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Foreword

Why should we care at all about resilience? The biosphere — the sphere
of life —is the living part of the outermost layer of our rocky planet, the
part of the Earth's crust, waters and atmosphere where life dwells. It is
the global ecological system integrating all living beings and their
relationships. Humans are embedded parts of the biosphere and shape
it, from local to global scales, from the past to the future. At the same
time humans are fundamentally dependent on the capacity of the
biosphere to sustain development. Humanity is indeed an embedded
part of the biosphere shaping and reshaping its environment. In this
sense humanity co-evolves with the planet and our beliefs,
perceptions, choices and actions shape our future in the biosphere.
Fundamental issues for humanity like democracy, health, poverty,
inequality, power, human rights, security and peace all rest on the life-
support capacity and resilience of the biosphere.

The situation of the Anthropocene — where the biosphere is
shaped by humanity from local to global levels — reinforces that there
are no ecosystems without people and no human development
without support from the biosphere, hence, social-ecological systems.
Humans and nature are truly intertwined and ecosystem services are
critical for well-being. Analysing the world from historical, economic,
geographical, ecological or other disciplinary approaches will provide
bits of the puzzle. But, in the Anthropocene, the scale, speed and
connectivity of human actions interact with the dynamics of the Earth
system in new ways, which call for new understanding, new
integrated approaches and collaborations across disciplines.
Analysing situations of incremental change and assuming a stable
environment is no longer the most fruitful way to understand the
world and improve the human predicament. Viewing the world as a

XixX
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complex system is a more recent and promising approach that is
emerging across the disciplines, including social and natural sciences
as well as the humanities, and also the foundation of this book.

Reinette (Oonsie) Biggs, Maja Schliter and Michael Schoon have
done an excellent job pushing the frontier of sustainability science and
resilience thinking by orchestrating the inspiring chapters of
Principles for Building Resilience: Sustaining Ecosystem Services in
Social-Ecological Systems into a coherent and significant book. The
book has the biosphere and a complex systems approach as the
foundation for understanding social-ecological systems and
resilience.

Resilience as used here is about having the ability to live with
change, and develop with it. It is about cultivating the capacity to
sustain development in the face of change, incremental and abrupt,
expected and surprising. Resilience is about persisting with change on
the current path of development, improving and innovating on that
path. Sometimes actions lead to path dependency and to traps that
are difficult to get out of. The resilience of the system has become
too robust and too rigid. In such situations the challenge is to
reduce resilience and try to shift away from the current path into
new ones. Sometimes those shifts may be smooth, other times
revolutionary.

Shifts between states and development pathways are at the core
of resilience research. In research on social-ecological systems and
resilience, adaptation refers to human actions that sustain
development on the current pathway, while transformation is about
shifting development into new pathways and even creating new
pathways. Deliberate transformation involves breaking down the
resilience of the old and building the resilience of the new. A shifting
pathway does not take place in a vacuum. It draws on resilience from
multiple scales and diverse sources, making use of crises as windows
of opportunity, recombining experience and knowledge, learning with
change, and governing transformations for innovative pathways in
tune with the resilience of the biosphere.
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This is the very focus of Principles for Building Resilience:
Sustaining Ecosystem Services in Social-Ecological Systems. The book
investigates a set of propositions for general features of resilience in
relation to uncertainty. It is about how to deal with an uncertain future
in relation to diverse pathways, and thresholds and tipping points
between them. The authors expand on the significant paper ‘“Toward
principles for enhancing the resilience of ecosystem services’, which
was published in Annual Review of Environment and Resources in
2012, led by Reinette (Oonsie) Biggs and Maja Schliiter. The paper
identified seven generic principles for enhancing the capacity of social-
ecological systems to continue delivering desired sets of ecosystem

services in the face of disturbance and ongoing change:

e maintain diversity and redundancy;

® manage connectivity;

¢ manage slow variables and feedbacks;

e foster an understanding of social-ecological systems as complex adaptive
systems;

e encourage learning and experimentation;

¢ broaden participation; and

e promote polycentric governance systems.

It then critically reviewed evidence in support of each of these
principles. In doing so, the paper attempted to bring together some
very different strands of resilience research, specifically in relation to
the implications of the findings for managing ecosystem services.
The book is a major and comprehensive extension of the
insights and findings of the general resilience principles paper. It
brings together different disciplinary traditions and strands of
resilience work in an interdisciplinary and coherent way. The authors,
engaged with research groups, centres and institutes of the Resilience
Alliance, have operated as a team, developing a common conceptual
framework and approach to a deep investigation of the principles.
Work on resilience has exploded in the last decade. Resilience is

used in many different areas and disciplines and sometimes interpreted
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in ways to fit old paradigms and discourses. In contrast, what is beautiful
here is that the foundation of this book recognizes that humanity is an
embedded part of the biosphere and is dependent on its life-supporting
environment generating essential ecosystem services as a precondition
for societal development and progress. It is explicit about the challenges
of the Anthropocene, with human well-being and ecosystem service
trade-offs occurring across spatial and temporal scales, being co-produced
by social-ecological systems, and accounting for issues of power and
equity in this context. In particular, given the proliferation of resilience-
related research the attempt to systematically assess and critically
evaluate empirical evidence in support of the seven propositions and
claims that have been put forward as underlying principles for building
resilience in social-ecological systems is of great value.

The turbulent times in which we live open up space for new
ways of thinking and action that take complexity seriously. This book
is a manifestation of the situation, with authors collaborating in and
integrating diverse disciplines and knowledge systems, and taking on
the search for understanding the complexity and dynamics of social-
ecological systems together with the challenges of biosphere
stewardship. The book provides an exciting, coherent and in-depth
review of the state of understanding on how different key factors affect
the resilience of social-ecological systems. It nicely discusses the
practical application of these principles and lays out further research
needs in relation to managing and governing ecosystem services for
human well-being. It is an excellent contribution to the frontier of
resilience research and sustainability science. Every chapter is worth
diving deep into, reflecting upon and rethinking. The book will no

doubt be a source of inspiration for many.

Carl Folke

Director of the Beijer Institute, Royal Swedish
Academy of Sciences; Founder and Science
Director of the Stockholm Resilience Centre,
Stockholm University
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I Anintroduction to the resilience
approach and principles
to sustain ecosystem
services in social-ecological
systems

Reinette Biggs, Maja Schliiter and
Michael L. Schoon

SUMMARY

A major challenge of the twenty-first century is ensuring an adequate
and reliable flow of essential ecosystem services to meet the needs of the
world's burgeoning and increasingly wealthy population. This challenge
needs to be addressed in the face of rapidly changing social, technologi-
cal and environmental conditions that characterize the world today.
Social-ecological resilience is one fast-growing approach that attempts
to inform this challenge and provide practical guidance to decision-
makers and practitioners. The resilience approach views humans as
part of the biosphere, and assumes that the resulting intertwined
social-ecological systems behave as complex adaptive systems —
i.e. they have the capacity to self-organize and adapt based on past
experience, and are characterized by emergent and non-linear behaviour
and inherent uncertainty. A rapidly growing body of research on resi-
lience in social-ecological systems has proposed a variety of attributes
that are important for enhancing resilience. This book aims to critically
assess and synthesize this literature. In this chapter we introduce the

resilience approach and the process by which we identified seven

Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
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Press. © Cambridge University Press 2015.
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generic principles for enhancing the capacity of social-ecological
systems to produce desired sets of ecosystem services in the face of

disturbance and change.

I.I CHALLENGES OF A RAPIDLY CHANGING WORLD

We live in an era of rapid and unprecedented change. The past century
has seen the mass production and adoption of motor cars and tele-
phones, a 15-fold increase in the global economy, large-scale conversion
of land to agriculture and an increase in the global population from 1.6
billion people in 1900 to over 7 billion in 2011 (MA 2005a; Steffen et al.
2007) (Fig. 1.1). Despite ongoing challenges with addressing poverty,
these rapid changes have brought huge benefits and dramatic improve-
ments to many people's lives, particularly since the end of the Second
World War in 1945 (MA 2005a; Steffen et al. 2007). Tellingly, for
most of human history the average life expectancy was 20-30 years,
reflecting the combined effects of poor nutrition, disease and warfare,
especially on infant survival (Lancaster 1990). In 1900, the average
global life expectancy still stood at 31 years, but by 2010 it had reached
67 years (CIA 2013), and is predicted to continue increasing and level off
somewhere below 100 years (UN 2004). Millions of people today have
access to a huge variety of goods, health, mobility and comforts that
even kings and queens could not have dreamed of just a century ago.
However, there are growing concerns about whether these
massive strides in human well-being can be sustained, and particu-
larly whether substantially improving the lives of the 2.4 billion
people who still live in poverty (World Bank 2014), as well as meeting
the needs of the additional 1.5-2.5 billion people that are expected to
join us on the planet by 2050 (UN 2013), is possible given the current
trends of environmental degradation and change (MA 20053;
Intergovernmental Panel on Climate Change (IPCC) 2014). Despite
huge technological advances, people still ultimately depend largely on
nature for a variety of essential needs, including fresh air, clean water
and food, protection from hazards such as droughts and storms, and a
wide variety of cultural, spiritual and recreational needs that play a
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FIG. 1.1 Substantial increases in human activity have occurred over the
past century, particularly since the end of the Second World War in 1945,
with substantial impacts on the Earth's environment and functioning.
These changes and impacts have often been even more pronounced in
particular places and regions. From Steffen et al. (2011).

key role in human well-being (MA 2005a). Such benefits derived from
the interaction of people with nature are known as ecosystem services
(Ernstson 2013; Reyers et al. 2013; Huntsinger and Oviedo 2014).
There is growing evidence that the massive scale and extent of
human activities such as agriculture, transport and release of novel
chemicals are undermining the capacity of nature to generate key
ecosystem services on which we depend (MA 2005a; IPCC 2014). For
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example, more than 50% of inland waters (excluding lakes and rivers)
have been lost in parts of North America, Europe and Australia due to
changes in land cover, drainage, infilling, invasive species and the
effects of pollution, salinization and eutrophication (Finlayson et al.
2005). The cumulative impact of such activities on the biosphere - the
thin layer of the Earth's surface and atmosphere that supports all life
on Earth - is affecting the functioning of the planet, not just at local
and regional scales, but at global scales (Steffen et al. 2004). Climate
change provides a premier example. It is now well established scien-
tifically that rising atmospheric carbon dioxide levels resulting from
anthropogenic fossil-fuel combustion and land clearing are changing
rainfall and temperature patterns around the world and leading to an
increased incidence of extreme events such as droughts and storms
(IPCC 2014). These changes are impacting food security, disease pre-
valence and infrastructure, as well as impacting traditional lifestyles
and cultural practices that shape people's identity. They therefore
pose direct threats to human security and well-being (IPCC 2014).
The profound shift to today's situation where human activities
fundamentally shape the functioning of the planet, not just at local
and regional scales but globally, has been suggested to mark a new
geological era in the history of the Earth: the Anthropocene (Crutzen
and Stoermer 2000). For most of human history, people had limited
and localized impacts on the Earth's environment. If the environment
became too degraded to support a community, people could usually
move elsewhere (Diamond 2004). This started to change, however,
with the onset of the industrial era in the 1800s. Particularly since the
1950s, human activities have been substantially impacting not just
local and regional environments, but planetary functioning at a global
scale (Steffen et al. 2007). This scaling up of the impact of human
activities and the consequent changes to the functioning of the Earth
system potentially have far-reaching and substantial consequences for
the provision of key ecosystem services on which humanity depends.
A variety of novel and unpredictable effects that are difficult for

society to cope with are of particular concern. Effects such as
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climate change, biodiversity loss, and changes in nutrient cycles are
increasing the incidence of highly disruptive and unpredictable shocks
such as large storms and disease outbreaks (MA 2005a; IPCC 2014).
Human-induced changes to the environment are also increasing the
potential for crossing critical thresholds or tipping points that could
lead to large, non-linear and potentially irreversible changes at local
through global scales, such as the death of coral reefs, shifts in regional
monsoon rainfall patterns or collapse of the Greenland ice sheet (MA
2005a; Rockstrom et al. 2009; Barnosky et al. 2012). Beyond these
somewhat known effects, our impacts on the environment are leading
to completely novel changes that are very difficult to anticipate, and
could have dramatic impacts on a variety of ecosystem services. The use
of chlorofluorocarbons (CFCs) in refrigerators that led to the creation
of the ozone hole is one example (Farman et al. 1985). Other examples
include the potential emergence and spread of new diseases such
as severe acute respiratory syndrome (SARS), or the potential
consequences of nuclear proliferation and massively increased global
connectivity and trade on the environment (Martin 2007).

The challenge of ensuring human well-being in the face of these
rapid, ongoing changes to the environment and human society, and
the substantial uncertainties they are generating, has given rise to a
variety of new approaches and types of science (Gibbons et al. 1994;
Funtowicz et al. 1999). One of these is the resilience approach (Walker
and Salt 2006; Folke et al. 2010), which falls within the broad
emerging field of sustainability science, a new research area that
seeks to understand the interactions between nature and society in
order to inform pressing sustainability challenges (Kates et al. 2001;
Clark and Dickson 2003). Fundamental to the resilience approach is
the assumption that people are embedded in the biosphere at local to
global scales, where they interact with and help shape their environ-
ment, and are intricately dependent on it for a variety of ecosystem
services that underpin human well-being (Berkes and Folke 1998;
Berkes et al. 2003; Walker and Salt 2006). Resilience studies therefore
focus largely on the study of intertwined social-ecological systems
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(SES). These SES are assumed to behave as complex adaptive systems
(CAS), i.e. they have the capacity to self-organize and adapt based on
past experience, and they are characterized by emergent and
non-linear behaviour, and generate substantial and sometimes irredu-
cible uncertainties (Norberg and Cumming 2008). The resilience
approach focuses specifically on the capacity of SES to deal with
change in these kinds of systems. This includes not only recovery
from unexpected shocks and avoiding undesirable tipping points,
but also the capacity to adapt to ongoing change and fundamentally
transform SES if needed (Walker et al. 2004; Folke et al. 2010).

Over the past two decades the resilience approach has attracted
increasing attention, and there has been an explosion of research into
system attributes that may promote or undermine the resilience of
ecological systems, social systems and SES, and the ecosystem services
upon which society depends (Gunderson and Holling 2002; Berkes et al.
2003; Walker and Salt 2006; Chapin et al. 2009; Boyd and Folke 2011).
Given the diversity of potential attributes that affect resilience in SES,
this research has drawn on a wide range of disciplines, including the
social, economic, political and ecological sciences. A variety of poten-
tial factors have been proposed as key to building resilience based on
theoretical and empirical research across a range of systems and case
studies (Anderies et al. 2006; Walker and Salt 2006; Walker et al. 2006;
Ostrom 2009). The diversity of disciplines and strands of resilience
work involved has, however, led to a somewhat dispersed and fragmen-
ted understanding of the importance of different factors in different
contexts. This fragmentation is limiting a coherent understanding of
what factors are likely to be important for building resilience in a
particular social-ecological setting, and how these factors can be
practically operationalized to better manage SES in support of human
well-being and long-term social and environmental sustainability.

This book aims to address this gap and help make sense of the
large and growing body of work on resilience to identify key underlying
principles for building resilience, and how these may be practically
applied in real-world settings to advance sustainability. The book
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builds directly on an earlier review paper (Biggs et al. 2012b) that
critically evaluated empirical evidence in support of various proposi-
tions and claims of factors that promote resilience of ecosystem
services. We define resilience of ecosystem services as the capacity of
SES to continue providing desired sets of ecosystem services in the face
of unexpected shocks as well as ongoing change and development.
Based on the paper and the work in this book we identify seven general
principles for enhancing resilience of ecosystem services produced by
SES: (P1) maintain diversity and redundancy, (P2) manage connectivity,
(P3) manage slow variables and feedbacks, (P4) foster CAS thinking, (P5)
encourage learning and experimentation, (P6) broaden participation and
(P7) promote polycentric governance systems. These principles form
the seven core chapters of the book, and throughout we cross-reference
these chapters by their principle number and name (e.g. P1 — Diversity).

The first two chapters set the stage for the book. In this chapter
we introduce the resilience approach, including its underlying rationale
and assumptions. We introduce the concept of ecosystem services as a
critical integrator between people and nature, and a potential focus for
resilience-building initiatives and SES stewardship. Finally, we describe
the process by which we identified the seven principles that form the
core of this book. Before discussing the individual principles, Chapter 2
considers the social and political dimensions of ecosystem services,
emphasizing that before applying any of the principles it is critical to
reflect on which ecosystem services are the focus for resilience-building

initiatives and who benefits and loses from these choices.

I.2 THE RESILIENCE APPROACH

Resilience is a perspective for the analysis of SES that emphasizes the
need to understand and manage change, particularly unexpected
change. Like other approaches within the sustainability science
field, resilience studies are fundamentally problem-driven and inte-
grate a variety of disciplinary approaches and perspectives to help
address the considerable sustainability challenges facing society.
The human-environment interactions at the core of sustainability



8 BIGGS, SCHLUTER AND SCHOON

science studies are, however, being conceptualized in a variety of
ways, ranging from relatively loose links to strong interactive feed-
backs between social and ecological system components. The resili-
ence approach falls at the latter end of this spectrum.

Fundamental to the resilience approach is the notion that
human society is embedded in and part of the Earth's biosphere. In
this view, humans and nature are truly intertwined and interdepen-
dent: human action shapes ecosystem dynamics from local to global
scales, while human societies rely on a wide variety of ecosystem
services generated by SES for their well-being, including spiritual
and psychological well-being (Folke 2006; Folke et al. 2011). In the
resilience perspective, the SES resulting from these interactions are
not seen as social plus ecological systems. Instead, they are seen as
cohesive systems in themselves that occur at the interface between
social and ecological systems, characterized by strong interactions
and feedbacks between social and ecological system components
that determine the overall dynamics of the SES (Fig. 1.2) (Folke et al.

SOCIAL-ECOLOGICAL SYsTE),

Ecological ol ; Social
. feedbacks ‘ Soch:L di(ﬁzglcal feedbacks

N

FIG. I.2 Inthe resilience approach, SES are not simply seen as social plus
ecological systems. Rather they are viewed as systems centred on the
feedbacks between ecological (grey) and social (white) system
components, which lie at the interface of social and ecological systems.
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2010). A resilience approach thus moves beyond viewing humans as
external drivers of ecosystem dynamics, as common in ecology or
natural resource management, or natural resources as rather simple
and constant inputs to production processes, as in economics. Instead
it adopts an integrative analysis of complex interdependencies of
actors, institutions and ecosystems across multiple scales
(Gunderson and Holling 2002; Ostrom 2009; Boyd and Folke 2011).

Perhaps further setting it apart from several other approaches,
the resilience perspective fundamentally assumes that SES behave as
CAS (Folke 2006; Levin et al. 2013). In other words, SES have the
capacity to self-organize and adapt or learn in response to internal or
external disturbances and changing conditions, and are characterized
by non-linear dynamics (Gros 2008). SES are seen as continuously
evolving entities, with ongoing change arising from social-ecological
interactions in the system, constrained and shaped by a given social-
ecological setting (Gunderson and Holling 2002; Folke 2006).
The diversity of SES components is seen as essential for this
self-organizing ability as heterogeneity provides a source of variation
for adaptation (P1 — Diversity) (Levin 1999). However, given the nature
of SES as CAS, change is not uniform and continuous. Rather,
periods of gradual change can be interrupted by rapid and sudden,
often unexpected change (P3 - Slow variables and feedbacks)
(Holling 2001).

From a resilience perspective, change is therefore an inherent char-
acteristic of SES. The resilience approach views disturbance and change
not necessarily as something negative that should be avoided, but as an
inherent feature of SES that presents ongoing opportunities for renewal
and improvement (Gunderson et al. 1995; Holling 2001; Gunderson and
Holling 2002). Shocks, disturbance and crises are seen as particularly
important in opening up opportunities for reorganization. These oppor-
tunities are shaped by the conditions and dynamics of systems at both
smaller and larger scales (Gunderson et al. 1995; Gunderson and Holling
2002). A resilient SES is seen as a system that persists and maintains its
capacity to sustain ecosystem services and human well-being in the
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face of disturbance, both by buffering shocks but also through adapting
and reorganizing in response to change (Walker et al. 2004; Folke et al.
2010). Resilience thus deals with the tension between persistence and
change, i.e. on the one hand understanding and managing the capacity to
absorb shocks and maintain function, but on the other hand also to
maintain the capacity for renewal, reorganization and development at a
variety of scales (Folke 2006).

Changes in SES are understood to take place at a variety of
interlinked organizational, spatial and temporal scales, with some
changes occurring slowly and others faster. Interactions between
individual SES components at lower scales or levels give rise to the
macro-scale properties of the system, which are often emergent
features that are not predictable from the lower-level components
or interactions. For example, mechanization encouraged the cultiva-
tion of marginal land by individual farmers on the US Great Plains in
the 1920s. When a severe drought struck in the 1930s, the amount of
bare land was so extensive that it gave rise to massive dust storms
never previously seen in the region (Peters et al. 2008). Such macro-
scale conditions in turn affect local-level processes and actions
(Gunderson and Holling 2002; Norberg and Cumming 2008). In the
case of the US Dust Bowl, this led to severe soil erosion, human
health impacts and the abandonment of farms by tens of thousands
of families (Worster 2004). This example illustrates how processes at
different scales in an SES can interact and lead to unexpected out-
comes. Policies based only on local-scale dynamics can lead to wrong
judgements about the macro-scale state of an SES, and inappropriate
actions, and vice versa. The emergence of such macro-scale beha-
viour, interacting timescales and complex interactions and feed-
backs across scales make the behaviour of SES inherently difficult
to predict. Analysing and modelling SES with simple linear and
reductionist dynamics, as has been common for example in main-
stream economics, often gives a misleading representation of how
SES work, with substantial implications for ecosystem management

policy and practice (Levin et al. 2013).
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In particular, interactions between SES components can cause
non-linear dynamics, multiple stability domains and unexpected,
rapid change. Feedbacks that lead to accelerating effects can cause a
system to shift from one domain to another, undergoing a so-called
regime shift (P3 — Slow variables and feedbacks). Regime shifts are
large, persistent and often abrupt changes in the structure and
dynamics of SES that occur when there is a reorganization of the
dominant feedbacks in a system (Scheffer et al. 2001; Scheffer 2009).
The iconic example is lakes shifting from a clear to turbid water
regime, with marked impacts on ecosystem services such as drinking
water and water-based recreation (Carpenter 2003). Regime shifts
usually occur due to a combination of a shock (e.g. large rainstorm)
and gradual changes in slow variables (e.g. nutrient accumulation)
that erode the strength of the dominant feedback processes in an
SES. When a critical threshold is crossed, a different set of feedbacks
becomes dominant and the system reorganizes, often abruptly, into a
new regime with a different structure and dynamic (Biggs et al. 2012a).
Feedbacks can also generate traps that keep the system in an undesir-
able regime leading to increasing degradation of ecosystem services
(Enfors 2013). For instance, feedbacks in European fisheries generated
by subsidies and technological development have resulted in over-
capacity and political pressure for short-term decision-making and
unsustainable quotas that keep the system trapped in a cycle of over-
exploitation (Osterblom et al. 2011). Ignoring non-linearities and the
potential for traps and regime shifts in SES risks implementing inap-
propriate policies; for instance, extraction rates that are too high and
lead to a regime shift (Levin et al. 2013).

In a globalizing world there are an increasing number of cross-
scale links and feedbacks generated by flows of people, resources
and information that connect distant people and places (Adger et al.
2009). These new interactions across multiple scales are reshaping the
capacity of biophysical systems to sustain human well-being (P2 —
Connectivity) (Biggs et al. 2011; Folke et al. 2011) and increasing the
potential for regime shifts (MA 2005a). For example, global market

II
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demands now significantly shape local exploitation patterns (e.g. land
use, water use and use of marine resources), which can lead to sig-
nificant landscape-level changes such as fragmentation or degradation
(Lambin et al. 2003; Berkes et al. 2006), which in turn have various
non-linear effects on biodiversity and ecosystem services. The
development of institutions to deal with these new connections
often cannot keep pace, resulting in severe overexploitation (Walker
et al. 2009; Galaz et al. 2012; Galaz 2014). Similarly, global changes
such as changes in rainfall variability are leading to local changes in
the frequency of natural disasters that affect food production, trade
and possibly socio-political stability (Fraser and Rimas 2010).

In summary, the resilience approach assumes a strong interde-
pendence and level of interaction between social and ecological
systems, and that the resulting SES behave as CAS, which may be
subject to abrupt, non-linear change. Furthermore, it acknowledges
the multi-level nature of SES and the increasing interconnectedness
of social and ecological processes across multiple scales. The CAS
nature of SES has important implications for how SES can be analysed
and managed. In particular, it is seen to lead to outcomes that are
unpredictable and unexpected, and calls for governance approaches
that are better able to deal with profound uncertainty. In addition,
given the current unsustainable trajectory of SES at a wide range of
scales, the resilience approach emphasizes that incremental change
that slowly adapts SES to address the challenges society faces is not
enough. Instead, there is a need to better understand how large and
substantive change, i.e. transformational change, can be brought about
(P4 — CAS thinking). How do features such as social learning that enable
understanding and experimentation (P5 — Learning), social networks
that provide trust and new ideas (P6 — Participation), bridging organiza-
tions that provide for interactions across multiple organizational levels
(P7 — Polycentricity) and inspirational leadership support or prevent
transformational change that can foster sustainability?

Finally, and importantly, resilience as an approach and set of
assumptions for analysing, understanding and managing change in
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SES (as discussed above) should be distinguished from resilience as a
property of an SES. Resilience as a system property has been defined as
the capacity of a specific SES, subject to ongoing change, to continu-
ally self-organize and adapt in a way that retains the same controls
on system function and structure, and hence keeps the system in a
particular stability domain (Holling 1973; Folke et al. 2010) —i.e. it can
be seen as the capacity of a system to withstand a regime shift. When
analysing resilience as a system property it is useful to consider,
‘resilience of what to what?’ (Carpenter et al. 2001). More normatively
and operationally, in this book we define resilience of an SES as the
capacity of an SES to sustain human well-being in the face of change,
both by buffering shocks but also through adapting or transforming in
response to change. In this book we focus specifically on generic
principles that enhance the capacity of SES to continue providing
key ecosystem services that underpin human well-being in the face

of unexpected shocks and gradual, ongoing change.

I.3 ECOSYSTEM SERVICES AS FEATURES OF
SOCIAL—ECOLOGICAL SYSTEMS

Ecosystem services can be defined as the benefits people obtain from
their interaction with nature (Ernstson 2013; Reyers et al. 2013;
Huntsinger and Oviedo 2014). These encompass a wide variety of
ecosystem-based goods and functions that underpin a range of basic
human needs (e.g. nutrition, health, security), as well as important
cultural and spiritual meanings that people obtain from their relation-
ship and interaction with ecosystems. The Millennium Ecosystem
Assessment (MA) was ground-breaking in highlighting the large diver-
sity of ecosystem services that influence human well-being, and
identified three core categories: (i) Provisioning services, such as
crops, fish, cotton or timber; (ii) Regulating services, such as regula-
tion of pests and diseases and climate regulation; and (iii) Cultural
services, such as hiking, canoeing, sacred forests with cultural
significance, or natural areas used for rites of passage (Fig. 1.3)
(MA 2003; MA 2005a). The MA also identified a fourth category,
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FIG. 1.3 Ecosystem services include a wide variety of benefits that people
obtain from interacting with nature, including provisioning services (e.g.
food), regulating services (e.g. climate regulation) and cultural services
(e.g. spiritual and recreational benefits). These in turn influence a wide
range of human well-being constituents, including basic needs, security,
health, social relations and freedom of choice and action. In the resilience
perspective, ecosystem services are seen as co-produced by ecosystems
and human society, and therefore products of SES. Modified from MA
(2005a).

supporting ecosystem services, which includes underlying ecosystem
functions such as soil formation and nutrient cycling that underpin
the other three categories. In this book we view ecosystem
services as the full variety of benefits that people obtain from their
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interaction with nature, and focus primarily on provisioning,
regulating and cultural ecosystem services.

Following a growing number of resilience studies, we view
ecosystem services as a key emergent outcome of social-ecological
interactions, and a central connector and mediator between social and
ecological systems. Importantly, we see ecosystem services not as
produced by nature alone, but rather as SES features resulting from
the interplay between the capacity of an ecosystem to produce
ecosystem services, and human values, technology, skills and institu-
tions to realize these (Ernstson 2013; Reyers et al. 2013; Huntsinger
and Oviedo 2014). A great example is crop production. Nature has
provided the wild ancestors for today's major food crops, and also
largely provides the temperature, rainfall, soil nutrients and pollination
conditions needed to grow food. However, crop production requires
that these ecological aspects be combined with a vast array of human
needs, technologies, skills and institutions to actually grow crops and
deliver food. Similarly, while species, ecosystems and ecological
processes have intrinsic value in and of themselves, they are only an
ecosystem service if they are valued by people (Spangenberg et al. 2014).
For instance a park in a city is there because humans have invested
time, labour and financial resources to establish it, and it only provides
recreational ecosystem services if people have access to it.

We also highlight that while some ecosystem services can be
partly valued in monetary terms, which can be very useful in inform-
ing policy choices, a large variety of ecosystem services cannot be
quantified economically (MA 2003; TEEB 2010; Kareiva et al. 2011).
This does not detract from their importance or value. In fact some of
the ecosystem services that are least amenable to quantification in
monetary terms may have very large impacts on human well-being
through their impacts on people's sense of identity, purpose in life
and psychological well-being. For instance, most traditional societies
are deeply structured around their interaction with nature. Being a
fishing community, a reindeer herding society or a farming commu-
nity has a fundamental influence on the cultural identity of that

IS
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society, the structure and roles in the community, and the traditions
and festivals that bind the community together (de Groot et al. 2005).
For many Arctic communities, such values and their whole way of life
is being affected by the impacts of climate change, leading to a variety
of social and psychological impacts, and arguably represent a larger
threat to well-being than for instance a shortage of food (Willox et al.
2013). In modern developed societies, access to and interactions with
nature are also highly valued, as expressed for instance in the
premium placed on houses with a view or waterfront location (Bond
et al. 2002), and in the proliferation of green spaces and parks around
many developed cities (Raudsepp-Hearne et al. 2010; Beilin et al.
2014). There is also growing evidence that, for instance, more green
spaces in cities are associated with lower crime rates and better
educational outcomes (James et al. 2009), and that people in hospital
rooms that look out on green vegetation recover more rapidly than
those that don't (Bolund and Hunhammar 1999). Nevertheless, many
ecosystem services remain undervalued and underappreciated,
especially where they are produced in distant locations or where
they contribute only indirectly to the benefits experienced by
consumers (MA 2003; TEEB 2010).

Any SES or landscape does not only produce one ecosystem
service, but a whole set or ‘bundle’ of interacting ecosystem services
at a variety of scales (MA 2005a; Raudsepp-Hearne et al. 2010). For
instance, a coral reef may provide a range of ecosystem services
including subsistence fisheries, protection from coastal storms, as
well as recreational and spiritual benefits. The sets of ecosystem
services produced by a particular SES are not independent of one
another, and it is not possible to maximize the production or resili-
ence of all ecosystem services simultaneously. For instance, by its
very nature, crop production has strong trade-offs with conservation
of natural habitat and the ecosystem services this provides, such as
pollination, regulation of soil erosion, wild foods and recreational
benefits (Foley et al. 2005). Such trade-offs exist between ecosystem
services at a particular scale, as well as between ecosystem services at
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different scales (Rodriguez et al. 2006). For example, forests can
provide timber and fuelwood at a local scale, but this directly impacts
the carbon-sequestration benefit that they provide at a global scale
(MA 2005b).

In this book we focus on the resilience of ecosystem services —
i.e. the capacity of SES to continue providing some desired set of
ecosystem services in the face of unexpected shocks as well as more
gradual ongoing change. We argue that addressing the resilience of
ecosystem services is at least one very useful focus for assessing the
resilience of SES. We fully acknowledge, however, that there are other
crucial SES outcomes of importance to society, such as women's
rights or education. However, many of these aspects are less directly
connected to ecosystems, and the features of society that promote
resilience of these aspects may differ from those that promote resili-
ence of ecosystem services. Given the emphasis of the resilience
approach on understanding dynamics and change in SES, and to keep
the scope of the synthesis presented in this book manageable, we have
chosen to specifically address factors that promote the resilience
of ecosystem services. We do not, however, focus on any particular
set of ecosystem services or make any judgement on which specific
ecosystem services a particular community may or should desire.
Rather we aim to discuss general principles that could be applied to
build resilience of whichever set of ecosystem services a particular
society values.

Decisions about which ecosystem services to sustain are inher-
ently political as different sectors of society usually value, need
and demand different ecosystem services. Any particular set of eco-
system services selected therefore requires trade-offs between differ-
ent users (Robards et al. 2011). To further complicate matters,
the desired mix of ecosystem services will typically evolve over time
with changing societal values and preferences (Biggs et al. 2012b;
Ernstson 2013). The inevitable trade-offs between disparate, changing
societal goals requires resolution of collective-action dilemmas and
intergroup conflict, a process that comes replete with power

17
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inequalities, asymmetric resource bases, and unequal outcomes
(Robards et al. 2011). Decisions around which ecosystem services are
the focus for resilience-building initiatives, and ensuring that these
choices do not lead to undesirable lock-in effects that compromise the
possibility for future adaptation and change, are far from trivial.
The need to carefully consider these issues before applying any of
the principles discussed in this book, particularly the potential for
resilience-building initiatives to create, entrench or exacerbate social
inequalities, is further discussed in Chapter 2. In the remainder of
the book, we assume that some desired set of ecosystem services has
been legitimately agreed upon and focus on how the resilience of
these selected ecosystem services may be enhanced — both to unex-
pected shocks and slower, ongoing changes that may lead to changes

in the preferred mix of ecosystem services over time.

I.4 IDENTIFYING PRINCIPLES FOR BUILDING
RESILIENCE

The past two decades has seen rapid growth in research on social-
ecological resilience (Gunderson et al. 1995; Berkes and Folke 1998;
Gunderson and Holling 2002; Gunderson and Pritchard 2002; Berkes
et al. 2003; Walker and Salt 2006, 2012; Armitage et al. 2007; Norberg
and Cumming 2008; Chapin et al. 2009; Bodin and Prell 2011; Boyd
and Folke 2011; Cumming 2011; Galaz 2014; Rockstrom et al. 2014).
This literature has produced a number of insights on factors that
promote resilience in SES, with an increasing focus in recent years
on ecosystem services. While several studies have proposed general
‘rules of thumb’ for enhancing resilience across different types of
SES (Anderies et al. 2006; Walker and Salt 2006; Walker et al. 2006),
there does not yet exist a definitive set of resilience-enhancing
principles backed up by extensive empirical results or a synthetic
understanding of where and when these principles apply. Much of
the work remains theoretical with empirical results focused on
individual or small subsets of cases rather than more broadly
generalizable studies (Biggs et al. 2012b). Furthermore, given the
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diversity of potential factors involved, the insights that have been
published are substantially fragmented and dispersed across a
range of different literatures, including ecology, social sciences and
economics.

We set out to synthesize and make sense of this literature. Part of
this process entailed an innovative ‘mock court’ in which a number of
proposed principles for enhancing the resilience of ecosystem services
were put ‘on trial’. The first step in this process was for the project
participants, all of whom have a PhD in resilience-related subjects and
were associated with the Resilience Alliance Young Scholars (RAYS)
network, to conduct an extensive literature review to identify an initial
set of principles and debate the proposals. This process generated a list
of ten principles. Each proposed principle, and the scientific knowledge
in support of it, was described and assessed by a team of two to four
RAYS authors in a background paper. Each author team was tasked
with critically assessing the empirical evidence in support of a particu-
lar principle, examining the conditions under which each principle
enhances or does not enhance the resilience of ecosystem services,
and identifying critical research gaps. These background papers were
circulated to all authors and participants in advance of the mock-court
workshop held in October 2009 on Gabriola Island in Canada,
in conjunction with a science meeting of the Resilience Alliance (RA).!

The intention of the two-day mock-court workshop was to
critically examine the information in the background papers, and
refine the list of proposed principles. Each principle was put on trial
as follows. First, the key points from the background paper were
presented to the court by the section authors — the ‘defence attorneys’.
A senior member of the RA then ‘cross-examined’ the evidence
presented by the defence, looking for weaknesses. The cross-
examiners were pre-selected for their expert knowledge of a particular
principle (see acknowledgements for participants). This was followed
by 20 minutes of general discussion, with questions from the audience

! http://www.resalliance.org.
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who comprised various members of the RAYS and RA. In addition,
two or three pre-selected participants acted as ‘devil's advocates’,
posing questions from the stance of a critical outsider sceptical of
resilience concepts. This structure was designed to help create a
‘safe space’ for more critical reflection and discussion of the work
published by the RA community and others. Through this process
we were able to clarify the definitions of the different principles and
gain critical feedback on the evidence and research gaps identified by
the section authors.

The mock-court workshop suggested the need for revising and
refining the initial set of ten principles. In some cases, the cross-
examiners made concrete suggestions of principles that should be
combined (e.g. diversity and redundancy; slow variables and regulat-
ing ecosystem services) and broadened to include aspects of SES
beyond the ecological. In other cases, the critique of the background
paper and the discussion during the mock-court trial highlighted
conceptual conflation, for instance between adaptive capacity and
resilience. The outcome of this particular discussion was to conclude
that rather than being a principle for enhancing resilience, adaptive
capacity is itself an aspect of resilience particularly relevant in the
context of social systems (and hence in some ways equivalent to
resilience). This is supported by Folke et al (2010), and the adaptive
capacity principle was therefore dropped.

Following the mock court and building on the feedback we
received there, we interviewed resilience experts using a modified
Delphi method (Landeta 2006) to elicit the expertise of the attendees
of the 2009 RA science meeting, held directly after the mock-court
workshop. The Delphi method has a long history of application in
planning, decision-making and policy research, where the goal is to
collect and synthesize expert judgements (Landeta 2006). A Delphi
technique typically uses multiple rounds (two to three) with anon-
ymous reviewers to generate feedback on a given issue or set of
questions and move a group towards consensus. To implement this
method we asked attendees of the 2009 RA science meeting:
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‘According to resilience theory, how can the resilience of SES be
enhanced?’ Each respondent (only senior RA members) generated an
independent list of principles with notes as to their reasoning. Through
an iterative process, project members categorized and structured the
responses emerging from the expert interviews. This modified Delphi
process provided an independent list of principles for enhancing resi-
lience derived from leading experts in the field.

Comparison of the principles that emerged from the Delphi
process with our original literature review and the principles
discussed at the mock-court workshop showed a high correspondence.
Based on the combination of these processes, we identified seven
generic principles for enhancing the resilience of ecosystem services,
first published in Biggs et al. (2012b): (P1) maintain diversity and
redundancy, (P2) manage connectivity, (P3) manage slow variables
and feedbacks, (P4) foster CAS thinking, (P5) encourage learning and
experimentation, (P6) broaden participation and (P7) promote poly-
centric governance systems. A brief definition of each principle and
other key concepts relevant to this book is given in Box 1.1. The high
correspondence between the outcomes of these processes emphasizes
the consensus on the importance of the principles presented in this

book within the resilience community.

BOX 1.1 Definitions of key concepts

Complex adaptive systems (CAS): systems of interconnected
components characterized by the potential for emergent and
non-linear behaviour; the capacity for self-organization and adap-
tation based on past experience; and inherent uncertainties
regarding system behaviour.

Connectivity (P2): the way and degree to which resources, species or
social actors disperse, migrate or interact across ecological and
social landscapes.

Diversity (P1): the range of different elements comprising three
interrelated aspects: variety (how many different elements),
balance (how many of each element) and disparity (how different

the elements are from one another).
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Box 1.1 Continued

Ecosystem services: the benefits people obtain from their interac-
tion with nature, including provisioning services (e.g. water,
timber), regulating services (e.g. climate regulation) and cultural
services (e.g. nature-based recreational and cultural activities).

Feedback (P3): a mechanism, process or signal that loops back to
influence the SES component emitting the signal or initiating the
mechanism or process. Monitoring is a specific form of feedback,
in which the information about responses of the SES feeds back to
actors so that they can change the way they utilize, affect or
manage an SES.

Learning (P5): the process of modifying existing or acquiring new
knowledge, behaviours, skills, values or preferences at individual,
group or societal levels.

Mental models (P4): people's cognitive representations of external
reality.

Modularity (P2): the extent to which a network or system consists
of distinct compartments that are unconnected or only loosely
connected to one another.

Participation (P6): active engagement of relevant stakeholders in
SES management and governance.

Polycentricity (P7): a governance system with multiple, nested
governing authorities at different scales.

Redundancy (P1): situations where several species or SES
components perform the same function.

Regime shifts (P3): large, persistent and often abrupt changes in the
structure and dynamics of SES that occur when there is a reorga-
nization of the dominant feedbacks in a system.

Resilience approach: a perspective for the analysis of SES which
assumes that SES behave as CAS and focuses on the capacity to
deal with both unexpected shocks and ongoing change in such
systems.

Resilience of SES: the capacity of an SES to sustain human well-
being in the face of disturbance and change, both by buffering
shocks and by adapting or transforming in response to change.

Resilience of ecosystem services: the capacity of an SES to reliably
sustain a desired set of ecosystem services, in the face of distur-

bance and ongoing evolution and change.




AN INTRODUCTION TO THE RESILIENCE APPROACH 23

Box 1.1 Continued

Response diversity (P1): the diversity of ways in which different
species or SES elements respond to a disturbance.

Slow variable (P3): a variable whose rate of change is slow with
respect to the timescales of ecosystem-service provision and
management, and are for practical purposes often considered
constant.

Social-ecological systems (SES): integrated systems of humans and
nature that constitute a complex adaptive system with ecological
and social components that interact dynamically through various
feedbacks.

Sustainability: achieving human well-being in the present without
compromising the social, economic or environmental founda-
tions that underpin the potential for future well-being.

Worldview (P4): a collection of ideas that allow individual people to
construct a composite image of the world and understand their
experiences and how they should act.

I.§ OBJECTIVES AND ORGANIZATION OF THE BOOK

This book aims to provide a practical synthesis of the contribution that a
resilience approach can make to address the challenges of the
Anthropocene. We do so by identifying a handful of underlying
principles that can inform the practical governance and management of
SES at local, regional and global scales. We focus specifically on enhan-
cing the capacity of SES to sustain the production of desired sets of
ecosystem services in the face of unexpected shocks and ongoing change.

The first two chapters set the stage for the book. In this first
chapter we have introduced the resilience approach and the sustain-
ability challenges that motivate it. We have also introduced the
social-ecological perspective on ecosystem services that is adopted
in this book, along with the process by which we identified the seven
principles that form the core of the book. Before getting into a discus-
sion of the actual principles, Chapter 2 delves more deeply into the

political dimensions and social consequences that need to be
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considered before implementing any of the principles. In particular,
given the inherent trade-offs that exist between different ecosystem
services, Chapter 2 emphasizes that the winners and losers of any
particular choice of ecosystem service to sustain in an SES need to
be carefully considered before undertaking resilience-building initia-
tives, as these choices can create, entrench or exacerbate social
inequalities and power disparities.

The core of the book focuses on the seven principles we have
identified, expanding substantially on the analysis presented in Biggs
et al. (2012b). Each principle comprises one chapter. For each we give a
definition, review the state of knowledge about the underlying
mechanism by which the principle enhances resilience of ecosystem
services and the conditions under which resilience of ecosystem ser-
vices may be compromised. We then present an initial set of guide-
lines on how each of the principles can be practically operationalized
and applied, and conclude with a summary of major research and
application gaps. Throughout, we have provided detailed examples
toillustrate the text, and each chapter contains a box with an in-depth
case study.

The ordering of the principles does not prioritize their impor-
tance. Rather, we grouped those principles that focus on generic SES
properties and processes that enhance resilience (P1-P3), and those
that focus on the way in which SES are governed (P4-P7) (Fig. 1.4).
This follows the distinction made by Jentoft et al. (2007) between
the ‘system-to-be-governed’ and the ‘governance system’. We also
distinguish between SES governance and SES management, where
governance is taken to be the social and political process of defining
goals for SES management and resolving trade-offs, while SES
management is defined as the actions taken to achieve these goals,
and includes monitoring and implementation (Pahl-Wostl 2009).

Interestingly, P1-P3 relate first to the nature of the SES
components (P1 — Diversity), then to the structure of the connections
amongst these components (P2 — Connectivity) and finally to the
emergent system processes (P3 — Slow variables and feedbacks) of the
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FIG. 1.4 The seven principles discussed in this book, grouped into those
that relate to generic SES properties to be managed (P1-P3), and those that
relate to key properties of the SES governance system (P4-P6). Modified from
Biggs et al. (2012b).

SES. In contrast, the four governance system attributes relate to
the underlying worldview adopted in governance and management
(P4 — CAS thinking), the capacity for innovating and understanding
change in the SES being governed (P5 — Learning), the importance of
building trust and shared understanding in order to make decisions
(P6 — Participation) and finally the governance structures that can help
facilitate the various principles (P7 — Polycentricity). P4 in particular
appears to be fundamental to being able to truly operationalize and
apply the different principles.

