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Foreword

It was partly for a selfish reason that I approached Prof. Berkes on whether he
would be interested in writing a book for TBTI. Like many, I was fascinated,
not only by the number of books and papers that he has written, but also
the wide range of topics and geographic scope of his work. We are familiar
with the concept ‘community-based resource management’ and the acronym
CBRM, but how did it start? The first chapter of this book does not disappoint
on that front, as we get the full account of Prof. Berkes’ journey, and
what makes him known for CBRM. I was also pleasantly surprised by his
connection with Bonne Bay, Newfoundland, and was rather pleased when he
accepted to use a photo that I took during one of my many visits to the area
in Chapter 1. It seems that Bonne Bay has never lost its charm, as it is also
part of what keeps me in Newfoundland.
Prof. Berkes referred to Cree fishers as ‘masters in their environment’. This
book shows that he is also that in the academic domain. One might say that
Prof. Berkes’ work is mainly about natural resources, broadly speaking.
But throughout this book, we can see that small-scale fisheries are well
integrated in his work, and he clearly presents the many nuances about
small-scale fisheries, and argues strongly for the special attention to improve
the governance of this sector. He was among the first to raise issues about
the need for alternative approaches to small-scale fisheries management. He
brings solid evidences of that, with his research and field visits to small-scale,
coastal communities around the world. His work lends itself to endorsing,
with undisputable authority, that small-scale fisheries are better equipped
to deal with change, including climate and environmental change than their
large-scale counterpart. Faced with overfishing and fisheries unsustainability,
and amidst Covid-19 pandemic, it is time to turn to small-scale fisheries and
v

coastal communities for solutions, rather than seeing them as problems. This
book by Prof. Berkes, “Toward a New Social Contract,” tells us why, and how.
People familiar with transdisciplinary (TD) concept and perspective might
be wondering why Prof. Berkes is not using the term in his book, even
though it is obvious that he is a true pioneer in TD. Reading the book,
especially Chapter 5, we certainly see the same rationale for, and process
of, transformation, through facilitation and co-production of knowledge,
which are the essences of TD. His work with indigenous and non-indigenous
communities bodes well of his true appreciation for local, traditional
and indigenous knowledge, and the importance of incorporating them in
management and governance. With the publication of the book ‘Linking
Social and Ecological System’ (SES) in 1998 (with Carl Folke), who would
question the need to look at fisheries, coastal and natural resources from the
TD lens? Needless to say, SES became another well-known acronym, among
resilience and TD scholars interested in a framework that integrates and
broadens perspectives in resource governance. The practice of TD shows
up again when Prof. Berkes talks about transformation and transformative
learning in Chapter 11.
Now that the (academic) life of Fikret is an ‘open book’ for us, we invite
you to delve in and enjoy learning about the many twists and turns that have
shaped his work, making him one of the leaders in the publication scoreboard,
and appreciate why he is so respected and admired by his students and peers
around the world. Let’s also keep in mind, as we read this book, that it is quite
alright, in fact encouraged, to challenge ourselves, and our own paradigm, as
Prof. Berkes has done throughout his career.
Ratana Chuenpagdee
TBTI Global Director
St. John’s, Canada
April 2021
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Preface

A Rebel with a Cause: Fikret Berkes*
Prateep Kumar Nayak, University of Waterloo
A rebel is someone who positively influences others with their knowledge
and their intellect with added humility; someone who can touch minds and
hearts with a single stroke of wisdom; someone who does not ask others to
change themselves but instead skillfully offers a basket of options for future
direction. A rebel brings the human touch to complex science phenomena
and the stubborn problems facing our society and environment. A rebel is an
enabler, a facilitator, and a believer. Fikret Berkes embodies these qualities,
and he is a true rebel.
Fikret is a seasoned and motivated scholar/teacher. There are many
examples of the unique relationships he has built while working with his
students and collaborators. For Fikret, engaging in research and teaching
collaborations is not just a one-time job but a long-term commitment that
is akin to investing in building stronger human relationships, in which each
step counts. In particular, Fikret sees working with graduate students as
more than just obtaining a product, a degree or a relevant job after the degree,
but rather considers it a process that goes well beyond these material and
tangible outcomes. Most of the people he has worked with see him as a source
of scholarly inspiration from which one can draw strength. He may have
traversed several concepts and theories in his entire career, but one thing
has remained constant: he is an ‘extraordinary human being with unmatched
levels of humility’.
Fikret has a track record of creative teaching, supervision and mentoring,
xii

outstanding research, wide-ranging collaborations across academia and
communities, and unparalleled engagement outside of academia and in
society. Devoting himself to creating novel opportunities to develop the
potential of people around the world, and mentoring them to become future
leaders are part of Fikret’s approach to mentorship and building a community
of engaged leaders, scholars, and practitioners. In doing so, he not only
advises on big theories about fisheries science but also engages with passion
and care in unraveling the many threads in the pursuit of life. He is committed
to being there at every step during the rest of your career and life. The journey
with Fikret does not end with a research, teaching or thesis project, or a
fishing trip, or a soccer game in Winnipeg’s Assiniboine Park, it turns into a
relationship that endures. For many, just like myself, he is the Guru and being
with him is like being part of the world’s best gurukula (the Berkes School).
As the metaphor from eastern India goes, ‘the real Guru turns charcoal
into a diamond’. It is not an exaggeration to say that Fikret embodies the
essence of this metaphor. He is the magical Guru who has accepted students
with a wide range of skill sets and abilities, and many of them have come out
with flying colours. Today, his students are engaged leaders in their fields,
representing scholarship, practice, and policy or a creative combination
of all these, as scholar-practitioners. However, for Fikret, the magic of
‘turning charcoal into a diamond’ goes beyond classroom teaching and simple
instruction on completing a dissertation. It is about constantly reminding
his students about the basics of being good humans and about applying
themselves wholeheartedly to the pursuit of knowledge and practice. It
is also about teaching them the right mix of passion, courage, boldness,
and commitment to engage in scholarship, motivating them to ensure that
the knowledge they create transcends academic boundaries and becomes
available and relevant in the real world. He encourages people to think outside
the typical academic box and not be afraid to intellectually challenge that
which is problematic. In doing so, Fikret has been a role model for many.
Fikret has been an avid student of community-based management and
conservation, with special attention to fish and people and the environment
in which both live. He is probably one of the very few scholars to have made
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significant contributions to a wide range of conceptual and methodological
subject areas along with their application to the social-ecological systems of
fish and fishers. These include commons, traditional ecological knowledge,
social-ecological systems, resilience, community wellbeing, communitybased management, development and conservation, social and environmental
justice, power and politics, livelihoods, and entrepreneurship. He has used
a variety of methods and approaches, with a diversity of resource systems
– from forest to pasture to the coast and fisheries. In doing so, he has been
successful in dismantling the artificial barriers between humans and their
natural environment. His work reminds us that fisheries are not only about
fish, and that sustainability lies in respecting the fact that we live in a highly
interconnected world where the hearts, bodies and minds of various living
organisms connect with each other at varying points in time and under
different circumstances.
The future lies in how successfully we nurture these connections and
relationships and how we value the integrated and symbiotic reality of our
existence. The sophistication in his articulation of complex topics is simply
unmatched. He writes exactly as he speaks – always explaining the essence of
concepts so that virtually any reader can grasp them. It is no surprise that he
has more than eighty thousand Google Scholar citations. Fikret’s powerful
writing and the influence he has had reminds us that “the pen is mightier
than the sword (or ‘guns’)” and we need nothing else to bring positive change
and transformations in today’s world, as long as we use our pen in tandem
with our brains and our hearts.
A world-class scholar and the finest human being, with significant relationships with the communities he has been involved in his active and energetic
career, Fikret has continued to play a crucial role as a friend, philosopher, and
guide to everyone who has been in touch with him. A person with all of these
characteristics is, to me, a true rebel. If a rebel is someone who changes lives
without unnecessarily and negatively influencing others, it is Fikret Berkes.
He is the hero who can charm everyone interested in the power of knowledge
and wisdom through his intellectual ability, humility, and humane qualities.
He is a rebel that society needs and desires. He is the Rebel with Cause.
xiv

*Reproduced with permission from the e-book, Rebels of the Sea/Rebeldes del
Mar (COBI, 2020)
https://cobi.org.mx/wp-content/uploads/2020/06/Rebeldes-del-Mar_8Ju
nio.pdf
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I
The Context

1. Decades of Community–based
Resource Management

Bonne Bay Marine Station, Newfoundland and Labrador, that grew out of the
abandoned lobster shack on stilts (Photo: Ratana Chuenpagdee).

