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Abstract

Environmental problems and their solutions are determined by the complex ways in which
social and ecological systems interact. Yet knowledge on these interactions and the
challenges they pose to biodiversity conservation is scarce. Analytical and planning
approaches to help understand and account for these challenges are needed. This is
particularly important in the context of conservation initiatives that take a collaborative
multi-stakeholder approach to decision-making. Such initiatives face numerous challenges,
including the problem of fit — when governance systems do not fit or match the
characteristics of the biophysical system. In this thesis novel methodological approaches
and existing social-ecological system frameworks are employed to investigate the problem
of fit in the context of biodiversity conservation, and to demonstrate how the interactions
between social and ecological systems can be accounted for in conservation planning.

This thesis represents an important contribution to social-ecological research.

| examine the relevance of the problem of fit to biodiversity conservation through a review
of the challenges for the science of conservation planning related to a particular type of ‘fit
challenge’: scale mismatch. A scale mismatch occurs when the scales for planning and
implementing conservation actions do not match the scale of biophysical processes
(Chapter 2, published in Conservation Biology). | identify how scale mismatches arise in
association with the different stages of conservation planning (e.g. problem assessment,
formulation of actions). | find that this type of fit challenge can result in partial solutions,
ineffective actions, or actions that are not implemented. This review highlights the need for
researchers and practitioners to understand and account for fit challenges in conservation

research and management, and suggestions are provided on how this might be achieved.

| investigate the problem of fit through an assessment of the capacity for collaborative
conservation initiatives to address three key challenges associated to social-ecological fit:
spatial scale mismatch (chapters 3 and 4), the common management of areas (chapter 4),
and the management of interconnected ecological units (chapter 4). In these empirical
studies | analyse data collected through semi-structured interviews and a survey of
stakeholders involved in ‘Gondwana Link’, - a large-scale conservation initiative that aims

to restore ecological connectivity in the south west of Australia.

| characterise the interactions between stakeholders in this initiative as a conservation
social network. | assess if the structure of the interactions enable the coordination of plans

and actions across scales of planning and management (Chapter 3, published in



Conservation Letters). | apply a novel network theoretical approach to statistically analyse
the different forms of stakeholder interactions, including cross-scale collaboration. | find
that the structure of stakeholder interactions predisposed cross-scale collaboration for
invasive animal control, an action where coordination of activities is necessary. For
revegetation activities | find little evidence of collaboration across scales. This result
suggests that addressing spatial scale mismatch could improve effectiveness of
revegetation efforts. To achieve this, the conservation initiative should provide support to

those stakeholders acting in a ‘scale-bridging’ role.

| extend the social network conceptualisation developed in Chapter 3 to incorporate
interactions between elements of the ecological system (i.e. the level of connectivity
between vegetation patches) and the conservation social network (Chapter 4, submitted to
Global Environmental Change). | characterise the ecological interactions, the interactions
between stakeholders, and the ways stakeholders are linked to different parts of these
ecosystems (i.e. management in one or more locations) as a social-ecological network.
Employing new theory and methodological approaches | identify different social-ecological
network configurations that capture the hypothesised ways in which collaborative
approaches could address specific social-ecological fit challenges, including the common
management of areas, spatial scale mismatch and the management of interconnected
ecological units. | apply new statistical models of multi-level networks to test the relative
importance of possible social-ecological configurations in the observed social-ecological
network. | find that co-management occurs when stakeholders manage the same spatially
defined ecological resource, but not when they manage different yet interconnected
ecological resources. This implies that Gondwana Link's governance structure lacks
capacity to detect the effects of management actions that could affect outcomes beyond
the ecological unit to which the management action is applied. This study provides
empirical support for how collaborative approaches to governance can address the
problem of fit, but also reveals that collaborative approaches do not necessarily solve all
challenges associated with social-ecological fit. Through this approach | highlight that
integrating social with ecological information can lead to more accurate assessments of
the problem of fit compared to an approach that considers the social and ecological

system in isolation.

In Chapter 5 | further explore the value of integrating social with ecological information
when making and implementing conservation decisions (Chapter 5, submitted to Biological
Conservation). | explore how a social-ecological system framework can be utilised to



facilitate the systematic consideration and integration of relevant ecological and social data
to determine areas of conservation opportunity. | show how this approach can be used to
identify priority areas that require different implementation strategies, from areas that are
suitable for immediate engagement to areas requiring implementation over the longer term
in order to increase on-the-ground capacity and identify mechanisms to incentivise
implementation. This study highlights the value of applying a social-ecological framework
to conservation planning, helping translate priorities for action into implementation

strategies that account for the social-ecological complexity of conservation problems.

This thesis addresses one of the greatest challenges faced by conservation researchers
and practitioners: understanding and accounting for the social-ecological complexity that
characterises most global environmental problems. This thesis makes theoretical and
empirical contributions to research on the problem of fit that extend beyond the
conservation planning field. It provides empirical support for how collaboration approaches
to governance can enable the coordination of actions across different management scales,
and demonstrates how interactions between the social and ecological systems can be
accounted for in conservation planning decisions, and in assessments of the effectiveness

of environmental governance arrangements.
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Chapter 1. Introduction

The conservation crisis is well known. The needs for nature conservation far outstrip
current efforts while underlying pressures on the environment, including demographic
growth, human consumption and climate change, continue to intensify (Millennium
Ecosystem Assessment, Butchart et al., 2010; Rands et al., 2010). Only 15% of all
threatened birds, amphibians and mammals, and 36% of ecoregions are adequately
represented in protected areas (CBD, 2011; Venter et al., 2014; Watson et al., 2014). In
addition, 40% of all protected areas have been found to have major management
deficiencies (Leverington et al.,, 2010). Moreover social and economic pursuits (e.qg.
housing development, natural resource extraction) are leading to the downgrading,
downsizing and degazettement of protected areas (Mascia et al., 2014). Poor governance
is considered a key aspect influencing the effectiveness of protected areas to contribute to

nature conservation goals (Borrini-Feyerabend et al., 2012).

The challenges associated with achieving good environmental governance are not limited
to protected areas. Approaches to nature conservation have evolved from the formulation
of single solutions focusing on protected areas and involving localised actions, to solutions
that focus on addressing multiple threats and involving diverse management actions in
both protected areas and human-dominated landscapes (e.g. Fitzsimons et al., 2013b;
Pressey et al., 2007; Wilson et al., 2010; Wilson et al.,, 2007). This has led to the
involvement of multiple stakeholders ranging from local resource users to global actors,
each with diverse knowledge systems, objectives, and views. This diversity of
stakeholders is both supported and constrained by governance arrangements and
decision-making processes for which social considerations are as important as ecological
ones (Armitage et al., 2012; Sabatier, 2005; Smith et al., 2009).

Despite these challenges, support for multi-stakeholder conservation initiatives continues
to increase and successes are being reported (Fitzsimons et al.,, 2013b). There are
however also examples of how the governance challenges associated with managing
complex social-ecological systems have led to disappointing results (e.g. Wyborn, 2014).
These governance challenges are often the result of complex interactions between social

and ecological systems.

It is increasingly recognised that conservation efforts grounded on knowledge of both

social and ecological systems, and the way they interact, are more likely to be effective
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(Cowling and Wilhelm-Rechmann, 2007; Rapport et al., 1998; Robinson, 2006; Sutherland
et al., 2009). For instance, by incorporating socioeconomic considerations into analyses of
conservation problems, and by accounting for how economic, cultural and institutional
factors affect how people engage with the natural world, the solutions posed can be more
accessible and relevant to society. This has been shown to lead to greater adoption of
management recommendations and lead to policy that is more likely to be supported by
the public (Robinson, 2006). An example is provided by the fishing industry where rather
than focusing on restricting harvest to achieve conservation goals (e.g. based on
ecological equilibrium models), an understanding of how people harvest resources can
lead to practical recommendations on ways to regulate harvesting, and in this way make
harvesting limits achievable (e.g. Berkes et al.,, 2006). Despite recognition of the
importance of the social sciences to conservation, from over 25,000 manuscripts on the
general topic of biodiversity conservation, only around 2000 of these studies make explicit
reference to social dimensions, and 500 to institutional dimensions (Web of Science,
accessed 12" Sep 2014).

This thesis focusses on the complex linkages between social and ecological systems. The
overarching research question this thesis addresses is how can the linkages between
social and ecological systems, and the challenges these linkages pose, be accounted for
in conservation planning? In this chapter | provide the background motivation for this body
of research. | introduce the social-ecological context of conservation planning problems. |
introduce social and ecological factors that can help understand the complex ways in
which social and ecological systems interact, and discuss how they have been considered
in conservation studies. | then explore the challenges the social-ecological context poses
to conservation efforts, and the approaches proposed for addressing these challenges. |
focus on challenges related to the problem of fit - when governance systems do not fit or
match the characteristics of the biophysical system. | find that ‘fit challenges’ and their
consequences are poorly understood in the context of biodiversity conservation and

methods for their analysis are underdeveloped.

In this thesis | address this gap by researching the problem of fit in the context of
biodiversity conservation, and demonstrating how novel methodological approaches and
analytical frameworks adopted from the natural resource and social sciences fields can be
used for improving the way the social-ecological context is taken into account when
planning and implementing conservation actions. This thesis adopts an interdisciplinary

perspective, integrating concepts and methods from diverse fields in the natural and social
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sciences, including ecology, conservation planning, natural resource management, policy
studies, and social network research. | conclude this chapter with an overview of the aims
and structure of the thesis.

1.1 Conservation planning and its social-ecological context

Biodiversity conservation is concerned with the long term viability of species, ecosystems
and evolutionary processes (Soulé, 1985), and increasingly being related to the
improvement of human well-being (Kareiva and Marvier, 2012). Conservation planning is
an important mechanism used to make decisions about how best to respond to threats
affecting biodiversity decline. Systematic conservation planning is a framework used to
identify and design priority actions (e.g. species, areas) in time and space, to maximise the
outcomes achieved with limited financial resources (Margules and Pressey, 2000; Pressey
and Bottrill, 2009).

Biodiversity conservation efforts occur as part of complex social-ecological systems. A
social-ecological system is a complex and perpetually dynamic system defined by several
spatial, temporal, and organisational scales (Redman et al., 2004). In these systems
humans and ecosystems interact creating dynamic feedback loops in which humans both
influence and are influenced by ecosystem processes (Berkes and Folke, 1998;
Gunderson and Holling, 2002; Liu et al., 2007). It is widely accepted that social and
ecological factors need to be integrated in conservation planning assessments (Cowling
and Wilhelm-Rechmann, 2007; Knight et al., 2006b). This is reflected in an increasing
number of conservation planning studies that incorporate social factors, although the
majority of studies focus on social data related to threats or costs (e.g. Naidoo et al., 2006;
Wilson et al., 2007; Table 1.1). It is attention to factors such as values and the behaviours
of individuals, and governance aspects that will help understand the social-ecological
complexity and help translate priority actions into conservation outcomes (Cowling and
Wilhelm-Rechmann, 2007). However, exploration of these aspects to date has been
limited. Governance aspects such as the level of political stability, regulatory provisions,
and decision-making processes can be crucial for the effective implementation of
conservation plans (e.g. Cowling and Wilhelm-Rechmann, 2007; McCreless et al., 2013;
Sutherland et al., 2009; Wilson et al., 2011). The integration of social and ecological
factors in conservation planning analyses is the key focus of this thesis. Particular
attention is given to understanding key governance challenges from a social-ecological

perspective.



The natural resource management and social sciences offer rich literature and tools that
can aid conservation science researchers and practitioners understand the social-
ecological context and how it can affect conservation outcomes (e.g. Aswani and Aswani,
2010; Ban et al., 2013; Berkes, 2007; Bodin and Crona, 2009; Cowling and Wilhelm-
Rechmann, 2007; Prell et al., 2009; Redman et al., 2004). In the paragraphs that follow |
briefly discuss some of the social and ecological factors that can help understand the

social-ecological context of biodiversity conservation efforts.

Table 1.1. Social factors considered in systematic conservation planning

Social factor Example References

Attitudinal and Willingness to participate/to Adams et al., 2014; Guerrero et

behavioural factors  sell land al., 2010; Knight et al., 2011b
Farmer uptake of Dutton et al., 2008

conservation schemes

Landholder attitudes towards  Jellinek et al., 2014; Raymond
revegetation activities and and Brown 2011

remnant vegetation

Public behaviour affecting Ng et al., 2014
conservation outcomes

Social capital Social connectivity measures  Mills et al., 2014

Collaboration Multiple stakeholders/ Bode et al., 2010; Bryan et al.,
objectives 2010a

Economic trade agreements  Levin et al., 2013

Social values The social value assignedto  Bryan et al., 2011; Bryan et al.,
ecosystems 2010b; Whitehead et al., 2014

Multiple stakeholder interests Klein et al., 2008

Community support Game et al., 2010

Social equity Halpern et al., 2013




Social factor

Example

References

Financial

Cost of land

Management costs

Multiple conservation costs

Return on Investment

Uncertainty of land availability

/ property costs /

Investment uncertainty

Opportunity costs (socio-

economic interests)

Ando et al., 1998; Polasky et al.,
2001

Balmford et al., 2000; Moore et
al., 2004

Naidoo et al., 2006

Murdoch et al., 2007; Tear et al.,
2014; Wilson et al., 2007

Carwardine et al., 2010; McBride
et al., 2007; McDonald-Madden et
al., 2008

Carwardine et al., 2008; Faith et
al., 1996, Stewart and
Possingham, 2005; Venter et al.,
2013; Williams et al., 2003

Anthropogenic
threats

Population & agriculture

pressure

Land conversion

Land use / degradation

Climate change

Risk of habitat loss

Ceballos et al., 2005
Wilson et al., 2005
Wilson et al., 2006

Wilson et al., 2010
Wilson et al., 2007

Faleiro et al., 2013

Wilson et al., 2011

Governance factors

Corruption
Legislative effectiveness

Implementation feasibility

Eklund et al., 2011
Wilson et al., 2011
Sewall et al., 2011




1.1.1 Social factors influencing conservation outcomes beyond costs and

threats

There are several social factors that influence the success of conservation efforts that
previously have not been captured in conservation planning assessments. Factors related
to human behaviour influence the decisions individuals make and therefore the impact
they have on conservation outcomes. While some factors related to human behaviour
have been captured in conservation planning assessments (Table 1.1) there are several
that remain unexplored. These include cognitive, psychological and institutional factors,
such as values and attitudes towards conservation, past behaviour, the effects of social
influence, institutional and project design, and conflicting value systems due to a diversity
of preferences and perceptions (Abrahamse and Steg, 2013; Barr and Gilg, 2007; Beratan,
2007; Brooks et al., 2012; Cinner et al., 2014; Dovers, 2001, Fischer et al., 2012; Ives and
Kendal, 2014; Milner-Gulland, 2012; Ostrom, 1990; Pollnac et al., 2010; Rustagi et al.,
2010; Schirmer et al., 2012; St John et al., 2010).

Economic and political factors also influence the success of conservation efforts. For
example, scarce funds for conservation might be available because of competing societal
priorities, decisions made at different jurisdictional scales might be in conflict (Cash et al.,
2006), conservation outcomes might be strongly influenced by market access (Cinner et

al., 2012), or implementation might be affected by poor governance (Smith et al., 2003).

In addition, diverse social processes can be critical for the formulation of effective
responses and their implementation. For example, learning processes can facilitate
adaptation of responses when the effects of conservation and management actions are
uncertain (Berkes et al., 2003; Davidson-Hunt, 2006; Folke et al., 2005; Gunderson and
Holling, 2002), and collaboration processes that can lead to the coordination of actions
across jurisdictional or governance boundaries (Aswani et al., 2013; Carlsson and Berkes,
2005; Olsson et al., 2007; Sabatier, 2005; Wondolleck, 2000; Wyborn and Bixler, 2013).

Knowledge on how this diversity of social factors influences the success of conservation
efforts is scarce. While some of these factors are captured in this thesis (i.e. collaboration
processes, governance aspects), the focus is on how these factors can be integrated with

ecological factors in conservation planning analyses.



1.1.2 Ecological factors needing attention in conservation and management

studies

Devising effective responses is also compounded by the complexity and dynamics of the
ecological system being managed. Most conservation planning assessments involve
representation of species diversity patterns, but relatively few consider ecological
processes or dynamic threats to biological diversity (Pressey and Bottrill, 2009; Pressey et
al., 2007). For example, a key aspect gaining increased attention in natural resource
management studies is the importance of accounting for the interconnected nature of
ecological systems (Bodin and Tengo, 2012; Cumming et al., 2010; Galaz et al., 2008;
Janssen et al., 2006). In ecological systems elements are connected to one another
through diverse interactions such as predation, pollination or nutrient cycles. The survival
of a species might depend on a critical level of connectivity between ecological units (e.qg.
habitat patches). In addition the dispersal ability of disease and invasive species is
influenced by the connectivity between different land parcels or vegetation patches.
Making decisions about how best to manage ecological systems therefore requires an
understanding of how elements of the ecological systems are connected to one another
(e.g. Chades et al., 2011). Management and conservation efforts that do not account for
these connections unlikely to be able to respond to spreading ecological changes (e.qg.
dispersal of an invasive species) and cascading effects of actions (e.g. the effects of

farming on marine ecosystems through nutrient loading; Crowder et al., 2006).

Another key consideration is scale. Ecological processes operate at diverse scales, so the
processes observed depend on the spatial and temporal scale of observation (Levin, 1992;
Wiens, 1989). This introduces uncertainty and makes it difficult to respond to changes and
formulate management actions at appropriate scales that will be effective through time
(Levin, 1998). Management at inappropriate scales can lead to increased vulnerability,
adverse effects and inefficiencies (e.g. Wilson, 2006).

1.1.3 Social and ecological systems are coupled and interdependent

The interdependencies that exist between social and ecological systems can also affect
the effectiveness of conservation efforts. Humans interact with elements of the ecological
system in a continual interchange of inputs and outputs (Berkes et al., 2003; Gunderson
and Holling, 2002; Redman et al., 2004). Inputs can relate to land and resource use and

conservation and management actions, while outputs can include harvest, cultural,



biodiversity outcomes and those related to ecosystem services. The interactions between
social and ecological systems can result in positive or negative feedback loops (Cinner
2011). For example, appropriate governance systems can facilitate conservation and
management actions (e.g. habitat restoration or invasive species control) that effectively
respond to threatening processes and changes in the ecological system. On the other
hand, the common-property nature of many natural resources can drive resource
exploitation in the absence of appropriate and functioning governance systems (Berkes
and Folke, 1998; Hardin, 1968; Lee, 1993; Ludwig et al., 1993; Ostrom, 1990; Ostrom et
al., 1999). When social and ecological systems are strongly interdependent reciprocal
interactions can push social-ecological systems towards increased vulnerability and a loss
of resilience (Anderies et al., 2006; Galaz et al., 2008; Liu et al., 2007; Rockstrom et al.,
2009). Conservation decisions that do not account for social-ecological interdependencies
might fail to detect important feedback loops and thus fail to adapt and respond to changes

in the ecological system.

There are diverse frameworks that have been developed in the natural resource
management field aimed at capturing the connections between social and ecological
systems. These include the Social-ecological Systems framework (SES), the Press—Pulse
Dynamics framework (PPD), and management strategy evaluation framework (MSE)
(Bunnefeld et al., 2011; Collins et al., 2010; Ostrom, 2007). These frameworks differ in
terms of their purpose and their conceptualisations of the social and ecological systems
and their dynamics (Binder et al.,, 2013). The SES framework was developed as a
diagnostic approach designed to aid the identification of common drivers of sustainability
outcomes in natural resource systems (McGinnis and Ostrom, 2014; Ostrom, 2009); the
PPD framework was developed to guide integrated social and ecological research (Collins
et al., 2010); and the MSE framework is a simulation approach used in fisheries for testing
management options under a range of uncertainties (André and Greg, 2007). The
extension of some of these frameworks to conservation is currently being investigated
(Ban et al., 2013; Bunnefeld et al., 2011; Milner-Gulland et al., 2010; Nuno et al., 2014).
The application of a social-ecological framework could see conservation planning evolve in
an important direction, aiding understanding of key social-ecological interdependencies
that can affect conservation efforts, and informing the development of implementation

strategies that can account for them.



1.1.4 Planning for implementation

Implementation strategy development was recently recognised as a step in the
conservation planning framework (Pressey and Bottrill, 2009), but it is an area requiring
greater attention (Driver et al., 2003; Knight et al., 2008; Pressey and Bottrill, 2008). While
general operational models for implementing conservation action have been proposed
(e.g. Knight et al., 2006a), little attention has been given to how social data can be utilised
to inform implementation strategies. Attempts have focused on identifying where the
values of the community align (or otherwise) with scientifically defined ecological values
(e.g. Bryan et al.,, 2011; Whitehead et al.,, 2014). Application of a social-ecological
framework could guide and improve the integration of social with ecological data in
conservation planning analyses to analyse and understand how social-ecological
connections affect conservation efforts. This knowledge could then be use to inform the
development of an implementation strategy that accounts for the complexity of the social-

ecological system.

1.2 The role of governance in conservation

Central to responding to the challenges presented by the complex character of social-
ecological systems are governance systems. Science can inform what to protect, where to
act and what actions to implement (Costello and Polasky, 2004; Wilson et al., 2006), but
without effective governance systems that respond to the characteristics of ecological and
social systems, and their interactions, the effectiveness of conservation and management
efforts will be reduced (Crowder et al., 2006; Ostrom, 2010b).

Different types of governance shape and influence conservation and management
responses and play a key role in translating them to conservation outcomes. Governance
can be defined as ‘the process of guiding societies towards outcomes that are socially
beneficial and away from outcomes that are harmful’ (Young et al., 2008). An important
component of governance systems are institutions — the norms, rules, rights and decision
making processes designed to drive change, and influence the way groups and individuals
interact with, and mediate the effects they have on the natural system (Berkes and Folke,
1998; Ostrom, 1990; Young, 2002). This include state-based regimes such as those
created for the conservation of biodiversity, climate change regimes, and legally binding
agreements negotiated between governments (Newell et al., 2012).



Other types of governance include multi-actor approaches involving a diversity of non-
state actors who produce, enact and implement environmental governance (Newell et al.,
2012), including public, and private actors acting individually and as collectives through
diverse governance arrangements (e.g. partnerships, networks, customary management
institutions; Carlsson and Sandstrom, 2008; Cinner et al., 2011; Lauber et al., 2011). In
multi-actor approaches to governance, public authority and responsibility is shared (e.g.
public-private partnerships) or delegated (e.g. market mechanisms; Green, 2008). Multi-
stakeholder approaches to governance constitute attempts to build and improve upon the
limits of central government responses to environmental threats, and can develop
informally around specific issues to form more or less defined coalitions of common
interests and beliefs (Lubell et al., 2002; Newell et al., 2012; Schneider et al., 2003; Young
et al., 2008). Examples of multi-stakeholder governance approaches in conservation
settings include large-scale conservation initiatives such as Yellowstone to Yukon (Y2Y) in
North America, and The Great Eastern Ranges in Australia. Such initiatives are often
characterised by multiple land tenures and jurisdictions, heterogeneous land uses and
land covers, and numerous stakeholders involved in diverse activities that span multiple

ecological and management scales (Fitzsimons et al., 2013b; Worboys et al., 2010).

1.3 Governance challenges: The problem of fit

Devising effective governance approaches to conservation and environmental
management problems has been an important area of focus of interdisciplinary research in
the last few decades (Ostrom, 2010a; Rands et al., 2010). A key challenge associated with
collaborative governance is the degree to which governance systems ‘fit' or match the
characteristics of the biophysical system (Armitage et al., 2012; Brown, 2003; Folke et al.,
2007; Galaz et al., 2008; Ostrom, 2010b; Young, 2002; Young et al., 2008). The problem
of fit is increasingly being explored in the natural resource management and ecosystem-
based management literature, but interpretations of the concept of ‘fit' vary and its
definition remains unclear (Vatn and Vedeld, 2012). In this thesis | use ‘problem of fit" as
an overarching concept of the challenges governance systems face in relation to
characteristics of the biophysical system being managed. One aspect is the spatial scale
at which ecological processes occur. A ‘fit challenge’ is faced when for example the
management of fisheries is too broad to recognise ecosystem processes operating at finer
scales, or is limited to jurisdictional boundaries (Crowder et al., 2006; Holling and Meffe,

1996; Wilson, 2006). Another fit challenge arises when governance responses to
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conservation problems ignore how the dynamics or spatial organisation of ecological units
(e.g. areas of vegetation or key habitat, or dispersal of species) facilitates key ecological
processes (Berkes, 2006; Coutts et al., 2013; Esler et al., 2010). Such fit challenges are
common and difficult to respond to, can lead to ineffective management, and affect the
capacity of governance responses to deal with unforeseen changes (Cumming et al.,
2006; Ekstrom and Young, 2009; Galaz et al., 2008; Young, 2003; Young et al., 2008).

Biodiversity conservation problems are prone to diverse fit challenges, but these are poorly
understood and have not been explicitly analysed in the conservation planning literature
(Mills et al., 2010; Pelosi et al., 2010; Rouget, 2003; Sarkar et al., 2006). Fit challenges are
common in the conservation of migratory species (e.g. Berkes, 2006), wildlife connectivity
conservation (e.g. Wyborn, 2014), and in the management of invasive species
characterised by uncertainty and rapid cumulative changes (e.g. Coutts et al., 2013). An
improved understanding of fit challenges and how they influence the effectiveness of
conservation efforts would benefit conservation professionals, by aiding their timely
recognition when planning for conservation actions and the development of strategies to

address them.

1.4 Collaborative governance: a solution to the problem of
fit?

An increased attention to fit challenges in the conservation and management of ecological
systems has resulted in a shift from state-centric approaches to collaborative governance
approaches that can enable adaptive management across multiple scales (Armitage et al.,
2009; Brondizio et al., 2009; Carlsson and Berkes, 2005; Folke et al., 2005; Lemos and
Agrawal, 2006; Olsson et al., 2004; Ostrom, 1998, 2010b). Collaborative governance
approaches have been proposed to promote learning and flexibility to enable actors to
respond to change in the face of complexity and uncertainty (Armitage, 2007; Gunderson
and Light, 2006). Collaborative governance can facilitate the coordination of distinct
sources of governance acting at different levels (local, regional, supra-regional).
Collaboration can bring together actors with diverse interests, knowledge, and resources,
and the commitment needed to understand the conservation problem, and support
information sharing, learning and the implementation of actions, across different ecological
and management scales (Armitage et al., 2007; Armitage et al., 2009; Fazey et al., 2007,
Folke et al., 2005; Huntjens et al., 2012; Imperial, 1999; Olsson et al., 2007; Ostrom, 1961,

Young et al., 2008). Collaborative approaches that enable cross-scale linkages between
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stakeholders are thought to increase the capacity of governance systems to deal with fit
challenges, thereby enabling the learning and adaptation needed to deal with the
complexity that characterise social-ecological systems (Gunderson and Holling, 2002;
Holling, 1978; Walters and Holling, 1990).

Collaborative governance approaches may have the potential to address fit and mismatch
challenges. But, they come at a cost, and their benefits are not easily realised. Initiating,
and ensuring the longevity and sustainability of collaborative relationships can be a lengthy
process that can be impacted by budget limitations and funding cycles (Fitzsimons et al.,
2013b; Wyborn, 2014). It can also be negatively impacted by the dominance of individuals
or organisations, obstructing disagreements between partners (Young, 2006), and actors
becoming distracted by complex collaborative arrangements with numerous other actors
(Lazer and Friedman 2007). Also, engaging in certain types of collaborative interactions
might not lead to sustained collaboration (e.g. exchange of technical information; Berardo,
2010). In addition, collaborative approaches can become trapped in complex governance
arrangements, which can undermine their capacity to connect actors across scales of
decision making and thus fail to support the necessary functions of coordination across
multiple-scales (e.g. Wyborn, 2014). Simply prescribing formal collaborative governance
arrangements will not necessarily overcome these barriers and translate into more
effective collaboration that enables governance across scales (Carr, 2013; Lubell, 2004).
Strategic approaches to the formation and support of effective collaborative governance

arrangements are needed.

1.5 A network perspective

A focus on the ways actors interact in a conservation setting can provide insights on the
effectiveness of different collaborative governance arrangements. The interactions
between actors within a governance arrangement can be characterised as a social
network and analysed to assess the potential for formulating and implementing
conservation actions at the required scales. Social network theory is used to analyse the
behaviour of individuals, groups, and organisations on the basis of its structure (i.e.
patterns of relations; Emirbayer and Goodwin, 1994). The application of network theory to
the study of collaborative processes and structures has been applied in diverse disciplines,
including in the social sciences (Borgatti et al., 2009), natural resource management and
conservation (Bodin and Crona, 2009; Bodin and Prell, 2011), sustainability science
(Henry and Vollan, 2014) and policy studies (e.g. Berardo and Scholz, 2010; Sandstrom
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and Carlsson, 2008). Typically, applications of social network theory in conservation link
the structural characteristics of the whole of network to theory about the social processes
that underpin effective conservation governance (e.g. learning and innovation). Such
characteristics can be described by network centrality, cohesion and density metrics (e.qg.
Cohen et al., 2012; Isaac et al., 2007). Fewer studies have analysed whole networks by
examining minimal network structures, or ‘building blocks’, exhibited by stakeholders who
interact within the network. Through this approach, specific patterns of social and social-
ecological interdependencies, characterised by particular building blocks, can be
theoretically linked to specific governance challenges (Bodin and Tengo, 2012). The
‘building block’ approach combined with new statistical models for multi-level networks
(Wang et al., 2013), can be used to empirically analyse social and ecological data to
assess diverse governance challenges related to the management of social-ecological

systems, including fit challenges (e.g. Bodin et al., 2014; Bodin et al., in review).

1.6 Aim, scope and outline of the thesis

In summary, while the importance of the social-ecological context in which conservation
actions are implemented is increasingly recognised in the conservation planning literature,
better integration of social data is still needed. Furthermore, little attention has been given
to utilising knowledge of the social-ecological system to inform approaches and strategies
that can lead to effective implementation of actions. In a social-ecological system multiple
objectives compete, solutions that cross jurisdictional boundaries are required, and social
and ecological factors interact at multiple scales. This complexity makes it difficult to
devise effective responses to reverse the rate of biodiversity loss and environmental
degradation. Fit challenges can negatively affect conservation initiatives, but have not
been explicitly addressed, and are rarely considered by conservation professionals (Mills
et al., 2010). The theory and concepts behind how collaborative approaches to
governance have the potential to deal with fit challenges has been well developed but

empirical explorations of this potential are rare (Galaz et al., 2008; Wyborn, 2014).

In this doctoral thesis | attempt to address this gap. | demonstrate how the social-
ecological system can be considered to increase the effectiveness of collaborative multi-

stakeholder approaches to conservation, and to inform conservation planning decisions.

The overall research question and aims of this thesis, and the publications resulting from
each chapter, are summarised in Table 1.2.
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In Chapter 2 | explore the fit challenges faced by the science of conservation planning. |
focus on challenges related to scale mismatch, explaining how they manifest and are
associated with the different stages of conservation planning. | explore how social network
approaches could be used to analyse collaborative structural patterns in conservation
initiatives, in order to understand the degree to which plans and activities can be
coordinated across scales. This chapter reveals the need for conservation planners and
practitioners to account for fit challenges by encouraging cross-scale collaboration. This
can lead to planning decisions that improve the fit between management actions and

conservation problems.

In chapter 3 | explore how stakeholders interact within large-scale collaborative
arrangements. Characterising the interactions between stakeholders of a large-scale
conservation initiative as a social network, | statistically explore the different forms of
stakeholder interaction for different types of activities, to determine the propensity of the
network to facilitate collaboration across scales. This chapter reveals options for the
conservation initiative to improve cross-scale collaboration, and offers an approach for
assessing the capacity of collaborative governance arrangements to address fit challenges

related to scale.

Building on the previous chapter, in Chapter 4 | apply a social-ecological network
perspective to analysing the capacity of governance arrangements to deal with different
types of fit challenges. Ecological data of the same large-scale conservation initiative is
combined with the social network data to characterise social-ecological interactions as a
multi-level social-ecological network. The connectivity of different vegetation patches is
characterised as an ecological network. The interactions between the ecological network
and the social network characterise the focus that stakeholders have on different
vegetation patches. Recent theoretical and methodological developments that permit the
empirical analysis of social and ecological data are applied to determine the propensity for
the structure of stakeholder interactions to address fit challenges related to scale, to the
management of common areas, and to the management of interconnected ecological
units. Focus is placed on specific network configurations, or ‘building blocks’, that can be
associated to these types of fit challenges. These building blocks are statistically tested to
evaluate how well they are represented in the multi-level social-ecological network data.
This study reveals the type of fit challenges that the conservation initiative has the capacity
to address and demonstrates a research approach to assessing the problem of fit. This

study provides support to the proposition that collaborative approaches can increase the
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capacity of governance systems to address the problem of fit, but also reveals that
collaborative approaches may not necessarily solve all challenges associated with social-
ecological fit.

The conceptualisation of social-ecological systems as networks of interactions, together
with the application of statistical network methodologies is an innovative approach in the
conservation and natural resource management fields. To my knowledge this is the first
empirical study demonstrating the benefits of social-ecological approach to analysing

governance challenges related to the conservation and management of natural resources.

Chapter 5 shows how a social-ecological system framework can be utilised to guide the
integration of social and ecological factors into analyses to help identify conservation
priorities and strategies for their implementation. The science of conservation planning
lacks explicit methods to analyse social-ecological systems for informing conservation
planning and management decisions (Knight et al., 2011a; Pierce et al., 2005). Empirical
social-ecological analyses are rare in the conservation planning literature (but see Mills et
al., 2013). Utilising this thesis’ case study data, this chapter demonstrates how the
systematic consideration and integration of ecological and social data can help translate
priorities for action into implementation strategies that respond to the social-ecological

complexities surrounding conservation problems.
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Table 1.2. Thesis summary and publications arising from each chapter

Overarching research question: How can linkages between social and ecological systems,

and the challenges they pose, be accounted for in conservation planning?

Chapter

Aim

Publications

Chapter 1 - Introduction

To introduce the social-
ecological context of

conservation

Chapter 2. Fit
challenges in

conservation planning

To examine the relevance of
the problem of fit to biodiversity
conservation, and identify the fit
challenges that can negatively

affect conservation initiatives.

Guerrero, A. M., R. R. J.
McAllister, J. Corcoran & K.A.
Wilson (2013) "Scale Mismatches,
Conservation Planning, and the
Value of Social-Network Analyses"
Conservation Biology 27(1): 35-44.

