of waterbirds
during dry periods. Maintaining these refuges with environmental water will help achieve a
basin target to increase waterbird abundance over a period of 10 years. The case demonstrates
the utility of Eco Evidence and how it can be enhanced by combining with expert and
experiential knowledge. The collaborative research approach ensured the synthesis was
considered salient to the policy context and informed the development of the 2017-18 Basin
annual environmental watering priorities.

Chapter 4 investigated practitioners’ perceptions of how evidence synthesis methods such as
Eco Evidence may inform environmental decision-making. I was interested in knowing: (1)
whether their decision-making relied heavily on expert scientific opinion (2) whether there
were circumstances when evidence synthesis could augment or replace expert opinion; (3) the
potential advantages and challenges of using the Eco Evidence for informing environmental
decision-making. I discuss participants responses within the credibility, salience and
legitimacy attributes proposed by Cash. et al (2003). I then propose three recommendations to
assist researchers and practitioners interested in applying evidence synthesis methods to
inform environmental decision-making.

Chapter 5 compares two cases where agencies have implemented adaptive management to
manage and restore aquatic ecosystems. The aim was to understand practitioners’ perceptions
of how institutional flexibility can be created for adaptive management. Practitioners working
in the Murray-Darling Basin, Australia and Southern Florida, United States of America were
interviewed. In both cases, just enough flexibility was created to enable experimentation, but
informal institutional arrangements tended to constrain adaptive management. Adaptive
management was effective when the agency adopted collaborative and distributed leadership,
but these leadership styles were difficult to sustain, and not always appropriate when
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attempting to create institutional flexibility. The results demonstrate how agencies,
stakeholders and researchers can develop a shared understanding of how to manage and
restore aquatic ecosystems, which in turn, helps create institutional flexibility for an agency
to manage adaptively.

Chapter 6 summarises the contribution of my research to theory and the practice of linking
science with environmental decision-making, and my reflections on the research approach. I
conclude recognising that for researchers to play a constructive role in helping society to
solve environmental problems it is critical that they work closely with practitioners and their
stakeholders to provide credible, salient and legitimate ecological and social knowledge. This
knowledge can be used to develop a shared understanding between researchers, management
agencies and their stakeholders of how to manage and restore aquatic ecosystems.

Figure 4 Outline of thesis structure
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CHAPTER 2: INTEGRATING RIVER ASSESSMENT TOOLS TO UNDERSTAND
THE LIKELY ECOLOGICAL EFFECTS OF FLOW ALTERATION AND INFORM
ADAPTIVE MANAGEMENT

In this chapter I demonstrate how scientific knowledge can be synthesised to identify a likely
cause an environmental problem relevant for environmental decision-making. I worked on
this case study during a work placement at the Office of Research and Development, National
Center for Environmental Assessment, US Environmental Protection Agency, Arlington,
Virginia.

2.1 Introduction

Balancing consumptive water demands while maintaining the biodiversity and integrity of
river ecosystems is a key challenge for contemporary water resource management (Dalin et
al. 2015; Overton et al. 2014; Palmer and Bernhardt 2006). Pressures on river ecosystems are
increasing with human population growth, economic activity, land-use alteration and climate
change (Dudgeon et al. 2006). Human activities are altering the flow regimes (i.e. magnitude,
frequency, duration, timing and rate of change) of rivers around the world often leading to
ecological impairment (Bunn and Arthington 2002; Carlisle et al. 2011; Naiman and
Dudgeon 2011; Poff et al. 1997; Rosenberg et al. 2000). Restoration of river ecosystems is
required if they are to provide clean water, consumable fish, wildlife habitat, healthier coastal
waters and other goods and services (Arthington et al. 2010; Palmer and Bernhardt 2006).

An understanding of causal relationships between environmental stressors (e.g. flow
alteration) and ecological responses is required to manage and restore the integrity of river
ecosystems (Nichols et al. 2017a). However, the complexity of river ecosystems makes it
difficult to determine the components of an altered flow regime that are directly responsible
for observed ecological effects (Bunn and Arthington 2002). Natural variability, multiple
stressors, the difficulty of performing rigorous experiments, and the time and money required
to undertake such studies all add to the challenge of attributing causation (Nichols et al.
2017a; Norris et al. 2005). Methods and tools have been developed to overcome these
challenges by synthesising scientific evidence in a way that can be used by practitioners to
inform their decision context (Cook et al. 2017; Pullin et al. 2016). These include rapid forms
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of evidence synthesis for time and budget-limited applications (Webb et al. 2017), which is
common in environmental management.

Eco Evidence is a rapid evidence synthesis method developed for the natural sciences that
employs a form of causal criteria analysis (hereafter Eco Evidence analysis). The method was
developed drawing on the experience of epidemiologists who faced difficulties in attributing
causation (Norris et al. 2012). Eco Evidence is designed to strengthen existing decisionmaking frameworks (e.g. adaptive management) by improving the rigor, transparency, and
effectiveness of how scientific evidence is used to inform decisions (Nichols et al. 2017a).
The method enables an investigator to systematically review primary research for one or
more cause–effect hypotheses to assess the level of support for a hypothesised management
problem. While scientific uncertainty cannot be entirely eliminated because of the complexity
of ecological systems (Allen and Gunderson 2011; Fazey et al. 2004), Eco Evidence enables
scientific evidence to be collated and assessed to identify, and depending on the evidence
available, reduce ecological uncertainty (Nichols et al. 2017a). In instances where there is a
lack of scientific evidence on a specific topic (Fazey et al. 2005b), Eco Evidence will help
identify the knowledge gap. Thus, Eco Evidence findings can provide important ecological
information to inform the design of management actions to reduce ecological uncertainty,
which is an objective of adaptive management (Holling 1978; Rist et al. 2013b; Walters
2007; Williams 2011a).

Eco Evidence has been used by researchers to conduct systematic reviews that have improved
our understanding of ecological responses to flow alteration (Webb et al. 2013; Webb et al.
2012a). Published systematic reviews using Eco Evidence have provided insights into the
effects of flow alteration on riparian and wetland plants, vegetation encroachment into
regulated river channels, and macroinvertebrate assemblages (Greet et al. 2011; Miller et al.
2013; Norris et al. 2005; Webb et al. 2013; Webb et al. 2012b). Eco Evidence can also be
used to identify the most likely cause(s) of an observed environmental problem at a site such
as flow alteration (Nichols et al. 2017a).

Flow alteration is widespread in California (Zimmerman et al. 2017), but is often not
recognised as a stressor under the Clean Water Act. California’s Salinas River is an example
where flow alteration has been identified (Grantham et al. 2014). A recent assessment of the
biological condition of sites along the Salinas River found they were in poor and very poor
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condition (PSA 2015). Areas of the lower Salinas catchment are listed as impaired
waterbodies under section 303(d) of the Clean Water Act. Impaired water bodies are those
which do not fully support all their designated beneficial uses, of which there are 12
beneficial uses listed for the lower Salinas River, including freshwater replenishment,
freshwater habitat, its capacity to provide for migration of aquatic organisms, fishing and
other non-contact water recreation. At the time of this study flow alteration in the lower
Salinas River was not listed as a stressor under the Clean Water Act. If flow alteration was
listed, it would provide impetus for the state government to employ watershed restoration
tools and approaches to help support its beneficial uses (USEPA 2015). These restoration
tools could be used to complement the existing flow prescription for fish passage (i.e.
environmental flow rule) in the lower Salinas River, which uses an adaptive management
approach.

This study’s aim is to investigate how primary research synthesised using the Eco Evidence
method can inform the planning stage of adaptive management by helping to identify whether
flow alteration was a likely contributor to ecological degradation in the lower Salinas River.
To meet this aim, I carried out the study in three stages. I first characterised the type of flow
alteration that has occurred in the lower Salinas River, California using observed and
modelled data. I then assessed the biological condition of the lower Salinas River using
bioassessment data collected over an 11-year period (1996-2007). Finally, informed by the
findings of the first two stages, I applied Eco Evidence to determine whether there was
evidence to support the hypothesis that flow alteration was a likely contributing stressor of
benthic macroinvertebrate assemblages in the lower Salinas River. I predicted that reduced
flow would be associated with (1) a change in community composition; (2) a reduction in
taxonomic richness or diversity; and (3) a reduction in total abundance, density or biomass. I
conclude with a discussion of the implications of the findings for management and restoration
of the Salinas River.

2.2 Methods

2.2.1 Study area

The Salinas River flows 280km from central San Luis Obispo into Monterey Bay. It is the
third-longest river that flows entirely within California with a catchment covering an area of
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11,000km2 (Fig. 5, Farnsworth and Milliman 2003). The catchment has a Mediterranean
climate receiving almost 90% of its annual rainfall between November and April (Farnsworth
and Milliman 2003). The Salinas is known as the ‘upside down river’ because it flows south
to north and naturally flowed underground in some reaches during summer–autumn months
(Carter and Resh 2005). Historically, the river did not completely or consistently cease to
flow in the summer, but flow was sufficiently low for much of the active channel comprising
sand to become exposed with pools fed by hyporheic flow (Beller et al. 2009).

The Salinas catchment is America’s salad bowl. Agriculture is the dominant land use with
large areas cultivated year-round in row crops (Anderson 2000; Anderson et al. 2006).
Groundwater is the main source of consumptive water in the catchment. Water-right
allocations are estimated to be 239% of the catchment’s mean annual runoff (10 year rolling
average, excluding water rights for hydropower) (Grantham and Viers 2014). Groundwater
overdraft has long been an issue in the catchment, particularly during periods of drought
when there is reduced recharge and increased evapotranspiration, which has led to the
intrusion of saline ocean water into the aquifer (Carter and Resh 2005; Thompson and
Reynolds 2002).

The Salinas River and its two main tributaries, the Nacimiento River and San Antonio River,
are managed for multiple objectives including, hydroelectricity, water supply (largely
agricultural), flood protection and fish passage (Fig. 5). River flows are regulated by the
Salinas Dam (Santa Margarita Lake), Nacimiento and San Antonio dams, which reverse the
river’s normal seasonal hydrologic patterns (Carter and Resh 2005). One the main operational
objectives of the Nacimiento and San Antonio dams is to maximise groundwater recharge in
the reaches upstream of the Spreckels gauge (11152500) located in the lower Salinas River.
The Salinas River Diversion Facility (i.e. an inflatable dam) located 5 miles upstream of the
Salinas River lagoon became operational in 2010 to capture water releases from the upstream
dams (MCWRA 2017). This initiative is designed to help stop seawater intrusion into the
aquifer by providing an alternative water supply for irrigation, reducing groundwater
extraction during peak agricultural demand periods (MCWRA 2017).
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2.2.2 Data analysis

Characterising the extent of flow alteration

To help characterise changes in the flow regime, I developed flow duration curves for the
lower Salinas River (USGS gauge 11152500) upstream of a biological assessment site (309
Davis, Fig. 5). There is a storm drain that flows into the Salinas River between the Spreckels
gauge and 309 Davis, which would influence the hydrology at the bioassessment site.
Notwithstanding, flow at the Spreckels gauge provides a useful indication of the flows likely
to have occurred at 309 Davis. For the purposes of this study, three periods of water resource
development were identified to help understand changes to the river’s natural flow regime.
During the first period, from 1929-1957, the Salinas Dam (1942) became operational, but has
limited influence on the hydrology of the lower Salinas because of its location in the upper
catchment (Fig. 5). During the second period, 1958-1989 the Nacimiento (1958) and San
Antonio (1965) became operational and irrigation grew markedly. The third period coincides
with a change in irrigation technology and practice, which has led to more efficient water use
(1990-2014).

Flow duration curves were also developed for a largely unregulated tributary, the Arroyo
Seco River at a gauge upstream of the agricultural area in the lower Salinas catchment
(USGS gauge 11152000, Fig. 5). The Arroyo Seco gauge also has a long flow record, which
helped to distinguish between hydrological changes associated with variations in climatic
conditions and changes associated with water resource development and river regulation over
the three periods. Annual rainfall from measurements taken at the Salinas Municipal Airport
were plotted against mean annual flows to help identify climatic variation that would explain
hydrological changes of the three periods.

Monthly natural flows were predicted for the Spreckels gauge using the Californian stream
alteration tool (Zimmerman et al. 2017) to help characterise flow alteration in the lower
Salinas River. The model enables monthly observed flows to be compared with predicted
monthly flows, to help understand the frequency and magnitude of flow alteration. Flow at a
gauge was considered altered if an observed flow metric (mean, maximum or minimum) was
outside of the 80% prediction interval of the modelled flow estimate (Zimmerman et al.
2017).
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Establishing biological condition

Macroinvertebrate data from site 309 Davis in the lower Salinas River was provided by the
Central Coast Water Quality Control Board from sampling undertaken in spring and early
summer as part of the Central Coast Ambient Monitoring Program. The samples were
collected following the California Stream Bioassessment Procedure for low gradient streams
where riffle and pool sequences are not apparent (Worcester et al. 2000). The
macroinvertebrate data were used to calculate the California Stream Condition Index (CSCI).
The CSCI is a state-wide biological scoring tool that uses benthic macroinvertebrate data as
an overall measure of stream health (Mazor et al. 2016). The CSCI compares observed taxa
and metrics to values expected under reference conditions based on site-specific landscapescale environmental variables, including catchment area, geology and climate (Mazor et al.
2017). The CSCI combines two types of index that each provides unique information about
the biological condition at a stream: a multi-metric index (MMI) that measures ecological
structure and function, and an observed-to-expected (O/E) index that measures taxonomic
completeness. The CSCI scoring comprises four categories of biological condition: ≥0.92 =
good condition; 0.91 to 0.80 = fair condition; 0.79 to 0.63 = poor condition; ≤0.62 = very
poor condition (Mazor et al. 2016). The landscape variables and R script used to calculate the
CSCI for the site were provided by the California Department of Fish and Wildlife and
Southern California Coastal Water Research Project.
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Figure 5 The Salinas River catchment.
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Rapid evidence synthesis

I conducted the rapid evidence synthesis, which comprises a systematic review and causal
criteria analysis (hereafter Eco Evidence analysis), following the eight step Eco Evidence
method (Fig. 6) (Norris et al. 2012). A full description of the method can be found in the Eco
Evidence methods manual (Nichols et al. 2011) and below I explain how it was used for this
study.

Figure 6 Eight step Eco Evidence method (reproduced from Norris et al. 2012).

Problem formulation (Steps 1-4, Step 6)

The first step involved developing an overall question for the Eco Evidence investigation,
which was ‘Does flow alteration affect macroinvertebrate assemblages in the lower Salinas
River?’ This step is the most important and in a real-world environmental decision-making
context and would need to be framed with those required to use the Eco Evidence review
outputs to inform a decision. This participatory approach should be designed so that potential
causes and associated risks are considered, and to guard against theory tenacity whereby a
theory is favoured before relevant evidence is considered (Loehle 1987).
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The second step involved describing important contextual factors to help identify published
studies relevant to the assessment. This step of the assessment requires prior knowledge and
expertise within the field of application, a situation that is not dissimilar to a traditional
narrative review of the literature (Nichols et al. 2011). Primary research that investigated the
effects of natural and artificial reductions in river flow on macroinvertebrate assemblages
were considered relevant for the literature review. These studies comprised experimental
studies, short and longer-term field studies, and analyses of long-term bioassessment data.
Primary research into the effects of hydropeaking on macroinvertebrates were omitted from
the Eco Evidence analysis because this type of flow alteration was not considered relevant for
the lower Salinas River. I was interested in the response of benthic macroinvertebrate
assemblages so studies that only sampled the hyporheic zone were also omitted from the Eco
Evidence analysis. The literature review was not geographically constrained.

The third step involved developing a conceptual model of the ecological effects of reduced
flows on macroinvertebrate assemblages. Step three was informed by the hydrological
analysis, the CSCI results and narrative literature reviews (Fig. 7). The hydrological analysis
identified the components of the flow regime that the sub-hypotheses should be based. The
CSCI results identified that changes in macroinvertebrate composition, including taxonomic
composition should also form the basis for the sub hypotheses identified in the conceptual
model. The model was revised during the literature review consistent with step 6 of the
method and during these iterations sub-hypotheses were grouped (e.g. taxonomic richness
and diversity). Potential interactions between flow alteration and 303(d) listed pollutants,
such as pesticides, were acknowledged in the conceptual model, but considered outside the
scope of this analysis, which focused specifically on flow alteration as the stressor. Based on
the conceptual model I hypothesised that:

1. Reduced flow is associated with a change in macroinvertebrate composition

2. Reduced flow is associated with a reduction in taxonomic richness or diversity

3. Reduced flow is associated with a reduction in total abundance, biomass or density
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Figure 7 Predicted effects of water resource development and river regulation on macroinvertebrate assemblages in the lower Salinas
River, California. The broken line represents potential interactions between an altered flow regime and other stressors listed under
Section 303(d) of the Clean Water Act that were outside the scope of this analysis.
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Literature review and evidence extraction (Step 5)

The published literature was searched using specific terms (Table 1) and from reference lists
of relevant papers, including narrative literature reviews that describe the effects of reduced
flows on macroinvertebrate assemblages (Dewson et al. 2007c; Hershkovitz and Gasith 2013;
Resh et al. 2013; Rolls et al. 2012). For a study to be considered relevant for the Eco
Evidence analysis, it had to test for a statistical relationship between reduced flow and
macroinvertebrate response. Evidence items from relevant studies were extracted following
the Eco Evidence methods manual (Nichols et al. 2011), and entered into the online Eco
Evidence database (Webb et al. 2015). Evidence items identified from studies that
investigated associations between reduced flow (the causal factor) and a change in
macroinvertebrate assemblages (the ecological effect), including the response trajectories
(increase, decrease, change or no change) were recorded. In instances where more than one
ecological effect (e.g. abundance and density) was reported, the effect that explained the most
variation was selected so that the same ecological effect was not included twice or more in
the assessment.

Table 1 Search terms used in the initial search using Web of Science to identify relevant
literature.
Search terms

Search hits

Macroinvertebrate AND dewater*

37

Macroinvertebrate AND artificial* intermittent

14

Macroinvertebrate AND river regulation AND low flow

48

Macroinvertebrate AND drought

179

Total after duplicates removed

142

* Asterisks are wildcards to represent any group of characters

Weighting evidence and judging causation (Steps 7-8)

The Eco Evidence desktop analysis software was used to catalogue and sum the individual
evidence items that supported and refuted each hypothesis to assess the overall support for
each hypothesis. The default Eco Evidence threshold of 20 summed points was used to assess
support for each hypothesis (Table 2; see Nichols et al. 2011 for a full description). Each
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evidence item is weighted based on the inferential ability of the study’s experimental design
and the level of replication. While there is flexibility to adjust the threshold value, the default
weighting and threshold values used were consistent with previous applications of the method
that investigated relationships between components of flow and ecological response (Barlow
et al. 2005; Greet et al. 2011; Miller et al. 2013; Webb et al. 2013). Finally, the conclusions
for each cause effect hypothesis were considered collectively to answer the overall question.
Importantly, to reach a conclusion for the overall question [i.e. Does flow alteration affect
macroinvertebrate assemblages in the lower Salinas River?] does not require that evidence
provide support for all the hypotheses tested provided there is sufficient evidence to support
some of the causal pathways identified in the concept model (Fig. 7) (see Norris et al. 2012).

Table 2 Evidence weightings used to assess
Evidence supporting
≥ 20

Evidence refuting
< 20

Conclusion
Support for hypothesis

< 20

< 20

Insufficient evidence

≥ 20

≥ 20

Inconsistent evidence

< 20

≥ 20

Support for an alternative hypothesis

2.3 Results

2.3.1 Characterising the extent of flow alteration

The most apparent change in the lower Salinas River’s flow regime over the three periods of
water resource development occurred in the low flow hydrology (defined as <1ft3/s, Fig 8).
Flows exceeded 1ft3 sec between 77 and 95% of the time during the two earlier periods, but
only around 50% of the time during the most recent period (Fig. 8). This change in the low
flow hydrology was not observed in the Arroyo Seco River with flow exceeding 1ft3/s
between 82 and 88% of the time over the three periods (Fig. 9). The frequency of flows
between 10-100ft3/s also varied across the three periods in the lower Salinas River (Fig. 8),
but not in the Arroyo Seco River (Fig. 9). Cease to flow and low flow days in the lower
Salinas River were typically inverse to annual rainfall between 1929-1957 with a total of 471
cease to flows days occurring during this period (Fig. 10, Fig. 11). No cease to flow days
were recorded between 1958-89. The total number of cease to flow days between 1990-2014
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was 3980 days, almost half of the period. The longest cease to flow spell of 350 days
occurred in 1991 during drought.

Figure 8 Lower Salinas River flow duration curves for three periods of water resource
development (USGS gauge 11152500).

Figure 9 Arroyo Seco River flow duration curves for three periods of water resource
development (USGS gauge 11152000).
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Figure 10 Annual number of cease to flow days at the Spreckels gauge between 19292014.

Figure 11 Annual number of cease to flow and low-flow days at (a) USGS gauge
11125200 on the Salinas River near the city of Spreckels

The magnitude of flow depletion compared to the modelled natural flow at the Spreckels
gauge was assessed as severe (i.e. observed flow was <10th percentile expected), but
infrequent (i.e. alteration occurs >0 and <1/3 of the time, Fig. 12). Flow alteration at two
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gauges located upstream of Spreckels gauge were assessed as severe and frequent because of
the seasonal flow inversion created by the dam releases designed to maximise groundwater
recharge upstream (not shown in Fig. 12). The modelled mean expected monthly flow was
always greater than zero at the Spreckels gauge. The observed receding limb of the
hydrograph was always more severe than the modelled limb again reflecting the storage and
release patterns from the upstream dams.

Figure 12 Observed flows compared with modelled flows (if there were no diversions) at
the Spreckels gauge (1152500) between October 1995 and June 2007 (produced using
the California Stream Alteration tool developed by Zimmerman et al 2017). Arrows
indicate when macroinvertebrate samples were collected at 309 Davis.

2.3.2 Establishing biological condition

The biological condition of the lower Salinas River between 1996 and 2007 was assessed as
very poor in all but two years, 1996 and 2002, where it was in good condition (Table 3). The
number of taxa expected for the site was 32 based on reference sites (i.e. less disturbed) with
the observed taxa richness ranging from six in 2005 to 33 in 2002 (Table 3). Traits of
numerically dominant taxa found in all years were small bodied, short lived with a preference
for slow flowing water and fine sediment with Oligochaete and/or Chironomidae numerically
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dominant in all years (Fig. 13 and Appendix 4). The greatest percent of environmentally
sensitive taxa, Ephemeroptera, Plecoptera, and Trichoptera (EPT), were found in 1996,
including Leucrocuta, Paraleptophlebia, Tricorythodes, Bisancora, Calineuria, Malenka,

Sweltsa, Gumaga, Hydropsyche and Lepidostoma and Rhyacophila. Some Ephemeroptera,
largely Baetis, were found in most years unlike Trichoptera and Plecoptera, which were
rarely found in most other years. Pollution tolerant taxa such as Corixidae and Ostracoda
were numerically dominant in the group presented as ‘Other’ between 1999-2007 (Fig. 13).

Table 3 California Stream Condition Index scores at 309 Davis: ≥0.92 = good condition,
0.91 to 0.80 = fair condition, 0.79 to 0.63 = poor condition, ≤0.62 = very poor condition.
EPT per cent taxa is the observed percent of Ephemeroptera, Plecoptera, and
Trichoptera taxa. O/E is a ratio of observed-to-expected taxa.
Year

1996

1999

2000

2001

2002

2004

2005

2006

2007

CSCI

0.98

0.56

0.36

0.38

1.09

0.16

0.35

0.23

0.33

EPT per cent
taxa

40

28

17

5

41

0

33

33

6

O/E

1

0.52

0.29

0.34

1.23

0.1

0.19

0.1

0.36

Taxonomic
richness

27

15

12

11

33

11

6

9

10
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Figure 13 Relative abundance of macroinvertebrate taxonomic groups from samples
collected between 1996-2007.

2.3.2 Rapid evidence synthesis

A total of 142 published studies were identified from the search of the literature (Table 1). Of
these studies, 27 were considered relevant to the overall question (Table 4), comprising 10
BACI designs, four temporal gradient studies, six control/impact designs, five before/after
(no control) and two after impact only studies. A total of 37 evidence items were extracted
from these studies, which provided evidence supporting and refuting the three hypotheses
with some studies providing evidence for more than one hypothesis (Table 4). The summed
weights of the studies that supported and refuted each hypothesis along with the Eco
Evidence conclusion are in Table 5.

There was strong evidence to support the first hypothesis with 15 out of 16 studies providing
supporting evidence that reduced flow is associated with a change in macroinvertebrate
composition (Table 5). There was evidence to support the second hypothesis that reduced
flow is associated with a reduction in taxonomic richness or diversity with nine of the 11
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studies providing supporting evidence (Table 5). Finally, there was inconsistent evidence for
the third hypothesis that reduced flow is associated with a reduction in abundance, biomass or
density with four of the 11 studies supporting the hypothesis (Table 5). Overall, with two of
the three hypotheses providing sufficient evidence to support the causal pathway, the
conclusion was that flow alteration is likely to affect macroinvertebrate assemblages in the
lower Salinas River.
Table 4 Studies used in the Eco Evidence analysis.
Causal factor
↓ flow Δ community

References
(Bêche et al. 2009; Bêche and Resh 2007; Bond et al.

composition

2012; Bradley et al. 2014; Carlisle et al. 2011;
Chessman 2009; Chessman 2015; Dewson et al. 2007a;
Hille et al. 2014; James and Suren 2009; Ledger et al.
2011; Pace et al. 2013; Scholl et al. 2016; Thomson et
al. 2012; Verdonschot et al. 2015; Walters 2011)

↓ flow ↓ taxonomic richness

(Acuña et al. 2005; Carlisle et al. 2014; Growns and

and/or diversity

Growns 2001; Hille et al. 2014; Ledger et al. 2012;
McElravy et al. 1989; McKay and King 2006; Miller et
al. 2007; Walters and Post 2011)

↓ flow ↓ total abundance,

(Bêche et al. 2009; Bêche and Resh 2007; Carlisle et al.

biomass and/or density

2014; Dewson et al. 2007a; Dewson et al. 2007b; Hille
et al. 2014; James and Suren 2009; Ledger et al. 2012;
Rader and Belish 1999; Walters and Post 2011; Wills et
al. 2006)
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Table 5 Results of the Eco Evidence analysis of each sub-hypotheses from the
conceptual model. The number of studies that contributed to the evidence score are in
brackets.
Causal factor

Evidence
items

Evidence score
Conclusion
Supporting Refuting

↓ flow Δ composition

14

95(15)

5(1)

Support for
hypothesis

↓ flow ↓ taxonomic richness

12

57(7)

16(2)

and/or diversity
↓ flow ↓ total abundance,

Support for
hypothesis

11

29(4)

54(7)

biomass and/or density

Inconsistent
evidence

2.4 Discussion

This study’s aim is to investigate how primary research synthesised using the Eco Evidence
method can inform the planning stage of adaptive management by helping to identify whether
flow alteration was a likely contributor to ecological degradation in the lower Salinas River.
The hydrological analysis demonstrated how the lower Salinas River’s natural flow regime
was altered, particularly low flow and cease-to-flow periods. The ‘very poor’
macroinvertebrate community in most years was numerically dominated by taxa that are
pollution tolerant with a preference for fine substrate and slow flowing water. The results of
the Eco Evidence analysis provide sufficient evidence to support the hypothesis that flow
alteration had likely contributed negatively to the macroinvertebrate community in the lower
Salinas River, affecting its beneficial uses listed under the Clean Water Act. The findings
help to characterise a management (i.e. flow alteration) and ecological problem, which are
important elements in the planning stage of adaptive management.