It is said that the reader should always have some idea about the writer
and where he/she is coming from, especially if the writing contains
controversial ideas. If the writer has a profile that is unusual enough to
warrant inclusion in a tome of Rebels of the Sea, then the provision of a bio
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becomes even more important. This short chapter is an autobiography,
really an intellectual autobiography, not a tell-all story. How does a
recent science PhD with a decidedly urban background get into smallscale fisheries and community-based resource management? Part of the
answer is in the challenge of pursuing interesting ideas, part of it is in
the thrill in going against the grain (the rebel in me), and part of it is just
random events and serendipity.
How does a person who spent the first 25 or so years of his life in big cities
end up as a student of community–based resource management (CBRM)?
My first experience with CBRM was in Bonne Bay, Newfoundland, when I
was a graduate student at McGill University, Montreal. I “discovered” Bonne
Bay, a beautiful fjord on the western coast of Newfoundland, in the early
1970s before Parks Canada established the Gros Morne National Park there.
But it was not just the beauty of Bonne Bay that attracted me – it was the
easy-to-catch krill. I was a marine ecology PhD student doing shipboard
studies, and we found the largest species of Northern Hemisphere krill right
in the bay. So I got the idea that this was the perfect place to do lab research
with krill, notoriously difficult to keep alive in the lab.
I spent a couple months ashore in Bonne Bay. With Frank Murphy from
the Memorial University of Newfoundland, we established a makeshift lab
with running seawater in an abandoned lobster shack perched on stilts in
shallow water (now the Bonne Bay Marine Station). We had an old pump,
some small tanks, lots of tubing and a bunch of clamps and not much else.
Luckily, we had help from our practical neighbor, a lobster fisher, who also
sold us lobsters at the wholesale price. We ate better in Bonne Bay than we
ever did on the research vessel. There was a lot of fresh seafood which I could
cook, and Frank could bake bread. A local fisher’s daughter taught me how
to jig for cod and I became pretty good at it (this is before the cod collapse of
1992), rowing out to the fjord in mid-afternoon to bring back supper. I also
played on the village soccer team but we were frequently beaten by the larger
village across the bay. Without knowing, I had become a part of the local
community, learning about how the fishers interacted with their resources,
4
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and doing my best to reciprocate for their help with the lab and with our
daily lives.
I stumbled upon my first formal study of CBRM a few years later in the mid
l970s in the Cree village of Chisasibi, James Bay, Quebec. My postdoctoral
project initially was to study the effects of large dams on the coastal fishery.
As a recent science PhD, I had no training to appreciate local knowledge and
resource management. Worse, as a member of a generation brainwashed by
Garrett Hardin’s “tragedy of the commons”, I was predisposed to believing
that resources had to be protected from the users by (who else?) government
resource managers and appropriately trained scientists. This belief was
shaken somewhat by the results of my studies of Cree fishers and their
productive and orderly fishery.
As a subsistence fishery, it operated outside the sphere of government
regulations, and yet the fishers seemed to be self-organized; they did not at all
behave like Hardin’s herders. They were masters in their environment. For
example, they had a superb knowledge of the treacherous James Bay coast
with glacial erratics (boulders) lurking just below the surface. Some fishers
could navigate the coast even at night with no moon or stars to guide them
but only non-visual cues, such as bounce-waves from the shore (I later found
out that traditional Polynesian navigators also did this). The Cree also had
a wonderfully detailed understanding of the natural history of all the fish
and wildlife species. I was hooked: my interests and my postdoctoral project
gradually turned from the fish to the fishery.
Later that year, and somewhat accidentally (the team needed a Turkish
speaker and I am of Turkish background), I found myself participating in
an international conservation project on the rarest mammal in Europe, the
Mediterranean monk seal, Monachus monachus. How do you study such a rare
species? You could spend months and months on the coast and never see one.
Well, we ended up having to rely on fishers’ knowledge and observations. We
developed methods to tap their knowledge, and to verify information from
one community against the next. We screened the coast, region by region,
and mapped promising areas of Monachus concentration for conservation
planning. But it was a controversial study. We were roundly criticized
5
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by some “proper” scientists for relying on such “unscientific” knowledge.
But these conservation areas established many years ago on the basis of
fishers’ knowledge have helped to maintain the existing Aegean population
(Turkey/Greece). Although the species is still classified as “endangered”, it is
no longer classified as “critically endangered”.
With a year of postdoctoral fellowship in anthropology (working with
Harvey Feit, then at Carleton University) under my belt, I was now a CBRM
researcher, if not a card-carrying social scientist. But in the meantime, my
status as scientist was taking a hit. Concerned friends and colleagues warned
me that I was making it very difficult for myself to get a job, to receive grants,
and to publish. They were correct, but only partially so. In the mid-1970s,
environment courses and programs were starting up in Canadian universities,
so the job situation was not that bad. But grants were a problem. There was
no support at that time for interdisciplinary research and little in the way of
team grants. You either applied for science or for social science projects. I was
lucky enough to get support in both, but they were initially tiny grants. The
publication side of the problem foreseen by my colleagues actually worked
to my benefit. There was a real hunger for interdisciplinary papers and new
environment journals were starting up all the time.
New emphasis on the environment and on interdisciplinary thinking also
brought other benefits. Public participation, community management and
knowledge were gaining recognition, if not acceptance. Practicing CBRM
in the 1980s, now teaching at Brock University, I no longer felt like a rare
species myself. There were others who appreciated the extent to which
ecological management solutions depended on the expertise and practices of
the local people. One hotspot for CBRM work was the Caribbean Natural
Resources Institute (CANARI) in St. Lucia. In 1984, I hooked up with Allan
Smith and Yves Renard in CANARI, and contributed to their work on coastal
management and development.
This work gave me an appreciation of not only CBRM but also the notions
of development, empowerment and capacity development. I came to realize
that James Bay Cree were lucky in a way; they had traditions of social
organization and autonomous decision-making for resource management.
6
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They had their own resource areas and a system for making rules of conduct.
By contrast, the fishers of St. Lucia and other Caribbean islands were the
descendants of slaves uprooted from their homelands and brought over to
work on sugar cane. For them, self-organization for CBRM did not come
readily. It took effort to organize and to build institutions. Such comparative
cases and research made it possible for a team of us to seek ways to approach
CBRM systematically to build a new theory of the commons (the detailed
discussion on this is in Chapter 8).

Empirical Research to Build Theory
Until the mid and late-1980s, we were still struggling to convince people that
CBRM could work; we documented cases and contributed to the excellent
work of Elinor Ostrom in Governing the Commons (1990) with which she
received the 2009 Nobel Prize for Economic Sciences. The push for commons
was inspired by my association with David Feeny, Bonnie McCay and Jim
Acheson with whom we produced two seminal papers (Berkes et al. 1989;
Feeny et al. 1990). My first edited book was published in 1989, Common
Property Resources. It consisted of chapters by international scholars exploring
community-based resource management. It also included chapters by two of
my senior colleagues and sources of support and inspiration: Henry Regier
and Milton Freeman, both of them “rebels” in their own right.
By the end of the 1980s, the emphasis had shifted to proceed along two
lines of inquiry. On the one hand, we struggled to document and to try to
defend existing CBRM systems from the impacts of external forces (such as
hydroelectric development in James Bay) and from paternalistic governments
which suffocated peoples’ ability for self-governance by insisting on managing
them from the top-down. Often we watched helplessly as local systems
crumbled. On the other hand, however, we could also observe and document
new CBRM systems that were emerging spontaneously, as in Turkish coastal
fisheries, Sri Lankan lagoons, and US and Canadian Atlantic coast lobster
fisheries. In yet other cases, new CBRM systems were emerging, not
spontaneously, but with a little development assistance, empowerment and
7
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capacity-building, as in St. Lucia, the ICLARM (later WorldFish) projects
in SE Asia, and the ICLARM/Ford Foundation projects in Bangladesh. I
discovered the field of development studies and concepts such as livelihoods
and well-being.

We could observe and document new CBRM systems emerging spontaneously. Bay
of Bengal, Bangladesh (Photo: F. Berkes).
CBRM was also beginning to enter policy discourse at the government
level. In July 1999, I was in Mozambique helping run a Ford Foundation
workshop on commons management with an enthusiastic group of local
resource managers. Following some fieldwork on the Indian Ocean coast, I
found myself in Maputo, the capital, in the offices of the Vice-Minister for
Fisheries in a meeting arranged by some of the resource managers. Among
other things, we were discussing CBRM, and I was marveling that she seemed
both familiar and comfortable with the concept. However, she seemed to
prefer joint venture fisheries with the Spanish, and not CBRM, which she
thought was a threat to royalty payments that the government received in
exchange for Spanish trawling rights. (Small-scale fishers suffered damage
and were complaining about the trawlers.) Nevertheless, the optimist in me
8
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saw her interest in CBRM as signaling a crack in the old paradigm, and I
could not help but think back to the days when centralized management was
beyond question — and never mind the communities of resource users!
The 1990s was a time when I started to do a great deal of international
travelling. Instead of working quietly in my own little corner of the world,
now at the University of Manitoba, Winnipeg, I started to find myself zipping
to places such as Zanzibar and Bangladesh, lending a hand to development
agencies, local resource managers and communities to build CBRM systems.
As well, I found myself increasingly involved in projects through graduate
student research in a diverse (and often disparate) places: northern Manitoba,
the Brazilian mid-Atlantic coast, western Canadian Arctic, central Philippines,
St. Lucia, and Costa Rica. The risk of spreading myself too thinly was
balanced by the satisfaction of sharing my interests with energetic graduate
students and exciting colleagues such as Bob Pomeroy in the Philippines;
Pascal Girot in Costa Rica; Dick Preston and Harvey Feit in the eastern
Subarctic; Jack Mathias in the western Arctic; Robin Mahon and Patrick
McConney in the Eastern Caribbean; Nancy Turner, Lyn Pinkerton and
Rosemary Ommer in British Columbia; and Tony Charles, John Kearney, and
Melanie Wiber in Atlantic Canada.
In the mid-l990s, a number of us were beginning to develop an insight from
community-based systems (and not only the coastal ones): these systems were
often based on sound ecological knowledge and understanding, and showed
parallels to adaptive management in contemporary applied ecology. Carl
Folke of Stockholm University and I developed this idea to help open up the
range of ecological information brought to bear on resource management
in general (Linking Social and Ecological Systems, 1998). This gave us a new
understanding of Buzz Holling’s concept of resilience, as the ability of a
system to absorb a perturbation and still retain its key characteristics. We
saw the use of local ecological knowledge as key for the maintenance of the
resilience of linked social-ecological systems.
In the process of delving into long-surviving commons institutions, we
came across wondrous traditional CBRM systems that showed ecosystem
insights. More and more, we thought that there was a case to be made that
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the lessons of CBRM not only contributed to commons management and
resilience theory, but also added a dynamic and sacred dimension to what
had been a mechanical, Newtonian clockwork kind of ecology. The first
edition of Sacred Ecology was published in 1999. As I look back to decades
of CBRM research, I see it contributing to a kind of resource management
which is based on a sense of place and local stewardship traditions. This is
resource management in which scientific research complements an applied
peoples’ ecology based on people-land and people-water relationships.