Chapter 3. Cross-scale
collaboration to address

scale mismatch

To investigate the specific fit
challenge of spatial scale
mismatch. And assess how
collaborative approaches to

conservation can address it.

Guerrero, A. M., R. R. J. McAllister
& K.A Wilson (2015). "Achieving
cross-scale collaboration for large
scale conservation initiatives"
Conservation Letters 8(2):107-117.

Chapter 4. A social-
ecological approach to
analysing the problem of
fit

To explore research
approaches that can
incorporate social and
ecological data to assess the
problem of fit, and to conduct
an empirical investigation of the
potential of collaborative
approaches in achieving social-

ecological fit.

Guerrero, A.M, O.Bodin, R. R. J.
McAllister & K.A. Wilson.
“Achieving social-ecological fit
through collaborative governance”.
Submitted to Global Environmental

Change.

Chapter 5. Analysing
social-ecological
interactions to determine
opportunities for

conservation

To demonstrate how the Social-
ecological Systems framework
be applied to guide the
integration of relevant
ecological and social data for
determining opportunities and

challenges for conservation.

Guerrero, A. M & K.A. Wilson
"Informing implementation
strategies for conservation using a
social-ecological systems
framework”. Submitted to

Biological Conservation.

Chapter 6. Discussion

To present conclusions and

future directions
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Chapter 2. Fit challenges in conservation planning

Published as: Guerrero, A. M., McAllister, R. R. J., Corcoran, J. and Wilson, K. A. (2013),
Scale mismatches, conservation planning, and the value of social-network analyses.
Conservation Biology, 27: 35-44. doi: 10.1111/j.1523-1739.2012.01964.x

2.1 Abstract

Many of the challenges conservation professionals face can be framed as scale
mismatches. The problem of scale mismatch occurs when the planning for and
implementation of conservation actions is at a scale that does not reflect the scale of the
conservation problem. The challenges in conservation planning related to scale mismatch
include ecosystem or ecological process transcendence of governance boundaries; limited
availability of fine-resolution data; lack of operational capacity for implementation; lack of
understanding of social-ecological system components; threats to ecological diversity that
operate at diverse spatial and temporal scales; mismatch between funding and the long-
term nature of ecological processes; rate of action implementation that does not reflect the
rate of change of the ecological system; lack of appropriate indicators for monitoring
activities; and occurrence of ecological change at scales smaller or larger than the scale of
implementation or monitoring. Not recognising and accounting for these challenges when
planning for conservation can result in actions that do not address the multiscale nature of
conservation problems and that do not achieve conservation objectives. Social networks
link organisations and individuals across space and time and determine the scale of
conservation actions; thus, an understanding of the social networks associated with
conservation planning will help determine the potential for implementing conservation
actions at the required scales. Social-network analyses can be used to explore whether
these networks constrain or enable key social processes and how multiple scales of action
are linked. Results of network analyses can be used to mitigate scale mismatches in

assessing, planning, implementing, and monitoring conservation projects.

2.2 Introduction

Scale mismatch, also referred to as the “problem of fit,” has emerged in the literature of
natural resource management and refers to a mismatch between the extent and resolution
of management actions and the ecological system of interest (Cumming et al., 2006; Lee,

1993; Young, 2002). The problem of scale mismatch in conservation settings occurs when
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conservation actions are undertaken at a scale that does not reflect the scale(s) required
to solve a particular conservation problem. For example, scale mismatches are a common
problem in the management of migratory species (e.g. Berkes, 2006) and when the
relatively short time horizons of planners and politicians conflict with longer-term ecological
and social changes (Folke et al., 1998a). Cumming et al. (2006) explored scale mismatch
in the management of natural resources and explained its causes and consequences.
They highlight that scale mismatches are generated by a wide range of social, ecological,
and linked social-ecological processes and conclude that how to best resolve scale
mismatches remains an open question. An understanding of how scale mismatches
transpire and their likely consequences would be of value to conservation professionals
because it would further the development of strategies to address problems of scale.

Conservation planning is evolving from being primarily concerned with the systematic
identification of protected areas (Margules and Pressey, 2000) to a process of prioritising,
implementing, and managing actions for the conservation of biological diversity and other
natural resources, inside and outside protected areas (Wilson et al., 2009). Effectiveness
of conservation planning is hindered by a lack of funding, support for only short-term
projects, lack of consideration of ecological processes and dynamic threats that determine
the persistence of biological diversity (Pressey et al., 2007), limited extent to which science
and research results inform on-the-ground action (Balmford and Cowling, 2006; Pressey
and Bottrill, 2009), unacknowledged diversity of human value systems (Van Houtan, 2006;
Wondolleck, 2000), and unrecognised, opposing or conflicting goals that obstruct objective
decision making (Biggs et al., 2011). Many of these challenges emerge as a result of scale
mismatches, primarily because conservation problems often require multiple actions that
are each associated with different ecological and management scales (Sarkar et al.,
2006). The problem of scale mismatch lies not in fitting conservation action to match a
particular scale. Rather, the multiscale nature of conservation problems needs to be
understood and negotiated so that strategies and actions are developed and applied at
appropriate temporal and spatial scales. Governance and management arrangements that
have the capacity to alleviate mismatches across the range of actions are therefore
required. However, there is often insufficient institutional structures or mechanisms to
adapt to the multiscale nature of conservation problems and effectively manage across
scales (Folke et al., 1998b; Wyborn, 2011; Young, 2002).

Conservation planning needs to include stages dedicated to understanding the social-

ecological system in which conservation actions are to be implemented, including cultural,
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economic, and institutional contexts (Polasky, 2008; Pressey and Bottrill, 2008), and the
norms, values, and other human factors that underpin opportunities for and constraints on
effective conservation (Cowling and Wilhelm-Rechmann, 2007; Guerrero et al., 2010;
Knight et al., 2010). The identification and involvement of stakeholders is key to effective
conservation planning. It can facilitate the identification of new knowledge and
opportunities for and barriers to implementation and engender trust and support for
implementation (Knight et al., 2006b; Pierce et al., 2005; Pressey and Bottrill, 2009).

Network theory has been useful for explaining social phenomena across a diversity of
disciplines (Borgatti et al., 2009). Social networks link organisations and individuals across
space and time and hence are critical in determining the collective scale of conservation
actions, which in turn underpins the magnitude of mismatch in scale. | sought to
understand challenges mismatches of scale pose to the conservation-planning process. |
explored this issue across scales associated with the different stages of conservation
planning. | considered emerging conservation-planning approaches that may be useful in
addressing scale mismatches and how social-network analyses (SNA) can be applied to

the management of scale-mismatch problems.

2.3 Scale mismatches and conservation planning

Planning and implementing conservation actions (Figure 2.1) involves definition of the
conservation problem, formulation of actions, and determination of how action will be
implemented. Conservation problems are often complex and involve competing objectives,
multiple actors, and a diversity of possible conservation actions. Decisions can be made at
spatial and temporal scales that may not match the scale of the ecological patterns or
processes relevant to the conservation problem, a situation that creates a scale mismatch.
For example, actions and strategies may be formulated at a regional scale but the
conservation problem also requires action at a finer scale (Briggs, 2001; Sarkar et al.,
2006), or a plan may be formulated at an appropriate scale for action, but the operational

capacity for implementation may be lacking.
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Process

Feedbacks
flow

Scoping and costing the planning process
2 Identifying and involving stakeholders
3 Describing the context for conservation areas
4  |dentifying conservation goals
5 Collecting data on socio-economic variables and threats
6 Collecting data on biodiversity and other natural features
7 Setting conservation objectives
8 Reviewing current achievement of objectives
9 Selecting actions (related to species and/or areas)

10 Developing an implementation strategy

11 Applying conservation actions Stages of conservation planning

Planning

Implementation & management

Figure 2.1. Representation of the process of conservation planning (adapted from
Knight et al., [2006a] and Pressey and Bottrill [2009]).

| applied a modified version of Cumming et al.'s (2006) classification of scale mismatches
(spatial, temporal, and functional scale mismatches) to show how scale mismatch
manifests itself in diverse ways and at each stage in the conservation-planning process
(i.e., problem assessment, strategy and action formulation, and plan implementation,
evaluation, and adaptation; Table 2.1). Spatial scale mismatches occur when the
geographic extent of the solution differs greatly from the geographic extent of the problem.
For example, when conservation action is applied at a fine scale, such as vegetation
patches, but the problem prevails at a broader scale, such as the landscape scale (Cash
et al., 2006). Temporal scale mismatches relate to processes that occur over different time
scales (Cash et al., 2006). Both temporal and spatial scales also have grain, which is the
resolution at which observations are made (i.e., data resolution). Functional scale
mismatches occur when the scope of processes considered for solving the conservation
problem differs greatly from the scope of processes within the system associated with, or
that affect, the conservation problem (Folke et al., 1998b; Lee, 1993). For example, a very
narrow focus on a few ecological features compared with a broad focus on many

ecosystem processes.
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Table 2.1. Examples of how scale mismatches can manifest when planning for
conservation.

Problem
assessment*

Planning*

Implementation

and
management*

Monitoring and
adaptation*

Spatial
mismatch
examples

The geographic
extent of the
planning
region is not
defined
according to
ecological
boundaries but
governance
systems (e.g.
state
boundaries).

The geographic
resolution of
data may not
reflect the
heterogeneity
of the social-
ecological
system.
Consequently
decisions may
miss
important
problem
areas.

The different
plans, actions,
and strategies
directed at the
same
ecosystem may
be in conflict. No
coordination
among them
may mean a
lack of capacity
for solving the
conservation
problem.

Actions and
strategies are
developed at a
scale that does
not reflect
social-
ecological
system
components
(e.g. economic
drivers,
institutional
barriers, cultural
values), key for
addressing the
conservation
problem, or that
affect the
success of
conservation
actions.

Operational scale

of the
implementing
organisations
may not be
sufficient to
cover the full
extent of the
conservation
problem.

Implementation
may not occur
at an adequate
scale; actions
may be
implemented
too broadly or
too narrowly to
effectively
address the
issue.

Monitoring
undertaken at
a scale at
which involved
organisations
operate, which
may not be
representative
of the full
geographical
extent of the
conservation
problem.
Consequently,
information for
adaptation
decisions can
be misleading.

Monitoring
operations
may not detect
ecological
changes that
occur at wider
or finer scales,
which may
limit the ability
to respond
and adapt to
changes.
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Problem Planning* Implementation  Monitoring and
assessment* and adaptation*
management*

Temporal  Limited data Actions are Actions are Duration of
mismatch  collection and formulated for a implemented at monitoring
examples quick short time timeframes that activities is not

assessments, horizon and do do not reflect enough to
driven by the not address the timeframe appropriately
time horizons long-term of ecological evaluate the
of ecosystem change. effectiveness
organisations changes. of
and funding Lack of continuity conservation
bodies, do not Alternatively, of personnel actions or is
cover the actions and throughout the not scaled to
social- strategies take planning the frequency
ecological time to be process can of the event
system in formulated result in being
sufficient overlooking ineffective evaluated.
detail. critical short- implementation

term ecosystem  of conservation

changes (e.qg., actions.

climate

change).

Functional The scope of The actions Actions outside Indicators
mismatch  the plan, formulated of the scope of chosen for
examples  objectives and address only a implementing monitoring

targets, are limited subset of  organisations activities do

determined
restricted to
the interests of
funding bodies
and their
institutional
frameworks,
which can lead
to a lack of
accountability
of features,
processes,
and threats to
the ecological
system key for
addressing the
conservation
problem.

features,
processes, and
threats affecting
the ecological
system.

are not
selected and
result in a partly
implemented
plan.

not provide a
whole-
systems view
of the
problem.

* Stages of project development and implementation (see Figure 2.1)
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2.3.1 Problem assessment

In conservation planning, one of the first tasks is to define the extent of the planning
region. In some instances, regions are defined solely on the basis of institutional
boundaries without accounting for ecological boundaries (Table 2.1). This can result in a
plan that addresses only part or none of the conservation problem. For over 100 years the
Murray-Darling Basin, one of the most important river systems in Australia, has provided
water for irrigation, livestock, and industry, and domestic use across four Australian states.
Increased water diversion fueled by the expansion of irrigation in the basin resulted in a
40% reduction in water flow (Cosler et al., 2010). As a result, ecosystems collapsed and
native fishes, riparian vegetation, and wetlands of national significance have been
negatively affected. Diverse but unconnected institutions (e.g., governments of different
states) have attempted to repair water flow, and these efforts have led to a lack of effective
governance of the basin as a whole. This is an example of a mismatch of spatial scale; the
planning region did not reflect the boundaries of the ecological systems of the basin and
instead encompassed areas of the basin occurring in each state. Linked to this spatial
mismatch was a functional mismatch in which the full scope of features and ecological
processes (e.g., patterns of river flow, condition of wetlands) occurring across the basin
were not accounted for (Murray-Darling Basin Authority, 2011). More recently, attempts to
manage these scale mismatches include creation of institutions operating at a federal level
(e.g., Commonwealth Water Act of 2007) and formation of the Murray-Darling Basin
Authority. The authority is responsible for the formulation of an integrated management
plan to set water-diversion limits for the entire basin (Commonwealth Water Act of 2007)
and for the development of specific conservation programs in conjunction with state
governments (e.g., Rivers Environmental Restoration program). When identifying areas for
conservation action, decisions about data resolution affect which and how many areas are
selected (Pressey and Logan, 1995; Rouget, 2003). A spatial scale mismatch can occur
when the resolution of the data used to understand the ecological and social setting fails to
reflect the heterogeneity of the area (Table 2.1), which can limit the effectiveness of
planning decisions (e.g. Rouget, 2003). The limited availability of fine-resolution data
across a planning region and limited resources for acquiring new data (Margules et al.,
2002) result in the use of coarse-resolution data (Mills et al., 2010).

Most spatial conservation-planning exercises involve representation of species diversity
patterns, but relatively few consider ecological processes or dynamic threats to biological

diversity (Pressey and Bottrill, 2009; Pressey et al., 2007). Lack of consideration of key
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ecological processes that sustain biological diversity at the assessment stage can lead to
functional mismatches (i.e., failure of conservation actions prevent disruption of these

processes; Pressey et al., 2007).

2.3.2 Planning: Formulation of actions and strategies

When conservation actions are not formulated at appropriate scales, the social-ecological
components of the system that affect the success of conservation actions (e.g.,
institutional barriers, cultural practices, livelihood activities) may not be accounted for. An
example of scale mismatch is when actions are formulated at a particular governance
level, such as a state or county, but are applied to an ecosystem or ecological process that
transcends governance boundaries. For instance, actions may be developed for species
that migrate across countries but may not be developed for species that migrate within a
country (e.g. Gilmore et al., 2007). In the United Kingdom, regulations on recreational use
of inland waters are based on short-term behavioural responses of birds to disturbance
that are averaged across sites and habitats (O'Connell et al.,, 2007). This generalised
approach to planning does not account for site- and time-specific human disturbances and
results in spatial and temporal mismatches. For example, human activity may only occur at
particular times of the year or in specific locations and birds may use different lakes for
different purposes (O'Connell et al., 2007).

Threats to biological diversity operate at diverse spatial and temporal scales. Therefore
effective conservation planning requires the scheduling of multiple actions that can operate
at these diverse scales. Some actions may need to be threat specific (Pressey et al., 2007;
Salafsky et al., 2002) to address relevant ecological processes such as those associated
with connectivity, population dynamics in fragments, and maintenance of patch dynamics
(Carwardine et al., 2008) and thereby ameliorate the potential for mismatches of functional

scale.

2.3.3 Implementation and management

The need for more effective implementation of conservation actions is recognised as a key
challenge in conservation planning (Balmford and Cowling, 2006; Knight et al., 2008;
Pressey and Bottrill, 2009). Many of the challenges of implementation stem from a
disjointed planning process in which early stages are not integrated into a broader

planning framework that focuses on implementation. This occurs, for example, when
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spatial prioritisation analyses do not account for implementation constraints and
opportunities (Knight et al., 2008; Pierce et al., 2005) or when planning units used in the
prioritisation of areas are dissimilar to areas where management will be implemented,

which makes it difficult to translate plans into actions (Pierce et al., 2005).

Spatial scale mismatches in implementation lead to actions occurring at scales that do not
resolve the conservation issue (Table 2.1). Spatial scale mismatch is sometimes driven by
a lack of resources for implementation or occurs because key organisations or individuals
were not engaged in the planning process (e.g. Waudby et al., 2007). Conservation of
Australia's endangered bridled nailtail wallaby (Onychogalea fraenata; Commonwealth
Environment Protection and Biodiversity Conservation Act of 1999) consisted of a
centralised state program that was not effectively implemented at a local scale or over a
long period; thus, subpopulations could not be maintained and the program failed to stop

the decline of the species (Kearney et al., 2012).

Temporal scale mismatches at the implementation stage occur, for example, when funding
does not match the long-term nature of ecological processes relevant to the conservation
problem. This mismatch results in partially attained conservation objectives (e.g. Waudby
et al., 2007). Temporal scale mismatches can also occur when actions are implemented at
a rate that does not reflect the rate of change of the ecological system of interest, for
example when actions are delayed due to political timeframes or in the pursuit of scientific
certainty (e.g. Grantham et al., 2009).

Another temporal scale mismatch occurs when the same stakeholders cannot be involved
throughout the planning and implementation processes (Pierce et al., 2005; Pressey and
Bottrill, 2009; Walters, 2007). Implementation is an incremental and often lengthy process
that requires the long-term participation of stakeholders so that plans can be adapted to
reflect changes in ecological and social systems (e.g., changes in areas of interest, new
data on threats and species diversity, changes in funding, and changes in interests of local
communities; Grantham et al., 2010; Pierce et al., 2005). Consistent participation of
stakeholders facilitates the adoption of plans into the regular activities of organisations
responsible for planning and development (Pressey and Bottrill, 2009). Some conservation
plans account for this temporal mismatch by ensuring long-term involvement of
stakeholders (e.g. Green et al., 2009; Henson et al., 2009).
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2.3.4 Plan monitoring and adaptation

Monitoring is key to evaluating outcomes, and it facilitates learning and adaptive
management (Ferraro and Pattanayak, 2006; Field et al., 2007; Lindenmayer and Likens,
2010; Stem et al., 2005). Scale mismatches at the monitoring and adaptation stage of a
plan manifest themselves when ecological changes occur at scales smaller or larger (or
longer or shorter) than the scale of monitoring operations and thus go undetected (Table
2.1). Such mismatches limit ones’ ability to respond to change, which can limit

effectiveness of adaptive management.

To monitor conservation outcomes one must decide which ecological metrics to use,
where to conduct monitoring, and the duration and frequency of monitoring (Lindenmayer
and Likens, 2010; Spellerberg, 1994). These decisions can result in spatial, temporal, or
functional scale mismatches. For example, choosing appropriate indicators (Carignan and
Villard, 2002; Lambeck, 1997; Tulloch et al., 2011) is an uncertain process that may result
in indicators that do not provide a whole-system view of the problem (Simberloff, 1998)
and may not account for multiscale requirements of the species or ecological features for
which the indicator is assumed to be a surrogate (Lindenmayer et al., 2002). Insufficient
data, cost of monitoring, and the potential difficulties of applying the most appropriate
indicator (Tulloch et al., 2011) are obstacles related to the problem of scale mismatch

(Lindenmayer and Likens, 2010; Lindenmayer et al., 2002).

2.4 Addressing scale mismatch in conservation planning

2.4.1 Emerging approaches

For conservation planning to operate at diverse spatial, functional, and temporal scales,
conservation practitioners need to apply tools that account for the multiscalar nature of
conservation problems. Planning approaches that account for functional scale mismatches
in the problem-assessment and plan-formulation stages are emerging. For example,
Pressey et al. (2007) discuss approaches for planning for physical and biological
processes that require management over large areas or of areas with unique topography.
Such approaches include conservation areas that may change in extent and location over
time, variable representation targets, and the use of specific design criteria (e.g. Briers,
2002; Leroux et al., 2007; Nicholson et al., 2006). Threats are also being considered in, for

example, the scheduling of actions so that threatened areas or species are given priority
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and areas with non-abatable threats are avoided (e.g. Burgman et al., 2001; Game et al.,
2008) and through the explicit consideration of the effects of multiple threats (e.g. Evans et
al., 2011). New developments in conservation planning may address spatial and temporal
mismatches inherent in more traditional planning methods, which account only for static
views of the ecological, human, and social characteristics of an area. New methods
balance divergent priorities at multiple spatial scales (Moilanen and Arponen, 2011) and
prioritise actions over time in the face of dynamic threats, uncertainty, and changing costs
of activities (Costello and Polasky, 2004; Meir et al., 2004; Wilson et al., 2006).

These new guantitative planning methods are useful for addressing scale mismatches that
arise during problem assessment and action formulation stages of the planning process
(Figure 2.1). During these stages species diversity and other biological data are compiled,
conservation targets are set, and priority conservation areas or actions are identified
(Margules and Pressey, 2000). However, scale mismatches at the implementation and
monitoring and adaptation stages can still transpire. In addition, the need to embed
guantitative planning methods in a social process that facilitates effective implementation
is increasingly being recognised (Knight et al., 2006a; Pressey and Bottrill, 2009; Reyers
et al., 2010) and acted on (Game et al., 2010; Knight et al., 2006b; Pierce et al., 2005). It is
therefore timely to explore tools and approaches that can help deal with scale mismatches
that impede effective implementation.

2.4.2 Social-Network Analyses

SNA may provide guidance on how implementation might be approached in the
management of problems of scale mismatch. Some authors suggest integrating ecological
assessments with social assessments of a region (Cowling and Wilhelm-Rechmann, 2007)
to facilitate an understanding of the social-ecological effects on valued nature and of the
opportunities for and constraints to implementation. Such social assessments could
include an examination of the social networks that exist to determine key people affecting
conservation outcomes (either through their involvement with conservation activities, or
with economic, subsistent and other types of activities that have a direct effect on
conservation outcomes); how the people involved are connected to each other through
partnerships for action or other types of collaborations (e.g. Prell et al., 2009; Vance-
Borland and Holley, 2011); and what spatial, temporal, or functional scales of operation or
influence these partnerships have. Social-network theory can be used to characterise

networks of collaborations and social relations and to facilitate multiscalar conservation.

27



For example, SNA can be used to determine the links between actors (individuals, groups,
or organisations) that could be used to promote cooperation and coordination of key
activities at particular and required scales of action (e.g. Gass et al., 2009).

| define conservation social networks as the networks of relationships that link actors
involved in conservation activities across space. These networks are the basis of social
norms and community learning; hence, they also link actors across time. Networks can be
formal or informal. Informal networks are present where conservation action is to occur
(e.g., a group of citizens concerned about specific issues; e.g. Newman and Dale, 2007,
Vance-Borland and Holley, 2011) and take many forms, for example, farmer advice
networks (e.g. Isaac et al., 2007). Formal networks (e.g. Carlsson and Sandstrom, 2008)
are formed during the conservation-planning process through the establishment of formal
agreements or partnerships, for example between nongovernmental organisations or
government agencies, around a particular conservation objective (e.g. Bode et al., 2010).
The different patterns of interactions among actors in a network give rise to different
network structures (Borgatti and Foster, 2003) that can inhibit or enable social processes
that are often needed in conservation planning, such as cooperation, knowledge
generation, learning, and conflict resolution (e.g. Bodin and Crona, 2009; Hahn et al.,
2006; Olsson et al., 2007). SNA are used to analyse the behaviour of actors in a network
on the basis of its structure (i.e., pattern of relations; Emirbayer and Goodwin, 1994). For
example, one can study the density of ties within a network (extent to which all actors are
connected) to understand the capacity of integration and sharing of knowledge within that
network (Bodin and Crona, 2009), whereas the level of fragmentation of a network
(presence or lack of presence of distinct subgroups) can be useful for understanding
capacity for collaboration within the network (Granovetter, 1973) and access to new
knowledge (Bodin and Crona, 2009; Newman and Dale, 2007). Structural analyses of
conservation social networks can help inform implementation strategies. For example, a
network that is connected through a few key actors (Figure 2.2a) may indicate the best
strategy is to engage with these few key actors so that they can then coordinate action
through their own networks. Alternatively, a network that is highly fragmented (Figure 2.2b)
may require engagement with many different actors and thus a greater financial

investment at the implementation stage.
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Figure 2.2. Examples of social-network structures (circles, actors [e.g., individuals,
organisations]; solid circles, actors connecting the network or subgroups): (a) a network
connected through a few key actors, (b) a fragmented network with an actor connecting
actors in each subgroup, and (c) a network with 2 different subgroups, each involved with

different ecological features (squares) of the ecosystem of interest (outlined area).

Analysing network structures can help in the understanding of the degree to which multiple
scales of action are linked or being coordinated. For example, network analyses can be
used to identify bridging actors (e.g. Olsson et al., 2007), or scale-crossing brokers, who
link those operating at different scales who would otherwise be disconnected (Bodin et al.,
2006). They can also help identify different subgroups of actors in the network that are
related to particular required scales of action and thus could drive implementation at those
particular scales. In work to recover the endangered Australian Glossy Black-Cockatoo
(Calyptorhynchus lathami; Environment Protection and Biodiversity Conservation Act,
1999) a variety of agencies, community groups, landowners, and volunteers operating at
different scales cooperated effectively to implement actions required for the persistence of
this species (Waudby et al., 2007). Although, to my knowledge, a social-network analysis

was not performed as part of this recovery plan, this example shows how identification and
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engagement of key groups associated with different scales of action could play a key role
in the success of the project. The use of SNA to identify stakeholders allows for a targeted
approach to stakeholder selection (Prell et al., 2009).

Results of SNA may be most useful when they are combined with other information about
the social-ecological system. It is useful to understand not only how each actor relates to
others, but also how they relate to the ecological features of interest (Fig. 2c; Janssen et
al., 2006). For example, different fishers harvest different fish species at different fishing
locations, and some of those species and locations will be of greater importance for
achieving conservation outcomes. As well as identifying key actors who can connect to all
other relevant actors—and other scales, it is also important to identify those actors
connected to the most important ecological features. Such connections enable the

targeting of actions to the most appropriate spatial scales.

There are other benefits of applying SNA in conservation planning. Engagement of
stakeholders is an expensive process and SNA can help minimise costs by identifying
either well-connected actors or actors linked to others who could prove difficult or costly to
engage with directly (e.g. Prell et al., 2009). It can also be used to identify actors who
could help maximise understanding of the system's complexity because of their
connections to actors who hold different types of knowledge. It may also help uncover
particular collaboration gaps that if addressed might connect key groups or actors who

could collectively enhance conservation success (Vance-Borland & Holley, 2011).

Structural analyses of networks can provide insights into how social networks affect
planned outcomes by enabling or constraining key social processes needed in the
planning and implementation of conservation actions. However, acquiring a deep
appreciation of the role of social networks likely requires not only an understanding of
structural aspects, such as the presence or absence of links between two or more key
actors or groups, but also information on the value or effectiveness of such links. For
example, engaging an actor that is well connected to many other actors operating at
different scales (a structural characteristic) may not be beneficial if that actor is not trusted
by other actors (e.g. Gass et al., 2009), if the actor lacks legitimacy (Tyler, 2006), if the
actor's presence in the network over time is uncertain (McAllister et al., 2008), or if cultural,
institutional, and other contextual aspects affect the actor's willingness to participate (e.g.
Bodin and Crona, 2008).
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2.5 Conclusions

Strategic decisions made at the onset of a conservation project can be informed by an
understanding of some of the challenges that can arise during the process of development
and implementation of conservation actions, which include potential mismatches in spatial,
temporal, and functional scales. | discussed how scale mismatches can manifest at each
stage of the conservation-planning process and can lead to a plan that does not account
for the threats, risks, constraints, and opportunities posed by the complexities and
dynamics of the social-ecological system or a plan that cannot be implemented fully or
partially. In addition, scale mismatches can also affect the adaptive capacity of
conservation institutions during project development and implementation because the
institution's ability to detect, and therefore learn from, ecological changes occurring at

scales other than the scale of operation is impeded.

An understanding of how these scale mismatches manifest themselves at various stages
of project development and implementation can be used to predict the likelihood of
success of conservation initiatives. Anticipating the potential for scale mismatches can
inform the conservation-planning process so that mismatch problems can be dealt with
effectively. Strategies to avoid scale mismatches may involve a spectrum of alternatives,
where at one extreme the mismatch is addressed and strategies and actions are
developed and applied at temporal and spatial scales that are appropriate for the problem,
and at the other extreme the mismatch is not addressed and the likelihood (however
reduced) that some positive conservation outcomes may transpire is hoped for. Whether
scale mismatches are addressed may depend on the resources available, on competing
considerations that shape decisions about scale (Mills et al., 2010), and on the viability of
strategies and actions that could address the mismatch.

The importance of social networks to solving conservation problems is associated with the
nature of environmental problems. Environmental problems are multiscaled and constantly
evolving. Thus, solutions to these problems require local actors to have connections to
broad levels of society (and vice versa) and require a flexible and open process. Solving
environmental problems also requires transdisciplinary processes involving experts,
government, and local stakeholders (Newman and Dale, 2007). | have shown how SNA
can be applied to conservation planning to improve the effectiveness of conservation
action. Specifically | showed how it can be used to help conservation actions be applied at

the required spatial, temporal, and functional scales.
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Chapter 3. Fit challenge: cross-scale collaboration to
address scale mismatch

Published as: Guerrero, A. M., R. R. J. McAllister & K.A Wilson (2015). Achieving cross-
scale collaboration for large scale conservation initiatives. Conservation Letters 8(2): 107-
117

3.1 Abstract

Large-scale conservation requires the involvement of numerous stakeholders to plan for
and implement a range of activities across multiple scales. This is necessary in order to
minimise the mismatch between the scale of management and the scale of ecological
processes. Establishing and sustaining the effective collaborations necessary to achieve
this is a key challenge. Utilising data from a large-scale conservation initiative in the south
west of Australia | characterise the interactions between stakeholders as a social network.
| employ a novel network theoretical approach to assess the different forms of
collaboration, including cross-scale collaboration. | find that the social network predisposes
cross-scale collaboration for invasive animal control, an action where coordination of
activities is necessary. | find that for revegetation activities there is little evidence of
collaboration across scales, but this could be fostered by a subset of stakeholders acting
in a “scale-bridging” role. Addressing this will likely improve the effectiveness of

revegetation efforts and the outcomes of the broader conservation initiative.

3.2 Introduction

Over the past two decades large-scale conservation initiatives have gained momentum as
scientists and practitioners recognise the need to move beyond the identification and
management of single protected areas to account for the management of surrounding
landscapes (Lindenmayer and Burgman, 2005). This new approach requires the
consideration of ecological processes and threats that transcend protected area
boundaries and determine the persistence of biodiversity in the wider landscape (Cowling
et al., 1999; Rouget et al., 2006). Examples of large-scale conservation initiatives around
the world, such as Yellowstone to Yukon (Y2Y) in North America and The Great Eastern
Ranges in Australia, are characterised by multiple land tenures and jurisdictions,
heterogeneous land uses and land covers, and numerous stakeholders with diverse, and

potentially conflicting agendas (Fitzsimons et al., 2013a; Worboys et al., 2010). Large-
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scale initiatives typically involve a diverse array of activities that span multiple ecological
and management scales. Interpretations of the concept of ‘scale’ vary and its definition is
still contested across the social and natural sciences (Higgins et al., 2012; Manson, 2008).
| use the term ‘scale’ to refer to the way the different interests of stakeholders participating
in conservation initiatives fit along different spatial scales, from the property level to that of

the supra-regional (Saunders and Briggs, 2002) .

Large-scale conservation initiatives can benefit from an overarching plan (Fitzsimons et
al., 2013a; Pressey and Bottrill, 2009) although this can hide local level variation in the
values, interests and rights of local stakeholders (Cash et al., 2006; Pajaro et al., 2010).
Overarching plans can be complemented by numerous smaller scale plans that are
tailored to specific contexts and aligned to local realities (Lambert, 2013; Marshall, 2007).
Still, integration across scales, is not automatically enabled by this approach (Carr, 2013).
Collaboration between the stakeholders of large-scale initiatives, including property
owners, local communities, and government and non-government organisations, Is
required to enable adaptation of regional plans to local preferences, reconciliation of
numerous plans, or scaling up of local actions (Henson et al., 2009; Lowry et al., 2009;
Pajaro et al., 2010; Wyborn and Bixler, 2013). This will improve the fit between the scales
for planning and implementing conservation actions and the scale of biophysical
processes, thereby avoiding scale mismatch.

The establishment of relationships between individuals or organisations can lead to the
coordination of activities, and can facilitate the formation of common goals and objectives
(Jones et al., 1997; Robins et al.,, 2011; Snijders et al., 2006). Most large-scale
conservation initiatives are underpinned by different collaborative arrangements, from
short-term engagements, to longer-term collaborative partnerships, to fully amalgamated
institutions (Sabatier, 2005; Wyborn, 2013). These arrangements can entail formal
agreements around a particular objective (e.g. Bode et al., 2010; Carlsson and Sandstrom,
2008; Lauber et al., 2011), or develop informally around specific issues of conservation
interest or establish over years of association, such as through the interactions between
farmers when advice and information is shared (e.g. Isaac et al., 2007; Newman and Dale,
2007; Vance-Borland and Holley, 2011). | define these varied forms of relationships

between the stakeholders of conservation initiatives as conservation social networks.

While essential to addressing scale mismatch, the level of collaboration between

stakeholders in conservation social networks and the effective integration of planning and
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management across scales are key challenges for private land conservation (Kearney et
al., 2012), marine resource management (Berkes, 2006; Lowry et al., 2009; Pajaro et al.,
2010), and landscape scale ecological restoration (Wyborn, 2013). Initiating, and ensuring
the longevity and sustainability of collaborative relationships, can be a lengthy process that
can be impacted by budget limitations and funding cycles (Fitzsimons et al., 2013a),
dominance of individuals or organisations, obstructing disagreements between partners
(Young, 2006), or simply a lack of willingness to collaborate (Knight et al., 2010). Simply
prescribing formal collaborative arrangements will not necessarily overcome these barriers
and translate into greater capacity for or more effective collaboration (Carr, 2013; Lubell,
2004). Strategic approaches to the formation and support of effective collaborations for

large scale conservation initiatives are needed.