2.4.1 Characterising the extent of flow alteration

High seasonal and inter-annual variability is feature of Mediterranean climate river flow
regimes (Gasith and Resh 1999; Hershkovitz and Gasith 2013). This hydrological variability
was apparent during the three stages of water resource development. However, changes in the
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low flow hydrology observed in the lower Salinas River during the three periods of water
resource development were not apparent in the largely unregulated Arroyo Seco River
suggesting that climatic variability was not the main driver of the observed changes. The
lower Salinas River was perennial during the first two periods of water resource development
only ceasing to flow in five of the years. Return flows from agricultural drain water would
likely have contributed to low flows, particularly during the second period, with the increase
in irrigated agriculture in the catchment (Thompson and Reynolds 2002). Contrastingly, the
stream was intermittent (i.e. ceased to flow) in all years during the most recent period of
development. During this period there was a change in water use with irrigation changing
from less efficient sprinkler and furrow irrigation to efficient drip irrigation methods
(Thompson and Reynolds 2002). This new technology and improved practice would likely
have reduced the contribution irrigation drain water to the lower Salinas River, but this would
likely have been offset by increased recharge of the aquifer from the river because of
increased water resource development.

The results of this study build on previous research that has investigated flow alteration in the
Salinas River (Farnsworth and Milliman 2003; Grantham et al. 2014; Zimmerman et al.
2017). This study’s findings demonstrate how the effects of river regulation and water
resource development were most pronounced in the low flow and cease to flow components
of the hydrology, similar to many other perennial rivers around the world that now
experience intermittent flow (Datry et al. 2014). Upstream of the Spreckels gauge, the river
experiences seasonal flow inversion because of the release patterns from the dams (Carter
and Resh 2005), which has been characterised as severe (i.e. observed flow was <10th
percentile expected) and frequent (i.e. alteration occurred ≥2/3 of the time) (Zimmerman et
al. 2017). Water resource management challenges in Californian catchments, including the
Salinas, are increasing with its growing population and role as one of the world’s leading
agricultural producers (Ode et al. 2011). Climatic conditions during the recent drought
highlight this increasing challenge with the Salinas River ceasing to flow at the Spreckels
gauge for all but two days between November 2013 and January 2017, 1155 days in total
(USGS 2018). The lower Salinas River is unlikely to maintain all its beneficial uses if cease
to flow events such as this become a feature of the flow regime during periods of drought.
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2.4.2 Establishing biological condition

The condition of lower Salinas macroinvertebrate assemblage was assessed as ‘very poor’ in
most years. A recent state-wide assessment found that most other Californian rivers and
streams in areas where agriculture was the dominant land use were also in very poor
condition (see PSA 2015). Overall the community composition was numerically dominated
by taxa tolerant of low flow conditions and pollution. The two years that the site was assessed
to be in good condition coincided with large natural hydrological disturbances, which are
integral for maintaining intact aquatic ecosystems and biodiversity (Lytle and Poff 2004).
The first large-scale disturbance, the most severe flooding on record, occurred in 1995
(Anderson 2000), transported up to three million tons of sediment a day from the Salinas
catchment into Monterey Bay (Johnson et al. 2001). No oligochaetes were found in the
macroinvertebrate samples the following year. This taxon is more prevalent during dry years
in California streams (Bêche and Resh 2007) and may have taken some time to re-establish
following the large-scale flooding, which would have scoured much of its preferred habitat.
The second disturbance occurred in 2002, with the Salinas Municipal Airport recording the
lowest annual rainfall over the three periods of water resource development (Fig. 10). During
this year the highest number of taxa were found, which may be associated with short-term
flow reduction where macroinvertebrates congregate in the limited available habitat (Walters
and Post 2011). Thus, natural hydrological disturbances may override or mask the effect of
water resource development and river regulation on the macroinvertebrate composition in
some years.

2.4.3 Rapid evidence synthesis

1. Reduced flow is associated with a change in macroinvertebrate composition

The Eco Evidence analysis provided supporting evidence for the hypothesis that community
composition would likely have changed in response to reduced flow at 309 Davis with some
studies reporting responses to drying thresholds. One mesocosm experiment found no change
in composition with low ‘flow disturbance’ (i.e. 6 days of cease to flow every 99 days for 7
cycles) but did find a change in composition with high ‘flow disturbance’ (6 days of cease to
flow every 33 days for 20 cycles, Ledger et al. 2012). Two other experimental studies where
flow was artificially reduced found no differences in the composition of control and
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stagnation (i.e. loss of flow) treatments. However, there were marked composition changes in
the treatments subject to drying and pool formation (Hille et al. 2014; Verdonschot et al.
2015). One study attributed the loss in taxonomic richness to deteriorating water quality
(Verdonschot et al. 2015). Current velocity and amount of deposited organic material
explained most of the change in the second study (Hille et al. 2014). Macroinvertebrate
response to reduced flow also depends on the initial community composition. For example,
some studies have shown that in degraded habitats, where taxa are already tolerant of
environmental change, flow reduction did not result in any change to community composition
(Dewson et al. 2007a; James and Suren 2009).

The taxa that respond negatively to reduced flow have traits such as larger body size with
longer life cycles, absence of atmospheric respiration, are associated with fast-flowing water,
and are sensitive to increased water temperature (Chessman 2009; Chessman 2015; Ledger et
al. 2011). Taxa with these traits were rare at 309 Davis. Taxa that respond positively were
small and short-lived, had a preference for fine-grained substrates and slow-moving currents,
as well as having the ability to temporarily leave the aquatic environment (Carlisle et al.
2011; Ledger et al. 2011; Ledger et al. 2012; Pace et al. 2013). These taxa include
chironomids and worms, which were numerically dominant at 309 Davis. Most of the EPT
taxa found at 309 Davis are associated with depositional and erosional habitats and have an
ability to survive desiccation (Poff et al. 2006). Change in community composition in
response to reduced flow may persist with changes in the physical habitat (Bêche et al. 2009;
Bêche and Resh 2007) where the composition shifts from one relatively stable state to
another (Resh et al. 2013). Overall, the Eco Evidence analysis provides compelling evidence
that reduced flows, particularly the creation or extension of cease-to-flow periods, are likely
to lead to changes in the composition of benthic macroinvertebrates.

2. Reduced flow is associated with a reduction in taxonomic richness and/or diversity

The Eco Evidence analysis provided supporting evidence for the hypothesis that taxonomic
richness would likely reduce in response to reduced flow, which was consistent with the
macroinvertebrate data from 309 Davis where fewer taxa than expected were observed in
most years. Of the studies that supported the hypothesis, several attributed a reduction in
taxonomic richness or diversity directly to flow thresholds. Severe base-flow reductions were
associated with a loss of EPT taxa (Carlisle et al. 2014). While reduced diversity (i.e.
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Shannon-Wiener) occurred with the onset of cease to flow conditions where rheophilic taxa
were replaced by lentic taxa and there was an increase in predation pressure (Acuña et al.
2005). Other supporting studies attributed changes in richness to interacting thresholds of
reduced flow and increased temperature (Ledger et al. 2012), conductivity (Verdonschot et al.
2015), and/or reduced dissolved oxygen (Acuña et al. 2005). Even where other contributing
factors are present, a reduction in taxonomic richness can be attributed to both low flows per
se with changes in the availability and quality of habitat, along with predation pressure and
the enhancement of effects from other stressors such as pesticides.

Two BACI designed experimental studies of reduced flow found no change in taxonomic
richness with reduced flow in the short term (Walters and Post 2011). One of these studies
found that taxonomic richness was maintained, and that density increased because some of
the habitat was still available under short-term flow reductions of up to 80%. In that case, the
experimental flow decrease did not increase water temperature or decrease water quality
(Walters and Post 2011) and a macroinvertebrate concentration effect may have occurred
prior to sampling. At 309 Davis in 2002 during the lowest rainfall year on record a similar
situation may have occurred. However, if 309 Davis was acting as refugial habitat, it was not
sustained with very few taxa found in 2004 following two years of low flows at the site. The
second BACI study did not find a change in taxonomic richness, but the community
composition did change and was attributed to reduced current velocity and amount of
deposited organic material (Hille et al. 2014). Thus, taxonomic richness may be reduced or
maintained despite a change in community composition. In some instances, short term flow
reductions may not have a negative effect if there is some available habitat and water quality
is maintained in the short term. However, the fewer number of taxa than expected at 309
Davis suggests that there was not suitable habitat and/or sufficient water quality to maintain
taxonomic richness in most years.

3. Reduced flow is associated with a reduction in total abundance, biomass or density

The Eco Evidence analysis findings illustrate how the total abundance, biomass or density of
macroinvertebrates can change in response to reduced flow during naturally dry periods and
with artificially reduced flow. Of the studies that supported the hypothesis, one found that
insect biomass and density reductions were associated with artificially reduced flow, but
biomass reduction was greater because of the loss of habitat area (Walters and Post 2011).
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Another study found that total density was significantly higher with 50% artificial flow
reduction than the control, but then was significantly lower when flow was reduced by 90%
(Wills et al. 2006). Another study found densities remained unchanged when flow was
reduced by 25% but declined in channels with flow reductions between 58-98% (James and
Suren 2009), however, this change in density was not evident after 2 months. The authors
suggested that the return to pre-treatment density was either because of some species
tolerance, new individuals had been able to colonise, or that increased periphyton biomass
supported more individuals (James and Suren 2009).

Of the six studies that did not support the hypothesis, one suggested that response of
macroinvertebrates to short term discharge reduction (i.e. 89-98%) was to accumulate in the
reduced available area (Dewson et al. 2007b). When flow reduction was extended at the same
sites over one year, the density of EPT was reduced in a pristine stream but did not change at
the site with the poorest water quality because it comprised a less sensitive community before
flow was artificially reduced (Dewson et al. 2007a). In some instances, total abundance may
increase because of shifts in the numerical dominance of some drought and pollution tolerant
taxa, including chironomids and oligochaete worms, which can occur during naturally dry
years, and with artificially reduced flows (Bêche and Resh 2007; Rader and Belish 1999).
Overall, the inconsistent evidence among studies can be attributed to differences in the
magnitude and duration of reduced flows, differences between macroinvertebrate
assemblages before flow reduction, differences in water quality and differences in physical
habitat and water quality between sites.

2.4.4 Distinguishing flow alteration from other stressors in the catchment

Artificially intermittent rivers are often located in developed catchments where other
stressors such as agricultural contaminants can also affect their ecological function or
biodiversity (Datry et al. 2014). For example, pesticides in agricultural drain water have been
identified as a stressor negatively affecting macroinvertebrate assemblages in the lower
Salinas catchment (Anderson et al. 2003; Anderson et al. 2006). Distinguishing between the
direct effects of an altered flow regime and effects associated with other stressors [e.g.
pesticides] is a major challenge for the natural sciences (Bunn and Arthington 2002).
Attempting to distinguish between the effects of flow alteration from other stressors was not
necessary in this case because there is regulatory mechanism (i.e. TMDLs) already in place to
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mitigate the ecological risks of 303(d) listed stressors such as pesticides. Ongoing monitoring
is in place to identify any new stressors that may be required with changes in agricultural
practice (Anderson et al. 2018). The Eco Evidence analysis findings provide evidence that
flow alteration was also a likely contributing stressor in the lower Salinas River, which would
affect its beneficial uses.

This study focused on determining whether flow alteration was acting as a stressor in the
lower Salinas River. Thus, it was important to develop a clearly formulated question and use
systematic and explicit methods to identify, select, critically appraise, extract and analyse
data from relevant research, all of which are characteristics of a systematic review (Fazey et
al. 2004). These characteristics distinguish systematic reviews from traditional narrative
reviews of the literature, which are prone to selection bias, lack details in the methods used to
search for studies and do not assess the relevance of studies or consider the quality of the
original experiments (Doerr et al. 2015; Roberts et al. 2006). Given the potential policy and
management implications of the overall research question it was imperative that a systematic
review method was adopted. It was also critical that I tested hypotheses directly relevant to
the management context. By integrating the hydrological and biological assessments with the
systematic review I was able to mitigate the risk of testing hypotheses that were not relevant
to the management context.

2.4.5 Implications for management of the Salinas River

The three dams in the Salinas catchment have been identified as a priority for environmental
flow management based on evidence of flow alteration and native fish impairment (Grantham
et al. 2014). This study’s findings provide further evidence that flow alteration is likely to
have contributed to the biological impairment of macroinvertebrate assemblages in the lower
Salinas River. These multiple lines of evidence provide a basis for the State government to
employ watershed restoration tools to address flow alteration consistent with Category 4C of
the Clean Water Act (USEPA 2015). Any restoration initiative would require an expansion of
the existing environmental flows program (i.e. flow prescription), which currently only
considers the migration of an endangered fish, Oncorhynchus mykiss (commonly known as
steelhead), to and from the lower Salinas River Basin (MCWRA 2005)
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At the time of this study flow alteration in the lower Salinas River was not listed as a stressor
under the Clean Water Act but can be under Category 4C. While Total Maximum Daily
Limits (TMDLs) are not required for waterbody impairments assigned to Category 4C, State
governments can employ watershed restoration tools and approaches to address the source of
impairment (USEPA 2015). The United States Environmental Protection Agency and United
States Geological Survey have developed a framework for quantifying flow targets to protect
aquatic life, which comprises three phases (Novak et al. 2017). These flow targets can be
used to identify and prioritise management actions for adaptive management. Phase one
involves linking narrative criteria to biological criteria and assessment endpoints, defining the
scope of action, conducting a literature review, and developing conceptual models. Phase two
involves performing a data inventory, identifying measures of exposure and effect, and
developing qualitative or quantitative flow-ecology models. The final phase involves
estimating risk and acceptable risk levels. This study illustrates how Eco Evidence can play
an important role in all three phases, particularly phase one.

Restoring components of the natural low flow hydrology to which native Mediterranean
climate species are adapted (Hershkovitz and Gasith 2013; Kondolf et al. 2013), would likely
help to meet the lower Salinas River’s beneficial uses. Importantly, restoring components of
the low flow hydrology may be achieved without restricting water allocations to consumptive
water uses, which would likely be met with strong social and political resistance (Grantham
et al. 2010). For example, modifying the operation of the lower Salinas Water Project to
enable different release patterns from the upstream dams that meet consumptive and
environmental demands during warmer months. Any change in operations should be designed
as an experiment to enable flow ecology models to be developed and refined following an
adaptive management approach (King et al. 2015) and consistent with the framework for
quantifying flow targets (Novak et al. 2017). Working collaboratively with affected
stakeholders would help create the institutional flexibility required to experiment with
different release patterns (Peat et al. 2017). The Eco Evidence analysis and CSCI index
combined provide useful ecological baseline information to inform an expansion of the
environmental flows program to help meet the beneficial uses specified for the lower Salinas
under the Clean Water Act.
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2.5 Conclusion

Flow alteration is recognised as a major stressor in aquatic ecosystems. To assist practitioners
and their stakeholders manage and restore river ecosystems requires an understanding of the
components of the natural flow regime that influence its ecology. This study illustrates how
primary research synthesised using the Eco Evidence method can be combined with
hydrological and biological assessment tools to help understand the ecological effects of flow
alteration. The results of the Eco Evidence analysis provide sufficient evidence to support the
hypothesis that flow alteration had likely contributed negatively to the macroinvertebrate
community in the lower Salinas River, which would affect its beneficial uses. The findings
helped to characterise a management (i.e. flow alteration) and ecological problem, which are
important elements in the planning stage of adaptive management. There is now an
opportunity to employ watershed restoration tools to address flow alteration in the Salinas
River consistent with Category 4C of the Clean Water Act (EPA 2015). The ecological
information from this study can be used to assist managers and stakeholders develop socially
and politically acceptable management actions to restore hydrological components of the
Salinas River. In this case study on the Salinas River, I show how the application of Eco
Evidence can provide new information to inform the evaluation stage of an adaptive
environmental flows program.
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CHAPTER 3: RAPID EVIDENCE SYNTHESIS TO INFORM ENVIRONMENTAL
WATER POLICY

In this chapter I illustrate how scientific knowledge can be synthesised and integrated with
other knowledge types to inform the implementation of a policy solution.

3.1 Introduction

Contributing scientific knowledge that is useful for environmental policy is a goal for many
researchers. However, the translation of research into policy is difficult and often presents as
a gap between science and environmental policy (Kirchhoff et al. 2013; Weichselgartner and
Kasperson 2010). Overcoming this gap requires research findings to be directly relevant to
policy development (Fazey et al. 2005b; Pullin et al. 2009); clearly communicated (Barbour
et al. 2008; Likens 2010; McNie 2007); readily accessible, and easily understood by the end
users (Cullen 1990; Dilling and Lemos 2011). Systematic methods have been developed to
collate, assess and present knowledge and bridge the science-policy divide (Dicks et al. 2014;
Haddaway and Pullin 2014; Keene and Pullin 2011).

Systematic reviews are an aggregative method for synthesising evidence, which can be used
to inform environmental policy (Haddaway and Pullin 2014). They typically comprise a
clearly formulated question and use systematic and explicit methods to identify, select,
critically appraise, extract and analyse information from relevant research (Fazey et al. 2004).
The Cochrane style of systematic review, based on the experience in clinical medicine and
public health, is recognised as a very comprehensive method (CEE 2018; Haddaway and
Pullin 2014). However, time and expense are suggested as barriers to their application in
environmental decision-making (Doerr et al. 2015; Webb et al. 2017). More rapid forms of
evidence synthesis that retain the characteristics of a systematic review have been proposed
to inform environmental decision-making in budget and time constrained environments
(Doerr et al. 2015; Webb et al. 2017).

Eco Evidence is an aggregative rapid evidence synthesis method designed to collate,
categorize and assess scientific evidence by systematic review to inform environmental
decision-making (Norris et al. 2012). Eco Evidence is designed to test specific hypotheses
that are relevant to the decision-making context. The method uses a causal criteria approach
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to combine evidence from multiple primary research studies, which in isolation may be
considered weak evidence of causation, to determine the strength of a case for a causal
relationship (Nichols et al. 2017a; Norris et al. 2012).

Researchers are increasingly using Eco Evidence to publish systematic literature reviews
relevant for environmental water policy (Greet et al. 2011; Grove et al. 2012; McInerney et
al. 2016; Miller et al. 2012; Miller et al. 2013; Webb et al. 2012a). However, similar to other
systematic review methods (see Cook et al. 2013), the potential of Eco Evidence has not yet
been realised in environmental decision-making. There is only one published case where the
method was used to directly inform water policy (see Nichols et al. 2017).

The overall aim of this study was to evaluate the utility of Eco Evidence, as an example of a
rapid systematic review method, for informing environmental water policy. To meet this aim
I applied Eco Evidence collaboratively with practitioners responsible for developing and
implementing environmental water policy in the Murray-Darling Basin. This case illustrates
the benefits of participation to incorporate expert and experiential knowledge in the
application of empirical evidence synthesis to facilitate social learning between researchers
and end users and acceptance of the synthesis findings.

3.2 Methods

3.2.1 Case study

The Murray-Darling Basin Authority (MDBA) was selected as a descriptive case to show
how rapid evidence synthesis methods such as Eco Evidence can be used to inform
environmental water policy. This agency was selected because it was responsible for
developing and implementing the Murray-Darling Basin Plan (Basin Plan), which was to be
informed by best available science (Water Act 2007). The Basin Plan is part of a broad water
reform designed to recover water from consumptive uses by purchasing water entitlements
and from water savings generated by modernising irrigation infrastructure (Hart 2015a). The
recovered water is being used to meet environmental needs (i.e. environmental water) in 24
catchments of the Basin, which contain approximately 30,000 wetlands (Fig. 14), 16 are
listed under the Ramsar Convention (Docker and Robinson 2013). The MDBA is
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collaborating with other Commonwealth, state and local groups to coordinate the planning,
prioritisation and use of environmental water (MDBA 2014).

The MDBA as part of its coordination role developed a basin-wide environmental watering
strategy (BWS), which outlines how environmental outcomes in the basin can be achieved
through coordination and cooperation between agencies, including across state borders (Hart
2015b). There are a range of objectives set out in the strategy under four themes, including
hydrological connectivity, native fish, native vegetation and waterbirds. One of the objectives
of the strategy is to maintain refuge habitat for waterbirds during dry times (Fig. 15) (MDBA
2014). Refuge habitat refers to habitat that supports species during adverse conditions such as
drought (DEWHA 2008). Maintaining the function of refuge habitat is critical to protect and
restore waterbird populations because this habitat influences the number of waterbirds able to
exploit the next breeding opportunity (Maher and Braithwaite 1992). The ecological
importance of drought refuge was recognised in the BWS. However, most of the MDBA’s
research effort at the commencement of this study had been on high flows because these were
critical in determining the volume of water to be recovered for the environment under the
Basin Plan (Swirepik et al. 2016).MDBA staff recognised a need and opportunity to
synthesise information on waterbird refuge habitat to help meet its obligations under the
BWS. In particular, to help develop annual environmental watering priorities, which guide
environmental watering actions across the Basin (Hart 2015b). Thus, the MDBA requested
that the rapid evidence synthesis focus on the response of waterbirds to changes in the
inundated area of refuge habitat.
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Figure 14 Wetlands of the Murray-Darling Basin (source Murray-Darling Basin
Authority).

Figure 15 Annual fluctuations in waterbird abundance in the Murray-Darling Basin
(data from the East Australian waterbird survey, source Murray Darling Basin
Authority). The Eco Evidence analysis focused on refuge habitat for residual
populations during dry periods, which are circled.
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3.2.2 Systematic review and causal criteria analysis

The systematic review and causal criteria analysis (hereafter Eco Evidence analysis) was
conducted following the eight step Eco Evidence method (Fig. 16) (Norris et al. 2012). This
method was selected because it provides a way to test whether there is sufficient evidence to
support hypotheses related to components of flow (i.e. environmental water) and ecological
response. A full description of the method can be found in the Eco Evidence methods manual
(Nichols et al. 2011).

Figure 16 Eight step Eco Evidence method (reproduced from Norris et al. 2012).

3.2.2.1 Problem formulation (Steps 1-4, Step 6)
The first four steps were carried out collaboratively with MDBA practitioners, including the
Directors and staff of the Environmental Water Policy and Implementation Sections and a
member of their science advisory committee. Two meetings were held in 2015 to introduce
and apply the Eco Evidence method. The first step involved developing the overall question
for the investigation. The question was; ‘How do changes in inundated wetland area influence
waterbird abundance in refuge habitat?’
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The second step was to identify contextual factors to guide inclusion or exclusion of
evidence. For example, determining the geographical boundary for the synthesis. Waterbirds
respond to causal factors at local, catchment, basin and continental scales (Roshier et al.
2001b) making the Murray-Darling Basin an arbitrary boundary (Kingsford and Norman
2002). However, inundated wetland habitat in Australia is highly variable and waterbird
movement in response to changes in this habitat is erratic, particularly compared with
waterbird movement associated with more predictable seasonal changes in habitat availability
in the Northern Hemisphere (Chambers and Loyn 2006; Kingsford and Norman 2002;
Roshier et al. 2001a). Thus, the geographical extent of the evidence synthesis was confined to
research in Australia, as requested by MDBA practitioners, to ensure the primary research
was directly relevant to their policy context.

The third step involved developing a conceptual model of the effects of a drying landscape on
waterbird habitat. For this step a member of the MDBAs scientific advisory committee also
participated along with an independent ecologist who was recognised by the agency as an
expert in waterbird ecology. We identified five potential refuge types: core areas of
floodplain wetland; freshwater and saline lakes; regulated river channels; water storages,
including large reservoirs; and coastal areas (Fig. 17). Sewage treatment ponds and urban
artificial wetland habitat, which are known to provide refuge habitat (Murray et al. 2013;
Murray et al. 2012) were not considered at the request of MDBA staff because management
of these habitats were outside the institutional arrangements of the BWS.

The fourth step involved stating the specific hypotheses (Fig. 18). These hypotheses tested
causal factors at a broad scale, which for this study refers to changes in inundated wetland
area across the Basin and/or in surrounding basins. The hypotheses also tested causal factors
at a local scale, which for this study refers to changes in inundated wetland area at either a
single refuge, group of refuges in close proximity (i.e. within approximately 80 km).
Hypotheses were at first specified to investigate changes in waterbird density, but were
changed to waterbird abundance because this measure is more common in the literature. The
initial conceptual model and specific hypotheses were presented at a workshop in February
2015 for feedback (see Chapter 4 for workshop details, including workshop aims). The four
hypotheses proposed were:
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1. An increase in waterbird abundance in refuge(s) is associated with a decrease in
inundated wetland habitat at a broad scale.

We hypothesised that waterbird abundance would increase in refuges as they moved into
semi and permanently inundated refuge habitat when ephemeral habitat began to dry across
the Basin (i.e. drying phase), and in surrounding basins (see H1 in Fig. 18). If supported, this
would demonstrate the importance of refuge habitat within the Basin.

2. A decrease in waterbird abundance in refuge(s) is associated with an increase in
inundated wetland habitat at a broad scale.

We hypothesised that waterbird abundance would decrease in refuges as waterbirds moved
into newly inundated ephemeral habitat to forage and breed when ephemeral habitat was
inundated across the Basin (i.e. a wetting phase), and in surrounding basins (see H2 in Fig.
18).