Canada Research Chair in Community-based Resource
Management
Our work in CBRM was rewarded in 2002 with a Tier I Canada Research
Chair (CRC) in Community-based Resource Management. The budget that
came with the Chair increased the range of work that could be done and
attracted a larger number of keen and dedicated graduate students. Many
of the graduate students from the CRC years (2002-16) became scholarpractitioners in their own right and my co-authors/colleagues. They include
(in alphabetical order): Erika Bockstael, Elly Bonny, Iain Davidson-Hunt,
Damian Fernandes, Jack Frey, Eranga Galappaththi, Sandra Grant, Art Hoole,
Julian Idrobo, Durdana Islam, Dyanna (Riedlinger) Jolly, Ron Jones, Erik
Kocho-Schellenberg, Anne Kendrick, Marta Leite, Kenton Lobe, Andres
Marin, Melissa Marschke, Prateep Nayak, Alejandra Orozco, Brenda Parlee,
Claude Peloquin, Débora Peterson, Julia Premauer, Lance Robinson, Jim
Robson, Aibek Samakov, Cristiana Seixas, Ta Thi Thanh Huong, Kate Turner,
Micaela Trimble, and Melanie Zurba.
Their work furthered peoples’ ecology and CBRM, but perhaps more
importantly, addressed CBRM in the complexity of the globalized world.
How can we combine resource management at the local-level with the
regional/national/international level? How best can communities share
rights and responsibilities with government agencies to co-manage resources?
Our investigations proceeded along several lines of inquiry. Carl Folke, Johan
Colding and I followed up the work at Stockholm University with another
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volume, Navigating Social-Ecological Systems (2003), providing international
case studies of social-ecological systems in a resilience context.
The idea that social and ecological subsystems should be treated together
is such an obvious point. Anyone in fisheries knows that you cannot deal
with the fishers without considering the fish stocks. The fishery is not merely
a social system; it is not merely an ecological system. It is a linked socialecological system. So somewhat surprisingly, these two books written with
Swedish and international colleagues (the 1998 Linking book and the 2003
Navigating book) became my most highly cited publications (as of March
2021), higher than Sacred Ecology and our 2000 Ecological Applications seminal
paper (with Folke and Colding) my top two publications on traditional
ecological knowledge. By comparison, our publications specifically on
fisheries, and commons in general, have had fewer citations.
In the meantime, my Northern research and working with Indigenous
peoples were getting more and more interesting. My initial studies on the
Quebec side of James Bay extended to the Ontario side, and then to Manitoba,
with participatory research with the Manitoba Cree and Anishinaabe (Ojibwa).
Some of this was CRC-related and student-driven research, such as those
involving the Dene and the Gwich’in, and climate change research involving
the Inuvialuit (Inuit of the Canadian western Arctic). An accumulation of
studies in the Canadian North led to the volume, Breaking Ice: Renewable
Resource and Ocean Management in the Canadian North (2005) with co-editors
Rob Huebert, Helen Fast, Micheline Manseau and Alan Diduck.
The Millennium Ecosystem Assessment provided an opportunity to explore
multi-level knowledge systems in the international arena to complement
what was largely a top-down assessment. With co-editors Walter Reid, Tom
Wilbanks and Doris Capistrano, we published the 2006 MA volume, Bridging
Scales and Knowledge Systems http://www.millenniumassessment.org/en/
Bridging.html. The sharing of resource management rights and responsibilities between local users and government (co-management) became
an increasingly important area for my own research and graduate student
projects in Canada and internationally. When co-management has also a
learning-by-doing component, it becomes Adaptive Co-Management (2007),
11

TOWARD A NEW SOCIAL CONTRACT

the subject of our book co-edited with Derek Armitage and Nancy Doubleday.
Climate change became the other CBRM area when we responded to
an invitation by the Inuvialuit people of Sachs Harbour in the Northwest
Territories to come and document the strange weather they were observing.
Around the year 2000, much of climate change research in the world consisted
of building global models. You can imagine the reception we received
when we started to present Inuit local information on impacts, responses
and adaptations. Our historic baseline data came from the elders; our
information on Pacific salmon moving into the Arctic Ocean came from
local fishers! But we persevered and our local information entered the Arctic
Climate Impact Assessment (2005) https://www.amap.no/documents/doc/
arctic-arctic-climate-impact-assessment/796 in two chapters led by likeminded colleagues, Henry Huntington and Mark Nuttall. Since then it has
become clear that observations of communities are needed to ground-truth
modelling data, and these observations are becoming the basis for developing
adaptation pathways to climate change.
Another line of inquiry has been community-based conservation. I have
always been interested in conservation, as in the Mediterranean monk seal
story from the mid-1970s. In the 2000s, our CBRM team carried out ten
thesis projects with the Equator Initiative of the United Nations Development
Programme. Supported by the International Development Research Centre
of Canada, and with the project supervision and coordination assistance
of Brian Davy, Iain Davidson-Hunt and Cristiana Seixas, our researchers
examined the UNDP EI experience on combining local development with
community-based conservation. Other projects later in the 2010s dealt with
sacred sites and community-conserved areas, with particular attention to
Indigenous peoples, their knowledge, practices and worldviews. Some of
this information became important for contributions to Intergovernmental
Platform on Biodiversity and Ecosystem Services and the IPBES Task Force
on Indigenous and Local Knowledge Systems.
Our books and articles often dealt with a mix of different kinds of resources.
But many CBRM projects and several volumes addressed fisheries specifically.
Notable among these is Managing Small-Scale Fisheries (2001), co-authored
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with Robin Mahon, Patrick McConney, Richard Pollnac and Bob Pomeroy
https://www.idrc.ca/en/book/managing-small-scale-fisheries-alternativedirections-and-methods. My 2015 book, Coasts for People, allowed me to
return to my marine ecology roots, but this time with an interdisciplinary
orientation. Derek Armitage and Tony Charles were my co-editors in
Governing the Coastal Commons (2017), a product of the Community
Conservation Research Network (CCRN). The Network, led by Tony Charles,
provided focus for much of my CBRM thinking in recent years, as did the
Too Big to Ignore (TBTI) network project led by Ratana Chuenpagdee.
Svein Jentoft’s Life above Water (2019) in the TBTI Global Book Series is the
inspiration for the present volume.
What does the future hold? With applications to small-scale fisheries, commons, resilience and adaptation, conservation, climate change, development,
and environmental management in general, we are only now beginning to
see the full potential of CBRM. Several recent volumes from our wider circle
of colleagues and collaborators attest to this (Charles 2021; Nayak 2021;
Berkes 2021). We should never think of CBRM in itself as the solution to all
resource management problems, but it certainly is an antidote to the excesses
of top-down, command-and-control environmental decision-making.
The fundamental issues have a far greater reach than fisheries and resource
management, and CBRM can be seen as one of the leading edges toward a
new social contract. Political philosophers have sought to identify principles
that underpin legitimate governance. There are diverse opinions on this but
a general agreement that legitimate, collective governance arrangements
require the consent of the people. This in turn is achieved through an
agreement between the civil community and the state to define the rights
and responsibilities of each (O’Brien et al. 2009).
The possibility of the evolution of the environmental social contract is a
powerful idea. It holds the promise of a transformation, from local to global,
toward a kinder, gentler, and more sustainable world. CBRM is here to stay
because it is part of a growing movement to contest and revise the social
contract in favour of new environmental contracts that are participatory in
a grass-roots democratic sense and socially just ( Jentoft 2019; Kerezi et al.
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2020).
CBRM is proving itself to be an increasingly important aspect of a quiet
revolution in governance, whether it is for small-scale fisheries and local food
security, or for adapting to climate change, or for biodiversity conservation,
or for Indigenous rights and justice. The coming chapters will explore why
this is so.
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2. Alternatives to Conventional
Management: Small-Scale Fisheries in
Focus

Small and medium-scale fisheries are often better adapted to local needs and
settings than are large-scale industrial fisheries. Surface longliners in Gouyave,
Grenada, West Indies (Photo: F. Berkes).