While most of the principles are also important for the actual
production of ecosystem services, we focus exclusively on how they
affect the resilience of ecosystem services — i.e. not the quantity of
ecosystem services produced, but the ability to sustain production of
ecosystem services in the face of unexpected shocks and disturbance
as well as slower ongoing change in SES. While we have attempted to
separate individual principles for the sake of analysis and presenta-
tion, they are in practice of course highly interconnected and
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interdependent. We discuss these connections and synergies in the
concluding Chapter 10, as well as reflecting on the obstacles that the
CAS nature of SES pose for the study and analysis of these systems.
The principles we identify and discuss in this book are not
intended to be definitive. Rather, our aim is to build on and synthesize
seminal work in the field, and begin to distil essential elements that are
important for building resilience in a way that can usefully inform
sustainability policy and help focus further research efforts. We believe
that the resilience field is reaching a level of maturity where we can
start identifying general underlying principles that go beyond more
tentative ‘propositions’. For that reason we have broken with earlier
language in this literature, and in this book take the bold step of positing
a first-cut synthesis of underlying ‘principles’ for enhancing the resili-
ence of SES and the ecosystem services they produce. We hope that this
proposed set of principles will be interrogated, modified and refined
over time as knowledge grows, and improve our capacity to more wisely

manage the Earth and ensure the well-being of all citizens.
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2 Politics and the resilience
of ecosystem services

Michael L. Schoon, Martin D. Robards,
Katrina Brown, Nathan Engle!, Chanda L. Meek
and Reinette Biggs

SUMMARY

Different sectors of society typically value, need and demand different
bundles of ecosystem services. At the same time, important trade-offs
exist between the production of different services, and it is not
possible to increase the resilience of all ecosystem services
simultaneously. Decisions about which services to sustain in a parti-
cular social-ecological system therefore require trade-offs that are
inherently political. Politics can be described as ‘the authoritative
allocation of values for a society’ (Easton 1965). To further complicate
matters, the desired mix of services will evolve with changing societal
values and preferences, and the resilience of ecosystem services is only
one among many desired outcomes (e.g. equality, human rights,
democracy) of social-ecological systems. Resolving these trade-offs
requires resolution of collective-action dilemmas and intergroup
conflicts, a process that comes replete with power inequalities, asym-
metric resource bases and unequal outcomes. This chapter discusses
some of the asymmetries and power dynamics that underlie decisions
of which ecosystem services should form the focus for resilience-
building initiatives; the remainder of the book assumes these choices
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have been made and focuses on how the resilience of some agreed-on
mix of ecosystem services may be enhanced. Here, we focus specifi-
cally on the social consequences of trade-offs between ecosystem
services; asymmetries in the distribution of ecosystem services; and
we briefly discuss the broad literature of how these may be addressed
through wider deliberative processes. We find that issues associated
with the allocation of ecosystem services are poorly integrated into
the resilience literature, and suggest that an improved understanding
of allocation trade-offs could result from more applied research on use
of ecosystem services that integrates perspectives from the social
sciences about how and why people make and respond to decisions

concerning ecosystem services.

2.I INTRODUCTION

Prompted by escalating rates of environmental change, resilience
thinking is one emerging applied field that explicitly seeks to inform
managers and policy-makers in the governance of social-ecological
systems (SES) and the ecosystem services they produce (Berkes et al.
2000; Walker and Salt 2006). Much of this research has moved beyond
the dichotomous separation of social and ecological systems, towards
studying coupled or linked SES. It also moves away from traditional
top-down management approaches, premised on static or linear
notions of ecosystems and social organization. The research incorpo-
rates greater attention to the existence of multiple possible ecosystem
and social states or regimes, the possibility of rapid non-linear change,
linkages across and among scales, and the idea that different SES states
and their associated ecosystem services benefit different groups of
people (Holling and Meffe 1996; MA 2005) (Chapter I).

This chapter analyses some of the important political and power
dimensions inherent in the governance of SES and the implicit or
explicit societal choices about which sets of ecosystem services to
build resilience of, and try to sustain, in the face of disturbance and
change. Any particular set of ecosystem services for which we
build resilience will involve trade-offs — both between actor groups
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and between different bundles of ecosystem services — with decisions
influenced (to a greater or lesser extent) by issues of power and
inequality. Uncritically applying the principles put forward in this
book may accomplish some groups' goals, but may also intensify
ecosystem-service trade-offs and power differentials. While these
issues are ubiquitous to the process of political decision-making,
this chapter seeks to highlight the political and power dimensions
that can influence the selection of specific sets of ecosystem services
to build resilience of, and to emphasize the need to reflect on these
issues before applying the principles put forward in this remainder of
this book.

In particular, we emphasize the inherent danger in ecosystem
governance approaches that do not incorporate and consider the social
mechanisms by which governance and institutions accomplish their
goals (Brown and Westaway 2011; Hatt 2012). Any set of ecosystem
services ‘chosen’ as the focus for resilience-building initiatives is an
emergent outcome resulting from both explicitly and implicitly
political processes. Too often, initiatives aimed at building resilience
do not consider the existing socio-political and economic inequalities
in the system, and the extent to which strategies aimed at building
resilience may reinforce and aggravate these disparities and inequal-
ities. This does not mean that perfect equality is achievable, but rather
that increasing levels of inequality may reach dangerous levels.
Scientists themselves may contribute to the problem if an overly tech-
nocratic approach is adopted and societal goals are not more widely
deliberated. While scientific analyses may provide valuable informa-
tion about the different magnitude and mix of ecosystem services that
might be provided by different SES states, this information does not
necessarily make clear what SES states and ecosystem services are most
desirable, nor is the aim of scientific analysis to do so. Choosing to build
resilience of a particular set of ecosystem services reflects an implicit
valuation of a specific set of services by specific groups of people at
particular times and places, and either explicitly (or not) includes the
inherent trade-offs that accompany those choices. Consequently,
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Carpenter et al. (2001) caution that resilience of such a chosen set of
services is a ‘mormative concept’ and Armitage and Johnson (2006, p. 14)
urge that consideration of resilience under such circumstances should
be ‘situated in the context of contested and evolving human interests
and the uncertainties of human interaction’. Ultimately, all initiatives
aimed at building resilience of ecosystem services have distributional
implications, and are a matter of justice within and between genera-
tions (Norgaard 2010).

Throughout the rest of the book, we focus on general principles
that might be employed to build resilience of different sets of ecosys-
tem services, and assume that some process has been followed to
arrive at the selected one. We do not define this ‘desired’ set of eco-
system services, as it will vary between places and groups, and change
over time as societal preferences change. Here, we emphasize the
critical necessity of reflecting on the implicit or explicit choice
about which ecosystem services to build resilience of before attempt-
ing to apply any of the principles. In this way we ensure that initiatives
aimed at building such resilience of ecosystem services do not simply
advance and entrench the position of more powerful groups in society.
To do so, this chapter first discusses some of the trade-offs between
ecosystem services implicit in building resilience for a given set of
ecosystem services. We then explore the challenges and repercussions
of distribution that result from these trade-offs. Finally, we highlight
some asymmetries and how these may be reduced to increase legiti-
macy in the selection of ecosystem services that can, in turn, provide

greater support for maintaining specific sets of ecosystem services.

2.2 THE TRADE-OFFS OF SELECTING BETWEEN
BUNDLES OF ECOSYSTEM SERVICES

Different bundles of ecosystem services often trade off against one
another, and the selection of one bundle may eliminate the possibility
for the production of other bundles of ecosystem services, as high-
lighted in Box 2.1 (MA 2005; Bennett et al. 2009) (Chapter 1). For
instance, the preservation of global biodiversity as a public good

35
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BOX 2.1 Ecosystem services and community-based
conservation in the Richtersveld National
Park, Southern Africa

Community-based conservation (CBC), promoting local participa-
tion and sustainable use of resources, arose in the 1990s as a response
to failures of top-down command and control approaches to conserva-
tion. Paralleling the discourse in this chapter, past conservation
efforts often reinforced deep power asymmetries of groups favouring
different bundles of ecosystem services. In the case of protected areas,
the global conservation movement led by international environmen-
tal NGOs and their supporters pushed for greater protection of
biodiversity at a global scale and, in support of financial sustainabil-
ity of parks, advocated for ecotourism within the parks. However,
this collection of ecosystem services often came at the expense of
local resource users. While CBC should not be viewed as a panacea,
and local communities as a romanticized, homogeneous group in
sustainable balance with nature, we do see instances where broader
participation assuages some of the trade-offs of ecosystem services
identified in the chapter.

In |Ai-|Ais/Richtersveld Transfrontier Park, straddling the border of
Namibia and South Africa (Fig. 2.1), initial management followed
top-down conservation methods. Although Richtersveld National
Park in South Africa, created in 1991, arose out of the settlement of
land claims between the local community and the national govern-
ment and the creation of a contractual park, restrictions to local users
often meant closing access to grazing of sheep and goats as well as the
collection of other resources. In the words of the park manager, ‘tour-
ists won't pay to see goats’ (personal communication, 2008). Once
again, biodiversity conservation goals and tourist expectations
trumped local ecosystem-service decisions. Yet this approach to con-
servation comes with well-known drawbacks. Resource restrictions
may compound poverty and worsen subsistence viability. For these
reasons as well as basic concepts of equality, it often lacks legitimacy
in the surrounding communities. In turn, monitoring and enforcement
of regulations and restrictions becomes difficult, expensive and often
ineffective. Through the contractual park, in which the local commu-

nity owned the land and collaboratively managed the park with the
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(a)

(b)

FIG. 2.1 (a) The Succulent Karoo ecosystem of |Ai-|Ais/Richtersveld
Transfrontier Park looks harsh but is home to high biodiversity
richness and a suite of ecosystem services. (b) The Orange or Gariep
River forms the international boundary between Namibia and South
Africa and forms a political divide in the ecosystem, separating |Ai-|Ais
Hot Springs from Richtersveld National Park. Photo credits: Christo
Fabricius.
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Box 2.1 Continued

South African National Parks Board, the local Nama people and park
officials began a deliberative process regarding access, use and
management of natural resources. As a result of this deliberation,
grazing was again allowed back in the park.

As community members became more involved in a conserva-
tion initiative of their own development, they became emboldened
and created Richtersveld Cultural and Botanical Landscape, a
community conservancy. In 2007, the conservancy was granted
UNESCO World Heritage status. World Heritage status was
granted with ‘the traditional land-use system of the Nama
seen as part of the protection system’ (whc.unesco.org).
Specifically, the sustainable resource use of the transhumance
grazing practices and the traditional use of grass for portable
thatched roof housing were seen as integral elements to the
cultural landscape. In effect, deliberation with the park
service and self-determination put in place a series of events at
the time of this writing and a dramatic shift in resource rules from
strict restriction to increased access to a celebration of sustainable
resource use.

advocated by predominantly Western environmental advocacy groups
through increasing the area of national parks and minimizing resource
extraction reduces the land available for subsistence use as arable land
or as a source of food, lodging or medicinal products (Robards et al.
2011). Similarly, the creation of palm-oil plantations to cater to the
global demand for oil products decreases the carbon sequestration
possibilities of old-growth tropical forests (Butler et al. 2009). In
such cases one set of ecosystem services reduces or obviates the
possibility of other sets, and a dilemma emerges in that different
groups of people benefit from one selection as opposed to another.
These trade-offs can perpetuate the dispossession of lands and
resources initiated during the era of European colonialism, and further
the logic of enclosure in which resources formerly held in common
become privatized commodities (Heynen and Robbins 2005).
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The desired allocation or prioritization of ecosystem services at
one level or scale often has direct trade-offs and may be radically
opposed at another scale. For instance, the provision of wild meats
in tropical forests at a local level may be essential for communities,
but may be counter to global biodiversity goals; swidden (shifting
cultivation) agriculture may sustain local economic or nutritional
needs, but minimize global climate mitigation actions; and
laissez-faire planning and urban sprawl may benefit local govern-
ments, but work against global goals for the reduction of fossil-fuel
consumption. Such trade-offs may be accentuated by differing
worldviews or cultures.

Because it is usually not possible to meet all societal needs and
expectations, we must acknowledge that any particular set of
ecosystem services involves trade-offs with other options. Usually
these trade-offs are biased in favour of particular groups, or can only
be mitigated through acknowledging the special interests of specific
groups in society. Examples include the mitigation of global
greenhouse-gas emissions by more powerful countries through
capture of forest resources in tropical low- and middle-income
countries, which may perpetuate poverty traps in which systemic
influences reinforce the root causes of poverty through the control of
resource access and use (Sachs 2005) or create them as a collateral
repercussion of not wishing to bear the economic burden of emission
reductions (Dow et al. 2006). In these ways, emission reduction efforts
may lead to poverty traps similar to those arising from some past
biodiversity conservation efforts (Adams et al. 2004), where access to
resources by local communities may be restricted, leading to further
impoverishment.

These examples demonstrate how trade-offs between ecosystem
services can have significant social consequences. Selecting particular
sets of ecosystem services can result in a number of ramifications
that may reinforce the inequalities that led to those choices. In the
following section, we draw further attention to such distributional
questions that often arise from the trade-offs of ecosystem services.
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2.3 THE CHALLENGES OF DISTRIBUTION

Distributional challenges emerge when certain groups of people have
disproportionate and inequitable benefits from the selection of
specific sets of ecosystem services. These benefits are often linked to
the fact that those who benefit from the ecosystem services may
institute rules, which give them access to these ecosystem services
while other groups are precluded. For example, a Kenyan coastal SES's
restrictions on fishing gear — specifically use of seine nets — aimed at
conserving the fishery and building ecosystem resilience, potentially
have important socially differentiated impacts. Specifically, women
fish traders are disadvantaged as their access to small, cheap fish is
undermined, thus eroding their livelihood opportunities and negotiat-
ing capabilities in setting access rules to the fishery (Daw et al. 2012).

Bundles of ecosystem services and related governing institu-
tions are often directly affected by, if not products of, historical
institutions relating to property rights, land-use decisions and the
logic of appropriateness in resource use. Prior conditions and
constraints may maintain a strong influence on contemporary eco-
system services. As an example, among other policies aimed at redu-
cing pelagic sealing and more closely controlling the scale of early
twentieth-century trade in fur seals, the United States restricted
indigenous Unangan hunters from using modern technology in their
hunt for fur seals. This type of restriction, while originally based on
considerations of commerce as much as conservation eventually
constituted a major restriction in the name of conservation under
numerous international wildlife conventions including the North
Pacific Fur Seal Convention of 1911 and the 1946 International
Convention for the Regulation of Whaling (Meek 2011).

Human preferences often prioritize provisioning services over
regulating services, and both of these are prioritized over cultural and
supporting services (Rodriguez et al. 2006). These choices may exacer-
bate societal inequalities, and not only between different social

groups; they also serve to privilege an immediate time horizon over
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a more sustainable long-term perspective, and current generations
over future generations. For instance, lasting soil conservation and
the minimization of dongas (dried, eroded waterways) through pasture
rotation and limits on livestock often lacks support amongst local
herders when they compare this to wealth maximization as measured
by herd size in parts of southern Africa (Doran et al. 1979). While
current generations may benefit from the increased cattle numbers,
the loss of productive land can substantially reduce the potential of
future generations to make a living.

Scientists may further complicate distributional trade-offs
between societal groups by exerting power and influence through
scientization of a political problem, often unknowingly or uninten-
tionally using science to mask their own interests (Habermas 1970).
Scientization suppresses the open discussion of value preferences and
delegitimizes those without a scientific perspective to support their
position. This often marginalizes those unable to speak the specia-
lized language of science, which often includes the disenfranchised
who bear the brunt of the negative trade-offs (Gismondi and
Richardson 1991; Lemos 2003; Sarewitz 2004). In juxtaposition, poli-
ticization is when people — whether scientists, non-governmental
organizations (NGOs), private industries or others — manipulate
science to fit their desired political or legal interests (Joly et al.
2010). Politicians are not the only actors who can politicize science,
as scientists can also use science to defend and pursue their own
political interests (Pielke 2004). Politicization can inhibit corrective
feedbacks that enable SES governance to respond to and incorporate
different viewpoints or new scientific understanding.

Promotion of certain sets of ecosystem services by more power-
ful sectors of society results in a number of ramifications that may
reinforce the inequalities that led to specific choices. These distribu-
tional disputes often result in strengthening the status quo. The
conclusion of work focusing on ecosystem-service trade-offs is the
need to find a balance among services to accomplish the ‘greater
good’ (e.g. Nelson et al. 2009; Palumbi et al. 2009). However, this is
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no easy task. The following section discusses responses to emergent
asymmetries and means for alleviating them, potentially providing a

more legitimate and sustainable system.

2.4 RESPONDING TO EMERGENT ASYMMETRIES

At a landscape level, any initiatives to build resilience of ecosystem
services entails implicit trade-offs, because it necessarily needs to
privilege certain ecosystem services, and different groups of people
will benefit to greater or lesser extents. As in many complex systems,
there is no optimal set of ecosystem services or real-world Pareto
frontier whereby no one can be made better off without someone
else being worse off as a result (Levin 2002). Issues of equity and justice
can be balanced to varying degrees, but not optimized due to their
normative nature. The resultant discord between desired outcomes
and the specific combination of ecosystem services that are captured
by individuals, communities or society in general will produce
asymmetric gaps as described by Lasswell and Kaplan (1950).

In prioritizing specific sets of ecosystem services, care must be
given to ensuring that society builds resilience to a fair and equitable set
of ecosystem services rather than entrenching the positions of a privi-
leged few — or risk both moral (e.g. human rights (Hardin 1998) and
practical (e.g. revolution (Scott 1998, 2009)) repercussions. Institutions
that remove people's access to, or use of, a specific service need to more
explicitly attend to what these people will do in response, and if they
have the capacity and agency to adapt to or buffer that scarcity. History
runs rife with examples of not attending to these questions. Although
the very construct of ecosystem services implies a substitutable
commodity rather than an outcome of contestation and historical
paths, at the same time it may allow considerable transparency in
evaluating trade-offs that might otherwise be taken for granted.

One means of building a more legitimate and broadly acceptable
choice of ecosystem services is through broader deliberation. More
fully deliberating the ‘desirability’ of ecosystem services in SES may
not only balance competing conceptualizations of ‘desirability’, but
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can build further benefits towards sustainability or resilience of
ecosystem services. It is here that long-standing philosophical debates
(e.g. Hobbes, Foucault, Habermas) can be drawn upon in a process of
social learning as well as the work of deliberative democracy scholars
(Dewey 1927; Rawls 1993; Dryzek 2002), as we collectively seek to
find legitimate sustainable relationships with each other and the
world around us.

These ideas foreshadow our discussions on building resilience
through the principles of learning (P5 — Learning), broader levels of
participation (P6 — Participation) and innovative governance arrange-
ments such as polycentricity (P7 — Polycentricity). The notion that
participation leads to more resilient provision of ecosystem services
stems in part from increasing legitimacy of the political process of
selecting which ecosystem services to build resilience of. Increased
participation also results in more respected monitoring and enforce-
ment, as well as a means to change inequitable outcomes through
collective choice bargaining (Schlager and Ostrom 1992). Similarly,
polycentric governance arrangements may allow for learning and
experimentation across geographic governance regions as well as a

diversity of institutional options (Olsson et al. 2004).

2.5 THE BENEFITS OF WIDER DELIBERATION

Ecosystem-service governance outcomes are a result of balancing
competing ‘desires’ of different groups; however, they are influenced
by various asymmetries, leading some groups to get closer to their
desired goals than others. As we have shown, agency of those in
power to self-allocate the flow of ecosystem services may lead them
to maintain their short-term benefits and the status quo in terms of
inequalities and asymmetries. However, disenfranchisement of specific
actors may lead to humanitarian issues or revolt of the disenfranchised.
We have argued for the need to explicitly acknowledge trade-offs,
distributional issues and the repercussions of not proactively incorpor-
ating the responses of, or repercussions to, the disenfranchised - in other
words the need to consider appropriately the social ramifications of
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political decision-making when it comes to initiatives to build resilience
of ecosystem services. Examples of processes to guide such thinking
include companion modelling (Etienne 2011) or recent work on mental
models (Biggs et al. 2011) (P4 — CAS thinking).

Openly deliberative processes may better incorporate feedbacks
from the marginalized through providing for more inclusion, but will
require the more powerful to incorporate pluralistic local needs and
values into the dominant paradigms that they seek to maintain.
Acting in this manner is no simple matter; however, self-restraint
does emerge in governance. For example, constitutions favouring
equal opportunity of all citizens may limit a government's ability to
provide preferential allocation of resources to specific groups or com-
munities. Establishing the degree to which global desires are being
achieved at the cost of local repercussions will better illuminate
priorities for action. Numerous authors have indicated that biodiver-
sity goals in the tropics will not be met without addressing poverty
first (e.g. Adams et al. 2004). Not only will change require better
understanding of feedbacks associated with poverty traps and local
agency, it will also need leaders and the elite (at multiple scales from
local to global) to recognize these interrelationships, and to work
towards more deliberative and open processes. For example, balancing
mitigation of climate emissions through Reducing Emissions from
Deforestation and Forest Degradation (REDD) in developing countries
does not mask the need for comprehensive reductions in carbon
emissions by the largest emitters, and may exacerbate poverty,
which is inextricably linked to resource access in many regions
(Angelson et al. 2009). Ignoring that linkage ignores the full cost of
our carbon emissions.

More fully deliberating which ecosystem services should be the
focus of resilience-building initiatives in SES can not only help bal-
ance competing conceptualizations of which ecosystem services
society desires to sustain, but can build further benefits towards sustain-
ability. Indeed, as Levin (2010, p. 13) concludes, ‘one of the great chal-
lenges in achieving sustainability will be in understanding the basis for
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cooperation’. Without such an approach, society will struggle to develop
a long-term strategy whereby we collectively live within the limits of

the globe's ecosystems.

2.6 CONCLUSION

This chapter has highlighted some of the deep political issues and
social implications underlying initiatives to build resilience of
ecosystem services. Before applying the principles discussed in this
book to foster the resilience of ecosystem services, critical attention
should be directed towards understanding the context, contests,
politics and history in which ecosystem services in a particular place
are embedded. In particular, the current set of ecosystem services
provided by a landscape may reflect deep asymmetries in which
sectors or groups in society are supported or favoured, and strengthen-
ing the resilience of those ecosystem services may further entrench
these inequalities. In some cases, repercussions from the disenfran-
chised may destabilize a system, while in other cases efforts to reduce
inequity may be well meaning; however, changes to the existing
ecosystem-service landscape may generate new conflicts and trade-
offs. Reflecting on these issues can help illuminate who will be
favoured or disadvantaged by choices to build resilience of certain
sets of ecosystem services, and how this may itself influence the
long-term resilience of these ecosystem services. Norgaard (2010, p.
1226) notes that ‘while economists have been unusually successful at
averting the ethical questions, and in the process supporting those
who currently benefit from the governance structure, this avoidance
has become central to the problems we now have in reaching a global
accord’. The processes we summarize here and elsewhere (Robards et
al. 2011) provide examples of what is being avoided and why. Where
the flow of ecosystem services cannot fulfil all social and ecosystem
needs, the feedbacks we discuss will need to be integrated into
governance institutions to ensure that the resilience of ecosystem
services is not incrementally eroded, with long-term repercussions
for human or ecosystem health.
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Given the diversity of potential ecosystem services and govern-
ance arrangements in most SES, the selection of bundles of ecosystem
services is a traditional ‘wicked’ problem in which there can be no
overall deliberative panel or institution to decide which ecosystem
services should be the focus of resilience-building initiatives (Rittl and
Webber 1973). Rather, the ‘chosen’ set of ecosystem services produced
by a social-ecological landscape is an emergent, messy phenomenon
that is the outcome of competition and negotiation between many
different users and sectors of society at different scales, and the
biophysical, economic and institutional constraints of the underlying
SES. Social factors and processes shape and are shaped by the set of
ecosystem services, in what can sometimes be a reinforcing process.
This results in rigidity traps in which systems become highly
connected, self-reinforcing and inflexible due to power differentials,
sticky institutional arrangements and other mechanisms constraining
governance changes, including externalization of trade-offs
(Carpenter and Brock 2008). Such traps limit the ability of actors
within the system to reorganize interactions, even if such a reorgani-
zation would benefit the provision of ecosystem services to society
overall (Gunderson and Holling 2002). We have highlighted how
trade-offs associated with ecosystem services can result in such
traps, and are sometimes exacerbated through the scientization of
the political discussion and politicization of scientific knowledge.

In providing these caveats to the resilience-building enterprise,
we do not suggest that any decision-makers must have fully
contextualized understanding and engage in all of the transaction
costs implied in deliberative democratic practice. What is required is
a measure of awareness and transparency regarding the political
dimensions of potential ecosystem-service choices as well as potential
futures for which we can build resilience.
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3 Principle 1 - Maintain diversity
and redundancy
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SUMMARY

Diversity and redundancy in social-ecological system components
such as species, landscape types, knowledge systems, actors, cultural
groups or institutions provide options for responding to change and
disturbance and for dealing with uncertainty and surprise. These
options can increase both the reliability of ecosystem services and
the potential for learning and innovation. Theoretical and empirical
research suggests that it is specifically response diversity, in combina-
tion with functional redundancy, which is important for maintaining
ecosystem services in the face of disturbance and ongoing change.
However, both diversity and redundancy may be costly in terms of
increasing system complexity and inefficiency, especially with regard
to the social dimension, and this may negatively affect the resilience
of certain ecosystem services. Enhancing the resilience of ecosystem
services by investing in diversity and redundancy involves

considering social-ecological interactions across different temporal

Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
Systems, eds R. Biggs, M. Schliiter and M. L. Schoon. Published by Cambridge University
Press. © Cambridge University Press 2015.
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and spatial scales, and finding an appropriate balance between
the costs and benefits of too much or too little diversity and

redundancy.

3.I INTRODUCTION

Diversity is widely held to be important for resilience because
it provides options for responding to change and disturbance
(Folke et al. 2003; Walker and Salt 2006; Norberg and Cumming
2008). Evidence from several fields of study suggests that systems
with many different components are generally more resilient than
systems with few components or less heterogeneous components,
whether the components are molecules, species, habitat patches,
livelihoods, actors, knowledge systems or institutions (Ellis 2000;
Nystrom and Folke 2001; Ostrom 2005; Di Falco and Chavas
2006; Cardinale et al. 2012). However, despite this general accep-
tance of the importance of diversity, attempts to develop a more
detailed understanding of how diversity affects the functioning
and resilience of social-ecological systems (SES) have typically
produced a great deal of debate. In ecology, for example, the
relationship between biodiversity and ecosystem functioning,
and between biodiversity and ecosystem stability have both been
the subject of lengthy debates (Holling et al. 1995; Levin 1998;
McCann 2000; Naeem and Wright 2003). It has become
increasingly clear that diversity, functioning and resilience are
all multifaceted, scale-dependent concepts, making the relation-
ships between them in SES far from simple (McCann 2000;
Carpenter and Brock 2004; Ostrom 2005; Nelson et al. 2011;
Barnes-Mauthe et al. 2013).

In this chapter we seek to evaluate the relationships between
diversity, the related property of redundancy, and the resilience of
ecosystem services, with the aim of developing a better understanding
of how, when and where diversity and redundancy may enhance
the resilience of ecosystem services, and how, when and where
they may not.

SI
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3.2 WHAT DO WE MEAN BY DIVERSITY
AND REDUNDANCY?

The concept of diversity is used in many different fields of study and
has been defined in a large number of different ways. Stirling (2007)
provided a wuseful framework for understanding diversity by
identifying three interrelated but distinct aspects common to
diversity concepts across many different fields, namely variety (how
many different elements), balance (how many representatives of each
element) and disparity (how different the elements are from one
another) (Fig. 3.1). These three aspects together help to fully capture
the property of diversity (Stirling 2007). Variety is the most well-
studied aspect of diversity, and diversity is often taken to mean simply
the number of different elements present, for example the number of
species, landscape patches, cultural groups or institutions. Balance is
often included to account for the fact that many systems show highly
skewed ‘distributions of wealth’, with a few very abundant elements
and a large number of rare ones (Nekola and Brown 2007), so that not
all elements are equally represented. Disparity, or the nature of the
similarities and differences between system elements, is not usually
included in diversity concepts in ecology (Kotschy 2013), but is often
more central to studies of diversity in social systems (Page 2007).
Depending on the elements being considered, many different
types of diversity may be described within a particular SES. For exam-
ple, we may describe functional diversity among plant or animal species
in terms of the number of species present (variety), their relative
abundances (balance) and the extent to which the species differ from
each other functionally (disparity) (Kotschy 2013). Likewise, we may
describe livelihood diversity as a function of the number of livelihood
options available (variety), the extent to which each option is currently
practiced (balance) and the degree of difference between the options
(disparity), or cultural diversity as the number of cultural groups present
(variety), the relative size or power of these groups (balance) and the

differences between them (disparity). Since resilience is about coping
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Variety

ot many eleme,”s9

Diversity
with respect to a
particular function

FIG. 3.1 Conceptual diagram showing the three aspects of diversity that
affect the resilience of ecosystem services. Variety, balance and disparity
all play a role in determining the capacity of a system to maintain a
particular ecosystem service. Redundancy is related to disparity, being
determined by the similarities rather than the differences among
elements.

with change and disturbance, the ways in which SES elements differ
from one another in their responses to disturbance (‘response diversity’)
are thought to be particularly important for resilience (Elmqvist et al.
2003; Leslie and McCabe 2013; Mori et al. 2013).

Redundancy describes the replication of elements or pathways
in a system (Walker 1992; Lawton and Brown 1993). Redundancy is
determined by the number of elements that perform a particular
function similarly (Walker 1992, 1995) (Fig. 3.1). Redundancy poten-
tially provides ‘insurance’ for system functioning, by allowing some
system elements to compensate for the loss or failure of others (Low
et al. 2003; Nystrom 2006; Vavouri et al. 2008). For example, impo-
verished small-scale farmers often plant several different food crops
so that failure of any one crop will not have catastrophic impacts on
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food provision, ensuring a more continuous food supply than mono-
culture farming (Altieri 2009). Redundancy in this case is provided
by the fact that several crops contribute to the provision of food and
can be substituted for each other. Response diversity is provided by
the fact that different crop types or species often respond differently
to disturbances such as drought or disease and are therefore unlikely
to all fail simultaneously. In general, elements that perform a parti-
cular function similarly provide redundancy for that function, while
elements that respond differently to disturbances provide response

diversity.

3.3 HOW DOES MAINTAINING DIVERSITY
AND REDUNDANCY ENHANCE
THE RESILIENCE OF ECOSYSTEM SERVICES?

We view ecosystem services as co-produced by the ecological and
social components of an SES (Reyers et al. 2013) (Chapter 1). For
example, the fish we eat (a provisioning ecosystem service) are
produced by a combination of ecological processes and the human
knowledge and skills to catch or farm the fish, store it and transport
it to the place where it is consumed. The resilience of an ecosystem
service may be influenced by redundancy and diversity pertaining to
some or all of the various system elements involved in producing the
ecosystem service.

The presence of multiple elements with similar functional roles
(e.g. different species of edible fish) provides redundancy and allows for
the possibility of substitution among elements, thus providing
‘backup’ or ‘insurance’ through a process known as functional
compensation (Lawton and Brown 1993). Kenyan reef fisheries, for
example, have to date not collapsed under heavy exploitation because
of the large number of species available for harvest. Loss of larger
species has been compensated for by an increase in smaller-bodied,
more productive species (McClanahan et al. 2008). By decreasing
reliance on the presence of particular elements (e.g. particular species
of fish), redundancy increases the capacity of the system to maintain
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ecosystem-service provision over time despite changes in the
identities of the elements.

Redundancy is even more valuable if the elements providing the
redundancy also differ from each other in their responses to distur-
bance (response diversity). Such differences increase the chance that at
least some elements will persist and continue delivering particular
ecosystem services in the face of disturbance and change (Elmqvist
et al. 2003) (Box 3.1). Differences in size, spatial scale or lifespan often
translate into different ways of responding to disturbance, providing a
cross-scale dimension to resilience (Peterson et al. 1998). For example,
seed dispersal in Ugandan forests is performed by a range of different-
sized mammals, from mice to chimpanzees. While the small mam-
mals are negatively affected by localized disturbances, the larger, more
mobile species are not, and can therefore maintain the seed dispersal
function. This response diversity allows tree populations to persist
through different-sized disturbances (Peterson et al. 1998). Similarly,
differences in the responses of plant species to rainfall events allows
grass production for grazing by livestock to be maintained during
periods of variable rainfall. Species that increase their growth rate
after rains can produce green biomass quickly but tend to dry out
rapidly between showers. During dry periods, grazing is maintained
by species which respond less rapidly to rainfall, but which dry out
more slowly (McNaughton 1977).

Within the governance system a variety of organizational forms
(e.g. government department, non-governmental organization (NGO),
community organization) with overlapping domains of authority can
provide both redundancy and response diversity (P7 — Polycentricity).
If different organizations all play a similar role, for example regulating
the use of a particular ecosystem service, redundancy is present
because the regulatory function can still be performed even if one or
more of the organizations become dysfunctional. Differences between
organizational forms provide response diversity because organizations
with different sizes, cultures, funding mechanisms and internal
structures are likely to respond differently to various economic and
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political changes (Williamson 1985). Similarly, a diversity of
institutional structures allows for a bigger range of responses to the
myriad complex governance challenges faced by actors daily
(Ostrom 2005).

Diverse groups of actors with different roles (often discussed in
terms of heterogeneity) are critical in the resilience of SES, with
overlapping functions and different strengths in performance during
different phases of development (Folke et al. 2005; Page 2007; Westley
et al. 2013). Roles include: knowledge carriers and retainers;
interpreters and sense-makers; networkers and facilitators; stewards
and leaders; visionaries and inspirers; innovators and experimenters;
and followers and reinforcers. Creative teams and actor groups may
emerge into a large connected community of practitioners with over-
lapping functions and redundancy that provide adaptive capacity and
resilience for maintaining ecosystem services and dealing with
disturbance and change (Folke et al. 2003). Baland and Platteau
(1996) empirically demonstrated that heterogeneity of endowments
in social groups is more likely to lead to sustainable outcomes in
natural-resource management. This supports theoretical claims that
privileged groups can enhance the possibilities for collective action
(Olson 1965). However, the effects of social heterogeneity on
collective action and the creation of long-enduring institutional
arrangements remain disputed, as noted in the following section.

The above examples show how a function lost by the decline of
certain elements (e.g. species, organizations) can be compensated for
by other elements that are less severely affected by a particular
disturbance. The differences in size or scale of operation between the
elements involved in producing an ecosystem service confer upon
them different strengths and weaknesses, so that a particular
disturbance is unlikely to present the same risk to all elements at
once, and enable the continued production of the ecosystem service.
The same reasoning lies behind portfolio theory in economics, ensem-
ble approaches in machine learning and the use of diverse problem
solvers in decision-making (Page 2007; Whitacre and Bender 2010).
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At the landscape level, spatial heterogeneity resulting from
natural processes and/or human activities may also promote the
resilience of ecosystem services. Landscape patches with different
characteristics provide a form of response diversity, because different
patches may be affected differently by a particular disturbance. For
example, areas with lower fuel loads, such as rocky areas and
watercourses, may be less susceptible to fire (Turner and Romme
1994), and urban and rural areas are affected differently by natural
disasters such as floods or hurricanes (Wisner 2004). Spatial
heterogeneity helps ensure that some landscape patches remain
undisturbed and provide refuges for the maintenance of associated
ecosystem services. Similarly, protected landscape patches such as
conservation areas, sacred pools or forests, and reserve grazing areas
often function as remnant sources of critical ecosystem services, such
as water and fodder, during severe droughts or after wildfires (Berkes
and Folke 2002; Bohensky et al. 2004). Remnant landscape patches
may also become important sources of propagules for recolonization
of bare areas after disturbances such as volcanic eruptions, hurricanes
or extreme floods, provided there is sufficient connectivity to
disturbed patches (Turner et al. 1998; Nystrom and Folke 2001;
Parsons et al. 2005) (P2 — Connectivity).

Spatial heterogeneity and habitat complexity also generally
enhance species diversity (Kerr and Packer 1997; Tews et al. 2004),
which is particularly important for the resilience of ecosystem
services that are dependent on the combined functioning and
interactions of many species, such as pollution control, climate
regulation and nutrient cycling (Zhang et al. 2007; Cardinale et al.
2012) (Box 3.1). As the number of elements (variety) involved in
producing an ecosystem service increases, both redundancy and
response diversity tend to increase, because there is a greater chance
that elements will overlap in certain aspects of their functioning,
providing redundancy, while at the same time will also differ in
other aspects of their functioning, providing response diversity
(Bellwood et al. 2004; Kotschy 2013). As species richness (variety)
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increases in biological communities, species typically partition their
use of resources over space, time and/or type. This differentiation in
functioning provides complementarity in both function and time,
which helps to maintain stability in the face of disturbance and
change (de Mazancourt et al. 2013; Loreau and de Mazancourt 2013).

Diversity of values and perspectives in society can affect the
resilience of ecosystem services by helping guard against fads and
soaring demand for particular ecosystem services (Abrahamson
1991). Diversity amongst ecosystem services users and managers can
also help improve understanding of the SES dynamics that underlie
ecosystem services production, and broaden the set of potential man-
agement approaches (Norgaard and Baer 2005; Biggs et al. 2009)
(P5 — Learning). For example, within fishing communities people of
different ages, genders and financial means may favour different
fishing methods and types of gear (Smith et al. 2005). This diversity
among resource users contributes to resilience by enhancing the
ability of the community as a whole to detect and understand
ecological changes, because each user has a perspective on different
parts of the system (Crona 2006). These different perspectives may
also suggest a number of alternative management approaches
(McClanahan and Cinner 2008) (P5 — Learning). However, diversity
may also lead to conflicts over resource management, as described in
Chapter 2 and in the following section.

The diversity of knowledge and experience embodied in
institutions is a form of social-ecological memory which can be
drawn upon when responding to future events (Gunderson and
Holling 2002; Barthel et al. 2010). The greater the diversity of
knowledge and experience present, the greater the range of possible
responses, and the greater the chance of finding creative solutions
to changes or disturbances that threaten ecosystem services. In this
regard, there is growing interest in the potential of deliberately
increasing the diversity of knowledge available by combining
diverse types of knowledge, such as local ecological knowledge
and scientific knowledge (Bohensky and Maru 2011) in various
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spheres, ranging from adaptation to climate change to management
of natural resources such as fisheries, freshwater and biodiversity
(e.g. Riedlinger and Berkes 2001; Aswani and Hamilton 2004;
Lansing 2007).

Diversity and redundancy are also important for enabling
adaptation to ongoing change in SES. Investment in diverse ecosystem
services-based activities (e.g. fishing, ecotourism) can enhance the
resilience of associated livelihoods as it enables people to adjust
their livelihood portfolios in response to more long-lasting changes
in market or environmental conditions (Ellis 2000). For example, a
substantial number of farmers in the drier parts of South Africa and
Namibia have shifted from cattle ranching to wildlife-based
ecotourism in response to changing markets and growing preferences
for cultural over provisioning ecosystem services (Scholes and Biggs
2004). Diverse livelihoods can also support options for responding to
ecological change. In the western Indian Ocean region, for example,
fishers from households with more diverse livelihood portfolios that
included non-fishing activities were more able to consider leaving a
fishery that was in decline (Daw et al. 2012). Not only does such
livelihood flexibility increase the resilience of individual households,
it also reduces the pressure on the parts of the system producing a
particular ecosystem service, thereby enhancing the resilience of that

ecosystem service.

3.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

There is substantial evidence that low levels of either diversity or
redundancy can compromise resilience. If a key SES function or
ecosystem service is produced by only one or a few system elements
(i.e. has low redundancy), these elements are referred to as
‘keystone species’ or ‘key actors’ (Mills et al. 1993; Folke et al. 2005).

Loss of key species or actors typically leads to the loss of many
other entities because the remaining species or actors are unable to
compensate effectively (Mills et al. 1993; Solé and Montoya 2001). For
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example, the North American beaver (Castor canadensis) functions as
an ecosystem engineer, altering the hydrology and biogeochemistry by
cutting trees and building dams, creating a complex floodplain land-
scape that supplies a variety of ecosystem services (Naiman et al.
2005). Extensive trapping of beaver between 1500 and 1800 led to a
widespread reduction in wetland habitat and associated ecosystem
services (Butler and Malanson 2005). Similarly, work on key actors
has shown that the loss of a key actor involved in managing ecosystem
services, such as an institutional or policy entrepreneur who serves as a
glue in social networks, can seriously hamper the resilience of ecosys-
tem services (Scheffer et al. 2003; Westley et al. 2013).

There are several other well-documented examples of dramatic
changes resulting from the loss of elements playing keystone roles.
On Caribbean coral reefs, herbivory is crucial for maintaining a
balance between coral and algae. Redundancy between herbivorous
fish and urchins allowed grazing to continue despite overfishing.
However, once the herbivorous fish were removed, redundancy and
response diversity were lost as the grazing function depended on a
single species of urchin. The loss of resilience was dramatically
illustrated when a disease removed the dominant urchin species
and the corals became overgrown by algae (Hughes 1994).
Similarly, network analyses have shown that the targeted removal
of highly connected nodes dramatically increases the risk of network
collapse compared to random removal of nodes (Solé and Montoya
2001) (P2 — Connectivity).

Studies of keystone species and key actors have highlighted an
important feature of SES, namely that the resilience of particular
ecosystem services can be compromised by the presence of keystone
entities with low redundancy, even when the overall diversity and/or
redundancy levels in the system are high (Kotschy 2013). Diversity
and redundancy levels therefore need to be assessed for each
ecosystem service separately, because diversity and redundancy
pertaining to one ecosystem service do not necessarily enhance the
resilience of other ecosystem services produced by the same system.
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In other cases, high redundancy may occur in combination
with low response diversity. In such cases, many elements con-
tribute to a particular ecosystem service, but all elements are very
similar either by design (if they are human institutions or activ-
ities) or due to environmental or historical constraints. As long
as disturbances remain within the natural range of variation
experienced by the system, provision of ecosystem services is
expected to be resilient. However, the system is likely to be
vulnerable to new types of disturbances because of the limited
options available for responding to the new conditions (Janssen
et al. 2007).

There is some evidence that very high levels of diversity and/or
redundancy can have negative impacts on ecosystem service
resilience, by increasing the possibility for stagnation within some
aspects of SES (Fig. 3.2). For example, the diversity of interests,
preferences, expected climate-change impacts and response capacity
among nations has been identified as an important contributing
factor in the stalemate surrounding climate negotiations (Harris
2007).

At more local levels, diversity of ethnicity can significantly
influence social network structure, affecting the extent of linkage to
outside industry leaders, officials and members of the scientific
community, and creating challenges for stakeholder collaboration
across groups (Barnes-Mauthe et al. 2013). As noted in the previous
section, the empirical evidence for the effects of social heterogeneity —
economic, cultural, religious and political — on the functioning of
groups is ambiguous (Agrawal 2002). Shared values or cultural
homogeneity often facilitates cooperation in the governance of
resources (Bardhan and Dayton-Johnson 2002). The relationship
between social heterogeneity and the resilient provision of ecosystem
services is further complicated by conflation of the multiple aspects
of social heterogeneity that often vary by context. Diversity of ideas
and individuals, diversity in the level of experience, diversity in
worldviews and diversity in the perception of the most



62 KOTSCHY, BIGGS, DAW, FOLKE AND WEST

s

Towards Towards ' .
efficiency stagnation '\

Resilience of ecosystem services

Diversity and redundancy in social-ecological systems

FIG. 3.2 There is substantial evidence that low levels of diversity or
redundancy are associated with lower levels of ecosystem service
resilience. There is also some evidence that very high levels of diversity in
some SES elements, especially in the social dimension, may reduce the
resilience of ecosystem services. However, it is unclear whether resilience
always declines at high levels of diversity/redundancy, and there is
substantial uncertainty over the exact form of the curve, as reflected by
the dotted lines in the figure. The shape of the curve may vary depending
on the spatial and temporal scales and the SES elements considered.
Modified from Lietaer et al. (2010).

important problem facing an SES can all lead to disagreement and
conflict and to poorer outcomes in collaborative resource manage-
ment (Meinzen-Dick and Zwarteveen 1998; Page 2007; Bell et al.
2011).

Similarly, high redundancy in management organizations may
hinder ecosystem-service governance, because it tends to increase
administrative costs, coordination and other types of transaction
costs, and also the potential for power struggles and contradictory
regulations, which can compromise the ability of governance systems
to respond effectively to change (Jentoft et al. 2009). There is less
evidence of negative effects of high diversity or redundancy in the
ecological domain. However, antagonistic interactions between

species have been shown to be detrimental to aspects of system
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functioning at high diversity in bacterial communities (Becker et al.
2012). Greater diversity and redundancy may therefore not always
increase ecosystem-service resilience.

More generally, it has been proposed that there is a trade-off
between efficiency and increasing diversity and redundancy in SES
(Ulanowicz et al. 2009) (Fig. 3.2). Low levels of diversity and/or
redundancy can create greater efficiencies, such as more efficient
food production (Reidsma and Ewert 2008) or more efficient global
trade (Lietaer et al. 2010), but provide fewer options to draw on in
adapting to change. In contrast, as highlighted above, high levels
of diversity and/or redundancy can be extremely complex to man-
age, reducing the nimbleness of the system to respond to distur-
bances or adapt to ongoing change. High diversity and redundancy
tend to be associated with a large number of system elements
(Cardinale et al. 2012; Kotschy 2013). As the number of elements
in a system increases, the possible interactions between them
tend to rise exponentially, as does the possibility of complex,
non-linear system dynamics (Ives and Carpenter 2007). This
increased complexity may hinder the establishment of efficient,
directional pathways for the processing of matter, energy or
information, and lead to ‘stagnation’, or a reduced ability of the
SES to maintain key processes and retain its essential character
(Ulanowicz et al. 2009; Lietaer et al. 2010). Much work
is still required in understanding the relationship between
diversity/redundancy and resilience of ecosystem services in
different contexts.

3.§ HOW CAN THE PRINCIPLE OF MAINTAINING
DIVERSITY AND REDUNDANCY BE
OPERATIONALIZED AND APPLIED?