The application of network theory to the study of collaborative processes and structures
has been applied in diverse disciplines, including in natural resource management and
conservation (Bodin and Crona, 2009; Cumming et al., 2010). The goals of analysing
conservation social networks can range from understanding formal policy and institutional
forms of governance (e.g. Sandstrom and Carlsson, 2008) to more informal modes of
governance that characterise many conservation endeavours, including community-
centred governance and collaborative conservation initiatives (e.g. Ernstson et al., 2010;
Lauber et al.,, 2008; Vance-Borland and Holley, 2011). Typically, applications of social
network theory in conservation link the structural characteristics of the whole network to
theory about the social processes that underpin effective conservation governance (e.g.
learning and innovation). Such characteristics can be explored using descriptive network
statistics such as network centrality, cohesion and density metrics (e.g. Cohen et al., 2012;
Isaac et al., 2007). Fewer studies have analysed whole networks by examining the sub-
network structures exhibited by stakeholders who interact within the network (but see
Robins et al., 2011).

It is possible that comprehensive analysis of the relationships between stakeholders could
reveal options to enhance collaboration within and across scales of planning and
management. The analysis of these collaborative structural patterns would preface an
understanding of the degree to which plans and activities are being, or can be, coordinated
across scales, to avoid scale mismatch (Guerrero et al., 2013). This knowledge could then
be utilised to inform a strategic approach for the formation or support of a conservation
social network that enhances coordination of activities and higher forms of collaboration

such as those leading to the formation of common goal and objectives. This could be
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facilitated by identifying key actors in the network or the connections between stakeholders

that would be of most benefit.

| seek to better understand how stakeholders interact in a large-scale conservation
initiative in Western Australia through analysing the conservation social network. |
statistically explore the different modes of interaction within and across scales for different
types of activities (McAllister et al., 2014). | determine the propensity of the network to
facilitate collaboration across scales to support multi-scale conservation and minimise

scale mismatch.

3.3 Methods

3.3.1 Study region

The Fitz-Stirling, my case study region, is situated in Western Australia in one of the
world’s 34 global biodiversity hotspots (Figure 3.1). This region is part of the Gondwana
Link large-scale conservation initiative, which aims to restore ecological connectivity
across over 1,000 kilometres in south-western Australia (Bradby, 2013). The Fitz-Stirling
covers over 240,000 hectares, it is bounded by two of the largest areas of intact natural
habitats that remain in the broader hotspot — the Fitzgerald River and the Stirling Range
National Parks — and consists mostly of private farm land (cropping and sheep grazing)

with scattered remnants of vegetation.
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Image: Courtesy of
Gondwana Link.org

Figure 3.1. The Fitz-Stirling conservation region

3.3.2 Exploratory stage

This stage informed the design of the network study and involved 25 semi-structured
interviews with stakeholders known to be involved in efforts to achieve conservation
objectives for the Fitz-Stirling (Appendix A). | identified challenges to the implementation of
conservation activities, including communication and coordination issues and the need for
greater collaboration between different stakeholder groups. These findings were validated
with quantitative methods (Appendix A, Figure Al) and pointed to the value of

understanding how stakeholders interact to achieve conservation objectives for this region.

3.3.3 Network definition and data

The network was defined based on the collaborative interactions between stakeholders
involved in conservation activities in the Fitz-Stirling region. An online survey was used to
collect data on the people and organisations that each stakeholder collaborates with when
performing different activities, including revegetation, protection of bushland and invasive
species management (Table 3.1). A stakeholder was deemed part of the network on the
basis of their involvement with conservation activities in the Fitz-Stirling region. The data
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were collected between October 2011 and July 2012, at which time the Fitz-Stirling
conservation social network included four state and three local government agencies, one
regional natural resource management group, seven NGOs, ten community groups, five
university and research organisations, over 20 private organisations and independent
contractors, and around 120 property owners. | coded stakeholders by scale of interest,
as: property; sub-regional; and supra-regional level (Figure 3.2.). | obtained 38 completed
online questionnaires (19 organisations and 19 landowners). With this data | were able to
identify the full set of collaborative interactions for the 38 respondents plus partial
information on the collaborative interactions for an additional 47 organisations who did not

respond to the survey. (See Appendix A for a full description of data collection methods).
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Table 3.1. Main types of conservation activities in the Fitz-Stirling.

Types of conservation activity

Revegetation/restoration

Over 1750ha have been planted to date aided by
the development and testing of large scale
innovative restoration technologies, which include

purpose built or modified machinery.

Livestock management

Activities such as fencing of bushland — to exclude
cattle and sheep from sensitive areas are promoted

by local community groups.

Weed management

Activities to control damaging weeds such as the
South African lovegrass are promoted by local

community groups.

Invasive animal control

Invasive animal control activities include state-
funded but community-run programs such as the
Red Card for Rabbits and Foxes program plus more
localised activites led by non-government

organisations or landholders.

Fire management

Landholders are required to ensure adequate
firebreaks in their property to reduce the risk of

wildfires.

Bush fire brigades are coordinated by local
government authorities and are comprised of
hundreds of volunteer members (e.g. landowners).

They assist in fire prevention and firefighting.

Land use planning

Local government organisations interact with diverse
stakeholders when undertaking planning activities
that affect the Fitz-Stirling region. These include
development approvals and local strategic plans that

contain conservation objectives.

Purchasing or setting aside land

for conservation

Around 10,900ha of non-government conservation
areas have been established in the Fitz-Stirling
region since 2002 (Bradby, 2013).
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Figure 3.2. Fitz-Stirling stakeholders’ scale of interest. At the property level a
landowner decides whether they want to revegetate part of their land, protect remnants of
bushland or manage threats such as invasive species. Community groups, local
government and private organisations, make decisions at the sub-regional level, with an
interest on particular areas (e.g. catchments). At the supra-regional level, state
government and non-government organisations engage in state, national or international
policy and projects, and provide funds or support for activities across the entire region.
Universities and research organisations operate at a supra-regional level and also engage

in projects which can influence and inform decisions across the entire region.

Collaboration . . B
Configuration
type
Coordination % M f
>‘ . odes.o Configuration
interaction
Cooperation » Within-scale e
Cross-scale , ST
Note: Black nodes refer to a specific scale Scale-bridging O—e—O0
(property, sub-regional or supra-regional)

Figure 3.3. Conceptual framework. Types of collaboration, modes of interaction, and

associated configurations.
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3.3.4 Conceptual framework

My interest concerns the role of stakeholders that operate at multiple scales in a network.
In particular 1 focus on how different types of interactions favoured by individuals and
organisations contribute to whole of network collaboration, and collaboration within and
across scales. | use the term ‘collaboration’ to refer to different types of interactions
between stakeholders. Social processes such as the coordination of activities depend on
such interactions being present (Granovetter, 1973; Olsson et al., 2007). The different
roles of stakeholders manifest as observed variances in the types of sub-network
interactions that they engage (McAllister et al., 2014). Such sub-network interactions are
referred to as configurations, and these can be mapped to theoretical ideas beyond the
limited set provided by a more conventional social network analysis, which is typically
based on describing the detailed structure of entire networks (Bodin and Tengo, 2012;
McAllister et al.,, 2014). To frame my analysis, | start by asking, what are the network
configurations that | expect to see over- or under-represented for stakeholders engaged in

activities that require collaboration within and across scales.

Social conservation networks can be structured in very different ways. For example,
multiple stakeholders can tend to cluster around a single stakeholder, forming a ‘star’
(Figure 3.3). This network configuration connects stakeholders indirectly through a key
stakeholder. In contrast, other configurations tend to be more tightly-bonded or ‘closed’,
connecting stakeholders directly to each other (Figure 3.3). Within these general network
configurations there can be different modes of interactions such as collaboration between
stakeholders within the same scale; and collaboration across scales. There can also be
scale-bridging configurations, where a stakeholder connects stakeholders from different

scales (Ernstson et al., 2010).

3.3.5 Exponential random graph models and configurations

| utilise Exponential Random Graph Modelling (ERGMS) to identify the different modes of
interaction that characterise the Fitz-Stirling network. Exponential Random Graph
Modelling uses a statistical (regression) methodology to determine if certain configurations
are more or less represented in an observed network than expected by chance alone
(Snijders et al., 2006; Wasserman and Pattison, 1996). In this manner, and like other
inferential statistics, ERGMs does not necessarily require that the whole network is

measured (Robins et al., 2004). Observed frequencies of selected configuration are
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compared with frequencies derived from a large set of randomly generated networks to
determine if these configurations are prevalent or rare in the network under study. In this
way, statistical inferences can be drawn without the need for comparative networks.
Importantly, ERGMs test for the prevalence of these configurations given the distribution of
all other configurations included in the model. Some sub-network configurations are
nested within higher order configurations, so two configurations might compete to explain
an interaction observed in a network. Making inferences about a social process, such as
collaboration, therefore requires analysis of nested configurations, allowing interpretation
of an observed configuration relative to observations about all other configurations. In this
way, ERGMs permit an understanding of the complex combination of social processes by
which network connections are formed. | used the computer package pNet (Wang et al.,
2009) to analyse three networks based on (1) all-activities (see Table 3.1), (2)

revegetation, and (3) invasive animal control.

Figure 3.4. Conservation social network for the Fitz-Stirling. The all-activities (A), the
revegetation (B), and the invasive animal control (C) networks. Nodes represent the
different stakeholders and the links indicate collaborative interactions. The shapes of the
nodes represent the scale of interest: property (circle), sub-regional (triangle), and supra-

regional (square).
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3.4 Results

3.4.1 Exponential Random Graph Model

| parameterise a model for the all-activities, the revegetation, and the invasive animal
control networks that included the 11 configurations shown in Table 3.2 (see section A2 in
Appendix A for further modelling detail). For the all-activities network, 9 of the 11
configurations are statistically significant, indicating over- or under-representation of these
configurations in the network (depending of the sign — or +; Table 3.2). My model contains
parameters that account for the broad structural characteristics of the sampled network
data (‘star’ and ‘closed’ configurations). These configurations are critical for providing a
baseline that allows me to interpret the differences between the configurations of interest,

namely within and cross-scale interactions.

My key interest concerns the role played by stakeholders operating at different scales
across the network. The all-activities model shows significantly greater representation of
cross-scale interactions for stakeholders at the property and sub-regional scales,
suggesting their inclination to collaborate across scales. Conversely, the model shows
fewer representations of within-scale interactions for stakeholders at the sub-regional
scale, whereas they are over-represented for the supra-regional stakeholders. Lastly,
there is evidence of scale-bridging roles suggested by the over-representation of scale-

bridging interactions for all stakeholder categories.

For the revegetation activity network (Figure 3.4b), 7 of the 11 configurations are
significantly over- or under-represented (Table 3.2). There is evidence of under-
representation of cross-scale interactions, although scale-bridging roles are apparent. For
the invasive animal control activity network (Figure 3.4c) the results show that within-scale
interactions are under-represented for sub-regional stakeholders, whereas they are over-
represented for the supra-regional stakeholders. Cross-scale interactions are represented
greater than expected by chance for all stakeholder groups associated with invasive

animal control activities.
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Table 3.2. Exponential Random Graph Model (ERGMs) model for the Fitz-Stirling

conservation social network for the (A) all-activities, (B) revegetation and (C) invasive

animal control networks. Estimated parameters and observed configuration counts are
based on a model with a fixed density of 0.0574, 0.0218, and 0.0176 respectively.

(A) All-activities

(B) Revegetation

(C) Invasive animal

network network control network
Form of Configuration Parameter Observed Parameter Observed Parameter Observed
collaboration 9 estimates counts’ estimates counts’ estimates counts’
Coordination o 0.3965" 587 1.0822* 193 1.0958* 182

bridging —
e ]

Cooperation :}f——:’” -0.1876" 256 -0.033 78 -0.3337 46
Mode of Configuration Parameter Observed Parameter Observed Parameter Observed
interaction 9 estimates counts’ estimates counts’ estimates counts’
Within-scale 0.275 5 N/A? 0 N/A? 0
(Property) ’
Within-scale x x
(Sub-regional) [ T | -1.8257 13 -0.9841 7 -3.4069 5
Within-scale 0.9977% 49 0.6255 17 2.1195¢ 11
(Supra-regional)
Cross-scale x ) - x
(Property) 0.3267 73 4.0711 31 3.8099 26
Cross-scale x o x
(Sub-regional) 0.7961 142 -3.9261 54 2.548 53
Cross-scale -0.0104 195 -4.1462% 71 0.8853* 47
(Supra-regional)
Scale-bridging " N ) -
(Property) 0.0411 283 0.088 80 1.8949 9
Scale-bridging 0.0538% 514 0.1175% 175 -0.0392 459
(Sub-regional) oO—e—0O
Scale-bridging 0.0453* 1845 0.084* 271 -0.0454 180
(Supra-regional)
N+ shows 90/95/99 % significance for the parameters. 1T tests show no statistical

difference between the observed configuration counts and simulation means. #One

parameter could not converge as there are no instances of this configuration in the

observed network.
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3.5 Discussion

| have applied a novel method and developed an approach to analyse the ways in which
stakeholders interact with one another to achieve conservation goals. | have applied this
approach to a large-scale conservation initiative in Australia. The results suggest that in
the Fitz-Stirling study region the coordination of plans and actions between stakeholders
operating at a property or sub-regional scale is likely to present a challenge, given the
under-representation of within-scale interactions at these levels. In particular, the
coordination of invasive animal control activities in the Fitz-Stirling is less likely to occur at
the sub-regional level, which is problematic given the prevalence of community-run
programs for invasive animal control in the study region. The importance of coordinated
efforts for the success of invasive animal control activities is well known (Coutts et al.,
2013).

More central to my interest is the ability for collaborative conservation initiatives to enable
the coordination of plans and actions across scales to minimise scale mismatch. Overall,
cross-scale coordination in the Fitz-Stirling conservation social network can be facilitated
by stakeholders at the property scale, and in particular, stakeholders at the sub-regional
scale, who favour interactions across scales over within-scale interactions and show
evidence of scale-bridging roles. Such roles have been observed in other studies. For
example a study on farmer adoption of conservation practices suggests that sub-regional
natural resource management bodies in Australia are better positioned than regional
bodies to motivate cooperation from farmers (Marshall, 2009). This finding is particularly
important for activities and programs devised at higher levels, and that are expected to be
cascaded down to the property level for implementation. An example is invasive animal
control programs originating from government agencies, such as the Red Card for Rabbits
and Foxes operating in Western Australia since 2004, which provides government funding

to local groups for the purchase of baits, and is mostly driven by local coordinators.

For the Fitz-Stiring region my results suggest that while capacity for within-scale
coordination could be strengthened for invasive animal control activities, capacity for
cross-scale coordination of this activity is strong. This contrasts with my finding for
revegetation activities where coordination across scales is likely to present a challenge
given the under-representation of cross-scale interactions. However, the results show that
some sub-regional stakeholders are well positioned to facilitate cross-scale collaboration
for revegetation activities, given the over-representation of scale-bridging interactions.
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Making these stakeholders aware of their strategic position in the network, and supporting

them in this role, may enhance coordination of revegetation activities across scales.

| demonstrate that network analysis can be used to determine the propensity for a network
to support key social processes such as the coordination of key activities within and across
scales. This information can then be used to identify ways that collaboration can be further
promoted to minimise scale mismatch and inform future strategies and partnerships. |
suggest that the Fitz-Stirling conservation social network should focus on developing new
partnerships to strengthen relations within the sub-regional level, and provide further

support to sub-regional stakeholders acting in a scale-bridging role.

My dataset is a partial sample of the complete network, which means network links are
only observed around the organisations and landowners who responded to the survey.
This means that the network data cannot be used to derive descriptive statistics about the
network or make interpretations about individuals in the network. | have not attempted to
do either. My analytical method treats network connections as a statistical sample, and
hence robust conclusions can be draw from partial networks. A complete dataset reduces
the standard errors and there are emerging technical approaches for ERGMs to reduce
standard errors in the context of missing data (Koskinen et al., 2013). However, in my
analysis statistical patterns were observed which tells us that my dataset is a sufficient
sample from which to analyse the patterns observed. While more data are certainly better,
network data can be expensive and time consuming to collate, often with substantial
logistical considerations. | demonstrate that even with incomplete data it is possible to
undertake a practical analysis for a real conservation problem, and in doing so | have also
contributed to the development of new, cutting edge approaches for analysing social

processes that are critical for the effectiveness of conservation actions.

The importance of collaboration for achieving conservation outcomes is well-known (Bode
et al., 2010; Mazor et al., 2013), especially when multiple geographic scales are involved
(Fitzsimons et al., 2013a; Wyborn and Bixler, 2013). | provide an approach for determining
the potential for a network to support multi-scale conservation and demonstrate its utility in
a complex system that involves multiple stakeholders that undertake diverse activities
across scales. Targeted approaches for the development and support of collaborative
relationships can reduce the complexity that characterises large-scale conservation
initiatives. Specifically, it can avoid the inefficiencies that can result from comprehensive

overarching approaches to specifying collaborative partnerships and governance
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arrangements. A targeted approach to understanding and enhancing collaborative
relationships, such as the one | demonstrate, can improve the effectiveness of
conservation initiatives by identifying and nurturing key stakeholders and important
relationships.
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Chapter 4. A social-ecological approach for assessing
the problem of fit

Submitted to Global Environmental Change as “Achieving social-ecological fit through

bottom-up collaborative governance: an empirical investigation”

4.1 Abstract

The management of ecosystems is thought to be enhanced by governance systems that
adequately capture the extent and complexity of the biophysical system under
management, thereby averting problems of social-ecological fit. Different forms of
collaborative approaches to governance are often proposed as a way to increase the fit
and enhance the effectiveness and efficiency of environmental management. | employ
new theory and methodological approaches underpinned by interdisciplinary network
analysis to investigate three key challenges associated with social-ecological fit.
Specifically, | identify social-ecological network configurations that capture the
hypothesised ways in which collaborative arrangements could overcome these challenges.
Using social and ecological data from a large-scale biodiversity conservation initiative in
Australia | determine how well the observed patterns of stakeholder interactions reflect
these configurations. | find that co-management occurs when stakeholders manage the
same spatially defined ecological resource, but not when they manage different yet
interconnected ecological resources. This implies that the conservation initiative lacks
capacity to detect the effects of management actions that could affect outcomes beyond
the ecological resource being managed. In addition, | find that the collaborative
arrangement is structured in a way to enable management across different levels (local,
regional, supra-regional) thereby promoting adequate spatial scale matching. These
findings corroborate with qualitative information obtained through semi-structured
interviews of project stakeholders. My study provides empirical support for how
collaborative approaches to governance can address the problem of fit, but also reveals
that collaborative approaches do not necessarily solve all challenges associated with
social-ecological fit. My approach also provides an avenue to incorporate both social and
ecological data into evaluations of environmental projects, with the results of these
evaluations able to inform the design of future initiatives better able to achieve social-

ecological fit.
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4.2 Introduction

The rapid loss of biodiversity, increasing pressure on natural resources, and the loss of
ecosystem services are environmental problems of global significance. Of particular
challenge are environmental problems that extend political jurisdictions (e.g. the
conservation of migratory species; Runge et al., 2014) or both jurisdictions and policy
sectors (e.g. ocean and water management; Crowder et al., 2006; Sabatier, 2005); those
that are characterised by uncertainty and rapid cumulative changes (e.g. the management
of invasive species; Hobbs, 2000); and those for which there is a strong interplay between
social and ecological systems (e.g. land-use change; Lambin et al., 2001) and spatial and
temporal scales (e.g. climate change; Wilbanks and Kates, 1999). The ability to address
many of these complex challenges is contingent upon the degree to which a governance
system fits (or aligns with) the characteristics of the biophysical system (Ekstrom and
Young, 2009; Epstein et al., 2015; Folke et al., 2007; Young, 2002). This is referred to as
the problem of social-ecological fit. A lack of fit is thought to reduce the effectiveness and
efficiency of environmental management (Dallimer and Strange, 2015).

Significant progress has been made in conceptualising the problem of social-ecological fit,
and interest in the topic spans the social and natural sciences (Cumming et al., 2006;
Epstein et al., 2015; Folke et al., 2007; Galaz et al., 2008; Pelosi et al., 2010; Vatn and
Vedeld, 2012; Young, 2002; Young et al., 2008). Some studies have approached the topic
from a policy and institutional perspective (e.g. Cosens, 2013; Ekstrom and Young, 2009;
Morrison, 2007; Nagendra and Ostrom, 2012; Ostrom, 1990); others have focussed on
multi-stakeholder governance processes (e.g. Meek, 2013; Olsson et al., 2007; Wyborn,
2014); and some have taken a structural approach focusing on the interactions between
governance actors (Bergsten et al., 2014; Bodin et al., 2014; Guerrero et al., 2015; Treml
et al.,, 2015). Other studies have highlighted the problem through a managerial lens,
identifying instances where management actions are not suited to the biophysical system
of interest (Hobbs et al., 1993; Saunders and Briggs, 2002). A core recommendation that
has arisen from this body of work is that diverse actors (e.g. government, hon-government
and community groups, and individuals) should coordinate the planning and
implementation of environmental management actions (Brondizio et al., 2009; Carlsson
and Berkes, 2005; Folke et al., 2005; OSterblom and Bodin, 2012; Ostrom, 2010; Walker
et al., 2009; Young, 2002).
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Environmental problems often extend large geographic areas and require management
over extended periods of time; as such governance involves actors across multiple scales
(local, regional, supra-regional) and across distinct geographic yet ecologically connected
areas. Global intergovernmental regimes seek to provide a coordinated approach to
identifying solutions to environmental problems and are an example of forums for
international decision-making (e.g. the Convention on Biological Diversity and the
Intergovernmental Panel on Climate Change; Newell et al., 2012). Decision-making forums
at national and regional scales then formulate specific actions that have societal relevance
(e.g. national climate change policy, regional investment in threatened species
management, and national conservation initiatives). Local forms of governance can then
promote engagement in conservation practices and the required behaviour change of
resource users and beneficiaries (e.g. consumption preferences, adoption of policies,
conflict resolution). Interaction between these governance actors that operate at different
scales is thought to enhance the formulation, refinement and coordination of actions that
are locally implemented but have global consequence (e.g. Galaz et al.,, 2014; Meek,
2013).

Collaborative forms of governance (as opposed to command-and-control e.g. Holling and
Meffe, 1996) are increasingly regarded as essential to accomplish the critical interactions
needed to achieve coordinated action across scales (e.g. Ansell and Gash, 2008;
Emerson et al., 2012; Lubell, 2015; Provan and Kenis, 2008). Collaborative governance
can be accomplished through the integration of knowledge systems and by bringing
together the resources, scientific capacity, and commitment needed to facilitate critical
learning processes and understand the complexity of systems (Armitage et al., 2012;
Armitage et al., 2009; Folke et al., 2005; Olsson et al., 2007; Ostrom, 2010; Pahl-Wostl,
2009). Although collaborative governance is typically thought of as a managed process
(e.g. Sgrensen and Torfing, 2007), it largely rests on the assumption that various actors
will seek to engage in collaborative activities in order to collectively solve problems (Lubell
et al., 2014).

While there is increasing theoretical support for collaborative approaches to governance
as a mechanism for addressing the problem of social-ecological fit, empirical research to
support this prescription is lacking (Huitema et al., 2009; Newig and Fritsch, 2009). In
practice, the many costs associated with establishing and maintaining collaborative
arrangements can interfere with the capacity to effectively deal with ‘fit challenges’ (e.g.

Wyborn, 2014). High transaction costs, conflicting mandates, trust issues, competition and
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overly complex governance arrangements are some of the factors that can reduce the
efficacy of collaborative approaches to governance (Ansell and Gash, 2008; Aswani et al.,
2013; Lazer and Friedman, 2007; McAllister and Taylor, 2015; Newig and Fritsch, 2009;

Visseren-Hamakers and Glasbergen, 2007).

In this chapter | take an empirical approach to exploring the potential of collaborative
approaches to governance in achieving social-ecological fit. | employ new network theory
and methodological tools to analyse both social and ecological data from a large scale
conservation initiative in Australia (Bodin et al., 2014; Bodin and Tengo, 2012) and
combine this approach with new statistical models of multi-level networks (Wang et al.,
2013). | demonstrate the value of this novel research approach for the evaluation and

future design of collaborative environmental initiatives.

4.3 Theoretical background: Specific social-ecological fit
challenges and the potential role of collaborative governance

Problems of fit arise from challenges related to the connectedness and interdependence
between ecological and social systems (Galaz et al., 2008). From a social-ecological
system perspective, elements of the social system (governance systems, organisations,
resource users, civil society) acting at different levels (local, regional, supra-regional),
interact with elements of the ecological system through a set of actions ranging from those
related to land and resource use through to management and conservation (Gunderson
and Holling, 2002; Liu et al., 2007). As the spatial and/or temporal scale of environmental
problems increases, fit challenges can arise from these interactions (or lack of interaction).
In this section | introduce three types of social-ecological fit challenges and the
hypothesised ways in which collaborative approaches to governance could address them.
These fit challenges constitute the focus of my analysis.

A social-ecological fit challenge can arise when two or more actors have an interest or
stake in the same biophysical resource. Acting independently of each other's decisions
can in some circumstances lead to overexploitation of resources or ineffective
management (Ostrom, 1990). This governance challenge is specifically relevant for
environmental problems that extend across jurisdictions and national borders. For
example, watershed management can be ineffective if management is confined to
individual jurisdictions without coordination between jurisdictions (Sabatier, 2005).

Collaborative governance can enable co-management of biophysical resources so that
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planning and implementation of management actions can be coordinated amongst multiple
actors (e.g. O'Keefe and DeCelles, 2013).

Social-ecological fit also relates to the interconnected nature of biophysical systems
(Galaz et al., 2008). For example, a fit challenge arises when ecological resources are
connected (e.g. vegetation patches on farming land or along wildlife corridors) (e.g.
Yellowstone to Yukon wildlife corridor; Chester, 2006) but management responses are
applied to distinct ecological resources in isolation. When ecological resources are
interdependent adverse effects can spread beyond the domain of a managing actor (e.g.
the dispersal of invasive species and the depletion of fish stocks in river systems),
reducing the effectiveness of management. From a natural science perspective, the need
to account for the interconnected nature of biophysical systems to inform solutions to
environmental problems has long been recognised (Beger et al., 2010; Christensen et al.,
1996). It is increasingly common for land management policy and on-ground programs to
seek to enhance the functional connectivity of landscapes to reduce the risk for species
extinctions (e.g. Saura and Pascual-Hortal, 2007), address the rate of invasive species
spread (e.g. Chades et al., 2011), and protect the conservation values of interdependent
areas (lwamura et al., 2014; Martin et al., 2007). Notably, interconnected, or “boundary-
spanning”, biophysical systems have been identified as an important consideration for
investigating environmental governance and the problem of fit (Galaz et al., 2008; Young
et al.,, 2008). Through collaborative governance, the “spillover” effects resulting from
managing one of the ecological units can be fed back to the managing actor through
sharing of information and expertise with other actors managing adjacent resources,
therefore directly experiencing these spill-over effects. Collaborative governance can
therefore increase opportunities for tightening feedback loops between actions and
outcomes in the management of interconnected systems and enable the internalisation of

system-level management costs and benefits.

In addition, social-ecological fit challenges can arise from issues associated with scale.
The definition of scale is contested and interpretations differ across the social and natural
sciences (Higgins et al., 2012; Sayre, 2005; Termeer et al., 2010). Here | focus on spatial
scale, and use the term “scale” to refer to the spatial dimension at which diverse ecological
and management processes occur — which vary along a continuum from local to broad
levels of ecological and social organisation (Cash et al., 2006; Sayre, 2005). Scale
challenges arise due to a multitude of reasons. First, the management of environmental

problems tends to be planned at diverse spatial scales (from a global scale to that of
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individual property) while actions are commonly implemented at local scales (e.g. farm
paddock; Saunders and Briggs, 2002). Second, biophysical systems are underpinned and
affected by multiple ecological and anthropogenic processes that operate simultaneously
at numerous spatial scales (from nanometres to tens of thousands of kilometres), and the
dominant patterns and relationships observed depend on the spatial (or temporal) scale of
observation (Cumming et al., 2014; Levin, 1992; Poiani et al., 2000; Saunders and Briggs,
2002; Wiens, 1989). Scale mismatches can therefore occur if management is applied only
at one scale (Cattarino et al.,, 2014; Kearney et al., 2012). For example, broad-scale
actions implemented across extensive areas can fail to have a positive effect at a local
level (e.g. Wilson, 2006). Minimising scale mismatches could be important for responding
to problems such as climate change (Ostrom, 2010), controlling invasive species (e.qg.
McAllister et al., 2015) and delivering large-scale restoration efforts (e.g. Guerrero et al.,
2015). Through collaborative governance, diverse actors operating at multiple scales
(corresponding to local, regional, supra-regional levels) can generate and share the
knowledge required to coordinate responses to threats across different levels and

implement actions at the most appropriate scales.

Although the concept of social-ecological fit is conceptually quite well developed, empirical
research on the capacity for collaborative governance to address the problem of fit is in its
infancy. There are few studies that simultaneously examine both social and ecological
dimensions in investigations of the problem of fit (Cumming et al.,, 2010; Pelosi et al.,
2010), or that link theories and insights on governance approaches to the features of the
system under investigation (but see Bodin et al., 2014). In addition, traditional research
and analytical methods within the social sciences are not designed to theoretically capture
and account for the ecological system in detail. Thus, new analytical methods that can
integrate social and ecological data and that permit analysis of the connections between
social and ecological systems are needed (Bodin and Tengo, 2012). In this chapter | make
use of social and ecological case study data together with a new theoretical and
methodological framework (Bodin et al, in review) to theorise specific social-ecological fit
challenges and empirically test whether a collaborative conservation initiative is able to

address these challenges.
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4.4 Material and methods

4.4.1 Analytical framework

A network perspective can been used to describe and analyse diverse patterns of social-
ecological interactions (Janssen et al., 2006), where nodes can be used to describe actors
and ecological components, and ties can be used to describe social connections,
ecological connections, and social-ecological connections (e.g. due to management or
resource use). Together these different types of interactions can be used to describe a
social-ecological system as a social-ecological network. Bodin and Tengo (2012) propose
a framework for analysing social-ecological systems where specific patterns of social and
social-ecological interactions are characterised by particular node configurations (referred
to herein as building blocks) and can be theoretically linked to specific governance
challenges. Using this framework | identify building blocks that are consistent with the
hypothesised ways in which interconnected ecological systems could be managed (i.e.
possible collaborative arrangements) so as to enhance the social-ecological fit (Table 4.1).
| expand this building block approach to include considerations about scale (Guerrero et
al., 2015).

The first social-ecological fit challenge relates to the management (or use) of shared
ecological resources (e.g. vegetation patches, catchments, species; Table 4.1A). This is
illustrated by building block al (Table 4.1) where two red nodes (governance actors) are
connected to the same green node (ecological unit) but are not connected to each other
(i.e. they do not collaborate). The ability of a governance system to deal with this challenge
is likely to increase when actors collaborate to coordinate activities (as is illustrated by
building block a2 in Table 4.1).

The second social-ecological fit challenge relates to the management of interconnected
ecological resources (Table 4.1B). This can occur when an actor has an interest in an
ecological resource that is directly or indirectly connected with another ecological unit, or
two connected ecological units are managed independently by two different actors. This is
illustrated by building blocks bl and bbl (Table 4.1) where two green nodes (ecological
units) are connected to each other, but a red node (governance actor) is only connected to
one of them (bl in Table 4.1) or the two connected green nodes (ecological units) each
have a connected red node (governance actor) but these red nodes are not connected to

each other (i.e. they do not collaborate; bbl in Table 4.1). The ability of a governance
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system to overcome this challenge is likely to increase when a governance actor is
involved in the management of each connected ecological resource (b2 in Table 4.1). The
governance ability also improves when actors managing two connected ecological

resources collaborate (bb2 in Table 4.1).

The last type of social-ecological fit challenge concerns the matching between the scale of
ecological processes and the scales of management (Table 4.1C). This is illustrated by
building block c1 where two red nodes (governance actors) connected to a green node
(ecological unit) are associated with the same scale of management. The ability of a
governance system to overcome this challenge is likely to increase when actors
associated with different scales of management collaborate to coordinate actions across
different levels, therefore increasing their joint ability to address key cross-scale ecological
dynamics (local, regional, supra-regional; c2 in Table 4.1; Cash and Moser, 2000;
Guerrero et al., 2013; Young et al., 2008).

Table 4.1. Conceptualising fit challenges through a social-ecological ‘building block’

approach.

Type of fit challenge Social-ecological building Examples

blocks”

misfit fit

A. Management of shared

ecological resources
Bodin et al., 2014

When more than one actor uses

and/or manages the same v v Bergsten et al,
ecological resource. Collaboration (al) (a2) 2014

(red line) could prevent

overexploitation or ineffective

management.

B. Management of interconnected

ecological resources

Management of connected ? A

bl b2
resources (b2) or collaboration (b1) (b2)
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Type of fit challenge Social-ecological building Examples

blocks”

between actors (bb2) could permit Bodin et al., 2014

detection of adverse effects beyond
Bergsten et al,

2014

the domain of the managing actor
and negative feedback loops (e.g.
when the effects of management ? ? ﬁ
actions involving one ecological (bb1) (bb2)
resource negatively affect
outcomes in connected ecological

resources).

C. Cross-scale collaboration to

maximise spatial scale
matching t _/(
Maximising the scale matching Guerrero et al,,

between the scale of management or v 2015

and the scale of ecological v (2) McAllister et al.,
processes requires coordination of 2015
a range of actions across different

levels. (c1)

"Actors (red circles) are connected with each other (red lines) and with ecological units
(green circles). Red and white circles in building blocks in c1 and c2 differentiate between

actors associated with different scales of management.

4.4.2 Study region and data

My case study region, the Fitz-Stirling, is situated in Western Australia. This case study
region confronts, and is an illustrative case of, several global environmental issues,
including extensive deforestation, salinisation, incidence of wildfire, propagation and
persistence of invasive species, and the compounding and uncertain effects of climate
change. The Fitz-Stirling is situated in one of the world’s 34 global biodiversity hotspots
(Figure 4.1), covering over 240,000 hectares consisting mostly of private farm land

(cropping and sheep grazing) with scattered patches of vegetation, and is bounded by two
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of the largest areas of intact natural habitats that remain in the broader hotspot — the

Fitzgerald River and the Stirling Range National Parks.

The Fitz-Stirling is part of the Gondwana Link large-scale conservation initiative, which
aims to restore ecological connectivity across over 1,000 kilometres in south-western
Australia (Bradby, 2013). The initiative is founded upon principles of providing venues to
facilitate and support collaboration between different actors including government and non-
government organisations. As such, the Fitz-Stirling represents a case of collaborative

governance for biodiversity conservation.