Conventional fisheries management throughout the world emphasizes
large-scale industrial fisheries, at the expense of small-scale community15
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based fisheries that provide the bulk of the world’s catch for direct
human consumption. There is something wrong with that picture, given
that small-scale fisheries are also essential for rural coastal economies
(large-scale fisheries do not produce many jobs) and they are more
environmentally friendly than large-scale fisheries. Many in the TBTI
network and others have been looking for alternatives to this wrongheaded conventional management. Here I discuss five themes which
emerged from our early experience with community-based systems
discussed in the previous chapter.
These five themes matured in the process of researching and writing
the book, Managing Small-Scale Fisheries (2001) with an international
set of co-authors whose experience cover many parts of global coastal
areas. These themes are characterized here as elements of an alternative
approach to conventional management: (1) a shift in philosophy of fishery
management science; (2) recognition of fisheries as social-ecological
systems; (3) inclusion of fishers’ local and traditional knowledge;
(4) inclusion of livelihoods and other social objectives into fisheries
management; and (5) development of participatory management. These
themes are briefly introduced in this chapter which is an updated version
of my 2003 paper, and further discussed in more detail in the chapters to
follow.
A comprehensive critique of conventional environment and resource management requires the exploration of alternatives to learn from lessons of the
various experiments being carried out across the world. Established ideas
need to be challenged with new ideas. Alternative approaches are appearing
in a number of natural resource fields: fisheries, wildlife, forestry, rangelands,
and protected areas. These new approaches are not management in the
conventional sense of centralized command-and-control based on expert
knowledge, aiming for the control of nature, and treating people as if they
were separate from the environment.
Of the various areas of resource and environmental management, fisheries
provide one of the clearest examples of the use of what has sometimes been
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called the managerial approach: the uncritical use of management tools and
concepts; anthropocentric ethics; authoritarian political frameworks; and
deterministic, control-oriented scientific worldviews. Under the managerial
approach, fisheries worldwide have often failed in terms of both social and
ecological criteria. In particular, the governance of small-scale fisheries
has been problematic. Is this because of the insufficient application of the
managerial approach, or the very process of the managerial approach itself?
A number of people have been critically thinking about conventional
fisheries management, including Henry Regier, a former President of the
American Fisheries Society: “I have a sense that the population dynamics
approach [stock assessment methodology], as it has long been used generally
for fisheries management (read mismanagement!) has converged conceptually and practically to fit a vertically linear capitalistic approach to the
business of fishing. The conventional population dynamics approach fits
the ‘rational actor model’ (i.e., the stupid actor model!) of neo-conservative
economics and Hardin’s ‘tragedy of the commons’… It does not serve well a
communitarian, nested-interactive model of commons use…” (Regier, 2002,
personal communication).
Here I start with the observation that the conventional managerial approaches to fisheries have not worked well, and identify the elements of a
different kind of fishery governance which may be better suited for smallscale fisheries. In seeking an alternative and more holistic approach, I have
three considerations. The first one is about the necessity of abandoning the
notion that human societies be considered separate from nature. I use the
term social-ecological system to emphasize that social systems and ecological
systems are interlinked, and that the delineation between the social and the
ecological is artificial and arbitrary.
The second consideration is the need to manage environment and resource
systems for resilience, with due regard for a stewardship approach (Chapin
et al. 2009), rather than for products and commodities. The argument here
is that maximization or optimization approaches tend to reduce natural
variability, impairing the renewal capacity of ecosystems and making socialecological systems fragile and vulnerable (Holling and Meffe 1996). Systems
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need to be nurtured for diversity and flexibility. Such resilient systems
contain the components needed for renewal and reorganization.
The third consideration is the marginalization of small-scale fisheries from
the dialogue in the global discussions over the Blue Economy. The economic
promise of oceans has attracted big players around the table: big business,
big conservation organizations, and multi-lateral organizations including
the World Bank. Small-scale fisheries “are being subtly and overtly squeezed
for geographic, political and economic space by larger-scale economic and
environmental conservation interests”, as Cohen et al. (2019) observe. Ocean
and coastal-grabbing by these larger-scale interests is part of the picture
(Bavinck et al. 2017). One response has been to move issues of food security
and human rights for small-scale fishers and their communities, “blue justice”,
to the top of the agenda ( Jentoft 2019).
These three points provide the context for the critique of managerial
approaches, and for the search for alternatives. If conventional managerial
approaches do not work, what would the alternatives look like? What can we
learn from the diversity of emerging ideas? Following some background on
small-scale fisheries, I discuss the relevant issues and explore new approaches
through five themes:
• The need for a shift in our philosophy of resource management and
fishery science;
• The appreciation of fisheries as social-ecological systems, and more
broadly as complex adaptive systems;
• The need to expand the scope of knowledge to include fishers’ local and
traditional knowledge;
• The need for broader management objectives, in particular social
objectives such as livelihoods; and
• The significance of participatory management, with community-based
institutions and multi-level governance.
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Small-Scale Fisheries
Small-scale fisheries contribute about half of the global fish catches. When
considering the catches destined for direct human consumption, the share
contributed by small-scale fisheries increases to two-thirds (FAO 2015, p. ix).
Data from the FAO indicate that more than 90 percent of the people employed
in fisheries are in the small-scale sector. Thus, the small-scale fisheries sector
produces the bulk of the fish catch for direct human consumption (as opposed
to animal feeds and oils), and provides many services to society, including
food security, employment and income. Yet small-scale fisheries have been
marginalized throughout the world by government policies that favor largescale, commodity-oriented fisheries, and now other large global economic
interests under the Blue Economy agenda.
Small-scale fisheries are diverse, and include traditional, artisanal and
subsistence fisheries. Some are mechanized but tend to use traditional fishing
gears (such as small nets, traps, hand lines and set lines), small boats, and
tend to travel relatively short distances from multiple small ports (Smith and
Basurto 2019). Biodiversity of the catch tends to be high. Harvest includes a
greater variety of species than in large-scale fisheries, and a greater variety of
small stocks distributed over numerous management units (Figure 2.1). One
of the characteristics of small-scale fisheries is the importance of the social
context of the fishery, such as kinship and other social relations. In fishing
communities, norms, networks and trust relationships (social capital) tend to
be important, as are reciprocal relations, values and local institutions. Fishing
is not merely a job but a way of life; not merely a source of employment but
also a livelihood that produces food. In developing countries as well as in the
small-scale fisheries of some industrially developed countries, fishing is often
part of a complex of livelihood activities, which may include agriculture and
other part-time occupations in which women also play a major role.
Fisheries management science has a strong Western and Northern bias.
Most of the world’s fishery science has been devoted to stock assessment,
largely single-species management. The geographic focus has been on
countries of the industrially developed world (the North), and the disciplinary
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focus has been on biology and economics. Such fishery science has not served
well the fishery management needs of the developing world (the South),
including countries that primarily depend on multispecies fisheries. As well,
conventional fishery science has not adequately addressed the socioeconomic
needs of fisherfolk, livelihood issues, integrated management of coastal
resources, and the potential of interdisciplinary, participatory approaches to
meet these needs.

Figure 2.1. Relative complexity of large-scale and small-scale fisheries.
Source: Prepared by P. McConney (Berkes et al. 2001).
A number of alternative approaches and methods for small-scale fisheries
have been developed over the last few decades, and are available to fishery
managers. These include methodological approaches with broad emphasis
on management objectives and processes, rather than merely on stock
assessment. They also include participatory rapid survey methodologies;
approaches to access fishers’ knowledge to enrich the information available
for management; methods to build local and institutional capacity; and
collaborative approaches to bring resource-user participation into the
management process and decision-making . These alternative fisheries
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assessment and management approaches are consistent with the vision of an
ecologically, socially and economically sustainable small-scale fishery (Berkes
et al. 2001).

Philosophies of Resource Management Science
The dominant philosophy of resource management has been, and to a large
extent still is, based on a tradition of positivistic science which assumes
that the world is predictable and controllable. However, our evolving
thinking on ecosystem-based management indicates that these assumptions
do not often hold. The ability to actually predict ecosystem behavior is
limited. Ecosystems have thresholds which, when exceeded, can cause major
system structuring, and such changes often are irreversible. Models based
on equilibrium thinking rarely work, not only because we lack data, but
also because ecosystems are intrinsically and fundamentally unpredictable
(Holling 2001).
The science of ecology is abandoning the notion of equilibrium (“balance
of nature”) and instead adopting the idea that ecosystems are actually or
potentially multi-equilibrium systems in which alternate states may exist
over time, and an ecosystem may “flip” from one state to another (Gunderson
and Holling 2002). According to this thinking, our ability to predict the
behavior of multi-equilibrium complex systems, such as marine ecosystems,
is limited. This does not mean rejecting science but recognizing the
limits of conventional scientific knowledge, and appreciating other kinds
of information, including the time-tested knowledge held by fishers and
other people who inhabit and use these ecosystems. The idea of embracing
complexity and learning to live with uncertainty is slowly replacing the
command-and-control approach to management in a number of fields of
applied ecology.
In fisheries, Charles (2001) refers to the “illusion of certainty” and the
“fallacy of controllability.” Recent thinking in fisheries reflects the growing
importance of recognizing complex adaptive systems thinking, and the
necessity of moving away from single-species stock assessment models to
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protecting the productive potential of the ecosystem as a whole. Once we put
aside the idea of controlling nature, then we can then come to terms, as many
generations of ecosystem-dwellers in ancient cultures have, that we can deal
with resources through a learning-by-doing approach (Berkes et al. 2000).
Adaptive management is the contemporary scientific version of such age-old
trial-and-error learning. Adaptive management starts with the assumption
of incomplete information, and relies on iterative feedback learning in which
policies are treated as experiments from which to learn.
One approach to deal with uncertainty and complexity is to build working
partnerships between the manager and the resource user, as envisioned in
adaptive management. The use of imperfect information for management
necessitates a close cooperation and risk-sharing between the management
agency and the fisherfolk. Such a process requires collaboration, transparency
and accountability, so that a learning environment can be created and
management practice can build on experience. To take the argument one
step further, we need to look at the further implication of dealing with people
issues as part of complex systems.

Fisheries as Social-ecological Systems
It is truly astounding that much of the technical literature of fisheries
management has dealt with the subject simply as the biology of stock
assessment. In reality, fishery management is an interdisciplinary subject, and
fisheries are always complex systems of humans and nature. The manager
of small-scale fisheries can no longer ignore external drivers and issues
related to complexity. A complex adaptive system often has a number of
attributes not observed in simple systems, including nonlinearity, uncertainty,
emergence, scale, and self-organization (Gunderson and Holling 2002). These
characteristics have a number of important implications for resource and
environmental management. For example, given ecosystem complexity and
uncertainty, it has been generally known for some time that the maximum
sustainable yield (MSY), as defined by stock assessment models, is in fact a
meaningless target.
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As an alternative approach, some fishery managers are experimenting
with the use of reference directions (for example, to increase the proportion
of valuable species in the catch, such as snappers and groupers) instead
of the MSY or target reference points (e.g., a catch of 1,000 tons of a
particular species). Using reference directions, rather than targets, still requires
quantitative data, but the choice of the management direction itself is a
qualitative decision. This approach shifts the focus of management action
from the exacting and difficult question, “where exactly do we want to be?”
to the simpler and more manageable question on trends, “how do we move
from here in the desired direction?” (Figure 2.2).