To put this principle into practice, the value of both diversity
and redundancy must be recognized and incorporated into SES
management. In this section we suggest some ways in which this
may be achieved.

63
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¢ Monitor diversity and redundancy in relation to key ecosystem services.
Measuring and monitoring diversity and redundancy is challenging, but
essential for operationalizing this principle. Monitoring and assessment
should be linked to particular ecosystem services as far as possible, rather
than relying on ‘general’ measures. For example, biodiversity conservation
programmes often focus on the number of species present as a general
measure of diversity. However, species richness alone is not always a good
measure of the resilience associated with particular ecosystem services,
as described in Section 3.3. What is needed is an understanding of the
species, actors, institutions, organizations and critical processes involved
in producing each ecosystem service, and the ways in which diversity and
redundancy in these different parts of the SES affect resilience. Identifying
and managing vulnerable points in the system, such as those controlled
by keystone entities, may be a practical way to maintain the resilience of
ecosystem services because it allows for targeted monitoring and
action (Box 3.1).

¢ Conserve and value redundancy. Redundancy is seldom explicitly
conserved or managed (Kotschy 2013), but is just as important as diversity in
providing resilience. Particular attention should be paid to important
functions or ecosystem services with low redundancy, such as those
controlled by keystone species or key actors. In some cases it may be
possible to increase the amount of redundancy associated with these
ecosystem services (Box 3.1). Alternatively, key system elements may need
to be specifically conserved or protected (e.g. Bellwood et al. 2004), or the
ability of the system to adapt to the loss of particular ecosystem services
must be developed (see the last point below). However, care must be taken
with the complex interplay between redundancy and efficiency for
institutional infrastructure.

¢ Maintain ecological diversity. Several authors have published guidelines for
managing ecosystems and production landscapes for resilience, which
include strategies to maintain or enhance diversity (e.g. Fischer et al. 2006).
These strategies include maintaining or creating structural complexity in
the landscape, creating buffers around sensitive areas, creating corridors to
maintain connectivity (P3 — Connectivity), maintaining landscape
heterogeneity, applying appropriate disturbance regimes and controlling
overabundant invasive species. Other strategies focus on merging
biodiversity conservation and production imperatives, for example through
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agroforestry or organic farming methods (Altieri 1999; Bengtsson et al.
2005) (Box 3.1). Besides contributing to multiple ecosystem services such as
pollination, pest control, nutrient cycling and waste assimilation, natural
biodiversity improves the resilience of these ecosystem services by
providing a reservoir of redundancy and response diversity (Tscharntke

et al. 2005) and by reducing the dependence of the production system on
external inputs of fodder, fertilizers and pesticides (Folke et al. 1998; Maeder
et al. 2002). In a similar way, ‘green infrastructure’ in the form of vegetated
open-space networks in cities can provide ecosystem services such as
stormwater management in a more resilient way than traditional ‘grey
infrastructure’ such as concrete pipes, because green infrastructure provides
multiple benefits and its value tends to appreciate rather than depreciate
over time (Benedict and McMahon 2006).

Build diversity and redundancy into SES governance systems. Institutions
and systems need to recognize the value of diverse sources of knowledge
and the potential resilience conferred by redundancy, for example between
government, NGO and local community organizations (this is evident in
polycentric governance arrangements (P7 —Polycentricity)). This,
however, needs to be balanced against costs in terms of resources, the risk
of overly complex and inflexible structures and conflicting agendas. For
instance, overlapping mandates between multiple government
departments can provide sources of innovation or insurance against
failure, but can also lead to conflict, inertia and problems ‘falling between
the cracks’ (McGinnis 2011). The diversity of perspectives obtained by
engaging diverse user groups can improve problem-solving and support
learning and innovation under certain conditions (P5 — Learning; P6 —
Participation). This can allow for quicker recovery and/or maintenance of
ecosystem-service provision after disturbance. Likewise, diverse
management approaches can support learning and understanding of the
best ways to manage SES to ensure the sustained provision of ecosystem
services and to facilitate adaptation to changes in ecosystem services over
time (Walters and Holling 1990; Boyd and Folke 2012). However, being
able to leverage the value of this diversity often requires a shared overall
vision (Bouwen and Taillieu 2004).

Change the focus of management paradigms from maximum efficiency to
maintaining resilience of ecosystem services over time, even if this is
more costly in the short term. In managing SES for production of ecosystem
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services, the resilience value of diversity and redundancy should be
explicitly recognized so that it can be weighed against the gains in efficiency
derived from streamlining towards optimal exploitation types. For example,
fisheries can be managed with an explicit aim to maintain a diverse
portfolio of fishing methods, which (1) can provide livelihoods for a diverse
range of stakeholders, (2) can be resilient to fluctuations in the availability
or price of individual target species, (3) can spread the ecological impact of
exploitation amongst a range of trophic levels and life histories to maintain
natural community and size structures (Zhou et al. 2010). Although
conventional economic development has promoted specialization to
maximize efficiency, consideration of resilience suggests that policies
should facilitate and provide incentives for livelihood diversity as a
strategy for resilience against ecological, market or conflict shocks
(Walker et al. 2009; Cifdaloz et al. 2010). Alternative livelihood
development programmes can be guided by principles of disparity and
response diversity (Ellis 2000; Leslie and McCabe 2013). For example, in
farming communities, alternative livelihood options that are more
disparate, such as a tourism-related activity rather than alternative types of
farming, will provide greater response diversity, and thus resilience, to
shocks such as market shocks. Specific incentives can be created to

encourage such diversification at the individual farmer level.

36 KEY RESEARCH AND APPLICATION GAPS

Understanding the relationships between diversity, redundancy and
resilience requires the development of practical methods for measur-
ing diversity and redundancy. A substantial part of our understanding
of the value of diversity and redundancy for resilience of ecosystem
services is based on theoretical arguments. Empirical evidence for the
role of diversity and redundancy, especially in the social system, is in
short supply, partly because it is difficult to measure both redundancy
and response diversity (Kotschy 2013; Leslie and McCabe 2013).

In particular, we need better methods for identifying critical
processes or keystone entities that underlie the resilience of ecosys-
tem services in different SES. Network approaches may be one way of
achieving this. Analysis of social or ecological networks can inform
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our understanding of the roles of diversity and redundancy in particu-
lar systems, for example by identifying highly influential system
elements that serve to connect a large number of diverse elements,
or elements that interact in a similar way, providing redundancy
(Tononi et al. 1999; Bodin et al. 2006).

The interplay between the different aspects of diversity (variety,
balance and disparity) in intertwined SES remains a largely unexplored
area of research. We know that diversity in terms of variety increases
the probability that there is redundancy in the system such that multi-
ple elements can fulfil the same function. We also know that the
disparity aspect of diversity, which describes the similarities and
differences among system elements (Fig. 3.1), is particularly
important for the resilience of ecosystem services, as it underlies
response diversity, ensuring that some elements are more robust to
disturbances and change. The balance aspect of diversity implies a
portfolio of elements that provide a function and reduce the quantita-
tive impact of the loss of any individual element. However, the effects
of balance on resilience have seldom been studied. The available
evidence from plant communities suggests that redundancy for a
given function is provided by groups of species with a wide range of
different abundances (Walker et al. 1999; Kotschy 2013). The relative
abundance or importance of the elements may influence whether
functional compensation occurs rapidly (where elements providing
redundancy have similar abundances and are immediately available
to compensate for lost functioning) or more slowly (where less abun-
dant elements must first increase in abundance before they can
effectively compensate for the functioning lost by the decline of
more abundant elements). Better understanding the SES elements for
which it is important to maintain balance, and not just variety in order
to ensure resilience of ecosystem services, is a critical research
need. This also includes better understanding the importance of
balance in respect of social dimensions of ecosystem-service
production, especially balance in the form of power inequalities

between social groups.
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A final research need is to develop our ability to determine how
much diversity and redundancy is ‘sufficient’. This pertains to the
hypothesized non-linear relationship in Fig. 3.2, which needs to be
explored in different systems, for different system elements and at
different scales, to improve our understanding of the roles of
diversity and redundancy in managing social-ecological systems
for resilience. The importance of managing diversity and redun-
dancy for maintaining ecosystem services is increasing as we move
into novel social-ecological terrain in the Anthropocene (Crutzen
2002). With changes in the frequency, duration and magnitude of
disturbances expected, the required levels of diversity and redun-
dancy will need to be related not only to historical observations, but
also to the likelihood of novel shocks and surprises. Managing diver-
sity and redundancy for dealing with uncertainty and the unknown,
and for turning crisis into opportunity, becomes central in this

context.

BOX 3.1 Managing diversity and redundancy to
enhance the resilience of crop pollination
services

Many important crop species require insect pollinators to produce
marketable fruit, including canola, sunflower, tomato, watermelon
and many types of nuts and berries. The critical ecosystem service of
crop pollination can be performed by a variety of insect species.
However, the agricultural sector worldwide has come to rely heavily
on the honeybee, Apis mellifera, with managed beehives being trans-
ported onto farms during the crop flowering season (Fig. 3.3). While the
large colony sizes and social habits of honeybees make them ideal
providers of such managed pollination services, these factors also
make honeybees susceptible to parasites and diseases. The dangers of
relying too heavily on a single species to provide this important eco-
system service have been brought into sharp focus recently in the
United States, where honeybee populations have undergone sharp
declines due to a number of interacting factors (Martin 2001; Chen
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FIG. 3.3. Managed honeybee colonies (a) are important for pollination
of crops such as watermelon (b) and almond (c) in California, but heavy
dependence on a single pollinator species creates a point of
vulnerability. Maintaining habitat and floral resources for native
pollinators in farming landscapes (d) increases the resilience of
pollination services by increasing the number of insect species able to
effectively pollinate these crops. Photo credits: (a, b): morgueFile.com;
(c): wanderbored (flickr.com, licensed under a Creative Commons
Attribution 2.0 Generic Licence); (d): Akos Kokai (flickr.com, licensed
under a Creative Commons Attribution 2.0 Generic licence).
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BOx 3.1 Continued

()
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FIG. 3.3. (Cont.)

et al. 2006). The decline in honeybees has led to declines in crop
production, affecting food security and the livelihoods of farmers
(Allen-Wardell et al. 1998).

Scientists in California have sought to increase the resilience of

pollination services by enhancing both the redundancy and
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diversity associated with pollination (Kremen 2005 Balvanera et al.
2005). Research has shown that native bees can contribute sub-
stantially to the pollination of many crops, even meeting 100% of
the pollination needs of highly insect-dependent crops such as
watermelon. Native bees are in some cases more efficient pollina-
tors than honeybees. However, native pollinators often have lim-
ited effectiveness because of the limited availability of natural
vegetation on conventional farms, as well as ‘bee-unfriendly’ prac-
tices like excessive tillage and use of pesticides (Kremen et al.
2002). Encouraging pollination of crops by native bees, and increas-
ing the abundances of these species on farms, adds redundancy to
the ecosystem service of crop pollination by increasing the number
of species that contribute to this service. This helps to buffer the
pollination ecosystem service against fluctuations in the popula-
tion sizes of any particular pollinator species. Increasing the num-
ber of pollinator species contributing to crop pollination also
increases the response diversity associated with this ecosystem
service, because bee species differ in many aspects of their biology,
including foraging ranges and behaviour, morphology, nesting
requirements, susceptibility to diseases, and responses to distur-
bances and land-use changes at various scales (Greenleaf and
Kremen 2006; Winfree and Kremen 2009).

Farmers, landowners and scientists in California are working
together to enhance access of wild pollinators to crops, by manipulat-
ing spatial diversity (designing and maintaining a network of patches
of natural vegetation both on and off farms) and managing the tem-
poral diversity of food sources available (Kremen et al. 2004). This is
done by, for example, planting a diversity of native plants in hedge-
rows and along roadsides, allowing weeds to grow alongside the crop
and providing suitable nesting sites for bees. A spatially explicit
ecosystem-service planning model has been developed, similar to
those used by conservation planners (Kremen 2005). In a regional
sense, encouraging a diversity of land uses and crop types also
enhances the diversity of pollinators contributing to the pollination
ecosystem service.
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SUMMARY

Connectivity refers to the structure and strength with which
resources, species or social actors disperse, migrate or interact across
patches, habitats or social domains. Here we discuss how connectivity
may confer resilience to the supply of ecosystem services. High levels
of connectivity can facilitate recovery after a disturbance. At the same
time, highly connected systems increase the potential for distur-
bances to spread. Additionally, the structure characterizing how
system components are connected appears to play a role. Thus, the
effect of connectivity on the provision of ecosystem services is highly
context dependent. Despite increasing theoretical work that evaluates
how connectivity affects the resilience of social-ecological systems,
we still largely lack empirical studies that quantify these effects. We

discuss this disparity and suggest new areas for further research.
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4.I INTRODUCTION

Ecosystem services are integrated within systems in which social and
ecological components interact across multiple spatial and temporal
scales. For this reason, connectivity between these components can be
influential in conferring resilience to the production and/or supply of
specific sets of ecosystem services in response to disturbances. For
instance, isolated forest patches in a fragmented landscape may escape
fire (Peterson 2002), whereas highly connected agricultural landscapes
may suffer the spread of pests or diseases (Davis et al. 2008). Densely
connected social networks may facilitate governance of ecological
resources (Bodin and Prell 2011), although at the risk of reducing
diversity in management strategies that may potentially undermine
the resilience of the managed resources (Bodin and Norberg 2005;
McAllister et al. 2006). The implications of connectivity for the resi-
lience of ecosystem services are further complicated by the fact that
the above processes operate simultaneously at different scales. The
recent financial meltdown across the world economy and droughts in
major bread baskets, coupled with spikes in food prices, are clear
examples of how increasing global connectivity and novel intercon-
nections at different scales have implications for the resilience of such
complex systems (Biggs et al. 2011). In the following, we draw from
the growing body of theoretical work, and the few empirical studies
that explicitly test the relationship between connectivity and
resilience of ecosystem services, to explore how connectivity may
affect the resilience of the provision of ecosystem services to

disturbances in social-ecological systems (SES).

4.2 WHAT DO WE MEAN BY CONNECTIVITY?

Connectivity refers to the way in which parts of an SES (i.e. entities
that have similar features such as species, landscape patches,
individuals, organizations and so forth) interact with each other
(i.e. exchange information, transfer material, transform energy, etc.).

For example, consider the case of forest patches and their connections
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in a landscape. The forested landscape is the system, the forest patches
are the parts of the system and their interactions dictate how easy it is
for an organism to move from one patch to another. Here, however, we
do not only consider connectivity in the context of a spatially explicit
landscape. In every system that can be conceptualized as a sum of
individual components, connectivity refers to the nature and the
strength of the interactions between these components. In that
sense, in any ecological or social ‘landscape’, connectivity is the way
by which (structure) and the extent to which (strength) resources,
species or social actors disperse, migrate or interact across patches,
habitats or social domains (Bodin and Prell 2011). While these inter-
actions are primarily mapped statically, they also change through
time (Raudsepp-Hearne et al. 2010). However, in this chapter, we do
not consider the consequences of temporal changes in connectivity,
but only focus on how the structure and strength of connectivity
influences the resilience of ecosystem services in coupled SES.

Alternatively, we can also think of connectivity from a network
perspective. In a network all individual components of a system are
nodes embedded in a web of connections that constitute the links
(Fig. 4.1). Examples of links are species interactions (like feeding
interactions in a food web), vegetation corridors across habitats or
communication channels between human communities (Table 4.1).
The way the links are distributed within an SES determines the struc-
ture of the SES. For instance, links may be present or absent between
components; they may be one-way interactions or mutual (reciprocal)
interactions. At the same time, some components/nodes may be
highly connected (i.e. have many links), while others may have few
connections (like an isolated patch of trees at the edge of a forest).
Links are also characterized by their strength, which refers to the
intensity with which nodes are connected or interact. Strength can
be determined by various factors, such as corridor quality among
habitats, preferences of a predator for specific prey, the visitation
rate of a pollinator insect to a plant or the frequency of interactions
between social actors.
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FIG. 4.1 Toy representations of the architecture of connectivity in SES.
SES can be organized in random, nested or modular ways. In a random
network each node has on average the same number of links to other
nodes and no particular characteristic. Nested networks are usually bi-
partite (meaning that they are made of nodes that belong to a distinct
group). In nested networks, nodes interact with only a subset of nodes
in a hierarchical way. In a modular (or compartmentalized) network,
the nodes are organized in distinct compartments that are connected to
one another with very few links. Lines indicate interactions (edges/
links) between components (nodes), which can be of various sorts. For
example, in food webs, links between producers define competition
interactions, while links between predators and producers define
trophic links. Dashed lines indicate interactions across SES. The
thickness of the lines indicates the strength of interaction
(connectivity strength). Different shades and shapes correspond to
different types of system components (e.g. parts/actors/patches/
species).

4.3 HOW DOES CONNECTIVITY ENHANCE THE
RESILIENCE OF ECOSYSTEM SERVICES?

Connectivity in SES generally facilitates the flow of energy, material
or information necessary for the resilience of ecosystem services. In
particular, the strength and structure of connectivity may safeguard
ecosystem services against a disturbance either by facilitating recov-
ery or by constraining locally the spread of a disturbance (Nystrom
et al. 2001).

The importance of connectivity for the recovery of disturbed
SES and thus for the maintenance of resilience of their ecosystem
services can be demonstrated in the recolonization of coral reefs.
The extent of reef recolonization is related to the degree of connectiv-
ity between remnant coral patches, which is determined by the
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Table 4.1 Examples of nodes and links for ecological and social

systems across different scales

Scale Ecological Social
Local Node Patch, species Individual,
household
Link Migration, Information,
energy (kcal) trust, food,
labour, money,
equipment
Intermediate Node Landscape Community,
(Regional) patches, organization (e.g.
populations, NGOs), firm,
trophic levels geographical
region
Link Migration, Information,
genetic material, opinion, ideas,
energy (kcal) trust, money,
expertise, food,
equipment,
labour
Global Node Ecosystems, Nation states,
biomes governance
entities,
stakeholder
groups
Link Migration, Rules, norms,
genetic material, decisions,
energy (kcal) information,

trust, finances

prevailing currents that allow coral recruitment between neighbour-

ing reefs (Treml et al. 2007; Mumby and Hastings 2008). Similarly, in

disturbance experiments of macrobenthic communities, recovery was

largely determined by the degree of connectivity across metacommu-
nities (Thrush et al. 2008). Closely situated habitats with no physical

barriers enhance the recolonization of nearby sites, safeguarding

against loss of species and ensuring the maintenance of their
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functions. Thus, approaches of protecting, maintaining and restoring
connectivity underlie many conservation initiatives that focus on
enhancing the resilience of SES and the ecosystem services they pro-
duce, as in for instance the design of networks of marine protected
areas in the Great Barrier Reef off the coast of Australia (McCook et al.
2010). The basic mechanism behind these cases is that maintaining
connections to areas that serve as refuges can accelerate the restora-
tion of disturbed areas and their associated ecosystem services, as
these refuges provide a critical habitat that reduces larvae and juvenile
mortality and enhances recruitment in other less-resilient habitats
(Nystrom et al. 2001).

Instead of facilitating recovery from a disturbance, connectivity
may also enhance the resilience of ecosystem services by acting as a
barrier to the spread of disturbances (like the spread of fire or of a
disease vector). This capacity is usually maximized in moderately
connected SES that are highly heterogeneous (P1 - Diversity). While
local disturbances can cause local regime shifts with local losses of
ecosystem services, limited connectivity reduces the possibility of
large-scale global effects (e.g. Bodin and Norberg 2007). In other
words, the potential loss of ecosystem services is locally contained
due to the existence of bottlenecks in the landscape. Generally, the
effect of connectivity on these two processes of recovery and con-
straint can be conceptualized by sink-source dynamics with compen-
sating effects (Dias 1996). Sources are parts of the system that produce
or maintain resources, whereas sinks are parts that do not. For exam-
ple, some reefs act as nursing grounds for fish and produce larvae
(sources), and other reefs are receiving larvae from the source reefs to
populate their own fish community (sinks). In marine systems, resi-
lient local systems may act as sources whereas non-resilient systems
act as sinks. Depending on the type and size of disturbance, the overall
resilience of systems that can maintain local fishing
communities (McCook et al. 2010) will be dependent on the strength
of the dispersal processes between local sink and source parts
(Nystrom et al. 2008).
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Perhaps the most highlighted positive effect of connectivity on
the resilience of SES is that it facilitates the maintenance of biodiver-
sity in the landscape, which underlies the production of many ecosys-
tem services. The reason is that among well-linked habitat patches
local species extinctions may be compensated by the inflow of species
from their surroundings. This rescue effect (Hanski 1991) has been
demonstrated experimentally in moss microecosystems (Gonzalez
et al. 1998) and supports the idea of a spatial insurance hypothesis
(Loreau et al. 2003). According to this hypothesis spill-over effects
have been shown to be overall beneficial for the maintenance of
biodiversity (Brudvig et al. 2009) and for reducing the risk of extinc-
tion (Gilbert et al. 1998). Clearly, all these effects are a function of
connectivity in the landscape. As connectivity affects diversity (both
functional and genetic, P1 — Diversity), it will also indirectly have an
effect on the resilience of ecosystem services provided by a high
diversity. For instance, reduced connectivity caused by human-
induced fragmentation, like roads and dams, has a negative effect on
population viability (Fahrig and Rytwinski 2009) especially for large
mammal populations (Beier and Noss 1998). The Yellowstone-to-
Yukon project is an example of conservation planning that focuses
on reconnecting large habitat patches by establishing corridors to
minimize the effects of reduced genetic diversity in isolated large-
carnivore populations (Raimer and Ford 2005). Managers even mimic
connectivity in fragmented landscapes through additions of species or
individuals to decrease the risk of extinction of local populations. The
successful design of such schemes depends largely on conserving key-
stone patches in the landscape, creating new patches in the vicinity of
vulnerable ones or managing highly connected patches that all can
maximally contribute to the resilient provision of ecosystem services
(JTanssen et al. 2006). However, the relationship between connectivity
and the maintenance of biodiversity is not straightforwardly linear.
Theoretical work suggests that a certain level of connectivity is
required in order to prevent extinctions, but an overly connected
system may reduce the probability of population survival when all
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populations are experiencing the same strong exploitation practices
(Baggio et al. 2011; Salau et al. 2012).

Although a growing body of literature highlights the effects of
connectivity on resilience of SES, empirical evidence of the explicit
relationship of connectivity and the resilience of ecosystem services
remains limited (Mitchell et al. 2013). It has been shown that eco-
system functions that affect ecosystem productivity are influenced
by the strength of dispersal across habitats in the landscape (Staddon
et al. 2010), which infers a positive relationship of connectivity to
the resilience of a bundle of ecosystem services like provisioning and
regulating services. Another example is crop pollination by insects
that is tied to other ecosystem services such as food production and
habitat provision. It has been shown that connected patches in the
landscape have an effect on plant-animal interaction by increasing
pollination (Tewksbury et al. 2002) or changing patterns of butterfly
movements (Haddad et al. 2001). As pollination is strongly influ-
enced by the distance between plants that require pollination and
suitable habitats for their pollinators (Kearns et al. 1998; Ricketts
et al. 2008), it may be inferred that connectivity in such agroecosys-
tems will be important for the provision of pollination, food and
habitat services. Similarly, bundles of ecosystem services associated
with water flowing in streams and rivers within a watershed (e.g.
drinking-water provision, erosion control, water-quality regulation,
recreation opportunities, etc.)] can be simultaneously affected by
changes in landscape connectivity of riparian buffering corridors.
How intact native vegetation remains along the shoreline of urban
streams affects their physical and biological condition, with less-
connected buffer zones having reduced erosion control leading to
poorer stream conditions (McBride and Booth 2005).

In human social networks, it has been argued that
connectivity can facilitate the resilience of ecosystem services
through enhanced governance opportunities. High levels of connec-
tivity between different social groups increase information-sharing
and help develop the trust and reciprocity necessary for collective
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action (P6 — Participation) (Brondizio et al. 2009). Certain actors can
serve as connectors to other actors or landscapes, bringing outside
perspectives and new ideas to local issues (P5 — Learning) (Bodin and
Crona 2009). Empirical studies in social networks demonstrate that
the strength of connectivity (e.g. frequency or duration of interactions)
may have different effects on the resilience of ecosystem services
depending on the aspirations and importance of the interacting social
actors. For example, it appears that actors are most likely to have
strong ties to actors with similar characteristics (Mcpherson et al.
2001). This homogeneity of characteristics can lead, for instance, to
a high connectivity of resource users with similar perspectives and
knowledge about the resources they exploit: the ‘who you know is
what you know’ phenomenon (Ruef 2002; Crona and Bodin 2006;
Bodin and Norberg 2007; Little and McDonald 2007). Increasing levels
of network connectivity across different social groups gives indivi-
duals opportunities for new information, and development of trust
and reciprocity necessary for collective action (Diani 2003). These
findings suggest that social network connectivity can facilitate resi-
lience of ecosystem services through enhanced governance (Bodin and
Crona 2009), while high levels of connectivity among actors with
similar types of knowledge or economic preferences can hinder col-
lective action or aid in cases of resource overexploitation of resources
(see Section 4.4).

Another relatively novel and largely unexplored feature of the way
connectivity affects the resilience of SES is the actual structure of SES.
Network theory suggests that non-random configurations (like modular
and nested structures) of food webs, mutualistic communities (seed-
dispersers—plants, plants—pollinators) or habitat patches have a positive
effect on their stability (Ash and Newth 2007; Galstyan and Cohen
2007; Bastolla et al. 2009) (Fig. 4.1). Modularity (or compartmentaliza-
tion) refers to the extent to which subsets of densely connected nodes
are loosely connected to other subsets of nodes, creating in essence
distinct compartments within a network (Fig. 4.1). Nestedness is the
degree to which specialist nodes (nodes with few links) interact with
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subsets of generalist nodes (nodes with a lot of links) (Fig. 4.1).
Although progress to identify the effect of network architecture on
the resilience of SES is recent (Scheffer et al. 2012), it appears that
modular ecosystems, like lakes, are functionally organized in inde-
pendent modules. In that sense disturbances are difficult to spread
globally across modules or to cascade (Carpenter 2003), whereas
nested communities can sustain higher levels of disturbances but at
the cost of collapsing synchronously once a threshold is crossed
(Lever et al. 2014). These preliminary studies highlight that the
architecture of SES masks trade-offs between the provision of ecosys-

tem services and their resilience (Box 4.1).

4.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

While connectivity can facilitate recovery or constrain the spread of a
disturbance, in some cases it can also compromise the resilience of
ecosystem services. Depending on the type and size of disturbance, in
strongly connected systems without compartmentalization (i.e. frag-
mented parts or local weakly connected parts) and with dense path-
ways between parts of the system, disturbances can propagate rapidly,
leading to widespread impacts on SES and associated ecosystem ser-
vices (Van Nes and Scheffer 2005; Ash and Newth 2007). Pest out-
breaks, disease epidemics, invasion of alien species, or even financial
crises, such as the global spread of the 2008 recession triggered by the
collapse of the US housing market, confirm the high risk of propaga-
tion of disturbances in strongly connected systems (Adger et al. 2009;
Biggs et al. 2011). In some ecosystems, such as the pine forests of
western North America, pest outbreak mechanisms rely on highly
connected patches (Raffa et al. 2008). An intricate set of factors and
conditions, all linked to high connectivity, are necessary to set in
motion a bark beetle infestation such as the pine beetle outbreak
that has been occurring across large expanses of forests in western
Canada and northwestern USA. Pheromone-triggered mass attacks on
trees by thousands of closely located beetles is facilitated by dense
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BOX 4.1 Social-ecological connectivity and
preservation of forests in southern
Madagascar

Taking both social and ecological connectivity into account when
analysing resilience is challenging from many perspectives. First, it
involves an explicit integration of disciplines that have different prac-
tices, epistemologies and methods. Second, there is the issue of defin-
ing relevant units of analysis (i.e. actors, ecological resources) and
appropriate types of links. Finally, linking patterns of connectivity to
resilience is not necessarily theoretically straightforward. All these
clearly pose a challenging task in deciphering the role of connectivity
in the resilience of ecosystem services. Here we illustrate how a com-
bined social and ecological network analysis can help to empirically
disentangle how patterns of social-ecological connectivity might influ-
ence resilience.

The study system is an agricultural landscape in southern
Madagascar that is interspersed with scattered forest patches of high
biodiversity value that have been remarkably well preserved in spite of
strong pressures on land and forest resources (Fig. 4.2) (Tengo et al.
2007; Bodin and Tengd 2012). The forest patches are protected by
taboos restricting access and use, and the patches generate essential
ecosystem services, such as micro-climate regulation and crop pollina-
tion (Bodin et al. 2006). Furthermore, the forests provide cultural
ecosystem services as they are important ancestral burial grounds,
sites for ceremonies and a symbol of the link between people and
land (Tengo et al. 2007).

The puzzle is whether an analysis of the patterns of social-ecological
connectivity can help explain why these forest patches have been
preserved in spite of an increasing demand for land. More specifically,
this example focuses on the control and use of ecosystem services
stemming from the forest patches. The forest patches are defined as
the nodes of the ecological part of the SES. These patches are geogra-
phically located within a village with approximately 9000 inhabitants.
In the social part of the SES, nodes are the social actors and are made up
of the six main clans in the village, alongside two additional clans
residing elsewhere but with a stake in the forests. The social links
between the clans were assessed through interviews with clan
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BOX 4.1 Continued

FIG. 4.2 The agricultural landscape (a) in Androy, southern
Madagascar, is interspersed with scattered forest patches (b) of high
biodiversity value that have been remarkably well preserved due to
various taboos restricting access and use (Tengo and von Heland 2011).
Photo credits: Maria Tengo.
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BOX 4.1 Continued

authorities, and the ecological links between the forest patches were
assessed based on the potential for seed dispersal between patches
(Bodin and Tengo 2012). Finally, the social to ecological links were
defined based on access and use rights of the forest patches. The
complete social-ecological network describing the study system
consisted of 14 ecological and 8 social nodes (Fig. 4.3a).

A network analysis of the complete social-ecological network
would involve the estimation of the average number of links, the
distribution of links among nodes or the relative compartmentaliza-
tion for each part of the SES network. In this example, however, it was
more sensible to use a micro-scale approach. This is because a simpli-
fied network might be easier to link, at least theoretically, to some
governance challenges of interest that have implications for the resi-
lience of ecosystem services. In particular, by analysing how often a set
of three micro-scale social-ecological networks (also called ‘motifs’)
occurred in the complete network, it was found that shared forest
access generally implied social connectivity (Fig. 4.3b). In other
words, if two clans were utilizing one and the same forest patch, they
tended to also be socially connected. This means that resource sharing
(i.e. competition) is often accompanied with social connectivity.
According to common-pool resource theory (Ostrom 1990), this con-
figuration of social-ecological connectivity may increase the potential
for negotiating and regulating resource use in a sustainable way. Thus,
the relatively high frequency of this presumably favourable motif in
the larger network may provide a possible explanation of why the
forest patches have been preserved in this otherwise heavily exploited
agricultural landscape.

There is another overrepresented motif in the network (Fig. 4.3b).
That is the motif where the clans share two forest patches that are also
connected. Thus, highly interconnected clusters of clans and forest
patches seem to occur relatively frequently. The third most common
motif is the one of symmetric pair-wise coupling of social and ecolo-
gical nodes (Fig. 4.3b). The occurrence of such motif patterns indicates
that (1) socially connected clans tend to share sets of patches that are
ecologically connected and (2) unconnected patches are divided
between unconnected clans. Overall, this implies a positive alignment

of social and ecological patterns of connectivity, or social-ecological
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BOX 4.1 Continued

b Motif 1

@ @ Clan
S Forest
patch

FIG. 4.3 The social-ecological network of an agricultural landscape
in southern Madagascar. Dark grey areas represent the 14 forest
patches (ecological nodes of the SES), and the circled black dots are
the 8 clans that are maintaining the forest and constitute the social
nodes of the SES. The white lines are the interrelationships between
the clans, while the solid lines are the dispersal rates of seeds between
the forest patches based on a measure of distance. The dasked lines
depict the relationship (ownership, management) of each clan to each
forest patch. (b) The micro-scale social-ecological networks (motifs).
Motif 1 shows shared forest patch access combined with social
connectivity between clans. In motif 2, complete connectivity
between clans and forest patches exists, and in motif 3 there is a pair-
wise coupling of the clans and the forest patches.

‘fit’ that generally suggests increased capacity to manage ecosystems in
a sustainable way.

In summary, this example demonstrates how, by analysing connec-
tivity patterns of SES, one may partly explain the successful govern-
ance of biodiversity-rich forest patches. Such analysis of specific
patterns of connectivity of SES may highlight mechanisms to enhance
the resilience of ecosystem services.
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host-tree stands that have become structurally similar due to
environmental factors such as drought or temperature (Raffa et al.
2008). In this case, the resilience of ecosystem services, such as
wood resource production and pest regulation, is negatively impacted
by high connectivity.

High levels of connectivity between social actors can also be
detrimental to the resilience of ecosystem services through a
different mechanism. In this case, strong links may lead to synchro-
nized behaviour that translates into intense unsustainable resource
extraction or strong norm barriers for giving up unsustainable prac-
tices (Bodin and Prell 2011). For example, Satake et al. (2007) found
that in dense social networks with preferences for immediate gains
over long-term resilience, information about a change in market
price for timber can spread quickly and result in deforestation as
multiple actors take advantage of market conditions to cut and sell
their timber at the same time. Moreover, highly connected networks
may limit social learning and reduce the capacity to find optimal
solutions and reduce the ability for novel experimentation (P5 —
Learning). For example, modelling studies show that when homo-
genization of norms occurs, explorative ability drops, leading to a
lock-in situation in which actors believe themselves to be doing well
while they are actually driving their managed ecosystems towards
unsustainable pathways (Bodin and Norberg 2005). In the case of
SES, these results suggest that overly connected networks can lead
to homogenization of strategies when imitation and social influence
are strong. Lack of diversity may lead to maladaptation: instead
of people adapting to the changing environment, the effect is that
the environment itself must adapt to human norms (Levinthal
1997), with negative consequences for the resilience of
ecosystem services.

Another way that connectivity can jeopardize the resilience of
ecosystem services is by weakening or disrupting links across differ-
ent compartments. For instance destruction of breeding or refuge

grounds of species with diverse life cycles disrupts their recruitment
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and can make SES less resilient. Mumby and Hastings (2008) have
shown that shallow coral reefs become less resilient due to the
destruction of mangroves that serve as breeding grounds for parrotfish
larvae that play a crucial part in the functioning of the reef. In this
case, one of the services provided by mangroves, i.e. provision of
parrotfish breeding habitat, is disrupted. Such types of interdependen-
cies are commonly found across ecological and social domains at
multiple scales (Brondizio et al. 2009). It has been suggested that in
recent years, due to the increased interlocking of systems like markets
and global food distribution networks, local disruptions or scarcities
had disproportional impacts on the resilience of SES on distance scales
that have been unknown so far (Biggs et al. 2011).

In highly modular (compartmentalized) systems, resilience of
ecosystem services may be jeopardized if some components become
overly important compared to others, in the sense that the whole
system relies heavily on some individual parts (Strogatz 2001).
Removal of important components, such as keystone species or highly
connected patches, may trigger cascading waves of extinctions
(P1 — Diversity). For example, models of Madagascar's dry-forest
dynamics suggest that rapid declines in pollination services could
occur if small forest patches are removed from the landscape, owing
to their impacts on the spatial configuration of the remaining forest
area (Bodin et al. 2006). If subgroups that actively use certain ecosys-
tem services are not engaged in the management of those ecosystem
services, critical knowledge of systems' functioning and monitoring
can be missed (P5 — Learning) (Gelcich et al. 2006), and there may be a

reduced potential for collective action (P6 — Participation).

4.5 HOW CAN THE PRINCIPLE OF CONNECTIVITY
BE OPERATIONALIZED AND APPLIED?

Operationalizing connectivity to enhance the resilient provision of
ecosystem services is clearly an ambitious goal. As with all principles,
operationalization is inevitably context-dependent. Different SES will
have different potentials for intervention, while the resilience of
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individual ecosystem services will be variably affected. Thus, system-
specific properties will determine how connectivity should be mana-
ged (e.g. by modulating strength, manipulating structure). Here we
attempt to postulate some general principles for operationalizing and
managing connectivity, although further research is needed to sub-

stantiate these principles. We discuss these gaps in the next section.

e Map connectivity. In order to understand the effect of connectivity on the
resilience of ecosystem services, the first step is to clearly map the
relevant parts of the SES, their scale, interactions and the currency of
connectivity (see Table 4.1 and Box 4.1). Based on this information,
visualization and network analysis tools can assist to map the structure
(random, nested, modular), the units flowing across links (information,
animals, energy, resources) and the strength (weak, moderate, strong) of
connectivity in the SES. Such mapping can help determine the overall
level of connectivity to develop hypotheses of the relative effect of
connectivity on the resilience of ecosystem services.

¢ Identify important elements/interactions. To guide interventions and
optimize the effect of connectivity on the resilience of ecosystem services,
network tools can help to identify keystone, highly connected nodes or
isolated patches in the SES. This helps to identify vulnerable and resilient parts
in the SES, and highlight groups of actors that are overly connected. In parallel,
it is important to characterize these elements in terms of their diversity (P1 —
Diversity) as the combination of their structure and uniqueness can determine
their relative importance. By doing so, one can rank nodes based on their
potential effect on the resilience of ecosystem services and can explore the
potential for managing structure and/or strength of connectivity in the SES
through particular nodes or interactions.

¢ Restore connectivity. The restoration of connectivity involves the creation
of nodes, or conservation of keystone nodes in the SES depending on the
ecosystem service that needs to be enhanced and the type of disturbance
against which one wants to protect. Alternatively, one can also maintain
or strengthen connections to more resilience nodes that serve as refuge
nodes. For example, habitat loss caused by the conversion of forest to crop or
pasture land or the disruption of blue corridors that convey fish, nutrients
and sediment when dams are built in rivers are a few examples that

demonstrate how disrupting connectivity can jeopardize the provision and
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resilience of ecosystem services these systems provide. Restoring
connectivity in such cases can directly restore ecosystem functioning and
the supply of ecosystem services. For example, the Yellowstone-to-
Yukon (Y2Y) project in North America, mentioned above, focuses on
reconnecting large patches of wildlife habitat by restoring corridors
between patches. The approach of Y2Y primarily involves purchasing
land or enacting land trusts in large, intact watersheds, connecting habitats
to ensure species and genetic diversity (Baldwin et al. 2012). Similarly,

the Montérégie Connection project in southern Quebec, Canada, is about
connecting forests and people to make the landscape, and its provision

of ecosystem services, more resilient to climate change and other global
and regional changes (http://www.monteregieconnection.com). Here,

the focus is on a much smaller scale; the science primarily addresses

how the size and connectedness of forest patches is likely to

influence the provision of ecosystem services across the region

(Mitchell et al. 2013).

Optimize current connectivity patterns. In other cases, it may be more
useful to manage current connectivity patterns to minimize the effect of a
disturbance on the resilience of ecosystem services and to contain the risk
of a systemic failure. This can be achieved by disrupting the connections
of extremely vulnerable components from the rest of the SES. Alternatively,
the goal might be to increase modularity in the structure of the SES in
order to create compartments that can act as bottlenecks for containing a
disturbance. The loss of electricity across the eastern USA and Canada in
2003, affecting an estimated 50 million people, is an example of a
network where local failures could not be contained and the system
experienced a systemic collapse. In this case, the high degree of
connectivity and lack of modularity of the power grid was largely
responsible for the extensive blackout (Andersson et al. 2005). Thus, in
some cases, connectivity may need to be reduced or otherwise changed
structurally to increase the resilience of the system. Nonetheless,
determining and achieving the appropriate structure and degree of strength
remains a challenge. This especially applies when analyses take social and
ecological connectivity into account simultaneously. Some attempts have
recently been taken in this direction, although much work remains to be
done for fully integrated social-ecological connectivity analyses (Box 4.1)
(Bodin and Tengo 2012; Schoon et al. 2014).
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46 KEY RESEARCH AND APPLICATION GAPS

Connectivity in an SES can facilitate recovery after a disturbance in an
ecological landscape or the development of trust necessary for collec-
tive action in social systems. However, at the same time, highly con-
nected systems increase the potential for disturbances to spread and
enhance the risk of homogenization of knowledge, which can lead to
suboptimal management. The relationship between connectivity and
the resilience of SES or the ecosystem service they provide is far from
simple. Despite the bulk of theoretical work that evaluates how con-
nectivity affects the resilience of SES, we are largely lacking empirical
studies. New work (e.g. Mitchell et al. 2013; Ziter et al. 2013) that
summarize the effect of connectivity on the provision of ecosystem
services are emerging, but still much remains to be understood regard-
ing the impact of connectivity on the resilience of ecosystem services.

This gap in our knowledge stems mostly from the difficulty in
identifying and measuring connectivity. The suggestions for opera-
tionalizing connectivity outlined in Section 4.5 are not easy to gen-
eralize. This is due to the large number of currencies employed for
quantifying connectivity in SES (e.g. flow of energy, resources,
information, interaction strengths, species movements) that make
it challenging to quantify and compare the strength of connectivity
across different SES. Moreover, difficulties arise in defining the
boundaries and/or agents in network representations of SES
(Bodin and Prell 2011). Most network theory has focused on
well-defined subsets of ecological interactions, like feeding relation-
ships in food webs or mutualistic interactions in plant—pollinator
communities, but the integration of multiple interaction types is
still largely unexplored (Fontaine et al. 2011; Mougi and Kondoh
2012). The consequences of integrating such a diversity of
interactions for the resilience of ecological systems are unclear
(Scheffer et al. 2012) and at the same time are difficult to grasp
conceptually. Furthermore, when one adds social network

dynamics, the task of disentangling the effects of connectivity on
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the resilience of ecosystem services becomes even more challenging.
So far there is little understanding on the effect of integrating both
types of interactions (social and ecological) on the resilience of SES.
This challenge is aggravated by the fact that connectivity is not a
constant property, as the strength and structure of links may vary
over time.

Equally challenging is to know how to practically manage con-
nectivity to enhance the resilience of ecosystem services. Despite some
general statements about how to operationalize the level and type of
connectivity to improve the resilience of ecosystem services, future
research needs to focus on clear applications of connectivity manage-
ment based on a theoretical understanding of the impacts of connectiv-
ity. As the tools and methods for estimating ecosystem services
improve, initiatives that aim to quantify the impact of restoring land-
scape connectivity on ecosystem services will be better able to demon-
strate how specific actions translate into increased resilience of
ecosystem services.

Despite these challenges, recent advances in network tools for
mapping and analysing complex relationships in SES, as well as rapid
developments of quantifying ecosystem services, create new opportu-
nities for testing how managing the connectivity of SES may increase
the resilience of the ecosystem services they provide. At the same
time, increasing access to information such as remote-sensing data,
combined with (a) novel representations of social-ecological interac-
tions (Box 4.1), (b) individual-based modelling for simulating SES and
(c) theoretical advancements in understanding the effect of architec-
ture on the dynamics of complex networks may all offer new insights
into the relationship between connectivity and resilience of ecosys-

tem services.
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5  Principle 3 — Manage slow
variables and feedbacks
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SUMMARY

Many social-ecological systems can exist in different self-organizing
configurations or ‘regimes’. Each of these configurations produces a
different set of ecosystem services, with differing consequences for
different users. Changes in controlling slow variables can cause a
system to shift from one regime to another if certain thresholds are
exceeded and there is a change in dominant feedback processes in the
social-ecological system. Such shifts are often associated with large,
rapid changes in ecosystem services, and can have substantial impacts
on human societies. In other cases, feedbacks may trap a system in a
regime that produces a very limited set of desired ecosystem services,
and make it very difficult to shift the system to a different configura-
tion. The importance of managing slow variables and feedbacks to
maintain social-ecological regimes that produce desired bundles of
ecosystem services, restore social-ecological systems to more desired

configurations or transform systems to entirely new configurations is
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widely acknowledged in the resilience literature. However, identify-
ing and managing key slow variables and feedbacks to avoid system
thresholds or facilitate systemic transformations is often difficult in
practice. Maintaining regulating ecosystem services as a proxy for
managing slow variables may be one practical way forward. Other
strategies focus on better understanding slow variables and feedbacks
that underlie different social-ecological configurations, monitoring
changes in slow variables and feedbacks, managing the strength of
feedbacks and addressing missing feedbacks between drivers and

impacts on ecosystem services.

§5.I INTRODUCTION

This chapter examines how slow variables and feedbacks influence the
‘configuration’ of a social-ecological system (SES) — i.e. the self-
organizing processes and structure of an SES. These processes and
structures directly affect the set of ecosystem services that the SES
generates (Chapter 1), which in turn impacts who in society benefits
and loses (Chapter 2). For example, it has been shown that in substantial
parts of the world rainfall and soil conditions are such that it is possible
for ecosystems to be configured either as forests or as savannas (systems
that consist of a mixture of trees and grasses) (Hirota et al. 2011). These
different configurations provide different ecological systems: forests
provide wood for cooking fires, heating and building, while savannas
deliver valuable grazing services for cattle ranching. Different user
groups or commercial companies therefore tend to benefit or lose in
these different system configurations. In addition to the policy
implications of different SES configurations, shifts between different
SES configurations often occur unexpectedly and very rapidly. Such
shifts typically have large and abrupt impacts on the set of ecosystem
services produced by the SES, often in ways society does not want or
finds difficult to cope with or adapt to (MA 2005).