3. An increase in waterbird abundance in refuge(s) is associated with a decrease in
inundated wetland habitat at a local scale.

We hypothesised that the same waterbird response observed at a broad scale would also occur
at a local scale with waterbird abundance increasing as a single refuge or group of local
refuge(s) began to dry (i.e. drying phase) (see H3 in Fig. 18). If supported, this would
demonstrate how waterbirds respond to causal factors at multiple scales.

4. A decrease in waterbird abundance in refuge(s) is associated with an increase in
inundated wetland habitat at a local scale

We hypothesised that the same waterbird response observed at a broad scale would occur at a
local scale with waterbird abundance decreasing as a single refuge or group of local refuge(s)
were inundated (i.e. a wetting phase) (see H4 in Fig. 18). If supported, this would
demonstrate how waterbirds respond to causal factors at multiple scales.

Each hypothesis was tested for seven functional groups (Fig. 17) of waterbirds proposed by
Roshier et al. (2002a) because the MDBA practitioners wanted the primary research
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synthesised at a functional group level where feasible. Presenting the findings at a functional
group level was considered manageable and easier to communicate than for each of the 54
species for which there was evidence. Including all sub-hypotheses, a total of 28 were tested
for functional groups. Hypotheses were also tested for all species within functional groups to
determine whether the functional group masked any individual relationships. A list of species
used in the Eco Evidence analysis for each functional group is in Appendix 5. I revised the
conceptual model and hypotheses iteratively following step 6 of the method (e.g. changes
from density to abundance) after becoming familiar with the waterbird literature. All
revisions were discussed with the MDBA Directors to ensure the conceptual model was
relevant to their policy context.
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Figure 17 Refuge types used by Murray-Darling Basin waterbird populations and habitat use and food resources for seven
functional groups (noting some species have capacity to shift to alternative food resources if required)(adapted from Kingsford
et al. 2010 and Rogers and Ralph 2010).
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Figure 18 Hypothesised cause and effect of waterbird movement response to wetland filling (a) and drying (b) at two spatial scales
(adapted from Kingsford and Porter 1999). H1 to H4=hypotheses.
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3.2.2.2 Literature review and evidence extraction (Step 5)
Defined terms were used to search the published literature databases (Table 6) and the
reference lists of relevant papers, including three narrative literature reviews on Australian
waterbirds (Kingsford et al. 2010; Kingsford 2013; Kingsford and Norman 2002). The
narrative literature reviews were used to identify papers not picked up in the searches of the
databases. The MDBA database developed for the Basin Plan was also searched for relevant
grey literature.

Evidence items from relevant studies were extracted following the Eco Evidence methods
manual (Nichols et al. 2011), and entered into the online Eco Evidence database (Webb et al.
2015). Evidence items were identified from studies that investigated associations between
inundated wetland area (the causal factor) and a change in waterbird abundance (the
ecological effect), and the response trajectories recorded (increase, decrease, change or no
change). Some studies used surrogates of inundated wetland area including, regional rainfall
indexes, river discharge, surface water level, and studies that estimated inundated wetland
area were included.

Table 6 Search terms used in ISI Web of Science and Scopus to identify waterbird
literature.
Search terms

Search hits

Waterbird + Australia + drought

15

Waterbird + Australia + refug*

22

Waterbird + Australia + dry*

37

Waterbird + Australia

189

Total with duplicates removed

115

* Asterisks are wildcards to represent any group of characters

3.2.2.3 Weighting evidence and judging causation (Steps 7-8)
The Eco Evidence desktop analysis software was used to catalogue and sum the individual
evidence items that supported and refuted each hypothesis to assess the overall support for
each hypothesis. The default Eco Evidence threshold of 20 summed points was applied to
assess support for each hypothesis (Table 7; see Nichols et al. 2011 for a full description).
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While there is flexibility to adjust the threshold value, this study was testing the application
of rapid evidence synthesis in a policy context, not performing a review of the Eco Evidence
method. Thus, the default weighting and threshold values were used where each evidence
item is weighted based on the inferential ability of the study’s experimental design and the
level of replication. In instances where more than one surrogate of inundated wetland area at
the same spatial scale was used in any one study (e.g. a rainfall index and river flow), only
one evidence item was included in the Eco Evidence analysis from that study so evidence for
the same waterbird response was not counted twice. In these cases, the surrogate that
explained the most variation was selected.

Finally, the conclusions for each cause effect hypothesis were considered collectively to
answer the overall question. Importantly, to reach a conclusion for the overall question [i.e.
How do changes in inundated wetland area influence waterbird abundance in refuge habitat?]
does not require that evidence provide support for all the hypotheses tested provided there is
sufficient evidence to support some of the causal pathways identified in the conceptual model
(Fig. 17, Fig. 18) (see Norris et al. 2012). The Eco Evidence findings were presented to
MDBA staff in February and April 2017 and both presentations were given to the agency to
inform the development of the 2017-18 Basin annual environmental watering priorities
(MDBA 2017).

Table 7 Evidence weightings used to assess
Evidence supporting
≥ 20

Evidence refuting
< 20

Conclusion
Support for hypothesis

< 20

< 20

Insufficient evidence

≥ 20

≥ 20

Inconsistent evidence

< 20

≥ 20

Support for an alternative hypothesis

3.3 Results

A total of 115 published studies were identified from the initial search of the published and
grey literature (Table 6). Of the total number of studies identified, nine were considered
relevant to the overall question and contained sufficient information regarding the study
design and data analysis to be used in the Eco Evidence analysis (Table 8). The other studies
were deemed not relevant because they did not test for a relationship between inundated
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wetland area and waterbird abundance or did not contain sufficient information on how the
data was analysed. A total of 174 evidence items were extracted from these studies, which
provided evidence supporting and refuting the 28 hypotheses proposed for the seven
functional groups (Table 9). All the evidence items were extracted from temporal gradient
studies that were conducted over greater than one year and with multiple sampling occasions
within each year. Thus, all evidence items scored nine evidence points comprising three
points for the temporal gradient design and six points for the level of replication.

1. An increase in waterbird abundance in refuge(s) is associated with a decrease in
inundated wetland habitat at a broad scale.

The evidence supported an association for two functional groups, dabbling ducks and large
waders (Table 9). The evidence supported an alternative hypothesis for shoreline foragers.
There was inconsistent evidence for fish eaters and deep-water foragers and insufficient
evidence when species were analysed in both functional groups.

2. Increased waterbird abundance associated with a decrease in inundated wetland area
at a broad scale

The evidence supported an association for two functional groups, grazing waterfowl and
shoreline forager abundance in refuges and there was insufficient evidence for fish eaters,
deep-water foragers, dabbling ducks, large waders and small waders (Table 9).

3. Hypothesis 3: Decreased waterbird abundance associated with an increase in
inundated wetland area at a local scale

The evidence supported an association for small waders (Table 9). The evidence supported an
alternative hypothesis for deep-water foragers, grazing waterfowl and shoreline foragers and
inconsistent for fish eaters, and dabbling ducks. When deep-water foragers were analysed at a
species level there was support for an alternative hypothesis for Hardhead (supporting 18,
refuting 27), Eurasian coot (supporting 9, refuting 45) and Black swan (supporting 0, refuting
36). When dabbling ducks were analysed at a species level we found support for Black duck
(supporting 27, refuting 18) and Grey teal (supporting 27, refuting 9).
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4. Increased waterbird abundance associated with a decrease in inundated wetland area
at a local scale

The evidence supported an association for shoreline foragers (Table 9) and an alternative
hypothesis for deep-water foragers. There was inconsistent evidence for fish eaters and
dabbling ducks. When dabbling ducks were analysed at a species level there was sufficient
evidence to support and association for Black duck (supporting 36, refuting 18) and Grey teal
(supporting 45, refuting 9).

Table 8 Studies used in the causal criteria analysis for each major hypothesis.
Causal factor at a broad scale

References

↓ wetland area causes ↑ abundance

(Chambers and Loyn 2006; Roshier et al. 2002)

↑ wetland area causes ↓ abundance

(Chambers and Loyn 2006; Dann et al. 1994; Gosper et al. 1983;
Loyn et al. 1994; Roshier et al. 2002; Woodall 1985)

Causal linkage at a local scale
↓ wetland area causes ↑ abundance

(Briggs 1977; Leach and Hines 1992; Roshier et al. 2002; White
1993)

↑ wetland area causes ↓ abundance

(Briggs 1977; Briggs et al. 1993; Gosper et al. 1983; Leach and
Hines 1992; Roshier et al. 2002; White 1993; Woodall 1985)

Table 9 Eco Evidence results for each cause-effect linkage for each functional group at a
local and broad scale.
Functional
group

Causal linkage

Evidence
items
(number
of
papers)

Evidence score
Supporting Refuting

Conclusion

↑ wetland area causes ↓ abundance

21(5)

90

99

Inconsistent evidence

↓ wetland area causes ↑ abundance

1(1)

9

0

Insufficient evidence

↑ wetland area causes ↓ abundance

8(4)

36

36

Inconsistent evidence

↓ wetland area causes ↑ abundance

0

0

0

Insufficient evidence

↑ wetland area causes ↓ abundance

9(4)

63

18

Support for hypothesis

↓ wetland area causes ↑ abundance

1(1)

9

0

Insufficient evidence

↑ wetland area causes ↓ abundance

2(1)

0

18

Insufficient evidence

↓ wetland area causes ↑ abundance

3(1)

27

0

Support for hypothesis

Broad
Fish eaters

Deep water
foragers
Dabbling
ducks
Grazing
waterfowl
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Functional
group

Shoreline
foragers

Large waders

Small waders

Causal linkage

Evidence
items
(number
of
papers)

Evidence score
Supporting Refuting

Conclusion

↑ wetland area causes ↓ abundance

4(3)

18

18

Insufficient evidence

↓ wetland area causes ↑ abundance

5(1)

45

0

Support for hypothesis

↑ wetland area causes ↓ abundance

9(3)

72

9

Support for hypothesis

↓ wetland area causes ↑ abundance

1(1)

9

0

Insufficient evidence

↑ wetland area causes ↓ abundance

2(1)

18

0

Insufficient evidence

↓ wetland area causes ↑ abundance

2(1)

18

0

Insufficient evidence

↑ wetland area causes ↓ abundance

18(4)

0
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Support for an
alternative hypothesis

↓ wetland area causes ↑ abundance

7(3)

27

36

↑ wetland area causes ↓ abundance

17(3)

9

126

Inconsistent evidence
Support for an
alternative hypothesis

↓ wetland area causes ↑ abundance

6(3)

9

45

Support for an
alternative hypothesis

↑ wetland area causes ↓ abundance

11(5)

63

36

Inconsistent evidence

↓ wetland area causes ↑ abundance

12(3)

81

27

Inconsistent evidence

↑ wetland area causes ↓ abundance

5(4)

18

27

Support for an
alternative hypothesis

↓ wetland area causes ↑ abundance

2(2)

9

9

Insufficient evidence

↑ wetland area causes ↓ abundance

5(4)

9

36

Support for an
alternative hypothesis

↓ wetland area causes ↑ abundance

7(4)

45

18

Support for hypothesis

↑ wetland area causes ↓ abundance

3(1)

18

9

Insufficient evidence

↓ wetland area causes ↑ abundance

1(1)

9

0

Insufficient evidence

↑ wetland area causes ↓ abundance

3(2)

27

0

Support for hypothesis

↓ wetland area causes ↑ abundance

3(2)

9

18

Insufficient evidence

Local
Fish eaters

Deep water
foragers

Dabbling
ducks

Grazing
waterfowl

Shoreline
foragers

Large waders

Small waders

Overall there was sufficient evidence to support 6 hypotheses, sufficient evidence to support
6 alternative hypotheses, inconsistent evidence for 6 hypotheses, and insufficient evidence for
10 hypotheses. This was sufficient evidence to confirm that a reduction in inundated wetland
area influence waterbird abundance in refuges. The evidence illustrates how different
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functional groups, and species within a functional group in refuges respond to changes in
inundation at local and broad scales.

3.4 Discussion

The overall aim of this study was to evaluate the utility of rapid systematic review, using Eco
Evidence, for informing environmental water policy. I tested the method’s utility by applying
with practitioners responsible for developing and implementing environmental water policy
in the Murray-Darling Basin. The Eco Evidence analysis provides insight into changes in
abundance of waterbird functional groups and species in response to inundated wetland
habitat at broad and local scales. The case demonstrates the utility of Eco Evidence and how
it can be enhanced by stakeholder participation to include expert and experiential knowledge
in the process. The Eco Evidence findings informed development of the Basin annual
watering priorities, which guide environmental watering across the Basin (MDBA 2017). The
case study demonstrates how the method can be successfully applied to inform in a ‘real
world’ decision making context.

3.4.1 The Eco Evidence findings

The Eco Evidence findings illustrate how the abundance of some functional groups increase
and decrease in response to changes in inundated wetland area at local and broad spatial
scales (Table 9). These changes were particularly evident for some large waders and dabbling
ducks at a broad scale. Many large waders are colonial breeders that rely on relatively few
sites in the basin to breed and move into inundated ephemeral habitat to breed (Arthur et al.
2012; Brandis et al. 2011; Kingsford and Johnson 1998; Leslie 2001). Dabbling ducks,
particularly Grey teal, are known to travel large distances, moving between ephemeral
breeding habitat inland and coastal refuges during drought (Gentilli and Bekle 1983; Lawler
and Briggs 1991; Roshier et al. 2006). The changes in waterbird abundance that occur in
refuges are typically the opposite of changes that occur at a whole of Basin scale between wet
and dry periods (Fig. 12; Kingsford et al. 2016). These changes also occur within an overall
decline in total waterbird abundance associated with water resource development and river
regulation in the Basin (Kingsford et al. 2017).
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The findings that supported an alternative hypothesis or inconsistent evidence was attributed
to a number of factors. For some species positive correlations in abundance with increased
inundated wetland area was attributed to feeding habitat and resources becoming accessible
(e.g. cormorants) (Leach and Hines 1992). Some species bred locally in freshwater swamps,
and thus abundance did not decrease when ephemeral habitat was inundated in the Basin (e.g.
pelicans) (Loyn et al. 1994). Some species had suitable habitat across the range of wet and
dry conditions observed (e.g. Dusky moorhen and Eurasian coot) (Briggs 1977; Leach and
Hines 1992). Some species were recognised as sedentary (e.g. Black swan) (Briggs 1977;
Woodall 1985). Finally, some species movements were attributed to season rather than to
changes in inundated wetland habitat specifically (e.g. Sharp-tailed sandpiper) (Gosper et al.
1983).

Overall, the Eco Evidence findings also illustrate the importance of maintaining refuge
habitat to support residual populations of waterbirds during dry periods because this refuge
habitat will influence the number of waterbirds able to exploit the next breeding opportunity
(Maher and Braithwaite 1992). Large wetlands in the basin can hold up to 80% of all
waterbirds surveyed across the basin in dry times (Kingsford and Porter 2012). Some of these
are artificial refuge sites (i.e. water storages, particularly large reservoirs), which may not be
as productive for waterbirds (Briggs et al. 1994; Broome and Jarman 1983; Kingsford et al.
2004; Kingsford and Norman 2002), but do provide refuge habitat (Bino et al. 2015). At a
minimum, ensuring the sites identified by Bino et al. 2015, along with other sites listed under
the Ramsar Convention for functioning as drought refuge (e.g. Narran Lake) will contribute
to meeting the BWS objective to increase waterbird abundance by 20 to 25% over 10 years
from 2014 (MDBA 2014).

Protecting the water supply or flows to these sites will help to ensure they continue
functioning as drought refuges (Kingsford et al. 2010). This is particularly important as
during dry years when there is likely to be pressure to trade environmental water allocations
to consumptive uses. However, it will be critical to maintain a mosaic of refuge types during
dry periods for residual populations. Given that much coastal waterbird habitat has been
drained (Kingsford and Norman 2002), it is critical that remaining drought refuges across the
basin are retained. Thus, during large scale droughts such as the Millennium Drought, it is
likely that all environmental water allocations will be required to maintain a mosaic of
inundated refuge habitat, including core areas of floodplain wetland.
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3.4.2 Informing the 2017-18 Basin annual environmental watering priorities

The following is an extract from the p20 of the 2017-18 Basin annual watering priorities
document, which shows how information developed during the Eco Evidence application was
used in the policy document:

Drought refuges in the Basin consist of permanent and semi-permanent
wetlands; wetlands permanently inundated for water storage; and water
storages such as dams. Ephemeral wetlands can also be managed as a
drought refuge by inundating a core area of the wetland, but this must be
balanced against the need of ephemeral wetlands to dry out. Other refuge
types include core areas of floodplain wetlands, lakes, regulated river
channels, storages, and coastal refuges. While permanent water storages act
as refuges for some waterbirds, they do not have the same diversity of food
resources or complexity of habitat and therefore cannot be relied upon to
conserve waterbird populations.

Watering core wetland areas within drought refuges provide waterbirds
with a place to roost and feed in an otherwise dry landscape. In combination
with natural inundation, this helps waterbird abundance and species
diversity to remain above the threshold of probable concern. The MDBA
has identified drought refuges in the Basin that are manageable with
environmental water, based on analysis of long-term survey data. There are
likely to be other drought refuges, some of which are (or will be) identified
in long-term watering plans. Depending on prevailing climate conditions,
managers are encouraged to use environmental water at these sites to either
avoid the loss of, or maintain, feeding and roosting habitat to support
waterbird populations. Waterbirds will then be able to re-colonise a broader
array of sites during wetter periods (MDBA 2017).

3.4.3 Learnings from applying Eco Evidence

This case demonstrates the importance of developing the overall question with practitioners
so that the synthesis is relevant to the policy context (and important consideration also
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identified by Cook et al. 2013; Pullin and Stewart 2006). In this case, it was critical to also
make use of the experiential and expert knowledge of advisors to the MDBA to frame the
overall question and specific hypotheses, which needed to recognise the dynamic nature of
wetlands and waterbirds responses across the Basin. Initially, a complex conceptual model
was developed that incorporated water quality variables (e.g. salinity), physical habitat
characteristics (e.g. depth) and food resources. Testing all of the specific hypotheses in a
comprehensive conceptual model would have been too onerous, which was the experience of
a previous Eco Evidence application (Tennant et al. 2011). Nevertheless, developing a
complex conceptual model captured participants’ deep understanding of different parts of the
Basin and built a shared understanding of the system. The first four steps of the Eco Evidence
method provided the structure to facilitate social learning, which occurs when a change in
understanding goes beyond an individual to become shared by a wider group (Reed et al.
2010). From this learning, it was then possible to simplify the conceptual model and develop
specific hypotheses that were directly relevant to the waterbird objectives set out in the BWS.

One of the primary challenges for robust evidence-based synthesis lies with the evidence
available (Cook et al. 2017). The initial search in this study identified a large volume of
literature but the number of relevant studies was small, which is recognised as a challenge
for evidence synthesis (Fazey et al. 2005b; Fazey et al. 2004). The policy context in this case
meant that only studies conducted in Australia were deemed relevant. Further, the specific
hypotheses meant that much of the available literature on waterbird response to changes in
inundated wetland area was not used. Several types of primary research were omitted,
including studies that:

1. tested for a relationship between inundated wetland area and presence/absence rather
than abundance (e.g. Halse et al. 1993; Murray et al. 2012);

2. did not contain sufficient information regarding the data analysis (e.g. Harper 1990);

3. measured inundated wetland area and waterbird abundance, but did not test for a
relationship between the two (e.g. Maher and Braithwaite 1992; Timms and
McDougall 2004); and
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4. tracked waterbird movement between wetland habitat using satellite transmitters or
bands but again did not test for a relationship between inundated wetland area and
waterbird abundance (e.g. Kingsford et al. 2010).

Some of these studies could have been incorporated into the analysis by including additional
hypotheses (e.g. questions related to presence/absence). However, these would not have
aligned directly with the BWS objective. MDBA staff indicated a willingness to use studies
that measured inundated wetland area and waterbird abundance but did not test for a
relationship between the two, because they considered them credible. This willingness
highlights a tension between adhering to a strict quality protocol and making use of primary
research particularly when there were only a few studies. Future Eco Evidence applications in
this policy context should consider combining Eco Evidence with other synthesis methods,
such as meta-analysis, if there is adequate time to inform a future policy. This approach could
potentially enable more of the available primary research to be used with a range of different
questions. Alternatively, a traditional narrative review that encompasses elements of a
systematic review to ensure transparency, repeatability, and objectivity may also suffice
(Haddaway et al. 2015). Decision matrixes and decision trees developed to assist researchers
and practitioners select appropriate knowledge synthesis methods (Cook et al. 2017; Pullin et
al. 2016) should be used to guide future syntheses in this policy context.

3.5 Conclusion

This study illustrates the utility of rapid systematic review for informing environmental water
policy. The Eco Evidence analysis provides insight into changes in abundance of waterbird
functional groups and species in response to inundated wetland habitat at broad and local
scales. The Eco Evidence findings also illustrate the importance of maintaining several refuge
types to support residual populations of waterbirds during dry periods. Maintaining these
refuges with environmental water will help achieve a basin policy target to increase waterbird
abundance by 20 to 25% over 10 years from 2014 (MDBA 2014). The results also illustrate
how the utility of Eco Evidence can be enhanced by incorporating a range of information into
the evidence synthesis framework. By working collaboratively ensured the synthesis was
considered salient to the policy context and informed the development of the 2017-18 Basin
annual environmental watering priorities.
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CHAPTER 4: A ROLE FOR EVIDENCE SYNTHESIS METHODS IN
ENVIRONMENTAL DECISION-MAKING

In this chapter I illustrate how socio-political factors influence practitioners’ perceptions of
the role of scientific knowledge synthesis in informing environmental decision-making.

Introduction

Two broad forms of knowledge tend to be used in environmental decision-making: scientific
knowledge and experience-based knowledge. Scientific knowledge is derived from applying
the scientific method (see Raymond et al. 2010). Governments, researchers, interest groups
and the public call for the use of scientific knowledge to inform environmental policy and
management decisions on the basis that science can improve the quality of these decisions
and the efficacy of associated outcomes (Cooke et al. 2017a; Holmes and Clark 2008; McNie
2007; Productivity Commission 2010). Experience-based knowledge or practice includes
expert opinion that an individual holds on a topic and also relates to how the ‘expert’
organizes, represents, and interprets information (Fazey et al. 2005a). Experience-based
knowledge also comprises the experiential knowledge of practitioners', which is based on a
mix of research, work, educational, and personal experiences of an individual (Fazey et al.
2006a). Scientific knowledge and experience based knowledge are inherently linked and have
an important role in environmental decision-making (Fazey et al. 2006a).

Some authors have argued that unlike scientific knowledge, experienced-based practice lacks
empirical evidence of its effectiveness (e.g. the use of in-stream structures to increase
salmonid fish abundance based on experience), potentially resulting in the uptake of policies
or practice that have questionable potential in achieving their goals (Cooke et al. 2018;
Stewart et al. 2009). Concerns over relying too much on past experience has led to calls for
the development and implementation of evidence-based practice to make better use of
empirical evidence (Cooke et al. 2018; Pullin and Knight 2003; Pullin and Knight 2009).
Evidence-based practice takes on a specific role, comprising the systematic review and
collation of evidence on the effectiveness of actions and identification of knowledge gaps,
which is then disseminated to practice and policy communities (Stewart et al. 2005).
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Most evidence-based practice research has focused on developing evidence synthesis
methods to translate very specific research results into information that is relevant for
environmental decision-making. A range of fit-for-purpose evidence synthesis methods is
now available, making scientific evidence more accessible, and answering questions directly
relevant for environmental decisions (Cook et al. 2017; Dicks et al. 2014; Pullin et al. 2016).

The extent to which evidence synthesis methods can provide usable information for
environmental decision-making will depend on the credibility, salience and legitimacy of the
information produced (Cash et al. 2003). Credibility refers to the scientific adequacy of the
research and arguments from the decision-makers’ perspective. Salience refers to relevance
and accessibility of research to decision-makers. Legitimacy refers to stakeholders’
perceptions that the research is ‘unbiased’ and fair. A challenge in attempting to meet all
these characteristics is that there will be trade-offs between the three (Cash et al. 2003; Sarkki
et al. 2014). While rigorous systematic evidence synthesis methods have been developed to
inform environmental decision-making, their full potential has not been completely realised
(Cook et al. 2013b; Cooke et al. 2017b). We still do not know how these methods can be
applied to produce information that is perceived to be credible, salient and legitimate by
stakeholders. To assess how evidence synthesis methods can meet these characteristics,
including necessary trade-offs, requires an analysis of the processes and interactions of
environmental decision-making (Dilling and Lemos 2011; Sarkki et al. 2015).

Ongoing government water reforms in Australia’s Murray-Darling Basin (hereafter the
Basin) is a decision-making context where researchers have identified an opportunity to move
from experience-based to evidence-based practice (Saintilan 2012; Webb et al. 2010; Webb
et al. 2012a). This opportunity was recognised because these reforms established a clear
directive to make use of best available science (Hart 2016; Ryder et al. 2010). Researchers
have suggested that transparent and defensible decisions are necessary given the controversial
nature of the water reforms in the Basin and large sums of public money (i.e. AUD13.8
billion) that will be spent to recover water for the environment (Norris et al. 2012; Webb et
al. 2012a). For evidence-based practice to be realised in the Basin requires a greater
understanding of how evidence synthesis methods can be applied to produce information that
is perceived to be credible, salient and legitimate.
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The overall aim of this component of my research was to understand practitioners’
perceptions of how evidence synthesis methods can inform environmental decision-making.
Specifically, the study sought to determine: (1) whether their decision-making relied heavily
on expert scientific opinion; (2) in what circumstances evidence synthesis methods could
replace or augment expert scientific opinion in providing the scientific evidence base; and (3)
the potential advantages and challenges of using the evidence synthesis methods, such as Eco
Evidence, for informing environmental decision-making. To answer these questions, a
workshop was undertaken with practitioners responsible for developing and implementing
environmental water policy in the Basin. The analysis of workshop participants’ responses to
questions focused on perceptions of the credibility, salience and legitimacy of scientific
evidence.