Figure 2.2. Reference directions can be the basis for initiating management action
even when target reference points cannot be established with certainty.
Source: Prepared by P. McConney (Berkes et al. 2001).
The consideration of nonlinearity raises other questions. Emphasis on
centralized institutions and command-and-control resource management,
based on linear thinking and mechanistic views of nature, often aims to
reduce natural variation in an effort to make the ecosystem more productive,
predictable, economically efficient and controllable. But such simplification
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often results in a loss of resilience in the social-ecological system. The
scale issue raises yet other questions. Can a fishery be managed by a
centralized agency, or are there more appropriate governance structures
in which the scale of management institution is matched to the scale of the
ecosystem? Often, “one size fits all” kind of management ignores scale issues;
such mismatches of scale may be one of the key reasons of the failure of
environmental management regimes.
One of the insights from complexity is that multiplicity of levels and scales
means, there is no one “correct” perspective. A fishing community may focus
on livelihoods, the regional manager on user-group conflicts, and the central
government on export earnings from shrimp. The perspective depends on
the interest of the observer and their reading of the history and context of
the fishery. A complex social-ecological system cannot be captured using a
single perspective. It can be best understood by the use of a multiplicity of
perspectives.

Local and Traditional Knowledge
Much progress has been made in the scientific study of fisheries, marine
ecology and oceanography. Yet despite the accumulation of a great deal
of scientific data, there is insufficient information to manage fish stocks,
especially those in multispecies fisheries in tropical seas. We have long
been taught to believe that fisheries management requires extensive research,
sophisticated models, large amounts of data, and highly trained experts. We
now know that these ingredients are not always sufficient, and we are coming
to realize that simpler approaches can be more practicable and cost-efficient.
Especially in small-scale fisheries, management can work with lower inputs
of data, including qualitative indicators, and local and traditional knowledge,
as means of evaluating the resource and determining future directions.
Traditional ecological knowledge may be defined as a cumulative body of
knowledge, practice and belief, evolving by adaptive processes and handed
down through generations by cultural transmission (Berkes et al. 2000).
Traditional ecological knowledge is both cumulative and dynamic, building
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on experience and adapting to change. It is an attribute of societies with
historical continuity in resource use in a particular area. Practical knowledge
that does not have such historical and multigenerational character can simply
be called local knowledge. Both local and traditional knowledge are relevant
to management, and have been used in many contexts from Oceania to
Newfoundland.
How can fishery management be improved by supplementing scientific data
with local and traditional knowledge? The use of such knowledge in place of
expensive scientific data has cost advantages, while broadening the base of
knowledge necessary for management. Johannes (1998) pointed out that such
“dataless management” does not mean management without information.
Combined with common sense, judicious use of studies on similar fisheries
elsewhere, and marine protected areas as source of baseline data, use of
local knowledge can lead to improved outcomes. Another advantage is in
achieving consensus on management actions. The ability to take action will be
strengthened considerably when the stakeholders can agree on the measures
needed. Thus, achieving consensus is an important part of participatory
management using local knowledge. Given the various uncertainties, it is
acceptable, and even desirable, to approach management through simple
rational schemes that can be understood by all participants.
The use of local and traditional knowledge is related to broader democratic
objectives. Citizen action and community science use locally produced
information, as well as science (Charles et al. 2020). As the barriers between
the scientist/manager and the resource user/citizen break down, local and
traditional knowledge also start to play a role in resource management.
Using fishers’ knowledge helps widen the range of information available
for decision-making, particularly important for complex systems. Such a
wider range of information is not only important, but in many cases necessary
for decision-making.
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Sustainable Livelihoods in Management Objectives
There is agreement on the larger goals of management: preventing biological
and commercial extinction of stocks and promoting sustainable use. But the
specific goals are more controversial and elusive. They have changed over
time, from the maximum sustainable yield (MSY) approach, to maximum
economic yield (MEY), to optimum sustainable yield (OSY). Benefits from a
fishery can be measured in different ways, as the quantity of fish harvested
(biological), or as revenue from the fishery (economic), or as a composite benefit to society, including sustainable livelihoods and sustainable communities.
The idea of optimal yields emerged, as it became evident that the benefits from
a fishery could be measured in many other ways than simply the weight or the
landed value of the catch. The problem, however, is that multiple objectives
are messy. Maximization of a single objective is much easier than addressing
trade-offs and compromises. Nevertheless, optimization approaches are
useful because they necessitate bringing all actors into the decision-making
process explicitly.
Most of the objectives commonly stated for fisheries management fall
into three categories (Clark 1985). One set relates to resource sustainability,
ensuring that the biological productive capacity of the resource is maintained.
The other two sets are social and economic, and relate either to the
optimization of returns from the fishery (efficiency), or to the distribution of
those returns among stakeholders (equity). Some 22 fishery objectives may
be recognized, six of them related to sustainability, 12 related to efficiency,
and eight related to equity (Table 2.1). Any of these objectives may be a valid
goal for a fishery. However, it is not possible to achieve them all for a single
fishery, as some are incompatible with others. For example, management can
aim to maximize the biological yield or the economic yield but not both.
Fishing may be a seasonal activity and often part of a yearly cycle of activities
that make up the livelihoods of households and communities. Many smallscale fishers are dependent on a diversity of species and habitats. The ability to
follow a seasonal round of activities and the ability to switch species (fishing
more when a particular resource is abundant; moving on when it is not)
26
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allows fishers the flexibility to change and adapt as conditions dictate. Such
a pattern of fishing makes for resilient livelihoods; it also has the potential of
maintaining biodiversity by limiting heavy exploitation on any one species.
Since flexibility in fishing requires access to a range of resources, equityrelated objectives are important for small-scale fisheries. Hence, efficiency
objectives, such as maximizing yield or revenue, need to be balanced against
equity objectives. All equity and efficiency objectives, in turn, need to
be underpinned by resource sustainability objectives. The conventional
objective of maximizing biological yields or economic returns often ignores
the larger question of the ecological and social costs of maximization.
A broader social-ecological view of fishery objectives recognizes that a
sustainable fishery exists only within the context of a fishing community and
an ecosystem that supports it.

Community-based Management and Participatory Governance
The participatory style of management requires partnerships between the
manager and the resource user. However, building such partnerships has
never been easy; it requires fishers who are sufficiently well organized to
carry out such a partnership. It requires appropriate community-based
institutions. Further, it requires a favorable policy environment and
government willingness to engage in participatory management. It also
requires appropriate government institutions that are able to interact with
fisher organizations – because it “takes two to tango” (Pomeroy and Berkes
1997).
Until the 1980s, the question of fisheries co-management (sharing of
management power and responsibility between the users and government)
would not even have come up for discussion. The prevailing management
thinking was that fishers could not self-regulate; in fact, fisheries were used
as the classical example of the tragedy of the commons. Hence, it was
widely believed that government management agencies had to enforce various
regulations on fishers as the only way to avoid a tragedy. However, there
is a large literature establishing that communities of users do not require
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governments to make and enforce simple and practical systems of resource
use. Some of the main conditions for community-based management are
fairly well known (Ostrom 1990). Key findings of commons research indicate
that resource managers can deal with users as part of the solution, rather
than as part of the problem. This does not mean that the role of the manager
has ended; it means that the role of the manager has changed in nature.
The fishery manager needs to know something about participatory processes and local institutions. Institution-building, as part of the larger issue
of capacity development (capacity-building) is central to fishery management.
The logic of capacity-building is simple. Not all fishing communities have the
capability to regulate themselves. Some have traditions of social organization
and autonomous decision-making for resource management. They may
have their own resource use areas and a system for making rules of conduct.
However, in other cases, community self-organization does not come easily,
and it may take effort to organize and build institutions.
In an alternative science of small-scale fisheries, community-based institutions and capacity development are widely recognized as vital components
of resource management. This is consistent with the interest in a civil society
in which the citizens are no longer treated as subjects. It is part of a trend
emphasizing horizontal processes such as collaboration, partnership and
community empowerment in all areas of resource management and applied
ecology, from fisheries to forests and protected areas.