Semi-structured interviews and an online survey was used to collect data on the
collaborative interactions between the actors who undertake conservation and
management activities in the region — including revegetation, protection of remnant
vegetation, fire management and invasive species management. Information on the
geographic locations where they performed these activities was also collected. Actors
were coded by scale of interest, as: property; sub-regional; and supra-regional level. The
present analysis includes interactions across sub-regional and supra-regional scales (see

Appendix A for a full description of data collection methods).

| used publicly available data on the distribution of native vegetation in the Fitz-Stirling
region. Over 2000 distinct vegetation patches (ecological resources) were identified. My
survey method required respondents to indicate on a map the vegetation patches in which
they applied their conservation and management activities. To make this feasible, the
vegetation patches were clustered based on a 0.5 km dispersal threshold. This threshold
was chosen since many bird and mammal species would experience any two patches
within a 500 meter range to be well connected and therefore effectively seen as one
coherent area of habitat, or a “meta-patch” (Sutherland et al., 2000; Zetterberg et al.,

2010). This resulted in 80 vegetation clusters.
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Image: Courtesy of
Gondwana Link.org

Figure 4.1. The Fitz-Stirling conservation region.

4.4.3 Characterising and analysing the Fitz-Stirling social-ecological network

| characterised actors, vegetation clusters, and their interactions, as a social-ecological
network, where actors are the social nodes and vegetation clusters the ecological nodes.
The social connections were defined based on collaborative interactions between actors
when performing key activities in the Fitz-Stirling region. These comprised revegetation,
invasive species control, livestock management, weed management, fire management,
setting aside land for conservation, and land use planning activities. The ecological
connections between vegetation clusters were defined based on a species maximum
dispersal threshold of 1km (Figure 4.2). The maximal dispersal distance corresponds to
the distance that a species will not be able to, in most cases, exceed while dispersing
between different habitat areas. The threshold is ultimately a species specific measure.
However, | choose a 1 km threshold since then | am able to describe the landscape’s level
of connectivity for a fairly broad range of species. The selected threshold is relevant for
many bird species, as well as for several mammals and amphibians species (Bergsten et

al., 2013; Sutherland et al., 2000; Zetterberg et al., 2010). But small mammal and insects
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species would require smaller thresholds that better reflect their dispersal across the
landscape, as would larger mammals typically call for larger thresholds (Sutherland et al.,
2000). Interactions between the two networks (i.e. the social-ecological connections)
characterise the interest that actors place on the different locations (vegetation clusters)
for performing their conservation activities. The resulting Fitz-Stirling social-ecological
network consists of 15 social and 80 ecological nodes and their ecological, social, and

social-ecological connections.

Figure 4.2. Exemplification of clusters and their connections. Vegetation patches
(blue, green and grey) were grouped into clusters based on 0.5 km (blue, green and grey
lines) and the clusters were considered ecologically connected if they were located within

a distance of 1 km (dotted lines).

Utilising novel statistical network methodologies (section 4.4.4), and following my
analytical framework (outlined in section 4.4.1), | analyse data describing the Fitz-Stirling
social-ecological network, to test for the statistical representation of building blocks that
theoretically characterise each social-ecological fit challenge. If the collaborative approach
followed by the Fitz-Stirling conservation initiative has the capacity to address the fit
challenges outlined in my analytical framework, | would expect for building blocks a2, b2,
bb2 and c2 in Table 4.1 to be represented in the Fitz-Stirling network data more than
would otherwise be expected by chance. For instance, for the challenge associated with
the management of interconnected ecological resources | would expect a high incidence of
triangles (b2 in Table 4.1), or 4-cycles (bb2) relative to the occurrence of other building

block structures across the network.
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4.4.4 Analytical methods: Multilevel Exponential Random Graph Modelling
(MLERGM)

| integrate my analytical framework (section 4.4.1) with a methodological approach
developed within the social sciences. This approach is a recent extension of a class of
stochastic network models called Exponential Random Graph Models (ERGM; Frank and
Strauss, 1986; Snijders et al., 2006; Wasserman and Pattison, 1996). ERGM account for
multilevel networks where two-layered networks are connected through cross-level ties
(Wang et al.,, 2013), as it can occur in a social-ecological network. These multilevel
networks can contain multiple network configurations (e.g. different patterns of connected
social and ecological nodes). ERGM tests the prevalence of selected configurations
relative to the distribution of all other configurations in the network and accounts for nested
configurations — when a configuration contains one or several other configurations. In this
way the ERMG approach facilitates more precise interpretations of an observed
configuration than approaches that assume independence of configuration observations.
Unlike other network analysis approaches, ERGM simultaneously evaluate a large set of
network configurations to determine a selected (modelled) set of configurations’ relative
importance in explaining the structure of a social-ecological network. Hence, it builds on an
analytical approach where the researcher can test if there are some specific configurations
that can explain the observed structure of the whole network. This feature makes it an
ideal analytical tool for testing hypothesis about the processes, expressed as specific
configurations (building blocks) that gave rise to the observed network. Multilevel ERGM
(MLERGM) has the ability to account for connections between multiple layers of a network
(Wang et al., 2013). For example, it can be identified if the way ecological units are
connected is associated to the way actors relate to each other, or the way actors are
connected to ecological units (i.e. through management). In addition to network
configurations, attributes of the nodes (ecological units or actors) can be included in the
analysis to establish if they have significant structural effects. For instance, it can be tested
if an actor exhibiting a particular attribute (e.g. a particular scale of management) is
associated to the way they connect to ecological units (e.g. through the types of

management decisions).

The integration of this advanced statistical network methodology with the ‘building block’
approach to analysing social-ecological systems was recently proposed by (Bodin et al., in
review). Through the Fitz-Stirling case study | further elaborate and provide the first
application of this novel research approach for the analysis of a collaborative initiative’s
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ability to accomplish social-ecological fit. While current stages of software development
prevented me from including all configurations from my analytical framework in my
MLERGM model (cl in Table 4.1), | demonstrate how the theoretical basis provided by the
social-ecological building block approach can guide interpretation of the outputs of
MLERGMSs, and how this interpretation can lead to valuable insights on how the structure
of governance arrangements can be improved so as to increase their level of social-

ecological fit.

4.5 Results

| fitted a MLERGM model to data describing the Fitz-Stirling social-ecological network that
included the eleven configurations shown in Table 4.2. Six of these configurations (a - f)
are baseline configurations that help explain the overall social-ecological network
structure. These configurations are critical for providing a baseline to interpret the results
for the configurations of interest, namely those that suggest social-ecological fit
(configurations g - k in Table 4.2). The parameter estimate for configuration c is significant
and negative in the MLERGM. This suggests that the Fitz-Stirling social-ecological network
contains fewer of these configurations than would otherwise be expected by chance,
implying that actors do not give preference to a location already being managed by other
actor(s). The significant and positive parameter estimate for configuration d suggests that
some actors tend to undertake their activities in many different locations compared to an
average actor. Likewise, configuration e is significantly positive, suggesting that locations
chosen by actors tend to be connected with other locations. In contrast, a significant and
negative parameter estimate for configuration f suggests that actors do not favour
collaboration with other actors working in a location different to their own.

The remaining configurations in Table 2 relate to social-ecological fit, and reflect the
social-ecological building blocks described in my conceptual framework (Table 4.1).
However, a key feature of the ERGM method is that interpretation of results can be
enhanced by simultaneously considering results of configurations that are nested within
others. Thus, in the results that follow my interpretations for the configurations that relate
to social-ecological fit also consider the results for some of the baseline configurations

already discussed.

Configuration g relates to the fit challenge of management of shared ecological resources.
The parameter estimate for this configuration is significant and positive. Interpretation of

this result can be enhanced by simultaneously considering the parameter estimate for
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baseline configuration c. This is because configuration c is nested within configuration g.
The consideration of parameter estimates for ¢ and g suggests that even though two
actors do not tend to work in the same location (given the negative parameter estimate for
baseline configuration c), when they do work in the same location (i.e. the same ecological

unit) they tend to collaborate (given the positive parameter estimate of configuration g).

Configurations h and i relate to the fit challenge of managing interconnected ecological
resources. The result for configuration h considered together with the result for baseline
configuration e suggests that actors tend to work in a location that is connected to another
location (given the significant and positive parameter estimate for configuration e), and that
they have a strong propensity towards working in these other locations as well (given the
significant and positive parameter estimate for configuration h). Configuration i depicts
situations where two actors each manage two different, yet connected, ecological
resources. The parameter for this configuration is significant and negative, suggesting that
there are fewer of these configurations in the Fitz-Stirling social-ecological network data
than would otherwise be expected by chance. This result considered together with the
result for baseline configuration f, implies that actors do not favour collaboration with
others working in different locations to where they work (given parameter estimate of
baseline configuration f) and even less so when these locations are connected (given
parameter estimate for configuration i). From a governance perspective a negative
parameter for configuration f can be seen as desirable, as spending time collaborating with
other actors whose locations are not the same as your own is potentially inefficient.
However, this result is less desirable when considering the result for configuration i, since
when the locations are connected, collaboration between actors could improve the
coordination of management activities (e.g. invasive species management, revegetation of

areas to facilitate wildlife movement).

The last two configurations depict situations where locations are being managed at one
scale (configuration k) or at different scales (configuration j). The negative and significant
parameter estimate for configuration k suggest that actors managing at the same scale
tend to avoid managing the same locations (and this over and above the general
avoidance of sharing locations as observed through c). Conversely, the positive and
significant parameter estimate for configuration | suggests that actors managing at
different scales tend to manage the same locations (albeit the general tendency to avoid
sharing locations still applies). These results imply that even though actors tend to avoid

locations managed by others, this tendency is reduced if the other actor is managing at a
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different scale. While | was not able to test whether the actors managing at different scales

tended to collaborate or not (Table 4.1, c), the general tendency to collaborate with actors

sharing a resource still applies (Table 4.2, g).

Table 4.2. Multilevel Exponential Random Graph Model (MLERGM) for the Fitz-

Stirling social-ecological network. Estimated parameter and observed configuration

counts are based on a model where the ecological network component has been fixed.

This reflects my interest to test whether connections between ecological units are

associated to the locations chosen by actors (the social-ecological connection), and who

they chose to collaborate with (the connection between actors).

Parameter estimates Standard Observed counts
(t-stat) error (t-stat”)
Baseline configurations
a. @—@ -0.0126 (-0.05)  0.232 60 (0.09)
? -1.4323 (-1.62) 0.885 253 (0.08)
b.
N -2.929 (-6.83)* 0.429 311 (0.08)
C.
//,%\x 1.1565 (3.80)*  0.304 467 (0.09)
d.
? 0.3663 (2.56)* 0.143 431 (0.00)
e.
-1.1752 (-4.98)* 0.236 45 (0.06)
f.
Configurations associated with social-ecological fit
: ; 1.2367 (6.37)* 0.194 289 0.07
g.
/\ 1.9868 (10.03)*  0.198 165 0.02
h.
| | -0.2702 (-5.87)* 0.046 600 0.06
i.
'\ /( 1.408 (3.23)*  0.436 301 0.07
j.
C{F -0.4945 (-2.91)* 0.17 130 0.02
k.

* shows 99% significance for the parameters. *T tests show no statistical difference

between the observed configuration counts and simulation means.
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4.6 Discussion

| demonstrate a robust empirical approach to analyse a challenge associated with
managing the world’s most pressing environmental problems: the problem of social-
ecological fit. 1 do this through the application of a novel multilevel network analytical
method to a specific collaborative initiative for environmental governance in south west
Australia. Using this approach | am able to integrate social and ecological considerations
in evaluating the capacity for a conservation initiative to address three governance
challenges related to the problem of fit: management of shared ecological resources, the
management of interconnected ecological resources, and spatial scale mismatch. This
ability is an important component in devising evidence-based policies for maintaining or

revising collaborative arrangements.

My results suggest that the collaborative approach of the Fitz-Stirling conservation
initiative is able to deal with some but not all of the governance challenges related to the
problem of fit described in Table 4.1. For instance, collaboration is favoured when actors
share the same locations, but not when managing connected locations. This indicates that
this initiative can enable the coordination of diverse management actions for particular
locations (management of shared ecological resources), but may not support coordinated
management actions across different locations (management of interconnected ecological
resources). This result is supported by data on the perceptions held by Fitz-Stirling actors
on the effects of collaborative relationships on the performance of on-ground activities. For
example, 83% of collaborations were perceived as delivering some, very good, or results
above expectations to the particular activity performed at particular locations (Appendix A,
Figure A2). In contrast, insufficient communication and coordination was highlighted as an
important barrier to successfully carrying out conservation activities across the region
(Appendix A, Figure Al). Qualitative data captured through in-depth interviews suggest
that this is especially a problem when diverse management actions need to be coordinated
So as to reduce undesirable feedbacks between activities. For example, fire management
strategies can negatively affect revegetation outcomes when they do not consider
revegetation activities being carried out in nearby locations. Likewise, revegetation plans
that ignore fire management plans can reduce the effectiveness of fire management

activities across locations.

While | was unable to directly test the particular social-ecological network configuration

related to scale mismatch challenges (i.e. whether actors managing at different scales
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tended to collaborate or not; Table 4.1c), | found evidence to suggest that the Fitz-Stirling
conservation initiative is promoting cross-scale collaborative management (co-
management Armitage et al., 2007; Berkes, 2009; Carlsson and Berkes, 2005). While |
found a general tendency to avoid locations managed by others, | found that actors
operating at different scales tended to share locations, and also that actors sharing a
location in general tend to collaborate. These results demonstrate that the Fitz-Stirling
conservation initiative is a true empirical example of co-management. This finding is
illustrated by invasive species management activities undertaken as part of the Red Card
for Rabbits and Foxes program, which have involved diverse stakeholders from regional
coordinators to local landholders (Tulloch et al., 2014). However results suggest that, for
this case, co-management has not been able to solve all the challenges associated to the

problem of fit.

In this chapter | show that the consideration of social-ecological interdependencies can
lead to more thorough assessments of the propensity for collaborative approaches to
address fit challenges in social-ecological systems. In Chapter 3 | found evidence
indicating cross-scale management. However, in that study the ecological system was not
considered and an assessment of cross-scale management was limited to the governance
system. By considering social-ecological interdependencies in this chapter | was able to
assess how the governance structure aligns to the ecological system and whether
connections between ecological units are associated to collaboration between actors at

different scales of management.

By linking the results from the social-ecological network analysis with qualitative data
gathered through interviews, | provide tentative support for my hypothesised relationships
between the level of fit (between the observed structure of collaborative relationships and
the structure of the ecological system) and governance capacity to deal with the
associated fit challenges (Table 4.1). | conclude that the collaborative approach of the Fitz-
Stirling conservation initiative shows the capacity to deal with the fit challenges associated
with the shared management of ecological resources, however, it lacks capacity to detect
the effects of management actions applied in particular locations but that affect outcomes
at connected locations. The ability to deal with this challenge would likely be enhanced by
improving collaboration amongst actors working in connected locations (Table 4.1, bb2).
This would allow them to increase opportunities for detection of feedback loops between

actions and outcomes, thereby increasing the likelihood that the governance system can
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respond to the effects of adverse actions occurring beyond the ecological resource being

managed.

Overall, results of this empirical research support the idea that approaches promoting
actors to engage in collaboration with various others can create governance systems able
to deal with the problem of fit. This framework could be expanded to classify, capture and
explicitly define a greater diversity of fit challenges in social-ecological network terms. For
example, diverse social-ecological network configurations can be used to theorise when a
governance arrangement is better structured to address temporal mismatch challenges
(Cumming et al., 2006). Temporal dimensions could be captured by assigning them as
attributes to the social and ecological components of networks (i.e. nodes). Doing so
would provide a theoretical basis for future testing, and facilitate future systematic
research on temporal dimensions of the problem of fit. In addition, current developments
on Exponential Radom Graph Modelling methods are limited to a subset of social-
ecological network configurations. The incorporation of more elaborate social-ecological
configurations would allow fit challenges to be captured in a more comprehensive way. For
example, the effect of a threat occurring at a particular scale could be significantly different
to the effects of the same threat occurring at a different scale (e.g. the effects of broad
scale versus localised grazing on habitat connectivity; Cattarinno et al., 2014). To analyse
such issues configurations are required to describe different governance levels, and the
connections between different management and ecological scales. Ongoing development
of analytical approaches is required so that a wide diversity of fit challenges can be
explored. The results of such analyses can then provide an evidence-base for developing

management recommendations to address fit challenges.

My approach can be replicated and applied in different contexts and thus similar studies in
other areas and contexts are possible. In addition, combining this approach with qualitative
assessments of the governance process can elucidate how other factors can affect the
effectiveness of collaborative governance approaches. This can include assessments of
the effect of costs and barriers to collaboration on the ability to align governance structures
to ecological systems (e.g. Wyborn, 2014), and factors such as the quality of relationships
(Lauber et al., 2011), the qualities of key individuals (Harrington et al., 2006; Keys et al.,
2009; Shackleton et al., 2009), and other aspects such as power imbalances and trust
issues (Adger et al.,, 2005; Hahn et al., 2006) that affect the effectiveness of diverse

governance arrangements.
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4.7 Conclusion

Social-ecological systems are inherently interconnected, so assessments of the
performance of conservation programs should not be limited to only a subset of the system
(i.e. only social or ecological dimensions). Furthermore, responses to global environmental
problems require effective governance approaches that can respond to interdependencies
that exist between social and ecological systems. | expand a recently proposed framework
and methodological approaches for quantitatively analysing these interdependencies. |
demonstrate their application through an empirical assessment of the degree to which a
governance system fits (or aligns with) the characteristics of the biophysical system. By
permitting analyses of the interdependencies between social and ecological systems, |
provide a more complete and accurate assessment of collaborative approaches to
governance. The approach employed and results derived from my study offers great
potential for improving the structure of governance arrangements such that the
effectiveness of environmental programs is enhanced. For my study region, the promotion
of collaboration between actors working in ecologically connected areas would likely

improve the effectiveness of on-ground management actions.
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Chapter 5. Analysing social-ecological interactions to
determine opportunities for conservation

Submitted to Biological Conservation as: Guerrero, A. M. & K.A Wilson. "Informing

implementation strategies for conservation using a social-ecological systems framework".

5.1 Abstract

One of the key determinants of success in biodiversity conservation is how well
conservation planning decisions account for the social system in which actions are to be
implemented. Understanding elements of how the social and ecological systems interact
can help identify opportunities and barriers to implementation. Utilising data from a large-
scale conservation initiative in the south west of Australia | demonstrate how a social-
ecological system framework can be applied to guide the integration of a variety of
contextual factors that influence the opportunities for conservation. | identified areas that
could benefit from different implementation strategies, from those suitable for immediate
engagement to areas requiring implementation over the longer term in order to increase
on-the-ground capacity and identify mechanisms to incentivise implementation. The
systematic consideration and integration of ecological and social data can inform the
translation of priorities for action into implementation strategies that account for the

complexities of conservation problems in a focused way.

5.2 Introduction

The past two decades have seen an increase in the application of systematic techniques
for informing decisions about better ways to reduce biodiversity declines and protect and
conserve natural values. These techniques are applied within a conservation planning
framework (Margules and Pressey, 2000; Pressey and Bottrill, 2009), to inform the
selection of priority actions (associated with species and/or areas), or the allocation of
resources (e.g. amongst multiple actions), to enhance objectivity, transparency, and
scientific defensibility, and maximise the outcomes achieved with limited financial
resources (e.g. Murdoch et al., 2007; Wilson et al., 2006). It is also increasingly recognised
that to be effective, conservation decisions must be cognisant of the social and institutional
context in which actions are to be implemented (Armitage et al., 2012; Cowling and
Wilhelm-Rechmann, 2007; Robinson, 2006). Factors such as competing social values and

objectives, political agendas, social norms, organisational and governance processes and
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technological and financial constraints can all facilitate (or inhibit) the implementation of
conservation programs but are not commonly considered in conservation plans (Bryan et
al., 2011; Mascia et al., 2003; Pannell et al., 2006).

While the importance of the social and institutional context of conservation is
acknowledged in the conservation planning literature (Cowling and Wilhelm-Rechmann
2007; Knight et al., 2006b), the mechanisms for accounting for this context reflect an ad
hoc collection of technical solutions (Table 1.1). Most studies focus on the use of spatial
data related to threats or costs for the identification of priorities (Armsworth 2014; Naidoo
et al.,, 2006). A few studies have considered social characteristics to identify areas of
conservation feasibility — areas where conservation actions are more likely to be
successful — on the assumption that prioritising these areas will increase the effectiveness
of conservation investments (e.g. Adams et al., 2014; Guerrero et al., 2010; Knight et al.,
2010; Mills et al., 2013; Sewall et al., 2011; Tulloch et al., 2014; Whitehead et al., 2014).
Less attention has been given to utilising social data to inform implementation strategies,
which has been focused on identifying where the values of the community align (or
otherwise) with scientifically defined ecological values (Bryan et al., 2011). Studies that
adopt a systems approach, accounting for interactions between social and ecological
factors are increasingly found in the natural resource management literature but are only
starting to appear in the conservation planning literature (e.g. Ban et al., 2013; Mills et al.,
2013; Palomo et al., 2014). The integration of conservation planning with a social-
ecological systems framework has been proposed (Ban et al., 2013), but practical

examples of how this can be achieved are not available.

The social-ecological system (also referred to as the human-environment system) is a
complex and perpetually dynamic system defined by several spatial, temporal, and
organisational scales (Redman et al., 2004). In a social-ecological system, elements of the
social system, including actors (e.g. government and non-government organisations,
resource users, civil society) and institutions (e.g. rules and regulations, formal and
informal procedures, policy instruments) interact with one another and with elements of the
ecological system to regulate a continual interchange of inputs (e.g. land/resource use,
management actions) and outputs (e.g. harvest, cultural or biodiversity values and other
ecosystem services; Berkes et al., 2003; Redman et al., 2004).

In this chapter | explore an option to capture the social-ecological system in conservation

planning. | demonstrate how the Social-Ecological Systems framework (SES) can be
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applied to inform the development of implementation strategies for conservation programs,
specifically through the identification of opportunities for conservation (Figure 5.1).
Conservation opportunity encompasses different biophysical, social, political and
economic factors (Moon et al., 2014). | focus on implementation capacity (the capacity to
put into practice and activity or program) and ecological data reflecting the importance of
vegetation patches for enhancing connectivity from a large-scale conservation initiative in

Western Australia.

-t . e i help i (
Social-ecological quides Social-ecological gy Conservation o Implementation

systems framework system analyses opportunity strategies

Figure 5.1. Informing implementation strategies. Implementation strategies can be
informed by social-ecological analyses through the identification of conservation

opportunity.

5.3 The Socio-Ecological Systems Framework and its
relevance to conservation planning

There are a number of prominent frameworks used for conceptualising social-ecological
systems. These include the Social-Ecological Systems framework (SES), the Press—Pulse
Dynamics framework (PPD), and management strategy evaluation framework (MSE)
(Bunnefeld et al., 2011; Collins et al., 2010; Ostrom 2007). These frameworks differ in
terms of their disciplinary background and their applicability, but not many explicitly

account for social-ecological interactions and their dynamics (Binder et al., 2013).

Here | apply the SES framework (McGinnis and Ostrom 2014; Ostrom 2007), which
explicitly accounts for social-ecological interactions. The SES framework has been
developed after decades of investigation on the key components of social-ecological
systems, and the critical relationships amongst these, that are relevant to explaining
outcomes in natural resource management. This has resulted in an extensive multi-tiered
hierarchy of variables aimed at providing a common language for the analysis of social-
ecological systems (Figure 5.2). | propose this interdisciplinary framework can be useful
for guiding the systematic identification of social and ecological factors to be included in
conservation planning studies. Specifically, the framework can help organise the
conservation planning task by directing attention to the variables affecting key social-

ecological interactions and outcomes in the social-ecological system of interest.
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The SES framework organises potential relevant social and ecological factors into six
distinct components (Figure 5.2). The resource system (RS) and the resource services
and units (RU) include variables that describe the ecological system under study. The
actors (A) subsystem include variables associated with the stakeholders that influence
outcomes (O) (e.g. sustainability, livelihood and biodiversity outcomes) in the social-
ecological system of interest. The governance system (GS) includes variables that
describe the formal and informal mechanisms in place for management of natural
resources and the conservation of biodiversity values. The two external subsystems
include variables related to the external social, economic and political setting affecting
outcomes in the focal system (e.g. market incentives, government policies) and potential
wider ecosystem variables of relevance such as climate patterns. The SES framework
proposes that variables in these different subsystems interact in an action situation to
produce observed social-ecological outcomes. This action situation involves interactions (1)
between actors who jointly affect outcomes, and interactions between the social and the
ecological system, which are specified by the range of activities in which actors are
engaged (e.g. harvesting and monitoring activities; McGinnis and Ostrom, 2014). | propose
that there are action situations involving interactions related to conservation and
management activities that also influence social-ecological outcomes (e.g. restoration

activities, invasive species management activities, species reintroductions).

The hierarchical organisation of the SES framework permits different degrees of specificity
in the analysis of social-ecological systems, which constitutes an advantage of this
framework over other frameworks (Binder et al., 2013). The multi-tiered hierarchy of the
SES framework can also facilitate the identification of the key social and ecological factors
affecting biodiversity outcomes in a particular system, and the selection of key variables
for analysis. As such, the SES framework can be used to help understand and unpack the
complexity of social-ecological systems for integration with broader conservation planning

processes.

Ban et al. (2013) suggested different ways in which the SES framework can benefit
systematic conservation planning, and three dominant ways are outlined in Figure 5.3.
First, both social and ecological data can be used to conceptualise the natural and human
aspects of conservation problems (and conservation solutions) as a single complex
system. This can enhance the identification and articulation of conservation objectives,
and facilitate the explicit consideration of the needs and values of different stakeholders.

Second, it can enhance prioritisation analyses through the identification of key factors that
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influence conservation outcomes but are not commonly considered. For example,
governance factors, such as the level of political stability and corruption (McCreless et al.,
2013) and stakeholders’ location, attitudes and collaboration capacity (Bode et al., 2010;
Guerrero et al., 2015; Knight et al., 2010). Third, and the focus of this chapter, is through
the identification of areas that represent distinctive opportunity for implementing

conservation programs to inform the development of implementation strategies.

Implementation strategies are an essential, yet uncommon, component of conservation
plans (Cowling et al., 2008; Knight et al., 2006a; Knight et al., 2006b; Pressey and Bottrill
2009). While conservation prioritisation analyses identify what we should conserve and the
required conservation actions (e.g. land protection, revegetation, invasive species control),
implementation strategies identify how we can execute those actions (e.g. through direct
engagement, political or financial support, collaboration strategies, education campaigns,
marketing and communication strategies, financial and market-based incentives, or a
combination of these). Implementation strategies reflect the available local resources and
local modes of operation, are of direct relevance to stakeholders, and link directly to the
activities of implementing organisations (Del Campo and Wali, 2007; Pierce et al., 2005).
For example they can inform the timing of actions, and target implementation effort (Bryan
et al., 2011). They can also target stakeholders that are well informed about, and aligned
with, key aspects of the ecological system (Guerrero et al., 2013; Prell et al., 2009; Vance-
Borland and Holley 2011). They can involve communication strategies that emphasise the
benefits for people’s livelihoods rather than conservation benefits alone, such as financial
benefits, for example through job creation and tourism activities (e.g. human-wildlife
conflict mitigation programs; Henson et al., 2009). It is only through analysing the
connections between ecological and social factors, and not through analysing individual
subsystems (e.g. ecological or the social) that opportunities (and barriers) for
implementation of conservation actions can be identified; and this represents one of the

main utilities of a social-ecological systems framework for conservation planning.

5.4 Applying the Social-ecological Systems framework to
inform implementation strategies for conservation

5.4.1 The Fitz-Stirling case study

The Fitz-Stirling region covers over 240,000 hectares and is part of a large-scale

conservation initiative that aims to restore ecological connectivity along a 1,000 kilometre
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corridor in south-western Australia (Bradby, 2013). Multiple stakeholders are involved in
efforts to achieve conservation objectives for the Fitz-Stirling including property owners,
state and local government agencies, regional natural resource management groups, non-
government organisations, community groups, university and research organisations,
private organisations and independent contractors (Guerrero et al., 2015). These
stakeholders engage in diverse activities, including revegetation, protection of bushland,

invasive species management, livestock management, fire management and land use

planning.
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Figure 5.2. General framework for analysing a social-ecological system. Boxes depict
the social and ecological factors that can affect sustainability, livelihood and biodiversity
outcomes, at multiple ecological scales (e.g. habitat, landscape) and socio-political scales
(e.g. local, regional, national, global). Arrows depict how the different subsystems (RU,
RS, GS and A) interact in a focal action situation. Interactions (I) influence different types
of outcomes (O) - including biodiversity outcomes. Figure is based on Ostrom (2007,
2009) and McGinnis and Ostrom (2014).

72



a. Conservation Planning framework

b. Social-Ecological Systems framework (SES)
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The SES framework can be used in the early stages of the planning
process, as a thinking tool alongside social assessments (Cowling
and Wilhelm-Rechman 2007) to: identify key social, ecological and
interacting factors that influence conservation outcomes, and
therefore aiding: the identification and articulation of conservation
problems and the setting of objectives, as well as the identification
of key stakeholders who can participate in subsequent stages.

Key social-ecological factors can inform the identification of
priorities (e.g. priority actions for particular areas or species).

Understanding how social and ecological factors interact can reveal
opportunities (and barriers) for conservation. These, in turn, can
inform the development of implementation strategies that can take
advantage of the opportunities for conservation offered by, and
mitigate challenges that arise from, the linkages between the social

and ecological system.

Figure 5.3. Three uses of a social-ecological systems framework in systematic

conservation planning. (a) has been adapted from Pressey and Bottrill (2009) to include
a new stage (stage 10), based on Driver (2003), Pierce et al. (2005), Knight et al. (2006a),
Knight (2006b), and Cowling et al. (2008). See Figure 5.2 for a detailed view of (b).
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5.4.2 Applying the Social-Ecological Systems Framework

| conceptualised the Fitz-Stirling region as a social-ecological system, where the focal
system of analysis is the broader landscape (i.e. matrix of remnant vegetation plus
agricultural land). The resource system (RS) is defined as the entire Fitz-Stirling region,
consisting of land used for agriculture and livestock production and land designated for
conservation purposes, and the resource services and units (RU) are the remnants of
native vegetation scattered through the landscape (totalling approximately 24,000
hectares). The actors (A) subsystem is composed of the stakeholders that influence
conservation outcomes through land use and conservation activities in the Fitz-Stirling
region, including landholders, government and non-government organisations and other
stakeholder groups. The governance system (GS) includes the governance networks that
relate to land use management and conservation (specifically, organisational partnerships
or community group collaborations). Finally, my focal action situation is the implementation
of conservation activities such as revegetation, protection of bushland and invasive

species management.

The first step in applying the SES framework to a particular case is the selection of the
variables in the SES framework (actors, governance systems, resource system and units,
Figure 5.2) that interact in the focal action situation and are the most relevant to the
particular conservation problem and the objective of the analysis being undertaken
(McGinnis and Ostrom, 2014). Here | seek to identify opportunities and challenges for the

implementation of conservation activities in the Fitz-Stirling region.

5.4.2.1 Ecological system assessment

There are at least two variables in the resource services and units (RU) sub-system that
can be deemed important for guiding the implementation of conservation activities in the
Fitz-Stirling region. These are the spatial distribution of the vegetation patches (ecological
units) in the landscape and their connection with other vegetation patches. These two
variables can be measured using different metrics, including how well remnants are
connected to facilitate dispersal of species across the landscape (Moilanen and Nieminen,
2002), otherwise referred to as functional connectivity (Saura and Rubio, 2010).

| used publicly available data on the distribution of native vegetation in the Fitz-Stirling
region. Over 2000 distinct vegetation patches (ecological units) were identified. My

methods required survey respondents to indicate on a map the vegetation patches in
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which they applied their conservation and management activities (Appendix A, Table A5).
To make this feasible, the vegetation patches were clustered based on a 0.5 km dispersal
threshold. This threshold was chosen since many bird and mammal species would view
any two patches within a 500 meter range to be well connected and therefore effectively
seen as one coherent area of habitat, or a “meta-patch” (Sutherland et al., 2000;

Zetterberg et al., 2010). This resulted in 80 vegetation clusters.

Functional connectivity was analysed using a 1km threshold. The threshold is ultimately a
species-specific measure. However, | selected a 1 km threshold since then | am able to
describe the landscape’s level of connectivity for a fairly broad range of species. The
selected threshold is relevant for many bird species, as well as for several mammal and
amphibian species (Bergsten et al., 2013; Sutherland et al., 2000; Zetterberg et al., 2010).
But small mammal and insect species would require smaller thresholds that better reflect
their dispersal across the landscape, and larger mammals would require greater
thresholds (Sutherland et al., 2000). Based on the methods of Saura and Rubio (2010) a
probability of connectivity metric (PC) was calculated for each of the 80 vegetation clusters

to quantify their relative importance to overall habitat connectivity.

5.4.2.2 Social system assessment

| conducted a social system assessment to identify aspects of the actors (A) and
governance (G) sub-systems that could guide the identification of opportunities for
implementing conservation actions in the Fitz-Stirling region. | focused on identifying
aspects related to the capacity of an organisation or group of individuals to put into
practice an activity or program (here on referred to as implementation capacity).

The factors that are thought to determine implementation capacity vary across different
natural, social and health sciences disciplines, and are a combination of institutional,
psychological, economic and organisational factors (Brown 2008; Katsuhama and Grigg
2010; Martin et al., 2009; Mountjoy et al.,, 2014). For conservation programs,
implementation capacity is often associated with political and institutional support, access
to financial and human resources, and the extent of collaboration amongst implementing
organisations — particularly across sectors and scales (Fitzsimons et al., 2013; Guerrero et
al.,, 2015; Hall 2008; Jameson et al.,, 2002; Pasquini et al., 2011). Collaboration also
increases social capital and thus the ability to harness both resources and support (Cramb
2006; Njuki et al., 2008; Pretty and Ward 2001). Addressing complex problems — such as
those associated with conservation programs — not only requires multiple stakeholders to
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contribute to implementation (i.e. contribute human resources) but it also requires
coordinated action. Collaboration enables coordinated action to occur (Brondizio et al.,
2009; Lubell et al., 2002; Weiner, 2009). Importantly, for conservation problems
transcending jurisdictional and ecological boundaries, successful programs require that
actions are coordinated across management scales (Dallimer and Strange 2015; Epstein
et al., 2015; Ostrom 2010; Young et al., 2008).