Methods

4.2.1 Case study

The case focused on the Murray-Darling Basin Authority’s (MDBA) involvement in two
elements of the ongoing water reforms in the Basin, the Living Murray (TLM) program and
Murray-Darling Basin Plan (Basin Plan). TLM is a joint initiative between the Australian
Federal and state governments co-ordinated by the MDBA that has recovered 500 gigalitres
of water for the environment. The program has also funded the construction of floodplain
infrastructure (i.e. levees, weirs, regulators, and pumps) to help restore the health of six
environmental icon sites along the River Murray (Connell 2011; Connell and Grafton 2011;
Foerster 2011; Koehn et al. 2014). The Basin Plan is an integrated and adaptive approach to
managing the Basin’s water resources (Hart 2015a; Hart 2016). A key element of the Basin
Plan is the implementation of sustainable diversion limits restricting the amount of water that
can be used for consumptive purposes, which was informed by a scientific assessment (Hart
2015a; Swirepik et al. 2016).

Based on the scientific assessment, approximately 2750 gigalitres of water will be recovered
for the environment from the purchase of consumptive water entitlements and from water
savings generated by modernising irrigation infrastructure (Hart 2016). The science
underpinning TLM and the Basin Plan has been subject of extensive public, scientific and
political scrutiny (Capon and Capon 2017; Crase et al. 2013; Likens et al. 2009; Pittock
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2013). Thus, the experience of MDBA practitioners’ in developing and acquiring the science
to inform the two elements of the water reforms, is an ideal case for investigating potential
roles for evidence synthesis methods in environmental decision-making.

I used a case study research methodology (Yin 2013) and qualitative research methods to
build an in-depth understanding of how practitioners perceived that evidence synthesis
methods could be used to inform environmental-decision-making. I chose the case, the
MDBA, because it had a legislated directive to use best available scientific knowledge in
developing the Basin Plan (Water Act 2007). This legislative directive is becoming
increasingly common internationally (Charnley et al. 2017; Green and Garmestani 2012;
Ryder et al. 2010). I examined the MDBA experience under this directive to provide useful
insights into how the directive can be met. I adopted a critical realist perspective where
reality is captured by a broad critical examination (Moon and Blackman 2014). This approach
was combined with a constructionist epistemology (i.e. the subject constructs reality of an
object) because I expected the practitioner's ‘reality’ of their agency's use of scientific
evidence would be based on their own experiences, but similarities among participants would
be observed (Moon and Blackman 2014).

4.2.2 Data collection

In February 2015, a focus group was held with 11 MDBA practitioners working in
environmental water policy and management, a visiting research fellow at the agency, two
academics, and an independent social scientist who facilitated the workshop. Workshop
participants were selected using a purposive sampling strategy (Bryman 2012) and included
people who worked in environmental policy development and implementation, environmental
water delivery, and monitoring and evaluation. Each participant was given an information
pack describing the aim of the study and participants provided signed consent to use their
responses and publish the findings.

The two workshop aims were: (1) to provide an overview to MDBA practitioners of the Eco
Evidence method and examples of its application; and (2) to investigate the role of science in
environmental decision-making, and the potential challenges and advantages of using
evidence synthesis methods, such as Eco Evidence, within the practitioners’ decision-making
context. The second aim is the focus of this study. To meet this aim, the workshop discussion
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was guided by three research questions with the facilitator posing follow up questions to
prompt discussion among workshop participants (Table 10). The questions were posed to
avoid leading discussion among participants in a biased, particular way (Allen 2017). The
facilitator was given the three research questions prior to the workshop and asked to seek
responses from a broad range of workshop participants rather than a dominant few. The
facilitator was instructed to avoid asking follow-up questions that were leading. The
workshop discussion was digitally recorded and transcribed. I listened to the recording a
second time to confirm that the transcript captured the workshop discussion accurately. Two
staff members of the MDBA who attended the workshop were also provided an opportunity
to check the accuracy of the interview transcript. Text files were then uploaded into NVivo
(Version 10, QSR International) to aid analysis.

Table 10 The three research questions, which provided the basis for an open-ended
discussion among workshop participants, and examples of the facilitator’s follow up
questions and comments
Research question
Examples of the facilitator’s follow up
questions and comments
1. Does your current decision-making rely

•

heavily on expert scientific opinion?

Does it lend credibility to decisionmaking?

•

How are you defining scientific
opinion?

2. In what circumstances could an

•

evidence synthesis method replace or
augment expert scientific opinion in

What are the political or environmental
risks mentioned?

•

providing the scientific evidence base?

Any more on that particular idea? We've
certainly gotten the feeling that it really
depends on the question you're asking
and the context.

3. What do you see are the potential

•

Is there potential that Eco Evidence

advantages and challenges of the Eco

could develop a weighting based on the

Evidence method for informing

gathering of qualitative evidence?

environmental decision-making?
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4.2.3 Data analysis

Theoretical thematic analysis was used to identify, analyse and report patterns within the
workshop data based on existing theory (Braun and Clarke 2006). The three research
questions were used as parent nodes. Manifest coding (i.e. coding of the tangible or surface
content, as distinguished from latent content, which refers to the underlying meaning behind
the content) was then performed to develop child nodes and dimensions, which describe the
properties of each child node (Charmaz 2006).. Each child node was developed by grouping
similar participants responses together. Unique responses were also coded ensuring that all
data were coded to at least one child node. Memos were created explaining the reasons for
coding text to a particular child node. These same child nodes were also organised under
credibility, salience and legitimacy to help understand the utility of evidence synthesis
methods. An assessment of subjectivity (see Jootun et al. 2009) was undertaken by two
supervisors coding randomly selected text using the initial child nodes and the memos, and
providing feedback. This process helped to improve the transparency of the coding approach.
Themes were then generated to group the codes according to their similarity (Braun and
Clarke 2006). The main themes are presented in the results (see Appendix 6 for a full list of
nodes, dimensions and memos).

Results and discussion

The aim of this study was to understand practitioners’ perceptions of how evidence synthesis
methods could inform environmental decision-making on the basis of their credibility,
salience and legitimacy. Understanding the specific reasons why evidence syntheses are used
can increase their uptake and ensure that they are fit-for-purpose. Credibility related primarily
to the use of expert opinion and experiential knowledge to make sense of empirical evidence
and to help extend current understanding on a topic.

Evidence synthesis methods were considered more salient in high-risk contexts to
demonstrate that the agency undertakes evidence-based decision-making. Longer-term policy
and planning timeframes (i.e. 5-10 years) were considered to provide time for evidence
synthesis methods to be effectively integrated but would depend on a researcher(s)
willingness to answer questions considered relevant to the agency.
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Legitimacy could be built through the use of evidence synthesis methods and was discussed
in relation to social, political and ecological risks associated with a decision. An important
role for evidence synthesis methods identified by workshop participants was in
communicating the benefits of environmental watering and building legitimacy for the
management approach. The main advantages of an evidence synthesis that participants
identified were transparency, accessibility and reproducibility of the methods. I now discuss
each of the roles of credibility, salience and legitimacy in the use and application of evidence
synthesis methods.

4.3.1 Improving credibility through the use of expert opinion

Credibility refers to the scientific adequacy of the research and arguments from the decisionmakers’ perspective (Cash et al. 2003), including the adequacy of the understanding of
causality in the ecological system or management problem (Hart and Calhoun 2010).
Credibility also refers to the people who have produced the knowledge and the how the
knowledge is disseminated (Sarkki et al. 2015). The expert opinions of those the MDBA
considered eminent in their field were often sought as a first step to provide a quick synthesis
of current scientific understanding on a particular topic and to increase credibility of
decisions. In some instances, expert opinion was sought with the intention of identifying
knowledge gaps that could be filled by generating more evidence through monitoring or
research. In other instances, expert opinon was sought to extend understanding beyond what
had been published to inform a decision. Participants also emphasised the importantance of
the advice they received from state agency pracititioners who they considered had an in depth
knowledge of particular locations across the Basin to increase the credibility, salience and
legitimacy of the agency’s decisions.

These findings illustrate how the MDBA used a conventional approach to acquire advice
from scientists the agency considered eminent and from state agency practitioners who have
an in-depth ecological, institutional and operational understanding of particular catchments.
These approaches have been recognised in previous research (see Fazey et al. 2006b;
Lukasiewicz and Dare 2016; Wallis and Ison 2011). Other studies report that expert opinion
is used to inform environmental decision-making where knowledge is scarce because it
provides a relatively inexpensive and quick alternative to data acquisition (Drolet et al. 2015).
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Workshop participants identified challenges the agency experienced when relying on expert
opinion. These difficulties included working with experts to answer questions at a whole of
Basin scale (i.e. system scale) and the unwillingness of some experts to provide advice
without sufficient empirical evidence to underpin it. Of the range of difficulties identified,
balancing conflicting scientific opinion appeared to be the most difficult because the agency
would have to make judgments regarding the credibility of the advice it received. For
example:

“There’s a good example when it comes to the environmental regulators
[i.e. infrastructure used to inundate wetland and floodplain habitat] …we
use scientific opinion…to justify the construction of these but we also
ignored a lot of scientific expert opinion that was against building these
regulators. We can choose what we use and what we don't.” (MDBA-08)

The main criticism of decision-making approach that incorporates expert opinion or
experiential knowledge is that the bias of individuals can lead to sub-optimal environmental
outcomes (Pullin and Knight 2005; Sutherland and Burgman 2015). Previous research has
demonstrated that the on-ground managers’ biases influenced how they articulated their
experiential knowledge (Fazey et al. 2006b), yet this form of knowledge was still highly
valued by most workshop participants.

Workshop participants acknowledged that the social and political environment had a strong
influence on how the judgments of the agency were made and, in some instances, would
override scientific advice regardless of it credibility (e.g. TLM environmental watering
actions). In some instances, the scientific evidence was compelling and expert opinion
unanimous, but costs were considered too prohibitive to implement the most effective policy
(e.g. mitigating cold water pollution from dams). Notwithstanding these factors, participants
described a potential role for evidence synthesis methods in helping to demonstrate how the
agency managed conflicting opinion and increase credibility of evidence. For example:

“I think it will help in terms of transparency... I think it will also help in
terms of trying to galvanize scientific opinion because science doesn't speak
with one voice. In a policy world, that creates a lot of confusion. Anything
that will help that process has to be good.” (MDBA-06)
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The challenge identified in the quote above is one of managing differing scientific opinion
and evidence, which can undermine public perceptions of the credibility of the science
(Cullen 1998; Pullin et al. 2016). Another example of differing opinion was the use of
floodplain infrastructure for environmental watering. This infrastructure is designed to help
meet environmental objectives using less water than would be required to recreate a natural
flood. Using floodplain infrastructure also reduces the social and economic burden of
recovering water from consumptive uses for the environment (Bond et al. 2014; Hart 2015b).
Several ecological risks have been identified with using floodplain infrastructure, including
the loss of river-floodplain connectivity and productivity that occurs with natural flooding,
and other related water quality issues (Bond et al. 2014; Wallace et al. 2011). Other
researchers have raised concerns that non-target floodplain habitat condition would continue
to decline because insufficient water was being recovered from consumptive uses to meet it
ecological requirements (Pittock et al. 2013). Thus, the scientific community are divided, and
judgement by the decision maker had to be applied. This example also illustrates the
challenges of building credibility and why evidence synthesis methods were developed to
help manage conflicting advice transparently and systematically (Nichols et al. 2017a).

The results of this study illustrate that practitioners seek credibility in their decision-making
by engaging expert opinion and experiential knowledge, which helps them to justify the
reasons for a decision. The potential bias associated with expert opinions and experiential
knowledge did not appear to be a major concern for participants because the overriding
political environment would influence the final decision and professional judgment would
always be exercised. Similar to other environmental decision-making contexts, practitioners
used the involvement of eminent researchers in their projects to increase the credibility of
their work and their agency overall (Hansson and Polk 2018).

4.3.2 Enhancing salience through evidence synthesis

Salience refers to the relevance and accessibility of research to decision-makers (Cash et al.
2003). It is vital to include the perspectives and knowledge of stakeholders, especially
decision makers, to ensure the research is salient to the decision-making context (Cook et al.
2013a). Salience was considered important to practitioners because they had to reduce the
complexity of the system in a way that would enable transparent, effective and timely
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decision-making. These features characterise environmental decision-making (Hart 2016).
However, primary research is often not undertaken at the appropriate scale for environmental
decision-making (Gawne et al. 2010; Likens et al. 2009), which can make it difficult to
synthesise the evidence at the approriate scale. For example, the MDBA’s decision-making
often had to be undertaken at the whole of Basin scale. Some experts were unwilling to
synthesise evidence or provide advice at this scale on the grounds that it was not supported by
empirical data and required further research. As explained by one participant:

“In the early days of the development of the Basin Plan, we were trying to
apply our minds to a basin scale, we found that science hadn't ...
Interestingly enough, even the science, which was being conducted at a
broad scale, hadn't thought about it at that scale [basin scale].” (MDBA-01)

Thus, the question being asked by the end users and the decision-making context are two
important considerations in determining the salience of an evidence synthesis method (Cook
et al. 2017; Haddaway and Pullin 2013; Webb et al. 2017; Wyborn et al. 2018). There also
needs to be a willingness on the part of the researcher to develop an understanding of the
broader decision-making context to produce a synthesis that is scientifically sound, solutionsfocused and politically acceptable (Gawne et al. 2010; Rose 2015).

Salience can be achieved by problem-driven highly informed research that is underpinned by
long-term relationships and collaboration between researchers and practitioners (Hansson and
Polk 2018). The MDBA relied on these relationships to help understand site scale ecological
responses to environmental watering because the advice could be provided quickly to inform
TLM watering actions. State agency partners and research providers working at the site scale
provided this advice based on their unpublished work that was funded by the agency but did
not align with decision-making timeframes. As noted by one participant:

“We are very reliant on those local practitioners who have an enormous
wealth of experience and to exclude that would really be to our detriment
because often that lag [i.e. of evidence] is not allowing us to input it into
those immediate decisions we are making.” (MDBA-04)
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Contextual factors participants identified that would determine when more systematic
evidence synthesis is required to inform decisions related to the level of social, political and
ecological risk, instances where there was conflicting opinion, decision-making timeframes,
and the level in the hierarchy where a decision would be made. As described by two
participants:

“It really depends on…how much…we…exert influence over
the…decision...It really depends on what's politically hot or sensitive. The
scale of the decision as well. That political attention that's going to be
coming at Basin scale or at smaller asset or site scale.” (MDBA- 09)

“If it's small scale or if the risk is small, then you're more likely to have a
punt on something with less evidence…If the risk is much greater than you
want…greater certainty.” (MDBA-10)

Participants suggested that the application of evidence synthesis methods such as Eco
Evidence would inform decisions aligned with medium and longer-term planning and policy
cycles (i.e. 5-10 years). Ecological uncertainties (i.e. knowledge gaps) identified, using
evidence synthesis methods such as Eco Evidence, would then help to inform subsequent
decisions. Participants noted that these longer timeframes would allow for monitoring data to
be collected and synthesised. Participants also recognised that once a synthesis is complete, it
would become quicker and easier with subsequent reviews if evidence items were stored in
the Eco Evidence database (see Nichols et al. 2011). However, decisions taken over shorter
timeframes would often not allow time for a systematic review and synthesis of primary
research. As explained by one participant example:

“I would say medium to long term [i.e. 5-10 years] because the short-term
doesn't allow the time to collect the evidence base. Ideally, you would
always want to replace or augment with a structured collection of the
evidence. There are many occasions when you do not have the time to be
able to do that because judgments are made from hours, days, weeks,
months and years.” (MDBA-06)
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Decisions made by environmental water practitioners are informed by monitoring, evaluation
and feedback loops that occur over a range of spatial and temporal scales (Allan and Watts
2017; Peat et al. 2017). Already completed evidence synopses or summaries (Dicks et al.
2014) may be more suitable for shorter decision-making timeframes. Evidence synopses and
summaries do not focus on a single intervention, so they are able to capture wider range of
evidence than systematic reviews that focus on a specific hypothesis (Cook et al. 2017).
Practitioners in other environmental decision-making contexts have indicated a willingness to
use already completed evidence summaries (Walsh et al. 2015). Summaries of previous Eco
Evidence applications would have utility within the MDBA’s more frequent planning
timeframes by providing easily accessible information regarding a broad range of ecological
responses to flow (e.g. Miller et al. 2013).

4.3.3 Building legitimacy for evidence synthesis

Legitimacy refers to stakeholders’ perceptions that the research is ‘unbiased’ and fair (Cash
et al. 2003). Legitimacy can be built by providing adequate time for a range of participants to
collaborate and reflect upon the research, share responsibility for the project, including the
outcomes (Hansson and Polk 2018). However, building legitimacy through participation
needs to be managed so as to not reduce the relevance and credibility of the research (Sarkki
et al. 2014). Building legitimacy for the science that underpins decisions in environmental
watering appeared to be the most challenging aspect for applying evidence synthesis
methods. Conflict associated with the ongoing water reforms in the Basin related to
disagreements over the volume of water that needed to be recovered for the environment, the
water recovery mechanisms, and how the recovered water would be used (Connell 2011;
Gale et al. 2014; Marshall et al. 2013). In decision contexts characterised by conflict,
evidence synthesis methods, like any other scientific assessment, can play an important role
by providing advice about the likely ecological outcomes of alternative policy or
management options being considered (Gawne et al. 2010; Oreskes 2004; Skinner et al.
2013).

The main challenge identified by workshop participants with building legitimacy related to
ecological uncertainty in cases where an evidence synthesis highlighted inconsistent or
insufficient evidence. For example, participants offered a range of views regarding the
legitimacy of the science that underpinned environmental water policy. There was a
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perception among participants that the international scientific community considered the
science underpinning environmental water policy as legitimate. However, some within the
Basin held the opposite view and believed that some water should be returned to consumptive
uses. As explained by two participants:

“Internationally, people are often saying we are doing cutting edge work,
it's never been done before …On the other side…you've got those people
within the Basin… who are saying there's absolutely no evidence that it's
going to make any difference.” (MDBA-03)

“People are saying environmental water does no good. Where's the
evidence? Give it back to us. That's the space in which we're operating.”
(MDBA-01)

Exploiting ecological uncertainty to maintain the status quo has been recognised as an
effective tactic used to disrupt adaptive management and water reforms (Allen and
Gunderson 2011; Meijerink and Huitema 2010). Overcoming this delaying tactic requires
leadership on the part of the decision-maker (Allen and Gunderson 2011; Peat et al. 2017),
because ecological uncertainties are often associated with environmental watering. Evidence
synthesis methods can play an important role by identifying these uncertainties and the
potential ecological response of management actions designed to help reduce uncertainty.

Participants also discussed the benefits of using evidence synthesis methods such as Eco
Evidence to build legitimacy for the science over time and demonstrate how the agency
conducts evidence-based decision-making. One important role suggested for evidence
synthesis methods would be to help communicate ecological outcomes of the reforms, which
in turn, would build legitimacy for the science and environmental watering with Basin
communities. As explained by one participant:

“It’s not just about…evidence for decision-making, but it is also about
communicating…to our stakeholders. I think as we have our success…
throughout the Basin Plan, it's going to be very important to
communicate…and make the community…aware of how… it is making a
difference.” (MDBA-03)
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The challenge of building legitimacy for environmental watering with communities across
the Basin has also been identified by previous research (Ladson 2009). Demonstrating
ecological outcomes and why they matter is recognised as one of the building blocks of
legitimacy for environmental watering (see O’Donnell et al. 2018). Interestingly, participants
identified a potential benefit of being able to communicate the ecological outcomes achieved
with environmental water using evidence synthesis methods such as Eco Evidence. Building
legitimacy for environmental watering also requires developing relationships and
understanding among stakeholders (Hansson and Polk 2018), which requires stakeholder
participation in the evidence synthesis.

4.3.4 Recommendations to enhance the credibility, salience and legitimacy of evidence
synthesis methods in environmental decision-making

Three interrelated recommendations are proposed for applying evidence synthesis methods to
produce credible, salient and legitimate information for environmental decision-making.
Without focusing on these characteristics, uptake of evidence synthesis methods to inform
environmental decision-making will be limited. The recommendations are proposed for
specific decision-making contexts that are characterised by 1) competing stakeholder
objectives 2) compromise between stakeholders and 3) scientific knowledge being one of
several sources of information that informs a decision. Ideally, application of the below
recommendations would be facilitated by a knowledge broker or mediator (Cullen 1990;
Cullen 1998). These individuals have the capacity to span boundaries between scientific
disciplines, and have an understanding of an organisation’s institutional arrangements that
influence how an evidence synthesis would be produced and used (Bednarek et al. 2018;
Djenontin and Meadow 2018). Based on the workshop findings, several contextual factors
can be used to identify the type of evidence synthesis required and who should participate to
enhance its credibility, salience and legitimacy (Fig. 19) These factors are discussed in the
following recommendations, with an application to the split ladder of participation (Hurlbert
and Gupta 2015).
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4.3.5 Enhance credibility by combining knowledge types

Any proposal or science put forward by decision-makers must be credible for informed and
effective policy implementation (Hart 2016). If scientific information is not considered
credible by the-decision maker or end user, it is not likely to be used (Cash et al. 2003). One
of the most effective methods for increasing the credibility of evidence is by combining
knowledge types, particularly by casting evidence synthesis as a boundary object. A
boundary object helps to help integrate different forms of knowledge across social groups and
organizational scales (Steger et al. 2018). Applied as a boundary object, the evidence
synthesis can mediate the flow of knowledge from production to action, including changes to
policy or practice (Nguyen et al. 2017).

Integrating knowledge types in a way that casts evidence synthesis as the ‘boundary object’
would bring people with different perspectives together to learn from each other about the
system being managed (Huitema et al. 2009). Combining expert opinion and experiential
knowledge with empirical evidence can enhance the credibility of the evidence synthesis.
Chapter 3 demonstrates how expert opinion and experiential knowledge can be incorporated
into an evidence synthesis, particularly during the development of a conceptual model. It is
the conceptual model and questions posed that provide the basis of the boundary object. The
conceptual model would capture different perspectives and enable a shared understanding to
start to be formed among participants. This approach would also recognise the use of
qualitative data, and local and indigenous knowledge all of which have a role in informing
decisions in environmental water management (see Chapter 8 of the Basin Plan). The
importance of these different knowledge types for informing environmental decision-making
are also recognised more broadly (Adams and Sandbrook 2013; Raymond et al. 2010). The
level of participation would be dependent on the decision-making context and could be low
or high. Decisions could be technocratic or be based on science and values (Quadrant 2 or 3,
Fig. 19).

4.3.6 Increase salience through participation with practitioners

The accessibility and relevance of any scientific information is critical to its uptake (Cash et
al. 2003). Inaccessibility and a lack of relevance continue to be identified as a barrier to the
use of science in environmental decision-making (Pullin and Knight 2005; Rose et al. 2018).
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Thus, evidence syntheses need to be salient if they are to inform environmental decisionmaking. One of the most effective approaches for increasing the salience of an evidence
synthesis is to engage with relevant stakeholders, particularly practitioners or other end users
(Cook et al. 2013b; Haddaway and Pullin 2014).

The main benefit of participation is that it brings parties with different views together to find
common ground by developing a shared understanding of the system being managed (Karl et
al. 2007). Participation enables a diverse range of perspectives to be captured and for conflict
to be managed (Fazey et al. 2014; Sarkki et al. 2014; Young et al. 2014). Proponents of
evidence synthesis have emphasised the importance of developing an overarching question in
collaboration with decision-makers to ensure it is relevant to the decision-making context
(Cook et al. 2013b; Cvitanovic et al. 2016; Pullin and Stewart 2006). Close participation with
the end users would also help to overcome ‘poor communication and interaction’, which is a
common barrier to the use of evidence in decision-making (Rose et al. 2018). It would also
help to ensure that the solutions identified are socially and politically acceptable and thus
more likely to be implemented (Gawne et al. 2010). The level of participation would be
dependent on the decision-making context but would likely relate to ‘technocratic policymaking’, where participation is low (Quadrant 2, Fig. 19).

4.3.7 Build legitimacy through co-design and co-production with stakeholders

Research must be perceived as unbiased and fair for it to be considered legitimate (Cash et al.
2003). Without sufficient stakeholder acceptance a policy or management action that is
informed by scientific information is not likely to be adopted. One of the most effective
methods for increasing the legitimacy of evidence is through co-design and co-production
with stakeholders (Djenontin and Meadow 2018), particularly in contexts defined by conflict
(Reed et al. 2014). This approach allows for representation of a broad range of views and
interests, provides a way to manage conflict, enables trust building and promotes mutual
understanding, cooperation and learning (Sarkki et al. 2015). However, stakeholder
engagement must not jeopardise the ‘unbiased’ nature of the evidence synthesis, when
necessary to maintain high levels of objectivity, which can also risk a loss of legitimacy (Hart
and Calhoun 2010).
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In stakeholder environments characterised by conflict, such as the ongoing water reforms in
the Basin, engagement with other stakeholders, such as industry groups (i.e. irrigators) may
be required for the evidence synthesis to be regarded as legitimate (Pullin et al. 2016). Codesign and co-production is recognised as one way to bridge the perceived gap between
science as the knowledge producer and society as the passive recipient in the knowledge
production process (Mauser et al. 2013). To be effective, this approach would require the
researcher to play an important role in articulating the evidence synthesis findings including
conveying messages that are compelling and clear to all participants (Marshall et al. 2017),
particularly non-scientists. A goal for the researcher would be to present the findings in a way
that facilitates social learning among participants, and ultimately a shared understanding of
how the system should be managed (Collins and Ison 2010). The researcher would need to
develop skills in participatory process design to effectively facilitate social learning among
the participants (Dinnie et al. 2011). Implementing this recommendation would require
resources and bring complexities and transaction costs, but it is considered important for
building legitimacy with stakeholders (Weichselgartner and Kasperson 2010). Active
participation of stakeholders or their representatives would ensure that judgements involved
in the evidence synthesis and a decision are transparent to participants. The level of
participation would be dependent on the decision-making context but would tend to be
include both values and science and could involve dialogue and discourse. A high level of
participation is expected (Quadrant 3 or 4, Fig. 19).
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Figure 19 The split ladder of participation (Hurlbert and Gupta 2015)
Conclusion

Evidence-based practice to inform in environmental decision-making has moved from
concept to reality, but proponents of the approach recognise it still has not reached its full
potential (Cooke et al. 2017b). Realising its full potential requires a focus on how evidence
synthesis methods can be used within particular environmental decision-making contexts.
Focusing on the social aspects of the decision-making context will assist in identifying when
more systematic evidence syntheses are required to produce credible, salient and legitimate
information. The results of this study illustrate that identifying the level of risk (social,
political and ecological), the spatial scale of the decision, and the involvement of relevant
stakeholders is essential at the project outset. These contextual factors help to identify an
appropriate evidence synthesis method and who needs to be involved. Integrating expert and
experiential knowledge into the synthesis would help enhance its credibility. Integrating other
knowledge types such as experiential knowledge and stakeholder perspectives would help to
build legitimacy. Co-designing and co-producing the evidence synthesis with practitioners
and other relevant stakeholders would help to enhance the salience and legitimacy.
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CHAPTER 5: CREATING INSTITUTIONAL FLEXIBILITY FOR ADAPTIVE
WATER MANAGEMENT: INSIGHTS FROM TWO MANAGEMENT AGENCIES

In this chapter I illustrate how the rules and norms within which management agencies
operate influence how scientific knowledge can be used to implement solutions in
environmental decision-making.