Discussion and Conclusions
Stock assessment-based fishery management has been too expensive, too
incomplete, too uncertain, and too impractical to address the needs of
fisheries which are based on a diversity of stocks and habitats. Conventional
fishery science has many strengths, but it was originally developed in the
service of single-stock fisheries in the North temperate regions of the world,
for the management of large-scale fisheries. It still largely operates in a
positivist mind-set, and subscribes to an “illusion of certainty”; it has limited
ability to deal with environmental variation and uncertainty. Chapter 3
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provides a more detailed ecological and social critique of conventional
management.
The conventional approach is ill suited for small-scale fisheries also because
it rarely addresses the social context, such as sustainable livelihoods, and
sustainable communities. Sustainable livelihoods are those that can cope
with crises and stresses, and are capable of absorbing environmental and
economic perturbations. Livelihoods in small-scale fisheries are often based
on diverse resources available on a seasonal round and on a diversity of
other (non-fishing) productive activities. This diversity confers resilience.
Conventional fishery science does not have the methods in its toolkit to deal
with such complexities. A different kind of management regime is needed
that can deal with resilient livelihoods, one that goes beyond command-andcontrol measures, empowering fishers to self-organize and self-manage, so
they can learn and adapt.
Human societies are part of the environment, and fishing communities are
part of the fishery. Sustainable social-ecological fishery systems need to be
managed for resilience, rather than for commodity production. That requires
nurturing biodiversity-friendly practices of small-scale fisheries, sense of
place of people who have close connections to their environment, and healthy
fisher communities — in short, stewardship. Biodiversity conservation
objectives are consistent with the livelihood activities of small-scale fishers
because of the need to maintain the diversity of resources on which they
depend. The marginalization of small-scale fisheries from the global dialogue
on the Blue Economy is very disconcerting because the big players and
corporate interests represent the opposite pole of the values and relationships
that alternative management approaches are trying to build.
What is needed are alternative kinds of management that can turn the
managerial approach on its head. Instead of fishing-as-business, these
approaches focus on sustainable livelihoods; instead of top-down decisionmaking, they foster participatory management; instead of reductionism and
positivism, they build holistic approaches consistent with complex systems;
instead of sole reliance on expert-knows-best science, they also use local
and traditional knowledge; instead of control-of-nature utilitarianism, they
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emphasize humans-in-ecosystem stewardship.

Fishing is often part of a complex of livelihood activities, and women’s role is
usually “invisible”. Upper photo: women harvesting shrimp by hand (picking
shrimp by touch). Lower photo: members of a Women’s Self-help Group trading
dry fish. They are pouring the dry fish into the bucket to measure the volume.
Chilika Lake (lagoon), Bay of Bengal, India (Both photos: Prateep Nayak).

30

3. Shifting Perspectives: Intellectual
Baggage of “Natural Resources” and
“Management”

Adapting to environmental change has become a necessity for many small-scale
fisheries. Even a small dam blocking one of the tributaries of the Mekong River has
meant the loss of migratory species and the forced adjustment of local livelihoods
and food security, Thailand. (Photo from the top of the dam: F. Berkes).
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Living with uncertainty and adapting to change require some major shifts
in the ways in which we consider human interactions with the sea, and the
ways in which we perceive and practice resource management. Inquiry
into shifting perspectives of people-sea interactions is timely because
we live in an age of rapid change, fueled by globalization and global
environmental change. Rapid change creates a threat to existing human
relationships with marine resources, but at the same time it creates an
opportunity to re-appraise these interactions and the ways in which we
understand them.
The previous chapter was about finding alternatives to conventional
fishery management. This chapter is about the historical context of
this shift. The argument is that the conventional concepts of “natural
resources” and “management” are problematic because of their history
or the baggage they carry. These two terms can be replaced or,
perhaps more reasonably, redefined in view of new perspectives and
changing paradigms. To develop the argument in this chapter, I start
by reviewing the context within which major shifts of perspective are
taking place. Then I discuss the historical background and provide the
rationale, both social and ecological, for redefining “natural resources”
and “management”.
The current theory and practice of fishery management evolved over the
past century or so in response to a major restructuring of the relationship of
humans with the environment. The history of the notion of natural resource
management is closely associated with the emergence of several ideas in
political economy and environmental philosophy. These include (1) the
separation of humans from the environment, (2) the commodification of
nature, (3) the separation of the resource user from the manager and the
rise of the managerial class, (4) the evolution of a tradition of positivistic
science that assumes that the world is predictable and controllable, and (5) the
predominant use of reductionism in science (Worster 1977; Callicott 2003).
However, over the last few decades, many of the basic approaches and
assumptions (“the resourcist view”) that underpin the science of management
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in general, and classic fisheries management in particular, have fallen out
of favour one by one. Instead of the separation of humans from the
environment, we are seeking ways to restore unity. Instead of productionoriented management objectives for fish-as-commodity, we are learning
to appreciate the need to foster healthy fishing communities and healthy
fish habitats and ecosystem processes (Ommer et al. 2011). Instead of
entrusting resource decision-making to managers and experts, we speak of
user participation, public-private partnerships, co-management, and fisher
knowledge (Cochrane and Garcia 2009). Instead of positivistic science that
assumes that the world is predictable and controllable, we suggest finding
ways to live with uncertainty. Instead of reductionism that seeks to model, for
example, individual fish stock separately, we emphasize holistic approaches
that consider fisher-fish-environment together. Some of the elements of the
shifting perspectives and assumptions in human-environment relations are
summarized in Table 3.1.
Table 3.1. Some elements of shifting perspectives in human-environment relations.
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What is labelled as the conventional resourcist view in Table 3.1 is a mix
of Enlightenment Age or even older wisdom (e.g., human-environment
dualism) and 20th century science. The shift to emerging views has occurred
largely in the 1990s, along with decentralization and public participation
trends. Many examples exist of attempts to develop and implement an
integrated interdisciplinary science of humans and environment. Perhaps
the best known of these is the Millennium Ecosystem Assessment (MA
2005). A large international team project with over a thousand scientists,
the MA sought to evaluate the health of the earth’s ecosystems, by focusing
on the linkages between ecosystem services and human well-being. MA
(2005) brought into the global environmental discourse a vocabulary of
drivers, policy responses, and scenario planning. It expanded the scope
of the interdisciplinary treatment of global environmental problems, and the
mechanisms by which national and international-level policies could be put
into place.

“Natural Resources” and “Management” in Historical
Perspective
Natural resources are assets for the creation of human satisfaction or utility.
According to the classical view, natural resources are not desirable in
themselves but rather they are a means to an end. They are of value only
to the extent that they can be used to create goods and services — fishery
resources to create human food and a fishing industry, for example, or coastal
resources to satisfy human need for recreation. This view of resources is still
found in most textbook and dictionary definitions. The idea is conveniently
summarized by Zimmerman’s (1951) dictum that “resources are not, they
become”. Not only is natural resource a socially constructed concept, it is
also culturally defined. For example, European settlers in Atlantic Canada in
the 1700s used lobsters as fertilizer in their fields; by contrast, in the 2000s
lobster was the mainstay of the small-scale fıshery.
Traditionally economists identified three broad categories of resources:
natural resources, human resources, and capital resources. Natural resources
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were called “free gifts of nature” by the early economists, with the assumption
that they were wholly replenished without cost. For example, fish stocks
harvested could be fully renewed by growth and reproduction. As part of the
“freedom of the seas” concept, Hugo Grotius argued around 1600 that the
fish in the sea cannot be exhausted. The concept persisted more or less into
the 20th century. It was widely believed as late as 1930s that fish in the sea
could not be overfished!
The idea that the environment is created for the use of humans goes
back to the emergence of monotheistic religions, reinforced by the early
Industrial Age. In pursuing individual wealth, people were taught to regard
land, resources and their own labour as commodities for the market. “…
Natural resources were other-ized and objectified. They lost their identities
as individuals, even as species, and became but raw material for human
transformation into humanly useful commodities” (Callicott 2003, p. 245).
Breaking human-environment bonds and separating people from nature
allowed individuals to enjoy the fruits of industrialization without any undue
obligations and concern for nature. Worster (1988, p. 11) points out that this
marked a shift in worldview so that everyone would treat the earth, as well
as each other, with a “frank, energetic self-assertiveness, unembarrassed
by too many moral or aesthetic sentiments”. Such commodification of
nature as natural resources is strongly linked to the development of resource
management in which the use of reductionism, positivistic assumptions, and
the emergence of scientists and managers as independent, objective experts
figures prominently.
In the history of American environmental philosophy, Callicott (2003)
distinguishes between preservationism and resourcism. The first chief of the
US Forest Service, Gifford Pinchot, who had been educated as a forester in
Europe, articulated the elements of a resourcist philosophy that renewability
required taking only the surplus, or the interest on the capital. The concept of
“nature” for the preservationists Thoreau and Muir became Pinchot’s “natural
resources”. Just in case one missed the point about nature existing solely for
human use, Pinchot declared that “there are just two things on this material
earth — people and natural resources”’ (as quoted by Callicott 2003, p. 244).
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Pinchot brought resourcism into the then mainstream utilitarian ethic of
John Stuart Mills and others.
Efficiency is the hallmark of utilitarianism. The problem with fishers,
farmers and loggers was that their resource use was inefficient from the
resourcist point of view. Renewable natural resources such as trees and fish
could be consumed without depleting them, but one could not depend on
loggers and fishers to do this. Technical expertise was necessary to carry out
such tasks as doing resource inventories, finding out the growth rates of useful
species and the age at which growth slowed down, so that the harvestable
surplus could be calculated. The idea of only skimming the interest off
the natural resource capital required the development of various applied
sciences, such as forestry, wildlife management and fishery management, and
the development of government agencies dedicated to the task of making
natural resources yield productively and efficiently.
The master narrative of resource management, with nature as the source of
raw materials, required natural resource professionals as arbiters of humanenvironment relations. Efficiency could be achieved by making the resource
not only productive but also more predictable. Resource management is
often said to be engaged in a quest for certainty, with precise predictions
of the future state of the resource, often involving the simplification of the
ecosystem, monoculture farming being an extreme example. Variation was
to be eliminated where possible in the quest for factory-like harvesting,
processing and marketing of these commodities. Such an objective of
efficiency was based on the best science available, using reductionistic
approaches and positivistic assumptions.
Since the 17th century, science has been dominated by positivism, also
called logical positivism or rationalism. It assumes the existence of a
reality driven by immutable laws based on universal truths. The role of
science is to discover these truths, and put them to use for predicting
and controlling nature. Science is assumed to be value-neutral, scientists
themselves operating in a value-free environment (Norton 2005). The use
of reductionism is closely associated with positivism. It involves breaking
a system into discrete components, analyzing the components, and making
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predictions. Generalizations and synthesis are made possible by such an
approach, independent of the context of space and time. This is mechanistic
science in which nature is seen as clockwork in which the pieces can be
assembled and disassembled.
Such a summary of positivism and reductionism is no doubt simplistic;
not many contemporary scientists subscribe to all the assumptions. But
it is also true that the positivist-reductionist paradigm has historically
dominated resource management science (along with most other sciences)
and still remains influential (Norton 2005). For example, most fisheries
biology, economics and resource management throughout the world still
uses positivist-reductionist assumptions and methods, and aims to calculate,
species by species, the harvestable surplus in a predictable world. However,
the ground is shifting on many of these assumptions, necessitating a reappraisal of our conceptualization of resources and management.