Similarly, it has been suggested that changes in river manage-
ment approaches, for instance the potential for shifting from
command-and-control to ‘live-with-the-river’ approaches in the
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Tisza River in Hungary, can be described as alternate SES configura-
tions that would have marked impacts on ecosystem services such as
flood regulation in the region (Sendzimir et al. 2007). Likewise, one
may consider a country under autocratic rule as one configuration of
that system within the context of today's geopolitical world, with
democracy often representing a possible alternate configuration. As
an example, the transition in South Africa from white minority rule
under Apartheid to a full participatory democracy in 1994 can be seen
as two alternate self-organizing socio-political configurations of the
country that have had marked consequences for the governance and
use of ecosystem services, human well-being and the country's
trajectory of development (Bohensky 2008; Herrfahrdt-Pihle and
Pahl-Wostl 2012).

In most SES, it appears that a limited set of key variables and
internal feedback processes interact to control the configuration of
the system (Holling 2001; Gunderson and Holling 2002; Walker and
Salt 2006). In the forest-savanna example, a key controlling variable
is mean annual precipitation, which influences internal feedback
processes related to fire. Such controlling variables generally change
relatively slowly compared to the states of the ecosystem service
variables that are of concern to people, such as cattle production. In
the case of the political shift in South Africa, a key slow variable was
changing societal norms about the ethics of racial discrimination,
both internationally as well as in South Africa, which weakened
support for and tolerance of the government's oppressive policies
(Clark and Worger 2011). This was imposed for instance through
economic sanctions, which substantially weakened the national
economy over time, and ultimately contributed to the political
transition.

The self-organizing, complex adaptive systems (CAS) nature of
SES (Chapter 1) means that SES often do not respond in linear ways to
disturbance or gradual changes in key controlling (usually slow)
variables. Instead, SES often show little change in response to
disturbance or ongoing gradual change (e.g. drought, long-term
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changes in rainfall patterns), but once a critical threshold of change is
exceeded, they may undergo large, sudden changes to a different sys-
tem configuration that may be difficult or impossible to reverse
(Scheffer et al. 2001; Scheffer 2009). For instance, as temperatures
rise with global warming, it is predicted that the world's major ice
sheets in Greenland and Antarctica will not melt gradually, but
instead are likely to undergo sudden collapse once a critical tempera-
ture threshold is reached (Joughin et al. 2014). This will have major
impacts on a variety of ecosystem services. Similarly, where actions
are undertaken to actively transform an SES into a new configuration
they often appear to have little or no impact for a substantial period of
time, until at some point the system suddenly and very rapidly reor-
ganizes. For instance, the African National Congress (ANC) cam-
paigned for decades to end Apartheid with seemingly little effect,
but once the door for negotiations opened and Nelson Mandela was
released from prison in 1990, the shift happened in less than five years,
far more rapidly than political leaders anticipated (Slabbert 2006).

A central aspect of maintaining the resilience of ecosystem
services in the face of disturbance and change therefore involves
identifying and managing the key controlling variables and feedbacks
that underpin and control the configuration of an SES. If the current
system configuration produces a desired set of ecosystem services
(taking into account diverse stakeholder needs and power relations,
Chapter 2), this typically involves maintaining the current system
configuration (e.g. a diverse coral reef system enjoyed by ecotourists
or used by local fishermen), by focusing on avoiding changes in feed-
backs and controlling variables that could cause the system to cross a
critical threshold into another configuration. On the other hand, if the
system is locked into an undesirable configuration, it may be neces-
sary to weaken the feedbacks that keep it there, in order to restore a
previous regime (e.g. in the case of degradation or invasion by alien
plants (Suding et al. 2004)), or transform the SES to an entirely new
configuration that produces a more desired set of ecosystem services
(Walker et al. 2004; Folke et al. 2010).
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5.2 WHAT DO WE MEAN BY SLOW VARIABLES
AND FEEDBACKS?

SES consist of and are affected by a multitude of variables that change
and interact on a range of timescales (Chapter 1). Some of these vari-
ables are ‘slow’, in the sense that they change much more gradually
than other ‘fast’ variables. Provisioning ecosystem services such as crop
production and freshwater usually represent fast variables. They are
affected by slow variables such as soil composition and phosphorus
concentrations in lake sediments. In the social domain, variables such
as legal systems, values, traditions and worldviews (P4 — CAS thinking)
can be important slow variables that affect ecosystem services, through
for instance gradual changes in ecosystem service preferences (Abel et
al. 2006). For example, a complex mix of gradual economic changes and
changes in societal preferences has led, in many parts of the world, to
fairly rapid shifts from agriculture-dominated landscapes to mixed land-
use systems that provide a variety of additional ecosystem services
related to tourism and ‘lifestyle farming’ (Beilin et al. 2014).

It is important to note that slow and fast variables do not have
fixed timescales, but are relative to one another in the context of a
specific SES (Walker et al. 2012). It is therefore entirely possible that a
variable that is considered fast in one context or system might be
considered slow in another. For any given SES, slow variables typically
determine the underlying structure of SES, while the dynamics of the
system arise from interactions and feedbacks between fast variables
that respond to the conditions created by the slow variables
(Gunderson and Holling 2002; Norberg and Cumming 2008). The
variables that control the configuration of an SES, and whether or
not a critical threshold is exceeded in a system, are therefore typically
slow variables (Walker et al. 2012). Slow ecological variables are in
turn often linked to regulating ecosystem services, such as erosion
control, flood regulation and nutrient retention (MA 2003).

Feedbacks occur when a change in a particular variable, process or

signal in an SES leads to changes in the system that eventually loop back
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to affect the original variable, process or signal. Feedbacks can either be
reinforcing (also called positive feedbacks) if the effect creates more
change of the same type, or dampening (also called negative feedbacks)
if they counteract further similar changes. As an example of a reinforcing
feedback, introduced grasses in Hawaii promote fire, which encourages
further growth of the invasive grasses and suppresses the native shrub
species. More grass therefore creates conditions for even more fire and
grass production in a self-reinforcing feedback that is very difficult to
break (Mack and D' Antonio 1998). On the other hand, informal or formal
social sanctioning when someone breaks a rule, such as harvesting
threatened species, acts as a dampening feedback. If effective, punish-
ment such as fines and social spurning of offenders acts as a dampening
feedback by discouraging further misbehaviour by the individual, as well
as discouraging others from misbehaving (Ostrom 1990).

§.3 HOW DO SLOW VARIABLES AND FEEDBACKS
ENHANCE THE RESILIENCE OF ECOSYSTEM
SERVICES?

All SES are continually exposed to shocks such as droughts and floods,
as well as more gradual, ongoing changes, such as increasing global trade
connectivity, which often affect slow, controlling variables. The feed-
backs within an SES are critical in determining how the SES responds to
such shocks and ongoing changes. In general, the configuration of a
particular SES (e.g. village and surrounding landscape), and shifts
between different SES configurations, arise from the interplay between
the internal feedback processes of an SES and the levels of key control-
ling variables (e.g. rainfall, soil type, land tenure or political system).
In many situations, the configuration of an SES can be derived
from the levels of the key controlling variables (e.g. at high rainfall
levels we tend to find forest). Somewhat surprisingly, however, the
interplay between underlying controlling variables and the complex
adaptive internal SES feedbacks means that, for a given set of condi-
tions, it is sometimes possible for an SES to be ‘configured’ in two or
more substantively different ways. In other words, under for instance
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the same rainfall, soil and other conditions, a particular SES can be
structured and can function very differently, and produce completely
different sets of ecosystem services. For example, as alluded to in the
introduction, in places with rainfall of around 1000-2500 mm per year,
it has been shown that it is possible to have either open savannas or
closed-canopy forests (Fig. 5.1). These vegetation differences cannot be
explained by differences in soil type or other factors, and occur even in
the absence of human modifications to the landscape (Sankaran et al.
2005; Hirota et al. 2011; Staver et al. 2011). In these situations, whether
a particular place has savanna or forest at a particular point in time
depends on the past configuration of the system (specifically, which
feedback processes have been dominant). This runs counter to our
standard conceptions of the world, as it means that for a particular set
of controlling conditions (e.g. rainfall, soil type) two or more substan-
tially different SES outcomes (or configurations) are possible, and these
cannot be accounted for by adding additional explanatory variables.

What is more, in these situations, SES can abruptly shift from
one configuration to another without any change in key controlling
conditions. For instance, under rainfall conditions of 1000-2500 mm
per year, it is possible for a forest to shift abruptly to a savanna
configuration, due to, for instance, a drought or a large fire,
without any change in key controlling variables such as average rain-
fall or land management practices (Sankaran et al. 2005; Hirota et al.
2011; Staver et al. 2011). Instead, the shift results from a ‘flip’ in
internal feedback processes triggered by the disturbance. These ‘sur-
prising’ features of SES have substantial implications for understand-
ing, governing and managing SES and the ecosystem services they
provide.

In general, controlling variables set certain bounds on the possible
configurations of an SES, and to a significant extent determine its
structure and processes. For example, under high rainfall conditions
we typically find forests, while under low to medium rainfall conditions
we tend to find savannas (Fig. 5.1) (Hirota et al. 2011). Similarly, SES
landscapes around many cities, especially in the developed world, are



II2 BIGGS, GORDON, RAUDSEPP-HEARNE, SCHLUTER AND WALKER

(a)

Tree cover (%)

100 -

80 -

[2]
o
L

N
o
1

20

[
1S
[

0 1000 2000 3000
Mean annual precipitation (mm/yr)

(c)

FIG. 5.1 (a) Data from around the world show that under intermediate
rainfall conditions (around 1000-2500 mm per year, shaded area),
landscapes can exist either as open savannas (20-40% tree cover) or as
closed wooded landscapes (around 80% tree cover). At higher levels of
rainfall only the closed woody state exists (b), while at lower rainfall
amounts only open savanna (c), or at very low levels of rainfall, treeless
savanna or deserts exist. (a) From Hirota et al. (2011). Photo credits: Hans
Hillewaert, Creative Commons licence (b); Reinette Biggs (c).
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substantially influenced by the demands of city inhabitants for various
recreational and other cultural ecosystem services (Raudsepp-Hearne et
al. 2010; Beilin et al. 2014). Controlling variables are often ‘external’ to
the SES in the sense that they comprise factors over which the internal
processes of the SES have little influence, or only a very gradual influ-
ence. Understanding the links between controlling variables and SES
outcomes forms the focus for many scientific investigations.

SES do not, however, respond passively to disturbances or
changes in controlling variables (which, as noted above, are usually
slow variables). The self-organizing internal feedbacks of an SES typi-
cally buffer the impact of such changes. Dampening feedbacks in
particular help counteract disturbance and change and keep the sys-
tem functioning in the same kind of way, thereby maintaining the
current system configuration. For example, the amount and type of
crops an individual farmer decides to plant is partly influenced by
expected selling prices. If there is a drought in one part of a country
leading to lower maize production there, maize prices will tend to rise,
and farmers in other parts of the country may be encouraged to plant
more maize. The opposite will tend to happen when there is an
oversupply of maize. Provided there are no other important factors
regulating or distorting the market, this feedback process helps ensure
a fairly constant supply of maize and provision of food to meet human
needs, despite disturbances such as droughts and floods in different
parts of a country (Common 1995).

However, there are limits to how large a shock or how much
change an SES can be exposed to and still recover and keep function-
ing in the same way. If critical limits in controlling slow variables
are exceeded, the feedbacks that keep the system in a particular
configuration are unable to counteract the changes. For instance, in
the forest-savanna example fire is a key reinforcing feedback that
maintains the grassy savanna regime: more grass enables more hot
fires to burn, which kills the small shrubs and trees and favours the
growth of more grass. A critical slow variable that affects the
strength of this feedback is the ratio of grass biomass to woody
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FIG. 5.2 Changes in the strength and balance between competing
feedback loops can lead ecosystems to shift from open grassy savannas to
closed wooded forest regimes. The open grassy regime is characterized by
the dominance of reinforcing feedback R1 (solid lines), while the closed
wooded regime is characterized by the dominance of reinforcing feedback
R2 (dotted lines). D1 and D2 denote damping feedbacks related to the use
of grazing and wood/timber ecosystem services. The critical threshold
that causes a shift from the grassy to the wooded regime is the ratio of
grass to woody vegetation, which affects whether the system can sustain
sufficiently hot fires to kill small shrubs and trees, and prevent them
growing into large trees. When feedback R1 is dominant the SES can
support relatively large numbers of cattle, and provided cattle stocking
rates and other disturbances do not cause the grass-to-woody-vegetation
threshold to be exceeded, the system will remain in the grassy
configuration. Conversely, when feedback R2 is dominant the system
provides various forest-related ecosystem services, and provided wood
harvesting rates and other disturbances do not cause a critical threshold to
be exceeded, the system will remain in the wooded regime.

biomass, which decreases under heavy grazing pressure by cattle.
When this ratio drops below a critical level there is too little grass to
enable fires that are sufficiently hot to kill shrubs to burn. The SES
will then shift into a closed-canopy forest configuration as the small
shrubs grow into trees (Fig. 5.2) (Anderies et al. 2002).

Critical thresholds in controlling slow variables therefore typi-
cally correspond to points at which previously dominant feedbacks in
an SES disappear, new feedbacks suddenly come into operation, or
previously minor feedbacks become dominant (Bennett et al. 2005;
Biggs et al. 2012). At these critical thresholds, changes in internal
feedback processes cause the SES to reorganize, often abruptly, into a
different configuration, where the system is structured and functions
in a different way, and produces a different set of ecosystem services.
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For example, lakes have been shown to shift from a clear-water to a
algae-dominated configuration at the point where the level of nutrient
inputs into a lake exceed the absorptive capacity of the rooted
plants, which provides a strong dampening feedback (Carpenter
2003). At this critical threshold, the excess nutrients available in the
water lead to the growth of algae which, when extensive, blocks
sunlight and leads to the death of the rooted plants growing on the
lake floor. The dampening feedback provided by the plants is
then lost, and a new recycling feedback is introduced: as the plants
die, the sediments on the lake floor that were stabilized by the
plant roots become loose, and the nutrients that have been
trapped there (sometimes for decades) also enter the water column,
creating a reinforcing feedback that further fuels algal growth
(Carpenter 2003).

Such large, persistent and often abrupt system reorganizations
are known as regime shifts in the context of ecological systems, and
have been documented in a wide range of ecosystems (Scheffer 2009;
RSDB 2014). These shifts often occur unexpectedly, because the
feedbacks that buffer change mean that there is often little observa-
ble change in the system (e.g. nutrient levels, algae) until the regime
shift occurs. For the same reason, changes in controlling slow vari-
ables, and thus the gradual erosion of resilience in the system,
usually go unnoticed. Sometimes gradual changes in the SES itself
cause unexpected changes in the controlling variables. For example,
it has been shown that increased cropping in the Horn of Africa and
the Sahel region of West Africa can lead to changes in surface reflec-
tivity and reduce the long-term average rainfall in the region (Taylor
et al. 2002; Knorr and Schnitzler 2006; Otieno and Anyah 2012). The
changed SES structures and processes associated with regime shifts
often result in large and rapid changes in ecosystem services that
society finds difficult to cope with. For example, the sudden collapse
of Canada's Newfoundland cod fishery in the early 1990s directly
affected the livelihoods of some 35 000 fishers and fish-plant work-
ers, led to a decline of over $200 million dollars per annum in
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revenue from cod landings (DFO 2004) and had significant indirect
impacts on the local economy and society (Finlayson and McCay
1998).

Different system configurations or regimes and the shifts
between them are often visualized by the metaphor of the ball
and cup (Fig. 5.3). The different cups represent the different poten-
tial configurations of the system under a particular set of key
determinant conditions. As mentioned above, under some condi-
tions or levels of a controlling slow variable, only one configura-
tion of the system may be possible (represented by a single cup).
However, under other conditions, two or more different configura-
tions of the system may be possible, corresponding to different
configurations of key variables and dominant feedback processes
in the system (represented by two or more cups). When the system
(ball) is in a given regime (cup), gradual changes in key controlling
slow variables may erode the strength of the dominant feedbacks,
and hence the resilience of a particular regime. This can be meta-
phorically thought of as reducing the size of the cup and/or mak-
ing it shallower. These slow changes in the strength of the
dominant feedbacks (size of the cup) make the system more vul-
nerable to undergoing a regime shift in the face of a disturbance
such as a drought. Under these conditions, a disturbance that
previously had no major impact on the system may now suddenly
result in a regime shift. Of course, changes in controlling slow
variables can also increase the strength of the dominant feedback
processes, and increase resilience.

Where ongoing changes in internal or external controlling
slow variables (e.g. global temperature increase, changes in land
cover) occur, a critical threshold may be reached at which the
feedbacks that create and maintain a particular regime become
so weak that that the possibility of that configuration or regime
(cup) disappears (Fig. 5.3). At this point, a different set of feed-
backs will become dominant, and the system will reorganize into
a new configuration - i.e. shift to a new cup. Once a system has
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FIG. 5.3 (a) Regime shifts are often visualized with the metaphor of the
ball and cup. Under conditions prevailing at levels L1 and L3 of the
controlling slow variable there is only one cup, representing the fact that
only one possible regime or SES configuration exists. Under the
conditions at level L2 of the controlling slow variable there exist two
possible alternate regimes. The resilience of each regime is depicted by
the depth of the valley or bowl], and is determined by the strength of the
dominant feedback processes. (b) Changes in the number of possible
regimes and their resilience occur due to the interaction between changes
in controlling slow variables and the strength of internal SES feedbacks.
Based on Gordon et al. (2008).
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shifted to a different regime, the new set of dominant feedbacks
usually reinforce the new configuration of the system, making it
difficult or impossible to return to the previous regime. For exam-
ple, in the case of a shift to wooded savannas, once trees reach a
certain size, they can no longer be killed by fire (Anderson et al.
2000). In addition, they suppress the growth of grass, which
reduces the potential for hot fires that can kill new small shrubs,
and therefore the further domination of trees and shrubs is
favoured (Fig. 5.2). Once the woody regime is established it there-
fore becomes very difficult to reverse without mechanical removal
of the trees to allow grasses to re-establish and fires to burn
(Anderies et al. 2002). This ‘stickiness’ of the alternate regimes
creates a phenomenon known as hysteresis, where the threshold
and conditions required to shift the system in one direction
are different from those required to reverse the shift
(Carpenter 2003).

It has been proposed that exceeding critical thresholds in slow
ecological variables can be avoided by better managing regulating
ecosystem services, as these services are often linked to slow con-
trolling variables (Gordon et al. 2008; Bennett et al. 2009). For
instance, dryland salinization in Australia is related to the clearing
of trees to make way for agricultural fields (Anderies et al. 2006).
This has changed the hydrology of the landscape since the trees have
a higher annual transpiration than agricultural crops, causing the
water table to slowly rise. Australian soils are naturally salty and
when the water table rises to less than 2 metres below the soil surface
these salts are brought up to the soil surface through capillary action.
The resulting salinization of the topsoil can dramatically affect crop
yields, and is very difficult to reverse. Resilience to soil salinization
can be enhanced by managing the hydrological regulation service of
the landscape through intercropping trees and perennial crops among
the annual crops to help keep water tables below the 2-metre thresh-
old. Declines in regulating services such as erosion control and
nutrient cycling, for example, also contributed to desertification-
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related regime shifts during the Dust Bowl years in the United States,
and land degradation in many tropical drylands including the Sahel
(MA 2005).

Although the two concepts have not often been linked, the
notion of social-ecological ‘transformation’ (Olsson et al. 2004)
appears to describe similar kinds of systemic reorganization as the
idea of ecological regime shifts. The transformation literature has
largely focused on changes in the social dimension of SES, and exam-
ples of changes from less desirable to more desirable SES configura-
tions. Such transformations have also been understood in terms of
substantive changes in feedback processes in an SES, leading to a
reconfiguration of the system and a new trajectory of development
(Olsson et al. 2006; Biggs et al. 2010). For instance, in the Kristianstad
wetlands in southern Sweden, the emergence of a leader and the
formation of a ‘shadow network’ of actors from both within and out-
side government were central to developing a vision of an alternate
SES configuration for the region and influencing key actors in posi-
tions of authority to adopt this vision. These processes modified
existing feedbacks in the system as well as introducing new feedbacks
that ultimately led to a transformation in ecosystem management
that substantially improved the diversity, flow and resilience of eco-
system services in the region (Olsson et al. 2004). Rather than focusing
on critical thresholds, however, the transformations literature has
stressed the importance of windows of opportunity for enabling trans-
formation, actions to weaken key feedbacks in the ‘old’ regime to
enable change, and, conversely, to strengthen key feedbacks once the
system has shifted in order to build resilience of the new regime
(Olsson et al. 2006). On the other hand, transformations have also
been defined as conceptually distinct from regime shifts, and seen to
entail the creation of an entirely new system rather than a reconfigura-
tion of the system (Walker et al. 2004; Folke et al. 2010). Given these
uncertainties, we have focused primarily on insights from the ecolo-
gical regime shifts literature in this chapter, but note that there may
be many parallels to transformations in the social dimension of SES,
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and that the connections between the two concepts are an active
emerging area of research.

In summary, a critical aspect of enhancing the resilience of
specific bundles of ecosystem services revolves around the manage-
ment of slow variables and feedbacks to ensure that the SES remains in
a configuration that produces those ecosystem services. For many
systems, however, our understanding of which slow variables and
feedbacks underlie desired SES configurations is limited, and this is
an important area for future research. In addition, because we live in a
rapidly changing world, these desired configurations will themselves
be subject to change (Chapter 2). This is not only because the ecosys-
tem services societies value may change over time, but also because of
ongoing social and ecological changes that may cause some SES
configurations to disappear and new possible configurations to arise.
A better understanding of how the concept of social-ecological
transformations connects to these types of changes, and of how to
manage transformations to entirely new system configurations, is

therefore critical.

5.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

While feedbacks can keep an SES in a configuration that produces a set
of desired ecosystem services, they can also lock a system into an
undesirable configuration or reduce its ability to adapt or transform
in the face of external or internal change. For example, poverty in
drylands is often associated with conditions where population growth
has increased the demand for crop production and pressure on the
land, for instance by reducing fallow time, or increasing biomass
offtake so that little organic matter is left on the soil (Gordon and
Enfors 2008). The resulting drop in soil fertility means that crop
harvests are low and farmers have little or no surplus harvest to sell,
and therefore no money to buy fertilizers to restore or increase soil
fertility to increase their crop harvests. Consequently they remain
trapped in a vicious cycle of poverty (Enfors 2013). In such cases, the
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resilience of a desired set of ecosystem services is compromised by
reinforcing feedbacks that maintain SES configurations that do not
produce these services.

As another example, in the Amudarya river basin in central
Asia, reinforcing feedbacks in the agricultural system keep the system
locked in an unsustainable water management regime that has led to
the disappearance of the Aral Sea and an agricultural sector that is
increasingly vulnerable to drought (Box 5.1} (Schliter and Herrfahrdt-
Pihle 2011). Key reinforcing feedbacks that trap this system are
related to soil salinization (increasing soil salinization increases the
need to leach fields with water, but due to poor drainage this leads to
rising groundwater tables, and hence further increases soil saliniza-
tion), vested interests of the elites and a patronage system where
farmers often plant the water-intensive cash crop rice as demanded
and facilitated by their patrons. In these situations, increasing the
supply of desired ecosystem services requires weakening these key
feedbacks that keep the SES trapped to enable the system to shift to
an alternate configuration that supplies a more desired set of
ecosystem services.

Management interventions that obscure, remove or ignore
stabilizing feedbacks that underlie the provision of desired ecosys-
tem services can also erode resilience of the SES configurations that
produce these services. For example, the 2005 flood in New Orleans
was partially caused by human-engineered modifications to the delta
system that undermined the capacity of the natural sediment and
flood dynamics to absorb changes in water flows (Constanza et al.
2006; Day et al. 2007). In other cases, policies or markets can send
signals to resource users that change or overpower feedbacks. For
example, spikes in global commodity prices can lead to overexploi-
tation of local agricultural ecosystems if the incentive to make a lot
of money quickly overpowers the incentive to maintain the long-
term productive potential of the land (Allison and Hobbs 2004). In an
example from Indonesia, a stabilizing feedback was removed when
pesticide subsidies encouraged the use of so much pesticide that the
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BOX 5.1 Social-ecological traps in the Amudarya
river basin

The Amudarya river is the largest river of central Asia with an average
annual runoff of 79 km?. It originates in the Hindukush and Pamir
mountains in Tajikistan and Afghanistan, where all river flow is gen-
erated, flows through the semi-arid Turan lowlands in Uzbekistan and
Turkmenistan, and drains into the Aral Sea (Fig. 5.4). Water is a vital
and strategic resource for all countries in the river basin because of
their heavy reliance on irrigated agriculture. Today, more than 90% of
the region's water resources are used in the agricultural sector of the
downstream countries Uzbekistan and Turkmenistan. The ecological
and social systems in the river basin are strongly linked by their water
needs and multiple formal and informal institutions of land and water
resources management. The delta of the river provides multiple eco-
system services for the local population and the national economy of
Uzbekistan and Turkmenistan. These include agricultural crops such
as cotton, rice and wheat, as well as fish, reeds, groundwater regulation
and wind protection in the remaining wetlands (Schliiter and
Herrfahrdt-Pihle 2011).

Changes in the slow variables of water use and rising groundwater
tables in agricultural areas have caused regime shifts in the SES such as
the disappearance of much of the southern Aral Sea, collapse of its
fishery and loss of agricultural lands because of massive soil saliniza-
tion (Fig. 5.5). Decreasing water flows to the delta and land-use changes
such as the removal of the riverine Tugai forests have led to lowering of
groundwater tables in the wetlands that have favoured encroachment
of salt cedars. These have in turn further lowered groundwater tables
creating a positive feedback that accelerates desertification. Climate
change is also driving changes in other slow variables such as a shift in
precipitation composition from snow to rain leading to temporal shifts
in peak runoff with serious implications for agriculture. Together,
these slowly changing variables and regime shifts have severely
impacted ecosystem services in the basin, shifting the SES in the
Uzbek part of the river basin into an undesirable regime that provides
a much lower level of essential ecosystem services than it potentially
could (Schluter and Herrfahrdt-Pihle 2011).
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BOX 5.1 Continued
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FIG. 5.4 The Amudarya river basin

Several strong social-ecological feedbacks keep the system trapped
in a state where the resilience of ecosystem services is further degraded
(Schliter and Herrfahrdt-Pihle 2011). One well-known feedback is the
massive use of water for irrigation, often following bad practices, that
has led to high groundwater tables and soil salinization. Salinization of
agricultural land increases water demand even further because of the
need to leach fields to make them suitable for planting. Leaching of
fields with bad drainage, however, increases groundwater levels even
further. This reinforcing feedback could be weakened by managing the
semi-natural vegetation in the delta. Natural vegetation such as
poplars in Tugai forests can regulate groundwater tables. They have
been planted in pilot areas alongside water-logged fields as a measure
to remediate soils. In times of high uncertainty regarding water avail-
ability, farmers, however, prefer high water tables as an insurance
against water scarcity despite their negative effects on soil quality. In
order to effectively manage groundwater tables, institutional changes

that provide more water security to farmers and change their
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BOX 5.1 Continued

FIG. 5.5 (a) Dried out river bed during severe drought in 2000,

(b) salinized agricultural fields (also showing massive deposits of
gypsum), (c) the dried out Aral Sea and the Amudarya river delta (in the
south), (d) selling of fish and fowl from the Amudarya delta at a local
market. Photo credits: Maja Schliter (a, b, d); CHELYS, Earth
snapshot, http://www.eosnap.com (c).

perception of high water tables are therefore needed as much as are
actions that reduce the water table levels themselves (Schliiter et al.
2010).

The low capacity of the current SES in the river basin to adapt to
ongoing ecological and political changes (which became evident for
example during the severe drought in 2000/2001) is also driven by a
strong social feedback (Schliiter and Herrfahrdt-Pihle 2011). After the
breakup of the Soviet Union, cotton production had to provide the
financial means to fill the state budget hole that occurred after support
from Moscow ceased. The Uzbek government thus retained its state
order system for cotton which forces farmers to produce fixed cotton
quotas and sell them to the state at state prices. The state in return
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BOx 5.1 Continued

provides farmers with production inputs and serves as a guaranteed
buyer. The latter is important because farmers lack access to markets.
The farmers are thus dependent on the state order despite the fact that
they would prefer to plant other more profitable crops. The state and its
elites then export the cotton at world-market prices (Uzbekistan is the
world's fourth largest cotton producer). The abuse of positions of
authority for personal enrichment keeps the system in its current
state and further decreases the resilience of ecosystem services with
severe implications for human well-being, particularly in the delta
region of the river. The mutual dependencies between farmers and
elites in patronage relationships and strong social networks and
informal institutions act to maintain the status quo and prevent any
change in institutional or management arrangements. Even the large
shock of the breakup of the Soviet Union and subsequent donor support
that could have provided a window of opportunity to transform water
use towards more sustainable practices did not result in any real
changes in water use and governance in the region.

Many, often donor-driven, interventions neglect the social and social-
ecological feedbacks and focus on technical measures to increase water
use and drainage efficiency. In order to enhance the resilience of ecosys-
tem services in the Amudarya river basin interventions need to address
these persistent social and social-ecological feedbacks to allow for a
transformation towards more sustainable land- and water-use practices,
such as a multi-purpose water use that provides for diversification of
livelihood practices (Schliiter et al. 2009) and a shift to less-water-
intensive activities. The situation in the Amudarya river basin is an
example of how social-ecological feedbacks have trapped the system in
a configuration that produces a much lower level of essential ecosystem
services such as crop production, fish, erosion control, micro-climate,
etc. than the system could potentially provide. These feedbacks have also
created a very rigid system that seems incapable of adapting or transform-
ing in the face of massive external pressure arising from socio-political
and climate change (Schliiter et al. 2010).
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natural predator of the brown rice plant hopper was killed.
This led to an explosion in the population of the hopper, resulting
in US$1.5 billion loss in brown rice yields (De Moor and Calamai
1997). In such cases, more appropriate rules or incentives can
maintain feedbacks that dampen the effect of disturbances and
maintain the resilience of SES configurations to produce desired
ecosystem services.

In many cases the resilience of desired SES configurations is
eroded because there are no feedbacks from the system to the key
factors driving change in that SES. For example, to build resilience in
lakes at risk from eutrophication, management needs to occur
beyond the boundaries of the lake at the catchment scale to reduce
fertilizer runoff into the lake (Carpenter 2003). The agricultural
practices of farmers have a direct impact on the lake, but farms are
often distant from the lake and farmers use other water sources for
their domestic and farming needs, so that there is no feedback or
connection from impacts on the lake back to the farmer. In such
cases, incentive-based feedbacks can be created to connect impacts
on the lake to the farmers' practices, for example through the intro-
duction of compensation or reward schemes for agricultural prac-
tices that enhance nutrient retention in the landscape. Managing the
regulation of ecosystem services related to nutrient retention in lake
catchments by keeping steep areas vegetated, leaving stubble on
fields and maintaining riparian areas and wetlands can greatly
reduce the risk of eutrophication and algae-dominated lakes since
less nutrients end up in the lake (Carpenter 2003). Conceptually, the
aim of such compensation and reward schemes is to widen the
system boundaries to internalize key drivers that affect a particular
SES so that there is a feedback from the system back to the key
drivers of change.

Lack of knowledge about which key slow variables and feedbacks
underlie particular SES configurations is a further important limitation
that can lead to actions that unwittingly erode the resilience of those
configurations. Detecting and understanding the feedbacks and
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dynamics underlying regime shifts is not a trivial task. For instance, it
took several decades of observational and experimental research to
clarify the mechanisms underlying freshwater eutrophication, one of
the best-understood regime shifts today (Carpenter 2003). Even where
slow variables and feedbacks are known, they may not be monitored, so
that information about changes in these variables is not available to
inform management. One of the key challenges in this regard is that
monitoring systems often focus on fast variables. Consequently, the
creeping changes taking place in controlling slow variables that poten-
tially threaten the long-term production and resilience of valued eco-
system services often go unnoticed until a regime shift occurs (Walker
and Salt 2006; Biggs et al. 2012), at which time it may be very difficult or
impossible to reverse the changes.

Finally, even where knowledge and monitoring information
exist, appropriate action may not occur for a variety of reasons. For
instance, although several key controlling slow wvariables and
feedbacks are known with respect to climate change, vested and
competing interests, and lack of agreement on the appropriate
responses, have hampered the implementation of a coordinated
international response to avoid potential climate-driven regime shifts
(Harris 2007). Another important problem is that governance institu-
tions are often structured to operate on shorter timescales than the
timescale over which important changes in controlling slow variables
might occur (Crépin et al. 2012). Consequently, these variables are
often treated as constant, and ignored. Developing governance institu-
tions that can act on knowledge and information about key feedbacks
and slow variables in SES is therefore critical (Walker et al. 2009).

5.5 HOW CAN THE PRINCIPLE OF MANAGING SLOW
VARIABLES AND FEEDBACKS BE OPERATIONALIZED
AND APPLIED?

Managing slow variables and feedbacks is a central aspect of managing
resilience in SES and the ecosystem services they produce. A central
aim in this regard is to foster SES configurations that produce desired
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sets of ecosystem services. Strategies for operationalizing this princi-
ple revolve around identifying and managing key stabilizing and desta-
bilizing feedbacks and slow variables, removing barriers that obscure
feedbacks in the system, introducing new feedbacks where they are
missing, and developing effective monitoring systems and institu-
tions that can respond to this information. Most often several of
these strategies need to be implemented in tandem. Fundamental to
all the strategies is systemic understanding of the system being man-

aged, which often requires significant research investment.

¢ Invest in a better understanding of key slow variables and feedbacks that
underlie different SES configurations. Our understanding of possible
alternate SES configurations and the slow variables and feedbacks which
underlie them is currently limited. This is partly because science has often
focused on explaining SES outcomes as a one-to-one function of key internal
and external determinant conditions. The possibility for multiple outcomes
for the same set of determinant conditions (i.e. one-to-many relationships)
has seldom been considered, and evidence for this has consequently
seldom been sought. A better understanding of the possibility for alternate
SES configurations, and the key controlling variables and feedbacks that
underlie these configurations, is key to operationalizing this principle.

e Strengthen feedbacks that maintain desired regimes. Identifying and
strengthening feedbacks that help maintain desired SES configurations can
help build resilience of ecosystem services in the face of disturbances and
external stresses such as climate change (Thrush et al. 2009). These include
both balancing feedbacks as well as feedbacks that reinforce SES
configurations that produce desired ecosystem services. For example, coral
reefs can shift between regimes dominated by hard corals that provide
ecosystem services such as fisheries and ecotourism, and regimes dominated
by seaweed (Bellwood et al. 2004; Norstrom et al. 2009). The resilience of the
hard coral regime can be enhanced by promoting the abundance of herbivores
such as parrotfish that graze on seaweed, as it reduces the possibility for
seaweed to become established in the face of shocks such as coral bleaching
events (Nystrom et al. 2012). Feedbacks in the governance system can also be
created and strengthened to enhance the resilience of hard corals by, for
instance, supporting the empowerment of reef users and providing incentives
to prevent overfishing (Steneck et al. 2009).
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e Weaken or break feedbacks that trap SES in undesired regimes. In other
cases, it may be necessary to disrupt or weaken the feedbacks that keep an
SES in a resilient but undesired regime. This can be particularly
important in ecosystem restoration projects, or to facilitate the
transformation of an SES into a different configuration that produces a
more desirable set of ecosystem services (Suding et al. 2004; Young 2010).
For instance, small-scale water-system innovations such as rainwater
harvesting and conservation tillage can destabilize feedbacks that keep
small-holder agricultural systems in Tanzania trapped in a low production
state with high levels of poverty (Enfors 2013). This region is faced with
recurrent droughts and dry spells, which cause dramatic crop losses for
farmers and drain their financial and physical resources. Water-system
innovations can help increase yields and allow for resource accumulation,
thereby weakening some of the feedbacks that keep these systems poor
(Enfors 2013).

¢ Keep track of actions that obscure or disrupt stabilizing feedbacks.
Activities and subsidies that obscure or disrupt stabilizing feedbacks in SES
can lead to economic and environmental costs that could be avoided. This
often happens through the introduction of new feedbacks and connections
at larger scales, such as those associated with processes of globalization
(Adger et al. 2009). For example marine ‘roving bandits’ are fishing vessels
that maintain high harvests by moving around the world and depleting
multiple local fisheries (Berkes et al. 2006). In contrast, fishing enterprises
that are tied to a specific location have an incentive to manage fish stocks
sustainably to ensure continued harvests in the long term. Roving vessels
break this local dependence feedback by simply moving to a new location
once they have depleted a fishery. Identifying actions that break or conceal
important feedbacks, and creating institutions that are able to address cross-
scale dynamics that lead to the disruption or concealment of feedbacks,
are crucial for managing resilience in today's highly connected world
(Walker et al. 2009).

¢ Address missing feedbacks, especially in relation to key drivers of SES
change. On the other hand, for many environmental problems, especially
those involving cross-scale effects, there are missing feedbacks between the
impacts on an SES and the key drivers of change in those systems. In
economics, these are referred to as externalities. Various regulation-and
incentive-based feedbacks can be created to internalize drivers and connect
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them to SES changes. For example, the introduction of seafood labelling and
certification for timber products aims to create a feedback between the
production system and individual consumers (Ward and Phillips 2008).
There are also a growing number of ‘payments for ecosystem services’ (PES)
schemes, such as the Chinese ‘Grain for Green’ programme, which offers
farmers grain in exchange for not clearing forested slopes, thereby reducing
erosion and improving downstream water quality (Uchida et al. 2005).
Better system definition and an understanding of cross-scale dynamics can
often help identify missing feedbacks that need to be managed to enhance
the resilience of desired SES configurations (Soranno et al. 2014).

e Monitor slow variables that underlie key thresholds and feedback
processes. Monitoring known or suspected key slow variables and
feedbacks is central to an adaptive SES management system. This ensures
that important underlying changes in SES are detected and that timely
adjustments in management can take place where needed (P5 — Learning).
Slow variables are often ignored in monitoring and management, as
attention tends to focus on fast variables that show more variability and
response over short timescales and are often easier to observe (Biggs et al.
2012). Understanding the crucial role of slow variables and feedbacks can
help managers recognize that investing in monitoring programmes and
management strategies that focus on slow variables which underlie system
resilience can be very cost-effective. It has been suggested that paying
attention to regulating ecosystem services as a proxy for slow variables may
be one effective approach to monitoring and managing resilience of
ecosystem services (Bennett et al. 2009; Raudsepp-Hearne et al. 2010).

¢ Establish governance structures that can respond to monitoring information
in a timely manner. Knowledge and monitoring information alone are
insufficient to avoid loss of resilience. Establishing governance structures
that can effectively respond to information about changes in slow variables
are equally critical to preventing SES changes that undermine the provision of
desired ecosystem services. One innovative example of an institution that
links monitoring and management to avoid potential thresholds is the
strategic adaptive management approach in the Kruger National Park, South
Africa (Roux and Foxcroft 2011). This approach is based on large sets of
carefully specified ‘thresholds of potential concern’ (TPCs) that, based on the
best available current knowledge, define hypothesized thresholds for key
environmental indicators (Biggs and Rogers 2003). The management process



PRINCIPLE 3 — MANAGE SLOW VARIABLES AND FEEDBACKS

has been designed so that when monitoring indicates that a TPC has been
reached or will soon be reached, it triggers a formal meeting where it is
required that a decision is taken to implement a course of action to moderate
the system change, or that the TPC be adjusted in the light of new knowledge.
By embedding the monitoring process within a formal decision-making
structure it helps ensure that the latest knowledge is incorporated in decision-
making and there is a discreet point at which managers are required to act on
monitoring information, something which seems obvious but often does not

happen in practice (Rogers and Biggs 1999).

S .6 KEY RESEARCH AND APPLICATION GAPS

Several critical research and application gaps are evident in relation to
improving our capacity to manage slow variables and feedbacks, and
enhance the resilience of desired ecosystem services. First, we need to
better understand what regime shifts are possible in different SES, under
which conditions they occur and how they impact ecosystem services
and human well-being. Several initiatives are making progress in this
direction. Walker and Myer (2004) collated around one hundred exam-
ples of proposed and demonstrated examples of regime shifts in case
studies around the world. The Regime Shifts Database (http://www.reg
imeshifts.org) builds on this initiative, focusing on expanding the set of
case studies described in the literature; and, based on these, identifying
different generic types of regime shifts (e.g. freshwater eutrophication,
coral shifts, dryland degradation). For each regime shift, the database
identifies the alternate regimes, the ecosystem services associated with
each regime and which users benefit and lose from those ecosystem
services, the key feedbacks that maintain each regime and the key
drivers and slow variables that underlie regime shifts in these systems.
The goal is to provide an accessible information resource for scientists,
policy-makers and practitioners that advances our knowledge and under-
standing of what shifts are possible in different SES, under which condi-
tions they occur, how much they matter in terms of impacts on
ecosystem services and how resilience to undesired shifts might be

enhanced.
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Second, there is a particular need to better understand social-
ecological regime shifts, i.e. shifts that arise entirely from feedbacks
between social and ecological variables. Given the disciplinary divides
in academia, most shifts that have been studied to date involve eco-
logical regime shifts (i.e. shifts that arise from changes in ecological
feedback processes), which are often caused by the impact of human
activities, and which have consequences for human society. There are
also examples of social regime shifts (i.e. shifts that arise from social
feedback processes) that have consequences for ecosystems
(Abrahamson 1991; Brock and Durlauf 1999; Scheffer et al. 2003).
However, it is possible that some regime shifts may arise entirely
from the interaction of social and ecological factors. For instance,
Lade et al. (2013) demonstrated in a theoretical model that non-linear
feedbacks between harvesters and the resource they are exploiting can
trigger a regime shift that has significant consequences for human
well-being and the sustainability of the ecosystem. In this model,
increasing resource availability provides incentives for overharvest-
ing, which triggers a reinforcing feedback that leads to the collapse of
cooperation in the community and consequently resource overexploi-
tation. This regime shift happens despite the fact that neither the
resource nor social system exhibit regime shifts on their own.

Third, there is a need to explore and better integrate the concepts
of transformation (Olsson et al. 2004) and regime shifts (Biggs et al.
2012), and to understand to what extent they describe similar phenom-
ena, and how they might complement one another. It is clear that both
concepts describe some type of systemic reorganization in SES, but they
originate in different literatures, and have been applied to different types
of system reorganizations, using different analytical approaches. While
the regime-shifts literature has typically focused on inadvertent ecolo-
gical shifts that are generally regarded as negative, the transformations
literature has focused mostly on reorganization of the social dimension
of SES to a more desirable configuration (e.g. more sustainable ecosys-
tem management), and entailing a substantive deliberate component
(i.e. actors actively transform the system). In terms of management
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implications, both have however emphasized the need to manage feed-
backs. The transformation literature has particularly highlighted the
role of agency, leadership and social connectivity in facilitating change.
These insights on how to envision and create the possibility for new
regimes, and how to use windows of opportunity to achieve change are
likely to be particularly useful in considering possibilities for social-
ecological shifts to more sustainable SES governance configurations.
However, the transformation literature has seldom framed or analysed
transformative changes in terms of changes in slow variables and criti-
cal thresholds. The role of slow variables in influencing the strength of
feedbacks, often in ways that go unnoticed, may therefore be a particu-
larly useful contribution from the ecological regime shifts literature. At
this stage, however, it is not clear whether transformations are qualita-
tively different phenomena from regime shifts, and the extent to which
the concepts can be linked.

Fourth, we need to better understand which feedbacks are
critical for stabilizing SES configurations that underpin desired eco-
system services in different contexts — or conversely, which feedbacks
are key to destabilizing configurations that keep SES trapped in unde-
sired regimes. For several well-studied regime shifts, substantial pro-
gress has been made in this regard. For instance Nystrom et al. (2012)
synthesized critical feedbacks that keep marine ecosystems trapped in
degraded states, and identified strategies and windows of opportunity
for breaking these feedbacks. Similarly, Olsson et al. (2006) and Biggs
et al. (2010) have identified important factors and feedbacks that are
key to enabling transformations in ecosystem management to more
collaborative, adaptive approaches. Such syntheses across detailed
individual case studies, combined with theoretical and empirical
modelling, can be used to build understanding of key slow variables
and feedbacks that underlie different types of regime shifts and
transformations, and help identify focal variables for monitoring and
management (Gordon et al. 2008; Méard Karlsson et al. 2011).

Fifth, we need a better understanding of the key drivers of
undesired, unexpected ecological regime shifts. At a general level, it
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has been found that the likelihood of regime shifts increases when
human activities (i) lead to the loss of response diversity (P1 —
Diversity); (ii) substantially increase or decrease connectivity in a
system (P2 — Connectivity); (iii) impact on ecosystems via emissions
of waste, pollutants and climate change; and (iv) alter the magnitude,
frequency and duration of disturbance regimes (Folke et al. 2004;
Thrush et al. 2009). However, identifying specific human activities
that are associated with an increased likelihood of various regime
shifts could help identify policies and management practices to reduce
the risk of regime shifts, particularly in fast-developing regions of the
world. Better understanding the combined and often synergistic
effects of multiple drivers on key feedbacks in SES is especially criti-
cal, as these may differ in surprising ways from the effects of indivi-
dual drivers. Furthermore, there is a need to better understand
possible cascading effects among different regime shifts.