5.1 Introduction

Adaptive management is essentially an experimental approach for managers to learn by doing
(Holling 1978; Walters and Holling 1990). Adaptive management comprises: defining the
management problem; setting clear management objectives; developing system models that
represent current understanding; framing management actions as hypotheses; and
emphasising learning via monitoring, which informs adjustments to management practices
(Rist et al. 2013a). This experimental approach provides a way for managers to understand
and reduce uncertainty and improve their management policies and practices (Pahl-Wostl
2007; Rist et al. 2013a). Ideally, adaptive management is both interdisciplinary and inclusive
of stakeholders so that conflict can be managed, and legitimate policy and management
actions developed that are informed by different perspectives (Allan et al. 2008; Allan et al.
2013). Adaptive management research has focused both on technical and social aspects of the
approach and a number of concepts have been proposed to aid with its implementation (see
Box 1 for concepts and their definitions).
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Box 1 Concepts proposed to assist with adaptive management implementation.

Active adaptive management

Alternative management actions are designed as
competing hypotheses. These actions are then
implemented and monitored to compare how the system
responds and then used to inform subsequent decisions.
Active adaptive management accelerates learning about
the resource being managed (Gregory et al. 2006).

Passive adaptive management

A best model or management action to meet an
objective based on historical data is implemented.
Outcomes from the action are monitored and then used
to inform subsequent decisions (Gregory et al. 2006).

Adaptive co-management

Flexible community based management tailored to
specific places and situations and supported by, and
working with, various organizations at different levels
(Olsson et al. 2004a).

Adaptive governance

The dynamic structures and processes by which
societies share power, and shape individual and
collective actions regarding the management of natural
resources. Adaptive governance provides a way to
operationalise adaptive co-management (Folke et al.
2005).

Social learning

A change in understanding that goes beyond an
individual to become situated within wider communities
of practice (Reed et al. 2010).

Single-loop learning

Occurs when the outcomes of decisions and actions are
evaluated in terms of the way they contribute to meeting
agency goals and expectations (Armitage et al. 2008;
Pahl-Wostl et al. 2007).
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Double-loop learning

Occurs when the overarching management approach is
questioned and fundamentally changed (Armitage et al.
2008; Pahl-Wostl et al. 2007).

Notwithstanding decades of research, adaptive management is rarely implemented by
management agencies (hereafter agencies), particularly active adaptive management (Allen
and Gunderson 2011). Institutional arrangements (i.e. the rules by which people organise
their interactions) continue to constrain agencies use of the approach (Gunderson and Holling
2002; Lee 1993; Stankey et al. 2005). Institutional arrangements can be formal and informal.
Examples of formal institutional arrangements are laws, policies and management plans
(Huitema et al. 2009). Informal institutional arrangements are unwritten social rules and
norms (Pahl-Wostl 2009). Institutional arrangements often overlap and reinforce each other,
causing them to be inflexible and resistant to change (Cortner et al. 1998). Creating
institutional flexibility for adaptive management has been demonstrated to be a major
implementation challenge for agencies (Benson and Stone 2013). In instances where
institutional inflexibility exists, adaptive management may simply be used to reduce political
pressure or to evade agency oversight, rather than to improve policies and practice (Doremus
2011).

From the literature we identified three critical interrelated elements that agencies need to
create institutional flexibility for adaptive management (Fig. 20). Each element should have
an enabling effect on the subsequent element, but this has often not been realised in practice.
The first element is a formal mandate for adaptive management, including resources and
recognition within the agency that implementing the approach requires a change from past
practice (Allan et al. 2008; Greig et al. 2013; LoSchiavo et al. 2013). Agencies then usually
have to initiate adaptive management within existing overlapping institutional formal and
informal arrangements. These arrangements typically do not provide sufficient flexibility to
manage adaptively (Keith et al. 2011; Ruhl 2005).Without changes to the existing
institutional arrangements, agency attempts at implementing adaptive management are likely
to fail (see Walters 1997, Allan and Curtis 2005).

The second element is leadership, which is required to garner and maintain support for
management actions that push against existing institutional bounds and generate surprises
that provide new insights into how to manage the system (Allen and Gunderson 2011;
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Gunderson et al. 2006). Given the inherent uncertainty in adaptive management, this element
can be difficult for decision makers and stakeholders, particularly those who prefer certainty.
A lack, or the contextually inappropriate style, of agency leadership is recognised as a major
constraint to adaptive management (Allen et al. 2011; Walters 1997; Walters 2007). The
impact of an agency’s leadership will depend on the institutional context (Bettini et al. 2015;
Orazi et al. 2013; Westley et al. 2013). Thus, to enhance agency leadership for adaptive
management requires an understanding of the impact of different leadership styles in
particular institutional contexts.

The third element is the design of institutional arrangements, which should enable agency
staff to learn with their stakeholders (Fabricius and Cundill 2014). By fostering participation,
agencies are able to broaden understanding by incorporating different stakeholder
perspectives, manage conflict, and facilitate social learning (Lee 1993). In cases where
agencies have initiated adaptive management, the institutional arrangements do not always
support agency reflection and learning (Allan and Curtis 2005). Monitoring is not always
linked to future decision-making (Benson and Stone 2013) and evaluation processes often do
not always support stakeholder participation (Fabricius and Cundill 2014). Creating
institutional arrangements to facilitate social learning is a challenge for agencies
implementing adaptive management, but considered essential for the potential of the
approach to be realised (Williams and Brown 2014).
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Figure 20 A causal loop depicting the enabling effects of a formal mandate for adaptive
management (AM), agency leadership and institutional arrangements designed to
facilitate social learning. The positive polarity of each arrow indicates the enabling
effect of one adaptive management element on the subsequent element.

The overall aim of this paper is to understand practitioners’ perceptions of how institutional
flexibility can be created for agencies to implement adaptive management effectively to
manage and restore aquatic ecosystems. More specifically, we are interested in knowing: (1)
how agencies can create formal and informal institutional arrangements for adaptive
management; (2) how agencies can enhance their leadership for adaptive management; and
(3) how institutional arrangements can be designed for agencies to learn in adaptive
management. Using two cases, we describe how agencies can create institutional flexibility in
large complex water resource systems for adaptive management. The findings from both
cases are relevant for state and federal government agencies.

5.2 Methods

We used a case study research methodology (see Yin 2013) and qualitative research methods
to build an in-depth understanding of how practitioners perceived that institutional flexibility
could be created for adaptive management. We adopted a critical realist ontology where
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reality is captured by a broad critical examination, and a constructionist epistemology (i.e. the
subject constructs reality of an object), because we expected the practitioner’s ‘reality’ of
their agency’s adaptive management approach would be based on their own experiences, but
similarities among participants would be observed (Moon and Blackman 2014). We selected
two cases, the Commonwealth Environmental Water Office (CEWO), Australia and South
Florida Water Management District (SFWMD), United States of America. These agencies
were selected because they both have a formal mandate to implement adaptive management
to help restore water flow. However, institutional inflexibility in both systems has historically
undermined attempts to implement the management approach, particularly active adaptive
management (Allan 2008; Connell and Grafton 2008; Gunderson and Light 2006; Gunderson
et al. 2014; Pagan and Crase 2005). These two instrumental cases (see Yin 2013) allow for
generalisations to other agencies attempting large-scale aquatic ecosystem restoration using
adaptive management.

5.2.1 Commonwealth Environmental Water Office

The CEWO is a Division within the Department of the Environment and Energy established
to support the Commonwealth Environmental Water Holder (CEWH). The CEWH is a
statutory position created under the Water Act 2007 to manage the Commonwealth’s
environmental water holdings. These holdings are part of a broad suite of water reforms,
including the Murray-Darling Basin (MDB) Plan, which are designed to recover water from
consumptive uses by purchasing water entitlements and from water savings generated by
modernising irrigation infrastructure (Hart 2015a). This water is being used to meet
environmental needs (i.e. environmental water) in 24 catchments of the Basin (Banks and
Docker 2014; Docker and Robinson 2013). The legislation and policy guiding how the
CEWH manages the water holdings define adaptive management as including: 1) setting
clear and measurable objectives; 2) linking management, monitoring, evaluation, and
feedback; 3) identifying and testing uncertainties; 4) learning about the relevant system and
its management; 5) improving knowledge; and 6) considering the social, economic and
technical aspects of management (Australian Government 2012; MDBA 2014).
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5.2.2 South Florida Water Management District

The SFWMD, a state government agency, is responsible for managing the water resources for
16 counties from Orlando to the Florida Keys (SFWMD 2016). The agency’s mission is to
balance and improve flood control, water supply, water quality and natural systems (SFWMD
2016). SFWMD is partnering with the U.S. Army Corps of Engineers to implement the
Comprehensive Everglades Restoration Plan (CERP) adaptive management program, which
includes the Central Everglades Planning Project (Davis et al. 2014; LoSchiavo et al. 2013).
A key goal of CERP is to restore the hydrology of the Everglades ecosystem (LoSchiavo et
al. 2013). CERP defines adaptive management as a structured management approach for
addressing uncertainties by testing hypotheses, linking science to decision-making, and
adjusting implementation as necessary, to improve the probability of success (RECOVER
2010, p4). Restoration projects that commenced before CERP, including operation of the
stormwater treatment areas downstream of the Everglades agricultural area, were also
considered in this case (see Sklar et al. 2005 and Light 2006 for project descriptions).

5.2.3 Data collection

A semi-structured interview schedule comprising open and closed questions was developed
to answer the three research questions (see Appendix 7 for a copy of the interview schedule).
We piloted the schedule with four adaptive management practitioners. These practitioners
were not involved in the main study. Feedback from the pilot study was used to improve the
clarity of the interview questions. A purposive sampling strategy (Bryman 2012) was used to
identify practitioners experienced in designing and implementing adaptive management. We
selected participants working in policy, management, water operations, research and
monitoring roles from senior executive to lower levels within the agency’s hierarchy. Semistructured interviews were then carried out with 28 practitioners (14 from each agency),
between November 2014 and February 2015. We expected theoretical saturation to be
reached with this sample size, which often occurs within the first twelve interviews (Guest et
al. 2006). Our sample size is similar to previous adaptive management case study research
(Allan and Curtis 2005; Brouwer and Biermann 2011). Interviews were conducted in person,
one-on-one at the participant’s workplace. Each participant was given an information pack
describing the aim of the study and participants provided signed consent before the interview.
Interviews lasted from 1 to 2.5 hours and were digitally recorded. All interviews were
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digitally recorded and transcribed. The accuracy of the interview transcripts was checked by
the lead author using the digital recordings. Participants were also provided an opportunity to
check the accuracy of the interview transcript. Text files were then uploaded into NVivo
(Version 10, QSR International) for analysis.

5.2.4 Data analysis

We used theoretical thematic analysis (i.e. a method for identifying, analysing and reporting
patterns within the interview data based on existing theory) (Braun and Clarke 2006).The
lead author generated parent nodes based on the three research questions and generated an
initial set of child nodes from the interview questions. Memos were created explaining the
reasons for coding text to a particular node. To promote reflexivity (i.e. a self-assessment of
subjectivity see Jootun et al. 2009), a second researcher then coded randomly selected text
using the initial child nodes and the memos, and provided feedback. This process helped to
identify potential subjectivity and improve the transparency of the coding approach. The lead
author then performed manifest coding to develop dimensions, which describe the properties
of each child node (Charmaz 2006). The same reflective process was followed to improve
transparency in the coding approach. Once all the data were coded, we generated themes to
group the codes according to their similarity (Braun and Clarke 2006). Before finalising the
analysis, both agencies were given the opportunity to comment on the validity (i.e. member
checking) of the research findings (Creswell and Miller 2000). We present the main themes
in the results (see Appendix 7 for a full list of nodes, dimensions and memos).

5.3 Results

5.3.1 Creating formal and informal institutional arrangements for adaptive
management

All participants experienced challenges in implementing adaptive management within
existing institutional arrangements (Table 11). Although all participants reported low levels
of flexibility within formal institutional arrangements to experiment, they did discuss how
they created opportunities to implement adaptive management. For instance, where formal
institutional arrangements did not provide sufficient flexibility for the flow pattern required
for an experiment, temporary agreements to deviate from past practice were negotiated with
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other government agencies and stakeholders. The CEWO negotiated these agreements with
state, industry and landholder representatives on environmental water advisory groups and
river operators, who were responsible for and/or represented landholders affected by the
water releases. Where the SFWMD sought to modify operations of federal infrastructure, it
obtained permits from the U.S Army Corps of Engineers and the Department of
Environmental Protection. SFWMD participants also reported that changes in day-to-day
practice, whereby scientists and operators had started to interact more regularly, which helped
to identify where operational flexibility for adaptive management existed.

When water operations had to deviate from past practice, informal institutional arrangements
largely determined the bounds for experimentation (Table 11). Most examples of CEWO
experimentation required alternative accounting arrangements to protect environmental water
releases from extraction downstream. In one example, inflows from tributaries into the
Lachlan River need to be protected from extraction. Historically, these inflows were available
for irrigation. The CEWO negotiated with the local environmental water advisory group and
the river operator to protect the tributary inflows from extraction, in exchange for an
equivalent volume of water provided for irrigation from the Commonwealth environmental
water holdings at an upstream storage. It was the informal institutional arrangements (i.e.
what was acceptable to stakeholders) that determined the bounds for the experiment.
Similarly, several SFWMD participants described the role of informal institutional
arrangements in testing uncertainties associated with permanently removing levees and
backfilling canals to enhance sheet flow and ecological connectivity across the marsh,
upstream of Everglades National Park (i.e. the Decomp Physical model). One participant
explained how a key stakeholder group helped determine the type of experimentation that
would be socially acceptable:

“We had to go to the bass fishing industry and ask them to help us figure
out whether indeed the canals needed to be backfilled. We went to them
with designs and they came back with alterations to the design because they
didn't want the current bass fishery to be impacted by our experiment and
we modified it.” (SFWMD-11)
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Table 11 The main formal and informal institutional constraints to using adaptive
management identified by participants.
Formal institutional constraint

Informal institutional constraint

•

•

Historical rules that constrain the range
of potential management actions

•

Environmental legislation (e.g.

formal institutional bounds

•

Threatened Species Act and National
Environmental Policy Act) that

•

Past practice (water operations) within

Stakeholders expectations and values
based on past practice

•

Political environment, including

constrains the range of potential

directives given to the agency by elected

management actions

representatives

Competing water management
objectives

Several participants from both agencies believed that their agency’s conservative and
incremental adaptive management approach using temporary agreements would help to build
trust and legitimacy with stakeholders, which in turn would provide greater formal and
informal institutional flexibility over the longer term (Fig. 21).

5.3.2 Enhancing agency leadership for adaptive management

All participants described agency leadership attributes required for adaptive management,
where these typically occurred within the hierarchy (i.e. position), and limitations of these
attributes in certain situations (Table 12). Leadership that supported or promoted
collaboration was considered necessary most of the time because neither agency had
sufficient authority or capacity to implement adaptive management without support from
partner agencies and other stakeholders. As described by one participant:

“We couldn't actually deliver environmental water without the co-operation
of the Basin states and their agencies…Although there's a series of
legislative mandates and legal obligations, in the day-to-day practice we've
had to build a co-operative and collaborative network of arrangements,
unwritten procedures and relationships.” (CEWO-14)
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Advocating for changes to institutional arrangements to provide for adaptive environmental
watering was a major leadership role for the CEWO. Several participants described how, on
occasions, the CEWO adopted a more directive leadership style (i.e. advocating for a
preferred position without compromising or accepting the status quo) with state and federal
partners to push for these changes (Table 12). In some instances, the CEWH decided not to
participate in watering actions with partners because of inadequate state policies to account
for and protect environmental water. In one instance the CEWO was seeking policy changes
to protect environmental water to achieve environmental outcomes at multiple sites along the
river, rather than at only one site where waterbirds were breeding:

“There was a decision [by the CEWH] not to be involved in watering
actions, because particular policies weren't in place …I don't think anyone
[state and federal delivery partners] agreed with it at the time … the result
has now been you see things being progressed…This decision had a
significant bearing on changes to other policies.” (CEWO-1)
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Table 12 Attributes of leadership in management agencies for adaptive management and perceived limitations identified by
participants.
Leadership

Perceived attributes

Perceived limitations, which meant that attributes
were not always realised

Agency (process)
Collaborative, which

•

Ability to garner support from partner agencies (neither

focuses on

agency has authority or capacity to implement AM

relationships, conflict

without this)

management and

•

sharing control (Walker •
and Daniels 2012).
•

•

rather than collaboration
•

Ability to balance competing objectives
Ability to listen and respond to stakeholder views

Can be applied in the wrong context, which
reinforces the status quo

•

Not all community leaders supportive of the
agency

Ability to garner support from non-government
stakeholders

Competing objectives can create competition

•

Legislation limits agency’s capacity to collaborate
(reciprocity)

•

Some staff not willing to engage with
stakeholders

Directive, in this

•

context refers to
advocating for a
preferred position
without compromising

Ability to develop new institutional arrangements where

•

other parties resist
•

Difficult to apply if not the lead agency for the
policy or plan

Ability to improve transparency and accountability in

•

Can create tension with partner agencies

policy, planning and reporting

•

Difficult to apply if agency not able to influence
changes directly
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Leadership

Perceived attributes

Perceived limitations, which meant that attributes
were not always realised

or accepting the status
quo.

Distributed, which is a

•

top down and bottom

Ability to distribute leadership throughout an agency

•

rather than simply top down

Some staff preferred operating in a more
hierarchical agency and were not receptive to

up social process that

taking on a greater leadership role

works through and
within relationships,
rather than by
individual action
(Walker and Daniels
2012).

Position
Senior executive and

•

Board

Ability to build and sustain support for institutional

•

Not all understood AM or considered it a priority

changes

•

Change in agency direction with political

•

Ability to manage political environment

•

Ability to instil confidence in agency staff to experiment

•

Ability to promote social learning

appointments
•

Risk averse
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Leadership

Perceived attributes

Perceived limitations, which meant that attributes
were not always realised

•

Ability to secure resources (in particular, monitoring)

•

Ability to translate complex information to decision
makers and stakeholders

•

•

Internally-focused, less emphasis on stakeholder
engagement

•

Politically appointed with a directive to pare back
agency budget

Ability to listen, respond to and integrate stakeholder
views

Mid-level managers

•

Have experience, data and stakeholder relationships to

•

design and recommend alternative AM actions
•
•

Ability to translate complex information to decision

activities
•

Don’t consider AM or stakeholder engagement a

makers and stakeholders

priority

Ability to identify institutional constraints and strategies to •

Organizational memory lost with staff turnover

overcome them
•

Not all reinforce the need for AM in day-to-day

Ability to listen, respond to and integrate stakeholder

•

Do not understand what AM means for the
agency

views
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The CEWO did not push for institutional changes as directly with non-government
stakeholders as with partner agencies. Instead, the agency’s leadership focused on building a
social licence (i.e. legitimacy) to operate with communities across the MDB, which was
described as gaining community acceptance of the processes by which the CEWO operates.
Underpinning the CEWO’s leadership approach to building a social licence was its good
neighbour policy. Key elements of the policy were to not create nuisance flooding, or to
compete for channel capacity during the cropping season without agreement from affected
parties. Most participants recognised the positive aspects of the policy, but several raised
concerns about institutional arrangements becoming more constrained. For example, flow
rates downstream of Yarrawonga on the River Murray were reduced from 20,000 megalitres
per day (ML/d) to 15,000 ML/d in 2012 because of stakeholders concerns over flooding
caused by environmental water. This decision was taken by state and federal agencies despite
river operators historically delivering up to 20,000 ML/d of irrigation water. Several CEWO
participants acknowledged that their agency’s leadership and good neighbour policy could be
viewed as risk averse, but believed it would build trust with communities and create
institutional flexibility for environmental watering over the longer term.

Scientific and engineering expertise within the SFWMD was also considered an important
attribute of the agency’s leadership that informed board and senior executive decisions.
Balancing scientific and engineering advice with directives given to the agency from the state
government of the day was recognised as a major challenge for SFWMD leaders. Several
SFWMD participants explained that the Governor and Legislature had become more involved
in directing the agency’s business and operations over recent years. At times, the agency
adopted management approaches that differed from scientific or engineering advice. As
explained by one participant:

“One of the changes our agency has gone through in the last few years is
there's an added level of political involvement in what we do in our day to
day management and science function. That's been a challenge because
when you get the politics involved...there's an agenda that we want to go in
this direction…whether we think that's the way to go from a science,
engineering perspective.” (SFWMD-4)
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5.3.3 Agency learning in adaptive management

Institutional arrangements were usually designed for learning from management actions, but
limited monitoring resources in both cases constrained where this learning could occur (Table
13). The main difference between the two agencies at the time of our study was that SFMWD
stakeholders had an opportunity to participate in evaluation and decision-making forums
whereas CEWO stakeholders generally did not. These opportunities within the SFWMD
included the Water Resources Advisory Commission, board meetings and regular water
operations meetings where stakeholders and were able to discuss and learn about current
issues with staff, and influence agency decisions (Fig. 21). For example:

“We have a Water Resource Advisory Commission that meets every
month… stakeholders from agriculture, environmental groups, counties,
hunting groups, recreation groups… that go through over a whole host of
issues… feedback from that group goes to our governing board…
then…back to staff to do something or change something” (SFWMD-7)
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Figure 21 Participants’ perceptions of how institutional flexibility was created for
adaptive management.

Table 13 Reporting processes and engagement forums that facilitate feedback between
monitoring, evaluation, and decision-making.
Commonwealth Environmental Water Office

South Florida Water Management
District

1. After action acquittals
2. End of year environmental watering
reviews
3. Long-term intervention monitoring
program
4. Environmental water advisory groups
(CEWO observer status)

1. Annual environmental water
reporting
2. CERP monitoring program
3. Monthly Water Resources Advisory
Commission meetings
4. Monthly Board meetings
5. Weekly calls with U.S. Army Corps

5. Local engagement officers
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Most CEWO participants considered that the agency was starting to incorporate more local
knowledge into its planning and management actions under the current CEWH. Local
engagement officers were employed to provide new opportunities for the agency to
incorporate local knowledge into the management of the portfolio, and to build trust with
communities. A new forum was also being developed to involve stakeholders in the CEWO’s
evaluation processes in one catchment at the time of our study.

Of the two identified examples of active adaptive management that were underway during the
time of our study (one from each case), both were implemented at small spatial and/or
temporal scales (i.e. asset or reach scale) (Fig. 22). SFWMD participants spoke of how the
agency had used active adaptive management to facilitate learning with stakeholders from
pilot projects to garner support for full-scale restoration measures (e.g. the De Comp Physical
Model). For example:

“When people are dubious about what you’re going to do, if you can
communicate to them the experiments that you’ll take in order to address
their concerns, they can get much more on board with what you’re trying to
do. If you’re willing to commit to doing it at a scale that they can accept,
the smaller scale, and demonstrate the benefits of it, then you gain support
for the larger-scale implementation.” (SFWMD-6)

Both agencies institutional arrangements were designed to enable learning from passive
adaptive management at larger spatial and temporal scales (i.e. sub-catchment scale to
catchment scale) (Fig. 22). Several CEWO participants explained that the agency’s planning
and long-term intervention monitoring was based on passive adaptive management and
scenario planning with objectives set for a range of wet and dry periods for catchments across
the MDB. The agency generally did not design watering actions using control variables to
test alternative hypotheses as a way to reduce ecological uncertainty. Instead, best options
were identified based on water availability, forecast rainfall scenarios, environmental
objectives, previous watering outcomes, and system constraints. Watering had to be
responsive to weather conditions and could be adjusted part way through an event in response
to rainfall. Similarly, most SFWMD participants described passive adaptive management as
the main approach that informed operations. Several SFWMD participants also distinguished
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adaptive management from the day-to-day adaptation that occurred in operations. For
example:

“There’s…operations… where we can look at how we’re doing things and
see what we can do to improve the condition…The operations won’t be
consistent from day to day as conditions change…adaptive management
has a component of experimentation with it. Those aren’t experiments.”
(SFWMD-12)

5.4 Discussion

We aimed to understand practitioners’ perceptions of how institutional flexibility can be
created for agencies to implement adaptive management effectively to manage and restore
aquatic ecosystems. We wanted to learn how agencies can create formal and informal
institutional arrangements for adaptive management, how agencies can enhance their
leadership for adaptive management, and how institutional arrangements can be designed for
agencies to learn in adaptive management. We found that the CEWO and SFWMD created
flexibility within the overlapping institutional arrangements to use adaptive management,
typically through conservative and temporary agreements. Positive attributes of agency
leadership for adaptive management were identified, but were not effective in all
circumstances, and were difficult for an agency to sustain. Our results illustrate how agencies,
stakeholders and researchers can develop a shared understanding of how to manage and
restore aquatic ecosystems, which in turn, helps create institutional flexibility for an agency
to manage adaptively.

5.4.1 Creating formal and informal institutional arrangements for adaptive
management

Formal institutional changes to create institutional flexibility for adaptive management must
be implemented in a way that is legitimate and responsive to stakeholders (Cosens 2013).
Previous research has demonstrated that considerable tensions existed between stakeholders
concerned about the fairness of the institutional changes required for aquatic ecosystem
restoration in both cases (Alston et al. 2016; Gunderson et al. 2014). It was within this tense
stakeholder environment that new policies, infrastructure, and associated adaptive
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management plans designed to overcome restrictions on the timing, volume and quality of
water for the environment were being put in place (see Hart 2015; LoSchiavo et al. 2013 for
examples). However, without changes to the overlapping informal arrangements (Table 11),
the risk existed that the new formal arrangements would simply reinforce the institutional
rigidity that had historically constrained adaptive management in both cases (see Allan 2008;
Gunderson and Light 2006).