An Ecological Critique of Conventional Management
For several decades now, the science of ecology has been shifting from a
balance-of-nature paradigm to a dynamic ecosystem paradigm, with major
advances in the understanding of biodiversity, complexity, and uncertainty.
The shift was more or less complete in the field of ecology by 1980 or so, and
applied ecology disciplines such as fisheries management were beginning
to grapple with the implications of the paradigm change. I will discuss
three aspects of this change and their implications: biodiversity and species
interactions; the understanding of ecosystems as complex adaptive systems;
and uncertainty and the significance of natural variability.
Regarding the first point, note that the term biodiversity is very new, coined
only in the 1980s, and the concept of biodiversity has not fully sunk in.
Conventional positivist-reductionist methodologies implicitly assume that
the harvesting of a target species can be understood in isolation of other
species. Non-economic species and other components of the ecosystem can
be conveniently ignored. Such a focus on species of immediate economic
interest works only if these resources were indeed “free gifts of nature”
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disconnected from their ecological roles, such as predation, competition,
and symbiosis. Fish stocks are not discrete commodities in space and time.
Therefore, harvesting one species has ecological implications for the rest of
the ecosystem. The area of fisheries management is replete with examples of
mismanagement through ignorance of ecological relationships.
Regarding the second point, the management quest for certainty and
simplification came into critical focus as ecologists developed more sophisticated views of ecosystem complexity. An understanding of ecosystems
as complex adaptive systems stimulated attention to feedback relations, a
hallmark of systems thinking. It also stimulated more attention to the various
characteristics of complex adaptive systems such as scale, self-organization,
emergent properties, uncertainty, non-linearity, and irreversibility (or path
dependence). A few comments and examples can be offered, without going
through each of these systematically (Berkes et al. 2003).
The importance of scale is well known in geography. Self-organization is
seen by some as a key attribute of complex systems. Emergent properties are
those properties of a system that cannot be deduced from the analysis of the
parts but can only be understood from the analysis of the system as a whole;
resilience is an example. Non-linearity is often observed through threshold
effects. For example, on many coral reefs the depletion of herbivorous
parrotfish beyond a certain threshold can result in a phase shift in which
macroalgae replaces corals. Irreversibility (path dependence) means that
the corals may not come back, just as the depleted Newfoundland cod has
not recovered despite decades of fishing controls. To give a social science
example, co-management seems to be path-dependent; its outcome is strongly
influenced by the context and history of each case (Chuenpagdee and Jentoft
2007).
Regarding the third point, ecosystems are seen as being in a state of continuous change, as opposed to hovering around an equilibrium point. Accepting
unpredictable change as a fact of life has resulted in the development of
multi-equilibrium thinking (Gunderson and Holling 2002). Some of this
change is related to uncertainty, thought to be intrinsic to the system and
essentially irreducible. Uncertainty and natural variability cannot be assumed
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away. For example, salmon fisheries in large rivers on the Pacific coast of
Canada consist of many stocks of several species. Management agencies
issue yearly forecasts of the size of the larger stocks. Since the mid-1990s,
conflicts have been breaking out periodically among the three major usergroups (recreational, commercial, Indigenous) over the “missing” salmon in
the Fraser River, as if the stock forecast were some sort of a guarantee of real
numbers. Every few years, problems of missing salmon trigger newspaper
headlines and sometimes even judicial inquiries!
The ecological fact is, unpredictability and change are part of natural
variation. Holling and Meffe (1996) further argued that natural variation
has an important function for ecosystem resilience. Given the variability
in such parameters as the temperature and salinity in the physical environment, biodiversity provides the capacity to respond and adjust to change.
Management that results in diminished genetic variation in hatchery fish,
or major reductions in ecologically important species, erodes the resilience
of the ecosystem. Conventional resource management that aims to reduce
variation and increase predictability, damages the very process that maintains
resilience in a system, leaving it more susceptible to crises and less able to
renew itself and self-organize in response to natural perturbations.
The implications of these three points for the conventional concepts of
natural resources management are quite serious, in fact fatal. Conventional
methodologies that commodify species abstracted from the ecosystem do
not work, at least not for long-term sustainability. Likewise, resource
management that does not take into account complexity principles will be in
trouble in due time. For example, management that uses linear thinking
performs poorly in a world characterized by non-linear processes and
phase shifts. In the case of Newfoundland cod, the phase shift seems to
involve benthic invertebrates (e.g., lobster, crab, shrimp) replacing cod and
other groundfish. The uncertainty inherent in complex systems directly
contradicts the positivist assumption that the world is predictable and
therefore controllable. Most scientists know that the Enlightenment Age
metaphor of a clockwork nature has to be rejected. Nevertheless, mechanistic
applications are still common, and results of computer models are still
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presented as predictions, instead of projections based on assumptions.
Similarly, few contemporary ecologists would speak of the “balance of
nature”, and yet the equilibrium-based concepts are still in use in resource
management science. For example, the idea of maximum sustained yield is
still used in fisheries management, disguised as Total Allowable Catch (TAC)
targets. In the short term, quantitative targets may be appropriate for efficient
resource exploitation. But in the long run, fixed quantitative targets work
against the maintenance of healthy and resilient social-ecological systems
because they ignore interactions within the system and because they reduce
the natural variability of the system, including the ability of fishers to switch
species flexibly.

A Social Critique of Conventional Management
Social and ecological critiques of conventional management are becoming
more aligned. For example, political ecology can help reveal the challenges
in putting new ecology into practice, and analyze the forces that make topdown management resistant to change. Historically, centralized government
agencies have played a key role in carrying out the master narrative of resource
management for a good reason. Making ecosystems more productive,
predictable, controllable, and economically efficient is a task for centralized
institutions and command-and-control management. In the United States
and Canada, resourcism developed with the task of opening up the land taken
away from Indigenous peoples and establishing a whole new economic order
— internal colonization.
In the Western world, centralized resource management developed in the
service of industrialization. It was also imposed on colonized lands, for
example, turning the community-controlled forests of India into government
forests for industrial forestry. It is therefore not surprising that longterm sustainability of local resources was never an overriding concern for
conventional management, nor was equity and local livelihoods. Resource
management, developed under a mechanistic worldview and inspired by the
utilitarian ethics of John Stuart Mills, “had more to say about the human
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mission to extract rather than to conserve”’ (Worster 1977, p. 53). Such
resource management was not geared for sustainability and social justice, but
rather for efficiency and profit.
However, both then and now, resource management agencies frequently
invoke the “public interest” for their decisions. Gifford Pinchot is often
credited with the classical formulation of the public interest in resource
management: resources should be used for the common good, and not just
for private gain. Pinchot’s “the greatest good for the greatest number for
the longest time,” appears to be a rewording of John Stuart Mill’s maxim,
“the greatest happiness for the greatest number” (cited in Callicott 2003,
p. 245). The reference to “the greatest number” seems to be code for the
government takeover of locally controlled resources, for the benefit of society
at large, with state agencies acting on behalf of the citizenry. It is the age-old
distinction between Gesellschaft and Gemeinschaft of the German sociologist
Ferdinand Tönnies writing in the 1880s. Gesellschaft (society in an urban
and capitalist setting) grabs control of rights of Gemeinschaft (the local
society or community). Such a takeover not only generates revenues for the
state, but also replaces the obscure local system with standardized scientific
management that is intelligible to government, as James Scott (1998) might
put it.
Resource management by public agencies has continued to be justified in
the name of such public interest, by the use of objective, rational science and
decision-making. But the image of a public-minded resource management is
often met with skepticism. Critics note that, far from pursuing an idealistic
notion of public interest, centralized resource management often privileges
the interests of the resource industry, in both colonial and neo-colonial
resource extraction settings. This includes, for example, joint-venture
fisheries in Africa that provide revenue for the central government — but
often at the cost of damaging local small-scale fisheries, as in the case in
Mozambique (Chapter 1).
The disempowerment of the community and the erosion of local control
is one of the more serious consequences of contemporary resource management. Prior to “modern” management, Indigenous peoples and local
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communities in many parts of the world managed their own resources. We
have some idea about how these systems worked — mostly through locally
designed commons rules, such as reef and lagoon tenure systems ( Johannes
1978). Command-and-control management did not fill a gap in the absence
of management but rather replaced previously existing systems. Resource
conflicts and controversies in many parts of the world can be traced to
centralized government management, loss of equitable access to resources,
and damage to the livelihood systems of local people.
National governments’ takeover of resources did not necessarily restore
order or the rule of law, but often created open-access conditions that
facilitated efficient exploitation, industrial-scale extraction and liberal trade.
Johannes’ (1978) review from Oceania provides detailed documentation
of the demise of local management in the face of colonial pressures, the
commodification of species for export trade, and subsequent declines. The
breakdown of Indigenous commons controls and their replacement by
government-backed free-for-all have been documented from the US Pacific
Northwest, British Columbia and Alaska as well. The area was overrun
by the “canned salmon stampede” between 1878 to the turn of the century
and replaced by an open-access system before government controls were
eventually instituted (Turner et al. 2013).
The contestation of expertise is the other political aspect of resource
takeover by government. Just as there is tension between government regulations and local commons rules, there is also tension between government
technical expertise and local/indigenous knowledge-holders (Berkes 2018).
The government scientists and managers in charge of the new management
systems were not only the technicians who knew how to calculate the
harvestable surplus but also the high priests of the positivist-reductionist
paradigm. They rejected local and traditional knowledge because it did not fit
the paradigm and it was not transparent to the state, and perhaps also because
they did not want to share the legitimacy of expertise. The role of expertise
in management, and the politics of legitimate knowledge, is a contentious
area, given that fisher knowledge has a potentially important role to play in
management.
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Local management and use of local knowledge in the absence of government
take-over: the very productive capture fishery and aquaculture in Tonle Sap Lake,
Cambodia, is the mainstay of the local economy (Photo: F. Berkes).