Using semi-structured interviews and an online questionnaire | collected qualitative and
guantitative information to identify key aspects influencing implementation capacity in the
Fitz-Stirling region (see Appendix A for further detail). The importance of collaboration in
this region is supported by data on the perceptions held by Fitz-Stirling stakeholders on
the factors that influence on-the-ground activities. For example, insufficient communication
and coordination was highlighted as an important barrier to successfully carrying out
conservation activities across the region (Appendix A, Figure A2). Nonetheless, of the
collaborative relationships identified 83% were perceived to deliver results to the particular
activity performed at particular locations (Appendix A, Figure A3). Results also suggest
that accessibility to human resources is a key aspect of implementation capacity in the
Fitz-Stirling region (Appendix A, Figure A2). In addition, the perceived need for greater
communication and coordination to support implementation appears to be particularly
important across organisational levels (e.g. “between government agencies and NGOs
and landholders”). This is further supported by perceptions of the value of collaboration
with government agencies, with only 9% of non-government stakeholders identifying such

collaborations to be of low or no value (Appendix A, Figure A4).

These results point to at least three variables in the in the Actors (A) and Governance (G)
sub-systems that influence the implementation of conservation activities in the Fitz-Stirling
region. These are the proportion of stakeholders working in each vegetation remnant (i.e.
the human resource aspect), the level of connectedness of stakeholders (i.e. the
collaboration aspect), and their scale of management. To obtain a measure of each of
these variables | asked survey respondents to indicate on a map the vegetation patches in
which they applied their conservation and management activities, this gave me an
indication of stakeholder presence in each vegetation patch. | also asked who they
collaborate with for performing different conservation activities and using the degree
centrality metric (Borgatti et al., 2009) | measured their level of connectedness (Appendix
A for further details). By coding stakeholders by scale of interest (Appendix A, Figure Al) |
was able to identify areas associated with multiple scales of management.
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5.4.3 A social-ecological analysis for the development of implementation

strategies

| utilised the results of the ecological system assessment (Section 5.4.2.1) and the results
of social system assessment (Section 5.4.2.2) to conduct a social-ecological analysis.
Specifically, | sought to identify areas of varying conservation opportunity to inform the
development of implementation strategies (Figure 5.4). Areas of high ecological
importance and high stakeholder presence (A in Figure 5.4) represent areas of existing
opportunity (Moon et al., 2014) where conservation actions can be implemented in the
near term and can thus benefit from immediate action, engaging with existing stakeholders
to coordinate required conservation actions (e.g. revegetation, invasive species
management). This might require the provision of financial, technological or knowledge to
support current activities, or the development of partnerships and agreements to enable
coordination of on-the-ground actions and support management of areas across multiple
scales (red circles in A, Figure 5.4). Areas of low ecological importance and high
implementation capacity (B in Figure 5.4) are areas that can lead to inefficiencies in efforts
to achieving outcomes, and can thus benefit from communication and education
strategies, and the sharing of knowledge to increase stakeholders’ awareness of areas of
higher ecological importance where they can redirect their efforts. Areas of low ecological
importance and low implementation capacity (C in Figure 5.4) are currently areas of low
priority and unlikely to require immediate attention. Finally, areas of high ecological
importance and low implementation capacity (D in Figure 5.4) represent areas of potential
conservation opportunity (Moon et al.,, 2014) where conservation outcomes could be
difficult to achieve in the near term. These areas can benefit from a longer-term
implementation strategy aimed at increasing on-the-ground capacity combined with
incentives for conservation. This might entail diverse activities such as education
campaigns to promote the ecological importance of the areas, forming or enhancing
organisations capable of implementing actions, and the development of conservation
incentive instruments (e.g. covenants). This might be achieved by harnessing the social
capital of areas displaying high levels of social connectedness (larger circles in D, Figure
5.4). In addition, the success of conservation efforts could be maximised by focusing
efforts on those areas associated to multiple scales of management (green circles in D,
Figure 5.4).
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Figure 5.4. Areas of distinctive conservation opportunity. Circles represent vegetation

clusters with different levels of ecological importance and implementation capacity.

Implementation capacity metrics include stakeholder presence (proportion of stakeholders

working in the area), social connectedness — measured by a degree centrality metric (total

number of collaboration relations pertinent to each cluster), and the scale of management.

Size of circles denotes the social connectedness associated to each area, from low

connectedness (small circles) to high connectedness (big circles).
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5.5 Enhancing current conservation planning approaches

The systematic consideration and integration of social and ecological data can enhance
current approaches to conservation planning, by explicitly accounting for interactions
between the social and ecological systems in the identification of conservation
opportunities. For the Fitz-Stirling region, a standard approach may result in the
prioritisation of areas of high ecological importance but some of these areas may also
have low capacity for implementation (D in Figure 5.4) — which could affect the
effectiveness of conservation efforts. In addition, a poor understanding of the interactions
between the social and ecological system would likely result in inadequate implementation
strategies that fail to respond to the opportunities and challenges identified. For the Fitz-
Stirling this could result in, for example, the provision of financial or other type of resources
to implement activities in areas where the implementation capacity is currently limited. This
could include areas where stakeholders are not ready or lack commitment to achieving
conservation outcomes, which could in turn lead to failed implementation, delays and

inefficient use of valuable resources.

5.6 Limitations and future directions

The main objective of this study was to illustrate how the SES framework can be applied to
conservation planning, specifically to extend the use of social and ecological data from
identifying conservation priorities alone, to identifying conservation opportunities to inform
the development of implementation strategies. My social and ecological assessments
focused on identifying indicators of conservation opportunity. In order to undertake similar
analyses in other socio-ecological systems or focal action situations it is likely that different
ecological and social assessment approaches would be required. For example, in the Fitz-
Stirling region there are likely to be variables in the actor (A) or governance (GS)
subsystems that influence conservation outcomes and would necessitate a different form
of social assessment and use of different indicators to the ones | have employed. For
instance, in the actor subsystem it is likely that the willingness of landholders to participate
in a stewardship program would be a key indicator of conservation opportunity and the
resultant social assessment would aim to identify areas of implementation readiness
(Knight et al., 2010). Situating conservation analyses into a social-ecological framework,
as | do here, helps guide the identification of the most relevant indicators given the nature
of the conservation problem being explored.
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It would be feasible to incorporate other variables of the resource services and units (RU)
sub-system (Figure 5.2) such as more detailed biodiversity and ecosystem data than
included in my example. Likewise, assessments of implementation capacity could include
variables of the actors and governance sub-systems not considered in my example if
these were found to be relevant to the particular social-ecological system being studied
(e.g. leadership, access to financial resources and technology). In addition, variables from
the related ecosystems (ECO) sub-system such as the impact of climate change on the
components of the socio-ecological system could be captured if such dynamics were
perceived to be important for designing implementation strategies (e.g. Faleiro et al.,
2013). Application of the social-ecological framework with a focus on social-ecological
interactions enables the conservation researcher or practitioner to disentangle the
complexity of conservation problems to focus on the aspects that warrant closer

investigation.

5.7 Conclusions

Implementation strategies are an essential, yet uncommon, component of conservation
plans (Knight et al., 2006a; Reyers et al., 2010). | show how ecological and social data can
be combined to identify priorities, opportunities, and potential challenges to conservation
and how this information can inform the formulation of implementation strategies. |
identified areas requiring different implementation strategies through integrating
conservation planning with the knowledge and analyses from each component of a social-
ecological systems framework. | reveal the potential to increase the power of information
drawn from ecological or social data. The result of this approach is the identification of
areas that can be targeted in different ways, from high opportunity areas that are suitable
for immediate engagement in conservation activities, to areas at risk of failure requiring a

mix of strategies in order to facilitate conservation over a longer-term.
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Chapter 6. Discussion

This doctoral thesis addresses a critical gap in the field of conservation science:
accounting for the social-ecological context of conservation problems. Social-ecological
research is increasingly considered a vital component of the research agenda for
environmental problems (Ostrom et al., 1999; Rapport et al., 1998; Rockstrom et al.,
2009). Understanding how stakeholders, use, manage, influence, and are influenced by
different elements of the natural environment and by their own interactions can reveal
opportunities for conservation and inform the design of effective governance
arrangements. Thus, while knowledge on ecological systems is essential to the formation
of ideal solutions to conservation problems, formulating viable and feasible solutions
depends also on knowledge of the social-ecological context. Social-ecological analyses

can lead to important insights that can improve the effectiveness of conservation efforts.

This thesis addresses several gaps. First, the number of conservation planning studies
incorporating social factors is growing, but studies that account for social-ecological
interdependencies and evaluate governance arrangements are rare. Second, the
conceptual and analytical mechanisms for accounting for this context remain
underdeveloped. And third, given the diversity of social factors that affect the effectiveness
of conservation efforts, new frameworks and methodological approaches are needed to
aid understanding of the social-ecological system and facilitate the selection of appropriate

variables for conservation planning analyses.

The research that | have undertaken advances the field of conservation science by
furthering understanding of key challenges to conservation that can only be understood
from a social-ecological system perspective — the ‘fit’ between the governance system and
the biophysical system of interest (Chapter 2); identifying how collaborative governance
approaches to biodiversity conservation can address some of these challenges (Chapters
3 and 4); demonstrating research approaches to investigate different aspects of ‘fit' and
the potential for collaborative governance to overcome fit challenges (Chapters 3 and 4);
and demonstrating how implementation strategies for conservation can be informed by
social-ecological analyses (Chapter 5). In this section | synthesise the main results drawn

from one or more chapters and identify and discuss priorities for future research.
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6.1 Understanding and addressing the problem of ‘fit’

Important challenges arise when governance systems do not fit the biophysical system of
interest when addressing complex environmental problems such as the loss of
biodiversity. An example is when the complexity and scale of the problem (e.g. the
dispersal of invasive species, climate change) requires multiple stakeholders to collaborate
so that management decisions can match the scale(s) of key biophysical processes.
These challenges are common, but are not usually acknowledged in conservation planning
studies. This thesis shows how a greater understanding of ‘fit challenges’ can inform
strategic decisions at various stages of the planning and implementation process to
ameliorate ‘misfit’ (Chapter 2). I identify ways that fit challenges can affect conservation
outcomes, highlighting that not addressing them can result in ineffective actions, partial
solutions that do not embrace the full extent of the problem, or solutions that simply fail to

be implemented.

Social network analyses can be useful for assessing how networks of governance actors
in a conservation setting can address fit challenges. However, some of the methods
available used techniques with significant limitations in practical application (Carrington et
al., 2005; Mills et al., 2014). For example, most social network studies in the conservation
and natural resource management literature apply descriptive statistics, such as measures
of centrality (Bodin and Crona, 2009; Cohen et al., 2012; Garcia-Amado et al., 2012) or
frequency distributions (e.g. Bodin et al 2013; Bergsten et al 2014). Such methods require
complete network datasets that sample the entire population, which can be difficult to
achieve. Using partial network data can significantly reduce the stability of centrality
measures, introduce biases that increase the perceived centrality of surveyed individuals,
and lead to central hubs of network actors being overlooked (Costenbader and Valente,
2003; Kossinets, 2006). In contrast, statistical methods such as the one applied in this
thesis (i.e. Exponential Random Graph Models; Robins et al.,, 2007), treat network
connections as a statistical sample, and thus represent a robust way to deal with partial
network data. Some studies suggest that data collection methods that allow respondents
to nominate several connections can enhance the accuracy of networks, and that snowball
sampling can mitigate biases (Lee et al., 2006). Both these data collection methods were

also applied in thesis.

A framework proposed by Bodin and Tengo (2013) permits explicit representations of how

social and ecological systems interact (in social-ecological network terms), and make it
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possible to connect these representations to theory of diverse governance challenges,
including fit challenges (Bodin et al., 2014). This framework is a structured way to describe
and organise different elements of a social-ecological system, with particular focus on their
interconnections (Bodin and Tengo, 2012). The integration of this framework with recently
developed models for multilevel networks (Wang et al., 2013) makes it possible for these
theories to be empirically tested. This integration is explained by Bodin and others (in
review), and Chapter 4 of this thesis is the first detailed study applying this approach to

investigate the problem of fit.

Using these novel network research methods, | demonstrate how social network analyses
can be used to understand the propensity for governance arrangements (networks of
governance actors) in a conservation initiative to address fit challenges. Chapters 3 and 4
demonstrate how the structure of their interactions across spatial scales (Chapter 3) and
their alignment to the ecological network in a landscape (Chapter 4) can be assessed. The
results reveal how the particular governance arrangement studied is well structured to
address some fit challenges (e.g. to enable invasive species management across scales)
but not others (e.g. management of interconnected ecological units). Knowledge on the
propensity for governance arrangements to address fit challenges provides an evidence
base to inform future collaborative partnerships. For example, the information could be
used to identify the key partnerships to maintain and the partnership gaps to be

addressed, so as to facilitate the implementation of solutions at the required scales.
Future directions

There is a need to account for fit challenges when devising and implementing solutions to
conservation problems. However, further theoretical and methodological developments are
required to facilitate this. While the conceptual foundation has been considerably
progressed in the last few decades (Cumming et al., 2006; Folke et al., 1998b, 2007,
Galaz et al., 2008; Young et al., 2008), greater clarity is needed on what constitutes a fit
challenge. Different types of fit challenges need to be more explicitly and clearly defined
and evaluated. For example, scale mismatch is one aspect of the problem of fit, yet terms
are often used interchangeably. While classification of spatial, temporal and functional
scales have helped in conceptualisation of fit challenges (Cumming et al., 2006) it is still
unclear what constitutes a fit challenge related to scale (e.g. management actions applied
at either too broad or fine geographic scales) and how these differ from other types of

challenges related to scale, for example those related to geographic extent (e.g.
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management actions not covering the full extent of a river catchment). This lack of clarity
may be partly driven by the varied interpretations of the concept of scale across the natural
and social sciences (Higgins et al., 2012; Sayre, 2005).

Theoretical frameworks being developed for the analysis of social-ecological systems,
such as the one proposed by Bodin and Tengo (2013), can be used to further research on
the problem of fit. While chapter 4 demonstrated the use of this framework for the analysis
of specific fit challenges, this framework could be expanded to classify, capture and
explicitly define a greater diversity of fit challenges in social-ecological network terms. For
example, diverse social-ecological network configurations can be used to theorise when a
governance arrangement is better structured to address functional mismatch, or temporal
mismatch challenges. Here the functional and temporal dimensions could be captured by
assigning them as attributes to the social and ecological components of networks (i.e.
nodes). Doing so would provide a theoretical basis for future testing, and facilitate future

systematic research on the diverse aspects of problem of fit.

Exponential Radom Graph Modelling methods have advantages over more commonly
used network analysis methods (i.e. descriptive methods), but are limited to a subset of
social-ecological network configurations (e.g. Bergsten et al.,, 2014; Bodin and Tengo,
2012; Ekstrom and Young, 2009). The incorporation of more elaborate social-ecological
configurations would allow fit challenges to be captured in a more comprehensive way. For
example, the effect of a threat occurring at a particular scale could be significantly different
to the effects of the same threat occurring at a different scale (e.g. the effects of broad
scale versus localised grazing on habitat connectivity; Cattarinno et al., 2014). To analyse
such issues configurations are required that describe different governance levels, and the
connections between different management and ecological scales. Ongoing development
of analytical approaches is required so that a wide diversity of fit challenges can be
explored. The results of such analyses can then provide an evidence-base for developing
management recommendations to address these challenges.

Understanding the propensity for governance arrangements in a conservation initiative to
address fit challenges (Chapter 3 and 4) could inform a pre-emptive diagnosis of the
likelihood of success of conservation efforts. This information could then be employed in
prioritisation analyses as estimates of the likelihood of success of actions, which could
guide the allocation of funds for conservation to particular locations or species.

Conservation priority setting that accounts for the propensity of a governance arrangement
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to manage fit challenges could improve the efficient use of the limited available funds for

conservation, and ensure that allocated funds result in effective actions.

6.2 Collaborative approaches to environmental governance

Polycentric, collaborative forms of decision-making are increasingly promoted over
command and control approaches for the governance of environmental problems
(Armitage et al., 2012; Folke et al., 2005; Ostrom, 2010b; Young et al.,, 2008), yet
guantitative empirical research assessing this potential rarely link theories and insights on
governance approaches to the features of the system under investigation (Huitema et al.,
2009; Newig and Fritsch, 2009). This thesis provides the first quantitative empirical test of
the potential for collaborative approaches to address governance challenges related to fit.
Chapters 3 and 4 examined the potential for a contemporary conservation initiative,
characterised by a collaborative governance arrangement, to address specific fit
challenges. Results from these studies suggest the governance arrangement is well
structured to deal with some fit challenges but not others, providing support to the idea that
collaborative approaches such as co-management can increase the capacity of
governance systems to deal with the problem of fit. Because this research is limited to one
case study system, similar studies in other areas and contexts are needed to deliver
generalised conclusions. The findings of this study however provide empirical support,
rarely found in the literature, of the benefit of collaborative approaches to the governance

of conservation programs in particular, and natural resources more generally.
Future directions

Further research is needed to progress understanding of the benefits of collaborative
governance to conservation. While collaborative governance has the potential to facilitate
the attainment of conservation goals, it can be difficult and costly to achieve (e.g. Wyborn,
2014). There is a need to understand the challenges related to establishing and
maintaining collaborative arrangements, including the transaction costs associated with
the time and effort required to engage with many different stakeholders (e.g. time spent on
meetings, opportunity costs of participating stakeholders, travel costs), information costs
(e.g. sharing of information) and decision-making process related costs (such as
conflicting mandates, trust issues, dominant individuals and un-clear procedures; Blore et
al., 2013; De Cremer and Stouten, 2003; Enengel et al., 2014; Marshall, 2013; McCann et
al., 2005; Reeson et al., 2011; Widmark and Sandstrom, 2012). Measuring these costs
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and integrating them in assessments of governance arrangements would help determine

the feasibility and worth of adopting a collaborative approach (Carr, 2013; Wyborn, 2014).

The most effective approaches to measuring and accounting for the costs associated with
collaboration would first require exploration. Stakeholder analyses techniques, such as
interviews or analysis of past records, are one avenue for identifying and deriving
estimates of the costs associated with collaboration. Institutional scoping methods (e.qg.
scoring matrices, and power analysis tools; Maxwell, 2010; Mayers, 2005) currently used
to capture the level of interest, capacity, effectiveness and role of prospective partners
could be expanded to include a specific section on the likely costs associated with
collaborating. Once measured, data on costs can be integrated into stakeholder selection
processes, with the goal of ensuring that the net benefit delivered by collaborations is

maximised.

Maximising the collaborative ties between all possible stakeholders does not necessarily
lead to better solutions (Lazer and Friedman, 2007). Thus there is a need to go beyond
simple prescriptions of governance arrangements that promote collaboration, and
determine the type and extent of collaboration required for different tasks. For instance
decision-making tasks (e.g. elicitation of objectives, selection of actions and policy
decisions) may require different collaboration capacities to tasks related to the generation
of knowledge (e.g. capturing of data), or implementation tasks (e.g. invasive species
control activities, revegetation activities). This will likely require studying the array of
collaboration types in a conservation setting (e.g. networking, cooperating, coordinating,
collaborating, partnering) that can be placed along a continuum from those requiring less
interaction and preservation of individual goals, to those requiring higher levels of

interaction and shared goals and responsibilities (McNamara, 2012; Patton, 1994).

Determining the benefit of different types of collaboration to different decision-making and
implementation tasks would benefit from social network research approaches. For
example, the different collaboration types could be described in network terms, where
nodes could represent different stakeholders, and the ties, the interactions between them.
Different network measures could be used to characterise each collaboration type. For
instance, density and frequency measures could be used to characterise collaboration
types requiring high levels of stakeholder interaction (e.g. partnering) and centrality
measures could be used to characterise coordinating types (Bodin and Crona, 2009;

Freeman, 1977). Density measures could also be used to characterise the extent to which
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shared goals can be formed in different collaboration types (Coleman 1990). Two-mode
networks could also be used to characterise different collaboration types, where the extent
and type of participation of actors (first type of node) could be described for different
decision-making forums (second type of network node; e.g. Berardo, 2014; McAllister et
al., 2014). This network characterisation of collaboration types can then be used to
investigate the types of collaborations needed for ensuring the success of different
decision-making and implementation tasks. This could be informed by the analysis of
network data for case studies where particular decision-making, knowledge generation or

implementation tasks were proved successful.

6.3 Governance structure and performance

Assessing the performance of governance arrangements is an important emerging
research area in biodiversity conservation (Rands et al., 2010), and related fields such as
sustainability science and natural resource management (Henry and Vollan, 2014). This
thesis has demonstrated how structural analyses can be used for assessing the
performance of governance arrangements in terms of addressing fit challenges for whole
programs and for particular conservation actions, and can be replicated and applied in
different contexts. This methodological contribution extends beyond the conservation
planning field, to research in the policy science field that study governance systems
through a network lens (Carlsson and Sandstrom, 2008; Lubell et al., 2014; McAllister et
al., 2014; Sandstrom and Carlsson, 2008), examine multi-scalar aspects of governance
(Marshall, 2007; Morrison, 2007; Wyborn, 2014), and study the social and political
processes by which governance structures are formed (Berardo and Scholz, 2010; Henry
et al.,, 2010). In addition, by focusing on specific governance challenges (i.e. the
coordination of actions across management scales and the alignment of actions with
ecological systems) and by taking a structural perspective, this thesis complements
research on environmental governance that emphasise the importance of non-structural
aspects on performance, such as the quality of relationships (Lauber et al., 2011), the
qualities of key individuals (e.g. leaders; Harrington et al., 2006; Keys et al.,, 2009;
Shackleton et al., 2009), and other aspects such as power imbalances and trust issues
(Adger et al., 2005; Hahn et al., 2006).
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Future directions

Future assessments should consider structural aspects of governance in conjunction with
non-structural aspects to enable a more complete assessment of the performance of
governance arrangements in conservation settings. This would likely entail combining the
network research methods employed here with qualitative data analysis techniques that
capture the non-structure-related aspects of networks. This could include information on
the characteristics of governance actors (e.g. leadership, authority) and contextual aspects
of governance such as the resources available, and the level of credibility and perceived
legitimacy of actors (Armitage et al., 2012; Newell et al.,, 2012). This might require
combinations of in-depth analysis with quantitative network data, or careful design of
survey questionnaires that can capture both structural and qualitative data. Qualitative
data could be captured as attributes of network nodes (e.g. type of knowledge held by a
governance actor, organisation type and role, gender, attitudes towards conservation,
perceptions about others etc.) and analysed to identify their effects on performance

relative to network structure.

An understanding of how the network structure affects performance can inform strategies
for the development of governance arrangements and stakeholder engagement when
designing conservation programs. But investigating this relationship requires
understanding of what makes a governance arrangement effective. To do this, it can help
to differentiate between governance-related outcomes and conservation-related outcomes
(e.g. improved probability of species persistence). Conservation-related outcomes can be
measured via biologically based indicators but often it is not feasible or cost-effective to
deliver timely information (Gerber et al., 2000; Salafsky and Margoluis, 1999).
Governance-related outcomes are easier to measure and can be further differentiated
between outcomes at the program level or the individual level. For example, a program-
level outcome could be defined as the overall level of collaboration among stakeholders.
On the other hand, a node-level outcome can be a farmer participation in a voluntary
conservation program or their adoption of conservation practices. Future studies on
governance structures should focus on measuring effectiveness more explicitly, at either

the program level or individual (node) level.

Research on how network structure affects performance can also be aided by
understanding and accounting for the different types of costs (and expected benefits)

associated with the establishment of governance arrangements (see section 6.2).
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Accounting for these costs would enable research to determine for example, the most
cost-effective governance structures given the costs involved in establishing and
maintaining collaborative ties and the characteristics of the particular conservation
challenge. Such research might benefit from experimental approaches given the difficulties
related to obtaining social network data. For example agent-based modelling techniques
could be employed to simulate and test the effects of different network structures on

outcomes.

6.4 The social processes that affect conservation outcomes

As the field of biodiversity conservation moves beyond the management of single
protected areas into the management of surrounding landscapes (Lindenmayer and
Burgman, 2005) a wide range of political, economic, social and institutional factors add a
new layer of complexity to an already complex science. When problems and solutions
extend across multiple jurisdictions and heterogeneous land uses, and involve
stakeholders and decision makers with diverse interests and objectives, planning for
conservation becomes a social process. Learning, knowledge generation, collaboration
and competition, and negotiation are some of the social processes that take place and
affect decision making. These processes are thus critical determinants of the effectiveness
of conservation actions. This has implications for conservation scientists and practitioners
beyond the obvious but vague instruction to ‘embrace’ the social sciences (Mascia et al.,
2003; Reyers et al.,, 2010), or incorporation of social factors into limited aspects of
conservation planning and prioritisation (e.g. Adams et al., 2014; Guerrero et al., 2010; Ng
et al.,, 2014; Whitehead et al., 2014). | believe that in order to improve the science and
practice of conservation it is critical to understand the role that the various social
processes play in the successful planning and implementation of actions, and how these
facilitate or hinder conservation outcomes. Chapters 3 and 4 demonstrate how
collaboration processes can enable the coordination of actions across different
management scales (Chapter 3), and can ensure that management actions are aligned
with the ecological system (Chapter 4). Thus this thesis contributes to understanding of

how social processes of collaboration affect conservation outcomes.
Future directions

In addition to furthering the research on collaboration processes (see section 6.2) there is
a need to understand how other social processes affect decision making in conservation
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settings. There is a large volume of published research in the psychology, education,
public policy, business and management fields from which to base studies on social
influence and social learning processes in conservation research (e.g. Cialdini and
Goldstein, 2004; Senge and Suzuki, 1994; Zimbardo and Leippe, 1991). Learning as a
social process has been extensively researched in the psychology, education and
management literature (Bransford et al., 1999; Senge and Suzuki, 1994), and while it is
increasingly considered as a requisite for the effective management of environmental
problems (Beratan, 2007; Mostert et al., 2007; Muro and Jeffrey, 2008), it is still little
understood in the natural resource management literature (Newig et al., 2010; Reed et al.,
2010). Developments in the field of diffusion research has advanced understanding of how
ideas spread through social interaction and learning, leading to new norms of appropriate
behaviour and behaviour change within and between groups (Rogers, 2010; Valente,
2005; Valente and Pumpuang, 2007). The theories and insights offered by diffusion
research, used in conjunction with network methods, can be used to progress
understanding of the role of social influence in conservation (Deroian, 2002; Keys et al.,
2009).

Social processes do not occur in isolation. Difficulty in disentangling the effects of one
social process from another, make it difficult to assess the prevalence of a particular social
process in a conservation planning situation. Social influence and social learning are
facilitated by social interactions, and thus can be examined from a social network
structural perspective. Network research approaches such as the one applied in this thesis
could be utilised to analyse the effects of social processes relative to other social
processes taking place. The application Exponential Random Graph modelling methods
enable analysis of multiple social processes and their relative effects on network structure
formation. Thus it can be determined, for particular conservation settings, the dominant

processes (e.g. social influence, learning, collaboration) that affect decision making.

6.5 Social-ecological research in conservation planning and
beyond

Understanding the social-ecological complexity that characterises most global
environmental problems is one of our greatest challenges if we are to effectively respond
to biodiversity decline, climate change and the depletion of key natural resources. The
interplay between different social and ecological factors makes it difficult for researchers to

disentangle the impact they have on conservation outcomes, and thus, to devise effective
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solutions. For example, this interplay is evident when the impact that land use change has
on an ecosystem varies depending on the scale of change, or when the presence of an
institutional element might interfere with the efforts of another. Therefore, there is a need
for research approaches to help disentangle this social-ecological complexity (Young et
al., 2008). These understandings can then be fed into conservation strategies so as to
increase the effectiveness of conservation efforts. Theoretical approaches that provide a
foundation for empirical analyses of social-ecological systems have recently started to
emerge in the natural resource management literature (e.g. Bodin and Tengo, 2012;
Ostrom, 2009), and new research approaches are being developed (Bodin et al., in
review). Chapters 4 and 5 demonstrate how social-ecological analyses increase the power
of information drawn from ecological or social data, by explicitly accounting for the
interconnections between the social and ecological systems in assessments of the
effectiveness of governance arrangements (i.e. networks of governance actors; Chapter 4)
and to inform the development of implementation strategies (Chapter 5). If social-
ecological interconnections are not accounted for then conservation assessments might be
incomplete, planning decisions might be unable to take advantage of opportunities for

action, have low feasibility, or be inefficient.

There are a diverse set of frameworks available for conceptualising social-ecological
systems (e.g. Collins et al., 2010; Milner-Gulland et al., 2010; Ostrom, 2009) but not many
explicitly account for social-ecological interactions and their dynamics, or the social and
ecological systems are not captured with equivalent depth (Binder et al., 2013).
Applications of the social-ecological systems framework (SES) developed by Elinor
Ostrom and colleagues (McGinnis and Ostrom, 2014; Ostrom, 2009), and applied in
Chapter 5, have been primarily directed to the identification of key characteristics of social-
ecological systems that are relevant to explaining or predicting outcomes. As
demonstrated in Chapter 5, this framework can be used to guide the selection of social-
ecological factors to be included in conservation planning studies for the identification of

conservation opportunities.
Future directions

There is increasing acceptance of the need to incorporate social factors into prioritisation
studies and in developing modelling tools that include both social and ecological
components (Bunnefeld et al., 2011; Knight et al., 2010; Milner-Gulland, 2012; Stephanson

and Mascia, 2014). But without a sufficiently comprehensive framework to help guide
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these efforts, researchers will be 'shooting in the dark' as the complexity of interactions
between multiple system components, the numerous stakeholders and diverse institutions,
make it difficult to identify the most important factors determining the effectiveness of
conservation actions. While the usefulness of the SES diagnostic approach and multi-
tiered collection of concepts and variables is often highlighted, issues have been raised in
relation to the lack of formalised relationships between variables and concepts and
representation of dynamics in the framework (Hinkel et al., 2014). On the other hand, the
Management Strategy Evaluation framework (MSE) incorporates system dynamics and
permits the evaluation of different management alternatives under uncertainty, but is
limited to only a few ecological and social components, and assumes that management
options can be implemented without accounting for the behaviour of individuals (e.g.
resource users, land managers; Bunnefeld et al., 2011; Nuno et al., 2014). Finding an
adequate social-ecological framework for conservation planning might entail answering
guestions such as: what are the current limitations of the conservation planning approach?
What are the benefits and challenges of applying the most prominent social-ecological
frameworks to conservation? Are there particular social-ecological frameworks that are

more beneficial than others in the context of different conservation problems and settings?

Social-ecological research is also likely to benefit from continued and improved research in
interdisciplinary environments. It is now widely acknowledged that interdisciplinary
research that considers both social (e.g. governance and human aspects) and ecological
aspects is of critical importance in addressing environmental problems (Daily and Ehrlich,
1999; Reyers et al., 2010; Rockstrom et al., 2009). While interdisciplinary studies are on
the rise, and interest in interdisciplinary environmental education is rapidly growing
(Vincent, 2010), research is still in infancy (Fitzgerald and Stronza, 2009), and further
challenges remain. For example, addressing the disconnect that exists between scientific
disciplines (Fitzgerald and Stronza, 2009), greater support and funding for the
development of rigorous interdisciplinary education and research that is adequately
integrated (Focht and Abramson, 2009; Nissani, 1997), the development of
interdisciplinary positions and programs within conservation organisations (Mascia et al.,
2003), and greater and improved -cross-disciplinary collaboration (Campbell, 2005;
Marzano et al.,, 2006). Addressing these challenges would advance social-ecological
research and improve our understanding of how the social-ecological complexity can be

accounted for when addressing environmental problems
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6.6 Final Conclusion

Understanding how social and ecological systems interact is now recognised as essential
for devising effective responses to conservation and environmental problems (Ban et al.,
2013; Berkes et al., 1998; Collins et al., 2010; Folke et al., 2005; Liu et al., 2007; Milner-
Gulland, 2012; Ostrom, 2009). In this thesis | develop and demonstrate approaches for
accounting for the social-ecological context in conservation planning. | focus on aspects of
governance, multi-stakeholder collaboration processes, and the analysis of social-
ecological interactions to inform implementation strategies and to assess the benefits of

collaborative approaches to governance.

This thesis advances research on a governance challenge associated with most
environmental problems: the problem of fit. By advancing recently proposed frameworks
and methodological approaches for analysing social-ecological systems, this thesis
provides the first empirical test of the potential for multi-stakeholder collaborative
approaches to governance to address the problem of fit. By theoretically linking the
problem of fit to the capacity of a governance arrangement to address fit challenges this
body of research also constitutes an important step towards understanding how the

performance of governance arrangements can affect biodiversity conservation outcomes.

This research gives empirical support to the benefit of collaborative approaches to the
governance of conservation and natural resource management problems. The approaches
demonstrated can be replicated and applied in different contexts. Future research should
also include investigations of collaboration processes in conjunction with other social
processes that also affect environmental decision-making. This research direction is
needed if we are to formulate and support governance arrangements and management

decisions that are fit for addressing conservation and other environmental challenges.

This thesis contributes to research on governance networks, and this contribution extends
beyond the field of conservation science. Approaches to investigate how structural
characteristics of networks relate to governance performance have been highlighted as an
important research direction in disciplines such as policy science, natural resource
management and sustainable development (Bodin and Crona, 2009; Henry and Vollan,
2014). This thesis demonstrates such an approach by relating key components of network
structures (i.e. network configurations or building blocks) to key governance challenges
(i.,e. the coordination of actions across management scales and the alignment of

management actions to the biophysical system). The ability to assess the performance of
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governance arrangements, in relation to key governance challenges, is an important

ingredient in devising evidence-based policies for new collaborative arrangements.

Conservation planning is in need of a social-ecological framework that can guide the
selection of actions and identification of implementation strategies. This thesis has shown
how the utilisation of social-ecological framework in conservation planning can lead to the
development of implementation strategies by accounting for the opportunities and
constraints offered by the connections between social and ecological elements. The
framework applied in this thesis can be further explored and tested against other
frameworks. This research contributes to the ongoing development of the systematic
conservation planning framework to account for the social-ecological interdependencies

influencing conservation outcomes.

Effective responses to environmental problems require that the interdependencies that
exist between the social and ecological systems can be taken into account when devising
solutions, and that governance approaches are able to respond to the challenges posed
by those interdependencies. This thesis addresses both these requirements. The
analytical and methodological approaches demonstrated in this thesis can be applied to
further advance social-ecological research, be used to improve implementation strategies

and inform new (and improve ongoing) collaborative arrangements.