Interestingly, we found that flexibility for restoration and adaptive management was often
found within the informal institutional arrangements of day-to-day practice, that is,
‘operational flexibility’. Environmental water was historically a small component of
operations in the MDB. Operational flexibility was employed in day-to-day practice within
formal institutional arrangements to maximise water availability for irrigation (Banks and
Docker 2014). With the CEWH now the largest holder of water rights in the MDB, operators
are focusing more on environmental watering opportunities in their day-to-day practice. A
similar transition in operations has occurred in Southern Florida. SFWMD scientists and
operators have been meeting weekly to share knowledge and inform operations for more than
15 years (Vedwan et al. 2008). These changes in day-to-day practice, albeit highly
conservative and incremental, helped to provide some operational flexibility for adaptive
management.

5.4.2 Enhancing agency leadership for adaptive management

Power sharing arrangements between agencies, and support of non-government stakeholders
is required for adaptive management in large complex systems (Huitema et al. 2009). To
achieve institutional change for adaptive management, leaders working within these complex
systems must find ways to mobilize and link different people within the network (Manolis et
al. 2009). Our results illustrate how adaptive management can be more effectively
implemented when an agency’s leadership is collaborative. The large scale of the aquatic
ecosystem restoration effort in both cases also required leadership to be displayed in multiple
positions throughout an agency. We found that this distributed leadership did not always fit
well with the bureaucratic structure of either agency, but is considered essential to build
capacity for adaptive management (Allan et al. 2008; Pahl-Wostl et al. 2007). Our results
illustrate that for distributed leadership to be effective requires senior executive to resist a top
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down approach and mid-level managers to embrace the responsibilities associated with an
increased leadership role (Table 12).

We found that in both cases institutional flexibility was typically created through reciprocity
between the agency, partner agencies and stakeholder representatives, which is a feature of
collaborative leadership (Head and Alford 2015). However, instances arose where
participants considered reciprocity inadequate for creating institutional change (Table 12). In
these instances, policy and institutional entrepreneurs (Meijerink and Huitema 2010; Westley
et al. 2013) working inside and outside of the agencies created or used disturbances to
provide windows of opportunity to lead or resist institutional change. For example, the
CEWH’s decision to withdraw from a collaborative watering action created a social
disturbance, which helped break down existing institutional arrangements to provide for
multi-site environmental watering. Conversely, the same strategy was used against the
CEWO to resist policy change effectively. Here, an interest group capitalised on a physical
disturbance created by the CEWO [i.e. low-level flooding] in an adjacent catchment to
constrain flow rates downstream of Yarrawonga on the River Murray. Both examples
illustrate the importance of agency leadership that can overcome vested interests that wish to
prevent adaptive management (Allen and Gunderson 2011).

Neither agency was able to maintain all attributes of distributed leadership for adaptive
management all of the time (Table 12). Our results provide further evidence of the
importance of distributed leadership within the broader governance arrangements (PahlWostl et al. 2007). Key individuals working within and outside of lead agencies have been
recognised for leading the institutional changes required for adaptive management in large
complex systems (Folke 2006; Olsson et al. 2004b). For example, scientific and political
leadership from outside of both agencies, in response to crises (i.e. severe drought) played a
critical role in providing a platform for the institutional changes being pursued for aquatic
ecosystem restoration and adaptive management. Our results demonstrate that in between
crises leaders working within agencies need to create small windows of opportunity that
provide institutional flexibility to experiment using adaptive management. These small
windows of opportunity are important for embedding adaptive management into existing
institutional arrangements.
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5.4.3 Agency learning in adaptive management

We found that single-loop learning was the dominant type of agency learning, which reflects
the conservative and incremental adaptation of operations (Lach et al. 2004) and of passive
adaptive management more broadly (Gunderson and Light 2006). We also found evidence of
double-loop learning, albeit more rarely. Rapid increases in the size of the CEWH’s water
portfolio forced the agency to challenge existing environmental watering practices, which led
to environmental watering at multiple sites along and between rivers. The slow pace of CERP
implementation, forced the SFWMD and U.S. Army Corps to prioritise and expedite critical
components of CERP in areas most impacted by reduced flows, which led to the development
of the Central Everglades Planning Project (Davis et al. 2014). Single-loop learning within
existing institutional arrangements followed by periodic reflection and restructuring of the
institutional arrangements, as we observed, are typical in the adaptive management cycle
(Williams and Brown 2014).

Stakeholder participation has been identified as a major enabling factor in adaptive
management because it helps to manage conflict and facilitates inclusive social learning
(Fabricius and Cundill 2014; Lee 1993). We found evidence for the positive effects of
stakeholder participation for creating institutional flexibility to experiment with management
actions, albeit typically conservative and temporary. The Lachlan River and Decomp
Physical model examples illustrate how these management experiments can act as a
‘boundary object’ that brings multiple stakeholders with different perspectives together to
learn from each other about new ways to manage (Huitema et al. 2009). However, some of
the government agency engagement forums described by participants in both cases have been
criticised for their closed nature (Light 2006; Lukasiewicz and Dare 2016). We found the
CEWOs evaluation and decision-making forums in particular could be more open to facilitate
inclusive social learning (Fig. 21). More inclusive forums would help to facilitate doubleloop learning within the broader governance arrangements. Participants would be able to
reflect on whether the current management approach is supported by a majority of
stakeholders, or just a dominant and vocal few.

Our results suggest that active adaptive management at small spatial scales is useful for
reducing some ecological uncertainty and for garnering stakeholder support for full-scale
restoration. The main risk of using active adaptive management at small scales is that these
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large complex systems may exhibit properties that cannot be detected or may not occur at
smaller scales (Foxon et al. 2009). Passive adaptive management appeared to fit better within
the broader decision-making management framework of both agencies. To maximise the
effectiveness of passive adaptive management requires management actions (e.g.
environmental flow releases) to be treated as replicates of a larger experiment to enable
ecological response relationships to be developed (King et al. 2015). Evidence synthesis
methods that make use of published research (see Norris et al. 2012) could then be used to
combine these replicates to infer causal relationships and help inform operations, particularly
in parts of these systems where no ecological monitoring occurs (Nichols et al. 2017a).
Managers seeking to use adaptive management in large complex systems similar to the two
studied here should consider nesting active and passive adaptive management spatially and
temporally, noting some overlap (Fig. 22), and combining with evidence synthesis methods
to inform and adapt operations.

Figure 22 The spatial and temporal boundaries up to which active (white) and passive
(light grey) adaptive management projects were implemented by the Commonwealth
Environmental Water Office1 and Southern Florida Water Management District2 to
inform water operations (dark grey).
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5.5 Conclusion

Our aim was to understand practitioners’ perceptions of how institutional flexibility can be
created for agencies to implement adaptive management effectively to manage and restore
aquatic ecosystems. While our unit of analyses was an individual agency, our results illustrate
the important role of partner agencies, stakeholders and researchers in creating institutional
flexibility. Adaptive management is only likely to be part of a broader decision-making
framework that informs operations in large complex systems. Thus, it is important to consider
ways to nest adaptive management, passive and active, into the broader institutional
arrangements that inform operations. An ongoing challenge for both agencies studied here
will likely be embedding the temporary flexibility created for adaptive management into the
institutional arrangements over the longer term. A greater focus on the principles of adaptive
co-management and adaptive governance in the MDB and Southern Florida would help to
embed this institutional flexibility for agencies to manage adaptively over the longer term.
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CHAPTER 6: CONCLUSION

6.1 Contribution of my research findings to theory and practice

The overall aim of this thesis was to take a holistic view of the gap between scientific
knowledge production and its use in environmental decision-making. Meeting this aim
required an in-depth understanding of (1) how scientific knowledge is produced and (2) what
social processes of environmental decision-making influence its use. As such, I focused on
four elements of environmental decision-making that influence the use of scientific
knowledge. First, I investigated how primary research findings can be synthesised with
hydrological and biological data to define an environmental problem (Chapter 2). Second, I
investigated how primary research can be synthesised and integrated with other knowledge
types to inform the implementation of a policy solution (Chapter 3). Third, I examined
contextual factors that would influence the use of evidence synthesis methods in
environmental decision-making (Chapter 4). Fourth, I examined the social rules and norms
that influence how scientific knowledge is applied in environmental decision-making
(Chapter 5). Each element is interrelated with one building on the next (Fig. 23).

The first element I investigated was how scientific information can be synthesised to define
an environmental problem relevant for environmental decision-making (Chapter 2).
Identifying and defining an environmental problem is an important first step in implementing
adaptive water management. Rivers provide multiple beneficial uses (i.e. goods and services),
which can be affected by human activities. Assisting practitioners and their stakeholders
manage, and in some cases restore, river ecosystems required an understanding of the
components of the flow regime that influence its ecology. This study highlighted the
difficulty in developing an understanding of these relationships with a small biological
monitoring dataset to diagnose a management problem such as flow alteration. Systematic
transparent syntheses of available primary research of a broader range of data that is relevant
yet not necessarily site specific is critical to provide new insights that would not be gained
from analysing small biological monitoring datasets in isolation. By transparently assessing
the evidence both for and against a hypothesis to resolve an identified management problem,
the evidence synthesis provided new insights into the observed ecological condition and
likely effects of flow alteration in the lower Salinas River.
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The evidence synthesis in Chapter 2 integrated with biological monitoring data and
hydrological data provided information relevant for environmental decision-making. Overall,
Chapter 2 demonstrates how scientific knowledge can be used to inform environmental
decision-making by identifying the likely ecological effects of past management decisions.
However, scientific knowledge must also be able to assist society in understanding the likely
outcomes of alternative policy options. To provide this assistance requires closer interaction
with practitioners and their stakeholders recognising that scientific knowledge is typically
only one of several inputs that inform water resource management in the lower Salinas River.

The second element I investigated was how scientific knowledge can be synthesised and
integrated with other knowledge types to inform the implementation of a policy solution
(Chapter 3). Building on the findings of the previous chapter, this study illustrates the
importance of using a collaborative approach to ensure that the end users consider the
evidence synthesis to be credible and salient to their policy context. The approach enabled the
expert opinion of a waterbird ecologist and the experiential knowledge of a state agency
practitioner to be integrated into the synthesis by working with them to develop a conceptual
model and testable hypotheses. This approach was critical in creating credibility via a process
of collaboration with practitioners and their trusted advisors. Each participant involved in codesigning the evidence synthesis brought experiences from working in different parts of the
Basin to help develop a whole-of-system conceptual understanding of waterbird refuge.
Developing a conceptual model as a group provided a more in-depth understanding of
waterbird refuge habitat than if the conceptual model had been developed by an individual,
illustrating the benefits of social learning. This shared conceptual understanding enabled
specific hypotheses to be developed at scales considered relevant (i.e. salient) to the policy
context.

The application of Eco Evidence in this context highlighted a tension between following a
strict systematic review protocol and making use of all evidence considered credible by the
end users. Tensions such as these helps explain why a ‘fit for purpose’ evidence synthesis
method needs to be identified upfront with the end users, rather than attempting to apply a
‘one size fits all’ method in different policy contexts. Overall, the evidence synthesis
produced credible and salient information, which informed environmental water policy,
illustrating the utility of evidence synthesis for informing policy.
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The third element I investigated was how socio-political factors influenced practitioners’
perceptions of the role of scientific knowledge synthesis in informing environmental
decision-making (Chapter 4). Building on the findings of the two previous chapters, this
study provided insights into the socio-political environment within which environmental
management agencies operate. The findings illustrated practitioners’ perceptions of what is
considered credible, salient and legitimate and how they balance these three characteristics in
different environmental decision-making contexts. The findings also illustrated why
practitioners consider scientific knowledge alongside other knowledge types such as
experiential knowledge to achieve practical outcomes. Considering other knowledge types
also helped to ensure that decisions were socially and politically acceptable and thus would
retain the trust and confidence of governments and the public. Balancing social, political and
ecological risks will always require professional judgement. The study revealed opportunities
for more systematic evidence synthesis methods to assist practitioners manage risk
transparently and to inform their professional judgement. Importantly, the study revealed
contextual factors, such as the level of risk and level of conflict associated with a decision,
which would influence who would need to be involved to co-design and co-produce a
credible, salient and legitimate evidence synthesis.

The fourth element I investigated was how the rules and norms within which management
agencies operate influence how scientific knowledge can be used to implement solutions in
environmental decision-making (Chapter 5). Building further on the findings of the previous
chapters, this study provided empirical evidence of the positive effects of stakeholder
participation in science-informed environmental decision-making. Scientific knowledge
informed decisions that often result in incremental changes to how aquatic ecosystems are
managed. For example, the rules, particularly informal rules within which management
agencies operate, are highly resistant to change. This resistance partially explains why
scientific knowledge needs to be balanced against other inputs to inform a decision.
However, practitioners and decision-makers have a responsibility to demonstrate leadership
informed by scientific knowledge to overcome those seeking to exploit uncertainty to resist
proposed changes that favour their competing demand. Scientific knowledge can also play an
important role in informing more abrupt changes to the way that aquatic ecosystems are
managed, which typically occurs when there is a high profile social or critical environmental
disturbance such as drought. These disturbances create opportunities for more fundamental
changes to the institutional arrangements based on new learnings informed by scientific
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knowledge. For example, ongoing drought led to fundamental changes in the institutional
arrangements in the Murray-Darling Basin and Southern Florida to better recognise
ecological needs. The necessary institutional changes can in turn create greater institutional
flexibility to manage adaptively and restore aquatic ecosystems.

One unresolved problem from my research relates to how flexibility can be embedded in the
institutional arrangements (formal and informal) so that management agencies can make
better use of evidence synthesis methods and experimental management actions over the
longer term. Filling this knowledge gap requires future research to capture the perceptions of
other stakeholders involved in environmental-decision-making, such as industry groups (e.g.
irrigators) who would not want to be adversely affected by more flexible institutional
arrangements. By focusing on other stakeholder perceptions of legitimacy would help to
understand how greater institutional flexibility could be created to apply these two
contemporary approaches to better link science with environmental decision-making.
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Figure 23 Overview of the holistic research approach used to investigate the role of
scientific knowledge in environmental decision-making and my research contribution
6.2 Reflections on my research approach

My research was possible because of the pragmatism approach adopted. Using natural
science research methods helped me to develop an in-depth understanding of an
environmental problem from an ecological perspective. Using social research methods
enabled me to develop a more in-depth understanding of the societal nature of environmental
problems, including the intricacies, politics and structural elements of the decision-making
context. Combined, my research findings provide empirical evidence of how some of the
mismatches that create a gap between scientific knowledge production and its use in
environmental decision-making can be ‘bridged’. Through collaboration, researchers can
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make primary research more accessible to practitioners using evidence synthesis methods.
Co-designing and co-producing the evidence synthesis produces findings considered credible,
salient, and that are used to inform environmental-decision-making. Similarly, designing
management actions in collaboration with stakeholders provides greater institutional
flexibility to manage adaptively.

The overarching finding of my research is the importance of conducting multi-disciplinary
research, which is relevant for both evidence synthesis and adaptive management. My study
incorporated natural science research methods, including hydrological analysis and ecological
analysis (macroinvertebrate & waterbird ecology), along with social research methods to
characterise environmental problems and to identify potential solutions. However, my
research was undertaken recognising that contemporary environmental problems are typically
characterised by competing stakeholder objectives, require compromise, and where scientific
knowledge is one of several sources of information that informs a decision. For researchers to
play a constructive role in helping society to solve contemporary environmental problems it
is critical that they work closely with practitioners and their stakeholders to provide credible,
salient and legitimate ecological and social knowledge. Combined, this knowledge can be
used to develop a shared understanding between researchers, management agencies and their
stakeholders of how to manage and restore aquatic ecosystems. Participation is the key to
bridging the gap between scientific knowledge production and its use in environmental
decision-making.
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Australia. MDBfutures is a multi-

will be stored for seven years prior to being destroyed. Any publications that arise

disciplinary, research program that brings together the University's expertise in

from this research will not have names or other identifiers within them.

environmental science, public policy, social and economic modeling, health and
regional planning. For more information on MDBfutures please visit:
http://www.canberra.edu.au/murray-darling-crn
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Please indicate whether you agree to participate in each of the
following parts of the research (please indicate which parts you

MDBfutures

agree to by putting an ‘x’ in the relevant box):
Allow my answers to questions to be used by the
researchers in analysis that does not reveal my personal

Participation Consent Form

identity in any way.
Project Title: Developing capacity to implement adaptive management: moving

Allow the researcher to contact me for clarification of my

from theory to practice.

answers, to confirm that I am still willing to participate in
the study, or for follow-up research.

University of Canberra Ethics Project HREC13-18

I have the right to refuse to participate further if I am

Project Leader: Michael Peat

contacted in future.

PhD Candidate
MDBfutures Collaborative Research Network
and

Name……………………………………………………………………….……………………...

Institute for Applied Ecology
University of Canberra
michael.peat@canberra.edu.au

Signature………….........................................................……………
Date ………………………………….

Consent Statement

If you would like to receive a notification of how to access the

I have read and understood the information about the research. I

published results please include your mailing and/or email

am not aware of any condition that would prevent my

address below.

participation, and I agree to participate in this project. I have

Address………………………………………..……………………………………….…………

had the opportunity to ask questions about my participation in
the research. All questions I have asked have been answered to

Email

my satisfaction.

address…………………………………………………………………………………………….

144

APPENDIX 3

Integrating science, policy and practice: experiences from environmental water reforms
in the Murray-Darling Basin, Australia

Background

The existence and management of environmental water in the Murray-Darling Basin is not a
new phenomenon. The need and practise has evolved in water management policy for the
past fifty years. I am interested in the period from 1994 when the Council of Australian
Governments (COAG) developed a national water reform framework to address the
economic, social and environmental implications of future water reforms. The key
environmental principles of the framework included the establishment of clearly specified
water entitlements and arrangements to enable trade in those entitlements, the adoption of
integrated catchment management and the allocation of water to the environment. In 2004
COAG established the Intergovernmental Agreement on a National Water Initiative (NWI) to
extend the COAG reforms of 1994 which has culminated in statutory-based environmental
water planning informed, in part, by best available scientific knowledge (Connell 2011).

Adaptive management

Understanding how natural systems function and the way human activities affect them is
fundamental to successful ecosystem management (Holling 1978). This learning can be
through trial and error, it can be passive, or it can be active. Walters and Holling (1990) refer
to these three approaches to learning as part of adaptive management. Since the 1970s there
has been ongoing theoretical and practical development of adaptive management, which now
also includes adaptive governance (Johnson 2006). Despite this, Allan (2007) argued that
adaptive management has yet to become more than rhetorically embedded in our natural
resource management culture.

Environmental water management is no different to other natural resource management
activities in that scientists, policy makers and managers have to operate with a great deal of
uncertainty and complexity. For this reason adaptive management has been the prevailing
theory that has underpinned environmental water policy and practice across the Murray145

Darling Basin, and is a feature of Basin Plan’s environmental watering plan (Basin Plan
2012). However, there is a risk that adaptive management, as it is currently practiced, will not
be sufficient to deal with the complexity and uncertainty of wicked problems in the MurrayDarling Basin (Wallis and Ison 2011, Allan 2008). Far greater effort from policy makers and
managers is required to enable adaptive management to be successfully incorporated into
natural resource management (Allan and Curtis 2005). I am interested in understanding how
adaptive management is working in environmental water management and how it may be
improved.

Models for the use of knowledge

Scientific knowledge has been at the centre of recent water reforms in the Murray-Darling
Basin. This is, in part, because of a requirement of governments to develop environmental
water policies and programs informed by best available scientific knowledge. Historically,
the natural sciences have provided the policy direction for water resource management,
particularly as the status, use and security of its water resources across the Murray-Darling
Basin have come under increased pressure (Hatton and Young 2011, Davies et al 2010,
Gawne et al. 2010, Norris et al. 2001). However, there is an increasing awareness of the need
to include social science research as part of an interdisciplinary approach to the management
of river systems (Likens et al 2010, Pahl Wostl 2006), including in environmental water
management.

Several researchers have proposed particular models for how evidence (including scientific
knowledge) is used in policy making and practice (Head 2008; Pielke 2007; Young et al.
2002). I would like to understand, whether any of these models describe how knowledge has
been transferred into recent environmental water reforms, in particular scientific knowledge. I
would also like to propose a model for the transfer of knowledge into environmental water
policy and practice in the Murray-Darling Basin.

Much of the understanding of adaptive management is tacit and unexpressed, residing with
those few who have done the work (Allison and Hobbs 2006). I have observed this working
with both policy makers and practitioners in government over the past six years, some who
have more than thirty years of natural resource management experience working in particular
areas of the Murray-Darling Basin. Understanding the role of experiential and expert
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knowledge in environmental water management interests me because I am of the view that
relatively few policy makers and practitioners have it. Particularly now Australian
Government agencies have become more involved in environmental water management and
have a whole of Murray-Darling Basin focus.

Barriers to successful adaptive management of environmental water

Barriers to successful adaptive management of natural resources are well documented,
including technical and scientific features (Gunderson 1999)(Gunderson 1999, Johnson 1999,
Walters 1997, Walters 1986, Holling 1978). The challenge of integration among scientists,
policy makers and managers is also well documented (Cullen 2008,(Briggs 2006) and is
recognised as one of the key challenges for the management of freshwaters (Lake et al 2010,
Tomlinson and Davis 2010). Despite the prevalence of literature providing guiding principles
on how to bridge the science, policy and practice interface, there are relatively few published
examples demonstrating the use of these guiding principles in environmental water planning.
I want to determine whether organisations responsible for the adaptive management of
environmental water are successfully applying these principles.

Aim of the trial interviews

To identify characteristics that impact on the success of environmental water policy
development and implementation, including the impact of scientific knowledge, based on
experiences of scientists, policy makers and practitioners working in the Murray-Darling
Basin.

The results from the trial interviews will help to refine my research questions and research
strategy for the social science component of my PhD.

Research questions

1. How are government agencies applying adaptive management theory in the
management of environmental water?
2. What is an effective model for the transfer of knowledge into environmental water
policy and practice?
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3. How are barriers to the uptake of scientific knowledge in environmental water policy
and practice being overcome?

Research strategy

“Advocates of the traditional scientific approach may not believe it necessary to examine the
theoretic assumptions of paradigms because the ontology, epistemology and methodology is
assumed to be positivist, however, this once strongly held view is changing” (Allison and
Hobbs 2006). Some natural scientists are now also conducting research using social science
techniques and in doing so risk adopting social science methods with insufficient knowledge
of the assumptions on which those methods are based (Moon and Blackman in review). I
recognise that I fit very much in this camp and have attempted to provide a rationale for my
approach to the trial interviews below.

Ontological and epistemological perspective

Critical realism accords broadly with a ‘common sense’ way to view the world, the defining
feature of realism is that there is a world existing independently of our knowledge and while
theories about a real phenomenon might change that does not change reality (Bazely 2013). I
view the world as critical realist and will approach the trial interviews from this ontological
perspective.

Epistemology is the study of the grounds for knowledge, including the assumptions used to
claim validity for a particular form of knowledge or inquiry (Woodhill 1999). Constructivist
epistemology assumes knowledge is constructed rather than received or discovered, and
concepts, beliefs and theories about the objects and experiences with which we engage will
be continually modified in light of new experiences (Schwandt 2007). I am of the view that
there is only one reality, although it has no meaning without conscious minds engaging it,
unlike some constructivists that acknowledge multiple realities (Bazely 2013).

Policy development and implementation is mediated by people, therefore, it is important to
study people and their interpretation of reality when investigating the characteristics that
impact on the success of environmental water policy and practice, including the impact of
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scientific knowledge. “Semi-structured interviews are useful for exploring conservation
issues, based on the interpretations that people give to their experiences, and when generating
new theory” (Raymond and Knight submitted). Six participants have been selected for the
trial interviews (semi-structured) using a heterogeneous purposive sampling strategy. This
strategy will enable a broad range of experiences to be captured from the different roles
relating to the science, policy and practice interface. Semi structured interviews will also
enable the participant to describe their experiences relating to environmental water
management in a flexible and in depth way.

The trial interviews will focus on environmental water reforms in the Murray Darling Basin
since the 1994 Council of Australian Government strategic water reform framework was
announced. Participants (policy makers, practitioners and scientists) will be asked to respond
to the questions based on their experience working on one of the following policies or
programs:

a. State statutory-based water planning, in which provision has been made for the
environment
b. The Living Murray Initiative
c. The development of the Basin Plan
d. The operation of Commonwealth and State environmental water holders.
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Table 1. Semi structured interviews with policy makers, practitioners and scientists used for PhD pilot study
Research question
Background

Interview question
1. What is your current role?

2. How many years have you been involved in environmental water management?

3. What academic qualifications do you have?

4. Tell me about the policy or program that you have worked on.

How are government agencies undertaking adaptive

5. Can you please define adaptive management for me?

management of environmental water?
6. How does the policy / program allow for the adaptive management of environmental

water?

7. I will then ask participants to identify which one of the following best describes the

adaptive management approach of the policy / program: 1. trial and error 2. passive
adaptive management 3. active adaptive management 4. other (describe)
Note: I will provide the participants with a definition of the three types of adaptive
management from Allan (2007).
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What is an effective model for the transfer of knowledge
into environmental water policy and practice?

8. What types of knowledge informed the policy / program that you have worked on? I

will then ask the participant to rank the following knowledge classes based on their
influence on the policy or program (a) Scientific knowledge (b) Experiential / Local
knowledge (c) Hybrid

9. How were the different types of knowledge used to inform the policy / program?

10. To what extent was best available scientific knowledge used to inform the

policy/program? I will then ask the participant to describe the influence of scientific
knowledge on the policy/program using the following ordinal scale: 1 = very low,
2=low, 3= medium, 4=high, 5=very high

How are barriers to the uptake of scientific knowledge in
environmental water policy and practice overcome?

11. How has your organisation been able to overcome any barriers encountered when

trying to integrate scientific knowledge into the policy / program?

12. What were those barriers?

13. How were any conflicts between operational, social or economic considerations and

the ecological objectives of the policy / program managed?