Lastly, opportunities to learn about changes in slow variables
and feedbacks are hampered in part because it is difficult to detect or
predict a regime shift (Scheffer and Carpenter 2003). In cases where the
feedbacks and slow variables underlying a regime shift are poorly
understood, emerging work on early warnings of regime shifts may
be helpful. Recent work has shown that as a system approaches a
critical threshold, there are changes in the statistical behaviour of
the system (e.g. rising variance, autocorrelation) that can provide
early warning signals of a looming regime shift (Scheffer et al. 2009).
Increasing variance and autocorrelation are metaphorically associated
with the flattening of the ‘cup’ (Fig. 5.3), and are an indicator that the
feedbacks that keep the system in a particular regime are becoming
weaker. As such they could potentially be used as an indicator of
changing resilience of a system. A challenge with this approach is
that very detailed or long time series data are usually needed to detect
these changes (Dakos et al. 2012). Furthermore, depending on the rate
of change in key slow variables, the system may have already passed a
threshold or be committed to doing so by the time these statistical
changes become apparent (Biggs et al. 2009).
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Governments at all scales are mostly aware of concepts such as
ecosystem services, resilience, cumulative effects and tipping points,
but are struggling with how these concepts relate to each other and
how to manage them. One challenge is that the dynamic, systemic
worldview that fosters an understanding and appreciation of CAS
dynamics, such as regime shifts, runs directly counter to the reduc-
tionist worldview that underlies most Western-style governance
institutions (P4 — CAS thinking). Perhaps for this reason, slow vari-
ables, feedbacks and thresholds are concepts that have seldom been
unpacked and operationalized within governance and management
settings. One attempt to identify thresholds associated with slow
variables and feedbacks at global scales has been the identification of
a set of ‘planetary boundaries’, which estimate thresholds of human
impacts on the Earth that could lead to a shift in global-scale planetary
dynamics (Rockstrom et al. 2009). However, in general, organizations
trying to incorporate these concepts into governance institutions and
policy responses need better guidance on how to do so. A possible
example on which to build is the ‘Thresholds of Potential Concern’
approach used in South African National Parks (Roux and Foxcroft
2011); here, rather than assuming that there is no threshold until
proven otherwise, best available knowledge is used to estimate
suspected thresholds and then re-evaluate and update this informa-

tion as new knowledge becomes available.
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6 Principle 4 — Foster complex
adaptive systems thinking
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SUMMARY

The social-ecological systems that provide ecosystem services to
society can be viewed as complex adaptive systems (CAS), character-
ized by a high level of interconnectedness, potential for non-linear
change, and inherent uncertainty and surprise. This chapter focuses
on whether resilience of ecosystem services is enhanced by manage-
ment based on what we refer to as ‘CAS thinking’, meaning a mental
model for interpreting the world that recognizes these CAS properties.
We present evidence that CAS thinking has contributed to change in
management approaches in the Kruger National Park, Great Barrier
Reef, Tisza river basin and Chile among other places. However,
attempts to introduce CAS thinking may compromise resilience
when complexity is not effectively communicated, when uncomfor-
table institutional change is required or when CAS thinking is not
able to evolve with changing contexts or is not equitably shared. We
suggest that CAS thinking can be fostered by the following: adopting a
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systems framework; tolerating and embracing uncertainty; investigat-
ing critical thresholds and non-linearities; acknowledging epistemo-
logical pluralism; matching institutions to CAS processes; and
recognizing barriers to cognitive change. Key questions for future
research on this principle relate to communicating CAS thinking,
the role of power, the importance of an organizational level of CAS
thinking, and institutional barriers.

6.1 INTRODUCTION

The social-ecological systems (SES) that provide ecosystem services
to society can be viewed as complex adaptive systems (CAS) (Walker
et al. 2002; Levin et al. 2013). As discussed in Chapter 1, CAS are made
up of many interacting components that are individually and collec-
tively adaptive to change, enabling them to self-organize and evolve,
and often yielding emergent properties at different scales (Norberg and
Cumming 2008). Furthermore, CAS may shift between alternative
regimes, often abruptly and irreversibly (Scheffer et al. 2001; Scheffer
and Carpenter 2003), resulting in a system that looks, behaves and
delivers ecosystem services in an entirely different way than before
(P3 — Slow variables and feedbacks). These features make aspects of
CAS highly uncertain, and therefore challenging to predict and con-
trol. Yet understanding and managing CAS is not inherently beyond
our capabilities, and long traditions of research and practical experi-
mentation have helped to reduce some important aspects of uncer-
tainty (Lee 1993). However, to understand CAS is to accept that some
facets of their uncertainty are irreducible due to unpredictability,
incomplete knowledge or multiple knowledge frames (Levin 2003;
Brugnach et al. 2008), and that this demands adaptive management
approaches (Walters and Holling 1990; Lee 1993; P5 — Learning) that
can account for these uncertainties.

The resilience of an SES is partly driven by decisions taken by
actors — the resource users, managers and policy-makers — within the
system. To understand SES therefore requires an understanding of
how actors within the SES think (Jones et al. 2011). One way of
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understanding this is through the lens of mental models, or cognitive
frameworks used to interpret and understand the world and decide on
appropriate actions (Bower and Morrow 1990). Like worldviews,
which describe a collection of ideas and theorems that allow one to
construct a composite image of the world and understand one's experi-
ence and how one should act (Aerts et al. 2007; Vidal 2012), mental
models are not only individually held but are also shared. This concept
of shared or collective mental models (Abel et al. 1998) acknowledges
the social aspects of individual cognition and decision-making (Jones
et al. 2011). Furthermore, collective mental models and worldviews
are culturally constructed, and function as schema (Quinn 2005) that
describe and make meaning of understanding and experience among
particular groups. They may be tacitly held as well as formalized and
expressed through discourses, the negotiated ways through which a
society apprehends the world (Dryzek 2005) through language,
metaphors and power structures.

Mental models have been the subject of cognitive science and
psychology research for more than 70 years (Craik 1943), but the appli-
cation of mental models concepts in an SES context is relatively recent
(Jones et al. 2011). While mental models are variously defined (Doyle

and Ford 1998) there is general agreement about some key features:

e Mental models are the cognitive structures upon which reasoning, decision-
making and behaviour are based. They are internal representations of
external reality (Jones et al. 2011).

e As’‘models’ they describe relationships between system parts or
phenomena, which distinguishes mental models from perceptions and
attitudes, the focus of much behavioural research relevant to SES.

¢ Mental models can be thought of as ‘habits of mind’ (Rogers et al. 2013) that
represent a pattern or cluster of cognitive behaviour that leads to action.

¢ Mental models are ‘working models’ and are always partial and limited
views of the world. They are dynamic and context-dependent, and therefore
often evolve over time. Thus, someone with a CAS mental model can have a
more or less complex understanding of, and approaches to, problems in an

SES, which can change in response to different prompts.
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Understanding the different mental models that people have can help
to delineate different conceptualizations of how a system works: the
interactions between factors or components, the critical issues and
the causal links (Lynam and Brown 2011). Importantly, current
mental-models theory and approaches extend beyond simplistic
‘information-deficit’ models that assume knowledge influences
awareness, which in turn influences behaviour (Kollmuss and
Agyeman 2002). Mental-models thinking aligns with more sophisti-
cated conceptualizations that posit multi-dimensional relationships
between cognition (what we know), affect (what we feel) and beha-
viour (what we do) (e.g. Lorenzoni et al. 2007). Thus, a mental-models
approach offers insight not only into how managers understand an SES
but also how a manager might act and how he or she perceives the
responsiveness of the SES to such management actions.

6.2 WHAT DO WE MEAN BY FOSTERING CAS THINKING!?

This chapter is about how people, individually and collectively, think
about and make sense of SES dynamics, and how this sense-making
influences SES management in ways that enable society to benefit
from a range of ecosystem services without undermining the SES that
provide them. This way in which individual people and collective
societies make sense of SES can be seen as a mental model or world-
view. In particular, this chapter focuses on whether the resilience of
ecosystem services is enhanced by management of SES based on CAS
thinking. Management that views SES as CAS is thought to enhance
the resilience of ecosystem services by emphasizing holistic (rather
than reductionist) approaches, the management of multiple ecosys-
tem services and trade-offs in an integrated way, managing at multiple
temporal and spatial scales and the existence of lags and feedbacks in
SES dynamics (P3 — Slow variables and feedbacks) (Holling and Meffe
1996; Pahl-Wostl 2009; Levin et al. 2013). A CAS approach also
emphasizes the substantial uncertainties surrounding SES and, there-
fore, the need to continually learn and experiment (P5 - Learning), and
adaptively manage uncertainty, disturbance and surprise rather than
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attempt to eliminate it (Gunderson et al. 2002; Chapin et al. 2009).
Fostering CAS thinking therefore does not directly influence the resi-
lience of ecosystem services but changes and adapts the cognitive
foundations and paradigms that underpin management processes
and decisions. That is, acknowledging that SES are based on a complex
and unpredictable web of connections and interdependencies is the
first step towards management actions that can foster resilience.

The characteristics of CAS thinking are perhaps easiest to grasp
when they are contrasted with other mental models. Prevailing men-
tal models of how ecosystems function have shifted over time
(Table 6.1), in line with advances in education, science, technology
and socio-cultural change. Religion, classical economics, politics and
industrialization have each provided the intellectual foundations that
through much of history have underpinned a quest to analyse, under-
stand and control nature (van Doren 1992; Wallace et al. 1996). By
controlling nature, it was believed that uncertainty could be reduced
and outcomes predicted, establishing a basis for agricultural, indus-
trial and social development (Holling et al. 2002). Mental models
focused on linearity, determinism and the primacy of humans over
nature remain deeply entrenched in the norms of business, academia
and policy (Ludwig 2001) and are the foundation of highly mechanized
resource management systems such as plantation forestry, monocul-
ture farming and large-scale commercial fisheries (Holling and Meffe
1996). Until relatively recently, ecologists advocated an equilibrium
worldview (Holling et al. 2002), which guided resource management
agencies and broader society's thinking about SES. With time, it
became evident that the view of nature ‘in balance’ and management
through stabilization often led to decline in ecosystem services over
the longer term.

In this chapter, we define CAS thinking as a mental model or
worldview that views SES as CAS and appreciates the resulting impli-
cations for management. Key CAS properties in this regard include:
a high level of interconnectedness; potential for non-linear change;
inherent, and to some extent irreducible, uncertainty (which can lead
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Table 6.1 Views of ecosystems have shifted over time towards

recognition of CAS properties (based on Schliiter et al. 2012)

Conventional view of ecosystems

SES as CAS

System dynamics are linear and
monotonic

Uncertainty is largely ignored:
probability distributions for key
drivers and decision variables are
treated as known

Individual elements can be treated
in isolation

Focus on impact of human
behaviour on resource

Actors are rational and have full
information and computational
capacity

Management objectives are based
on simple reference points

Managed by a command-and-
control approach, management of
resource stocks and condition, not
wider ecosystem

System dynamics exhibit
thresholds, hysteresis

Complexity and uncertainty of SES
are explicitly considered:
probability distributions for key
drivers and decision variables are
highly uncertain, as are outcomes;
some uncertainties are irreducible

Complex systems of interacting
entities at micro-scale from which
macro-scale patterns emerge

Incorporate reflexive response of
humans to forecasts and
interventions

Actors have imperfect knowledge,
are boundedly rational or follow
more complex decision patterns

Management involves complex
trade-offs

Managed for resilience and adaptive
capacity, management of stabilizing
and amplifying feedbacks within a
broader context

to surprise); and a multiplicity of perspectives within SES. Rather than

attempt to reduce uncertainty and surprise, CAS thinking embraces

these as opportunities for positive motivational change (Janssen 2002;
Cilliers et al. 2013). Other fields, such as the health-care industry, have
recognized this positive impact of CAS thinking, whereby ‘the attitude

toward surprises can become one of approach and exploration rather
than avoidance and defense’ (McDaniel et al. 2003, p. 267). A CAS
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worldview acknowledges that attempts to smooth the variable rhythms
of SES to achieve management objectives often result in unintended
consequences. Today, SES management increasingly recognizes that
one of the key challenges facing policy-makers, scholars and practi-
tioners is to understand and anticipate the dynamic behaviour of a
CAS that result in ‘wicked problems’ with neither a definitive formula-
tion nor clear solutions (Ludwig 2001).

CAS thinking is not new. Aspects of CAS understanding and
approaches are evident in some of the longstanding practices of small-
scale farmers (Ishizawa 2006), traditional resource users (Moller et al.
2004) and nomadic herders (Fernandez-Gimez 2000). They are integral
to traditional ecological knowledge systems (Berkes et al. 2000) and
holistic frameworks to describe and support relationships between
people and the environment (Salmén 2000; Turner et al. 2000; Walsh
et al. 2013). CAS mental models are also present in some ‘mainstream’
natural resource management agencies that adopt adaptive manage-
ment and co-management approaches. In these contexts, the
process of development of the collective CAS mental model is impor-
tant, as it may be critical for building mutual understanding amongst
stakeholders (Abel et al. 1998; Biggs et al. 2011a; Jones et al. 2011)
(P5 — Learning; P6 — Participation).

6.3 HOW DOES CAS THINKING ENHANCE THE
RESILIENCE OF ECOSYSTEM SERVICES?

Much of what we assume about how CAS thinking can enhance resi-
lience comes from cases where conventional resource management —
lacking an appreciation of how CAS function — has resulted in a loss of
SES resilience. A litany of examples suggest that management practices
that optimize the provision of a narrow set of ecosystem services on the
basis of linear, reductionist worldviews of ecosystems inadvertently
undermine the ability of these systems to continue producing ecosys-
tem services in the face of disturbance and change. The pervasiveness of
ecosystem modification in the USA for many decades led Holling and
Meffe (1996) to describe a ‘pathology of resource management’ entailing
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practices such as river stabilization, fire suppression and monocultural
farming to the point of system collapse. Such a pathology also charac-
terizes the Gariep basin in South Africa (Bohensky and Lynam 2005),
the Western Australia wheat belt (Allison and Hobbes 2004) and the
Goulburn-Broken Catchment (Walker and Salt 2006). Each SES was
narrowly managed to maximize agriculture-based economic production
in the short term but this management approach ignored the underlying
capacity of the system to produce ecosystem services. As a consequence
groundwater tables were drawn down, land was degraded and rivers
were transformed and polluted. Agriculture, as the backbone of these
regional economies, contributed to well-being and underpinned social
development but, because it was unsustainable, it was ultimately at
great ecological and social expense. Similarly, widespread mismanage-
ment of fisheries (Mahon et al. 2008) and forests (Agrawal 2005) is partly
attributed to forms of management based on technical, reductionist and
one-size-fits-all approaches. This management style was not limited to
production systems; protected areas too were managed as ‘islands’ with
narrow functions of strict wildlife preservation or recreation, without
considering a broader range of beneficiaries or landscape connectivity
within and beyond park borders (Cundill and Rodela 2012). These cases
suggest that an alternative management style based on a worldview that
recognizes CAS properties may result in more resilient ecosystem ser-
vices in the long term, because it considers consequences at a system
level, across time, space and actors.

Though generally less visible than these management ‘fail-
ures’, cases exist where CAS thinking has contributed to improved
social-ecological outcomes through resilient ecosystem services.
Examples of transformations in ecosystem management suggest
that changes in underlying mental models that acknowledge the
characteristics of SES as CAS can lead to improvements in the
resilience of ecosystem services. One example is the large-scale
rezoning of Australia's Great Barrier Reef (Box 6.1), driven by
increased recognition of the importance of connectivity, non-linear
change and mult-iscale interactions in coral reef systems (Olsson
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BOX 6.1 Complex enough? CAS thinking and the
Great Barrier Reef

Changes in the way the Great Barrier Reef has been managed during the
past several decades illustrate the evolution of CAS thinking, and its
varied success in bringing about management change. One of the seven
natural wonders of the world, the reef has long been an icon of con-
servation concern, and as concern grew over pressures on the reef so did
the recognition that the cognitive basis of management needed to
change. In 1975, the reef's designation as a marine park was a first
step towards implementing precautionary and adaptive management:
it prohibited mining on the reef and established a network of no-entry,
no-take and multi-use zones (Fig. 6.1a). Nevertheless, pressures on the
reef continued to increase and, in 1994, the Great Barrier Reef Marine
Park Authority initiated a strategic process of organizational and insti-
tutional change for the region to ‘Keep it Great’ (GBRMPA 1994, p. 1).
The authority was restructured around core strategic goals including
resilient ecosystems (Fig. 6.1b).

In 1999, a systematic conservation planning approach called the
Representative Areas Program (RAP) was initiated (Day 2002). This
process involved developing a deep, adaptive understanding of the reef
SES as a CAS. For instance, by the mid 1990s scientists had observed
catastrophic phase shifts in coral reef systems in other parts of the
world (Hughes 1994). This was followed by two notable disturbance
events on the Great Barrier Reef: Tropical Cyclone Justin in March
1997 (Tobin et al. 2010) and extensive bleaching of corals in the 1997-
1998 El Nifio oscillation (Wilkinson 2004). These occurrences empha-
sized the vulnerability of the reef — previously viewed as a pristine
habitat — due to high interconnectedness and non-linear change. To
investigate further, scientists and managers undertook a large-scale
experiment to analyse the effectiveness of the current zoning plan
(Mapstone et al. 2004; Hughes et al. 2007). This involved the testing
of opening and closure regimes on the reef, and the examination of the
role of herbivores in preventing and reversing phase shifts from coral to
algal dominance. By the late 1990s there was broad scientific and
management consensus around the need to increase the extent of
no-take zones on the reef to ensure resilient provision of diverse

ecosystem services. In order to legitimately implement a new zoning
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BOX 6.1 Continued

FIG. 6.1 (a) The management of the Great Barrier Reef illustrates how
aspects of CAS thinking have shaped the evolution of this iconic SES,
but also highlights challenges encountered by managers attempting to
operationalize this principle in a multi-scale, multi-stakeholder
context. (b) Resilient ecosystems are a core strategic goal around which
the reef's primary management agency, the Great Barrier Reef Marine
Park Authority, is structured. Photo credits: Erin Bohensky, CSIRO.
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BOX 6.1 Continued

plan the authority then undertook an extensive process of stakeholder
engagement and broader public awareness (Olsson et al. 2008). The
new plan came into effect in 2004. It emphasizes the representation of
key bioregions, the connectivity between habitats and species
populations, and uncertainty. Consistent monitoring and research
has supported the scientific argument for increasing the area of no-
take zones from 4% to 33% to improve the biodiversity and resilience
of the reef (McCook et al. 2010).

CAS thinking is also evident in the management approach to
water-quality pollution from farming in the catchment; however, as
this pollution originates outside the marine park boundaries and has
diffuse sources, another set of institutions is required to manage
water quality, which has achieved considerable reduction in agricul-
tural runoff (Brodie and Waterhouse 2012; Brodie 2014). Again, reef
managers recognized that interactions between threats could lead to
irreversible change, and implied engagement with multiple stake-
holder groups. Scenario planning has been used to support such
engagement around CAS thinking, particularly to explore how dif-
ferent climate-change trajectories might play out for the reef
(Bohensky et al. 2011; Evans et al. 2013; Fig. 6.2). However, by some
estimations the greatest threat to the reef is currently posed by major
port expansions being planned for the export of coal and coal seam gas
(Brodie 2014). As the problem domain for the reef's managers expands
to involve increasingly intractable, cross-scale issues with a set of
stakeholders much removed from the impacts on the reef, it appears
that CAS thinking is not expanding accordingly or being applied
quickly enough (Brodie and Waterhouse 2012). The current situation
raises the critical question of whether CAS thinking among the
agencies responsible for the reef is sufficiently complex, and is able
to evolve and address the broader-scale drivers affecting the system. It
raises the question of whether, as a consequence, the CAS thinking
that has guided past management can enhance resilience of all eco-
system services provided by the system, or whether trade-offs will
inevitably be required in the multi-use, multi-stakeholder, multi-
scale context in which the reef is situated, for instance between

catchment ecosystem services and coastal ecosystem services, and
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BOX 6.1 Continued
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FIG. 6.2 Alternative future scenarios for the Great Barrier Reef (Evans
et al. 2013). Scenario planning is an approach based on CAS thinking, in
which participants identify key uncertainties, thresholds and non-
linearities in the system.

ultimately between ecosystem services and economic growth. Does
this point to the need for a CAS understanding at the broader political
decision-making scales that influence outcomes for the reef,
essentially redefining the boundaries of the CAS in question?

et al. 2008). The aim of the rezoning was to enact spatial restrictions
on fishing and other uses to enhance the resilience of ecosystem
functions to a range of perturbations including temperature anoma-
lies and cyclones. This approach addressed CAS properties in two
ways: by maintaining connectivity within the reef system and
increasing the system's capacity to absorb large disturbance; and
importantly, by recognizing the values and perspectives of

different reef users. Ecological monitoring and experimentation



I54 BOHENSKY, EVANS, ANDERIES, BIGGS AND FABRICIUS

indicated that the reef's marine ecosystems were more resilient to
climate-change impacts where herbivorous fish assemblages are
intact, thus improving the reef's ability to provide a diversity of
ecosystem services (McCook et al. 2010). More recently, manage-
ment is taking a more expansive view of the roles of humans in the
reef system, for example by supporting a long-term monitoring
programme that considers human drivers (Marshall et al. 2013).
Despite this, CAS thinking within the primary management
agency may be insufficient to address some of the external
pressures that originate outside the marine park's boundaries, such
as climate change and industrial coastal development (Bohensky et
al. 2011). Thus, while CAS thinking has influenced policy in the
Great Barrier Reef, the problem domain has become increasingly
complex, as drivers become more multi-scale in nature and
stakeholder views more factious (Brodie and Waterhouse 2012;
Brodie 2014).

In South Africa's Kruger National Park, increased emphasis on
the value of variation in maintaining biodiversity has led its
managers, South African National Parks (SANParks), to move away
from objectives that aim to keep ecosystem conditions, such as
elephant populations and fire frequencies, fixed at optimal levels
(Biggs et al. 2011b; Cundill and Rodela 2012). Instead, elephant
numbers and fires are now allowed to fluctuate between specified
boundaries (Biggs and Rogers 2003). ‘Thresholds of potential con-
cern’ are developed to identify and monitor triggers of change and
anticipate regime shifts, functioning as ‘amber lights’ that signal to
managers that a component of the system (e.g. elephant numbers) is
approaching a critical point. Thresholds of potential concern and
strategic adaptive management are credited with making Kruger a
functional adaptive management site that supports a range of eco-
system services including a greater variation in faunal diversity, fire
regimes, vegetation and river flows (Biggs and Rogers 2003). This
shift has reduced the human investment needed to manage ecosys-
tems and has increased the variety of ecosystem and habitat types, as
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well as the opportunities for specialist species that support particu-
lar ecosystem services. SANParks has also recognized the need to
incorporate human preferences, behaviour and institutional
responses more explicitly into the thresholds of potential concern
concept (Biggs et al. 2011b). However, as in the Great Barrier Reef
case, SANParks' approach is unable to entirely mitigate impacts on
biodiversity that originate beyond its borders, such as extraction
from rivers upstream.

In Europe, water-management bodies are embracing CAS think-
ing. Projects such as NeWater (New methods for adaptive Water man-
agement under uncertainty) sought to improve the scientific
foundations of adaptive and integrated water-resource management
and support transitions from historical management regimes (Pahl-
Wostl et al. 2009). For example, in Hungary, NeWater studied how a
shadow network of scientists and local activists in the internationally
shared Tisza river basin evolved over several decades around a set of
dialogues about alternative river management in response to extreme
flooding, water-quality decline and lost productivity (Sendzimir et al.
2008). Using participatory system-dynamics modelling tools in its
dialogues to develop a CAS understanding and incorporate multiple
views into river-management practices, the shadow network sought
to understand what factors have obstructed or enabled transformation
of the current river-management regime from one focused on trans-
port and flood mitigation to one able to maintain biodiversity and
land-management practices. In this way, a participatory forum (P6 —
Participation) was key to the development of a shared CAS worldview.
These dialogues also learned from the experiences of Germany and the
Netherlands, where a CAS approach initiated a new governance para-
digm termed ‘living with the river’, which encourages the reallocation
of land for floodplains, to allow water to ebb and flow across space and
time (Sendzimir et al. 2008).

Despite the above examples that demonstrate that CAS think-
ing contributes to ecosystem-service resilience, there is scant
evidence that enhanced resilience can be directly attributed to CAS

IS5
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mental models. This is in part due to the indirect influence of CAS
thinking on management and, subsequently, changes in resilience.
That is, it must be demonstrated first that CAS thinking exists
among the relevant actors, and second that it influences current man-
agement practices and subsequently effects a positive change in resi-
lience. Much of the science underpinning contemporary CAS
thinking only emerged in the late 1970s, and began guiding manage-
ment even more recently. In many cases it is too early to assess the
extent to which CAS thinking is guiding management or catalysing
change. Some evidence shows that CAS thinking can trigger a change
in management approaches but has not yet had demonstrable effects
on the resilience of ecosystem services, or only limited change in
some ecosystem services. Such an outcome seems to apply in the
Great Barrier Reef and Kruger cases, where broader-scale drivers are
beyond the influence of the key agency. In other cases a CAS approach
is helping to build shared understanding and, by incorporating multi-
ple perspectives, is creating social capital, such as in the Tisza river
basin through the shadow network dialogues, but is yet to lead to
management changes (Sendzimir et al. 2008).

6.4 UNDER WHAT CONDITIONS MAY RESILIENCE OF
ECOSYSTEM SERVICES BE COMPROMISED?

While CAS thinking in itself may not compromise resilience, attempts
to foster CAS thinking may compromise resilience in SES. For scientists
and managers, communicating and applying the concepts of CAS in
ways that do not create a sense of bewilderment and paralysis remains a
key challenge in practical ecosystem management settings (Cilliers et
al. 2013). Managers may be motivated by political expediency, and tried
and tested ‘simple’ approaches may appear less risky than those that are
unfamiliar, run against the grain of agency practice and threaten the
status quo (Gunderson et al. 2002). Moreover, ‘complexity’ can be
interpreted in ways which do not reflect an appreciation of the funda-
mental properties of CAS. For example, complexity sometimes implies
all dimensions of a system that are not yet understood (Holling 2001).
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When combined with reductionist views about the need to eliminate
uncertainty before taking action, such interpretations may lead man-
agers to invest heavily in monitoring and data collection for variables
and relationships thought to be important, rather than encourage the
use of adaptive approaches that allow for experimentation and the
probing of boundaries as a mechanism to address uncertainty (Walters
and Holling 1990). In these situations, management styles and problems
that erode resilience may persist, sometimes amid the belief that
complexity is being addressed.

Second, attempts to foster CAS thinking may also compromise
resilience because a CAS framework implies a more integrated
approach that is difficult to address across governance units that are
often separate (e.g. departments of water and land). Successful integra-
tion seems to require significant investment in multi-agency coordi-
nation and sometimes new institutional arrangements that enable
CAS thinking and practice to thrive (Bohensky and Lynam 2005). In
addition, a CAS approach often implies a change in a management
paradigm from a focus on causality and control within short time-
frames, to a focus on coping with change and uncertainty over longer
timescales. Such a management shift may be difficult to operationa-
lize in contexts that focus on accountability and meeting targets (Pahl-
Wostl 2009). Such changes may threaten the incentive structures that
agents have learned to navigate, creating new uncertainty and anxiety.
These challenges may be long-enduring (e.g. inequitable distribution
of costs and benefits across society) and ultimately detrimental to
ecosystem-service resilience. Transitions to new management
paradigms may also involve temporary, albeit uncomfortable, ‘excur-
sions into lowered resilience to cross to another ... stability domain’
(Sendzimir et al. 2007, p. 602). For instance, Sendzimir et al. (2007)
describe how the transition from intensive to organic agriculture in
the Tisza river basin involved a seven-year lag before financial benefits
were realized.

Third, attempts to foster CAS thinking can compromise resili-
ence when a CAS mental model is deliberately or inadvertently
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treated as static, intended to assist transition to a new management
paradigm, which is seen as the end point. The implications of this are
that continued knowledge-building, experimentation and adaptation
are not pursued. Gelcich et al. (2010) observed such a situation in
Chile following a transition to a national benthic fisheries policy,
the Management and Exploitation Areas for Benthic Resources
(MEABR). Though the new policy — by redefining rights to fish for
the socially and economically important artisanal fishing sector — was
lauded as ‘transformative’, avenues for continued experimentation
and social learning were not maintained, thereby limiting the poten-
tial for future adaptations or transformations. A CAS worldview did
not continue to evolve alongside the ever-changing SES, highlighting
the importance of a supportive institutional environment for fostering
CAS thinking. The Chilean case is not unique; such an outcome has
also been reported in the Tisza river basin (Sendzimir et al. 2010).
Finally, ineffective attempts to introduce CAS thinking can
erode the resilience of particular agents or groups within the system
if CAS mental models are not widely shared, and fail to promote
distributive justice; that is, CAS thinking may result in the same
trade-offs and inequities as those experienced under more conven-
tional management systems, or even create new trade-offs and inequi-
ties, all while being hailed as a CAS approach. These issues are

discussed more in Chapter 2.

6.5 HOW CAN CAS THINKING BE OPERATIONALIZED
AND APPLIED?

CAS thinking can represent system complexity, and can be developed,
fostered and applied in different ways (Table 6.2). As highlighted ear-
lier in the chapter, CAS worldviews have been present in many tradi-
tional societies who are highly dependent on ecosystem services for
their livelihoods. They have also been purposefully fostered in some
contemporary governance approaches. In both cases it appears that the
context and process of learning matter (P5 — Learning). Among some
traditional societies, variability in environmental conditions and



Table 6.2 Applications of CAS thinking discussed in this chapter

Case

Problem description and approach

Further reading

Great Barrier Reef
(Australia)

Kruger National Park
(South Africa)

Tisza river basin
(Hungary)

Management of the Great Barrier Reef has evolved from a
focus on species to broader ecosystem-based
management, and encompasses ideas of building
resilience to multiple perturbations and adaptive
management. Scenario planning involving stakeholders
has highlighted the multi-scale nature of drivers of change
and responses.

Thresholds of potential concern are linked to clear, nested
objectives to define measurable variables, to allow for
system variability in fire, elephant populations,
vegetation and river flows, for example. More recent
thinking includes incorporating social values and
preferences and how changes in these can be incorporated
into Kruger's strategic adaptive management system.

In parallel with political change, a ‘shadow network’ of
government agents, local activists and scientists engaged
in dialogue to explore how to transition from
conventional to more adaptive river management based
on a paradigm of ‘living with the river’ and ensuring the
river basin supports a range of ecosystem services on
which biodiversity and agriculture rely. System-dynamics
modelling tools were used to explore barriers and bridges
to transformation of the river management regime and to
build capacity for participatory science and learning.
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Olsson et al. 2008; McCook
et al. 2010; Bohensky et al.
2011; Evans et al. 2013
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et al. 2011b; Van Wilgen and
Biggs 2011
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Table 6.2 (Cont.)

Case

Problem description and approach Further reading

Benthic fisheries
management (Chile)

Fisheries management in Chile has undergone a Gelcich et al. 2010
transformation following stock depletion, and now
emphasizes scientific knowledge of the ecology and
resilience of targeted species and their role in ecosystem
dynamics. Demonstration-scale experimental trials have
identified new management pathways, and improved
cooperation among scientists and fishers, by integrating
knowledge and establishing trust. Political turbulence
and resource stock collapse provided a window of
opportunity that triggered the transformation, supported
by new, enabling legislation that allocates user rights and
responsibilities to fisher collectives. However, current
discussion in Chile centres on the rigidity of the new
legislation, which may poise it to fail because it
undermines adaptation to ongoing change.
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supplies of ecosystem services, and the long-term perspectives cap-
tured in knowledge systems passed from generation to generation,
have fostered CAS thinking (Berkes et al. 2000). In contemporary
cases, the alternative paradigms of linked SES, resilience and complex-
ity thinking have converged in response to evidence that linear mental
models were not adequately explaining system dynamics or securing
sustainable production of ecosystem services (Berkes and Folke 1998).
These paradigms suggest that fostering CAS thinking requires long
timeframes, a multi-scale approach and explicit attention to the key
properties of CAS including: a high level of interconnectedness;
potential for non-linear change; uncertainty; and a multiplicity of
perspectives within a system.

The examples and analysis above highlight some general guide-
lines for operationalizing and applying CAS thinking and approaches,

primarily at the collective level:

¢ Develop an uncertainty-tolerant culture. CAS thinking embodies a broad
acceptance of uncertainty, variability and change, which conventional
resource-management paradigms avoid. Scenario planning has been
remarkably effective as an approach to illuminate and embrace uncertainty
in SES and develop robust responses, all while fostering CAS thinking (Biggs
et al. 2010). Scenario planning is a structured process of exploring and
evaluating future complexity and uncertainty by identifying alternative
development pathways, assessing unintended consequences of decisions
and even recognizing opportunities. It has proven powerful in a wide range
of SES settings, including tropical forest communities, lakeshore
management in the United States, and in the navigation of political change
in South Africa (Wollenberg et al. 2000; Peterson et al. 2003; Tompkins
et al. 2008). Accepting change and uncertainty in SES dynamics is also part
of adaptive management and monitoring approaches (Lindenmayer and
Likens 2009). Case studies suggest that a change in the cultural attitude
towards uncertainty that enables CAS thinking often evolves from long-
term monitoring and experimentation articulated through both scientific
and local knowledge systems (Olsson et al. 2008; Gelcich et al. 2010).

e Start with a systems framework. A framework can help people to articulate

and organize their thinking about interconnected concepts and
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relationships; many traditional societies have used systems-based
frameworks over generations, and continue to do so where traditional
practice remains strong (Holmes and Janpijinpa 2013). Cilliers et al. (2013)
argue that it is only possible to have knowledge of a CAS in terms of a
certain framework. Frameworks based on elements of CAS thinking
include the Millennium Ecosystem Assessment (MA 2005) with its
emphasis on multiple scales and knowledge systems, the SES Diagnosis
Framework (Ostrom 2007) to foster widespread understanding of resource-
use systems as coupled and dynamic SES and the Management Transition
Framework (Sendzimir et al. 2010) used to analyse regime change; while the
Resilience Workbooks (Resilience Alliance 2010) offer guidance on how to
apply these frameworks in practice. In some cases, those wishing to
collaboratively build CAS thinking might prefer to build a systems model or
mind map from the ground up.

¢ Acknowledge epistemological pluralism as a source of complexity. As we
noted at the beginning of this chapter, some facets of uncertainty in SES
arise from multiple knowledge frames: individuals represent diverse
epistemologies or knowledge systems, social values and preferences.
Reflecting our discussion in Section 6.4 and the issues of power and
representation (Chapter 2), CAS thinking must acknowledge the knowledge
traditions of diverse stakeholders if the aim is to build resilient ecosystem
services in the long term. Therefore, fostering CAS thinking generally needs
to be grounded in a collaborative knowledge-building process, involving
managers, scientists and resource users (Fig. 6.3) Participatory methods to
achieve this include scenario planning, as noted above, and approaches
discussed in other chapters (P5 - Learning; P6 — Participation). However,
while collective CAS thinking often emerges in social learning and
stakeholder-engagement processes, it is often not the primary goal, and how
these processes contribute to developing CAS thinking needs to be better
understood.

¢ Investigate critical thresholds and non-linearities. Not all change processes
in SES are characterized by discontinuities or thresholds. However, where
non-linear change does occur it has important implications for managers
and resource users because of the high social and ecological costs of surprise
events and the prospect of hysteresis — effective irreversibility. Central to
fostering CAS thinking is therefore to at least consider and explore system
boundaries and thresholds. The thresholds of potential concern approach,
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FIG. 6.3 Engaging multiple stakeholders and knowledge systems is a key
component of fostering CAS thinking in practice. (a) Participatory
mapping of cultural ecosystem services in Milne Bay, Papua New Guinea
(Bohensky et al. 2009). (b) Discussing drivers of change as part of a scenario
planning workshop on Erub Island in the Torres Strait, Australia. Photo
credits: Erin Bohensky, CSIRO.
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for example, is used by managers in the Kruger National Park to build a
CAS understanding to manage fire regimes and elephant populations within
a variable range that accounts for ‘natural’ uncertainty (Biggs and Rogers
2003; Biggs et al. 2011b; Van Wilgen and Biggs 2011). Similarly, fishers and
managers in the Pacific and West Africa have trialled participatory
threshold dashboards that account for ecological and social thresholds,
producing stakeholder-defined and socially-relevant metrics to learn
about, monitor and manage their small-scale fisheries (Béné et al. 2011;
Schwarz et al. 2011).

e Match institutions to CAS processes. In practice it appears that
institutional change at some level may be needed to foster, and sustain the
evolution of, CAS thinking at appropriate scales. Though opportunities to
revamp existing institutions only arise periodically, CAS thinking can be
fostered through the design of research and governance approaches such as
spatial management (e.g. the Kruger National Park, Great Barrier Reef and
Chilean benthic fisheries) and the ‘living with the river’ floodplain
management paradigm in Europe. Catchment management agencies are
another example of integrated governance capable of dealing with system
processes across multiple interconnected ecosystem services, as opposed to
historical management on a resource-by-resource basis, and thus may be
more amenable to CAS thinking. It must also be remembered that CAS
often resist being clearly bounded (Cilliers et al. 2013), and external drivers
of change need to be explicitly accounted for, for example by framing coastal
SES as having ‘porous’ system boundaries at the land-sea interface. In some
situations institutional change will be beyond the agency of actors in the
system, but cross-scale networks can help to foster CAS thinking about
processes ‘outside’ the SES (P7 — Polycentricity).

¢ Recognize the many barriers to cognitive change. Human understanding is
dynamic, changing over time through experience and learning (Jones et al.
2011). Research in psychology suggests that deliberately changing mental
models, as distinct from updating or adding to them, implies the unknown —
unknown risks and requirements for time, energy, skills and knowledge
(Costa and Kallick 1995). As such, individuals or groups invested in a
particular modus operandi may believe they can improve outcomes by simply
doing things better, rather than doing things differently. Those benefiting
from existing regimes of ecosystem management may, therefore, resist
adopting CAS thinking and accepting its implications for the status quo.
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6.6 KEY RESEARCH AND APPLICATION GAPS

We have presented some empirical evidence to suggest that fostering
CAS thinking can facilitate the management of SES to enhance the
resilient provision of ecosystem services, mainly through the choice
of management approaches that recognize interconnectedness, non-
linear change, uncertainty and multiple perspectives. Much of this
evidence comes from examples in which a lack of CAS thinking has
eroded the resilience of ecosystem services. It remains unclear to what
extent CAS thinking can be credited for the adoption of management
approaches to enhance resilience of ecosystem services. Two pro-
blems help explain this: (i) CAS thinking can take many forms, and
it is not always clear — for those not involved in the management —
what constitutes CAS thinking; (ii) CAS thinking is only one of many
interacting components, types and scales of decision-making in an
SES, making its contribution to resilience difficult to clarify.

The above evidence points to the following gaps in our current
appreciation of how fostering CAS thinking is likely to enhance the
resilience of ecosystem services, and how it can be applied in practice

in a range of different contexts:

¢ How do we communicate complexity so that CAS thinking can be fostered
and mobilized into action? To avoid bewilderment and gridlock that may
stem from a perception of overwhelming complexity, participatory
processes such as scenario planning have shown themselves to be helpful
tools. Yet a key research gap lies in understanding how such processes can
be most effective (P6 — Participation) in communicating complex concepts
so that understanding and mental models can be shifted (Etienne et al. 2008;
Bohensky et al. 2011; Cundill et al. 2012) and not simply lead to ‘endless
learning’ (Fabricius and Cundill 2014). Further research can help identify
which participatory processes best strengthen CAS thinking among
managers, noting that many managers already have a long-evolved
understanding of systems as CAS but expressed more often through the
language of practice.

e How does power influence the use of a CAS approach? Whose
understanding of CAS matters and how can conflicting views be reconciled?
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These questions underscore that decision-making about how to apply CAS
thinking (i.e. the direction and intent of institutional change and which
ecosystem service should be made resilient to which disturbance events) is
a political rather than purely academic exercise (see Chapter 2), and raises
questions sometimes seen as absent from the resilience literature
(Nadasdy 2007).

e There is a need to understand the relative importance of fostering CAS
thinking at individual as opposed to collective (social and organizational)
levels. Research has shown the importance of influential individuals in
catalysing SES change (Olsson et al. 2006), but is CAS thinking among
their constituents at the coalface equally if not more critical? We suggest
there is a role for research on how a CAS framework might be extended to
incorporate normative issues related to the distribution of power within
an SES. In this context, and following from the first two questions, are
there participatory and decision-making processes for the
co-construction of a CAS understanding that are more likely to lead to
CAS-informed decisions than others (e.g. Barnaud et al. 2008; Barnaud
et al. 2010)?

e How can institutional barriers to CAS thinking and path dependency be
overcome? Institutional design, including legal structures and accounting
and auditing systems, stem from a worldview based on reductionist
thinking, and a command-and-control approach to management (Ebbesson
2010). Even when mental models shift, the artefacts of previous
administration systems sometimes linger as historical legacies. Thus, this
problem pervades even those organizations that are considered world-
leaders in the institutionalization of CAS thinking in management such as
SANParks (Biggs et al. 2011a). A key research gap is therefore to understand
which aspects of CAS thinking can be institutionalized and implemented
within the current legal and auditing structures (Ebbesson 2010).
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7  Principle 5 — Encourage learning

Georgina Cundill, Anne M. Leitch, Lisen
Schultz, Derek Armitage and Garry Peterson

SUMMARY

Knowledge of social-ecological systems is always partial and incomplete.
Efforts to enhance the resilience of ecosystem services must therefore be
supported by continuous learning processes. Towards this end, learning
can be fostered in a variety of ways, including through processes of
experimentation and monitoring, and through knowledge co-production
and collaboration. Evidence suggests that all of these learning processes
can enhance the resilience of ecosystem services in important ways,
primarily through an influence on governance and decision-making.
Learning can, however, be undermined by failing to take into account
asymmetrical power relations, the appropriate scale for learning activ-
ities and the human and financial costs involved. Effective learning can
be supported through long-term monitoring, diverse participation, appro-
priate facilitation, sufficient financial and human resources and social
networking. Important research gaps, however, remain, including what

types of learning are most appropriate under different conditions, and

Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
Systems, eds R. Biggs, M. Schliiter and M. L. Schoon. Published by Cambridge University
Press. © Cambridge University Press 2015.
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how new technologies can be harnessed in support of broader societal

engagement in learning.

7.1 INTRODUCTION

The recognition of complexity in social-ecological systems (SES)
brings with it an assumption that knowledge of SES is always partial,
and that knowledge requires continual renewal otherwise it will
become obsolete as the system it represents changes. Hence, there is
a constant need to revise existing knowledge to enable adaptation to
change in SES, as well as to maintain valued ecosystem services in the
face of disturbance and change (Walker and Salt 2006; Chapin et al.
2009). This change also requires that there is a process of creating new
knowledge, re-evaluating values, and articulating and evaluating
alternative understandings of a system. This process of revising exist-
ing, and creating new, knowledge is referred to as learning.

There are three key approaches to managing SES that explicitly
aim to support learning: adaptive management, adaptive co-
management and adaptive governance. All three approaches recognize
that knowledge is incomplete, and that uncertainty, change and sur-
prise are inevitable in managing SES. Learning is therefore fundamen-
tal to all three, although the approach to learning, and the desired
outcomes, tend to differ between them (Table 7.1).

Learning in adaptive management is based on the scientific
approach of articulating alternative hypotheses, experimentation and
hypotheses evaluation. Ongoing management actions are viewed as
deliberate, large-scale experiments, and explicit alternative hypotheses
are formulated about SES dynamics and the potential outcomes of
different management actions (Walters 1986; Walters and Holling
1990). Active adaptive management integrates the testing of these
hypotheses into environmental management, considering learning as
one of the outcomes of management. This approach can lead to more
proactive management approaches that introduce variation and allow
scientists to resolve differences between alternative hypotheses and
policies by, for example, allowing higher levels of fishing or creating

175



Table 7.1 Approaches to learning in the management of SES (adapted from Cundill and Rodela 2012)

Why an interest in learning?

Processes that support
learning

The outcomes of learning

Key source
references

Adaptive
management

Adaptive co-
management

Adaptive
governance

Ecological complexity;
management uncertainty

Social-ecological
complexity; management
uncertainty

Social-ecological
complexity; management
uncertainty; recognition
that management is shaped
by governance and needs to
respond to changes at
multiple scales, including
the global scale

Articulation of alternative
hypotheses; deliberate
experimentation; ongoing
monitoring; joint actions;
reflective practice

Long-term self-organizing
process; experience of
crises; iterative reflection;
knowledge sharing

Flexible and responsive
institutions at multiple
levels; policy experiments;
knowledge sharing across
multiple levels of decision-
making

Improved decision-making;
increase in social-ecological
understanding; improved
problem-solving capacity;
assessment of likelihood of
alternative social-
ecological hypotheses

Improved decision-making;
changes in perceptions,
values and norms; collective
action; direct social-
ecological systems on
desirable pathways

Improved decision-making;
changes in perceptions,
values, norms and rules;
collective action; direct
social-ecological systems
on desirable pathways

Holling 1978;
Walters 1986; Lee
1993

Olsson et al. 2004,
Folke et al. 2005;
Armitage et al.
2007; Armitage

et al. 2009

Folke et al. 2005,
Pahl-Wostl 2007
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an experimental flood. Adaptive management therefore emphasizes
learning-by-doing, the design of monitoring systems, and the continual
creation, evaluation and comparison of alternative working hypotheses
(Holling 1978). Adaptive management typically involves transdisciplin-
ary teams of scientists, environmental managers and policy-makers in
support of learning how to better manage SES to achieve multiple goals
(Holling 1978; Walters 1986; Fernandez-Gimenez et al. 2008).

Adaptive co-management emerged in the early 2000s as an
approach that married adaptive management's focus on learning
through experimentation and monitoring with co-management's focus
on learning through sustained interactions between multiple stake-
holders (Ruitenbeek and Cartier 2001; Olsson et al. 2004; Armitage et
al. 2007). Co-management refers to a variety of power-sharing processes
involving multiple actors including local communities, the state and
non-governmental stakeholders (Carlsson and Berkes 2005). In adaptive
co-management, while the interest in learning is cognisant of social—-
ecological complexity, the focus of learning expands beyond experimen-
tation to include knowledge sharing between multiple actors. Some of
the desired outcomes of these learning processes include changes in
values and norms, and collective action around common environmental
concemns (Armitage et al. 2009).