94



List of References

(1999) Environment Protection and Biodiversity Conservation Act 1999, in: Government,
C. (Ed.). Commonwealth Government.

(2007) Water Act 2007, in: Government, C. (Ed.). Commonwealth Government.

Abrahamse, W., Steg, L. (2013) Social influence approaches to encourage resource
conservation: A meta-analysis. Global Environmental Change-Human and Policy
Dimensions 23, 1773-1785.

Adams, V.M., Pressey, R.L., Stoeckl, N. (2014) Estimating landholders' probability of
participating in a stewardship program, and the implications for spatial conservation
priorities. Plos One 9, e97941.

Adger, W.N., Brown, K., Tompkins, E.L. (2005) The political economy of cross-scale
networks in  resource  co-management. Ecology and  Society 10,
http://www.ecologyandsociety.org/vol10/iss12/art19/.

Anderies, J., Ryan, P., Walker, B. (2006) Loss of resilience, crisis, and institutional
change: lessons from an intensive agricultural system in southeastern australia.
Ecosystems 9, 865-878.

Ando, A., Camm, J., Polasky, S., Solow, A. (1998) Species distributions, land values, and
efficient conservation. Science 279, 2126-2128.

André, E.P., Greg, P.D. (2007) Developing management procedures that are robust to
uncertainty: lessons from the International Whaling Commission. ICES Journal of
Marine Science: Journal du Conseil 64, 603-612.

Ansell, C., Gash, A. (2008) Collaborative governance in theory and practice. Journal of
Public Administration Research and Theory 18, 543-571.

Armitage, D. (2007) Governance and the commons in a multi-level world. International
Journal of the Commons 2, 7-32.

Armitage, D., Berkes, F., Doubleday, N. (2007) Adaptive Co-Management: Collaboration,
Learning and Multi-Level Governance. UBC Press (University of British Columbia).

Armitage, D., de Loé, R., Plummer, R. (2012) Environmental governance and its
implications for conservation practice. Conservation Letters 5, 245-255.

Armitage, D.R., Plummer, R., Berkes, F., Arthur, R.l., Charles, A.T., Davidson-Hunt, 1.J.,
Diduck, A.P., Doubleday, N.C., Johnson, D.S., Marschke, M., McConney, P.,
Pinkerton, E.W., Wollenberg, E.K. (2009) Adaptive co-management for social-
ecological complexity. Frontiers in Ecology and the Environment 7, 95-102.

Aswani, S. (2010) Socioecological methods for designing marine conservation programs: a
Solomon Islands example, Society and Environment: Methods and Research Design.
Cambridge, Cambridge University Press: 349-376.

Aswani, S., Gurney, G.G., Mulville, S., Matera, J., Gurven, M. (2013) Insights from
experimental economics on local cooperation in a small-scale fishery management
system. Global Environmental Change-Human and Policy Dimensions 23, 1402-
14009.

Authority, M.D.B., (2011) Proposed Basin Plan, in: Australia, C.o0. (Ed.), Nov 2011 ed.
Murray—Darling Basin Authority.

Balmford, A., Cowling, R. (2006) Fusion or failure? The future of conservation biology.
Conservation Biology 20, 692-695.

95



Balmford, A., Gaston, K.J., Rodrigues, A.S.L., James, A. (2000) Integrating costs of
conservation into international priority setting. Conservation Biology 14, 597-605.

Ban, N.C., Mills, M., Tam, J., Hicks, C.C., Klain, S., Stoeckl, N., Bottrill, M.C., Levine, J.,
Pressey, R.L., Satterfield, T., Chan, K.M.A. (2013) A social-ecological approach to
conservation planning: embedding social considerations. Frontiers in Ecology and
the Environment 11, 194-202.

Barr, S., Gilg, AW. (2007) A conceptual framework for understanding and analyzing
attitudes towards environmental behaviour. Swedish Society for Anthropology and
Geography 89 B, 361-179.

Beger, M., Grantham, H.S., Pressey, R.L., Wilson, K.A., Peterson, E.L., Dorfman, D.,
Mumby, P.J., Lourival, R., Brumbaugh, D.R., Possingham, H.P. (2010) Conservation
planning for connectivity across marine, freshwater, and terrestrial realms. Biological
Conservation 143, 565-575.

Berardo, R. (2010) Sustaining Joint Ventures: The Role of Resource Exchange and the
Strength  of Inter-organizational Relationships. Self-Organizing Federalism:
Collaborative Mechanisms to Mitigate Institutional Collective Action: 204-228.

Berardo, R. (2014) Bridging and bonding capital in two-mode collaboration networks.
Policy Studies Journal 42, 197-225.

Berardo, R., Scholz, J.T. (2010) Self-organizing policy networks: risk, partner selection,
and cooperation in estuaries. American Journal of Political Science 54, 632-649.

Beratan, K.K. (2007) A cognition-based view of decision processes in complex social-
ecological systems. Ecology and Society 12,
http://www.ecologyandsociety.org/vol12/iss11/art27/.

Bergsten, A., Bodin, O., Ecke, F. (2013) Protected areas in a landscape dominated by
logging — A connectivity analysis that integrates varying protection levels with
competition—colonization tradeoffs. Biological Conservation 160, 279-288.

Bergsten, A., Galafassi, D., Bodin, O. (2014) The problem of spatial fit in social-ecological
systems: detecting mismatches between ecological connectivity and land
management in an urban region. Ecology and Society 19,
http://www.ecologyandsociety.org/vol19/iss14/art16/.

Berkes, F. (2009). "Evolution of co-management: Role of knowledge generation, bridging
organizations and social learning.” Journal of Environmental Management 90(5):
1692-1702.

Berkes, F. (2006) From community-based resource management to complex systems: The
scale issue and marine  commons. Ecology and  Society 11,
http://www.ecologyandsociety.org/volll/iss11/art45/.

Berkes, F. (2007) Community-based conservation in a globalized world. Proceedings of
the National Academy of Sciences 104, 15188-15193.

Berkes, F., Colding, J., Folke, C. (2003) Navigating Social-Ecological Systems: Building
Resilience for Complexity and Change. Cambridge University Press, Cambridge, UK.

Berkes, F., Folke, C. (1998) Linking social and ecological systems for resilience and
sustainability. In Berkes, F., Folke, C., Colding, J. (Eds.) Linking Social and
Ecological Systems : Management Practices and Social Mechanisms for Building
Resilience. Cambridge University Press, Cambridge, U.K. ; New York, NY, USA,
pp13-20

96


http://www.ecologyandsociety.org/vol12/iss11/art27/
http://www.ecologyandsociety.org/vol19/iss14/art16/

Berkes, F., Folke, C., Colding, J. (1998) Linking Social and Ecological Systems :
Management Practices and Social Mechanisms for Building Resilience. Cambridge
University Press, Cambridge, U.K. ; New York, NY, USA.

Berkes, F., Hughes, T., Steneck, R., Wilson, J.A., Bellwood, D., Crona, B., Folke, C.,
Gunderson, L., Leslie, H., Norberg, J. (2006) Globalization, roving bandits, and
marine resources. Science 311, 1557-1558.

Biggs, D., Abel, N., Knight, A.T., Leitch, A., Langston, A., Ban, N.C. (2011) The
implementation crisis in conservation planning: could "mental models” help?
Conservation Letters 4, 169-183.

Binder, C.R., Hinkel, J., Bots, P.W.G., Pahl-Wostl, C. (2013) Comparison of frameworks
for analyzing social-ecological systems. Ecology and Society 18,
http://dx.doi.org/10.5751/ES-05551-180426.

Blore, M.L., Cundill, G., Mkhulisi, M. (2013) Towards measuring the transaction costs of
co-management in Mkambati Nature Reserve, Eastern Cape, South Africa. Journal of
Environmental Management 129, 444-455.

Bode, M., Probert, W., Turner, W.R., Wilson, K.A., Venter, O. (2010) Conservation
planning with multiple organizations and objectives. Conservation Biology 25, 295-
304.

Bodin, O., Crona, B., Ernstson, H. (2006) Social networks in natural resource
management: What is there to learn from a structural perspective? Ecology and
Society 11, http://www.ecologyandsociety.org/voll1l/iss12/respl?2/.

Bodin, O., Crona, B., Thyresson, M., Golz, A.L., Tengo, M. (2014) Conservation success
as a function of good alignment of social and ecological structures and processes.
Conservation Biology 28, 1371-1379.

Bodin, O., Crona, B.l. (2008) Management of natural resources at the community level:
Exploring the role of social capital and leadership in a rural fishing community. World
Development 36, 2763-2779.

Bodin, O., Crona, B.l. (2009) The role of social networks in natural resource governance:
What relational patterns make a difference? Global Environmental Change-Human
and Policy Dimensions 19, 366-374.

Bodin, O., Prell, C. (2011) Social Networks and Natural Resource Management:
Uncovering the Social Fabric of Environmental Governance. Cambridge University
Press, Cambridge, UK.

Bodin, O., Robins, G., McAllister, R.R.J., Guerrero, A.M., Crona, B., Tengo, M., Lubell, M.
(in review) Collaborative governance of natural resources in increasingly
interconnected social-ecological systems Conservation Letters.

Bodin, O., Tengo, M. (2012) Disentangling intangible social-ecological systems. Global
Environmental Change-Human and Policy Dimensions 22, 430-439.

Borgatti, S.P., Foster, P.C. (2003) The network paradigm in organizational research: A
review and typology. Journal of Management 29, 991-1013.

Borgatti, S.P., Mehra, A., Brass, D.J., Labianca, G. (2009) Network analysis in the social
sciences. Science 323, 892-895.

Borrini-Feyerabend, G., Dudley, N., Jaeger, T., Lassen, B., Broome, N., Philipps, A.,
Sandwith, T., (2012) Governance of Protected Areas: From Understanding to Action.
IUCN.

97



Bradby, K., (2013) Gondwana Link: 1000 kilometres of hope, in: Fitzsimons, J., Pulsford,
l., Wescott, G. (Eds.), Linking Australia's Landscapes: Lessons and Opportunities
from Large-scale Conservation Networks. CSIRO Publishing, pp. 25-35.

Bransford, J.D., Brown, A.L., Cocking, R.R. (1999) How People Learn: Brain, Mind,
Experience, and School. National Academy Press.

Briers, R.A. (2002) Incorporating connectivity into reserve selection procedures. Biological
Conservation 103, 77-83.

Briggs, B.S.V. (2001) Linking ecological scales and institutional frameworks for landscape
rehabilitation. Ecological Management & Restoration 2, 28-35.

Brondizio, E.S., Ostrom, E., Young, O.R. (2009) Connectivity and the governance of
multilevel social-ecological systems: The role of social capital. Annual Review of
Environment and Resources 34, 253-278.

Brown, K. (2003) Integrating conservation and development: a case of institutional misfit.
Frontiers in Ecology and the Environment 1, 479-487.

Brown, R. R. (2008) Local institutional development and organizational change for
advancing sustainable urban water futures. Environmental Management 41(2): 221-
233.

Brooks, J. S., Waylen, K., Borgerhoff Mulder, M., (2012) How national context, project
design, and local community characteristics influence success in community-based
conservation projects. Proceedings of the National Academy of Sciences 109(52):
21265-21270.

Brugha, R. and Z. Varvasovszky (2000) Stakeholder analysis: a review. Health Policy and
Planning 15, 239-246.

Bryan, B.A., Grandgirard, A., Ward, J.R. (2010a) Quantifying and exploring strategic
regional priorities for managing natural capital and ecosystem services given multiple
stakeholder perspectives. Ecosystems 13, 539-555.

Bryan, B.A., Raymond, C.M., Crossman, N.D., King, D. (2011) Comparing spatially explicit
ecological and social values for natural areas to identify effective conservation
strategies. Conservation Biology 25, 172-181.

Bryan, B.A., Raymond, C.M., Crossman, N.D., Macdonald, D.H. (2010b) Targeting the
management of ecosystem services based on social values: Where, what, and how?
Landscape and Urban Planning 97, 111-122.

Bunnefeld, N., Hoshino, E., Milner-Gulland, E.J. (2011) Management strategy evaluation:
a powerful tool for conservation? Trends in Ecology & Evolution 26, 441-447.

Burgman, M.A., Possingham, H.P., Lynch, A.J.J., Keith, D.A., McCarthy, M.A., Hopper,
S.D., Drury, W.L., Passioura, J.A., Devries, R.J. (2001) A method for setting the size
of plant conservation target areas. Conservation Biology 15, 603-616.

Butchart, S.H.M., Walpole, M., Collen, B., van Strien, A., Scharlemann, J.P.W., Almond,
R.E.A., Balillie, J.E.M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K.E., Catrr,
G.M., Chanson, J., Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F., Foster,
M., Galli, A., Galloway, J.N., Genovesi, P., Gregory, R.D., Hockings, M., Kapos, V.,
Lamarque, J.-F., Leverington, F., Loh, J., McGeoch, M.A., McRae, L., Minasyan, A.,
Morcillo, M.H., Oldfield, T.E.E., Pauly, D., Quader, S., Revenga, C., Sauer, J.R.,
Skolnik, B., Spear, D., Stanwell-Smith, D., Stuart, S.N., Symes, A., Tierney, M.,
Tyrrell, T.D., Vié, J.-C., Watson, R. (2010) Global biodiversity: Indicators of recent
declines. Science 328, 1164-1168.

98



Campbell, L.M. (2005) Overcoming obstacles to interdisciplinary research. Conservation
Biology 19, 574-577.

Carignan, V., Villard, M.A. (2002) Selecting indicator species to monitor ecological
integrity: A review. Environmental Monitoring and Assessment 78, 45-61.

Carlsson, L., Berkes, F. (2005) Co-management. concepts and methodological
implications. Journal of Environmental Management 75, 65-76.

Carlsson, L., Sandstrom, A. (2008) Network governance of the commons. International
Journal of the Commons 2, 33-54.

Carr, B. (2013) Habitat 141: Linking outback to ocean, in: Fitzsimons, J., Pulsford, 1.,
Wescott, G. (Eds.), Linking Australia's Landscapes: Lessons and Opportunities from
Large-scale Conservation Networks. CSIRO Publishing, pp. 75-84.

Carrington, P.J., Scott, J., Wasserman, S. (2005) Models and Methods in Social Network
Analysis. Cambridge University Press.

Carwardine, J., Wilson, K.A., Ceballos, G., Ehrlich, P.R., Naidoo, R., Ilwamura, T.,
Hajkowicz, S.A., Possingham, H.P. (2008) Cost-effective priorities for global mammal
conservation. Proceedings of the National Academy of Sciences of the United States
of America 105, 11446-11450.

Carwardine, J., Wilson, K.A., Hajkowicz, S.A., Smith, R.J., Klein, C.J., Watts, M.,
Possingham, H.P. (2010) Conservation planning when costs are uncertain.
Conservation Biology 24, 1529-1537.

Cash, D.W., Adger, W.N., Berkes, F., Garden, P., Lebel, L., Olsson, P., Pritchard, L.,
Young, O. (2006) Scale and cross-scale dynamics: Governance and information in a
multilevel world. Ecology and Society 11,
http://www.ecologyandsociety.org/voll1/iss12/art18/.

Cash, D.W., Moser, S.C. (2000) Linking global and local scales: Designing dynamic
assessment and management processes. Global Environmental Change-Human and
Policy Dimensions 10, 109-120.

Cattarino, L., McAlpine, C.A., Rhodes, J.R. (2014) Land-use drivers of forest fragmentation
vary with spatial scale. Global Ecology and Biogeography 23, 1215-1224.

CBD, (2011) COP 10 Decision X/2: Strategic Plan for Biodiversity 2011-2020 Convention
on Biological Diversity, http://www.cbd.int/decision/cop/?id=12268

Ceballos, G., Ehrlich, P.R., Soberon, J., Salazar, |., Fay, J.P. (2005) Global mammal
conservation: What must we manage? Science 309, 603-607.

Christensen, N.L., Bartuska, A.M., Brown, J.H., Carpenter, S., D'Antonio, C., Francis, R.,
Franklin, J.F., MacMahon, J.A., Noss, R.F., Parsons, D.J., Peterson, C.H., Turner,
M.G., Woodmansee, R.G. (1996) The Report of the Ecological Society of America
Committee on the Scientific Basis for Ecosystem Management. Ecological
Applications 6, 665-691.

Cialdini, R.B., Goldstein, N.J. (2004) Social influence: Compliance and conformity. Annual
Review of Psychology 55, 591-621.

Cinner, J. E. (2011) Social-ecological traps in reef fisheries. Global Environmental Change
21(3): 835-839.

Cinner, J., Basurto, X., Fidelman, P., Kuange, J., Lahari, R., Mukminin, A. (2011)
Institutional designs of customary fisheries management arrangements in Indonesia,
Papua New Guinea, and Mexico. Marine Policy 36, 278-285.

99



Cinner, J. E., McClanahan, T.R., MacNeil, M.A, Graham, N.A.J., Daw, T.M., Mukminin, A,
Feary, D.A., Rabearisoa, A.L., Wamukota, A., Jiddawi, N., Campbell, S.J., Baird,
A.H., Januchowski-Hartley, F.A., Hamed, S., Lahari, R., Morove, T., Kuange, J.,
(2012) Comanagement of coral reef social-ecological systems. Proceedings of the
National Academy of Sciences 109(14): 5219-5222.

Cinner, J. and C. Huchery (2014) A Comparison of Social Outcomes Associated with
Different Fisheries Co-Management Institutions. Conservation Letters 7(3): 224-232.

Cohen, P.J., Evans, L.S., Mills, M. (2012) Social networks supporting governance of
coastal ecosystems in Solomon Islands. Conservation Letters 5, 376-386.

Collins, S.L., Carpenter, S.R., Swinton, S.M., Orenstein, D.E., Childers, D.L., Gragson,
T.L., Grimm, N.B., Grove, J.M., Harlan, S.L., Kaye, J.P. (2010) An integrated
conceptual framework for long-term social-ecological research. Frontiers in Ecology
and the Environment 9, 351-357.

Cosens, B.A. (2013) Legitimacy, adaptation, and resilience in ecosystem management.
Ecology and Society 18, http://www.ecologyandsociety.org/vol18/iss11/art13/.

Cosler, P., Flannery, T., Harding, R., Karoly, D., Possingham, H., Purves, R., Saunders,
D., Thom, B., Williams, J., Young, M., (2010) Sustainable Diversions in the Murray-
Darling Basin. Wentworth Group.

Costello, C., Polasky, S. (2004) Dynamic reserve site selection. Resource and Energy
Economics 26, 157-174.

Costenbader, E., Valente, T.W. (2003) The stability of centrality measures when networks
are sampled. Social Networks 25, 283-307.

Coutts, S.R., Yokomizo, H., Buckley, Y.M. (2013) The behavior of multiple independent
managers and ecological traits interact to determine prevalence of weeds. Ecological
Applications 23, 523-536.

Cowling, R.M., Egoh, B., Knight, A.T., O'Farrell, P.J., Reyers, B., Rouget'll, M., Roux, D.J.,
Welz, A., Wilhelm-Rechman, A. (2008) An operational model for mainstreaming
ecosystem services for implementation. Proceedings of the National Academy of
Sciences of the United States of America 105, 9483-9488.

Cowling, R.M., Pressey, R.L., Lombard, A.T., Desmet, P.G., Ellis, A.G. (1999) From
representation to persistence: Requirements for a sustainable system of conservation
areas in the species-rich mediterranean-climate desert of southern Africa. Diversity
and Distributions 5, 51-71.

Cowling, R.M., Wilhelm-Rechmann, A. (2007) Social assessment as a key to conservation
success. Oryx 41, 135-136.

Cramb, R.A. (2006) The role of social capital in the promotion of conservation farming: The
case of 'Landcare’ in the Southern Philippines. Land Degradation & Development 17,
23-30.

Crowder, L.B., Osherenko, G., Young, O.R., Airame, S., Norse, E.A., Baron, N., Day, J.C.,
Bouvere, F., Ehler, C.N., Halpern, B.S., Langdon, S.J., McLeod, K.L., Ogden, J.C.,
Peach, R.E., Rosenberg, A.A., Wilson, J.A. (2006) Sustainability - Resolving
mismatches in US ocean governance. Science 313, 617-618.

Cumming, G.S., Allen, C.R., Ban, N.C., Biggs, D., Biggs, H.C., Cumming, D.H.M., De Vos,
A., Epstein, G., Etienne, M., Maciejewski, K., Mathevet, R., Moore, C., Nenadovic,
M., Schoon, M. (2014) Understanding protected area resilience: a multi-scale, social-
ecological approach. Ecological Applications 25, 299-319.

100



Cumming, G.S., Bodin, O., Ernstson, H., Elmgvist, T. (2010) Network analysis in
conservation biogeography: Challenges and opportunities. Diversity and Distributions
16, 414-425.

Cumming, G.S., Cumming, D.H.M., Redman, C.L. (2006) Scale mismatches in social-
ecological systems: Causes, consequences, and solutions. Ecology and Society 11,
http://www.ecologyandsociety.org/volll/iss11/art14/.

Chades, I., Martin, T.G., Nicol, S., Burgman, M.A., Possingham, H.P., Buckley, Y.M.
(2011) General rules for managing and surveying networks of pests, diseases, and
endangered species. Proceedings of the National Academy of Sciences of the United
States of America 108, 8323-8328.

Chester, C.C. (2006) Conservation Across Borders: Biodiversity in an Interdependent
World. Island Press.

Daily, G.C., Ehrlich, P.R. (1999) Managing Earth's ecosystems: An interdisciplinary
challenge. Ecosystems 2, 277-280.

Dallimer, M. and N. Strange (2015) Why socio-political borders and boundaries matter in
conservation. Trends in Ecology & Evolution 30(3): 132-139.

Davidson-Hunt, 1.J. (2006) Adaptive learning networks: Developing resource management
knowledge through social learning forums. Human Ecology 34, 593-614.

De Cremer, D., Stouten, J. (2003) When do people find cooperation most justified? The
effect of trust and self—other merging in social dilemmas. Social Justice Research 16,
41-52.

Del Campo, H., Wali, A. (2007) Applying asset mapping to protected area planning and
management in the Cordillera Azul National Park, Peru. Ethnobotany Research &
Applications 5, 25-36.

Deroian, F. (2002) Formation of social networks and diffusion of innovations. Research
Policy 31, 835-846.

Dovers, S. (2001) Institutional barriers and opportunities: processes and arrangements for
natural resource management in Australia. Water Science and Technology 43, 215-
226.

Driver, A., Cowling, R.M., Maze, K., (2003) Planning for Living Landscapes: Perspectives
and Lessons from South Africa. Center for Applied Biodiversity Science at
Conservation International and the Botanical Society of South Africa, Washington
DC, and Cape Town.

Dutton, A., Edwards-Jones, G., Strachan, R., Macdonald, D.W. (2008) Ecological and
social challenges to biodiversity conservation on farmland: Reconnecting habitats on
a landscape scale. Mammal Review 38, 205-219.

Eklund, J., Arponen, A., Visconti, P., Cabeza, M. (2011) Governance factors in the
identification of global conservation priorities for mammals. Philosophical
Transactions of the Royal Society B: Biological Sciences 366, 2661-2669.

Ekstrom, J.A., Young, O.R. (2009) Evaluating functional fit between a set of institutions
and an ecosystem. Ecology and Society 14,
http://www.ecologyandsociety.org/vol14/iss12/art16/.

Emerson, K., Nabatchi, T., Balogh, S. (2012) An integrative framework for collaborative
governance. Journal of Public Administration Research and Theory 22, 1-29.

101


http://www.ecologyandsociety.org/vol14/iss12/art16/

Emirbayer, M., Goodwin, J. (1994) Network analysis, culture, and the problem of agency.
American Journal of Sociology 99, 1411-1454.

Enengel, B., Penker, M., Muhar, A. (2014) Landscape co-management in Austria: The
stakeholder's perspective on efforts, benefits and risks. Journal of Rural Studies 34,
223-234.

Epstein, G., Pittman, J., Alexander, S.M., Berdej, S., Dyck, T., Kreitmair, U., Raithwell,
K.J., Villamayor-Tomas, S., Vogt, J., Armitage, D., (2015). "Institutional fit and the
sustainability of social-ecological systems.” Current Opinion in Environmental
Sustainability 14: 34-40.

Ernstson, H., Barthel, S., Andersson, E., Borgstrom, S.T. (2010) Scale-crossing brokers
and network governance of urban ecosystem services: The case of Stockholm.
Ecology and Society 15, http://www.ecologyandsociety.org/voll5/iss14/art28/.
Accessed October 2013.

Esler, K., Prozesky, H., Sharma, G., McGeoch, M. (2010) How wide is the “knowing-doing”
gap in invasion biology? Biological Invasions 12, 4065-4075.

Evans, M.C.E.M.C., Possingham, H.P., Wilson, K.A. (2011) What to do in the face of
multiple threats? Incorporating dependencies within a return on investment
framework for conservation. Diversity and Distributions 17, 437-450.

Faith, D.P., Walker, P.A., Ive, J.R., Belbin, L. (1996) Integrating conservation and forestry
production: Exploring trade-offs between biodiversity and production in regional land-
use assessment. Forest Ecology and Management 85, 251-260.

Faleiro, F.V., Machado, R.B., Loyola, R.D. (2013) Defining spatial conservation priorities in
the face of land-use and climate change. Biological Conservation 158, 248-257.

Fazey, I., Fazey, J.A., Fischer, J., Sherren, K., Warren, J., Noss, R.F., Dovers, S.R. (2007)
Adaptive capacity and learning to learn as leverage for social—ecological resilience.
Frontiers in Ecology and the Environment 5, 375-380.

Ferraro, P.J., Pattanayak, S.K. (2006) Money for nothing? A call for empirical evaluation of
biodiversity conservation investments. PLoS Biology 4, 482-488.

Field, S.A., O'Connor, P.J., Tyre, AJ., Possingham, H.P. (2007) Making monitoring
meaningful. Austral Ecology 32, 485-491.

Fischer, J., Dyball, R., Fazey, I.,, Gross, C., Dovers, S., Ehrlich, P.R., Brulle, R.J.,
Christensen, C., Borden, R.J. (2012) Human behavior and sustainability. Frontiers in
Ecology and the Environment 10, 153-160.

Fitzgerald, L.A., Stronza, A.L. (2009) Applied biodiversity science: Bridging ecology,
culture, and governance for effective conservation. Interciencia 34, 563-570.

Fitzsimons, J., Pulsford, 1., Wescott, G., (2013a) Challenges and opportunities for linking
Australia's landscapes: A synthesis, in: Fitzsimons, J., Pulsford, I., Wescott, G.
(Eds.), Linking Australia's Landscapes: Lessons and Opportunities from Large-scale
Conservation Networks. CSIRO Publishing, pp. 287-294.

Fitzsimons, J., Pulsford, I., Wescott, G. (2013b) Linking Australia's Landscapes: Lessons
and Opportunities from Large-scale Conservation Networks. CSIRO Publishing.

Focht, W., Abramson, C.I. (2009) The case for interdisciplinary environmental education
and research. American Journal of Environmental Sciences 5, 124-129.

102



Folke, C., Berkes, F., Colding, J., (1998a) Ecological practices and social mechanisms for
building resilience and sustainability, in: Berkes, F., Folke, C. (Eds.), Linking Social
and Ecological Systems. Cambridge University Press, London, UK, pp. 414-436.

Folke, C., Hahn, T., Olsson, P., Norberg, J. (2005) Adaptive governance of social-
ecological systems. Annual Review of Environment and Resources 30, 441-473.

Folke, C., Pritchard, L., Berkes, F., Colding, J., Svedin, U., (1998b) The problem of fit
between ecosystems and institutions, IHDP Working Paper No. 2. International
Human Dimensions Programme on Global Environmental Change (IHDP), Bonn,
Germany.

Folke, C., Pritchard, L., Berkes, F., Colding, J., Svedin, U. (2007) The problem of fit
between ecosystems and institutions: Ten years later. Ecology and Society 12,
http://www.ecologyandsociety.org/vol12/iss11/art30/.

Frank, O., Strauss, D. (1986) Markov graphs. Journal of the American Statistical
Association 81, 832-842.

Freeman, L.C. (1977) Set of measures of centrality based on betweenness. Sociometry
40, 35-41.

Galaz, V., Olsson, P., Hahn, T., Svedin, U., (2008) The problem of fit among biophysical
systems, environmental and resource regimes, and broader governance systems:
insights and emerging challenges, in: Young, O., King, L.A., Schroeder, H. (Eds.),
Institutions and Environmental Change: Principal Findings, Applications, and
Research Frontiers. MIT Press, Cambridge, MA, pp. 147-186.

Galaz, V., Osterblom, H., Bodin, O., Crona, B. (2014) Global networks and global change-
induced tipping points. International Environmental Agreements: Politics, Law and
Economics, DOI 10.1007/s10784-014-9253-6.

Game, E.T., Lipsett-Moore, G., Hamilton, R., Peterson, N., Kereseka, J., Atu, W., Watts,
M., Possingham, H. (2010) Informed opportunism for conservation planning in the
Solomon Islands. Conservation Letters 4, 38-46.

Game, E.T., McDonald-Madden, E., Puotinen, M.L., Possingham, H.P. (2008) Should we
protect the strong or the weak? Risk, resilience, and the selection of marine protected
areas. Conservation Biology 22, 1619-1629.

Garcia-Amado, L.R., Perez, M.R., Iniesta-Arandia, I., Dahringer, G., Reyes, F., Barrasa, S.
(2012) Building ties: social capital network analysis of a forest community in a
biosphere reserve in Chiapas, Mexico. Ecology and Society 17,
http://www.ecologyandsociety.org/vol17/iss13/art13/.

Gass, R., Rickenbach, M., Schulte, L., Zeuli, K. (2009) Cross-boundary coordination on
forested landscapes: Investigating alternatives for implementation. Environmental
Management 43, 107-117.

Gerber, L.R., DeMaster, D.P., Roberts, S.P. (2000) Measuring success in conservation.
American Scientist 88, 316-324.

Gilmore, S., Mackey, B., Berry, S. (2007) The extent of dispersive movement behaviour in
Australian vertebrate animals, possible causes, and some implications for
conservation. Pacific Conservation Biology 13, 93-103.

Granovetter, M. (1973) Strength of weak ties. American Journal of Sociology 78, 1360-
1380.

103



Grantham, H.S., Bode, M., McDonald-Madden, E., Game, E.T., Knight, A.T., Possingham,
H.P. (2010) Effective conservation planning requires learning and adaptation.
Frontiers in Ecology and the Environment 8, 431-437.

Grantham, H.S., Wilson, K.A., Moilanen, A., Rebelo, T., Possingham, H.P. (2009) Delaying
conservation actions for improved knowledge: how long should we wait? Ecology
Letters 12, 293-301.

Green, A., Smith, S.E., Lipsett-Moore, G., Groves, C., Peterson, N., Sheppard, S., Lokani,
P., Hamilton, R., Almany, J., Aitsi, J., Bualia, L. (2009) Designing a resilient network
of marine protected areas for Kimbe Bay, Papua New Guinea. Oryx 43, 488-498.

Green, J.F. (2008) Delegation and accountability in the Clean Development Mechanism:
the new authority of non-state actors. Journal of International Law and International
Relations 4, 21.

Guerrero, A.M., Knight, A.T., Grantham, H.S., Cowling, R.M., Wilson, K.A. (2010)
Predicting willingness-to-sell and its utility for assessing conservation opportunity for
expanding protected area networks. Conservation Letters 3, 332-339.

Guerrero, A.M., McAllister, R.R.J., Corcoran, J., Wilson, K.A. (2013) Scale Mismatches,
Conservation Planning, and the Value of Social-Network Analyses. Conservation
Biology 27, 35-44.

Guerrero, A.M., McAllister, R.R.J., Wilson, K.A. (2015) Achieving cross-scale collaboration
for large scale conservation initiatives. Conservation Letters 8(2): 107-117

Gunderson, L., Light, S. (2006) Adaptive management and adaptive governance in the
everglades ecosystem. Policy Sciences 39, 323-334.

Gunderson, L.H., Holling, C.S. (2002) Panarchy: Understanding Transformations in
Human and Natural Systems. Island Press, Washington, D.C.

Hahn, T., Olsson, P., Folke, C., Johansson, K. (2006) Trust-building, knowledge
generation and organizational innovations: The role of a bridging organization for
adaptive comanagement of a wetland landscape around Kristianstad, Sweden.
Human Ecology 34, 573-592.

Hall, A. (2008) Better RED than dead: paying the people for environmental services in
Amazonia. Philosophical Transactions of the Royal Society B-Biological Sciences
363(1498): 1925-1932.

Halpern, B.S., Klein, C.J., Brown, C.J., Beger, M., Grantham, H.S., Mangubhai, S.,
Ruckelshaus, M., Tulloch, V.J., Watts, M., White, C., Possingham, H.P. (2013)
Achieving the triple bottom line in the face of inherent trade-offs among social equity,
economic return, and conservation. Proceedings of the National Academy of
Sciences 110, 6229-6234.

Hardin, G. (1968) The Tragedy of the Commons. Science 162, 1243-1248.

Harrington, C., Lane, R., Mercer, D. (2006) Learning conservation: The role of
conservation covenants in landscape redesign at Project Hindmarsh, Victoria.
Australian Geographer 37, 187-209.

Henry, A.D., Lubell, M., McCoy, M. (2010) Belief systems and social capital as drivers of
policy network structure: The case of California Regional Planning. Journal of Public
Administration Research and Theory, 419-444.

Henry, A.D., Vollan, B. (2014) Networks and the challenge of sustainable development.
Annual Review of Environment and Resources 39, 583-610.

104



Henson, A., Williams, D., Dupain, J., Gichohi, H., Muruthi, P. (2009) The Heartland
Conservation Process: Enhancing biodiversity conservation and livelihoods through
landscape-scale conservation planning in Africa. Oryx 43, 508-519.

Higgins, S., Mahon, M., McDonagh, J. (2012) Interdisciplinary interpretations and
applications of the concept of scale in landscape research. Journal of Environmental
Management 113, 137-145.

Hinkel, J., Bots, P.W.G., Schluter, M. (2014) Enhancing the Ostrom social-ecological
system framework through formalization. Ecology and Society 19,
http://www.ecologyandsociety.org/vol19/iss13/art51/.

Hobbs, R.J. (2000) Invasive Species in a Changing World. Island Press.

Hobbs, R.J., Saunders, D.A., Arnold, G.W. (1993) Integrated landscape ecology: A
Western Australian perspective. Biological Conservation 64, 231-238.