14. What were the key lessons learnt from encountering the barriers you described?
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General

15. Is there anything else that you would like to add?
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APPENDIX 4
Macroinvertebrate data
Class

Orders

Family

Arachnida
Arachnida

Trombidiformes

Hygrobatidae

Arachnida
Arachnida

Trombidiformes
Trombidiformes

Hygrobatidae
Lebertiidae

Arachnida
Arachnida

Trombidiformes
Trombidiformes

Bivalvia
Bivalvia

Genus

Species

1996

1999

2000

2001

2002

2004

2005

2006

2007

5
0

0
0

0
0

0
0

0
3

0
0

0
0

0
0

0
0

Atractides
Lebertia

0
0

0
0

0
0

0
0

1
1

0
0

0
0

0
0

0
0

Sperchontidae
Torrenticolidae

Sperchon
Torrenticola

0
0

0
0

0
0

0
0

1
1

0
0

0
0

0
0

0
0

Veneroida
Veneroida

Corbiculidae
Sphaeriidae

Corbicula
Pisidium

0
0

0
0

0
0

0
0

0
0

24
1

1
0

0
0

6
2

Branchiopoda
Copepoda

Cladocera
Cyclopoida

Daphniidae
Cyclopidae

0
0

5
1

51
3

1
56

0
0

0
0

0
0

0
0

0
0

Gastropoda
Gastropoda

Basommatophora
Basommatophora

Lymnaeidae
Physidae

Lymnaea
Physa

0
0

0
2

0
0

0
2

0
0

0
30

0
0

0
0

1
27

Gastropoda
Gastropoda

Basommatophora
Hypsogastropoda

Planorbidae
Hydrobiidae

Helisoma

0
0

0
0

0
0

0
0

0
1

1
0

0
0

0
0

0
0

Gastropoda
Hirudinea

Hypsogastropoda
Arhynchobdellida

Pomatiopsidae
Erpobdellidae

Pomatiopsis

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
2

0
0

Hydrozoa
Insecta

Hydroida
Coleoptera

Hydridae
Dytiscidae

Hydra

0
4

55
0

0
0

97
0

0
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Coleoptera
Coleoptera

Dytiscidae
Dytiscidae

Hydroporus
Oreodytes

1
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Coleoptera
Coleoptera

Dytiscidae
Elmidae

Uvarus
Optioservus

2
6

0
1

0
0

0
0

0
5

0
0

0
0

0
0

0
0

Insecta
Insecta

Coleoptera
Coleoptera

Elmidae
Gyrinidae

Zaitzevia
Gyrinus

0
0

0
28

0
1

0
7

1
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Coleoptera
Coleoptera

Haliplidae
Hydrophilidae

Peltodytes

2
0

0
0

0
1

0
0

0
0

0
0

0
0

0
0

0
0

Uvarus subtilis
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Class

Orders

Family

Genus

Insecta

Coleoptera

Hydrophilidae

Insecta
Insecta

Coleoptera
Coleoptera

Hydrophilidae
Hydrophilidae

Insecta
Insecta

Coleoptera
Diptera

Hydrophilidae

Insecta
Insecta

Diptera
Diptera

Ceratopogonidae
Ceratopogonidae

Insecta
Insecta

Diptera
Diptera

Insecta
Insecta

1996

1999

2000

2001

2002

2004

2005

2006

2007

Cymbiodyta

2

0

0

0

0

0

0

0

0

Tropisternus
Laccobius

0
0

0
0

0
0

2
1

0
0

0
0

0
0

0
0

1
0

Paracymus

1
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0
1

Atrichopogon

0
1

0
0

0
0

0
0

3
0

0
0

0
0

0
0

0
0

Ceratopogonidae
Ceratopogonidae

Probezzia
Forcipomyia

6
0

0
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Diptera
Diptera

Ceratopogonidae
Chironomidae

Dasyhelea

0
665

1
70

2
153

0
236

0
230

0
154

0
160

0
494

0
5

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Brillia
Chironomus

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1
3

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Cricotopus
Dicrotendipes

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

32
2

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Limnophyes
Microtendipes

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

4
1

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Paracladopelma
Parakiefferiella

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

5
4

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Phaenopsectra
Pseudosmittia

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

21
31

Insecta
Insecta

Diptera
Diptera

Chironomidae
Chironomidae

Rheocricotopus
Tanytarsus

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

1
197

Insecta
Insecta

Diptera
Diptera

Dixidae
Dolichopodidae

Dixa

4
0

0
0

0
3

0
1

0
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Diptera
Diptera

Empididae
Empididae

3
0

0
0

0
0

0
0

0
2

0
0

0
0

0
0

1
0

Insecta
Insecta

Diptera
Diptera

Empididae
Ephydridae

1
0

0
0

0
195

0
4

0
0

0
0

0
0

0
1

0
0

Clinocera
Hemerodromia

Species
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Class

Orders

Family

Genus

Insecta

Diptera

Ephydridae

Scatella

Insecta
Insecta

Diptera
Diptera

Muscidae
Psychodidae

Insecta
Insecta

Diptera
Diptera

Psychodidae
Sciomyzidae

Insecta
Insecta

Diptera
Diptera

Insecta
Insecta

1996

1999

2000

2001

2002

2004

2005

2006

2007

0

0

0

7

0

2

0

0

0

0
1

0
0

0
2

6
0

0
1

0
0

0
0

0
0

0
0

Psychoda

0
0

0
0

1
0

0
0

0
0

0
2

0
0

0
0

0
0

Simuliidae
Stratiomyidae

Simulium

21
6

0
0

0
0

1
0

5
0

0
0

2
0

0
0

0
0

Diptera
Diptera

Stratiomyidae
Tipulidae

Euparyphus
Dicranota

3
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

Insecta
Insecta

Diptera
Diptera

Tipulidae
Tipulidae

Hexatoma
Limnophila

2
0

0
0

0
0

0
0

0
3

0
0

0
0

0
0

0
0

Insecta
Insecta

Diptera
Diptera

Tipulidae
Tipulidae

Ormosia
Rhabdomastix

0
0

0
0

2
0

0
0

0
1

0
0

0
0

0
0

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Ameletidae
Baetidae

Ameletus

0
12

0
1

0
0

0
0

1
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Baetidae
Baetidae

Baetis
Centroptilum

47
0

1
0

0
7

0
1

0
0

0
0

0
5

0
46

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Baetidae
Baetidae

Diphetor
Fallceon

0
0

0
0

0
4

0
0

1
0

0
0

0
0

0
39

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Ephemerellidae
Ephemerellidae

Drunella
Serratella

0
0

0
0

0
0

0
0

2
2

0
0

0
0

0
0

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Heptageniidae
Heptageniidae

Epeorus

0
0

0
1

0
0

0
0

0
0

0
0

1
0

0
0

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Heptageniidae
Heptageniidae

Leucrocuta
Rhithrogena

2
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

Insecta
Insecta

Ephemeroptera
Ephemeroptera

Leptohyphidae
Leptophlebiidae

Tricorythodes
Paraleptophlebia

5
4

4
0

0
0

0
0

0
3

0
0

0
0

6
0

0
1

Insecta

Hemiptera

Corixidae

0

1

98

0

0

50

0

47

128

Insecta

Hemiptera

Corixidae

0

3

0

42

0

38

0

6

10

Sigara

Species

Diphetor hageni
Fallceon quilleri
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Class

Orders

Family

Genus

Insecta

Hemiptera

Belostomatidae

Insecta
Insecta

Odonata
Odonata

Coenagrionidae
Coenagrionidae

Insecta
Insecta

Odonata
Odonata

Coenagrionidae
Coenagrionidae

Insecta
Insecta

Plecoptera
Plecoptera

Insecta
Insecta

1996

1999

2000

2001

2002

2004

2005

2006

2007

Abedus

1

0

0

0

0

0

0

0

0

Argia

0
3

5
0

0
0

0
0

0
0

1
0

0
0

1
0

0
0

Enallagma
Ischnura

0
0

0
0

0
0

1
0

0
0

0
1

0
0

0
0

0
0

Chloroperlidae
Chloroperlidae

Sweltsa

0
3

0
0

0
0

0
0

3
0

0
0

0
0

0
0

0
0

Plecoptera
Plecoptera

Chloroperlidae
Nemouridae

Bisancora
Malenka

1
49

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Plecoptera
Plecoptera

Perlidae
Perlodidae

Calineuria
Isoperla

10
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Insecta
Insecta

Trichoptera
Trichoptera

Brachycentridae

Brachycentrus

1
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

Insecta
Insecta

Trichoptera
Trichoptera

Hydropsychidae
Hydropsychidae

Cheumatopsyche
Hydropsyche

0
20

1
1

0
0

0
0

0
1

0
0

0
0

0
0

0
0

Insecta
Insecta

Trichoptera
Trichoptera

Hydroptilidae
Lepidostomatidae

Hydroptila
Lepidostoma

0
5

0
0

0
0

0
0

1
3

0
0

0
0

0
0

0
0

Insecta
Insecta

Trichoptera
Trichoptera

Limnephilidae
Rhyacophilidae

Onocosmoecus
Rhyacophila

0
2

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

Insecta
Malacostraca

Trichoptera
Amphipoda

Sericostomatidae
Hyalellidae

Gumaga
Hyalella

3
0

0
2

0
0

0
4

1
0

0
47

0
0

0
20

0
7

Malacostraca
Malacostraca

Isopoda
Amphipoda

Sphaeromatidae
Corophiidae

Gnorimosphaeroma
Americorophium

0
0

0
0

0
0

0
0

2
2

0
0

0
0

0
0

0
0

0
0

11
0

0
0

0
0

0
0

0
431

0
430

0
335

0
297

Nematoda
Oligochaeta

Species

Calineuria californica

Oligochaeta
Oligochaeta

Tubificida
Lumbricina

Enchytraeidae

0
0

48
0

0
0

0
0

2
1

0
0

0
0

0
0

0
0

Oligochaeta
Oligochaeta

Tubificida
Tubificida

Naididae
Tubificidae

0
0

357
162

422
8

431
5

158
1

0
0

0
0

0
0

0
0
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Class

Orders

Family

Tricladida

Planariidae

Ostracoda
Turbellaria

Genus

Species

1996

1999

2000

2001

2002

2004

2005

2006

2007

0

0

0

0

0

90

0

1

0

0

0

1

0

0

1

0

0

0
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APPENDIX 5
Waterbird functional groups
Functional

Common name

Scientific name

Great crested grebe

Podiceps cristatus

Hoary headed grebe

Poliocephalus poliocephalus

Australasian grebe

Tachybaptus novaehollandiae

Australian pelican

Pelecanus conspicillatus

Darter

Anhinga melanogaster

Great cormorant

Phalacrocorax carbo

Little pied cormorant

Phalacrocorax melanoleucos

Little black cormorant

Phalacrocorax sulcirostris

Pied cormorant

Phalacrocorax varius

Great egret

Ardea alba

White-necked heron

Ardea pacifica

White-faced heron

Egretta novaehollandiae

Intermediate egret

Ardea intermedia

Little egret

Egretta garzetta

Nankeen night heron

Nycticorax caledonicus

Silver gull

Larus novaehollandiae

Whiskered tern

Chlidonias hybrida

White-winged black tern

Chlidonias leucoptera

Caspian tern

Sterna caspia

Gull-billed tern

Sterna nilotica

group
Fish eater

Deep water
foragers

Dabbling ducks

Cygnus atratus
Black swan
Hardhead

Aythya australis

Musk duck

Biziura lobata

Blue-billed duck

Oxyura australis

Eurasian coot

Fulica atra

Chestnut teal

Anas castanea

Grey teal

Anas gracilis

Australasian shoveler

Anas rhynchotis

Pacific black duck

Anas superciliosa

Pink-eared duck

Malcorhynchus membranaceus

Freckled duck

Stictonetta naevosa
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Functional

Common name

Scientific name

group
Grazing
waterfowl

Chenonetta jubata
Australian wood duck
Plumed whistling-duck

Dendrocygna eytoni

Australian shellduck

Tadorna tadornoides

Shoreline
foragers

Large waders

Small waders

Gallinula ventralis
Black tailed native-hen
Purple swamphen

Porphyrio porphyrio

Masked lapwing

Vanellus miles

Banded lapwing

Vanellus tricolor

Yellow-billed spoonbill

Platalea flavipes

Royal spoonbill

Platalea regia

Glossy ibis

Plegadis falcinellus

Australian white ibis

Threskiornis molucca

Straw-necked ibis

Threskiornis spinicollis

Brolga

Grus rubicundus

Banded stilt

Cladoryhnchus leucocephalus

Black-winged stilt

Himantopus himantopus

Red-necked avocet

Recurvirostris novaehollandiae

Sharp-tailed sandpiper

Calidris acuminata

Red-capped plover

Charadrius ruficapillus

Black fronted plover

Elseyornis melanops

Red-kneed dotterel

Erthrogonys cintus

Black-tailed godwit

Limosa limosa

Common greenshank

Tringa nebularia

Marsh sandpiper

Tringa stagnatilis
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APPENDIX 6
Parent node

Child node

Dimension

Credibility

Memo
Credibility refers to the scientific adequacy of the research and arguments.

Evidence

Sufficient and acceptable

In some instances one party happy to rely on expert opinion where other parties are not e.g. SDL
environmental equivalent outcomes. Evidence synthesis may not overcome political conflict. Some
concern about the weighting, but the method is flexible and weightings can be changed. Potential risks
that if the Eco Evidence outputs are not conclusive the information will be used to delay rather than
applying the precautionary principle e.g. don't recover water for the environment. In some instances
there is sufficient evidence but not a cost effective way to carry out the appropriate action e.g. cold water
pollution.

Consider evidence for and against

Eco Evidence is more than just a weight of evidence approach because it considers evidence for and

causation

against a causal relationship. Some concern about the weighting of evidence, but the method is flexible
to respond to these concerns. Could help to galvanize scientific opinion minimising confusion. Helps to
inform adaptive management in cases where there is no evidence (high uncertainty).

Triple bottom line, which requires

Recognition that science is one input into the decision-making process. Weighing up social, economic

judgment

and environmental impacts requires judgement, which occurs within a political context. Eco Evidence
helps to remove some of the judgement, but judgement will never be removed entirely.

Evidence-based and or evidence

Transparency and reproducibility of the method helps demonstrate how a policy is evidence-based. The

informed

method also helps to identify alternative options, but doesn't determine which should be implemented
(evidence informed). The database provides the evidence, which needs to be communicated to others to
help initiate evidence-based practice.

Expert (scientific)
opinion

Evidence vs opinion

Differences between experts who wrote the papers and experts who read the papers to form an opinion.
Tendency to start by engaging experts (scientists) to identify what evidence exists and research priorities.
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Parent node

Child node

Dimension

Memo
There is an assumption that scientists are making use of (synthesizing) the scientific evidence to provide
advice. Some expert opinion is ignored e.g. the outcomes achieved by works and measures.

Experiential knowledge (local)

Tension between empirical evidence and experience of on ground managers in states (which is lacking in
Commonwealth agencies). Not just scientists working in academic roles but practitioners who apply the
scientific method provide expert opinion. Recognition of the lag between research outcomes and
decision-making so it is important to make use of local practitioners who are collecting data/observing.
Not possible to capture experiential knowledge in Eco Evidence. Some knowledge/data not published.
Potentially challenging to get highly experienced managers to use Eco Evidence in cases where the
managers believe they already know the answer.

Opinion not always consistent

Some expert opinion is ignored e.g. ecological outcomes achieved by works and measures.

Opinion used as a first step (quick

Expert opinion is typically sought as a first step to provide a quick synthesis of what is known and what

synthesis)

requires further investigation. People considered eminent experts are selected on advisory groups/panels.

Opinion used to expand on published

Expert opinion is used at a basin and site scale to extend beyond what has been published or is already

material

known. This is done at a whole of basin and site scale.

Opinion vs informed opinion based in

Participants distinguished between expert opinion, which is based on the work an expert has published

evidence

vs just having an opinion. Participants also worked on the basis that the experts they engaged had a grasp
of the knowledge available on a particular topic. Participants interested in informed opinion not just
random opinion.

Risk

Risk relates to ecological and social/political. Willing to accept less evidence for smaller or less risky
actions. Some may be more willing to apply the precautionary principle. Keen for evidence to manage
risk, but it is not always available in time for a decision.

Salience

Salience refers to relevancy and accessibility of research to decision makers.
Relevancy

Potential alternative to monitoring

An alternative to monitoring if it is cheaper and resources are constrained.

Grey literature

Grey literature can be used provide there is a study design, statistical analysis etc.
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Parent node

Child node

Dimension

Memo

Helps provide understanding

Science helps to understand relationships in aquatic ecosystems and also provides tools to help
understand them.

Issues with scale

Perception that science had not historically been conducted at a Basin scale. Reductive where you know
more and more about less and less whereas they need inductive. Early stages, but more inductive
approaches relevant to Basin scale are starting to happen. Evidence not always available at a site scale
either. Some instances scientists were not willing to consider causal hypotheses at a system scale.

Qualitative data

No capacity to incorporate qualitative information into Eco Evidence (it was not designed for this
purpose).

Accessibility

Synthesis aligned with long term

Lag between evidence availability and decision-making timeframes (predominately short term) make it

planning and policy timeframes

difficult to apply, which is also part of the reason for relying on experiential knowledge. A perception
that evidence synthesis better aligned with long-term planning and policy cycles.

Timeframes and database

Once you have done it once it becomes easier (evidence items stored in the database). Need to promote
use of the database and get broad acceptance (community of practice). Some confusion about how you
can use evidence items contained in the database for future questions.

Questions that scientist are either not

In some instances policy makers and managers are posing questions that scientists had not considered

able or willing to answer

directly. Some instances scientists were not willing to consider causal hypotheses at a system scale.

Legitimacy

Legitimacy refers to stakeholders perceptions that research is conducted in a way that is perceived to be
respectful of their values and beliefs, unbiased and fair.
Communicating evidence

Important to be able to communicate outcomes to stakeholders to build legitimacy. Eco Evidence could
help communicate outcomes. Information could be presented at different levels of detail. Eco Evidence
provides a way to demonstrate how the agency is conducting evidence-based decision-making.

Socio-political considerations

Overarching political environment will influence the utility of evidence-based approaches. Outputs could
be misused (e.g. to delay actions) in cases where there is insufficient or conflicting evidence. Some
debates are not scientific. A perception that more science is better though.
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Parent node

Child node

Resourcing

Dimension

Memo

Transparency, accessibility and

Transparency, accessibility and reproducibility viewed positively. These elements may help to manage

reproducibility

conflict.
Recognition that it is more expensive than a narrative review, but not expensive in the context of water
recovery. The time it would take a practitioner to conduct a review was also raised in the context of
resourcing.

Other

State vs

A perception from one participant that application of Eco Evidence would be more useful to states who

Commonwealth use

provide advice to the Commonwealth. One participant also noted that the experiential knowledge rests
largely with states not Commonwealth agencies.

Use to train people

A suggestion to use Eco Evidence to train new staff e.g. graduates.

A user’s ability

People with less experience or subject matter expertise were more likely to miss relevant information in

(sensitivity analysis)

the literature.
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APPENDIX 7
Research question

Interview question
1. What is your current role in the Commonwealth Environmental Water Office?

2. How long have you worked for the Commonwealth Environmental Water Office?

3. How long have you worked in natural resource management?

4. In your own words, can you please define adaptive management?

5. What differentiates adaptive management from other management approaches?

6. What do you believe are the advantages of implementing adaptive management?

What are the disadvantages?

7. Does your agency implement adaptive management to manage water resources in

the Murray-Darling Basin? If so, when?

8. If the agency does implement adaptive management then:

Which of the following approaches has your agency used for adaptive
management (refer to attachment A)? Can you please provide examples, including
the name of the policy or plan that you are describing, and the reasons for using
the approach?

Which of the three approaches is the most effective?

I will be asking the next set of questions to find out about the institutional arrangements for the
Commonwealth Environmental Water Office. For this study institutional arrangements refer to the rules by
which people organize their interactions. Examples of formal institutions are laws, government agency policy
and management plans. Informal institutions are socially shared rules or norms that are generally not written
down.
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Research question

Interview question

How can agencies

9. How, if at all, do the institutional arrangements for your agency allow it to

create formal and

respond to changes that occur in the water resources of the Murray-Darling

informal institutional

Basin? If so, can you please provide an example, including the name of the policy

arrangements for

or plan that you are describing?

adaptive
management?

10. How, if at all, do the institutional arrangements for your agency provide flexibility

for it to experiment with how it manages water resources in the Murray-Darling
Basin? If so, can you please provide an example, including the name of the policy
or plan that you are describing?

11. How would you describe the interactions between your agency and government

agencies involved in managing water resources in the Murray-Darling Basin?

12. How would you describe the interactions between your agency and non-

government stakeholders involved in managing water resources in the MurrayDarling Basin?

Research question

Interview question

Now I am going to ask you some questions about leadership.

How can agencies
enhance their

13. In your own words, can you please define leadership as it relates to how your

agency manages water resources in the Murray-Darling Basin?

leadership for
adaptive

14. Where within the hierarchy of your agency does leadership occur?

management?
15. Where do you believe leadership is required within the hierarchy of your agency

for effective adaptive management?

16. What, if any, differences are there between the current leadership of your agency

and the leadership that you believe management agencies require for effective
adaptive management?
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Research question

Interview question

Now I am now going to ask you some questions about learning.

How can

17. How, if at all, do the outcomes from the policies or management actions that your

institutional

agency implements feedback into how water resources in the Murray-Darling

arrangements be

Basin are managed? If so, can you please provide an example, including the name

designed for

of the policy or plan that you are describing?

agencies to learn in
adaptive
management?

18. What, if any, role do stakeholders have in how the outcomes of policies or

management actions feedback into how water resources in the Murray-Darling
Basin are managed? If so, can you please provide an example, including the name
of the policy or plan that you are describing?

19. To what extent do you believe it is appropriate for a management agency to share

with stakeholders experiences and mistakes made implementing policies or
management actions to enable learning?

20. What are the circumstances where you believe it is appropriate for a management

agency to share with stakeholders experiences and mistakes made implementing
policies or management actions to enable learning?

21. What, if any, major change has occurred to the way your agency manages water

resources in the Murray-Darling Basin based on the outcomes of implementing
policies or management actions during your time working here?

22. Is there anything else that you would like to add?
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Management approaches
Option 1

•

Decisions are taken in

Option 2

Option 3

•

•

an un-strategic way.

•

Historical data during the

Policies or

planning stage of the

interventions are

adaptive management

designed as hypotheses,

If monitoring is

cycle used to determine a

which are tested during

undertaken, it generally

single-best estimate or

implementation, to help

doesn’t align with the

model for response upon

accelerate learning

policy or management

which the policy or

about the resource

action.

management action is

being managed.

based.

•

•

There is no formal

•

Alternative policies or

Policy or action is then

actions are then

incorporating learning

implemented, monitored

implemented,

into future policy or

and assessed so that the

monitored and assessed

practice.

learnings can reduce

so that the learnings can

uncertainty and inform

reduce uncertainty and

future policy or practice.

inform future policy or

procedure for

practice.

•

Reflection, appropriate
communication between

•

Reflection, appropriate

stakeholders, and formal

communication

procedures to incorporate

between stakeholders,

learnings into future policy

and formal procedures

and practice.

to incorporate learnings
into future policy and
practice.
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Commonwealth Environmental Water Office

Parent node

Child node (interview question)

Dimension

Memo

AM background

Advantages of AM

Systematic and evidence-based

Integrate new science and knowledge within the AM cycle. Decisions
informed by best available information, which is updated and fed back
in from monitoring

Flexibility and willingness to change

Being open to change based on new information, which requires trust

action (trust)

and acceptance from participants even if it isn’t the action they wanted

Formal feedback, learning and

Emphasis on: taking the time to learn about the outcomes of the action

continuous learning and

taken; learning as individuals and as an agency; continually improving

improvement

(how the agency operates and the environment outcomes); efficiency
and effectiveness;

Differences between AM and

Don’t just repeat past actions

Don’t just rely on past practice (in particular river operations)

Innovative

Emphasis on being able to innovate

Flexible, dynamic and responsive

Able to respond quickly to a situation, flexible (not rigid).

Manage uncertainty

Acting based on the best available information rather than being

other management

constrained by it.

Disadvantages of AM

Monitoring, formal reflection and

Emphasis on formal feedback loops including reflecting on the

learning

information from monitoring.

Communicating uncertainty

Difficulty acknowledging that you don't know everything. Difficult in a
political environment where people want certainty and transparency.

Managing change

Can be difficult getting people to change action after they have
spending time developing previous action. There may be a lot of change
already in the organisation and then ti implement more can be
unsettling.
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Parent node

Child node (interview question)

Dimension

Memo

Potential for perverse or no outcome

Challenges explaining no outcome, particularly given some people
don’t support environmental watering.

Resourcing

Requires a lot of time, effort and money.

Timeframes

Challenge identifying risk, whether you have the right people involved
and information required in time to inform a decision. Timeframe
required to see a result.

Does your agency implement

LTIM

AM (everyone said yes)

An objective of the long term intervention monitoring program is
adaptive management. This node is linked to several others where
LTIM is mentioned.

Annual acquittal and after action

LTIM, targeted monitoring, annual acquittals and after action reviews

reviews

are designed to create a feedback loop into future decision-making and
to provide a forum for learning. One of the challenges to date has been
that the CEWO hasn't had a response to watering and they don't know
why. Some catchments have also created end of year workshops to
create a forum for social learning.

Never quite there with AM

Because the focus is on continuous improvement and an ongoing cycle
of decision-making creates an impression that you are never quite there
with AM.

Confusions about whether CEWO is

Everyone says yes the CEWO are attempting to do it, but not sure what

actually applying AM

AM actually means for the organisation. Requires greater focus. Some
people are doing it, but more informally.
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Parent node

Child node (interview question)

Dimension

Memo

AM approach

Active

Ideal from a scientific perspective, but more focused on meeting
objectives than hypothesis testing in operation/management space.
Broad understanding of the benefits of applying active AM to reduce
uncertainty, but not considered practical from a government agency
perspective. More interested in achieving an outcome than reducing
uncertainty. Also an understanding of the resourcing and geographic
challenges of applying active AM.

Passive

Passive AM is applied in most catchments. Different approaches are
tried but it generally sequentially not because of a systematic
experimental design. Hypothesis is framed as an expected outcome,
which is more politically acceptable term. Different options may be
implemented, but generally to meet a different objective or in response
to seasonal changes rather than experimenting with options that meet a
single objective. Passive AM is considered more appropriate for a
government managing a resource. More confidence in applying passive
AM particularly when the organisation is constantly asked to justify its
actions.

Institutional

Formal institutional barriers

Constrained objectives

arrangements

Environmental objectives only, which are rigid and constraining. Limits
ability to work with stakeholders on their interests e.g. cultural flows
and can strain the relationship because they don't think you are
listening.