More recently, the related concept of adaptive governance has
gained recognition as a framework for managing SES in which learning
is equally considered central (Folke et al. 2005; Gunderson and Light
2006; Olsson et al. 2007). However, in adaptive governance a key focus
of learning tends to include knowledge sharing across scales. This
cross-scale focus of learning is pursued because approaches to adaptive
governance tend to emphasize the development of social norms and
cooperation (Levin 2006; Vincent 2007), nested organizational struc-
tures (Folke et al. 2005; Folke et al. 2007) and also the role of bridging
organizations in matching the scale of decision-making to the scale of
ecological processes (Olsson et al. 2007).

The purpose of learning, and the processes through which learn-
ing is pursued, thus differ in important ways depending on the

177



178 CUNDILL, LEITCH, SCHULTZ, ARMITAGE AND PETERSON

management paradigm that dominates attempts to increase the resi-
lience of valued ecosystem services. These differences are important
to understand as they significantly influence practical approaches that
are designed to support learning in these contexts, and are summar-
ized in Table 7.1.

7.2 WHAT DO WE MEAN BY ‘LEARNING’?

Learning is a multifaceted phenomenon and includes: (1) acquiring
information and increasing knowledge; (2) memorizing; (3) acquiring
facts, skills and methods; (4) making sense or abstracting meaning;
and (5) interpreting and understanding reality in a different way by
reinterpreting knowledge (Saljo 1979). Two complementary forms of
learning are believed to enhance the resilience of ecosystem services:
loop learning and social learning.

Single-loop learning comprises a change in skills, practices or
actions to meet existing goals and expectations. This learning focuses
on the question, ‘are we doing things right?’ In contrast, double-loop
learning actively questions the assumptions that underlie action by ask-
ing, ‘are we doing the right things?’ (Flood and Romm 1996). For example,
a study of US community-based forestry organizations found that colla-
borative monitoring activities led to single-loop learning (recommenda-
tions for optimal treatment of invasive weed species that threaten forests)
and double-loop learning (realization of the impact of salvaging timber)
(Fernandez-Gimenez et al. 2008). Triple-loop learning involves a more
deep-seated questioning of values and norms that underlie institutions
and actions by asking, ‘how do we know what the right thing to do is?’
(Flood and Romm 1996). Triple-loop learning can result in the restructur-
ing of beliefs and values, underlies transformations in worldviews and
may prompt changes in ecosystem governance and management
approaches (Pahl-Wostl 2009; Biggs et al. 2010) (P4 — CAS thinking).

Social learning refers to ‘a change in understanding that goes
beyond the individual to become situated within wider social units or
communities of practice through social interactions between actors
within social networks’ (Reed et al. 2010: r1). Social learning is generally
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regarded to take place in two key ways (see Cundill and Rodela 2012
for a review): through deliberative processes involving ongoing inter-
action between individuals and the sharing of knowledge and perspec-
tives in a trusting environment (Daniels and Walker 1996; Roling
2002; Schusler et al. 2003; Standa-Gunda et al. 2003; Selin et al.
2007; Kendrick and Manseau 2008), and through deliberate experi-
mentation and reflection involving shared activities such as monitor-
ing (Lee 1993; Steyaert et al. 2007; Fernandez-Gimenez et al. 2008;
Kuper et al. 2009). Social learning can take place through intentional,
facilitated processes (Mostert et al. 2007); or it can be an emergent
outcome of social interaction (Olsson et al. 2004).

While loop learning is most concerned with, and defined by,
what is learned (e.g. new skills and practice, or new values and
assumptions), social learning tends to be defined by how learning
takes place (e.g. through social interaction). Although often confused
in the literature, these two approaches to learning therefore poten-
tially complement one another in useful ways in the context of resi-
lience in SES.

7.3 HOW DOES LEARNING ENHANCE THE RESILIENCE
OF ECOSYSTEM SERVICES?

Since knowledge of complex systems is always partial and becoming
out-dated (Chapter 1), enhancing the resilience of ecosystem services
requires continuous learning about the SES that provides these ser-
vices (Holling 1978; Walker and Salt 2006; Chapin et al. 2009).
Learning can support the resilience of ecosystem services primarily
through influencing decision-making processes and governance. Such
learning in support of decision-making is achieved through a variety of
both planned and unplanned processes, including active experimenta-
tion and monitoring, multi-actor collaboration and through inter-
generational interactions with the environment.

Adaptively creating, testing and designing experiments to
explore alternative management options is an important means to sup-
port learning and enhance the resilience of ecosystem services.
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Experimentation and monitoring provide information about changes in
the availability of ecosystem services (Bellamy et al. 2001; Boyle et al.
2001), and can also be used to resolve uncertainty about how the world
works. The use of monitoring to evaluate competing models of the
world is an example of passive adaptive management in which monitor-
ing can be planned to take advantage of ‘natural’ experiments or
expected shocks to a system, such as policy changes, droughts or floods.
Experimentation, or active adaptive management, involves the purpo-
seful, structured manipulation of particular SES processes and
structures to observe and compare outcomes (Walters and Holling
1990). Experimentation can highlight trade-offs associated with build-
ing resilience of one aspect of a system versus building general system
resilience, thereby providing better information to support
decision-making.

One of the main contributions that scientists can make in such
contexts is to expand the range of hypotheses (or models) that are
considered for a given system. Often a practical barrier to learning is
the lack of plausible alternatives to a dysfunctional status quo.
Experimental management is a way to explore the dynamics of the
system being managed in cases where when there seems to be an
opportunity to improve management and where available information
does not allow new policies to be evaluated. Although management
experiments are rare, some have occurred. In the Colorado River
experimental floods were carried out to assess ideas about water
flow and river geomorphology and food webs (Cross et al. 2011).
Such experiments are very difficult to implement for social, political
and financial reasons (Walters 2007), and the difficulties that many
large-scale environmental problems present for experimentation sug-
gest that adaptive management may not be possible in many situa-
tions (Allen and Gunderson 2011).

Although specialist agencies and scientists often carry out mon-
itoring and experimentation, and therefore learn during the process,
there is growing recognition of the importance of broader participation
and its role in supporting the resilience of ecosystem services through
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learning (Danielsen et al. 2005) (P6 — Participation). A study of five US
community-based forestry organizations involved in collaborative
ecological monitoring programmes found that co-monitoring activ-
ities led to single-loop learning, which identified changes in recom-
mendations for optimal treatment of invasive weed species, and
double-loop learning (through the realization of the significance and
need for sustainable harvesting of mushrooms), which together
altered social attitudes and assumptions. In another example — the
case of transformative change in the Chilean benthic fisheries govern-
ance — Gelcich et al. (2006) attribute the development of the innova-
tive territorial user-rights policy to learning processes among fishers,
scientists and managers and demonstration-scale experimental trials
that identified new management pathways. The territorial user-rights
policy has led to the recovery of some highly valuable benthic species
following collapse of these fisheries in the 1980s.

Collaborative processes can also support learning and therefore
decision-making by helping to make the values regarding different
ecosystem services explicit. For example, participatory modelling as
described by Bousquet et al. (2002) can assist actors in sharing multi-
ple representations of SES, or mental models, thus enabling collective
decision-making on a systemic level that take diverse values into
account. Such processes can shift governance towards more
ecosystem-based, integrative approaches (P4 — CAS thinking). For
example, in Kristianstads Vattenrike, when local inhabitants and
politicians changed their perception of local wetlands from being
water-logged swamps of low value to water-rich areas for recreation
of high value, the habitats were restored and associated ecosystem
services maintained, contrary to the overall trend of disappearing wet-
lands in Europe (Olsson et al. 2004). Similarly, in the Great Barrier
Reef, the change of perceptions among politicians and the public from
seeing the reef as pristine to seeing it as severely threatened paved the
way for stronger protection of the reef and its associated ecosystem
services (Olsson et al. 2008). Both of these shifts in perceptions
occurred through processes of learning. These experiences therefore
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simultaneously highlight the role of learning in potentially supporting
the resilience of ecosystem services, and also the fact that not all the
learning required to achieve such shifts can be planned for.

Indeed, many learning processes that support the resilience of
ecosystem services are not planned for or facilitated. Practices that
underpin the generation, accumulation and transmission of knowl-
edge and institutions for responding to and managing ecosystem ser-
vices, i.e. learning, have been found in many traditional societies,
particularly those with high levels of dependence on local resources
(Berkes et al. 2000; Gadgil et al. 2003). Examples include management
of multiple species and landscape patchiness, which enable compar-
ison of, and learning about, responses of different species or vegetation
communities to different management practices. Traditional
learning-based approaches also include mechanisms for cultural inter-
nalization of new practices and the adaptation of worldviews and
cultural values. For example, in the traditional caribou-hunting Cree
society, an event of extreme overhunting that resulted in the disap-
pearance of caribou in the early 1900s triggered the development of a
more conservationist approach that then became encoded in the ethi-
cal and cultural beliefs of the Cree (Berkes et al. 2000).

In the case of co-management in the Canadian Arctic (Box 7.1),
experience suggests that knowledge sharing and co-production may
indeed be the underlying mechanisms that facilitate social learning.
Further insight into such mechanisms is offered by a study of
transborder polar bear and walrus management in the Bering Strait
(Meek et al. 2008), which has shown how supportive institutional
arrangements (such as interlocal linkages that enable local commu-
nities to share a decision-making framework) have enabled learning,
particularly relearning of traditional wildlife management practices,
to occur at the community level despite slow or absent international
funding or legal agreements. This points to the importance of cross-
scale learning to support ecosystem services resilience, meaning the
linking of actors across scales (vertically and horizontally), which one
tends to see in adaptive co-management arrangements.
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BOX 7.1 Learning and collaborative management
build resilience of Arctic ecosystem services

A seasonally ice-free Arctic is projected within the next several decades
(ACIA 2005; AMAP 2011). Such changes will have profound implica-
tions for ice-adapted Arctic marine mammals (e.g. narwhal, beluga) and
the indigenous communities whose social well-being and culture have
long-standing connections to Arctic ecosystems, such as the Inuit and
Inuvialuit (Fig. 7.1). However, evidence is starting to emerge that social
learning processes associated with flexible collaborative management
(co-management) arrangements can help to transform how indigenous
communities, managers and scientists cope with social-ecological
change and uncertainty and, in turn, build the resilience of desired
ecosystem services. For example, evidence from Canada's Arctic
shows how marine-mammal co-management can support shared
understanding and sense-making, increased dialogue among harvesters
and government decision-makers, can distribute control and shared
responsibility for management actions, and provide conditions for indi-
vidual and group learning (Dale and Armitage 2010; Armitage et al.
2011). Specifically, the linking and learning attributes of these Arctic
marine-mammal co-management experiences can help to build resili-
ence of ecosystem services by: (1) creating opportunities to co-produce
knowledge about ecosystem conditions and interpretations of ecosys-
tem change; and (2) linking actors across scales in decision-making
networks, thus leading to better social and ecological outcomes.

In a rapidly changing Arctic, knowledge about ecosystem conditions
(e.g. sea ice) and marine-mammal stocks (location, number, trends) is
insufficient, while historic top-down management approaches (e.g. har-
vest allocation and quota setting) have been contested (Armitage 2005).
However, the institutionalization through enabling legislation (i.e. land
claims) of processes to incorporate different forms and types of knowl-
edge — or knowledge co-production — has emerged as an important
mechanism or trigger for learning. Knowledge co-production is the colla-
borative process of bringing a plurality of knowledge sources and types
together to address a defined problem and build an integrated or systems-
oriented understanding of that problem. These processes are most
successful when catalysed by regular cycles of community-based and

regional workshops, repeated interactions between harvesters, managers
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BOx 7.1 Continued

and scientists and a recognition that management plans are ‘living’
documents (i.e. adaptable). The transaction costs are high and the
processes are often slow (nor are they always successful), but
knowledge co-production and social learning processes are generating
positive social outcomes (e.g. increased trust, willingness to
experiment and share risk) and helping to build ecosystem resilience

(@)

FIG. 7.1 (a) Qikigtarjuaq, Nunavut where changes in ecosystem services
attributable to sea-ice loss are creating new pressures for the community
to learn through change. Photo credit: Derek Armitage. (b) Travelling
under increasingly uncertain ice conditions means hunters must adapt to
unexpected ecosystem changes. Photo credit: Aaron Dale.
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(e.g. improved stock conditions through changes in harvest practices,
new monitoring and enforcement conditions, greater local control on
harvest decisions) (Dale and Armitage 2010; Armitage et al. 2011).

Experience with marine-mammal co-management in Canada's Arctic
also points to the relationship between learning and the emergence of
multi-level institutional arrangements that link social actors vertically
and horizontally (P7 - Polycentricity). Vertical and horizontal linkages in
co-management can lead to the emergence of new social networks, and
are supported by ‘bridging organizations’ (see Schultz 2009). Co-
management boards in Canada's Arctic — like the Nunavut Wildlife
Management Board or the Fisheries Joint Management Commission —
serve as crucial bridging organizations to connect local, regional and
federal actors and contribute to learning processes. Evidence from marine-
-mammal co-management (Armitage et al. 2011) illustrates how social
networks supported by bridging organizations have become more mean-
ingful through time, and have led to changes in understanding ecosystem
conditions that are situated within wider social networks, such as
increased appreciation among scientists about the importance of tradi-
tional knowledge, and the need to reconsider stock estimates in the light
of the local knowledge of resource harvesters (Dale and Armitage 2010).

Learning through co-management is no panacea for rapid ecosystem
change. There are deeply embedded and historical power relationships
in Canada's Arctic that influence how indigenous people connect with
their lands and participate in decision-making, and which act as bar-
riers to trust building. Moreover, significant time is required to build
co-management arrangements and, in the case of the Arctic, it is
unclear if knowledge co-production and learning processes will be
sufficiently quick to address predicted sea-ice loss, accompanying per-
turbations to wildlife stocks and biodiversity, and the potential loss
of cultural practices and knowledge gained from everyday
interactions with ecosystems. Despite the challenges, learning and
experimentation through adaptive and collaborative management con-
texts in the Arctic is an important mechanism for building resilience of
ecosystem services: it leads to changes in worldviews, ensures different
types and sources of knowledge are valued, leads to greater willingness
to experiment and take risk and fosters an enabling policy context for
long-term sustainability.
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In summary, experience has shown that learning can
enhance the resilience of ecosystem services primarily through
its influence on governance and decision-making processes asso-
ciated with such ecosystem services. Such learning may be either
planned for, for example through carefully thought-out experi-
mentation and monitoring, or it can be unplanned, as was the
case in the changing mental models of the wetlands in
Kristianstads Vattenrike in Sweden. Where such processes are
planned it is vital also to create spaces for ongoing interactions
that support knowledge sharing and co-production, as discussed in

Section 7.5.

7.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

The evidence in support of learning does not tend to systemati-
cally demonstrate what type of learning is most appropriate or
inappropriate to build resilient ecosystem services and under what
conditions (Biggs et al. 2012). Nevertheless, there is increasing
recognition that learning can be ineffective, or worse, maladap-
tive, and that the design of the learning process is crucial. Muro
and Jeffrey (2008) reference a number of studies of deliberate
learning processes in which participants fail to reach agreement
or consensus, conflict intensifies, participants develop negative
perceptions of others, or ‘mistaken learning’ occurs. In the latter
example, participants internalized some misinformation provided
by other stakeholders involved in the learning process and
repeated it as misconceived evidence of a deeper understanding
(Schusler et al. 2003). In such cases the resilience of ecosystem
services may be compromised and effective governance may
require sustained processes of un-learning.

Maladaptive or dysfunctional learning can lead more directly to
beliefs and behaviour that threaten the function of an SES. For
example, the systematic anti-environmental campaigning
outlined in Naomi Oreskes and Erik Conway's book Merchants of



PRINCIPLE § — ENCOURAGE LEARNING

Doubt (2010) set out to deliberately undermine environmental
science by emphasizing uncertainty and manufacturing ‘debate’.
This sense of unresolved scientific consensus, while inaccurate, suc-
cessfully created a grand narrative that influenced the worldviews of
individuals, governance organizations and networks globally, and
helped to stimulate a range of maladaptive decisions from the stalling
of environmental policy to active promotion of industries contribut-
ing to issues such as acid rain, the ozone hole and global warming. A
number of factors have been identified as potential challenges for
effective and legitimate social learning and adaptive governance,
including power relations, scale and cost.

Power dynamics can influence how learning takes place, includ-
ing who is learning, the linkages between learners, what type of
learning takes place, whose knowledge is included and integrated or
discarded, and what is monitored (Maarleveld and Dabgbegnon 1999;
Armitage et al. 2009). There are numerous examples of scientific
knowledge being prioritized for learning and management above
other knowledge systems, in particular traditional or local ecological
knowledge, to the eventual detriment of ecosystem-service resilience
(Moller et al. 2004) (Chapter 2). An iconic example was the collapse of
the Canadian cod fishery, where local fishers raised serious concerns
about cod stocks but these concerns were ignored (Finlayson 1994).

Power asymmetries can be enshrined in both people and struc-
tures. For instance, relatively more powerful stakeholders can dom-
inate poorly implemented learning processes and assert the standing
and influence of their own knowledge, thereby co-opting or misrepre-
senting other voices within communities (Béné et al. 2009). Similarly,
power concentrated in organizations such as national governments
can stifle the potential contribution of learning and innovation at the
local scale (Marin and Berkes 2010). As Blaikie (2006, p. 1945) notes, it
is assumed that local ecological change ‘can be addressed by local
experience and experimentation, adaptive agricultural practice ...
and forest use, local farmer networks, etc.” but that ‘it is acknowledged

that there are formidable problems to negotiating these knowledges at
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the interface with development organizations’. Such mismatch
between local and bureaucratic knowledge can range from disagree-
ments over matters of fact, such as the maximum number of pups a
polar bear can have in a year, to what is important to learn about, to
how to run meetings and discuss issues (Houde 2007).

Effective monitoring requires that monitoring be linked to man-
agement problems or decisions. While such a goal might seem easy in
theory it is often not so easy in practice, as the management dilemmas
and problems vary with scale and across groups. Large-scale monitor-
ing that is not tied to specific management questions is often of little
use for improving management decisions. For example, large-scale
forest monitoring may be useful for the management of timber supply,
but is inadequate for managing logging impacts on trap lines, because
key information on trapping activities, animal populations and forest
animal interactions are not being monitored (Houde 2007).
Consequently, monitoring programmes that are implemented to
monitor the species or forests often fail to adequately monitor key
processes or enable managers to resolve key uncertainties they grapple
with in their decision-making.

Monitoring or experimentation applied at the wrong scale, for
example over short timescales or limited spatial scales, can also fail
to provide an adequate basis for decision-making or can lead to
inappropriate management decisions (Olsson et al. 2004). Global cli-
mate models, for instance, often lack sufficient detail for action or
decision-making at the sub-national level (Kates et al. 2001). In the
Goulburn-Broken Catchment in Australia, Walker et al. (2004) argue
that learning has been unevenly distributed spatially and sectorally,
focusing on pollution control in the irrigation region but neglecting
the drylands region. In this case, learning and experimentation have
also been directed at maintaining the status quo and keeping the SES
within its current ‘production’ regime, with multi-scale and long-
term ecological and economic consequences.

Lindemayer and Likens (2009) argue that monitoring pro-

grammes should address clearly articulated socially defined
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questions, should be designed so that monitoring can answer the
questions and should be based on a model of how the SES may
work. These prescriptions are designed to deal with three serious
and common ecological monitoring problems. The first is that mon-
itoring is often planned without explicitly articulating the goals of the
process. The second is that there is often a lack of adequate experi-
mental design to determine whether the monitoring will be able to
detect changes and trends. The third, which often drives the first two
problems, is that monitoring is often politically mandated and
imposed prior to an analysis of the objectives and questions behind
the monitoring. Strategic adaptive management, which has been
successfully used in Kruger National Park in South Africa, and applied
across South Africa's national parks, appears to offer a practical
framework for updating and revising monitoring in light of
learning and social preferences (Biggs and Rogers 2003; Roux and
Foxcroft 2011).

By its nature, experimentation in SES is risky and requires
leadership, trust, networks and resources. When the social capital of
a community is so eroded that the community cannot afford to make
mistakes, social capital might have to be built up or supported through
external intervention before experimentation can be considered
(Cundill and Fabricius 2010). In addition, long-term monitoring and
other learning processes can be costly in terms of human and financial
resources. In some cases, these costs may exceed the value of the SES
under improved governance. This is particularly so where the benefits
derived from an SES are relatively small, for instance in the case of a
small-stock, low-value fishery (acknowledging the focus on provision-
ing services) (Garcia et al. 2008), or where resilience of an SES is
already so eroded and under high anthropogenic pressure that signifi-
cantly increased benefits are unlikely (Garcia et al. 2008). The high
cost of learning processes relative to perceived benefits is demon-
strated by the lack of sustained engagement in participatory monitor-
ing programmes by communities when external funding support
lapses (Garcia and Lescuyer 2008).
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Overall, experience suggests that, to be effective, the process of
monitoring, experimentation and learning needs to be collaborative
and long-term, at an appropriate scale for decision-making and the
SES, as well as able to withstand the impact of short-term funding
cycles, politics and objectives (Barthel et al. 2010; Cundill and
Fabricius 2010). As discussed above, enabling conditions — whether
policy, institutions, resources, organizations or individuals — are
important in this respect as they act as barriers as well as facilitators
of learning at different levels (Armitage et al. 2009; Crona and Parker
2012).

7.5 HOW CAN THE PRINCIPLE OF LEARNING BE
OPERATIONALIZED AND APPLIED?

Operationalizing the principle of learning depends strongly on the
context in which it is applied, but it is useful to consider process-
orientated guidelines to support learning (Schusler et al. 2003).
While several scholars lament the lack of certainty around what
learning mechanisms to use and when to use them (Muro and
Jeffrey 2008; Armitage et al. 2009), several studies suggest the fol-
lowing, often overlapping, guidelines as important in fostering

learning.

¢ Support long-term social-ecological monitoring. The collection of long-
term monitoring data can provide a means to separate trends from variation
in complex SES. Managing for resilience often involves the management of
slowly changing variables, and observing change in these slow variables
requires long-term monitoring. Such long-term monitoring programmes
must monitor socially and scientifically meaningful variables, in a fashion
that supports the detection of expected and unexpected changes in SES
(Lindemayer and Likens 2009).

¢ Provide opportunities for interaction that enable extended engagement.
Social learning requires appropriate social forums that support prolonged
and frequent interaction (Webler et al. 1995; Schusler et al. 2003; Mostert
et al. 2007). Typically, these social spaces are physical, formally organized

settings where stakeholders interact face to face through workshops. They
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can also occur through less direct means via social networks (Reed et al.
2010). Interventions tend to be organized from outside the community;
however, they can also emerge from within the community (e.g. farmers’
networks; Rist et al. 2003).

Enable diverse participation that considers representativeness and multiple
knowledge sources as well as clarity of roles. Broad and diverse participation
representing a range of different sources of knowledge is considered
important for a diversity of perspectives (P6 —Participation). Also important
is the capacity of participants to engage, which can be influenced, for
example, by power differentials and levels of literacy (Mostert et al. 2007;
Cundill and Rodela 2012).

Effectively facilitate adequate conditions that foster understanding of
others' perspectives and experiences. Social learning depends on
establishing a suitable social context that supports the sharing and
negotiation of knowledge, beliefs and worldviews. Appropriate facilitation
can help to enable the open communication required for this (Webler et al.
1995; Schusler et al. 2003; Mostert et al. 2007; Reed et al. 2010). Skilled
facilitation focuses on process as much as substance and in particular
supports a democratic structure, encourages open communication,
manages conflict to ensure it is constructive and supports systems thinking
and ‘unrestrained’ thinking (Schusler et al. 2003). Without competent
facilitation, processes can stagnate or suffer from destructive conflict (Pahl-
Wostl 2006; Muro and Jeffrey 2008) or lack sufficient information to allow
experimentation (Cundill 2010).

Ensure sufficient resources to enable learning processes through adequate
funding and a suitably skilled team. Social learning activities tend to be
time-consuming and expensive (Mostert et al. 2007). Failing to provide
adequate support for learning processes or activities such as adaptive
decision-making in response to monitoring has been found to limit or inhibit
learning (Mostert et al. 2007). Sendzimir et al. (2007) note that not having
sufficient resources to provide opportunities for people to meet and interact
constrained learning and limited the emergence of a comprehensive vision of
adaptive management. A lack of resources may stem in part from not having a
deep understanding of the importance, potential impact or demands of
learning activities. A related issue is being able to validate the expense of
learning activities where the cost of supporting such activities exceeds the
economic value of the resources (e.g. Walters 2007).
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¢ Enable networking. One of the most meaningful ways to ensure the
resilience of social learning processes is to embed them within learning
networks or communities of practice. Such networks can provide sources of
knowledge, interpretation and resources. In particular, such networks can
be mobilized to respond to threats to SES, and they can provide
opportunities to better link local activities with other actors and activities
at other scales (Berkes et al. 2003).

There is a range of collaborative tools commonly used to foster learning
that spans from deliberation tools to processes for active experimenta-
tion. For example, participatory modelling activities used by Sendzimir
et al. (2007) in the NeWater project in Hungary primarily used causal
loop diagrams, alongside field experiments, to aid social learning and so
transition to more adaptive management of the region, and
enhance a diversity of ecosystem services. Scenario planning can be
used as part of an adaptive learning process when participatory model-
ling is conceptually difficult (Peterson et al. 2003a). For example, parti-
cipatory scenarios were used to stimulate social learning in the
Minnesota2050 project, where such a scenario development reinforced
relationships between people, built a shared understanding of different
perspectives on the issues at hand and also supported systems thinking
(Johnson et al. 2012). Most commonly, social learning processes draw
on a suite of tools. Some examples are the following: the SLIM project,
which focused on the sustainable use of water, and employed mapping
and diagramming techniques based on systems approaches; media tech-
nologies like geographic information systems (GIS); intermediary
objects and concepts; and performance arts such as theatre events and

metaphor exploration (Steyaert and Jiggins 2007).

7.6 KEY RESEARCH AND APPLICATION GAPS

A long-held assumption in SES management is that learning,
supported through experimentation, monitoring and collaboration,
is fundamental to managing SES as it provides a basis for adapting
management to ensure continued provision of ecosystem services in

the face of disturbance and change. However, the evidence in support
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of learning and experimentation does not indicate what type of learn-
ing works and under what conditions. We know, however, that learn-
ing can play a key role in changing worldviews (P4 — CAS thinking).
We also know that the design of learning processes is key to avoid
learning traps. The participation of multiple actors in learning pro-
cesses (P6 — Participation) is crucial to guard against maladaptive
learning and domination of the learning process by powerful sub-
groups. A broad consideration of alternative system dynamics is also
essential to avoid perceptions that present conditions are always opti-
mal, without an awareness of more desirable, achievable alternative
SES configurations (Peterson et al. 2003b).

However, how learning can be harnessed to promote resilience
of ecosystem services needs to be much better understood.
Particularly important areas for future research include: a better
understanding of different types of learning and of how institutions
enable and supress learning; a better integration of different knowl-
edge systems; and how to better combine management, monitoring
and learning. First, there is a need for greater empirical scrutiny and
conceptual clarity on what loop learning and social learning are, and
therefore how they contribute to the resilience of ecosystem services.
Towards this end, there is a need to develop and test methods for
assessing learning processes and outcomes in the field (Reed et al.
2010; Cundill and Rodela 2012). Second, there is a need to better
understand the conditions and institutions that support learning to
inform the facilitation of learning processes in practice. This includes
a better understanding of the influence and negotiation of power
asymmetries in the learning process as well as the development of
methods to monitor and evaluate whether (and what) learning has
taken place. A third gap relates to how different types of knowledge
can be integrated to facilitate learning, including within and across
scales. Fourth, the grand challenge of adaptive management is to
better integrate management, monitoring and learning, as repeated
efforts have demonstrated that there are substantial social barriers to

making learning a focus of management (Walters 2007), and to
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maintain long-term monitoring (Lindemayer and Likens 2010).
Greater knowledge of these barriers to the integration of learning
and management is required, but even more important are strategies
that overcome these barriers to enable learning-based management.
Looking towards the future, major technological advances offer
the potential to fundamentally rethink how we understand and pursue
collaborative monitoring and learning. The advent of widespread cell
phones, especially smart phones, cheap remote sensing and mapping
technologies, such as Google Earth™, offer great potential to develop
new forms of citizen science, and there are numerous examples of just
such initiatives worldwide (see the Frontiers 2012 special issue on
citizen science). The challenge these technologies present is how to tie
social learning processes, which produce new forms of understanding
and knowledge, to these new sources of monitoring data, so that
learning is not drowned in a sea of confusing and contradictory data.
The challenge will be to build novel approaches to sense-making to
enable more participatory and robust learning processes that enhance

the resilience of ecosystem services.
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8 Principle 6 - Broaden
participation
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SUMMARY

Participation refers to the active engagement of relevant stakeholders
in the management and governance process. Participation can range
from simply informing stakeholders to complete devolution of power.
It may occur in various or all stages of a management process: from
identifying problems and goals to implementing policy, monitoring
results or evaluating outcomes. Participation can play a role in
supporting transparency, knowledge sharing, trust building, the legiti-
macy of decisions, and learning. These mechanisms can promote
understanding of system dynamics and enhance the capacity of a
management system to detect and interpret shocks and disturbances,
which is central to facilitating the collective action required to
respond to change in social-ecological systems. Examples are pre-
sented of how participation can support or undermine resilience of
ecosystem services with cases showing both successful and
unsuccessful participation in management of ecosystem services.

Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
Systems, eds R. Biggs, M. Schliiter and M. L. Schoon. Published by Cambridge University
Press. © Cambridge University Press 2015.
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8.I INTRODUCTION

Participation is considered fundamental to initiatives which aim to
build social-ecological resilience (Walker et al. 2002). The participa-
tion of a diversity of stakeholders (P1 — Diversity) is thought to build
trust and relationships which, in turn, improve legitimacy of the
knowledge base and decision-making; to promote understanding of
system dynamics; and to improve the capacity of a management
system to detect and interpret shocks and disturbances (e.g. Ostrom
1990; Lee 1993; Folke et al. 2005). These attributes and factors are key
to facilitating the collective action required to respond to change and
disturbance in social-ecological systems (SES) (Lebel et al. 2006).

The spectrum of participation ranges from simply informing
stakeholders to complete devolution of power (e.g. Arnstein 1969;
Rowe and Frewer 2005). Participation can help to initiate and build
relationships, but to do this effectively requires a nuanced understand-
ing of the value of multiple perspectives relating to managing ecosys-
tem services, of when participation is appropriate and of how
participation should take place (Reed 2008). Participation can also
mean involvement in different stages of the management cycle (from
identifying problems and goals to implementing policy, monitoring
results and evaluating outcomes; Stringer et al. 2006), the engagement
of different groups (from inviting whole communities to targeting
strategically selected partners; Kok et al. 2007) and different partici-
patory methods and processes (Lynam et al. 2007).

In general, participation is considered by the ecosystem-service
management literature for mainly pragmatic reasons rather than ideo-
logical reasons (such as supporting democratic rights). The ecosystem-
service literature has a primary focus on stakeholders, who have an
active interest in the management of ecosystem services or have
relevant local or scientific knowledge (Olsson et al. 2004). Similarly,
participatory processes generally target actors who can contribute in
some way to the management of ecosystem services by providing

knowledge or services such as information, monitoring capacities,
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management practices, funding or political support. Participation in
ecosystem-service management tends to bring together stakeholders
with different ideals and knowledge but it can also exacerbate inequi-
ties in power leading to conflict and restricting input from some
groups (Arnold et al. 2012). Discussions in the ecosystem-service
literature often gloss over aspects of agency relevant to participation
such as conflict and power inequities between stakeholders. There
have been calls for a more critical description and reflection of parti-
cipation, particularly regarding issues of power and marginality
(Leeuwis 2000; Arnold et al. 2012; Cook et al. 2013).

Different strands of participatory processes are emerging for
ecosystem services such as adaptive co-management, which com-
bines the learning-by-doing approach of adaptive management with
the collaborative approach of co-management (Olsson et al. 2004,
Armitage et al. 2007). Adaptive co-management emphasizes two
types of stakeholder participation: the participation of actors with
different types of ecosystem knowledge (both scientific knowledge
and experiential, e.g. local, traditional and indigenous knowledge)
and that of actors working at different ecological scales and levels of
decision-making (e.g. both managers and policy-makers at local and
national levels) (Olsson et al. 2004; Charles 2007). There is also an
emerging interest in ‘citizen-science’ types of participation, particu-
larly in monitoring ecosystem services whereby volunteers collect
and or analyse data for ecosystem research especially where large
data sets are required (e.g. Fernandez-Gimenez et al. 2008;
Silvertown 2009; Devictor et al. 2010; Shirk et al. 2012).

8.2 WHAT DO WE MEAN BY PARTICIPATION?

Participation refers to the active engagement of relevant stakeholders
in the management and governance process (Stringer et al. 2006).
Participation can occur in all or some stages of an ecosystem services
process: from identifying problems and goals to implementing policy
and monitoring results, to evaluating outcomes. Generally, a prescrip-
tive definition of participation is avoided in the resilience literature

203
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because who participates, and what they contribute, is context speci-
fic and should be revised throughout the adaptive management cycle
(Stringer et al. 2006). Participative approaches — whereby ‘individuals,
groups and organizations choose to take an active role in making
decisions that affect them’ — have emerged and evolved through a
series of phases since the 1960s and have featured a gradual devolution
of power and gradual inclusion of different types of knowledges (Reed
2008, p. 2418).

8.3 HOW DOES PARTICIPATION ENHANCE
THE RESILIENCE OF ECOSYSTEM SERVICES?

For ecosystem services to be resilient, a diversity of stakeholders
need to be involved in their management to improve legitimacy, to
expand the depth and diversity of knowledge, and to help detect and
interpret perturbations. These elements are also interdependent and
iterative.

First, participation can improve legitimacy of ecosystem-service
management through establishing processes that are deliberative and
support forming or developing relationships (Chapter 2). These rela-
tionships have the potential to build trust and shared understanding as
a basis for collective action around approaching thresholds, develop-
ing innovative solutions or facilitating learning or shared experiences
(Lebel et al. 2006). An example of effective participation which con-
tributed to enhanced resilience of ecosystem services —in urban water
planning in Indonesia - through improved decision-making and trust
is described through a case study (see Box 8.1). In Makassar, Indonesia,
a participation regime which effectively engaged and invested in a
wide spectrum of stakeholders from the local water sector was able
to dramatically improve relationships across the water domain
(Kirono et al. 2013).

Second, participation can also promote the understanding of the
system through increased knowledge. If a variety of actors participate,
including those with non-scientific or experiential knowledge, it can
promote understanding of the SES dynamics by providing a range of
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BOx 8.1 Urban water planning in Makassar,
Indonesia

Being resilient to a changing climate requires the security of natural
resources such as urban water-supply systems. This necessitates an
understanding of current and future water-resource-related issues as
well as participation of the diverse range of actors and agencies
involved in planning and managing the resource. In Indonesia, regional
governments are encouraged to consider and integrate the risks of
climate change into regional development planning. Indonesia's
Mamminasata region in South Sulawesi Province has been earmarked
by the Indonesian national government to become a model metropoli-
tan region and an exemplar of urban development. Water security is
just one factor required to support sustainable urban development of
this region. Achieving the millennium development goals (MDG) for
water and sanitation access is a key challenge for authorities, with the
provision of clean water being the first of six priority programmes for
the Mamminasata region.

In 2010-2012, a research project, Climate Adaptation through
Sustainable Urban Development (SUD), was undertaken in the
Mamminasata region in South Sulawesi by researchers from
Australia's Commonwealth Scientific and Research Organisation
(CSIRO), in collaboration with Indonesia's Hasanuddin University
(UNHAS). Using a sustainable urban development framework
(Kirono et al. 2013) the project aimed to inform policy development
to improve access to clean water and to manage impacts of develop-
ment and climate change in the main city of Makassar (Fig. 8.1a). With
a population of 1.27 million people in 2009, Makassar was already
experiencing pressure from urbanization, population growth and lim-
ited economic resources, as well as uncertainties in the future water
supply due to a changing climate together with complex institutional
structures and informal networks within the water domain.

Central to the SUD project was an effective participation regime,
which involved the engagement of a wide spectrum of stakeholders
such as policy-makers and managers in the local water domain. This
participation aimed to facilitate a clear consensus and shared under-
standing of the problems facing the region and the city among cross-

institutional stakeholders and build the capacity of these stakeholders
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Box 8.1 Continued

to plan for a changing climate. Throughout the project there was
considerable investment in planning, undertaking and evaluating the
various engagement activities. By the conclusion of the project more
than 500 people from government organizations and academia had
been involved in project discussions to enable input of local
knowledge of the Makassar water system and its management. This
was through knowledge sharing and training activities in both
Makassar and Australia (detailed in Larson et al. 2012) (Fig. 8.1b, c).

Effective participation depends on getting the right people involved
and supporting their continued engagement through relevant phases.
The SUD project began by identifying champions from two key insti-
tutions in Indonesia and in South Sulawesi Province to assist project
scoping. The latter involved a comprehensive identification of key
stakeholder groups through stakeholder workshops, a review of gov-
ernment documents and interviews with government representatives.
A stakeholder engagement plan (Larsen et al. 2012) helped ensure that
the participation of stakeholders was effectively planned, resourced,
monitored and evaluated. Designed as a living document, the engage-
ment plan was updated continuously to note progress and outputs of
engagement activities.

Participation often aims to build relationships and facilitate collec-
tive action. In this project, stakeholders identified the main focus-
decided to be the reliability of water supply — via a workshop which
involved 30 high-level representatives from a variety of governmental
agencies (at national, provincial and city levels), non-government orga-
nizations, business enterprises, donor agencies and researchers. The
research team assessed and modelled the water supply system and then
identified adaptation options through a series of participatory work-
shops, thus incorporating both science and local knowledge. These
potential adaptation options were presented at a subsequent stake-
holder workshop (Tjandraatmadja et al. 2012).

Undertaking participative research processes challenges research
organizations because a lack of predetermined processes and outcomes
requires flexibility and understanding from research managers and
funders. Important for this project was the flexibility of the composi-
tion of the research team. Once the project focus was identified it was
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Box 8.1 Continued

(a)

(b)
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FIG. 8.1 (a) With a population of 1.27 million in 2009, the city of
Makassar in Indonesia is already experiencing pressure from
urbanization, population growth and limited economic resources, as
well as uncertainties in future water supply due to a changing climate.
Photo credit: Dewi Kirono, CSIRO. (b) Workshop participants discussed
the problems facing the Makassar city and the broader Mamminasata
region. Photo credit: Dewi Kirono, CSIRO. (c¢) Field trips presented a
valuable opportunity for shared learning among stakeholder
organizations. Photo credit: Anne Leitch, CSIRO.
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Box 8.1 Continued

()

FIG. 8.1 (Cont.)

used to guide the research-team composition and process. For instance,
the final team comprised a central core of CSIRO and UNHAS
researchers with additional expertise drawn from UNHAS students,
environmental managers, urban managers, and practitioners trained in
more than a dozen biophysical and social disciplines. Researchers were
also required to have experience in facilitation. Building of local
research capacity was enhanced through training in climate or water
modelling of eight researchers at Hasanuddin University's Centre of
Climate Change Response (CCCR) and the Bureau of Meteorology,
Climatology and Geophysics (BMKG).

Evaluating and learning from participation can be difficult to do
affordably and effectively. Effectiveness of the participation was eval-
uated throughout the Makassar project, with stakeholders at each
project event being surveyed about what they had learned from the
specific event and the broader project. In addition, the project and
engagement process were evaluated by the project beneficiates (seven
agencies) at the end of the first and second year of the project. These
evaluations identified that the project was perceived as being extre-

mely relevant and useful to stakeholders' work (Larson et al. 2012).




PRINCIPLE 6 — BROADEN PARTICIPATION 209

Box 8.1 Continued

Outputs from the project are being used by the Makassar City Public
Work Agency to develop a new water and sanitation masterplan. Local
partners are also using the data generated for further research by
Hasanuddin University such as the development of regional erosion
maps, as well as the application of the methodology to water shortages
in nearby regions. Benefits have also carried into the next generation of
researchers, with an increase of postgraduate students researching
climate change from three in 2010 to seventeen in 2012.

ecological, social and political perspectives that may not be acquired
through more traditional scientific processes (Armitage et al. 2009;
Folke et al. 2005). For instance, in a marine protected area (MPA) in
Italy, Micheli and Niccolini (2013) found that successful participation
by a diversity of stakeholders — categorized by their interaction with
and influence over the MPA — resulted in a widely shared and imple-
mented vision for the MPA. A critical element needed to galvanize
involvement by key actors was the leadership provided early on by a
small group of committed individuals. Subsequently, a highly effec-
tive director ensured strong awareness and support for the MPA and
its mission, which also improved its legitimacy.

Third, participation can help to strengthen the link between
information-gathering and decision-making, thus enabling responses
to ecosystem change (Danielsen et al. 2005; Evans and Guariguata
2008). Where participation is specifically targeted at monitoring
social-ecological change a number of specific outcomes have been
shown to support the resilience of ecosystem services. In China,
participatory monitoring was able to promote learning processes
(P5 — Learning) that created opportunities for consensus-building,
collective sense-making, and action (Rijsoort and Jinfeng 2005).
After just one year of the implementation of the participatory
monitoring programme in Yunnan, all villagers reported that they

were better able to manage their resources. Both villagers and
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government staff reported increased communication and understand-
ing between the two groups resulting in jointly developed manage-
ment solutions to problems identified. In the Philippines,
participatory monitoring of reef protected areas improved
transparency of decision-making, which enhanced relationships
between project stakeholders as well as resulting in the improved
comprehension and perceived validity of information and its use in
decision-making by local people ( Uychiaoco et al. 2005; Evans and
Guariguata 2008) While participatory monitoring led to better
management of the marine ecosystem the authors report the most
significant outcome was collaboration over practical management
goals and strategies.

Experiences in Ecuador and elsewhere show that participatory
processes, including participatory monitoring, can facilitate a shift in
perceptions and attitudes (P4 — CAS thinking; Danielsen et al. 2005),
which can strengthen the ability of management systems to respond
to observed ecosystem-service change. Such a shift in perceptions and
attitudes can lead to a questioning of existing institutions and
decision-making, which may facilitate transitions to more appropri-
ate governance arrangements that enhance the resilience of ecosystem
services (Pahl-Wostl et al. 2007). Such transformative learning takes
time, however, and there is little empirical evidence of it occurring:
published studies tend to report on learning related to practice rather
than on deeper reflection (e.g. Everly et al. 2011).

An example of participation which supports collective action in
response to approaching thresholds is found in Australia. An extensive
public participation and consultancy process was initiated in an effort
to raise awareness about threats to the Great Barrier Reef, and to assist
with new zoning plans to protect the reef (Olsson et al. 2008). Through
greater awareness of the threats facing the Great Barrier Reef, the
public participation process was able to achieve both broad public
support for the final zoning plans as well as the alteration of marine
park zoning plans, in order to incorporate the concerns of some groups.
Similar experiences were reported in the water governance sector,
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where public participation was found to broaden the range of interests

considered in ecosystem-service management (Lebel et al. 2006).

8.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

Although ample evidence suggests that participation can contribute
to enhanced resilience of ecosystem services, actual attainment of this
enhanced resilience depends on factors such as the participants, the
process and the social and institutional environment (Stringer et al.
2006). These factors are interdependent and also context-dependent
and, if not well thought out, executed, supported or resourced, can
then undermine or compromise resilience.

The participants are crucial to the governance process because
of their role in determining what ecosystem services are desired from a
landscape and what should be the focus for resilience building
(Chapter 2). Resilience of ecosystem services can be compromised
through participation that fails to engage the appropriate individuals
and groups with significant agency relating to understanding or gov-
ernance; or if it fails to consider the context-specific nature of the
participation or the need to review and revise participation during
the policy process or the adaptive management cycle (Stringer et al.
2009). This is true particularly in cases of ecosystem services that are
changing due to physical, ecological or social forcing events or trends.
For instance, when migratory species begin to change their long-term
movement patterns due to climate change, additional stakeholders
may need to be part of any new stewardship action (Meek 2011). In the
case of polar bears in many parts of the Arctic, sea-ice loss has driven
bears on shore for longer periods of time, where they are more likely to
have negative interactions with people. This change has required
collective action at the community scale, rather than primarily
amongst subsistence hunters, as was previously the case (Meek 2011).