Holling, C.S. (1978) Adaptive environmental assessment and management. Adaptive
Environmental Assessment and Management.

Holling, C.S., Meffe, G.K. (1996) Command and control and the pathology of natural
resource management. Conservation Biology 10, 328-337.

Huitema, D., Mostert, E., Egas, W., Moellenkamp, S., Pahl-Wostl, C., Yalcin, R. (2009)
Adaptive water governance: Assessing the institutional prescriptions of adaptive co-
management from a governance perspective and defining a research agenda.
Ecology and Society 14, http://www.ecologyandsociety.org/voll4/iss11/art26/.

Huntjens, P., Lebel, L., Pahl-Wostl, C., Camkin, J., Schulze, R., Kranz, N. (2012)
Institutional design propositions for the governance of adaptation to climate change
in the water sector. Global Environmental Change 22, 67-81.

Imperial, M.T. (1999) Institutional analysis and ecosystem-based management: The
institutional analysis and development framework. Environmental Management 24,
449-465.

Isaac, M.E., Erickson, B.H., Quashie-Sam, S.J., Timmer, V.R. (2007) Transfer of
knowledge on agroforestry management practices: the structure of farmer advice
networks. Ecology and Society 12,
http://www.ecologyandsociety.org/vol12/iss12/art32/.

lves, C.D., Kendal, D. (2014) The role of social values in the management of ecological
systems. Journal of Environmental Management 144, 67-72.

lIwamura, T., Fuller, R.A., Possingham, H.P. (2014) Optimal management of a multispecies
shorebird flyway under sea-level rise. Conservation Biology 28, 1710-1720.

Jameson, S. C., Tupper, M.H., Ridley, J.M., (2002) The three screen doors: can marine
"protected” areas be effective? Marine Pollution Bulletin 44(11): 1177-1183.

Janssen, M.A., Bodin, O., Anderies, J.M., Elmquist, T., Ernstson, H., McAllister, R.R.J.,
Olsson, P., Ryan, P. (2006) Toward a network perspective of the study of resilience
in social-ecological systems. Ecology and Society 11,
http://www.ecologyandsociety.org/volll/iss11/art15/.

Jellinek, S., Rumpff, L., Driscoll, D.A., Parris, K.M., Wintle, B.A. (2014) Modelling the
benefits of habitat restoration in socio-ecological systems. Biological Conservation
169, 60-67.

105



Jones, C., Hesterly, W.S., Borgatti, S.P. (1997) A general theory of network governance:
Exchange conditions and social mechanisms. Academy of Management Review 22,
911-945.

Katsuhama, Y. and N. S. Grigg (2010) Capacity building for flood management systems: a
conceptual model and case studies. Water International 35(6): 763-778.

Kareiva, P., Marvier, M. (2012) What is conservation science? Bioscience 62, 962-969.

Kearney, F., McAllister, R.R.J., MacLeod, N.D. (2012) Conservation and grazing in
Australia's north-east: the bridled nailtail wallaby. Pastoralism: Research, Policy and
Practice 2, http://www.pastoralismjournal.com/content/2/1/20.

Keys, N., Thomsen, D., Smith, T.F. (2009) Opinion leaders and complex sustainability
issues. Management of Environmental Quality: An International Journal 21, 187 -
197.

Klein, C.J., Chan, A., Kircher, L., Cundiff, A.J., Gardner, N., Hrovat, Y., Scholz, A., Kendall,
B.E., Airameé, S. (2008) Striking a balance between biodiversity conservation and
socioeconomic viability in the design of marine protected areas. Conservation Biology
22, 691-700.

Knight, A.T., Cowling, R.M., Boshoff, A.F., Wilson, S.L., Pierce, S.M. (2011a) Walking in
STEP: Lessons for linking spatial prioritisations to implementation strategies.
Biological Conservation 144, 202-211.

Knight, A.T., Cowling, R.M., Campbell, B.M. (2006a) An operational model for
implementing conservation action. Conservation Biology 20, 408-4109.

Knight, A.T., Cowling, R.M., Difford, M., Campbell, B.M. (2010) Mapping human and social
dimensions of conservation opportunity for the scheduling of conservation action on
private land. Conservation Biology 24, 1348-1358.

Knight, A.T., Cowling, R.M., Rouget, M., Balmford, A., Lombard, A.T., Campbell, B.M.
(2008) Knowing but not doing: Selecting priority conservation areas and the
research-implementation gap. Conservation Biology 22, 610-617.

Knight, A.T., Driver, A., Cowling, R.M., Maze, K., Desmet, P.G., Lombard, A.T., Rouget,
M., Botha, M.A., Boshoff, A.F., Castley, J.G., Goodman, P.S., Mackinnon, K., Pierce,
S.M., Sims-Castley, R., Stewart, W.l., Hase, A.V. (2006b) Designing systematic
conservation assessments that promote effective implementation: Best practice from
South Africa. Conservation Biology 20, 739-750.

Knight, A.T., Grantham, H.S., Smith, R.J., McGregor, G.K., Possingham, H.P., Cowling,
R.M. (2011b) Land managers' willingness-to-sell defines conservation opportunity for
protected area expansion. Biological Conservation 144, 2623-2630.

Koskinen, J.H., Robins, G., Wang, P., Pattison, P. (2013) Bayesian analysis for partially
observed network data, missing ties, attributes and actors. Social Networks 35, 514-
527.

Kossinets, G. (2006) Effects of missing data in social networks. Social Networks 28, 247-
268.

Lambeck, R.J. (1997) Focal species: A multi-species umbrella for nature conservation.
Conservation Biology 11, 849-856.

Lambert, J., (2013) Social aspects: Linking people and their landscapes, in: Fitzsimons, J.,

Pulsford, I., Wescott, G. (Eds.), Linking Australia's Landscapes: Lessons and
Opportunities from Large-scale Conservation Networks. CSIRO Publishing, pp. 245-
254,

106



Lambin, E. F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Bruce, J.W., Coomes,
O.T., Dirzo, R., Fisher, G., Folke C, George, P.S, Homewood, K., Imbernon, J.,
Leemans, R., Li, X.B, Moran, E.F., Mortimore, M., Ramakrishnan, P.S, Richards,
J.F., Skanes, H., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C., Xu,
J.C., (2001) The causes of land-use and land-cover change: moving beyond the
myths. Global Environmental Change-Human and Policy Dimensions 11(4): 261-2609.

Lauber, T.B., Decker, D.J., Knuth, B.A. (2008) Social networks and community-based
natural resource management. Environmental Management 42, 677-687.

Lauber, T.B., Stedman, R.C., Decker, D.J., Knuth, B.A., Simon, C.N. (2011) Social
network dynamics in collaborative conservation. Human Dimensions of Wildlife 16,
259-272.

Lazer, D., Friedman, A. (2007) The network structure of exploration and exploitation.
Administrative Science Quarterly 52, 667-694.

Lee, K.N. (1993) Greed, scale mismatch, and learning. Ecological Applications 3, 560-564.

Lee, S.H., Kim, P.-J., Jeong, H. (2006) Statistical properties of sampled networks. Physical
Review E 73, 016102.

Lemos, M.C., Agrawal, A. (2006) Environmental governance. Annual Review of
Environment and Resources 31, 297-325.

Leroux, S.J., Schmiegelow, F.K.A., Cumming, S.G., Lessard, R.B., Nagy, J. (2007)
Accounting for system dynamics in reserve design. Ecological Applications 17, 1954-
1966.

Leverington, F., Costa, K., Pavese, H., Lisle, A., Hockings, M. (2010) A global analysis of
protected area management effectiveness. Environmental Management 46, 685-698.

Levin, N., Tulloch, A.l., Gordon, A., Mazor, T., Bunnefeld, N., Kark, S. (2013) Incorporating
socioeconomic and political drivers of international collaboration into marine
conservation planning. Bioscience 63, 547-563.

Levin, S.A. (1992) The problem of pattern and scale in ecology. Ecology 73, 1943-1967.

Levin, S.A. (1998) Ecosystems and the biosphere as complex adaptive systems.
Ecosystems 1, 431-436.

Lindenmayer, D., Burgman, M. (2005) Practical Conservation Biology. CSIRO Publishing.

Lindenmayer, D.B., Likens, G.E. (2010) The science and application of ecological
monitoring. Biological Conservation 143, 1317-1328.

Lindenmayer, D.B., Manning, A.D., Smith, P.L., Possingham, H.P., Fischer, J., Oliver, I.,
McCarthy, M.A. (2002) The focal-species approach and landscape restoration: a
critique. Conservation Biology 16, 338-345.

Liu, J.G., Dietz, T., Carpenter, S.R., Alberti, M., Folke, C., Moran, E., Pell, A.N., Deadman,
P., Kratz, T., Lubchenco, J., Ostrom, E., Ouyang, Z., Provencher, W., Redman, C.L.,
Schneider, S.H., Taylor, W.W. (2007) Complexity of coupled human and natural
systems. Science 317, 1513-1516.

Lowry, G.K., White, A.T., Christie, P. (2009) Scaling up to networks of marine protected
areas in the Philippines: Biophysical, legal, institutional, and social considerations.
Coastal Management 37, 274 - 290.

Lubell, M. (2004) Collaborative environmental institutions: All talk and no action? Journal
of Policy Analysis and Management 23, 549-573.

107



Lubell, M. (2015) Collaborative partnerships in complex institutional systems. Current
Opinion in Environmental Sustainability 12, 41-47.

Lubell, M., Robins, G., Wang, P. (2014) Network structure and institutional complexity in
an ecology of water management games. Ecology and Society 19, 23.

Lubell, M., Schneider, M., Scholz, J.T., Mete, M. (2002) Watershed partnerships and the
emergence of collective action institutions. American Journal of Political Science,
148-163.

Ludwig, D., Hilborn, R., Walters, C. (1993) Uncertainty, resource explotation, and
conservation: Lessons from history. Science 260, 17.

Manson, S.M. (2008) Does scale exist? An epistemological scale continuum for complex
human-environment systems. Geoforum 39, 776-788.

Margules, C.R., Pressey, R.L. (2000) Systematic conservation planning. Nature 405, 243-
253.

Margules, C.R., Pressey, R.L., Williams, P.H. (2002) Representing biodiversity: data and
procedures for identifying priority areas for conservation. Journal of Biosciences 27,
309-326.

Marsden, P.V., (2005) Recent developments in network measurement, in: Peter, J.C.,
John, S., Stanley, W. (Eds.), Models and Methods in Social Network Analysis.
Cambridge University Press, New York, pp. 8-30.

Marshall, G. (2007) Nesting, subsidiarity, and community-based environmental
governance beyond the local scale. International Journal of the Commons 2, 75-97.

Marshall, G.R. (2009) Polycentricity, reciprocity, and farmer adoption of conservation
practices under community-based governance. Ecological Economics 68, 1507-1520.

Marshall, G.R. (2013) Transaction costs, collective action and adaptation in managing
complex social-ecological systems. Ecological Economics 88, 185-194.

Martin, T.G., Chades, I., Arcese, P., Marra, P.P., Possingham, H.P., Norris, D.R. (2007)
Optimal conservation of migratory species. Plos One 2, e751.

Martin, C., Metcalfe, M., Harris, H., (2009) Developing an implementation capacity:
justifications from prior research. Journal of the Operational Research Society 60(6):
859-868.

Marzano, M., Carss, D.N., Bell, S. (2006) Working to make interdisciplinarity work:
investing in communication and interpersonal relationships. Journal of Agricultural
Economics 57, 185-197.

Mascia, M.B., Brosius, J.P., Dobson, T.A., Forbes, B.C., Horowitz, L., McKean, M.A.,
Turner, N.J. (2003) Conservation and the social sciences. Conservation Biology 17,
649-650.

Mascia, M.B., Paliller, S., Krithivasan, R., Roshchanka, V., Burns, D., Mlotha, M.J., Murray,
D.R., Peng, N. (2014) Protected area downgrading, downsizing, and degazettement
(PADDD) in Africa, Asia, and Latin America and the Caribbean, 1900-2010.
Biological Conservation 169, 355-361.

Maxwell, V., (2010) Place-based partnership manual, in: Gardiner, J., Millett, W. (Eds.).
The Nature Conservancy, California
http://www.conservationgateway.org/ConservationPlanning/partnering/cpc.

108



Mayers, J., (2005) Stakeholder power analysis. Power tools series. International Institute
for Environment and Development, London, UK., pp. http://www.policy-
powertools.org/Tools/Understanding/SPA.html.

Mazor, T., Possingham, H.P., Kark, S. (2013) Collaboration among countries in marine
conservation can achieve substantial efficiencies. Diversity and Distributions 19,
1380-1393.

McAllister, R.R.J., Taylor, B.M. (2015) Partnerships for sustainability governance: a
synthesis of key themes. Current Opinion in Environmental Sustainability 12, 86-90.

McAllister, R.J., McCrea, R., Lubell, M. (2014) Policy networks, stakeholder interactions
and climate adaptation in the region of South East Queensland, Australia. Regional
Environmental Change 14, 527-539.

McAllister, R.R.J., Cheers, B., Darbas, T., Davies, J., Richards, C., Robinson, C.J., Ashley,
M., Fernando, D., Maru, Y.T. (2008) Social networks in arid Australia: a review of
concepts and evidence. Rangeland Journal 30, 167-176.

McAllister, R.R.J., Robinson, C.J., MacLean, K., Guerrero, A.M., Collins, K., Taylor, B.M.,
De Barro, P. (2015) From local coordination to central organisation: A network
analysis of who manages plant pest and disease outbreaks across scales. Ecology
and Society. http://www.ecologyandsociety.org/vol20/iss1/art67/.

McBride, M.F., Wilson, K.A., Bode, M., Possingham, H.P. (2007) Incorporating the effects
of socioeconomic uncertainty into priority setting for conservation investment.
Conservation Biology 21, 1463-1474.

McCann, L., Colby, B., Easter, K.W., Kasterine, A., Kuperan, K.V. (2005) Transaction cost
measurement for evaluating environmental policies. Ecological Economics 52, 527-
542.

McCreless, E., Visconti, P., Carwardine, J., Wilcox, C., Smith, R.J. (2013) Cheap and
nasty? The potential perils of using management costs to identify global conservation
priorities. Plos One 8, e80893.

McDonald-Madden, E., Bode, M., Game, E.T., Grantham, H.S., Possingham, H.P. (2008)
The need for speed: Informed land acquisitions for conservation in a dynamic
property market. Ecology Letters 11, 1169-1177.

McGinnis, M.D., Ostrom, E. (2014) Social-ecological system framework: Initial changes
and continuing challenges. Ecology and Society 19,
http://www.ecologyandsociety.org/vol19/iss12/art30/.

McNamara, M. (2012) Starting to untangle the web of cooperation, coordination, and
collaboration: A framework for public managers. International Journal of Public
Administration 35, 389-401.

Meek, C.L. (2013) Forms of collaboration and social fit in wildlife management. A
comparison of policy networks in Alaska. Global Environmental Change 23, 217-228.

Meir, E., Andelman, S., Possingham, H.P. (2004) Does conservation planning matter in a
dynamic and uncertain world? Ecology Letters 7, 615-622.

Milner-Gulland, E.J. (2012) Interactions between human behaviour and ecological
systems. Philosophical Transactions of the Royal Society B-Biological Sciences 367,
270-278.

Milner-Gulland, E.J., Arroyo, B., Bellard, C., Blanchard, J., Bunnefeld, N., Delibes-Mateos,
M., Edwards, C., Nuno, A., Palazy, L., Reljic, S., Riera, P., Skrbinsek, T. (2010) New

109



directions in management strategy evaluation through cross-fertilization between
fisheries science and terrestrial conservation. Biology Letters 6, 719-722.

Mills, M., Alvarez-Romero, J.G., Vance-Borland, K., Cohen, P., Pressey, R.L., Guerrero,
A.M., Ernstson, H. (2014) Linking regional planning and local action: Towards using
social network analysis in systematic conservation planning. Biological Conservation
169, 6-13.

Mills, M., Pressey, R.L., Ban, N.C., Foale, S., Aswani, S., Knight, A.T. (2013)
Understanding characteristics that define the feasibility of conservation actions in a
common pool marine resource governance system. Conservation Letters 6, 418-429.

Mills, M., Pressey, R.L., Weeks, R., Foale, S., Ban, N.C. (2010) A mismatch of scales:
challenges in planning for implementation of marine protected areas in the Coral
Triangle. Conservation Letters 3, 291-303.

Moilanen, A., Arponen, A. (2011) Administrative regions in conservation: Balancing local
priorities with regional to global preferences in spatial planning. Biological
Conservation 144, 1719-1725.

Moilanen, A., Nieminen, M. (2002) Simple connectivity measures in spatial ecology.
Ecology 83, 1131-1145.

Moon, K., Adams, V.M., Januchowski-Hartley, S.R., Polyakov, M., Mills, M., Biggs, D.,
Knight, A.T, Game, E.T, Raymond, C.M., (2014) A Multidisciplinary
Conceptualization of Conservation Opportunity. Conservation Biology 28(6): 1484-
1496.

Moore, J., Balmford, A., Allnutt, T., Burgess, N. (2004) Integrating costs into conservation
planning across Africa. Biological Conservation 117, 343-350.

Morrison, T.H. (2007) Multiscalar governance and regional environmental management in
Australia. Space and Polity 11, 227 - 241.

Mostert, E., Pahl-Wostl, C., Rees, Y., Searle, B., Tabara, D., Tippett, J. (2007) Social
learning in European river-basin management: barriers and fostering mechanisms
from 10 river basins. Ecology and Society 12,
http://www.ecologyandsociety.org/vol12/iss11/art19/.

Mountjoy, N. J., Seekamp, E., Davenport, M.A., Whiles, M.R., (2014) Identifying capacity
indicators for community-based natural resource management initiatives: focus group
results from conservation practitioners across lllinois. Journal of Environmental
Planning and Management 57(3): 329-348.

Murdoch, W., Polasky, S., Wilson, K.A., Possingham, H.P., Kareiva, P., Shaw, R. (2007)
Maximizing return on investment in conservation. Biological Conservation 139, 375-
388.

Muro, M., Jeffrey, P. (2008) A critical review of the theory and application of social learning
in participatory natural resource management processes. Journal of Environmental
Planning and Management 51, 325-344.

Nagendra, H., Ostrom, E. (2012) Polycentric governance of multifunctional forested
landscapes. International Journal of the Commons 6, 104-133.

Naidoo, R., Balmford, A., Ferraro, P.J., Polasky, S., Ricketts, T.H., Rouget, M. (2006)
Integrating economic costs into conservation planning. Trends in Ecology & Evolution
21, 681-687.

Newell, P., Pattberg, P., Schroeder, H. (2012) Multiactor governance and the environment.
Annual Review of Environment and Resources 37, 365-387.

110


http://www.ecologyandsociety.org/vol12/iss11/art19/

Newig, J., Fritsch, O. (2009) Environmental governance: Participatory, multi-level — and
effective? Environmental Policy and Governance 19, 197-214.

Newig, J., Gunther, D., Pahl-Wostl, C., (2010) Synapses in the Network: Learning in
Governance Networks in the Context of Environmental Management. Ecology and
Society 15(4), http://www.ecologyandsociety.org/vol15/iss4/art24/

Newman, L., Dale, A. (2007) Homophily and agency: creating effective sustainable
development networks. Environment, Development and Sustainability 9, 79-90.

Ng, C.F., Possingham, H.P., McAlpine, C.A., de Villiers, D.L., Preece, H.J., Rhodes, J.R.
(2014) Impediments to the success of management actions for species recovery.
Plos One 9, €92430.

Nicholson, E., Westphal, M.I., Frank, K., Rochester, W.A., Pressey, R.L., Lindenmayer,
D.B., Possingham, H.P. (2006) A new method for conservation planning for the
persistence of multiple species. Ecology Letters 9, 1049-1060.

Nissani, M. (1997) Ten cheers for interdisciplinarity: The case for interdisciplinary
knowledge and research. The Social Science Journal 34, 201-216.

Njuki, J.M., Mapila, M.T., Zingore, S., Delve, R. (2008) The dynamics of social capital in
influencing use of soil management options in the Chinyanja Triangle of Southern
Africa. Ecology and Society 13, http://www.ecologyandsociety.org/vol13/iss2/art9/.

Nuno, A., Bunnefeld, N., Milner-Gulland, E.J. (2014) Managing social-ecological systems
under uncertainty: Implementation in the real world. Ecology and Society 19,
http://www.ecologyandsociety.org/vol19/iss12/art52/.

O'Connell, M.J., Ward, R.M., Onoufriou, C., Winfield, 1.J., Harris, G., Jones, R., Yallop,
M.L., Brown, A.F. (2007) Integrating multi-scale data to model the relationship
between food resources, waterbird distribution and human activities in freshwater
systems: Preliminary findings and potential uses. Ibis 149, 65-72.

O'Keefe, C.E., DeCelles, G.R. (2013) Forming a Partnership to Avoid Bycatch. Fisheries
38, 434-444.

Olsson, P., Folke, C., Berkes, F. (2004) Adaptive comanagement for building resilience in
social-ecological systems. Environmental Management 34, 75-90.

Olsson, P., Folke, C., Galaz, V., Hahn, T., Schultz, L. (2007) Enhancing the fit through
adaptive co-management: Creating and maintaining bridging functions for matching
scales in the Kristianstads Vattenrike Biosphere Reserve, Sweden. Ecology and
Society 12, http://www.ecologyandsociety.org/vol12/iss11/art28/.

OSterblom, H., Bodin, O. (2012) Global Cooperation among Diverse Organizations to
Reduce lllegal Fishing in the Southern Ocean.

Ostrom, E. (1990) Governing the Commons : The Evolution of Institutions for Collective
Action. Cambridge University Press, Cambridge; New York.

Ostrom, E., (1998) Scales, polycentricity, and incentives: designing complexity to govern
complexity, in: Guruswamy, L.D., McNeely, J.A. (Eds.), Protection of Global
Biodiversity: Converging Strategies. Duke University Press, Durham, North Carolina.

Ostrom, E. (2007) A diagnostic approach for going beyond panaceas. Proceedings of the
National Academy of Sciences of the United States of America 104, 15181-15187.

Ostrom, E. (2009) A general framework for analyzing sustainability of social-ecological
systems. Science 325, 419-422.

111


http://www.ecologyandsociety.org/vol12/iss11/art28/

Ostrom, E. (2010a) Beyond markets and states: Polycentric governance of complex
economic systems. American Economic Review 100, 641-672.

Ostrom, E. (2010b) Polycentric systems for coping with collective action and global
environmental change. Global Environmental Change-Human and Policy Dimensions
20, 550-557.

Ostrom, E., Burger, J., Field, C.B., Norgaard, R.B., Policansky, D. (1999) Sustainability -
Reuvisiting the commons: Local lessons, global challenges. Science 284, 278-282.

Ostrom, V.T.C.M.W.R. (1961) The organization of government in metropolitan areas: A
theoretical inquiry. The American Political Science Review 55, 831-842.

Pahl-Wostl, C. (2009) A conceptual framework for analysing adaptive capacity and multi-
level learning processes in resource governance regimes. Global Environmental
Change 19, 354-365.

Pajaro, M.G., Mulrennan, M.E., Vincent, A.C.J. (2010) Toward an integrated marine
protected areas policy: Connecting the global to the local. Environment Development
and Sustainability 12, 945-965.

Palomo, I., Montes, C., Martin-Lopez, B., Gonzalez, J.A., Garcia-Llorente, M., Alcorlo, P.,
Mora, M.R.G. (2014) Incorporating the social-ecological approach in protected areas
in the anthropocene. Bioscience 64, 181-191.

Pannell, D.J., Marshall, G.R., Barr, N., Curtis, A., Vanclay, F., Wilkinson, R. (2006)
Understanding and promoting adoption of conservation practices by rural
landholders. Australian Journal of Experimental Agriculture 46, 1407-1424.

Pasquini, L., Fitzsimons, J.A., Cowell, S., Brandon, K., Wescott G., (2011) The
establishment of large private nature reserves by conservation NGOs: key factors for
successful implementation. Oryx 45(3): 373-380.

Patton, M.Q. (1994) Developmental evaluation. Evaluation Practice 15, 311-319.

Pelosi, C., Goulard, M., Balent, G. (2010) The spatial scale mismatch between ecological
processes and agricultural management: Do difficulties come from underlying
theoretical frameworks? Agriculture Ecosystems & Environment 139, 455-462.

Pierce, S.M., Cowling, R.M., Knight, A.T., Lombard, A.T., Rouget, M., Wolf, T. (2005)
Systematic conservation planning products for land-use planning: Interpretation for
implementation. Biological Conservation 125, 441-458.

Poiani, K.A., Richter, B.D., Anderson, M.G., Richter, H.E. (2000) Biodiversity conservation
at multiple scales: Functional sites, landscapes, and networks. Bioscience 50, 133-
146.

Polasky, S. (2008) Why conservation planning needs socioeconomic data. Proceedings of
the National Academy of Sciences 105, 6505-6506.

Polasky, S., Camm, J.D., Garber-Yonts, B. (2001) Selecting biological reserves cost-
effectively: An application to terrestrial vertebrate conservation in Oregon. Land
Economics 77, 68-78.

Pollnac, R., Christie, P, Cinner, J.E., Dalton, T., Daw, T.M., Forrester, G.E., Graham,
N.A.J., McClanahan, T.R., (2010). "Marine reserves as linked social-ecological
systems." Proceedings of the National Academy of Sciences 107(43): 18262-18265.

Prell, C., Hubacek, K., Reed, M. (2009) Stakeholder analysis and social network analysis
in natural resource management. Society & Natural Resources 22, 501-518.

112



Pressey, R.L., Bottrill, M.C. (2008) Opportunism, threats, and the evolution of systematic
conservation planning. Conservation Biology 22, 1340-1345.

Pressey, R.L., Bottrill, M.C. (2009) Approaches to landscape- and seascape-scale
conservation planning: convergence, contrasts and challenges. Oryx 43, 464-475.

Pressey, R.L., Cabeza, M., Watts, M.E., Cowling, R.M., Wilson, K.A. (2007) Conservation
planning in a changing world. Trends in Ecology & Evolution 22, 583-592.

Pressey, R.L., Logan, V.S. (1995) Reserve coverage and requirements in relation to
partitioning and generalization of land classes: Analyses for western New South
Wales. Conservation Biology 9, 1506-1517.

Pretty, J., Ward, H. (2001) Social capital and the environment. World Development 29,
209-227.

Provan, K.G., Kenis, P. (2008) Modes of network governance: Structure, management,
and effectiveness. Journal of Public Administration Research and Theory 18, 229-
252.

Rands, M.R.W., Adams, W.M., Bennun, L., Butchard, S.H.M., Clements, A., Coomes, D.,
Entwistle, A., Hodge, I., Kapos, V., Scharlemann, J.P.W., Sutherland, W.J., Vira, B.
(2010) Biodiversity conservation: Challenges beyond 2010. Science 329, 1298 -
1303.

Rapport, D.J., Costanza, R., McMichael, A.J. (1998) Assessing ecosystem health. Trends
in Ecology & Evolution 13, 397-402.

Raymond, C. M. and G. Brown (2011) Assessing conservation opportunity on private land:
Socio-economic, behavioral, and spatial dimensions.” Journal of Environmental
Management 92, 2513-2523.

Redman, C.L., Grove, J.M., Kuby, L.H. (2004) Integrating social science into the Long-
Term Ecological Research (LTER) Network: Social dimensions of ecological change
and ecological dimensions of social change. Ecosystems 7, 161-171.

Reed, M.S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., Prell, C.,
Quinn, C.H., Stringer, L.C., (2009) Who’s in and why? A typology of stakeholder
analysis methods for natural resource management. Journal of Environmental
Management. 90, 1933-1949.

Reed, M., Evely, A.C., Cundill, G., Fazey, I.R.A., Glass, J., Laing, A., Newig, J., Parrish,
B., Prell, C., Raymond, C. (2010) What is social learning? Ecology and Society,
http://www.ecologyandsociety.org/vol15/iss14/respll/.

Reeson, A.F., Tisdell, J.G., McAllister, R.R.J. (2011) Trust, reputation and relationships in
grazing rights markets: An experimental economic study. Ecological Economics 70,
651-658.

Reyers, B., Roux, D.J., Cowling, R.M., Ginsburg, A.E., Nel, J.L., Farrell, P.O. (2010)
Conservation planning as a transdisciplinary process. Conservation Biology 24, 957-
965.

Robins, G., Bates, L., Pattison, P. (2011) Network governance and environmental
management: Conflict and cooperation. Public Administration 89, 1293-1313.

Robins, G., Pattison, P., Woolcock, J. (2004) Missing data in networks: Exponential
Random Graph (p*) models for networks with non-respondents. Social Networks 26,
257-283.

113



Robins, G., Sniders, T., Wang, P., Handcock, M., Pattison, P. (2007) Recent
developments in Exponential Random Graph (p*) models for social networks. Social
Networks 29, 192-215.

Robinson, J.G. (2006) Conservation biology and real-world conservation. Conservation
Biology 20, 658-669.

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S., Lambin, E.F., Lenton,
T.M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes,
T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.K., Costanza, R., Svedin, U.,
Falkenmark, M., Karlberg, L., Corell, RW., Fabry, V.J., Hansen, J., Walker, B.,
Liverman, D., Richardson, K., Crutzen, P., Foley, J.A. (2009) A safe operating space
for humanity. Nature 461, 472-475.

Rogers, E.M. (2010) Diffusion of Innovations. Simon and Schuster.

Rouget, M. (2003) Measuring conservation value at fine and broad scales: Implications for
a diverse and fragmented region, the Agulhas Plain. Biological Conservation 112,
217-232.

Rouget, M., Cowling, R.M., Lombard, A.T., Knight, A.T., Kerley, G.I.H. (2006) Designing
large-scale conservation corridors for pattern and process. Conservation Biology 20,
549-561.

Runge, C.A., Matrtin, T.G., Possingham, H.P., Willis, S.G., Fuller, R.A. (2014) Conserving
mobile species. Frontiers in Ecology and the Environment 12, 395-402.

Rustagi, D., Engel, S, Kosfeld, M., (2010) Conditional Cooperation and Costly Monitoring
Explain Success in Forest Commons Management. Science 330(6006): 961-965.

Sabatier, P.A. (2005) Swimming Upstream: Collaborative Approaches to Watershed
Management. MIT Press, Cambridge.

Salafsky, N., Margoluis, R. (1999) Threat reduction assessment: A practical and cost-
effective approach to evaluating conservation and development projects.
Conservation Biology 13, 830-841.

Salafsky, N., Margoluis, R., Redford, K.H., Robinson, J.G. (2002) Improving the practice of
conservation: A conceptual framework and research agenda for conservation
science. Conservation Biology 16, 1469-1479.

Sandstrom, A., Carlsson, L. (2008) The performance of policy networks: The relation
between network structure and network performance. Policy Studies Journal 36, 497-
524.

Sarkar, S., Pressey, R.L., Faith, D.P., Margules, C.R., Fuller, T., Stoms, D.M., Moffett, A.,
Wilson, K.A., Williams, K.J., Willams, P.H., Andelman, S., (2006) Biodiversity
conservation planning tools: Present status and challenges for the future, Annual
Review of Environment and Resources. Annual Reviews, 31, 123-159.

Saunders, D.A., Briggs, S.V. (2002) Nature grows in straight lines - or does she? What are
the consequences of the mismatch between human-imposed linear boundaries and
ecosystem boundaries? An Australian example. Landscape and Urban Planning 61,
71-82.

Saura, S., Pascual-Hortal, L. (2007) A new habitat availability index to integrate
connectivity in landscape conservation planning: Comparison with existing indices
and application to a case study. Landscape and Urban Planning 83, 91-103.

114



Saura, S., Rubio, L. (2010) A common currency for the different ways in which patches
and links can contribute to habitat availability and connectivity in the landscape.
Ecography 33, 523-537.

Sayre, N.F. (2005) Ecological and geographical scale: Parallels and potential for
integration. Progress in Human Geography 29, 276-290.

Schirmer, J., Dovers, S., Clayton, H. (2012) Informing conservation policy design through
an examination of landholder preferences: A case study of scattered tree
conservation in Australia. Biological Conservation 153, 51-63.

Schneider, M., Scholz, J., Lubell, M., Mindruta, D., Edwardsen, M. (2003) Building
consensual institutions: Networks and the National Estuary Program. American
Journal of Political Science 47, 143-158.

Senge, P.M., Suzuki, J. (1994) The fifth discipline: The art and practice of the learning
organization. Currency Doubleday New York.

Sewall, B.J., Freestone, A.L., Moutui, M.F.E., Toilibou, N., Said, I., Toumani, S.M.,
Attoumane, D., Iboura, C.M. (2011) Reorienting systematic conservation assessment
for effective conservation planning. Conservation Biology 25, 688-696.

Shackleton, C.M., Cundill, G., Knight, A.T. (2009) Beyond just research: Experiences from
Southern Africa in developing social learning partnerships for resource conservation
initiatives. Biotropica 41, 563-570.

Simberloff, D. (1998) Flagships, umbrellas, and keystones: Is single-species management
passe in the landscape era? Biological Conservation 83, 247-257.

Smith, R.J., Muir, R.D.J., Walpole, M.J., Balmford, A., Leader-Williams, N. (2003)
Governance and the loss of biodiversity. Nature 426, 67-70.

Smith, R.J., Verissimo, D., Leader-Williams, N., Cowling, R.M., Knight, A.T. (2009) Let the
locals lead. Nature 462, 280-281.

Snijders, T.A.B., Pattison, P.E., Robins, G.L., Handcock, M.S., (2006) New specifications
for exponential random graph models, in: Stolzenberg, R.M. (Ed.), Sociological
Methodology 2006, Vol 36, pp. 99-153.

Sgrensen, E., Torfing, J. (2007) Theories of democratic network governance. Palgrave
Macmillan.

Soulé, M.E. (1985) What is conservation biology? Bioscience 35, 727-734.

Spellerberg, L.LF. (1994) Monitoring Ecological Change, Second edition. Cambridge
University Press, Cambridge, England; New York.

St John, F.AV., Edwards-Jones, G., Jones, J.P.G. (2010) Conservation and human
behaviour: Lessons from social psychology. Wildlife Research 37, 658-667.

Stem, C., Margoluis, R., Salafsky, N., Brown, M. (2005) Monitoring and evaluation in
conservation: A review of trends and approaches. Conservation Biology 19, 295-309.

Stephanson, S.L., Mascia, M.B. (2014) Putting people on the map through an approach
that integrates social data in conservation planning. Conservation Biology 28, 1236-
1248.