Institutional arrangements designed

Physical constraints associated with delivering large volumes of water

for consumptive use and flood

that can cause flooding. Issues with channel capacity and competing

protection

with consumptive users at particular times of the year. Issues with
shepherding water through a system to an asset because rules are
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Parent node

Child node (interview question)

Dimension

Memo
designed to allow users to take the flow for consumptive purposes
(except by exception).

Difficulties establishing formal

Opportunities to formalise adaptive management more in existing

institutional arrangements

institutional arrangements. Difficulty establishing partnership
agreements with some state agencies.

Past practice

Difficulties getting river operators to change past practice partly
because environmental watering is new, but also because of potential
third party impacts and also having to operate within current
institutional arrangement (except by exception).

Takes a long time to change formal

Takes a long time to change arrangements. More than one generally has

institutional arrangements

to change and this is magnified as you scale up across a whole basin
(cross scale issues).

Formal institution enablers

Clear and flexible polices for water

Recent institutional arrangements designed for CEWO and

use and AM

environmental water more broadly provide seasonal flexibility and
aren't constraining. Roles and responsibilities are being clearly defined
although some believe they could be made more clear. Clear policies
but not prescriptive (constraining). Opportunities to automate decisionmaking more. Current policies provide for adaptive management e.g.
Chapter 8 of the Basin Plan and Basin-wide environmental watering
strategy.

Building on mature arrangements

NWI, Water Act state legislation and plans provide for environmental
watering and adaptive management in some catchments.

Collaborative arrangements with

Good relationships at officers level critical for pushing existing formal

other agencies

institutional arrangements. Without multiple agency support
experimentation won’t happen.
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Parent node

Child node (interview question)

Informal institution barrier

Dimension

Memo

Young organisation which allows for

Relatively new organisation, which provides a lot of flexibility for

flexibility

establishing new processes.

Community perception of the

State agencies querying why the Commonwealth is involved in a state

CEWO

responsibility. Getting community co-operation and buy in is the
biggest challenge often operating in a environment of conflict.

Good neighbour policy (social

If one stakeholder complains an action is not taken. Potential for

licence to operate) and third party

nuisance flooding leading to new arrangements that are more

impacts

constraining than past practice, which wasn't considered an issue
previously. Won't compete for channel capacity so farmers can finish
off crops etc. even though it is when the environment needs it. Some
policies that would be effective e.g allowing dams to fill and spill when
needed not an option because it would be considered negatively by
stakeholders.

Stakeholders with different values

Some parties don’t support environmental watering or the CEWO.

Unwritten rules (past practice)

Some river operators willing to change from past practice because of
expectations created over time even though they aren't formal rules.

Informal institution enabler

Tensions between local knowledge

Tension between scientists advice and locals advice along with what

and localism with scientists advice.

local are willing to support.

Multiple benefits (creating win wins)

By creating win wins e.g. delivering water to minimise conveyance
losses. Trading water to consumptive users. Managing all water for
environmental benefit (becoming more efficient potentially means less
water for the environment).

Collaborative arrangements with

Good working relationships with agency staff essential for

other agencies

environmental watering and allows for some experimentation and
operating outside of formal institutional arrangements.

173

Parent node

Child node (interview question)

Dimension

Memo

Possible to operate outside of formal

River operators and other agency staff willing to try new approaches but

arrangements by exception

this is by exception and generally on a small scale, and not likely to
impact negatively on consumptive users.

Interaction with other

Different and conflicting objectives

government agencies barrier

Social vs environmental outcomes. States want to maximise the amount
(volume) of Commonwealth watering in their state.

Don’t understand each other’s roles

Basin vis state perspectives. Conflicting objectives contribute to the

and perspectives

misunderstanding.

Insufficient transparency and

Some states want Commonwealth water without any accountability.

accountability

Interaction with government

State agencies wanting to control

Cross scale issues. Also states invest heavily in certain forums and want

CEWO interaction with local

them to be used. Stakeholders see government as government and don’t

stakeholders

want to be pestered by multiple levels government.

Collaborative arrangements

Much of the Commonwealth water needs to be delivered by state

agencies enabler

agencies (transferred to their licences), which requires good working
relationships. On ground state agency staff have a big role in informing
how CEWO uses its water because of their local knowledge. Water is
often delivered jointly with state agency water. Environmental agencies
are generally working to the same or similar objectives.
Good relationships at officer level

Good working relationships with State and MDBA staff are essential for

allows for experimentation

operating outside of formal institutional arrangements e.g. Lake
Victoria.

Multiple Commonwealth agencies

Viewed as a positive to have MDBA driving policy changes required,
which takes some of the pressure off the CEWH and CEWO.

Interaction with non- government

Broader policy and political

While CEWH and independent statutory position has to be aware of

stakeholders barrier

constraints

broader negotiations and the organisation does receive advice not to
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Parent node

Child node (interview question)

Dimension

Memo
rock the boat during these periods e.g. constraints management and
flooding of private land.

Engagement approach by some staff

Stakeholders can sometime feel that you are not listening only trying to
advocate for a particular position (limitations of the CEWH role). Some
staff not particularly interested in local knowledge or engaging with
some locals.

Fear of the unknown

A lot of fear and myth about the CEWH in the early days. Being such a
large water holder and from government makes people suspicious.
Some stakeholder anxiety driven by a lack of understanding and
misinformation.

Focus primarily on environmental

People don't think CEWO staff are listening because they can only use

outcomes

water for environmental outcomes. In particular cultural flows. This
makes reciprocity difficult.

Inadequate diversity in community

Squeaky wheel. Mostly deal with irrigation community because of the

representation

nature of the reforms, but not all views/perspectives get heard.

Consensus by all

Individuals concerns can stop watering action consistent with the good
neighbour policy.

Staff turnover

Stakeholders get tired of having to deal with new people often because
of staff turnover.

State agencies

State agencies have stakeholder forums in place and get concerned
when CEWO operates outside of them.

Interaction with non- government

Communication, engagement and

There is now a greater emphasis on collaboration with researchers,

stakeholders enabler

collaboration

communities (and states) with new CEWH. Also a greater focus on
spending time with communities by the organisation (although some
staff don't support). Partnership agreements with NGOs including
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Parent node

Child node (interview question)

Dimension

Memo
Nature Foundation. Creating arrangements for local knowledge about
watering actions to feedback in. State agency forums in place to engage
with local representative groups.

Community leaders support

Support from people with good standing in the community essential.

Relationships with researchers

Service providers are critical for providing advice on watering actions
and also for LTIM.

Local engagement officers

LEO positions were created recognising the importance of having
people on the ground to engage with local communities.

Local knowledge and localism

Much effort is being placed into engaging with local communities to tap
into local knowledge. Better in some places than others.

Where ewater arrangements are

Generally easier/more productive where water has already been

mature

recovered for the environment and where there is a history of
environmental watering in state agencies.

Social licence to operate

Good neighbour policy (softly softly). Gone backwards to define third
party impacts regarding flooding. Environmental watering isn't viewed
positively by irrigation community (the major stakeholder) across the
basin so there is a real emphasis on building trust with communities.
Goal isn't necessarily to be liked, but that people agree with the process
by which decisions are made. Could be viewed as risk averse over the
short term, but essential to be around in the long term.

Communicating messages

Tend to focus on the positive

Difficult to explain that watering didn't achieve anything, particularly in
the political environment they work in. Need to get better at explaining
when no response from watering was measured.

Challenges communicating poor or

Information tends to be presented in a positive light, which may

no response

constrain learning.

176

Parent node

Child node (interview question)

Dimension

Memo

Leadership

Agency leadership (leadership as

Bringing parties together (co-

CEWO staff identify an important role they have bringing the multiple

a process)

ordination)

parties involved in ewatering together because their whole of Basin
role. This is particularly important for moving from discrete watering to
larger scale events that are trying to achieve new objectives under the
Basin Plan.

Courage required to acknowledge

Courage to acknowledge mistakes is important. This is very difficult to

mistakes

achieve in the current political climate.

Questioning the status quo and

Majority of staff believe a key role of the CEWO is to work at changing

promoting change to water policies

current policies and operating procedures to be able to use

and plans

environmental water. One of the main reasons they are in this leadership
role is because change wouldn't happen because it isn't necessarily a
priority for other parties (with the exception of the MDBA). They are
having mixed results with creating change.

Articulating a vision for the Basin’s

The CEWO sees an important role for itself in articulating the

environment (assets and functions)

environmental objectives for the Basin and what they are doing to meet
them. Within this context they recognise the importance of listening and
responding to communities to try and bring them along.

Leadership as a position

Individuals that are willing and able

Leadership is occurring in different positions. It is associated with

to push boundaries

people that are willing to push boundaries for how environmental water
is used.

Leadership from the top

Change in organisation leaders had an influence on how organisation
implements adaptive management. Not a priority for previous leader.
Central to the new approach is stakeholder engagement. The CEWH is
out spending time with communities, listening, understanding their
perspectives and responding. He sets the vision SES and Directors have
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Parent node

Child node (interview question)

Dimension

Memo
a greater responsibility for making it happen. Big ego not likely to work
in this environment need to demonstrate willingness and capacity to
collaborate. While there is a legislative mandate without a champion at
the top AM won't happen.

Mid-level managers

Mid-level managers are ultimately responsible for making AM happen.
This level needs to be across the detail (technical capacity) and to be
able to communicate it in a way that SES can understand and use. A
wide range of skills is required (ecology, hydrology, stakeholder
engagement etc.).

Leadership required within an

From the top

agency for adaptive management

Recognise the importance of senior executive staff to provide support
and leadership for an agency to implement adaptive management. Also
to articulate how the organisation is to implement the concept and to
ensure the structures are in place to make it happen.

Distributed

All staff have the opportunity to provide leadership, but for AM to be
realised mid-level managers and senior executive need to drive it.

Differences between current

Distributed

leadership and leadership for AM

Requires a common view about what you are trying to achieve with AM
and that isn't always evident throughout the leadership structure. Not
always on the same page at the Director level in terms of the direction
the organisation is trying to take. Commitment to AM isn't always there
at the Director and Branch Head level.

Limited experience (as an

As an organisation there is limited experience implementing AM. In

organisation)

some instances the organisation adopts the wrong style at the wrong
time. Tried to be directive early, but didn’t work in part because the
CEWO needed to rely on the states and was inexperienced.
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Provide opportunity for reflection

Greater effort by leaders of the organisation to provide opportunity
reflect on actions taken.

Risk averse

There is encouragement to be innovative, but limited tolerance for
mistake making within leadership (government of the day, Department
etc.).

Leadership styles

Collaborative

Collaborative leadership required in many instances because CEWO
reliant on multiple other parties to carry out actions including state
licences, state and MDBA river operators and modelling support etc.

Directive

Some staff emphasised how they at times employ a more directive
approach in negotiations rather than rely on a consensus approach
generally used in environmental watering management. Other staff,
however, acknowledged that the CEWO at times applies the wrong
style of leadership for the circumstance.

Distributed

You need leadership distributed throughout the organisation for AM,
there is a push by the CEWO for SES and EL2 to take on a greater
leadership role, this push isn't seen as a positive by some because the
EL2s had just been asked to apply for their jobs and there was enough
change and uncertainty already. The majority of staff interviewed
recognise the need for distributed leadership, but not all support how it
is being attempted.

Top down

A change from more command and control leadership within the
CEWO to a distributed approach with the new CEWH. Largely
supported by staff, but some don't support. Previous CEWH risk averse
focused internally rather than externally or on AM.
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Learning

Learning from watering actions

Applying learnings from different

Have a helicopter view and so are able to apply learning from other

areas of the Basin

relevant areas of the Basin. Also acknowledge that it is not feasible to
apply adaptive management everywhere all of the time.

Feedback loops

Apply best available knowledge, take into account previous responses successes and failures, feedback loop from monitoring doesn't always
align with subsequent actions, people may not even read the M&E
reports to inform future actions, developing systems (after action
reviews and associated database) to automate the feedback loop to
inform future actions.

M&E and reporting

LTIM focused on CEWO water not all water, can't afford to monitor all
watering actions, when talking about science they are referring to
monitoring, stakeholders would like LTIM aligned with local program
in Edward Wakool, limited funding for M&E, good not to rely on
LTIM alone keep local programs separate in case there is no new
Commonwealth funding for LTIM after 5 years, budget available for
targeted monitoring often used to monitor risky actions (e.g. flow
releases to break up blackwater),

Organization reflection

More important to reflect on failure than success, often attend steering
committee meetings etc. without reflecting on why we turn up to
forums, opportunity to restructure engagement processes to work better
for CEWO and stakeholders, senior executive reflecting on the
engagement strategy.

Retaining knowledge

Putting new measures in place including end of action reports and after
action acquittals. This is recognised as an ongoing challenge.
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Sharing mistakes

When appropriate

Organisational or individual maturity, participants want to adaptively
learn, not for political gain/agenda, different communication approaches
for different parties, it is hard to do but has to happen, helps to change
perceptions about why actions were taken, third party impacts,
improving how to communicate messages (not just limited to
environmental outcomes and third party impacts), difficult to hide
mistakes often stakeholders know about it before CEWO does. Share
mistakes when there is a demand for info not just info for info sake,
how you communicate the message is the most important thing,
recognise the importance of having stakeholders involved the whole
way through the process so they have an understanding and some
responsibility for the action taken.

When not appropriate

Some recognise that information is too sensitive to make public in a
political environment. Share with people those directly involved in the
AM process, but not necessarily the general public because it could do
more harm than good. Not appropriate in a trade context because of
potential impacts on the market. In some environments it is difficult to
have a productive discussion e.g. Basin Plan development stage. Only if
parties haven't been involved in the whole process, not just sharing for
sharing’s sake.

Policy or management changes
based on learning

Single-loop

After action reviews, new long term (5yr) and annual planning
processes, tweaks each year, annual internal review and reporting,
internal forums established for different teams to learn from each
other’s experiences annually (Northern Basin Southern Basin),
modifying consultation strategy.
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Double-loop

Opening up evaluation processes to stakeholders in some places realised
stakeholders need to be involved in learning and evaluation so everyone
understands and accepts future actions (Edward-Wakool), not in all
catchments yet, Establishment of LEOs recognising the organisation
needed a presence in community to act as a conduit between
communities and Canberra.

Stakeholder participation

Broader social learning

Learning with external stakeholders. Occurs with state agencies and
service providers (LTIM). Also occurs where there are stakeholder
forums already in place e.g. EWAGs, Uni of Melbourne etc. CEWO has
only established one forum for shared learning with broader public in
the Edward-Wakool. Recognise the importance, but not widespread
change yet.

Communicating outcomes

Can be very difficult. CEWO adopts a glass half full perspective when
reporting outcomes, which isn’t necessarily a good way to provide for
learning. CEWO generally sensitive about how information is
communicated, which creates tension with some researchers (service
providers).

Feedback loops not transparent

Some stakeholders can’t see how M&E is feeding back into decisionmaking. Some can’t see how their advice is feeding back into decisionmaking. Organisation is trying to address this issue with new
stakeholder approaches.

Improving stakeholder engagement

A big effort is going into improving how the CEWO engages with
communities based on learnings from the organisations brief past. LEOs
are a big part of this.
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Local knowledge (localism)

Balancing local knowledge with scientific knowledge an ongoing
challenge. Local knowledge is feeding into decision-making in some
catchments. Some resistance in the organisation to engaging with locals
and making use of this knowledge. Tapping into local knowledge is a
big part of the engagement effort.

Researcher involvement

Have a big role in informing actions (they are the conduit for most
feedback loops).
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AM background

Advantages of AM

Don’t just repeat past actions

Ability to account for and correct unintended consequences.

Efficiency

Instead of being static you are able to incorporate new
information/technology, which improves efficiency.

Flexibility

Flexibility is discussed in the context of designing capital works
projects to provide operational flexibility (robustness).

Manage uncertainty and surprise

Able to manage uncertainty and surprise because of the formal approach
(understand baseline etc).

Pilot at a small scale

Principles of active adaptive management applied to pilot projects so
that irrevocable damage doesn't occur. Pilots provide a way to address
stakeholder concerns and gain support then move to more passive
approach.

Differences between AM and

Flexible, dynamic and responsive

other management

Benefits of having flexibility to adapt to weather, changes in
community goals etc. Day to day adaptation (adaptive operations) was
distinguished from adaptive management by several; participants.

Focus on operating capital works

Adaptive management focuses on the operation of capital works.
Because the system is so modified they focus on more storages etc. to
control and provide flexibility for how they manage water.

Hypothesis testing to reduce

Recognise the need to develop and test hypotheses to reduce

uncertainty

uncertainty. More active approach associated with pilot projects.

Monitoring, structured reflection and

Monitoring linked to actions so that you can learn from past actions.

learning

Some staff emphasise the importance of achieving an outcome while
others highlight that learning is the main purpose not necessarily the
outcome.
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Disadvantages of AM

Difficult for people that are not

Difficult if you are not flexible or willing to accept a certain level of

flexible

risk.

Managing change and

Relates to how you to manage uncertainty and concerns from decision

communicating uncertainty

makers that by identifying uncertainty that staff don't know what they
are doing. Large scale experiments can be expensive and make people
nervous so you have to be able to communicate what you anticipate will
occur, which is hard when there is uncertainty.

No outcome

Problem with small scale experiments is that they may have no effect
whatsoever or the effect can’t be measured.

Does your agency implement

Resourcing and broader commitment

Challenges maintaining focus. RECOVER is an example.

Stakeholders want flexibility to

Stakeholders want to use flexibility in approach to meet their

advantage them

objective/interest.

Timeframe

Don’t always align well with decision-making timeframes.

A mix of active and passive

A mix of passive AM, active AM and adaptive operations used by the

AM

District.
Adaptive protocols and operations

Adaptive protocols, which all temporary deviations to the water
schedule of Lake Okeechobee. Adaptive operations where the system is
managed based on weekly feedback loops with ecologists and river
operators sitting down with each other to talk about how system is
looking and how to best balance water as it is moved through the
system.
Challenges balancing environmental objectives for the Lake vs the
estuaries. Did have an experimental draw down, going into a dry period,
which created great public concern. Will not be able carry out an action
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like that again. Building additional storage would help to create more
flexibility for how to manage flow from Okeechobee.

C111 and modified waters

Two projects that were developed before CERP and are now operating.

foundation projects

Both have been inhibited by endangered species legislation (Cable
Sable Seaside sparrow).

CERP and RECOVER

There is a requirement for the U.S Army Corps of Engineers to have
adaptive management plans incorporated into their environmental
restoration projects. Has a project implementation plan based on
adaptive management. Good example is using insects to manage
exotics. At this stage the program has resourcing for 23 years under
CERP.

CHIP

Example of passive adaptive management experiment where spraying
application has changed with new information.

Kissimmee

Restoration consistent with the principles of adaptive management
although commenced before AM concept had become well known.

Pilots before full scale restoration

Stormwater treatment areas pilot and Decomp Physical Model were
examples.

STAs

A passive adaptive management approach is used to inform STA
operations.

Within set rules

There is flexibility to operate within the formal regulation schedules,
but it is limited. There is also the opportunity to seek a deviation
(permit), which provides flexibility, but requires a lot of effort.

AM approach

Active

Practitioners recognise the scientific appeal of adaptive management,
but also highlight the practical challenges, which is why some don't see
it as an effective approach in real world management.
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Passive

Passive is most realistic approach in many circumstances because of
budgets, resources and broader decision-making framework.

Institutional

Formal institutional barriers

Constrained or competing objectives

arrangements

Can be environmental rules that are rigid and don't allow for
experimentation. On occasions threaten species influence/constrain
operations e.g. Cable Sable seaside sparrow and Everglades snail kite.

Institutional arrangements designed

These historical rules are typically inflexible and can constrain attempts

for consumptive use and flood

at adaptive management.

protection
Difficulties establishing formal
institutional arrangements
Past practice
Takes a long time to change formal
institutional arrangements
Physical constraints

Physical constraints are often infrastructure constraints because the
system is so modified.

Formal institution enablers

Benefits of federal partnership

While it is easier to build and operate infrastructure without having the
feds as a partner, federal partnerships are less susceptible to changing
resources arrangements etc.

Institutional change
Clear and flexible policies for water
use and AM
Codifying knowledge
Collaborative forums
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Flexibility to change or operate

(some cases only temporary by exception)

outside of formal institutional
arrangements
Flexibility with STAs
Flexibility within the formal rules
Law suits
Informal institution barrier

Lack of political commitment

There is a lack of political will with a downturn in the economy. Federal
involvement buffers this somewhat.

People don’t want change

People generally don't want their system altered unless it will benefit

(experimentation

them.

Unwritten rules (past practice)
Enabler

Community support

Need to be able to demonstrate that there is something in it for them to
gain support.

Experiential knowledge

Less turnover in SFWMD compared with other agencies, which enables
staff to build up a lot of experience. Using weekly forums to educate
people and build experience. Experience is important for being able to
identify and use flexibility within the existing institutional
arrangements, which new staff can struggle with. Also important for
balancing competing objectives in the mission and stakeholders views.

Interaction

Barrier

Different and conflicting objectives

Can lead to law suits

between
government
agencies
Don't understand each other’s roles
and perspectives
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Inflexible staff

Some people just stick to the operating schedule without taking into
consideration that there is flexibility within it. Change in water
operations was needed because of bad dynamic between some staff.

Insufficient transparency

Perception that SFWMD was copping the criticism etc. for US Army

accountability

Corps decisions associated with water releases from Lake Okeechobee.
There have been occasions when the US Army Corps have taken
decisions without discussing or advising SFWMD, which stressed the
relationship between the two agencies.

Use courts to resolve issues

Phosphorous rule. Court challenges can create barriers to
experimentation. However, they have also created transformational
change e.g. STA construction (isn’t dealing with the source though)

Enabler

Common and often single objective

Examples given were melaleuca and pythons.

Communication, engagement and

Knowledge (data) sharing. Weekly meetings in a formal setting with US

collaboration

Army Corps.

Good relationships at officer level

Long held working relationships (20+ years).

Sharing data (knowledge)
Strong support for science

Generally strong support for science, however, new senior exec and
board members sometimes question the need for it.

Interactions with

Barrier

Advocacy vs scientific discussion

Some NGOs seek to influence policy more now, which has changed the

non-government

relationship with the District. Staff feel like they need a scientific basis

stakeholders

for everything they are discussing whereas non-government
organisations don't. SFWMD spends a lot time trying to educate people
but sometimes the information can be spun by others for a particular
purpose.
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Competing objective and or values

Some people release exotics fish e.g. Asian swamp eel by people in the
area. Fish and Wildlife commission also release exotic fish for
fishing/recreation. People like ornamental plants and are able to order
from overseas. Tensions between different groups and their different
objectives.

Inadequate engagement

Historically there was inadequate engagement by the organisation on
some projects. There is now much greater emphasis on it.

Enabler

Communication, engagement and

State engagement processes allows for greater stakeholder participation

collaboration

throughout the whole process.

Compromise (reciprocity)
Well organised and educated

Both industry and environmental groups.

stakeholders
Politics and

Strong connections between the board members the Governors that

political direction

appoint them and also the Executive Director who is appointed by the
board. Often top down leadership about the direction the organisation
will take. Staff believe that there is a lot more political influence and
tighter control exerted by Tallahassee over resourcing and the direction
of the agency in recent years. Also politics can set the agenda despite
science and engineering advice. New political leadership was not
involved in the lead up to CERP. Top down control, which is
constraining. Limited funding and political will at the state level, which
is somewhat dampened by the partnership with the federal government.

Leadership

Agency leadership

Broad mission

The broad mission of the agency enables it to provide leadership in a
range of areas. It also means they can put a number of people offside
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because they can't please everyone. Bridging organisation within nested
institutional arrangements.

Technical (scientific and

The agency provides scientific leadership. The organisation relies

engineering) leadership

heavily on scientific evidence to communicate how it is managing the
resource and as a way to try and de-politicize issues. The organisation
provides information proactively rather than reactively.

Differences between current

There isn't an organised structure for AM yet, in part because a number

leadership and leadership for AM

of the CERP projects have not been constructed, but when they are
completed there will be greater attention paid to AM. Different
emphasis is placed on AM by the leadership in different sections of the
organisation. It is not clear to some whether leadership at the top is even
aware of the concept. Also some believe the upper levels of
management aren't really committed to implementing the concept
because of the cost associated with the science aspect of AM. The other
issue is that the advice coming from the outcomes of experiments may
be in direct conflict with the other parts of the agencies mission.
Sometimes the leaders of the organisation are close enough to the
people conducting the experiments partly because of the broad mission
of the organisation. Some parts of the mission trump others. Water
supply and flood protection were highlighted by some staff. They did
note that it isn't made explicit. Changes in leadership from people with
AM engrained to those who haven't necessarily have an emphasis on it
yet.

Leadership as a position

Distributed

Leadership distributed through the organisation.
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Leadership from the top

Leadership at the top balances the politics, policy and science. The
focus can change between environment and development. Commitment
to pursue and sustain resources adaptive management has to come from
the top. Co-ordination within the organisation is top down. Leadership
is required at the top to shield the organisation from political pressure
on the organisation.

Mid-level to upper level managers

Mid-level to upper level managers have to pull it all together and drive
co-ordination within the organisation. To do this they have to
understand the engineering, hydrology, ecology, engagement and
political environment.

Someone who can translate the
technical information
Leadership required within an

Distributed

agency for AM
Leadership at the top

Resources, in particular, for monitoring is essential. The challenge is
convincing the new board, executive directors etc. of the need for
investment in scientific investigations. People in leadership positions
just below the top are essential for making the case.

Mid-level management

Mid-level management has a better grasp of the uncertainty, the need
for learning and are more connected to the projects. Division Directors
have the background training, experience and the data to recommend
the type of adaptive management approach. Mid-level management is
where the drive needs to come from for adaptive management.

Learning

Communicating uncertainty and

Communicating uncertainty and

Difficult to admit when things go wrong or explaining that money

other issues

other issues

wasn't wasted because there was a lot of uncertainty and not everything
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was planned for. Staff recognise the danger of not explaining the
uncertainty that the organisation works in and also of the challenges in
trying to communicate it.

Deferring action

While the organisation is learning, some learnings don't feedback into
actions largely because of social, political or resources constraints e.g.
exotic plants and animals and additional storage.

Feedback loop
Monitoring

A requirement for monitoring is embedded in some formal institutional
arrangements e.g. LOPA.
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