The processes of participation are also important for ecosystem-
service management, which suggest that degradation of ecosystem
services can ensue through failing to have participatory strategies that
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successfully build social capital or that fail to effectively link to natural
systems. For example, Buscher and Schoon (2009) show how transfron-
tier conservation areas, promoted as ‘peace parks’, often lead to compe-
tition and conflict between stakeholders instead of the envisioned
collaboration and mutual understanding needed for successful conser-
vation efforts. Similarly, participation of groups focused on short-term
gains rather than long-term resilience can degrade rather than enhance
the resilience of ecosystem services (Robards et al. 2011).
Participation can also enhance the influence of some stake-
holders at the expense of others, by increasing their power or influence
within the system (Blaikie 2006; Robards et al. 2011). For instance,
participation can increase connectivity among different actors in the
system, which can compromise resilience if stakeholders use the
information gained through these peer networks to overexploit the
resource. Increased exploitation then acts as a positive feedback loop,
encouraging more exploitation and potentially degrading resilience.
For example, Satake et al. (2008) built a model to compare the actions
of two groups of forest owners: those who harvest their forest
resources either under conditions of social learning or under condi-
tions of ‘perfect’ information. When forest regeneration is fast, owners
in both groups harvest the resource because they anticipate high
profits with high recovery rates. When forest regeneration is slow,
forest owners who benefit from social learning do not harvest their
forests because they remember the long regeneration time. However,
forest owners who work from a simulated ‘perfect’ information base
continue to use the market and to harvest trees at the highest market
rate without concern for future returns (P2 — Connectivity).
Resilience may also be degraded by participation if it exacer-
bates negative stakeholder relationships that, in turn, undermine
existing networks or further weaken the capacity to share information
or take appropriate action. For instance, where the legal or political
authorities to act are unclear, the use of a participatory strategy to
manage a resource that is contested may create antagonistic relation-
ships between a government and resource users. Davis (2009)
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describes the work of the Long Beach Model Forest in Clayoquot
Sound, British Columbia. This is a participatory research programme
which was established in the midst of a complex system without a
mandate to research social, cultural and political change that was
largely driving the system. The lack of jurisdiction to implement
ideas, as well as federal directives to consider only the technological
problems of forest management, created participatory fatigue among
stakeholders and led to a weakening of social capital. Similarly,
experiences in Botswana and Malawi demonstrate that participatory
approaches may weaken resilience in locations that do not have recent
experience with democratic governance, or the capacity to protect
resource users with little political power. In these cases participatory
processes may weaken linkages between people, the existing regula-
tory system and the environment through corruption or rent-seeking
by elites and newly powerful actors within the system (Blaikie 2006).
A further example in Poland showed how limited experience of
democracy, and a lack of leadership commitment to power devolu-
tion, meant that attempts at participation tended to reinforce
existing power relations and therefore resource inequities
(Niedziatkowski et al. 2012).

Participation processes may also compromise ecosystem-
service management if they do not have a supportive social or institu-
tional environment. In such cases, while individual participatory
activities may be successful they will not foster resilience — and may
even undermine it —if they are not nested within a supportive institu-
tional setting. For example, weak forms of co-management that pro-
mote the devolution of responsibility to local resource users, without
the authority to act to protect resources, may degrade the resilience of
ecosystem services. In Chilean fisheries and elsewhere, formalized
co-management institutions were found to undermine previously
strong local resource management institutions (Gelcich et al. 2006).
Gelcich and collaborators found that co-management policy in Chile,
which was ostensibly used as a means to better achieve government
management goals, added a layer of bureaucratic management
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institutions between resource users and the resource. This weakened
local capacity to respond quickly to changes in the resource base. A
similar situation has been reported in British Columbia, Canada
where a government-driven participatory strategy was overlaid on
unrecognized indigenous rights and hastened resource extraction as
a way of asserting government over indigenous sovereignty
(Charles 2007).

Finally, too many participatory schemes may unwittingly lead
to degradation of the resilience of ecosystem services if communities
experience ‘consultation fatigue’. This is especially true in the case of
poorly run processes which fail to tailor the approach to the needs to
the community or fail to deliver change; or, for example, in small
communities where representatives are required to assume many
stakeholder roles. For example, Carter (2010) - in considering partici-
pation expectations of indigenous communities in Australia — stresses
the need for appropriate representation and place-based approaches to
replace the current situation of often unrealistic and uncoordinated
demands for indigenous effort in engagement forums.

In contrast, Agrawal (2005) demonstrates how strong participa-
tion in Indian forest management can create a psychology of steward-
ship, or environmental subjectivity, which strengthens community
stewardship of forests. Turnhout et al. (2010) argue that concepts of
citizenship as an identity can be shaped as well as expressed through
performing participatory governance, with positive and negative
results, depending on the ‘script’. In the case of ecosystem services,
variations of inclusion and exclusion of perspectives, knowledge and

preferences cannot be said to enhance nor degrade resilience a priori.

8.5 HOW CAN THE PRINCIPLE OF PARTICIPATION
BE OPERATIONALIZED AND APPLIED?

The quality of the participation process has a strong influence over the
ecosystem-service outcomes including social outcomes (increased
understanding and trust) as well as environmental outcomes (changes
on the ground). Operationalizing the principle of participation
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depends on the context in which it is applied but several overlapping

factors contribute to effective participation.

e Clarity of goals and expectations. There is a need to be clear about which
participative methodology is appropriate, as well as being clear throughout
the participative process in terms of goals, roles and expectations (Lynam
et al. 2007; Barreteau et al. 2010).

¢ Involvement. This includes getting the ‘right’ people participating (Brody
2003), retaining people in the process or engendering support for long-term
commitment. Knowing who are the ‘right’ stakeholders and how to (and
who should) identify them is challenging. Undertaking a systematic and
thoughtful stakeholder analysis can clarify the diversity of stakeholder
interests, which can help to ensure that appropriate stakeholders are
involved as well as facilitating learning (Reed et al. 2009). Who participates
depends on factors related to project design, such as inclusive or restrictive
approaches, as well as on participant motivation, which is influenced by
perceptions of the potential for personal benefit, success and power
imbalances (de Vente et al., in review). A related issue is how to reward
participation with a consideration of whether participants are rewarded for
their involvement through direct payment, cost recovery or through less
tangible rewards such as access to information or training. For example,
Constantino et al. (2012) found in the ecosystem-service monitoring
schemes in Brazil and Namibia that payment of local people for
monitoring services was closely linked to psychological, social and
political empowerment. Poor experiences with participative processes
may inhibit involvement in future processes (Barreteau et al. 2010).

¢ Facilitation and leadership. Inspired and motivated leaders are essential to
facilitate participation (Shannon 1991; Leach and Pelkey 2001; Olsson et al.
2004; Lebel et al. 2006). For example, effective leadership can support
innovation, flexibility and adaptive decision-making to deal with
ecosystem change through participation that builds trust, manages conflict,
links actors, initiates partnerships among groups and mobilizes broad
support for change (Folke et al. 2005). Facilitation also refers to developing
and implementing effective processes for participation, which requires
specialist skills especially in managing conflict, although not necessarily
consensus (e.g. Arnold et al. 2012). Facilitators need to work hard to ensure

that they are impartial, open and approachable. A competent facilitator
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should be able to manage group dynamics including conflict, to draw out
reticent participants, to encourage participants to question assumptions
and positions, and to withstand short-term failure (Reed et al. 2008; Méndez
et al. 2012). Participatory processes with skilled facilitators tend to have
greater success through greater information-sharing and learning between
participants, better conflict resolution and more equitable outcomes (de
Vente et al., in review). A lay person should be able to build some level of
competency for facilitation through leadership-skill development.

e Capacity building. Capacity building of participants may be required as the
skills required to engage in participatory processes may not exist or may be
overtaken by other priorities (Wollenberg et al. 2008; Berglund et al. 2013).
Capacity-building objectives, such as social learning, are increasingly a
primary goal of participation (Blackstock et al. 2007; Cundill et al. 2012;
Muro and Jeffrey 2012) (P5 — Learning).

¢ Power. Managing ecosystem services is a political process and requires
sensitivity in how it is acknowledged and addressed (see Chapter 2). Across a
community, power differentials can determine who can participate, whereas
during group processes power differentials and levels of literacy amongst
participants can influence how they interact (Mostert et al. 2007; Cundill and
Rodela 2012). Conflict, often the result of such power differentials, is also
important to acknowledge and address (Young et al. 2013).

¢ Resourcing. Participatory processes are demanding in terms of resources,
such as financial resources, time and effort (e.g. Berghofer et al. 2008), as
well as skills, expertise and flexibility (e.g. institutional flexibility in
timeframes, allowing time for learning or failure; Enfors et al. 2008;
Fernandez-Gimenez et al. 2008; Wollenberg et al. 2008, Méndez et al. 2012).

More generally, participatory tools are ideally used within long-term
relationships in which all actors build relationships, develop trust and
learn (Reed et al. 2008). Determining the most appropriate participa-
tory tools is challenging; there have been a number of reviews of
participatory tools (e.g. van Asselt Marjolein and and Rijkens-Klomp
2002; Rowe and Frewer 2005; Lynam et al. 2007; Tippet et al. 2007).
Participatory tools can be described in terms of their goals, process as a
means or output — for example to increase democracy, to enrich
through increased knowledge or options, as decision support or

decision-making processes — or to test novel alternatives (van Asselt
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Marjolein and Rijkens-Klomp 2002). Lynam et al. (2007) recommend
general-purpose tools that they believe are better suited in the early
stages of analysis with more contextual tools applied later to narrow
the focus. They also caution about the tools becoming ends in them-
selves, particularly computer-mediated tools.

While participation can be included at any phase in management
of ecosystem services it is suggested to be particularly useful in the
start-up phase; local knowledge can be particularly helpful for an early
and broad view or to inform project design, which may help to ensure
that local priorities are met (Enfors et al. 2008; Reed et al. 2008).
Similarly, local commitment to place, or other galvanizing factors, can
help to build unity early on (Childs et al. 2013). Participatory monitor-
ing projects involving a diverse cross-section of affected communities in
all phases of a monitoring programme are found to be most successful in
achieving many of the above outcomes. However, it is a major challenge
to achieve such broad-based participation in long-term programmes
(Fernandez-Gimenez et al. 2008). Successful participation requires
that participants feel that they are included and have a meaningful
role. For example, in the Arctic, resource users' perceptions of inclusion
were enhanced through the development of public policy that was
aligned with local social patterns and networks (Meek 2012).

Common pitfalls found in operationalizing participatory pro-
cesses include: insufficient consideration being given to participatory
methodology, choice of methods in research, describing methods in
research outputs or evaluating participation against objectives (van
Asselt Marjolein and Rijkens-Klomp 2002); insufficient resources to
fund successful participation (Sendzimir et al. 2007); insufficient train-
ing in communication and facilitation skills (Bergland et al. 2013); lack
of clarity on the roles or rules of participation (Lynam et al. 2007);
stakeholders becoming involved too late in the process to have mean-
ingful impact (Reed et al. 2008); drawn-out processes stalling or delay-
ing action (Brody 2003; Sendzimir et al. 2007; Reed et al. 2008);
processes that become dominated by locally driven issues, ignoring
more global drivers, particularly when local people have limited
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education or experience of other places (Enfors et al. 2008); and when
there is an overreliance on volunteers, particularly in the implementa-
tion phase, which is insufficient (Schultz et al. 2011). In reality, mean-
ingful participation is often restricted to a few stakeholders who have
the resources such as persistence or creativity to work within often

restrictive guidelines and practices (Turnout et al. 2010).

8.6 KEY RESEARCH AND APPLICATION GAPS

The role of participation in ecosystem management is well accepted
(Schreiber et al. 2004; Armitage et al. 2007). Participation appears to
function mainly as a facilitating mechanism that promotes the capa-
city for learning (P5 — Learning) and collective action in response to
SES change. Evidence supporting this principle — i.e. that resilience
will be enhanced through broadening participation - is equally
matched with evidence highlighting situations in which inappropri-
ate application of participatory management approaches may under-
mine the resilience of ecosystem services. Therefore it is essential to
develop a nuanced understanding of who participates, under what
conditions participation is appropriate and how participation takes
place. The participation of stakeholders is usually necessary but not
sufficient for resilience of ecosystem services. Despite a plethora of
studies of participation in managing ecosystem services there are still
a number of theoretical and practical knowledge gaps.

A key gap in current knowledge is the understanding of how
participatory processes support resilience under different conditions,
such as different institutional settings (e.g. institutionally polycentric
or monocentric settings such as Huitema et al. 2009), resource-poor
versus resource-rich contexts (e.g. Fabricius and Cundill 2010) and
urban (e.g. Ernstson et al. 2008) versus rural systems (e.g. Smajgl et al.
2009). Although there has been a recent research focus on empirical
studies of the influence of different participation arrangements to sup-
port ecosystem services (e.g. Muro and Jeffrey 2012; Berglund et al.
2013) we require more case studies to be able to better understand the
influences of such broader contextual factors on effective participation.
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A significant practical challenge remains the lack an under-
standing of the most effective processes for participation, including
who should be involved (Stringer et al. 2006), who decides who
should be involved and who excludes themselves. Other important
considerations include the timing, approaches and tools for partici-
pative processes in different contexts (Lebel et al. 2006; Reed 2008)
and how to balance process with outcomes (Berglund et al. 2013).
Related issues are leadership, representativeness, power and
accountability. These have been intensively studied across many
domains, and we know these are important in ensuring that partici-
patory processes are effective. However, they are often difficult to
manage or measure in practice. We continue to need specific case
studies (e.g. Micheli and Niccolini 2013) that demonstrate empiri-
cally how leadership contributes to successful ecosystem-service
management.

An additional challenge remains that there are very few empirical
studies that demonstrate the outcomes of participatory processes for
resilience of ecosystem services. There are also very few examples in the
literature of failed studies, which would provide important learning for
others (Lynam et al. 2007). One of the reasons for the paucity of data is
the difficulty in assigning causality, i.e. being able to say with certainty
that a particular participatory process led to specific outcomes in terms
of resilience of ecosystem services. This can be important to secure the
long-term funding required to pursue participatory approaches. Key gaps
relate to the identification of indicators or other metrics to evaluate
both the outcomes of participatory tools and processes and also the
implications of these for ecosystem-service resilience.

Despite these challenges participation is becoming increasingly
entrenched in the management of ecosystem services. The emerging
picture is that, while not a panacea, participation that enhances learn-
ing, trust and opportunities for monitoring resource condition, is
likely to lead to improved resilience of ecosystem services. However,
there still remain big questions around many practical concerns of
processes, tools and the evaluation of participation.
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9 Principle 7 - Promote
polycentric governance systems

Michael L. Schoon, Martin D. Robards, Chanda
L. Meek and Victor Galaz

SUMMARY

Polycentricity is a governance system in which there are multiple
interacting governing bodies with autonomy to make and enforce
rules within a specific policy arena and geography. These governance
authorities interact with others at similar scales horizontally and
within nested scales vertically. Multiple governance units have been
suggested to provide many institutional sources for enhancing resili-
ence and create a mechanism enabling other resilience-enhancing
factors. In theory, and in empirical cases, they have been found to
create a foundation for learning and experimentation, to be a source of
policy/institutional diversity, to enable broader levels of participation
and to improve connectivity between groups while building in mod-
ularity and redundancy. Recent work has started to explore variance
in polycentricity — notably, levels of structural inclusiveness (nar-
rowly to more broadly representative) and degree of collaboration
(type of collaborative activity). We see a need to learn more about

Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
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Press. © Cambridge University Press 2015.
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how inclusiveness and degree interact and how they lead to divergent
outcomes in different situations, and also when polycentricity suc-
ceeds and fails, and to what extent. Studies to date in complex systems
have been largely diagnostic and lacked predictive power and preci-
sion. In short, there is a lack of understanding of how to operationalize

the idea of polycentricity in governance of social-ecological systems.

9. INTRODUCTION

Governing the human use of ecosystem services is a classic
collective-action problem, in that distinct actors (i.e. individuals and
organizations) can most effectively achieve mutually beneficial out-
comes by working together across scales to resolve cases in which
individual goals may be in conflict with societal outcomes, a classic
collective-action dilemma (Olson 1965). Although there are many ways
in which collective action can be achieved, polycentricity, as defined in
the following section, is a form of governance system uniquely qualified
to facilitate collective action towards sustaining ecosystem services in
the face of disturbance and change. The ability to reach decisions and
resolve collective dilemmas when confronted by a changing environ-
ment provides one aspect of how polycentricity improves governance.

Classic studies on governance for sustainability in social-ecolo-
gical systems (SES) focus on sets of guiding principles for crafting long-
enduring institutional arrangements (Ostrom 1990; Young 2002).
Among these are basic guidelines for nested institutions, where sets
of rules interact across a variety of scales to address problems or
challenges confronted at different temporal and spatial scales due to
systems dynamics and feedbacks occurring at these multiple scales.
Nested institutions also enable the creation of rules for social engage-
ment and collective action to ‘fit’ the problem they are meant to
address. Further, good governance requires active engagement of
individuals in the problems that directly affect them and allows
them to participate, share their knowledge and resolve social and
environmental dilemmas in their lives through participation in
collective-choice arrangements.
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Polycentricity directly addresses many of these good-
governance concepts. One of the key principles of polycentricity is
that better governance outcomes are the result of congruence between
the institutional arrangements and a particular problem that they
attempt to resolve. In effect, polycentricity attempts to match govern-
ance levels to the scale of the problem (McGinnis 1999a). This aspect
of polycentricity equates with the notion of ‘fit’ as described in other
policy literature, in which fit refers to mismatches between system
properties and institutional attributes (Young 2002). It is thus parti-
cularly relevant to resources such as ecosystem services that have
strong multi-scale aspects. This parallels the panarchical structure
of nested systems (Gunderson and Holling 2002). Polycentric systems
in principle allow for experimentation across multiple authorities at a
given level as well as learning across them (P5 — Learning). What fails
at one level may be rebuilt from broader levels that remained in place,
and what works at one level may be extrapolated to other levels. Note
that this ‘experimentation’ is often not planned or coordinated in
advance as much as providing a process or mechanism of independent
exploration and learning from other governance bodies. In cases of
governance failure at one level, others can learn from it and reduce
their own losses as well as innovate with broader levels and, in turn,
facilitate renewal.

9.2 WHAT DO WE MEAN BY POLYCENTRICITY?

Polycentricity consists of multiple governing authorities that interact
across different levels of the policy process (Ostrom et al. 1961). Here,
governance refers to the exercise of deliberation and decision-making
among groups of people in the act of self-ordering their relationships.
Each governing authority — whether a state regulator, a national gov-
ernment or a regional management group — has the autonomy to make
and enforce rules within a circumscribed policy arena for a specific
geography (Ostrom 2005). For instance, while national government
agencies have the legitimate authority to make rules that are binding
on all citizens, a regional management group (such as a borough or
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watershed management authority) may have autonomy to self-
organize within its own domain. In an ideal polycentric system, each
individual governing body interacts and links with other authorities
both horizontally and vertically to achieve a balance of collaboration
and autonomy.

Theoretical work on polycentricity often confronts two areas of
confusion, neither of which has a universally accepted solution. The
first concerns the differentiation between various types or versions of
multi-authority governance. These include the concepts of subsidiar-
ity, multi-level governance (Hooghe and Marks 2003), decentraliza-
tion (Furniss 1974; Ribot 2002), network governance (Jones et al.
1997), policy networks (van Waarden 1992), co-management
(Carlsson and Berkes 2005), adaptive governance (Folke et al. 2005)
and many others. These types of governance structures all include
some aspects of polycentricity — finding congruence between scale of
governance and scale of the governance challenge, governing at multi-
ple scales or building connections between governance authorities.
However, none of these emphasize the core components of multiple
overlapping entities across scales that facilitate experimentation at
multiple levels, some level of connection across multiple levels as
well as between authorities at a common level, and potentially differ-
ent authorities for unique issue arenas. Nor do many of these alter-
native governance structures consider governance as an activity
beyond formal governments that includes interactions and relation-
ships, including non-governmental organizations (NGOs), civil
society, the private sector and public—private partnerships. Thinking
in terms of structural properties, policy networks and polycentric
networks could be considered classes of governance networks, with
the former concerned with particular issue areas and their articulation
into public policy (e.g. fisheries policy) and the latter describing a
governance system responsible for achieving outcomes (e.g. multi-
jurisdictional landscape cooperatives). Polycentric systems can be
described not only through their degrees of connectivity, however;
they also feature elements of modularity and redundancy important
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for fostering resilience to shocks (P1 - Diversity and Redundancy, P2 -
Connectivity). We discuss this further in the following section.

The second area of confusion stems from the assessment of
polycentricity in a system. Frequently, the literature suggests a bin-
ary, polycentric or monocentric division in governance (Ostrom and
Parks 1999). Other literature suggests that everything is polycentric to
some extent, which brings the challenge of identifying causal vari-
ables to evaluate outcomes between governance systems. There have
been very few efforts to distinguish gradations of polycentricity,
although Galaz et al. (2012) is a notable exception. In the current
text, we examine polycentricity along two gradients. First, we see a
continuum of structures from a monocentric, top-down centralized
government to a highly decentralized, polycentric governance system
with gradations along the number and diversity of governance bodies —
what we term ‘breadth of inclusion’. In the past this concept has been
termed the system's ‘diffusiveness’; however, the connotation of dis-
persion and movement through a medium alludes to something dif-
ferent than our aims (Aligica and Tarko 2012). Second, we also see a
continuum regarding the type of activities between authorities in a
polycentric system, which Galaz et al. (2012) term the degree of poly-
centricity. Here, collaboration ranges from information-sharing to
coordination (weak polycentrism) to problem-solving and, ultimately,
internal conflict resolution (strong polycentrism), which we also refer
to as ‘collaborative degree’. In our conceptualization, degree also
encompasses the amount of modularity (P2) and connectivity (P2) of
the governance system, ranging from anarchy, in which collaborating
governance bodies are non-hierarchical as in international agree-
ments, to nested legal authorities within a federalist system.

In this chapter, we see the shift of governance agents towards
increasing breadth of inclusion as contributing to the resilient provi-
sion of ecosystem services from an SES. We also see benefit from
examining the collaborative degree of polycentricity to further assess
resilience, although, as detailed in Section 9.6, these points still need
empirical testing.



PRINCIPLE 7 — PROMOTE POLYCENTRIC GOVERNANCE SYSTEMS 231

9.3 HOW DOES POLYCENTRICITY ENHANCE
THE RESILIENCE OF ECOSYSTEM SERVICES?

Polycentric governance, in contrast to more monocentric strategies, is
believed to enhance the resilience of ecosystem services in several
fundamental ways (common in all systems), all of which link with
other principles in this book: (i) providing opportunities for enhanced
learning and experimentation (P5); (ii) enabling broader levels of par-
ticipation (P6); (iii) improving connectivity (P2) in governance; (iv)
creating modularity (P2); (v) improving the potential for response
diversity (P1); (vi) building in redundancy (P1) that can minimize and
correct errors in governance; and (vii) increasing accountability and
improving fit between resources and institutions (P6). See Table 9.1
for examples. We discuss how each of these varies based on breadth of
inclusion and collaborative degree.

First, a broadly inclusive system with governance at multiple
smaller scales provides opportunities for experimentation at more
localized levels, creating natural experiments for trying different poli-
cies (Brondizio et al. 2009). Such processes are essential for learning.
An example includes the collaboration between local fishing fleets
and state governmental units in the lobster fisheries of Maine
(Acheson 1988). Local communities have crafted multiple individua-
lized, context-specific rules, often building on innovations from
neighbouring groups. Other examples include: the interplay between
local ejidos, the state and the national government in Mexican forest
governance; the importance of nested cross-scale linkages with higher
levels of governance in the Seri fisheries of the Gulf of California
(Basurto and Ostrom 2009); and co-management systems for protected
areas (Reid et al. 2004). In all of these examples, a more inclusive
system, with multiple centres of authority, provides laboratories for
institutional arrangement trials. These systems vary in their colla-
borative degree of polycentricity depending on the specific nature of
the problem, ranging from information-sharing in the case of the

Mexican forest governance to coordination and problem-solving in



Table 9.1 Mechanisms by which polycentricity enhances resilience of ecosystem services

Mechanism

Example Source

Provides opportunities for enhanced learning and
experimentation (P5)

Broadens participation across scales (P6)

Improves connectivity in governance (P2)

Creates modularity (P2)

Improves the potential for response diversity (P1)

Builds in redundancy that can minimize and correct
errors in governance (P1)

Collaboration between Acheson 1988
local organizations and

state governmental units

in the lobster fisheries of

Maine

Neef 2009; Murtinho and
Hayes 2012

Local and regional water
governance where
polycentric institutions and/
or organizations facilitate
participation by a broad range
of actors and the
incorporation of local,
traditional and scientific
knowledge

Nested cross-scale linkages ~ Basurto and Ostrom 2009
with higher levels of
governance in the

Seri fisheries of Gulf of
California

Linked but separate legal Havemann 2001
systems in former British

colonies allow for a common

evolution of the recognition

of aboriginal rights while

rooted in each context by

each country's legal

institutions

Where institutional failure =~ Rohlf 2001
occurs at the national and

international level, local-

level conservation actions

can provide functional

redundancy by, for instance,

protecting species through

assisted migration, protection

of migration corridors and

other place-based actions

The United States federal
government's capacity to
protect endangered species in
cases where local efforts
prove ineffectual

Nagle and Ruhl 2002




234 SCHOON, ROBARDS, MEEK AND GALAZ

the case of some co-management cases (Schoon 2012) to stronger
collaborative polycentricity in other cases such as in federal land
management (Galaz et al. 2012) and subsistence whaling in Alaska
(Meek 2013).

Second, by increasing the breadth of inclusion, a polycentric
system can capitalize on scale-specific knowledge (e.g. traditional
and local knowledge) to aid learning through sharing information,
experience and knowledge across cultures and scales (Olsson et al.
2004), while also providing an opportunity for broader participation.
Local levels with more direct linkages to resource provision and use
provide institutional diversity from which successes can be shared
with others (Folke et al. 1998). This is particularly evident in local and
regional water governance where polycentric institutions and/or orga-
nizations have facilitated participation by a broad range of actors and
the incorporation of local, traditional and scientific knowledge (Neef
2009; Murtinho and Hayes 2012). Furthermore, this decentralized
design often serves to increase the legitimacy of the governance
system at a given level with more scale-specific input into
decision-making (Engle and Lemos 2010). Increasing legitimacy and
accountability through pushing the decision-making authority (and
responsibility) down to the lowest level possible further benefits
monitoring and enforcement of (locally designed and implemented)
rules. Monitoring and enforcing rules are two factors of critical impor-
tance to the creation and maintenance of sustainable institutional
arrangements (Ostrom 1990). The maintenance of long-enduring
institutions, in turn, has been documented to be a necessary precursor
to the resilient provision of ecosystem services (Ostrom 1990).

Further, a polycentric approach has been suggested to confer
connectivity, modularity, response diversity and functional redun-
dancy that can foster preservation of key SES elements in the face of
disturbance and change. These characteristics of resilient governance
may in turn change in scope with increasingly collaborative degrees of
polycentricity. An illustration of the effects of connectivity and mod-
ularity can be found when broader levels of governance step in after
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local levels collapse and fail. Examples include the United States
federal government's capacity to protect endangered species in cases
where local efforts prove ineffectual (Nagle and Ruhl 2002). On the
other hand, where institutional failure occurs at the national and
international level, local-level conservation actions can provide func-
tional redundancy by, for instance, protecting species through assisted
migration, the protection of migration corridors and other place-based
actions (Rohlf 2001). The modularity of a system allows governance
bodies to reduce exposure to failures and losses of collaborators
through a degree of independence. For instance, the inclusion of
NGOs in a governance system may provide a diversity of ideological
positions and policy ideas that are less directly affected by changesin a
country's elected leadership than are governmental agencies (Schoon
and York 2011). As described in the introduction to polycentricity
above, these notions of modularity and redundancy through poly-
centric centres of authority provide opportunities for successful
experimentation to spread and failures to remain isolated.
Functional redundancy and response diversity also emerge from the
multiple arenas, and the chance for experimentation. Studies of decen-
tralization highlight how pushing authority to lower, more problem-
oriented levels enables a diversity of approaches, comparable to the
concept of response diversity within an ecosystem.

9.4 UNDER WHAT CONDITIONS MAY RESILIENCE
OF ECOSYSTEM SERVICES BE COMPROMISED?

Polycentric governance raises three key challenges, which if not
resolved may lead to degradation of ecosystem services at one or
more scales. The first is that of the need to balance redundancy and
experimentation, the benefits of which are described above, with
inefficiencies resulting from both overlapping authority and increas-
ing transaction costs (Parks and Ostrom 1999). In effect, the transac-
tion costs may rise due to the accelerating needs for coordination with
other centres of authority, both horizontally and vertically, as well as
problems emerging from a lack of coordination, unnecessary
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overlapping of authority and escalating communication and informa-
tion costs in general (also see P1 - Diversity and redundancy).
Ecosystem services are produced at a wide range of scales, from local
provision of food to global climate regulation, so that trying to match
levels of governance to the scale of different ecosystem services may
call for a very large number of governance arrangements. Additionally,
the costs of maintaining polycentric governance structures must
include that of overlap and redundancy beyond the increasing transac-
tion costs. These transaction costs also include the challenge of
addressing the capacity of governments and civil society to create
governance providers at multiple scales. While these may often
include NGOs and other groups beyond formal government, the over-
lap may often prove overwhelming, particularly in a developing world
context. Additionally, the inclusion of non-state and non-
democratically elected actors raises questions of legitimacy, transpar-
ency and accountability (Black 2008). In such cases, a reduced ‘fit’ may
counterbalance the required capacity to do the task adequately. For
instance, South Africa's National Water Act advocates integrated
water resource management and working towards improved institu-
tional fit, yet it acknowledges the need to manage adaptively based on
system constraints and uncertainty in complex systems (Pollard and
du Toit 2008). The benefits of increasing breadth must be compared to
the costs. On the other hand, where a mismatch exists between the
scale of governance and a particular ecosystem services lack of under-
standing, enforcement and resources at the appropriate scale may lead
to failures, as, for example, in the lack of institutions governing global
marine fisheries (Berkes et al. 2006; see also Box 9.1). Of course,
institutions covering increased breadth without the funds or capacity
to accomplish their goals may preclude any potential benefits.

A second challenge is that of negotiating trade-offs between
various ecosystem-service users (Rodriguez et al. 2006; Robards et
al. 2011). Trade-offs may occur when impacts are incurred by those
not affecting or benefiting from an ecosystem service (Chapin et al.
2006), or between conflicting goals and needs among users of current
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or potential ecosystem services (Sereng 2006). In such cases, a poly-
centric approach may lead to degradation of ecosystem services at
some scales if powerful elites can externalize trade-offs from their
area of interest (e.g. constituency; see Chapter 2). An example of this
phenomenon is the trade-off between domestic energy security and
mitigating climate change when countries determine oil and gas
development policy (Chalvatzis and Hooper 2009). Encouraging
domestic oil and gas production, especially under conditions which
require carbon-intensive extraction methods, prioritizes energy secur-
ity over environmental or other considerations. Nelson et al. (2009)
also provide examples of biodiversity conservation and ecosystem-
service trade-offs in the Wilamette Valley of Oregon, which shows
potential trade-offs under a variety of scenarios. The challenge is not
only one of political struggle between competing groups, however. It
may also occur between groups at a given level or between levels that
are uncoordinated (due to collective-action problems or lack of social-
ecological understanding), with the potential for conflicting or
contradictory actions. Theoretically, the likelihood for this problem
increases as a system moves from a monocentric, top-down system to
a more polycentric system. At the same time, as the collaborative
degree of polycentricity moves from weaker to stronger, the problem
alleviates at the expense of an increase in transaction costs.
Trade-offs between and across both scales and user groups links
to a third challenge: politics, or the process of resolving conflict and
making collective decisions over how to allocate trade-offs. One of the
largest problems in SES governance arises from the issue of who bears
the costs and who benefits from enhancing resilience in favour of
particular ecosystem services (Lebel et al. 2006; Robards et al. 2011).
Polycentric governance systems enable those dissatisfied with poli-
tics at one scale to go ‘scale-shopping’ for a more favourable political
venue in which to frame a specific issue, as when local NGOs who are
dissatisfied with their national government's policies advocate for
international regimes over the same issue. Likewise, this trade-off
can be mitigated in the movement from a weakly polycentric system
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to one with a more collaborative degree of polycentricity, with an
increasing focus on collective problem-solving and conflict resolu-
tion. Finally, political problem-solving over allocation of resources
can also be affected by the collaborative degree of polycentricity in
terms of connectivity (P2) and modularity (P2). For instance, in former
British colonies such as Canada, New Zealand and Australia, legal
rulings relating to aboriginal rights (i.e. land rights, self-governance
rights, etc.) in one jurisdiction may affect other jurisdictions through
the shared system of British Common Law (Havemann 2001). As a
result, the political power of indigenous peoples in governing
ecosystem services rests in no small part on the extent to which
their property rights to ecosystem services are recognized in other
countries governed by this common law. In some jurisdictions, the
protection of aboriginal rights through domestic law and/or
constitutional provisions provides some level of modularity from
the effects of British Common Law (Robards and Lovecraft 2010).

Evidence further suggests that polycentric governance struc-
tures are most effective in securing resilience of ecosystem services
in cases where groups have open communication, accountability for
actions and time to work together in order to build trust and social
capital (Lebel et al. 2006; also see P6 — Participation). In effect, increas-
ing polycentricity coincides with what has been coined ‘collaborative
resilience’ (Goldstein 2011). This corresponds with the shift from
weak collaborative degrees to stronger forms. An example is the tradi-
tional management of provisioning services in the Chisasibi First
Nation of Cree (Berkes 1999). Where those conditions are not met, as
in the management of the Everglades for a variety of regulating ser-
vices, polycentric governance is less or not effective (Gunderson
2000).

One additional caveat on polycentric approaches to governing
ecosystem services is that polycentricity is just one aggregate form of
governance. Under some situations, particularly short timescales or
crises where coordination across scales impedes necessary action,
there may be other tools (including top-down coercion or market
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approaches) that alone may accomplish specific goals more effectively
than through a polycentric system (Imperial and Yandle 2005; Hilborn
et al. 2006). For instance, in some disaster or crisis situations, top-
down governmental edicts may facilitate more rapid recovery, as there
is the capacity to lead from the centre, and thus benefit from hierarch-
ical bureaucratic structures. However, see Galaz et al. (2011) for an
explanation of the superior performance of ad hoc coordination of
networks. Centralized control comes with its own set of risks, but it
may facilitate rebound and recovery. One instance of this top-down
governance ‘working’ is in the Great Barrier Reef Marine Park, where
the large size of the resource system (350 000 km?) led to a single large
governing body at the ‘scale of the problem’ (Evans et al. 2014).
Additionally, in situations where high levels of conflict exist, more
monocentric, autocratic systems may have the capacity to act faster
than democratic systems, at the clear expense of the benefits of
polycentricity highlighted above. This ‘advantage’ has been featured
in conservation debates and the preservation of highly endangered
species (Woodruffe et al. 2005).

9.§ HOW CAN THE PRINCIPLE OF POLYCENTRICITY BE
OPERATIONALIZED AND APPLIED?

One of the key shortcomings regarding the principle of polycentricity
lies in the lack of understanding of how it can be operationalized.
Often the literature on polycentric governance in SES focuses on the
concept as a ‘good’ idea due to the proposed resilience-enhancing
principles that it facilitates. However, current research is beginning
to look at how variation in polycentric order — both its breadth of
inclusion and collaborative degree, as discussed above - affects
governance outcomes in different contexts. Rather than thinking in
dichotomous concepts of monocentricity versus polycentricity, we
can instead look to Fig. 9.1 and explore how different polycentric
orders interact in different situations.

York and Schoon (2011a) highlight a number of collaborations in
Arizona that, taken together, can be treated as a moderately inclusive
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Strong polycentricity

Collaborative degree

Weak polycentricity

Monocentric Polycentric
Breadth of inclusion

FIG. 9.1 The two continua of polycentricity: breadth of inclusion and
degree of collaboration.

polycentric system for environmental management in Cochise
County, with 20+ collaborative groups comprised of overlapping orga-
nizational actors making decisions. By degree, the various collabora-
tions range from weakly collaborative polycentrism, as in the Sonoran
Joint Venture or Northern Jaguar Project, where actors share informa-
tion and are building trust, to others with higher degrees of collabora-
tion. The Chiricahua Firescape planning, an example of polycentric
coordination, shares information and has begun to create informal
networks linking the various actors together. The Upper San Pedro
Partnership goes further and coordinates monitoring and joint invest-
ment (polycentric ordering). On the same landscape, the Malpai
Borderlands, representing a strongly polycentric system, is a tight-
knit group of trusting relationships built over decades for monitoring
rangeland conditions (York and Schoon 2011b). In aggregate, these
multiple collaborative networks form a polycentric system of
environmental management that is coordinated, with shadow
networks emerging between and across collaborations at a broader
landscape scale. These provide examples of how, using case studies,
social network analyses and ethnographies, researchers can utilize the

concepts of breadth of inclusion and collaborative degree to assess
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polycentric systems. However, missing in this analysis is still any
attempt to assess how these variants affect governance outcomes.
Galaz et al. (2012) begin to do this by outlining an example
of polycentricity in the form of a hybrid governance system cre-
ated by international organizations, non-profits-making organiza-
tions and scientists to coordinate action, share information and
gain international attention for issues related to ocean acidifica-
tion and marine biodiversity, monitoring of the state of the
world's oceans. As highlighted in Box 9.1, different network
configurations represent different collaborative degrees of
polycentricity with implications for the governance systems'
resilience-enhancing capacity and the ramifications on governance
outcomes. Finally, as described in the concluding section,
polycentricity cannot be designed for but needs to be fostered by

creating an accommodating social context.

96 KEY RESEARCH AND APPLICATION GAPS

Polycentricity has been suggested to contribute to the resilience of
ecosystem services by providing a governance structure that facili-
tates other key resilience-enhancing principles, especially learning
and experimentation (P5), participation (P6), modularity (P2), connec-
tivity (P2), response diversity (P1) and functional redundancy (P1).
However, simply establishing polycentric institutions is insufficient;
the social processes enabling polycentric governance are essential to
its success. These social processes include building trust and social
capital, maintaining or developing strong leadership, social learning
and bridging scales, through use of explicit strategies (Folke et al.
2005; Olsson et al. 2006). In short, we still need research to assess
how polycentricity varies based on these other variables and how
these interactions affect the resilience of ecosystem services, assum-
ing that they are designed to protect or foster particular systems or
bundles of ecosystem services. Additionally, coordination among
scales and governance units, and negotiating trade-offs amongst
ecosystem-service users at different scales, are critical to effective

241
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BOx 9.1 Networks and polycentricity in
international ocean governance

Governance at the international level has always been characterized
by fragmentation due to institutional and actor complexity. Ocean
governance is an illuminating example of this (Fig. 9.2). It entails
complex multi-sectoral issues, actor diversity (ranging from nation
states to private companies and NGOs) and the lack of an effective
overarching institutional framework. This setting creates serious
collective-action challenges, and multiple ‘problems of fit’ as existing
modes of governance are unable to cope with rapid technological,
social and ecological change (such as ocean acidification, overfishing,
eutrophication).

These severe governance challenges, however, do not imply anar-
chy. The work of Galaz et al. (2012) is an attempt to apply theories
about polycentric governance at the international level with a special
emphasis on international networks and their attempts to deal with
multiple stresses posed by ocean acidification, loss of marine biodi-
versity and climate change. The authors differentiate between differ-
ent degrees of polycentric coordination, separated by different levels
of information-sharing, coordination and problem-solving (Fig. 9.3).
As the article elaborates, coordination of this type evolves over time,
and can shift between different modes depending on internal and
external factors — such as the interests of the participating actors,
and external political ‘windows of opportunity’. These patterns of
collaboration are not necessarily non-hierarchic. On the contrary, it
requires one or several organizations able to keep the network
together over time.

Galaz et al. (2012) note that international organizations such as
United Nations agencies play a key role as coordinators of
information-sharing and action at multiple levels of governance,
and across sectors such as science-industry-food security. While
this coordination across multiple levels clearly indicates a possibility
forlearning and experimentation between governance entities, it also
poses continuous challenges due to a lack of financial resources,
negative interactions with other related institutions and potential
legitimacy conflicts as key actors attempt to act more effectively in
international policy arenas. Despite these weaknesses, however,
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BOX 9.1 Continued

[T .

FIG. 9.2 (a) A tuna market in Japan shows the products from the high
seas fishing fleets. An estimated 85% of ocean fisheries are fully or
overexploited according to the US Food and Agriculture Organization.
Much of this problem stems from open-access conditions with little
enforceable regulation. Photo credit: A. Maslennikov/Azote. (b) Several
international regimes and other international governance initiatives,
such as the International Commission for the Conservation of Atlantic
Tuna (ICCAT) are working to address the lack of ocean governance,
both directly and as part of polycentric governance systems. Photo
credit: Deirdre Warner-Kramer/CC BY-NC-SA 2.0.
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BOx 9.1 Continued

FIG. 9.3 Different degrees of polycentric coordination can be
differentiated by different levels of information-sharing, coordination
and problem-solving (Galaz et al. 2012). The first degree,
communication, shown in (a), illustrates a simple communication
network that allows for mutual adjustment in multi-actor settings. The
second diagram (b) illustrates a stronger form of coordination as it
combines communication linkages (dotted lines), with formal
partnership arrangements (regular lines). Example (c) denotes
polycentric problem-solving, a stronger form of polycentricity
involving tangible joint projects/experiments between actors (shaded
areas), which often overlap. The fourth degree of polycentricity

(d) includes conflict resolution and is the strongest form of polycentric
order; it involves strong formal ties between key actors as well as a suite
of joint projects and the evolution of rules. Some external
communication linkages to peripheral actors (dotted lines) co-exist
with this stronger form of polycentric order. Figure based on Galaz et al.
2012.

patterns of collaboration of this sort can complement or support the
enforcement of existing international institutions, as well as create the
endogenous and exogenous pressure needed to induce changes in
international institutions.
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polycentric governance. Future work can assess how these trade-offs
affect or change the ‘effectiveness’ or ‘appropriateness’ of different
polycentric arrangements — the differences of collaborative degree
and breadth of inclusion of polycentricity.

Key knowledge gaps with respect to polycentricity and its role in
enhancing resilience of ecosystem services revolve around the imple-
mentation of polycentric governance and monitoring progress over
time. Specifically, to what extent can polycentricity be designed, and
what are the key indicators for measuring polycentricity? We have
posited two measures of variation in polycentric systems and have
defined our research along these gradients (Fig. 9.1). However, other
types of variation in polycentric systems may prove more important in
general or for specific cases. There is also a need to better understand
how polycentricity functions in different contexts and at various
scales, and whether it is appropriate in all societal contexts. In cases
where polycentricity has failed, there is a need to better understand
the mechanisms of failure - is it due to polycentricity, poor imple-
mentation of polycentric principles or some other cause?
Comparative analysis of different polycentric systems could greatly
advance our understanding in this respect.

The majority of case studies in the literature focus on the devel-
opment of polycentricity as a consequence of a failure of single-level
governance or of a shock to the resource or governance system. While
many studies demonstrate failures of single-level governance, few
studies have looked for failures in polycentric structures. The absence
of such comparative studies means that evidence for the importance of
polycentric governance in the resilient provision of ecosystem ser-
vices is as yet inconclusive. While we need good policy and political
scientists examining this, the field would benefit even more from an
interdisciplinary perspective. In addition, researchers need to study
how different polycentric arrangements under varying contexts affect
governance outcomes.

However, the single biggest gap in the understanding of the
concept, for both its resilience-building aspects specifically and for
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the concept in general, is in operationalizing and then implementing
it. A great deal of thought, conceptualization and empirical research
went into the basic theories of polycentricity (McGinnis 1999a, b, c).
Since then, very little theoretical work has occurred beyond high-
lighting the commonsensical ideas in case studies that demonstrate
the benefits of polycentricity outlined above, with little regard for the
trade-offs or drawbacks, particularly the increase in coordination
costs. Empirically, very few studies have attempted to differentiate
between polycentric and monocentric systems beyond description
and label, typically with the former being considered a universal
good and the latter as a relic of bad governance. Even fewer have
attempted to diagnose any sort of gradations of polycentricity. This
chapter makes a first attempt to provide mechanisms for treating
polycentricity with the variation necessary for its use as an indepen-
dent variable so that future studies can begin to assess how polycen-

tricity truly affects the resilience of ecosystem services.
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10 Reflections on building
resilience — interactions among
principles and implications
for governance
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SUMMARY

This book synthesizes and reviews the evidence in support of seven
generic principles for enhancing the resilience of ecosystem services,
i.e. the capacity of a social-ecological system to sustain a desired set of
ecosystem services in the face of disturbance and ongoing change.
Although some principles are better established than others, there is
evidence that all are important. At the same time, none of the princi-
ples are universally beneficial, and all require a nuanced understand-
ing of how, when and where they apply. Furthermore, the principles
are often highly interdependent. Context matters and promoting the
enhanced resilience of ecosystem services depends as much on how
the individual principles are applied as on achieving an appropriate
combination of principles. The nature of social-ecological systems as
interdependent complex adaptive systems calls for governance and
management that enhances aspects of a social-ecological system
that help shape trajectories in desirable directions and enable adaptive
responses to unexpected events. The principles are thus not final
outcomes in themselves but rather features relevant for building
resilience that should be considered when designing governance
structures and management policies. More research is needed to better
Principles for Building Resilience: Sustaining Ecosystem Services in Social-Ecological
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understand the individual principles, how they interact and how they

can be operationalized and applied in different contexts.

I0.I INTRODUCTION

The degree to which humans are shaping ecosystems at local to
global scales poses significant challenges in providing for the well-
being of the planet's growing number of people (MA 2005; Martin
2007). One of the critical issues is ensuring the adequate and reliable
provision of essential ecosystem services, such as freshwater, food
and climate regulation, to meet the needs of society in a world that is
expected to continue changing rapidly over the coming century.
Social-ecological resilience is one growing body of research that
seeks to provide insights and understanding to help address
this challenge, premised on the assumption that the functioning
of ecosystems and the provision of ecosystem services cannot be
understood without accounting for the actions of people who live
in these systems. The resulting social-ecological systems (SES)
behave as complex adaptive systems (CAS), characterized by
dynamic interactions across scales, self-organization and possible
abrupt changes such as regime shifts. Taking a resilience approach
specifically contributes an understanding of how to build capacity to
deal with change in SES, particularly unexpected and unpredictable
change (Chapter 1).