Stewart, R.R., Possingham, H.P. (2005) Efficiency, costs and tradeoffs in marine reserve
design. Environmental Modelling & Assessment 10, 203-213.

115



Sutherland, G.D., Harestad, A.S., Price, K., Lertzman, K.P. (2000) Scaling of natal
dispersal distances in terrestrial birds and mammals. Ecology and Society 4,
http://www.consecol.org/vol4/iss1/art16/.

Sutherland, W.J., Adams, W.M., Aronson, R.B., Aveling, R., Blackburn, T.M., Broad, S.,
Ceballos, G., Cote, I.M., Cowling, R.M., Da Fonseca, G.A.B., Dinerstein, E., Ferraro,
P.J., Fleishman, E., Gascon, C., Hunter, M., Hutton, J., Kareiva, P., Kuria, A.,
MacDonald, D.W., MacKinnon, K., Madgwick, F.J., Mascia, M.B., McNeely, J.,
Milner-Gulland, E.J., Moon, S., Morley, C.G., Nelson, S., Osborn, D., Pai, M.,
Parsons, E.C.M., Peck, L.S., Possingham, H., Prior, S.V., Pullin, A.S., Rands,
M.R.W., Ranganathan, J., Redford, K.H., Rodriguez, J.P., Seymour, F., Sobel, J.,
Sodhi, N.S., Stott, A., Vance-Borland, K., Watkinson, A.R. (2009) One hundred
guestions of importance to the conservation of global biological diversity.
Conservation Biology 23, 557-567.

Tear, T.H., Stratton, B.N., Game, E.T., Brown, M.A., Apse, C.D., Shirer, R.R. (2014) A
return-on-investment framework to identify conservation priorities in Africa. Biological
Conservation 173, 42-52.

Termeer, C., Dewulf, A., Van Lieshout, M. (2010) Disentangling scale approaches in
governance research: comparing monocentric, multilevel, and adaptive governance.
Ecology and Society 15, http://www.ecologyandsociety.org/voll5/iss14/art29/.

Treml, E.A., Fidelman, P.1.J., Kininmonth, S., Ekstrom, J.A., Bodin, O. (2015) Analyzing
the (mis)fit between the institutional and ecological networks of the Indo-West Pacific.
Global Environmental Change 31, 263-271.

Tulloch, A., Possingham, H.P., Wilson, K. (2011) Wise selection of an indicator for
monitoring the success of management actions. Biological Conservation 144, 141-
154.

Tulloch, A.LLT., Tulloch, V.J.D., Evans, M.C., Mills, M. (2014) The value of using feasibility
models in systematic conservation planning to predict landholder management
uptake. Conservation Biology 28, 1462-1473.

Tyler, T.R., (2006) Psychological perspectives on legitimacy and legitimation, Annual
Review of Psychology. Annual Reviews 57, 375-400.

Valente, T.W. (2005) Network models and methods for studying the diffusion of
innovations. in: Carrington, P.J., Scott, J., Wasserman S. (Eds.), Models and
Methods in Social Network Analysis. Cambridge University Press, pp. 98-116.

Valente, T.W., Pumpuang, P. (2007) Identifying opinion leaders to promote behavior
change. Health Education & Behavior 34, 881-896.

Van Houtan, K.S. (2006) Conservation as virtue: A scientific and social process for
conservation ethics. Conservation Biology 20, 1367-1372.

Vance-Borland, K., Holley, J. (2011) Conservation stakeholder network mapping, analysis,
and weaving. Conservation Letters 4, 278-288.

Varvasovszky, Z. and R. Brugha (2000). A stakeholder analysis. Health Policy and
Planning 15(3): 338-345.

Vatn, A., Vedeld, P. (2012) Fit, interplay, and scale: A diagnosis. Ecology and Society 17,
http://www.ecologyandsociety.org/vol17/iss14/art12/.

Venter, O., Fuller, R.A., Segan, D.B., Carwardine, J., Brooks, T., Butchart, S.H., Di Marco,
M., lwamura, T., Joseph, L., O'Grady, D. (2014) Targeting global protected area
expansion for imperiled biodiversity. PLoS Biology 12, e1001891.

116


http://www.ecologyandsociety.org/vol15/iss14/art29/

Venter, O., Possingham, H.P., Hovani, L., Dewi, S., Griscom, B., Paoli, G., Wells, P.,
Wilson, K.A. (2013) Using systematic conservation planning to minimize REDD+
conflict with agriculture and logging in the tropics. Conservation Letters 6, 116-124.

Vincent, S. (2010) Interdisciplinary Environmental Education on the Nation's Campuses:
Elements of Field Identity and Curriculum Design. National Council for Science and
the Environment Washington, DC.

Visseren-Hamakers, 1.J., Glasbergen, P. (2007) Partnerships in forest governance. Global
Environmental Change 17, 408-419.

Walker, B., Barrett, S., Polasky, S., Galaz, V., Folke, C., Engstrom, G., Ackerman, F.,
Arrow, K., Carpenter, S., Chopra, K., Daily, G., Ehrlich, P., Hughes, T., Kautsky, N.,
Levin, S., Maler, K.G., Shogren, J., Vincent, J., Xepapadeas, T., de Zeeuw, A. (2009)
Looming global-scale failures and missing institutions. Science 325, 1345-1346.

Walters, C.J. (2007) Is adaptive management helping to solve fisheries problems? Ambio
36, 304-307.

Walters, C.J., Holling, C.S. (1990) Large-scale management experiments and learning by
doing. Ecology 71, 2060-2068.

Wang, P., Robins, G., Pattison, P., (2009) Pnet - program for the simulation and estimation
of Exponential Random Graph (P*) models, Available from
http://sna.unimelb.edu.au/PNet. Accessed 16 October 2013.

Wang, P., Robins, G., Pattison, P., Lazega, E. (2013) Exponential Random Graph models
for multilevel networks. Social Networks 35, 96-115.

Wasserman, S., Pattison, P. (1996) Logit models and logistic regressions for social
networks: I. An introduction to Markov graphs and p*. Psychometrika 61, 401-425.

Watson, J.E., Dudley, N., Segan, D.B., Hockings, M. (2014) The performance and
potential of protected areas. Nature 515, 67-73.

Waudby, H., How, T., Frazer, D., Obst, C., (2007) South Australian Recovery Plan Review
2007: Findings, Patterns and Recommendations., Report to the Federal Department
for Environment and Heritage, Canberra.

Weiner, B. J. (2009) A theory of organizational readiness for change. Implement Sci 4(1):
67.

Whitehead, A.L., Kujala, H., Ives, C.D., Gordon, A., Lentini, P.E., Wintle, B.A., Nicholson,
E., Raymond, C.M. (2014) Integrating biological and social values when prioritizing
places for biodiversity conservation. Conservation Biology 28, 992-1003.

Widmark, C., Sandstrom, C. (2012) Transaction costs of institutional change in multiple-
use commons: The case of consultations between forestry and reindeer husbandry in
Northern Sweden. Journal of Environmental Policy & Planning 14, 428-449.

Wiens, J.A. (1989) Spatial scaling in ecology. Functional Ecology 3, 385-397.

Wilbanks, T., Kates, R. (1999) Global change in local places: How scale matters. Climatic
Change 43, 601-628.

Wilson, J. (2006) Matching social and ecological systems in complex ocean fisheries.
Ecology and Society 11, http://www.ecologyandsociety.org/vol12/iss11/art28/.

Wilson, K.A., Carwardine, J., Possingham, H.P. (2009) Setting conservation priorities.
Annals of the New York Academy of Sciences 1162, 237-264.

117



Wilson, K.A., Evans, M.C., Di Marco, M., Green, D.C., Boitani, L., Possingham, H.P.,
Chiozza, F., Rondinini, C. (2011) Prioritizing conservation investments for mammal
species globally. Philosophical Transactions of the Royal Society B: Biological
Sciences 366, 2670-2680.

Wilson, K.A., McBride, M.F., Bode, M., Possingham, H.P. (2006) Prioritizing global
conservation efforts. Nature 440, 337-240.

Wilson, K.A., Meijaard, E., Drummond, S., Grantham, H.S., Boitani, L., Catullo, G.,
Christie, L., Dennis, R., Dutton, I., Falcucci, A., Maiorano, L., Possingham, H.P.,
Rondinini, C., Turner, W.R., Venter, O., Watts, M. (2010) Conserving biodiversity in
production landscapes. Ecological Applications 20, 1721-1732.

Wilson, K.A., Underwood, E.C., Morrison, S.A., Klausmeyer, K.R., Murdoch, W.W.,
Reyers, B., Wardell-Johnson, G., Marquet, P.A., Rundel, P.W., McBride, M.F.,
Pressey, R.L., Bode, M., Hoekstra, J.M., Andelman, S., Looker, M., Rondinini, C.,
Kareiva, P., Shaw, M.R., Possingham, H.P. (2007) Conserving biodiversity efficiently:
What to do, where, and when. PLoS Biology 5, 1850-1861.

Wilson, K.A., Westphal, M.I., Possingham, H.P., Elith, J. (2005) Sensitivity of conservation
planning to different approaches to using predicted species distribution data.
Biological Conservation 122, 90-112.

Williams, P.H., Moore, J.L., Toham, A.K., Brooks, T.M., Strand, H., D'Amico, J., Wisz, M.,
Burgess, N.D., Balmford, A., Rahbek, C. (2003) Integrating biodiversity priorities with
conflicting socio-economic values in the Guinean—Congolian forest region.
Biodiversity & Conservation 12, 1297-1320.

Wondolleck, J.M., Yaffee, S.L. (2000) Making collaboration work: Lessons from innovation
in natural resource management. Island Press, Washington, D.C.

Worboys, G., Francis, W.L., Lockwood, M. (2010) Connectivity Conservation
Management: A Global Guide. Earthscan, London.

Wyborn, C. (2011) Landscape scale ecological connectivity: Australian survey and
rehearsals. Pacific Conservation Biology 17, 121-131.

Wyborn, C., (2013) Collaboration across scales: the governance challenges of linking
landscapes, in: Fitzsimons, J., Pulsford, 1., Wescott, G. (Eds.), Linking Australia's
Landscapes: Lessons and Opportunities from Large-scale Conservation Networks.
CSIRO Publishing, pp. 267-276.

Wyborn, C. (2014) Cross-Scale Linkages in connectivity conservation: Adaptive
governance challenges in spatially distributed networks. Environmental Policy and
Governance, DOI: 10.1002/eet.1657.

Wyborn, C., Bixler, R.P. (2013) Collaboration and nested environmental governance:
Scale dependency, scale framing, and cross-scale interactions in collaborative
conservation. Journal of Environmental Management 123, 58-67.

Young, O. (2003) Environmental governance: The role of institutions in causing and
confronting environmental problems. International Environmental Agreements 3, 377-

393.
Young, O. (2006) Vertical interplay among scale-dependent environmental and resource
regimes. Ecology and Society 11,

http://www.ecologyandsociety.org/volll/iss11/art27/.

Young, O.R. (2002) The Institutional Dimensions of Environmental Change: Fit, Interplay,
and Scale. MIT Press, Cambridge, Massachusetts, USA.

118



Young, O.R., Schroeder, H., King, L.A., (2008) Institutions and Environmental Change:
Principal Findings, Applications and Research Frontiers. MIT Press, Cambridge, MA.

Zetterberg, A., Moértberg, U.M., Balfors, B. (2010) Making graph theory operational for
landscape ecological assessments, planning, and design. Landscape and Urban
Planning 95, 181-191.

Zimbardo, P.G., Leippe, M.R. (1991) The Psychology of Attitude Change and Social
Influence. Mcgraw-Hill Book Company.

119



Appendices

Appendix A — Supplementary Material Chapters 3, 4 and 5

Al. Social assessment methodology and data

Exploratory stage

The objective of the exploratory stage was to understand the aims, history and context of
the Gondwana Link large-scale conservation initiative, and to identify and generate data
about the relevant stakeholders and gain a general understanding about their objectives,
agendas, challenges, influence and relations. A further objective of this stage was to

determine the feasibility of the social network study.

Data were gathered through semi-structured interviews, internal documents, strategic
plans and public material (i.e. websites, reports). Semi-structured interviews can provide
valuable insight into the perceptions of selected study participants. It was ensured that
stakeholders with diverse views were included in the interview process. The questions that
guided the semi-structured interview process are shown in Table Al. The interviews were
used to understand the complex social environment surrounding conservation in the Fitz-
Stirling area (and adjacent areas). The particular aims were to 1) identify the stakeholder
playing a key role in the conservation of the Fitz-Stirling, 2) identify the main activities
carried out related to conservation of the Fitz-Stirling, 3) gain a sense of the diversity of
values driving conservation in the Fitz-Stirling, 4) determine the feasibility of gathering
social network data and determine an effective method for doing so, and 5) Identify an
initial list of stakeholders to be approached for completing the next research stage: the

guantitative stage (social network data gathering).

Stakeholder analysis methods were applied (Reed et al 2009, Varvasovszky and Brugha
200, Brugha & Varvasovszky 2000). Specifically, the ‘reputational approach’ or ‘key
informant approach’ was used to generate an initial, preliminary, list of stakeholders.
Informants were selected on the basis of their position and association with the Gondwana
Link initiative. It was ensured that all known stakeholder categories were represented in
the informant group. To complete the list of stakeholders (to be used in the quantitative
stage) interview participants were presented with the preliminary list and asked to add

stakeholders to which they had relationships that were relevant to the study (Marsden,
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2005). When a new stakeholder category was identified through this process they were
approached to complete an interview. This was done until no new stakeholder categories
could be identified. A total of 9 key stakeholder categories were identified (Figure Al). The
completed stakeholder list was used in the next research stage: the quantitative stage.

This list comprised 48 organisations.
Quantitative stage

Data collected in the exploratory stage informed the research design of the quantitative
research stage. This research stage had several objectives: to confirm perceptions
around challenges to conservation action implementation identified in the Qualitative
stage, to generate the data for the social-ecological analysis (including social network
data), and identify perceptions around collaboration. The questionnaire was conducted
online using the software Checkbox. To increase completion rate, additional contact
(through email and phone) preceded and followed the online questionnaire. Survey data

were collected between October 2011 and July 2012.

A stakeholder was deemed part of the network on the basis of their activities in the Fitz-
Stirling region. A stakeholder would be considered part of the network if they stated that
they had been involved, directly or indirectly, with any of the conservation activities listed in

Table A2, within the previous two years (see Table A3 for the specific question used).

Survey respondents were presented with the completed list of 48 organisations and asked
to recall if within the previous 2 years they had collaborated with any of the organisations
listed. They were also asked if they had collaborated with any landowners within the same

time period (see questions used in Table A4).

Survey respondents were asked to indicate on a map the vegetation patches in which they
applied their conservation and management activities (See Table A5) for the specific
guestion used). This data was used to determine the proportion of stakeholders working in

each vegetation cluster.

A total of 38 completed online questionnaires were obtained, representing the 9 key
stakeholder categories identified during the qualitative stage (Figure Al). A total of 19 of
the 48 identified organisations responded to the survey (40% response rate). The other 19
respondents were landowners. While 29 identified organisations did not respond to the
survey some of their collaborative relationships were identified through survey
respondents. The analytical method used treats network connections as a statistical
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sample, and hence robust conclusions can be draw from partial networks. Overall, the
network comprised a total of 205 collaborative relationships based on all activities
considered (Table A2).

Descriptive data

Figures A2 and A3 show the perceptions held by Fitz-Stirling stakeholders, on factors
influencing implementation of on-the-ground conservation activities (Figure A2), and on the
effects of collaborative relationships on the performance of on-ground activities (Figure
A3). Figure A4 show the perceptions held by Fitz-Stirling stakeholders of the value of
collaboration with government agencies. These results were used in the identification of

implementation capacity metrics (in Chapter 5).

Figures A5 to A9 show information describing the people who responded to the survey.
Half of the people who completed the survey where farmers; most of them dedicated to a
mix of livestock and crop production (74%), while others only did crop production (11%) or
only livestock (5%), and others stock agistment (5%) (Figure A5). All other stakeholder
categories where represented in the sample. The majority of respondents (67%) had been
working in natural resource management or conservation related activities in the Fitz-
Stirling for more than 5 years (Figure A6), and over half of those respondents who farmed
had done so for over 20 years (Figure A7). At the time of data collection, a third of the
respondents where between 46 to 55 years of age and only 10% of them where over 60
years of age (Figure A8). Around half of the respondents where affiliated to one or two
community groups, and 16% had no community group affiliations (Figure A9). Apart from
bush fire brigades, the Fitzgerald Biosphere Group was the most popular form of
membership, followed by Friends of the Fitzgerald River National Park and the Mallefowl

Preservation Group.

Figures A10 to Al12 show information on the activities stakeholders are involved with.
According to the survey results, conservation of the Fitz-Stirling is pursued through diverse
activities with fox control and revegetation amongst the most popular (Figure A10). In
addition, most stakeholders are involved with more than one type of activity, and the
average across all respondents was 4 activities (Figure A11). Some of the stated activities
under the “Other Activity” category included salt control, river health monitoring and
research on particular threatened species. There are diverse ways in which stakeholders
get involved conservation activities (Figure A12). The most common type of involvement

across all activities is in planning, management or coordination roles (Figure Al12). In
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addition, over half of the stakeholders are involved with on the ground implementation of

activities and a third with education or public awareness (Figure A12).

Table Al. Semi-structured interview guiding questions

1. What kind of activities do you undertake in relation to conservation in the Fitz-Stirling

e.g. habitat protection, revegetation.
2. What are the geographic area(s) where you undertake those activities?

3. What are you trying to achieve through your involvement with this activities? Why are

you doing it? What are the challenges?

4. Who are you collaborating with in undertaking such activities, and the nature of that

collaboration (e.g. formal agreements, funding, informal etc.)
5. Roughly how many people/organisations do you currently collaborate with?
6. How many more if you think about the last 2 years?

7. Can you give a rough indication of how many rangers/farmers/NGO
personnel/government personnel are working on habitat protection/revegetation/other

conservation activities in the Fitz-Stirling region?
8. What do you understand by revegetation?

9. What do you understand by habitat protection? What kind of activities do you think

fall into habitat protection?

10.Who do you think the key players are in relation to conservation activities such as
revegetation and habitat protection (those who contribute the most to

revegetation/habitat protection outcomes)

11.What are your perceptions of the collaboration network (pattern of relationships) that
currently exists around key conservation activities like revegetation and/or habitat
protection. Is it well connected or highly fragmented? Are there clearly defined

groups? If so, which? Are there opposing agendas? What are them?

12.What kinds of collaborations occur between individuals and organisations with
regards to activities like revegetation and/or habitat protection (or setting aside land

for conservation, fencing off vegetation). For example
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a. Individuals/organisations might coordinate the activities they are doing or
planning to do with other individuals/organisations, in terms of location, timing,

resources etc.

b. Others might enter into formal and informal agreements e.g. partnerships
where one party contributes money and another one the knowledge or on-
ground resources, or a landowner allowing an individual/organisation to come

into their property to do some kind of research or conservation activity.

c. How else can two individuals/organisations work together with regards to

revegetation activities?

d. How else can two individuals/organisations work together with regards to

habitat protection activities?

e. How else can two individuals/organisations work together with regards to other

conservation activities?

13.Who engages with planning activities for revegetation / habitat protection in your

organisation? Who does coordination/implementation?

14.1s it safe to assume that most landholders that do habitat protection/revegetation
activities on their land belong to a member based organisation such as “friends of”

groups and catchment groups?

15.Do you belong to any natural resource/conservation related groups/committees?

How many? Which ones?

16.Would you be willing to respond a survey either online or face-to-face in relation to
this subject? It will take around 15 min to complete. What would be your preference
(online, phone, face-to-face)?

Table A2. Conservation activities in the Fitz-Stirling

Types of conservation activity

Revegetation/restoration

Livestock management

Weed management
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Feral animal management
Fire management
Land use planning

Purchasing or setting aside land for conservation

Table A3. Survey question: network boundary question

“Over the past two years, have you been involved* in any of the following activities in

relation to the Fitz-Stirling bushland? (Please tick all that apply)”

* Your involvement may include, but is not restricted to: planning, coordination,
fieldwork/on-the-ground implementation, fundraising, provision of funding, research,

education, monitoring, survey work, or lobbying for any of these activities.

Revegetation or habitat restoration

Stock exclusion from bushland

Fencing off bushland and/or revegetation areas
Weed management (in bushland)

Erosion control (in bushland)

Fire management

Fox control

Other feral animal control

Purchasing or setting aside land for conservation
Land use planning and/or management

Other activity that relates to the conservation of Fitz-Stirling bushland

Table A4. Survey question: collaboration network

“This section relates to the people you have collaborated with in relation to the

conservation activities you have been involved with (in the Fitz-Stirling region)”.

“Over the past two years, have you collaborated* with any of the following organisations

when performing the activities you were involved with in the Fitz-Stirling region?

Select all that apply.”

125




*Collaboration might include: Sharing information or advice, coordinating activities,
working together, receiving or providing assistance, goods, services, technological or
financial resources, etc.

“Over the past two years, have you collaborated* with any landowners when performing

any of the activities you have been involved with in the Fitz-Stirling region?”

*Collaboration might include: Sharing information or advice, coordinating activities,
working together, providing assistance, goods, services, technological or financial

resources, etc.

Table A5. Survey question: location of activities

“This map below shows “areas of interest” of this research study.

If you undertake any activities in any of these areas please indicate so below by clicking
on the relevant options on the list shown.
Tick all that apply”

<PICTURE OF MAP>

Please tick on all areas that apply to your past (in the last two years) or current activities.
o Area a
oAreab
oAreac
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Figure Al. Fitz-Stirling stakeholder categories and their scale of interest.

Financial contraints 58%
Time constraints

Labour constraints (e.g. Staff)

Lack of knowledge/information
Attitudes towards conservaiton
Communication issues
Environmental threats

Lack of government/agencies support
Coordination issues

Participation issues

Conflicting values

Process issues

Complexity of problem

Individual characteristics

Other

Figure A2. Perceived barriers to conservation action implementation including
communication and coordination issues. Proportion of respondents who mentioned
each barrier - unprompted (n=33). Where time constraints barriers were mentioned, these
were strongly associated to workforce constraints (e.g. “Time - we do the work ourselves

so have to fit it in with normal farming work?”).
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Well above expectations i 8

Producing some results _ 38

Not effective at all _ 25

Figure A3. Perceptions on collaborations. Number of collaborations perceived as

delivering some, very good, or results above expectations to the particular activity
performed at a particular location n = 145.

Hi
valuable

3]

6%

Not

valuable 1 3%
at all

Figure A4. Perceptions on the value of collaboration with government agencies n =
31.
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WFarming
[CLacal council / Shire
Regional Matural

Resource Management
(RMRM)

W Non-for-ProfittNGO
.Educatiom‘Research
Org

DStage Government
agency

Eindependent Contractar

[Private company

Figure A5. Respondents’ organisational affiliation

Mone. "l am not involved
.wrth natural resource
management/conseryation

issues"
HEBetween 1 and five years
[CBetween five and ten years
Mmore than 10 years

Figure A6. Respondents years of involvement in natural resource management or

conservation related activities in the Fitz-Stirling
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Between 1+ and 5
.years

Between 5+ and 10
.years

Between 10+ and 20
Dyears
W More than 20 years

Figure A7. Respondents’ years of farming (Farmer category only)

W25-35 years of age
[36-45 years of age
[ 46-85 years of ags
W 56-65 years of age

[ Cver 65 years of age

Figure A8. Respondents’ age

130



Figure A9. Respondents’ number of community group memberships

Revegetation or habitat restoration 50%
Stock exclusion from bushland

Fencing off bushland and/or revegetation... 50%
Purchasing or setting aside land for...
Weed management (in bushland)
Erosion control (in bushland)

Fox control 55%

Other feral animal control

Land use planning and/or management

Fire management

OtherActivity

Figure A10. Percentage of stakeholders involved with each of the activities related
to the conservation of the Fitz-Stirling Bushland
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2071

Percent of respondents

MNo. of activities

Figure A11. Number of activities stakeholders are involved with. The red vertical line

represents the mean result for all respondents.

Planning, management or coordination

Fieldwork / on-the-ground implementation 61%

Research (e.g. Monitoring, surveys)

Education / Public awareness

Lobbying / Promotion

Fundraising

i Proportion of
8% i stakeholders for each
i type of involvement

Provision of funds / donation

Other type of involvement 8%

Figure A12. Ways in which stakeholders get involved in conservation related

activities
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A2. Fitting the Exponential Random Graph Model

To fit the exponential random graph model (ERGMs) the computer package pNet (Wang et
al., 2009) was used. A systematic approach was followed to incrementally simplify from a

model containing all possible parameters.

The first step was to build a model containing the “collaboration type” configurations, which
represented coordination and cooperation (see Figure 3.3 in section 3.3.4). This simple
model is shown in Table A5, and shows significant and positive parameter values for the
coordination configurations for the all-activities, revegetation and feral animal control

networks.

The second step was to fit a model that contained the simple model plus the configurations
representing within-scale and cross-scale interactions (see Figure 3.3 in section 3.3.4 and
Table A6).

The third step was to re-fit the model adding the configuration representing a scale-
bridging role (see Figure 3.3 in section 3.3.4, Table A7).

To help fit the models all of the models include an additional baseline parameter
(configuration D3 in pNet nomenclature). The models for the invasive animal control
network also include the 2-star configuration. These are baseline parameters that helps
explain the overall structure of the networks. To avoid confusion | only show the

parameters relevant to my analysis.

At each step | used goodness-of-fit procedure to generate 1000 random graphs from the
model parameters. | compared the configuration counts between the random graphs and
the observed data. T-tests show no statistical difference between the observed
configuration counts and those from the random graphs, with values between 1 and -1
(Table A5, A6 and A7). This means the models describe the observed distribution of

configurations well, even for those configurations not included in the model.
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Table A6. Step 1 models for the all-activities (A), revegetation (B) and pest animal control

networks (C) estimated as Exponential Random Graph Models using pNet, with fixed

Densities of 0.0574, 0.0218 and 0.0176.

All-activities network

Form of collaboration Configuration

Parameter

Observed counts

estimates (t-stat) (t-stat”)
Coordination % % 0.4744 (1.89)" 587 (-0.16)
.0.2092 (-2.19)* 256 (-0.18)

Cooperation

O

Revegetation network

Form of collaboration Configuration Parameter Observed counts
estimates (t-stat) (t-stat’)

Coordination % 1.0221 (3.89)** 193 (0.09)

Cooperation -0.0342 (-0.17) 78 (0.09)

S

Feral animal control network

Form of collaboration Configuration

Parameter

estimates (t-stat)

Observed counts
(t-stat")

Coordination

—
=

Cooperation

0.7971 (2.85)*

-0.5558 (-2.18)*

182 (-0.21)

46 (-0.18)

AI*[** shows 90/95/99 % significance for the parameters. 'T tests compare observed

configuration counts against simulation means.
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Table A7. Step 2 models for all-activities (A), revegetation (B) and pest animal control

networks (C) estimated as Exponential Random Graph Models using pNet, with fixed
Densities of 0.0574, 0.0218 and 0.0176 respectively.

All-activities network

Form of collaboration

Configuration

Parameter

Observed counts

estimates (t-stat) (t-statt)
Coordination §><§ 0.002 (0.01) 587 (0.03)
Cooperation % 0.0117 (0.16) 256 (-0.01)
Parameter Observed counts

Mode of interaction

Configuration

estimates (t-stat) (t-stat)
Within-scale (Property) -0.4034 (-0.75) 5 (-0.01)
Within-scale (Sub-regional) -1.8191 (-4.57)** 13 (-0.02)
*—o
Within-scale (Supra-regional) 0.9119 (3.37)** 49 (-0.02)
Cross-scale (Property) 0.0149 (0.16) 73 (0.02)
Cross-scale (Sub-regional) o—© 0.5588 (4.29)** 142 (0.002)
Cross-scale (Supra-regional) -0.288 (-2.61)** 195 (-0.01)
Revegetation network
Parameter Observed counts

Form of collaboration

Configuration

estimates (t-stat) (t-stat’)
Coordination % ﬁ 1.0296 (3.94)** 193 (-0.01)
Cooperation -0.0327 (-0.18) 78 (0.02)

O
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Parameter Observed counts

Mode of interaction Configuration
estimates (t-stat) (t-stat’)
# #

Within-scale (Property) * N/A™ NIA 0 (-1.00)
Within-scale (Sub-regional) -0.9464 (-1.47) 7 (0.06)

*—9
Within-scale (Supra-regional) 0.6114 (1.31) 17 (0.07)
Cross-scale (Property) -0.0148 (-0.16) 31 (-0.14)
Cross-scale (Sub-regional) 0.2499 (1.27) 54 (0.02)

e —O
Cross-scale (Supra-regional) -0.1291 (-0.72) 71 (0.09)
Animal pest control network
Form of collaboration Configuration Parameter Observed

estimates (t-stat)  counts (t-stat")

Coordination E% 0.7611 (3.37)* 182 (-0.06)
Cooperation > -0.4233  (-2)* 46 (-0.03)

Mode of interaction Configuration Parameter Observed

estimates (t-stat)  counts (t-stat")

# #
Within-scale (Property) * N/A™ N/A 0 (-0.55)
Within-scale (Sub-regional) -3.2652 (-4.2)** 5 (0.03)
| FrEreens
Within-scale (Supra-regional) 24439  (3.6)** 11 (-0.16)
Cross-scale (Property) 3.3899 (19.84)** 26 (0.21)
Cross-scale (Sub-regional) o o 5.2282 (14.06)** 53 (0.12)
Cross-scale (Supra-regional) 2.945 (13.27)* 47 (-0.19)

A%+ shows 90/95/99 % significance for the parameters. T T tests compare observed
configuration counts against simulation means. * One parameter could not converge as

there are no instances of this configuration in the observed network.
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Table A8. Step 3 models for all-activities (A), revegetation (B) and pest animal control

networks (C) estimated as Exponential Random Graph Models using pNet, with fixed

Densities of 0.0574, 0.0218 and 0.0176 respectively.

All-activities network

Form of collaboration Configuration Parameter

estimates (t-stat)

Observed
counts (t-stat")

Coordination % % 0.3965 (1.84)" 587 (-0.03)
Cooperation » -0.1876 (-1.91)" 256 (-0.02)
Parameter Observed

Mode of interaction Configuration
estimates (t-stat)

counts (t-stat")

Within-scale (Property) -0.275 (-0.52) 5 (0.05)
Within-scale (Sub-regional) g iy -1.8257 (-4.2)** 13 (0.06)
Within-scale (Supra-regional) 0.9977 (3.59)** 49 (-0.04)
Cross-scale (Property) 0.3267 (3.1)* 73 (0.04)
Cross-scale (Sub-regional) " 5 0.7961 (5.22)** 142 (0.04)
Cross-scale (Supra-regional) -0.0104 (-0.08) 195 (-0.04)
Scale-bridging (Property) 0.0411 (2.89) 283 (0.07)
Scale-bridging (Sub-regional) O——@&—0O 0.0538 (4.65)** 514 (0.05)
Scale-bridging (Supra-regional) 0.0453 (5.03)** 1845 (-0.04)
Revegetation network

Parameter Observed

Form of collaboration Configuration
estimates (t-stat)

counts (t-stat")

Coordination % 1.0822 (4.01)*
Cooperation » -0.033 (-0.15)

193 (-0.02)

78 (0.04)
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Mode of interaction

Configuration

Parameter

estimates (t-stat)

Observed
counts (t-stat")

# #
Within-scale (Property) * N/A™ N/A 0 (-1.07)
Within-scale (Sub-regional) R -0.9841 (-1.59) 7 (-0.04)
Within-scale (Supra-regional) 0.6255 (1.17) 17 (0.04)
Cross-scale (Property) -4.0711 (-25.23)** 31 (-0.06)
Cross-scale (Sub-regional) n ~ -3.9261 (-17.9)** 54 (-0.02)
Cross-scale (Supra-regional) -4.1462 (-17.56)** 71 (0.06)
Scale-bridging (Property) 0.088 (1.92)% 80 (-0.05)
Scale-bridging (Sub-regional) o—e— 0.1175 (6.89)** 175 (0.1)
Scale-bridging (Supra-regional) 0.084 (2.56)* 271 (0.05)
Animal pest control network

Parameter Observed

Form of collaboration

Configuration
estimates (t-stat)

counts (t-stat")

Coordination E >< E 1.0958 (3.74)** 182 (0.19)
Cooperation % -0.3337 (-1.18) 46 (0.26)
Parameter Observed

Mode of interaction

Configuration
estimates (t-stat)

counts (t-stat")

Within-scale (Property) *
Within-scale (Sub-regional)

Within-scale (Supra-regional)

N/A*  N/A7

-3.4069 (-3.97)**
*—o

2.1195 (2.55)*

0 (-0.75)

5 (0.19)

11 (-0.07)
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Cross-scale (Property) 3.8099 (7.96)™ 26 (0.13)
Cross-scale (Sub-regional) e—O 2.548 (5.75)** 53 (0.26)
Cross-scale (Supra-regional) 0.8853 (2.54)* 47 (-0.24)
Scale-bridging (Property) -1.8949 (-3.83)™ 9 (0.13)
Scale-bridging (Sub-regional) O——@—0O -0.0392 (-0.24) 459 (0.23)
Scale-bridging (Supra-regional) -0.0454 (-0.27) 180 (-0.39)

A%[** shows 90/95/99 % significance for the parameters. T T tests compare observed

configuration counts against simulation means. * One parameter could not converge as

there are no instances of this configuration in the observed network.
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Appendix B — Glossary of Terms

Conservation planning: a mechanism used to make decisions about how best to respond

to threats affecting biodiversity decline.

Conservation stakeholders: all individuals and organisations that have an interest or

concern in conservation endeavours.

Environmental governance systems: The set of formal and informal rules, rule-making
systems, mechanisms, and organisations (and actor-networks), through which actors

influence environmental actions and outcomes.

Governance: the process of guiding societies towards outcomes that are socially beneficial

and away from outcomes that are harmful.

Governance actors: all individuals and organisations who have a role in environmental

governance.

Institutions: the norms, rules, rights and decision making processes designed to shape
human behaviour. Institutions include rules, laws, constitutions and informal constraints

such as norms of behaviour, conventions, and self-imposed codes of conduct.

Problem of fit: when governance systems do not fit or match the characteristics of the

biophysical system.

Scale mismatch: A scale mismatch occurs when the scales for planning and implementing

conservation actions do not match the scale of biophysical processes.
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