This book has sought to help inform the design of governance
structures for SES at local to global scales to promote development
trajectories that favour a resilient supply of ecosystem services for
human well-being in the face of ongoing social and ecological change.
Rather than focusing on specific management actions, we have sought
to uncover general underlying principles that could form the basis for
developing governance arrangements and management strategies that
are tailored to function within a particular SES. We have focused
specifically on generic principles for enhancing the resilience of
ecosystem services, which we define as the capacity of an SES to
sustain a desired set of ecosystem services in the face of disturbance
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and ongoing change. This desired set of ecosystem services will vary
between different SES contexts, and can change over time.

The seven principles we present have been derived from an
extensive review of the social-ecological resilience and related
literature, based on research conducted around the world over the
past two to three decades, and originally summarized in Biggs et al.
(2012). Clearly, any attempt to identify such general principles must
make judgements on how to lump or split the large number of factors
that researchers suggest affect resilience in SES. We grouped these
into seven general principles based on extensive discussions and
revisions with a large group of scholars in the resilience field
(Chapter 1). However, other categorizations are clearly possible and
new principles may emerge from further research. Our hope is that
the principles we have identified will stimulate further discussion
and research that expands and refines the principles over time, even
if a definitive set of principles may never exist. At the same time, we
believe there is sufficient evidence to support the current set of
principles so that as they stand they can provide practical guidance
that improves governance of SES and enhances resilience of
ecosystem services. We also believe the principles can be applied
more generally to foster resilience of other important aspects of
SES, such as equity or education, although the details will
clearly differ.

In this final chapter we briefly summarize the key findings and
insights from each of the principles before reflecting on their interac-
tions. When compiling this book the challenges associated with find-
ing empirical evidence for the functioning of such general principles in
SES characterized by the features of CAS, and operationalizing these
principles in a given social-ecological setting, have come to the fore.
Below we provide some reflections on these challenges as well as
the implications for management and governance that arise from the
multi-faceted, multi-causal and interacting nature of the principles
and the SES of which we are part. We conclude by highlighting some
future research and implementation challenges in this context.
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I0.2 KEY INSIGHTS FROM THE INDIVIDUAL
PRINCIPLES

This book discusses seven principles that enhance the resilience of
ecosystem services to disturbance and ongoing change. As the capacity
of an SES to sustain desired ecosystem services in the face of distur-
bance and change is a central aspect of the resilience of SES in general
(Chapter 1), our assessment of the principles also points to general
aspects of building resilience in SES. The first three principles focus
on generic social-ecological features of SES: (P1) maintain diversity and
redundancy, (P2) manage connectivity and (P3) manage slow variables
and feedbacks. The remaining four principles focus on key attributes of
the SES governance system: (P4) foster CAS thinking, (P5) encourage
learning, (P6) broaden participation and (P7) promote polycentric gov-
ernance systems. We have assessed how each principle enhances the
resilience of ecosystem services, but also how it might compromise
resilience, and we have summarized the available evidence for its func-
tioning across case studies and social-ecological contexts. We have
further highlighted challenges for operationalization and implementa-
tion of each principle as well as key research gaps.

Although none of the principles is fully established or understood,
we found evidence for the importance of all seven principles. A summary
of our key findings with respect to each principle is given in Box 10.1.
With respect to the generic features of SES (P1-P3), our review highlights
that it is not simply diversity of SES elements such as actors and species
that is important for resilience, but diversity in combination with func-
tional redundancy (P1 - Diversity). Furthermore, we find evidence that
more diversity is not always beneficial for sustaining the capacity of SES
to produce desired sets of ecosystem services. Especially when it comes
to the social domain, high levels of diversity can compromise the ability
of society to find consensus for collectively adapting and responding to
change, and can thereby compromise the resilience of desired ecosystem
services. The international stalemate around action in response to
climate change could arguably be interpreted in this way (Harris 2007).
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BOX 10.1. Summary of the different principles
(modified from Biggs et al. 2012)

P1. Maintain diversity and redundancy. Response diversity, in com-
bination with functional redundancy, is particularly important
for providing options to maintain ecosystem services in the face
of disturbance and change. In general, ecosystem services pro-
duced by SES with high levels of diversity and redundancy tend to
be more resilient than ecosystem services associated with low
diversity and low redundancy systems. However, very high levels
of diversity or redundancy come at the cost of increasing com-
plexity and inefficiency, which may reduce the capacity for adap-
tation to slower, ongoing change. Operationalizing this principle
involves recognizing the value of diversity and redundancy,
incorporating it into SES governance and management, and
monitoring change in relation to key ecosystem services.

P2. Manage connectivity. There is no simple relationship between
connectivity and resilience of ecosystem services. Connectivity
can enhance resilience by providing links to sources of ecosystem
recovery after a disturbance or providing new information and
building trust in social networks. However, if connectivity is too
high a localized disturbance can spread throughout the system or
knowledge can become overly homogenized. Operationalizing
this principle involves analysing the social and ecological con-
nectivity of the relevant SES, identifying important nodes or
elements and optimizing connectivity patterns to facilitate
restoration or minimize the risk of disturbances spreading.

P3. Manage slow variables and feedbacks. There is a well-developed
theoretical basis for managing slow variables and feedbacks to
maintain, restore or create new SES configurations or ‘regimes’
that underlie the production of desired ecosystem services.
However, there are substantial practical difficulties in identifying
the possible feedbacks and slow variables that underlie regime
shifts and transformations, and their consequences for ecosystem
services. Maintaining key regulating services as a proxy for impor-
tant slow ecological variables may be one practical way forward.
Likewise, building shadow networks and social capital may be

particularly important to grasp windows of opportunity for
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Box 10.1. Continued

transformation. Where key feedbacks are known, practical mea-
sures should focus on monitoring changes in slow variables and
feedbacks, developing governance structures that can respond to
this information in a timely manner, strengthening feedbacks
that maintain desired SES configurations, weakening feedbacks
that trap SES in undesired regimes and addressing missing feed-
backs between key SES drivers and changes in ecosystem services.
P4. Foster CAS thinking. Fostering CAS thinking may help
researchers, policy-makers and ecosystem managers develop
mental models that appreciate the properties of SES as CAS, and
ultimately influence institutions and decisions around the gov-
ernance and management of SES and ecosystem services. In parti-
cular, CAS thinking may increase the resilience of ecosystem
services by emphasizing the need for more integrated approaches,
the existence of diverse perspectives, the potential for non-linear
change and the pervasiveness of uncertainty in the management
of SES. However, empirical evidence for effects on the resilience
of ecosystem services is limited. In practice, CAS understanding
co-occurs and co-emerges with approaches that emphasize learn-
ing, experimentation and participation. Operationalizing this
principle entails recognizing the barriers to cognitive change,
acknowledging epistemological pluralism, investing in building
an uncertainty-tolerant culture, using system frameworks, inves-
tigating potential non-linearities and thresholds, and matching
institutions to CAS processes.

P5. Encourage learning. Learning about social-ecological dynamics
through experimentation and monitoring is essential for enabling
adaptation in response to changes in SES and ecosystem services.
Learning at societal levels requires trust, and appropriate relation-
ships and institutions to flourish. Applying this principle entails
investing in social-ecological monitoring, providing opportu-
nities for extended engagement, encouraging diverse participants,
and effective facilitation and resources. However, the optimal
ways in which learning might be facilitated specifically in the
context of enhancing resilience of ecosystem services in SES is
currently unclear and requires further research.
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Box 10.1. Continued

P6. Broaden participation. Participation is important for building
trust and relationships, and for facilitating the learning and collec-
tive action needed to respond to change and disturbance in SES.
However, a nuanced understanding is needed of who participates,
under which conditions participation is appropriate and how parti-
cipation takes place. Operationalizing this principle requires clar-
ifying goals and expectations; involving the ‘right’ people, inspired
and motivated leaders and facilitators; sensitivity to power; and
sufficient resources and skills to enable effective participation.

P7. Promote polycentric governance systems. Polycentricity provides
a governance structure that enables other key resilience-enhancing
principles, especially learning and experimentation, participation,
connectivity, and diversity and redundancy. Coordination amongst
governance units, negotiation of trade-offs between users, and
social capital and trust are essential for effective polycentric
arrangements. There is currently a lack of understanding of how
this principle should be operationalized in different
contexts. Comparative case studies are likely to be very helpful in
this regard.

Likewise, some degree of connectivity can enhance resilience of
ecosystem services by providing connections to habitat refuges that can
serve as sources of recovery after disturbances, as in the case of recolo-
nization of disturbed coral reefs (P2 — Connectivity). However, very high
levels of connectivity reduce the functional value of refuges as distur-
bances (e.g. disease) will tend to propagate across the entire system. We
therefore find that, in general, intermediate levels of connectivity, be it
ecological, economic or social, often offer the best prospects for main-
taining resilience of ecosystem services. Lastly, there is substantial evi-
dence that SES can shift, often abruptly, between different system
‘configurations’ with marked consequences for the set of ecosystem
services provided by the system (P3 — Slow variables and feedbacks).
Such shifts are associated with a change in the dominant feedback
processes in an SES, and are typically triggered by gradual changes in
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slow variables, such as habitat connectivity or social norms. Managing
slow variables and feedbacks to maintain, restore or create new SES
configurations that produce desired sets of ecosystem services is there-
fore central to building resilience of these ecosystem services.

In terms of key governance features that are important for build-
ing resilience of ecosystem services, our review suggests that fostering
CAS thinking among policy-makers and managers (P4 — CAS thinking) -
particularly an appreciation of the interconnectedness of SES, the mul-
tiplicity of perspectives among ecosystem-service users and the poten-
tial for non-linear change and inherent uncertainty — can play a pivotal
role. Although empirical evidence linking CAS thinking to manage-
ment outcomes is limited, there is a considerable body of evidence
regarding ways in which more linear, reductionist worldviews have
shaped ecosystem-service governance institutions and management
practices in ways that have eroded resilience of ecosystem services.
Attempts to introduce CAS thinking may, however, compromise resi-
lience when complexity is not effectively communicated, and can lead
to a sense of bewilderment and decision paralysis.

In contrast, there is substantial evidence for the importance of
investing in monitoring and learning to enable adaptation in ecosystem-
service governance and decision-making in response to changes in
ecosystem services (P5 — Learning). Effective learning requires trust,
good facilitation and adequate resources. Learning can be undermined
by failing to acknowledge asymmetrical power relations, the appropri-
ate scale for learning activities and the human and financial costs
involved. Participation is, in turn, central to building trust, and facil-
itating the learning and collective action needed to respond to changes
in ecosystem services (P6 — Participation). However, a nuanced under-
standing is needed of who should participate and how participation
takes place in order that it is effective. Finally, polycentricity provides
a governance structure that enables many key resilience-enhancing
principles, particularly learning and participation, diversity and redun-
dancy, and connectivity (P7 — Polycentricity). Coordination amongst
governance units, negotiation of trade-offs between different users, and
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trust are essential for effective polycentric arrangements. However,
there are substantial issues associated with differential power among
users in most governance models (discussed below).

We have discussed the seven principles individually in the
preceding chapters for analytical reasons. However, they are clearly
interlinked in substantive ways. These interlinkages can cause syner-
gies as well as unintended or unanticipated (emergent) effects, as

discussed in the following section.

I0.3 INTERACTIONS AMONGST THE PRINCIPLES

As SES are highly interconnected systems, the properties and
processes associated with the different principles do not become
effective in isolation from each other. Applying any one principle in
isolation will rarely lead to enhanced resilience of ecosystem services.
For instance, polycentric governance (P7) and effective learning (P5)
both depend on the social capital and trust developed through
participation (P6), whereas connectivity (P2) may not enhance
resilience in the absence of diversity (P1) among nodes.

Principles that build understanding of the complex, non-linear
dynamics of an SES provide the knowledge base that governance and
management can build on when preparing for and addressing change.
This may include enhancing the response capacity of the SES by
managing for diversity (P1) and connectivity (P2) or creating govern-
ance structures that allow for participation (P6) and learning (P5). A
supportive SES and governance structure (P7) provides opportunities
for operationalizing participation (P6) and creating response diver-
sity and redundancy (P1). CAS thinking (P4) is essential to create the
awareness and the mental models needed to inform new models of
governance and management that can support these outcomes and
address key feedbacks of SES (P3). Facilitation of collective action is
essential for implementing the principles. In summary, our analysis
of the various mechanisms through which each principle enhances
the resilience of ecosystem services has revealed three key
mechanisms:
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i. Increasing understanding of critical SES components and processes
(P3 — Slow variables and feedbacks, P4 — CAS thinking, P5 — Learning) as
well as suitable management options (P5 — Learning, P6 — Participation,
P7 - Polycentricity);

ii. Preparing the SES for unexpected events by creating awareness of their
likelihood (P4 — CAS thinking), and providing alternative approaches
and ways of dealing with emergent issues when suddenly needed
(P1 - Diversity, P7 — Polycentricity); and

iii. Enhancing response capacity by providing a diversity of response options
(P1 - Diversity), building the trust needed to make decisions and take
action (P6 — Participation) and providing ways to make use of different
responses at the right scale (P2 — Connectivity, P5 — Participation,

P6 - Learning, P7 — Polycentricity).

These key mechanisms set the stage for various interactions between
principles, which can be facilitating, synergistic or antagonistic
(Fig. 10.1). Facilitation, that is, a situation where one principle needs
another principle in order to be effective, is the most common form of
interaction between the principles. A prominent example is learning
(P5) which is facilitated by diversity (P1), connectivity (P2), feedbacks
(P3), participation (P6) and polycentricity (P7). While learning can take
place without these, its effectiveness in addressing complex problems
and developing shared understanding and strategies to enhance resili-
ence of ecosystem services is limited. Diversity of actor groups, per-
spectives and knowledge systems (P1) enhance learning by providing a
broader knowledge base and by making the problem-solving process
more inclusive, which can have positive effects on collective action.
Connectivity between actors (P2) facilitates learning because of a higher
level of trust and mutual understanding and a better exchange of infor-
mation and knowledge, but it also includes the danger of homogeniza-
tion of knowledge. Learning builds on new insights generated from
information feedback from changes in ecosystem services; however, if
these feedbacks have large time lags due to slow variables (P3) learning
about important changes in ecosystem services and thus timely

responses to changes thereof can be inhibited. Participation (P6) is a
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FIG. 10.1 Examples of interactions amongst principles. For facilitating
and antagonistic relationships the principles in the rows act on principles
in the column, i.e. the table needs to be read along the rows, e.g. diversity
facilitates learning; connectivity interacts synergistically with
participation. Note that CAS thinking facilitates all other principles and
is thus not specifically marked here.

necessary condition for social learning because it creates the environ-
ment in which social interactions and learning can take place. Lastly,
polycentric governance systems (P7) are more likely to enhance social
learning because they provide connectivity and interaction possibilities
between different governance actors that are needed for mutual
exchange of experiences and learning and for bridging organizations
that link knowledge across different levels and groups.

Polycentricity (P7) stands out as a principle that facilitates the
function of several of the other principles (but does not automatically
do so). Polycentric governance structures facilitate connectivity (P2)
between actors by creating meaningful links between previously inde-
pendent actor groups, and facilitate learning (P5). While learning (P5)
is facilitated by a range of principles as noted above, it also facilitates
other principles, particularly those associated with a better
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understanding of SES dynamics. Experimentation targeted at the
effect of slow variables and feedbacks (P3) and their role in the
dynamics of SES and the generation of ecosystem services can enhance
understanding and management of these processes, if managers and
policies allow. Experience with managing complex SES that is delib-
erated and reflected on in social learning processes can foster CAS
thinking (P4), and enhance appreciation of the fact that SES are CAS
and that management approaches need to take their inherent uncer-
tainty and non-linear behaviour into account. Lastly, CAS thinking
(P4) facilitates all other principles as ecosystem-service governance
and management that builds on CAS understanding is more likely to
be effective as it addresses CAS characteristics in a given context.

Two principles are synergistic when they mutually enhance
each other. For instance, the capacity of an SES to respond to a dis-
turbance may be enhanced if connectivity (P2) is at moderate levels in
an SES that is also diverse (P1). Diversity provides response options
that can become effective if there is connectivity between actors or
parts of the ecosystems associated with the provision of specific eco-
system services. In a similar way polycentric governance (P7) may be
more effective if the governance units are diverse groups (P1) providing
more response options and perspectives for understanding and govern-
ing SES. Polycentricity is synergistic with participation (P6) because it
creates arenas where actor groups can participate and introduce their
knowledge and perspectives into SES and ecosystem-service govern-
ance. At the same time participation is crucial for effective polycentric
governance because it creates the trust and social capital needed to
make it effective. Participation (P6) and connectivity (P2) can interact
synergistically to enhance the resilience of ecosystem services when
the fact that actors in a participatory process are already connected
elsewhere increases the likelihood of achieving collective action
because there is a shared basis of trust and mutual understanding on
which to build.

Finally, some principles can be antagonistic, where the abun-
dance of one reduces the effectiveness of another. One example is the
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impact of diversity (P1) on participation (P6). While diversity is
generally seen as working synergistically with other principles such
as participation (see above), there can be cases where high diversity of
actors and interests can lead to conflict that makes participation
difficult and can render it politically ineffective due to the drowning
of a particular perspective. A similar reasoning applies to the interac-
tion of diversity (P1) and polycentricity (P7). Connectivity (P2) on the
contrary can reduce diversity (P1) in SES, such as when knowledge
becomes homogenized in social settings or when connectivity facil-
itates invasive species to spread widely in ecological systems. As a
consequence of the homogenization of knowledge learning (P5) is also
compromised. Finally, slow variables and feedbacks (P3) can prevent

effective learning when time lags are large.

I0.4 EVIDENCE FOR THE DIFFERENT PRINCIPLES

Our review points to substantial variation in empirical evidence
supporting the different principles. Looking across the principles, the
roles of connectivity (P2), slow variables and feedbacks (P3) and partici-
pation (P6) are fairly well understood, and there is substantial evidence
for their importance. While there is also substantial evidence for the
importance of diversity (P1) and polycentricity (P7), the most important
mechanisms by which these principles act to enhance the resilience of
ecosystem services are less well understood. In the case of fostering
CAS thinking (P4) and learning (P5), both the evidence about the impor-
tance of these principles and the mechanisms by which they enhance
the resilience of ecosystem services remain somewhat unclear.

For some of the principles, the lack of empirical evidence can be
partly attributed to a lack of conceptual clarity. For instance, the large
variety of definitions and ways of measuring learning (P5) in the con-
text of ecosystem-service governance make it difficult to compare
findings across cases. In other cases there are operational difficulties
in measuring the impacts of the principles on resilience of ecosystem
services, for instance in the case of connectivity (P2) or CAS thinking
(P4). Lack of empirical evidence has been a common issue in the
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quantification of SES dynamics and processes by various authors (e.g.
Walker and Meyers 2004; Ostrom et al. 2007). This is likely partly a
result of an intense few decades of development around theoretical
frameworks rather than empirical substantiation of those frame-
works. Our review highlights the need at this stage to shift to a greater
emphasis on comparative, empirical studies to further advance our
understanding of the mechanisms underlying the different principles,
and practical ways of defining and measuring the impact of the differ-
ent principles.

The nature of SES as CAS, poses substantial difficulties
to gathering empirical evidence to support the principles. The complex
interactions in SES make it challenging to isolate a particular system
property or principle (e.g. diversity) and establish its connection to the
resilience of ecosystem services. Isolating the contribution of individual
principles is very difficult, partly because they almost always act in
tandem. More fundamentally, separating the different principles is
more of an analytical construct than a reflection of individual, separable
factors operating within an SES. In effect, in studying resilience-
enhancing principles and their effects on complex, often multi-scalar
SES, we confront what Young (2010) refers to as causal complexes in
which many interacting, context-specific factors lead to particular out-
comes and where similar outcomes can arise from very different com-
binations of factors. Furthermore, even if the effect of a particular
principle is known, the fact that SES continually evolve and change
over time implies that these causal links may change. At a practical
level, the relevant system processes often happen over long timescales,
which makes it difficult to assess the effect of a principle within the
timeframe of a typical empirical study or management experiment.
Furthermore, the indicators needed to monitor long-term, non-linear
and variable change are generally not well developed and in some cases
may require non-traditional methods and ways of thinking in their
assessment (Moss et al. 2010; Halpern and Fujita 2013). These issues
pose deep-seated challenges to untangling the effect of the different
principles, and our knowledge may always be partial.
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Besides these fundamental challenges to gathering evidence to
support the principles presented in this book, the relatively recent
focus on ecosystem services and resilience research means that many
of the linkages we are interested in exploring in this book have
received relatively limited research attention. Much of the evidence
that does exist is confined to a few well-developed, local-scale case
studies, and is often drawn from experience with adaptive governance,
which is a broad approach to managing SES that encompasses multiple
principles simultaneously. Comparable cases for studying the princi-
ples seldom exist let alone in the quantities needed to statistically
separate the principles. The additional intricacy layered on by inter-
actions among the principles makes the endeavour to parse effects
even more arduous. Nevertheless, there are some notable recent
attempts to synthesize data and knowledge to explain observed out-
comes across case studies in fisheries, river-basin management and
forestry using novel statistical analysis, qualitative comparative ana-
lysis (QCA) or qualitative approaches (e.g. Agrawal and Ostrom 2001;
Basurto and Ostrom 2009; Gutiérrez et al. 2011; Huntjens et al. 2011;
Cinner et al. 2012; Pahl-Wostl et al. 2012; SESMAD 2014).

I0.§ IMPLICATIONS FOR MANAGEMENT AND
GOVERNANCE OF SOCIAL—ECOLOGICAL SYSTEMS

The difficulties of gathering evidence for the effectiveness of the differ-
ent principles in enhancing resilience, together with their multi-
faceted, multi-causal and interconnected nature, pose significant chal-
lenges for their operationalization (specification and implementation).
Each of the chapters in this book highlighted a number of common
shortcomings and problems that decision-makers face regarding the
operationalizing and application of the principles. In this section we
reflect on the general implications of these challenges for governance
(i.e. the policy process including the rules on who decides on the
objectives and the procedures to pursue them) and management (i.e.
the actions to accomplish these objectives) and we highlight several
notes of caution when considering the application of the principles.

265
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First, it is critical to note that none of the principles is necessary
or sufficient, or a panacea for environmental governance. Context
matters, and whether a principle enhances the resilience of ecosystem
services depends as much on the details of its application (e.g. who is
involved) as on the given socio-economic, governance and biophysical
situation. None of the principles is universally beneficial, and all
require a nuanced understanding of how, when and where they
apply, as well as how they interact with or depend on other principles.
Whether a principle enhances the resilience of ecosystem services
thus depends as much on the application of an individual principle
as on finding the right combination of principles.

Second, as emphasized in Chapter 2, before applying any of the
principles it is essential to reflect on what you want to build resilience
of (in this case, which set of ecosystem services), and who benefits and
loses by these choices. Simply building resilience of the ecosystem
services currently provided by a landscape or region can often serve to
further entrench and exacerbate existing inequalities and disparities
among people in a region or across regions (Robards et al. 2011). The
principles we have discussed for building resilience of ecosystem
services do not weigh in on which ecosystem services to promote. In
practice, managers must contend with trade-offs between the provi-
sion and resilience of various ecosystem services at the same scale as
well as across scales both spatially (local vs. global ecosystem services,
as well as at multiple intermediate scales) and temporally (inter-
generational effects). This includes trade-offs between multiple
groups in the selection of ecosystem services. As these trade-offs
create winners and losers, power and politics play a key role in the
selection and enhancement of ecosystem services both at any given
scale as well as across multiple scales, and can create substantial
barriers to implementation of the principles.

Applying the principles in ways that take various ecological and
societal trade-offs into account often necessitates processes of social
change that have to overcome differences in belief systems, gender
roles, institutional inertia and historical legacies (Norstrom et al.



REFLECTIONS ON BUILDING RESILIENCE 267

2014). Such changes can threaten the incentive structures people have
learned to navigate, creating new uncertainty and anxiety; thereby
reducing the power of some groups while elevating that of others.
They also challenge existing institutional and governance arrange-
ments, which are often fragmented in different sectors and adminis-
trative units, sometimes deliberately, and poorly reflect the fit of
spatial and temporal scales of social-ecological interactions. For
those gaining from an existing system, change may not be desirable.
All of these issues point to the need for broad deliberation and
awareness of the processes by which humans make political decisions
at multiple scales (as facilitated by P6 — Participation), a contextuali-
zation of the choices managers confront and make, a push towards
transparency and openness in the decision-making process and
legitimacy as the central tenet of good governance.

Third, our capacity to predict and influence future develop-
ments of an SES or its responses to management actions is limited
because of its self-organizing nature, the existence of non-linear
social-ecological feedbacks, the inherent variability of many social-
ecological processes and the reflexive nature of diverse actors and
groups at multiple scales. These characteristics and the resulting
irreducible uncertainties imply that we cannot manage (as in fully
control) coupled SES for any particular outcome. This makes for a very
difficult governance and institutional design problem and challenges
what we mean by ‘management strategies’. Conventional, widely
used management strategies for uncertainty rely on exploiting large
numbers of repeated outcomes where standard statistical tools apply
(e.g. the central limit theorem). In an SES, however, we only get one
realization of the system trajectory that we have to deal with, which
makes building resilience even more critical. The principles build
resilience through enhancing system structures and processes that
provide for the capacity of actors to shape and adjust development
trajectories of the SES in desirable directions, for instance in terms of
ecosystem services and human well-being, and to promote novel ones
if the existing trajectory is unsustainable. Consequently, applying the
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principles involves viewing them not as end goals but rather as pro-
cesses or mechanisms for generating conditions that allow for resol-
ving collective-action problems associated with multiple trade-offs,
and to deal with the CAS nature of the SES. It also involves creating
mechanisms to critically reflect and adapt along the way, rather than
solely designing a policy to ‘implement’ a principle. To operationalize
these ideas, there is perhaps a fundamental need for a shift in mind-
sets to more CAS-based approaches (Pahl-Wostl et al. 2011), acknowl-
edging the interconnected and complex adaptive nature of SES and the
fact that people are part of these systems (P4 — CAS thinking).

A synthesis across the different principles can highlight some
opportunities and ways forward to address the considerable challenges
highlighted above. Below we present five practical insights that have
emerged by considering common issues actors face regarding the
operationalization and application of the principles. Broadly speaking,
these concepts often feature as hallmarks for successful governance of
all types under the labels collaborative, adaptive and nested govern-
ance (McKinney and Johnson 2009). They address the two fundamen-
tal, overarching challenges in SES: (i) solving collective-action
dilemmas and (ii) dealing with the non-linear, often unexpected,
nature of CAS. The principles and strategies discussed below build
on Ostrom's institutional design principles (Ostrom 1990) as well as
literature on adaptive governance (Dietz et al. 2003; Folke et al. 2005).
Ostrom's design principles provide elements for basic social struc-
tures that tend to promote capacity for collective action in local
contexts. They include: (1) clearly defined social and ecological bound-
aries; (2) rules regarding the appropriation and provision of common
resources that are adapted to local conditions; (3) collective-choice
arrangements that allow most resource appropriators to participate
in the decision-making process; (4) effective monitoring by monitors
who are part of or accountable to the appropriators; (5) graduated
sanctions for resource appropriators who violate rules; (6) mechan-
isms of conflict resolution that are cheap and of easy access;
(7) self-determination of the community recognized by higher-level
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authorities; and (8) in the case of larger common-pool resources,
organization in the form of multiple layers of nested enterprises. The
practical ways forward which we suggest below connect directly to

several of these design principles.

e Clarify goals and develop and monitor relevant metrics for each principle.
In order to successfully enhance the resilience of SES and the ecosystem
services they provide, society must first define and clarify its goals with
respect to which set of ecosystem services to enhance (Chapter 2). Society
then needs to consider how to do this (the governance) and the strategies
with which to pursue these aims (the management). This includes the
specification of each principle for a particular context, the resolution of
trade-offs and decision-making challenges mentioned above as well as the
setting of tangible goals with respect to the application of the principles.
Each of the chapters on the principles discussed how to operationalize and
apply the different principles, thereby providing suggestions on these
goals and objectives on a general level. However, the main challenges arise
when applying them in the context of specific cases and when taking their
interactions with one another and across scales into account. Here, CAS
thinking (P4), learning (P5), participation (P6) and polycentric governance
(P7) become crucial to facilitate understanding, deliberation and collective
action to clarify goals related to the principles and balance trade-offs.

Once governance and management act towards developing features of the
SES and its governance system as suggested by the principles there is a need
to measure and monitor progress in reaching the set goals. Monitoring is also
a critical prerequisite for continuous learning and adapting of goals and
actions, which is important because of our limited understanding of the SES
and because management activities, internal system dynamics or unex-
pected events can always result in unintended developments (P5 — Learning).
While setting goals and defining metrics is needed for any implementation
processes, it is far from easy to do this in the context of the multiple
interacting processes in SES. Our review has shown that in many cases
finding the right measures and indicators can be very challenging (e.g. there
exist multiple measures of polycentricity (P7), connectivity (P2) and diver-
sity (P1); and few clear measures of CAS thinking (P4)). In others, the
relationship between the level of a principle and its capacity to enhance
resilience is non-linear, i.e. more of the principle does not necessarily lead to
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more resilience (e.g. P1 - Diversity, P2 — Connectivity). The form of this
relationship is often not fully understood. Without clearly articulated goals
and the monitoring and gathering of specific metrics for evaluation of
impacts — both baseline data and ongoing measurement - the information
required for learning is often not collected or processed. As a result, sensible
adaptation and effective modifications cannot be formulated.

e Take an integrative approach that builds on multiple knowledge sources.
While linked or coupled SES have become an increasingly popular
conceptualization in both academic and popular writing since the
publication of Berkes et al. (1998), the current book attempts to take this a
step further. Much of the literature on coupled systems still considers social
systems and their ecological counterparts separately. As highlighted in
Chapter 1, current thinking in the resilience field emphasizes that the
importance is not in studying both social and ecological systems, but rather
the consequences of interactions and feedbacks between ecological and
social components, and the SES to which they give rise. For instance,
managing feedbacks and slow variables in SES requires a focus not only
within the ecological system, but across social and ecological systems, as it
is these interactions that can be critical for shifting an SES into another
regime, particularly in relation to governance and use of ecosystem services
(P3 — Slow variables and feedbacks) (Lade et al. 2013). An integrative
approach can work synergistically with CAS thinking (P4) and help shift
management paradigms from one of controlling outcomes in the short term
(e.g. quarterly financial reports, election cycles, etc.) and expecting fully
explained causal relationships to a new focus on coping with change and
uncertainty over longer timescales.

Developing an integrative approach in SES requires an understanding of
the biophysical processes, use patterns, benefits and values underlying the
trade-offs between ecosystem services and users across sectors and scales.
Given the complex nature of SES these will always to some extent remain
unknown. Understanding and management can, however, be greatly
enhanced if these build on insights provided by different approaches and
methodologies, multiple perspectives, multiple evidence and ways of gen-
erating knowledge that take social-ecological interactions into account.
Our discussions of participation (P6) and learning (P5) point to ways in
which co-production of knowledge by transdisciplinary groups, including
representatives of knowledge systems such as Traditional Ecological
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Knowledge (Berkes 1999; Tengt et al. 2014), can be facilitated.
Understanding SES through research and societal learning processes can
also greatly be fostered by the triangulation of multiple methodologies
(Potetee et al. 2010).
Shift away from exclusively managing for efficiency towards planning for
uncertainty and surprise. Conventional management approaches are
predominantly built on the management paradigm of managing for
efficiency and controlling selected system variables to reduce uncertainty,
such as building reservoirs to reduce the uncertainty of river runoff.
Enhancing the resilience of ecosystem services on the contrary requires that
SES properties such as diversity and redundancy (P1), connectivity (P2),
learning (P5) and participation (P6) are fostered to enable polycentric
management and governance (P7) to be adaptive and cope with uncertainty
and surprise. One way of doing so is through changeable, collaborative
initiatives such as adaptive co-management or integrative approaches, in
which an adaptive approach to experimentation and knowledge acquisition
(P5 — Learning) is combined with power-sharing and collective decision-
making (P6 — Participation) (Armitage et al. 2009). However, structures and
processes to enhance learning as well as polycentric governance
arrangements to increase redundancy come at a cost due to the increased
number of participants and need for coordination. This can be contrary to
managing for efficiency, which often focuses on the singular goal of cost
reduction and, as such, often eliminates redundancy and diversity, limits
participation to increase speed of decision-making and may draw on
simplified, static cause-effect relations.
Management is also confronted with the difficulty of finding the right
balance between having too much of a given principle and too little
(alluding to the benefits and costs of increasing diversity and redundancy (P1),
connectivity (P2), participation (P6) and polycentricity (P7)). In governance, we
may view this as a balance in working towards appropriate levels of colla-
boration and nestedness. When discussing the individual principles similar
ideas were raised concerning balancing the benefits versus the costs of mar-
ginally adding more of a principle (e.g. P2 — Connectivity, P5 — Participation).
Create spaces for spontaneous exploration. The nature of SES does not allow
decision-makers to ‘force’ any of the principles into effect by fiat. Rather,
many of the principles can only build up through self-organizing processes
that can at best be guided by the design of supportive SES structures.
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Creating space for exploration is an important element to foster self-
organization and the innovation needed to tackle novel problems or existing
problems in novel ways. Bridging organizations that increase connectivity
(P2) among normally isolated groups can increase the likelihood that
exploration occurs between actor groups and that integration of knowledge
systems and different understandings can take place (P5 — Learning, P6 —
Participation). Such explorations can help foster CAS thinking (P4), as
people open up to the possibility for surprise and innovation. Collaborative
spaces for exploration can also help ensure that the results of such processes
more easily make their way into decision-making because a greater swath of
actors is aware of and benefiting from new insights (P5 — Learning) and ways
of working together (P6 — Participation). Co-management institutions
linking indigenous groups, government agencies and, sometimes, industry
are a good example of such explorative spaces (e.g. Lefevre 2013).

While implementing mandatory new rules, particularly those that are
novel or adaptive and reflect CAS thinking (P4), may be difficult under
many governance regimes, opportunities usually exist for experimenting
through the use of voluntary or informal rule systems. These informal
rules may then become more formally established over a longer time
period. Such approaches generally require clear sets of goals that build
ownership, trust and social capital among key stakeholders, and fre-
quently a leader with a vision and motivation to drive the process
forward. Experience in the United States (and to some extent globally)
with climate-change regulations has reflected such a bottom-up volun-
tary and adaptive approach to achieving goals. In some developed
countries, sub-national administrative units have worked on their own
volition to accomplish climate-related goals in a situation where there
was an inability to strongly regulate emissions nationally (Schreurs
2008). Over time, national or global governance may find opportunities
to embrace these local efforts as conditions change and radical ideas
become more business as usual, towards a more encompassing and
formalized polycentric system (P7) — even if only to capitalize on
existing and less controversial momentum.

¢ Build trust and social capital. Implementation of many of the principles is
connected with the need to create capacity for changing the structure and
processes of an SES. Underlying this, however, there is a deeper need to
foster relationships amongst people to facilitate collective action. We see
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this in the challenges of operationalizing connectivity between individuals
as well as groups of people (P2 — Connectivity), fostering multiple
perspectives and sources of knowledge (P1 — Diversity) and alternate mental
models (P4 — CAS thinking), and ways to make them explicit through
participatory processes (P6 — Participation). Connecting diverse groups of
people for a common purpose and encouraging the resolution of collective-
action dilemmas is greatly facilitated by trust amongst participants
(Ostrom 1990). The need for trust is also evident in the inherent difficulties
in attempts to increase collaboration amongst a broader set of stakeholders
and increase participation in the process of governance (P6 — Participation).
Social capital, as the value of strong social relationships, underlays the
foundation for polycentric systems of governance (P7 — Polycentricity) in
which multiple governance authorities interact and learn from each other
(P5 — Learning).

Of course, building social capital is also not a panacea and it can in some
settings create or strengthen feedbacks (P3) that can be very detrimental to
change (e.g. Schluter and Herrfahrdt-Pihle 2011), but ideally provides a
democratic currency for navigating trade-offs. Trust and social capital pro-
vide a source to draw upon for negotiating inevitable misunderstandings,
unexpected outcomes and unanticipated consequences. It can facilitate the
sharing of knowledge and insights thus fostering learning (P5). However,
social capital and trust among one set of actors (e.g. the disenfranchized) can
also lead to revolution and change towards a different but sometimes more

equitable and socially sustainable system.

I0.6 FUTURE RESEARCH NEEDS

Each of the preceding chapters and the sections above have high-
lighted knowledge gaps concerning how each principle enhances the
resilience of ecosystem services and how it interacts with others as
well as challenges in measuring and operationalizing the principles for
application in specific SES. In this last section we summarize research
needs that are common across principles or relate to their interaction.

Improved conceptual clarity has been highlighted above as critical
for establishing evidence for the functioning and impacts on the resili-

ence of ecosystem services of each principle. This is particularly relevant
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for learning (P5) and CAS thinking (P4) where the lack of conceptual
clarity has made it difficult to generate understanding of how the prin-
ciples enhance the resilience of ecosystem services. Conceptual clarity
is essential for operationalizing and measuring a principle and its effects
in a particular SES and to compare evidence gathered across different
SES. For the latter, and for developing a diagnostic approach, a precise
and consistent delineation of key variables is necessary. Frameworks
such as the conceptual ecosystem-services framework developed by the
Millennium Ecosystem Assessment (MA 2005) or SES framework by
Ostrom (2007) can provide useful starting points for developing the
conceptual clarity and shared understanding of concepts needed for
diagnostic and comparative, multi-scale studies of SES.

Improved methods for monitoring and measuring the principles
are a second key gap. The interconnectedness between principles as well
as multiple causalities makes their measurement far from straightfor-
ward. More research is needed to better understand how to measure a
particular principle and develop metrics to evaluate processes and out-
comes as well as implications for resilience (e.g. P1 — Diversity or P6 —
Participation), particularly within the social system. This includes the
need to identify indicators that serve as tools to monitor progress in
implementing principles. Future research could for instance investigate
opportunities provided by new information technologies as well as the
combination of multiple methods for studying a principle. A stepped
evidence-based approach, in which one gradually builds knowledge of a
complex system while learning about what works under specific circum-
stances, may also be a useful way forward (Bohensky and Lynam 2005).

A third cross-cutting insight of our review is the need for a
nuanced understanding of the functioning of each individual princi-
ple and their interactions as well as a nuanced approach towards
their implementation at different scales. The relationship between
the degree of presence of a certain principle and its effect on resili-
ence is often non-linear, and more of a principle is not necessarily
better (e.g. P1 — Diversity, P2 — Connectivity, P6 — Participation). The
form of this relationship, i.e. the location of the breakpoint between
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too little and too much, warrants more research. We also need to
better understand how the effectiveness of different principles varies
under different social-ecological settings. What type of learning,
participation or polycentricity works best under which conditions?
Which aspects of a specific social-ecological context are particularly
relevant for the functioning of a principle? And, as discussed above,
which other principles need to be present in order for a principle to
function effectively? These are all questions that need further
research in order to develop an understanding that is transferable
between SES but still takes relevant characteristics of a specific SES
into account. Much resilience science to date has either been very
general or very specific. To be useful, especially for addressing the
pressing social-ecological problems society faces, we need a better
understanding of the middle ground between these extremes: an
understanding that enables sensitivity to context but is not entirely
context-dependent.

As the section on evidence has highlighted assessing the effects of
individual principles on enhancing the resilience of ecosystem services
is particularly challenging because many of the principles work in
tandem and often operate on long timescales. One way forward to
address these issues are systematic cross-case comparisons and long-
term case studies as envisaged for instance by the International
Programme on Ecosystem Change and Society (PECS, Carpenter et al.
2012). Such studies can also shed light on the impact of combinations of
principles for the resilience of ecosystem services under different con-
ditions, as well as for piloting different approaches to their application.
To some extent, the replication of case studies across space can sub-
stitute for the long time dimensions needed to understand changes in
ecosystem services as factors such as diversity or learning are increased
or reduced (Pickett 1989). However, these cross-case comparisons of
SES are only at the beginning and face considerable challenges caused by
the interdisciplinary nature of the data needed that often comes with
different ways of naming and measuring variables, the paucity of
data on social-ecological processes, the interconnected, dynamic and
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non-linear nature of SES as highlighted above and, lastly, the context-
dependence of many processes in SES. Novel methods are currently
under development that have the potential to tackle some of these
issues. One example is QCA (Ragin 1987) that can help to tackle the
need to take relevant contextual variables into account while generat-
ing insights that are valid across classes of cases and can deal with the
scarcity of comparable in-depth case studies. Simulation modelling is
another tool that can be useful for addressing the dynamics arising from
social-ecological interactions under different conditions and thus pro-
vide for a more systematic exploration of the impacts of SES features
related to the principles. Several modelling fields are moving towards
incorporating social-ecological interactions and addressing resilience-
related questions recently, and can substantially contribute to building
this knowledge base (Schliiter et al. 2012.).

While theoretical understanding and conceptual research on
the individual principles has advanced somewhat, there is a need for
more research on how to operationalize and implement the princi-
ples. To what extent can, and should, we design for them — and when
we say ‘we’, who is that ‘we’? And how do we best design for the
principles? This question is particularly unclear for the application
of some of the principles, such as diversity (P1) and connectivity (P2),
in a social-ecological setting — e.g. what does diversity or connectiv-
ity mean in a social system, particularly aspects of diversity that may
seem redundant at a specific point in space and time? When it comes
to implementation, all principles that relate to the governance sys-
tem acknowledge the role of power and leadership for shaping out-
comes of, for instance, learning (P5) or participation (P6). However,
we know little about how these factors actually affect implementa-
tion and how we can foster leadership and ensure equitable processes
and outcomes. Much of this subject matter has been at the core of the
work of political philosophers for millennia, and greater attention by
resilience scholars to the philosophy of politics and governance is a
fertile area for exploration that would address long-standing discus-

sions over the merits and repercussions of different power
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distribution in society. This also relates to the need to better under-
stand how to overcome institutional barriers and inertia in cases
where the implementation of a principle calls for institutional
change at the scale of implementation or at larger scales. In general,
more research is needed to understand how we can mobilize under-
standing into action, so that outcomes from social learning actually

make it into policy.

I0.7 CONCLUSIONS

This book presents a first attempt at identifying a set of underlying
principles for enhancing the resilience of ecosystem services in SES
to unexpected shocks and ongoing change. We build on an extensive
literature review, the input of leading resilience scholars and the
synthesis of many SES case studies to identify seven underlying
principles. We have found enough support for each of the principles,
both theoretically and empirically, to draw conclusions about their
relevance for enhancing the resilience of SES; however, the empirical
evidence of many principles needs to be, and can be, enhanced. In
this chapter we have synthesized some of the ways in which the
principles interact, and considered the implications for governance
and management as well as future research needs.

Crucially, none of the principles, individually or jointly, present
a panacea for environmental and social sustainability. Each principle
requires a nuanced and context-sensitive approach to their under-
standing and implementation, as the effect of each principle depends
on (i) interactions with other principles, (ii) the way it has been imple-
mented, (iii) its magnitude and (iv) the specific context of a given SES.
The outcomes of each principle will additionally vary by the scale at
which they are applied, which results in trade-offs not only between
different ecosystem services but also between different users at differ-
ent scales, such as the local and global scales. The repercussions of
these trade-offs for the distribution of wealth and power, and the
consequences of existing and new trade-offs, need to be carefully
considered before applying the principles (Chapter 2).

277
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Our book further highlights the multifaceted nature of each
principle. Research has uncovered many of the mechanisms through
which the proposed principles enhance the resilience of ecosystem
services in SES, particularly at the theoretical level; however, many
open questions remain. A better understanding of the interdependen-
cies among principles within and across scales is a critical area for
future research and cross-case comparisons of SES that apply novel
methods are a promising avenue to do so. With increasing connected-
ness across scales in an increasingly human-influenced world the
effects of these interactions could become even more pronounced.
Linked to this there is a need to develop better approaches, methods
and measures to establish evidence for the principles taking into
account the challenges of multiple dimensions, multiple causalities
and interactions between principles.

There is an urgent need for understanding how the principles
can be jointly applied to foster transformative change, away from the
unsustainable trajectories that many places around the world, and the
planet overall, are on (Chapter 1). It appears that the mechanisms of
the principles related to the underlying SES characteristics of the
‘system to be governed’ (P1-P3) are better known than those of the
governance-system principles (P4-P7). We need more research to
understand the types of learning (P5), participation (P6) and polycen-
tricity (P7) that enhance the resilience of ecosystem services in differ-
ent social-ecological contexts, and how they might enable
transformations in SES. A shift in mindsets towards approaches
that better recognize the features and behaviours of SES as CAS (P4 -
CAS thinking) appears to be particularly fundamental in this regard.

As SES are characterized by self-organization, non-linear
dynamics, inherent variability of social-ecological processes and
diverse reflexive actors and groups at multiple scales our capacity to
predict and steer an SES into a particular direction is limited. The
development trajectory of a specific SES rather emerges from multiple
interactions between people and their social and ecological environ-
ments. Given the unpredictabilities that this entails, resilience as an
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approach for dealing with change and uncertainty has a particular
contribution to make. The seven principles we present have in our
view theoretical and empirical evidence indicating their effectiveness
in enhancing the resilience of ecosystem services, and are sufficiently
well understood to be able to inform practical governance and man-
agement interventions to foster more sustainable SES trajectories.
They do so by enhancing system structures that support collective-
action processes to resolve trade-offs, support sustainable resource use
and allow actors and governance to respond adaptively to new and
unexpected challenges. They are, however, still an early attempt at
identifying factors and processes relevant for the resilience of ecosys-
tem services and the resilience of SES more generally. Other principles
might be added or the existing ones revised or discarded, and our
understanding of how and when and where they apply will grow
with time. The future will tell which principles are most effective
and useful under particular conditions and we invite everybody to join

this endeavour and further test and develop these insights.
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