The ongoing acrimonious relationships between Indigenous groups and
the government, and between fishers and fishery managers in many parts
of the world, can ultimately be linked to local disempowerment. Rather
than offering their knowledge to assist government management, local and
Indigenous experts have generally been content to stay away from managers
and scientists. However, some Indigenous peoples have taken up scientific
management and created their own tribal fishery management agencies
because they were coerced to do so by law, an example being the tribes of the
US Pacific Northwest under the Boldt decision for salmon co-management.
For the most part, Indigenous peoples’ rejection of government management
is not merely politics; it also has to do with their worldview. The notion
of the separation of user from manager, and the idea that a remote agency
knows best what to do with a local community’s resources just does not make
sense to most local and Indigenous knowledge-holders (Berkes 2018).
Interestingly, Ludwig (2001) comes to a similar conclusion about managers
and the limits to their expertise, but for somewhat different reasons. Noting
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that the really important environmental problems of our time, such as climate
change and biodiversity conservation, cannot be solved by conventional
management, he calls for radical change in approach. Given that many of
our problems are “wicked problems” that have no definitive formulation, no
stopping rule and no test for a solution, he suggests that era of conventional
management is over. Since “there are no experts on these problems, nor can
there be,” Ludwig (2001, p. 763) invites a re-appraisal of our unquestioned
acceptance of economism (placing inordinate emphasis on economic values),
scientism (belief that science is inherently capable of solving almost all
problems), and technocracy (achieving policy solutions by recourse to
technological innovation).

Conclusions
Many of the assumptions of conventional management have been questioned
and are in the process of being abandoned. Production objectives of
conventional management reduce natural variability, eroding resilience and
leaving systems vulnerable in the face of change. Therefore, resources and
environment should be managed for resilience (instead of production) by
protecting diversity, working with natural variation, and maintaining system’s memory to enable self-organization. One of the major challenges here
is that embracing uncertainty means rejecting deterministic management:
operating by fixed set of rules, measuring outcome in some quantitative way
(“you can’t manage what you can’t measure”), and exercising control over
nature. Does this mean “the era of management is over” (Ludwig 2001)? Or
can we redefine management?
Social objectives and communities need to become more important in
redefining the role of management. This implies expanding the range of
values to be taken into account, and the kinds of knowledge used, including
local and Indigenous knowledge (Cochrane and Garcia 2009). The really
important issues are in the realm of ethics and environmental justice, and
these considerations can be moved to the forefront as well. New management
approaches can be developed based on partnerships, social learning, and
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problem-solving through a flexible, iterative adaptive management process.
It makes more sense to redefine management than to abandon it altogether,
given that many of the elements of such a redefinition are already in place.
The term management, which carries implications of domination of
nature, efficiency, social and ecological simplification, and expert-knowsbest, command-and-control approaches, can be updated to emphasize
stewardship in place of domination and control of nature, an unattainable
objective in view of paradigm changes in ecology. Efficiency objectives need
to be balanced against ecological (e.g., biodiversity) and social (e.g., equity)
objectives; resource management for multiple objectives is an emerging trend
(Cochrane and Garcia 2009). Management needs to move from reductionism
to dealing with complex adaptive systems, with all the complications that
such a shift entails, such as attention to scale, self-organization, non-linear
interactions and threshold effects, as in the Newfoundland cod case.
The term resource, which carries a sense of free goods, economism, humancentric use, and commodification of nature, similarly needs a makeover.
The notion of resource can be revised to include objectives to protect
ecosystem services for human well-being (MA 2005), while maintaining
diversity and social-ecological system resilience. Resources are needed
and used by humans, but codfish and other species need their resources
too, as the ecosystem-based approach reminds us. On the social side, deemphasizing the market economy makes us more sensitive to the political
economy of resource access and use for livelihoods and community health.
Some resources with little market value or demand, may nevertheless be
crucially important for food security, well-being and local culture.
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II
Social-ecological Resilience and
Globalization

Preface: What Is Resilience Good for?

The notion of resilience, briefly introduced in Chapter 2 and used in support
of the arguments in Chapter 3, deserves a more detailed treatment. It
is a significant concept because it provides an entry point into processes
of change. It also provides the mechanism for combining ecological and
social subsystems, as argued in Chapters 2 and 3. This Preface borrows
from an article in Sustainability (Berkes 2017). Many of the resilience
concepts introduced here are expanded upon in Chapter 4, and socialecological systems in Chapter 5. Resilience of the social-ecological system
is an important consideration for governance of fisheries, small-scale and
otherwise. It refers to the ability of the system as a whole to respond to stresses
and shocks while maintaining system identity and main functions. A resilient
social-ecological system has the ability to respond to perturbations, to absorb
shocks and stresses, to self-organize, and to learn and adapt (Gunderson and
Holling 2002).
Thus, resilience thinking introduces a dynamic element into sustainability
and helps operationalize adaptive management and adaptive governance.
In practical terms, resilience is about options and flexibility. It is forwardlooking. For example, a resilient social-ecological system may have a high
diversity of habitats and species, as well as a diversity of knowledge about
fishing, such as species characteristics, seasons and use of gears. Diversity
of economic opportunities and livelihood options for members of the
fishing community are also important, as well as the diversity of governance
options. Ostrom’s (2005) notion of crafting institutions is relevant here: new
institutions (new rule sets and ways of doing things) come about more readily
49

TOWARD A NEW SOCIAL CONTRACT

if there is a diversity of existing institutions. Such diversity and abundance
of options provide a built-in ability to buffer change and to adapt to change.
Nevertheless, until change actually occurs, there is no easy way to determine
beforehand if the system can cope with that change or adapt.
The notion of ecological resilience started in the fertile mind of the
Canadian ecologist C.S. (Buzz) Holling (1973). However, social-ecological
resilience did not become a commonly used concept until the 2000s. Since
2010 or so, resilience has become a central concept in sustainability science
because it is probably the most commonly used theory of social-ecological
change in a variety of contexts from international development to climate
change adaptation. In fact, Brown (2016) defines resilience broadly as the
ability to deal with change successfully. Conceptualizing resilience as an
ability is a useful way to deal with change, coping responses, adaptations, and
transformation.
A relatively small perturbation typically triggers short-term or coping
responses. However, if this coping capacity (think of it as an absorptive
capacity) is exceeded, individuals and communities would then exercise their
adaptive resilience. Long considered the core of resilience, adaptive capacity
refers to the ability of the social-ecological system to learn and adjust its
responses to the impacts of external drivers and internal change. The system
undergoes change while still retaining system identity — function, structure
and feedbacks. However, if the changes are so large that they overwhelm
the adaptive capacity of the system, the response is no longer incremental
but transformative. The system no longer retains its identity; it has been
transformed. Such changes involve shifts in the nature of the system, such as
when a household adopts a new way of making a living, or when a coastal
region may move from a fishing economy to a tourism-based economy
(Steneck et al. 2011).
Transformative changes may involve institutional change, technological
innovation, behavioral shifts, and cultural change. They often entail a
questioning of values, beliefs, and assumptions (Béné et al. 2014). As such,
the political ecology of transformations may involve local empowerment
and a change in political relations. Transformability is understood as the
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ability to create a fundamentally new system when ecological, social and
economic conditions of the old system are no longer tenable. Brown (2016)
and some other scholars consider absorptive capacity, adaptive capacity,
and transformative capacity as the three dimensions of social-ecological
resilience. As Béné et al. (2014, p. 601) point out “… resilience emerges as
the result of not one but all three of these capacities, each of them leading to
different outcomes: persistence, incremental adjustment or transformational
responses.” These three capacities occur along a continuum, and the responses
can be linked to the intensity of shocks and stresses. In the examples above,
we are referring to social-ecological resilience, as resilience is a property of
the system as a whole, and not only of the social or the ecological subsystem
by itself.
Social-ecological resilience thinking recognizes the nested character of
these systems, and introduces the notion of panarchy (embedded scales =
pan-archies) to characterize connectivity across the various levels of the
system. Each level may have its own cycle, and each cycle is depicted as a
reclining figure eight, representing the adaptive cycle of growth, maturity,
disturbance/release and reorganization. Gunderson and Holling (2002)
originally had the boreal forest in mind but considered that the model can be
generalized to any type of ecosystem. The model approaches system dynamics
heuristically as nested sets of adaptive cycles, with dynamic interactions
occurring among large (and therefore slow) cycles and small (and therefore
fast) cycles that make up the panarchy.
This model works well with many ecological systems but has not been taken
up by many scholars for the analysis of institutions, the social subsystem, or
social-ecological systems in general. There may be several reasons for this.
For one, social scientists tend to be wary of deterministic models, emphasizing
agency instead. For another, panarchy assumes nested systems where the
levels are distinct, but in real life they often are not. For example, a monolithic
national level hides the fact that they often are agencies and groups within
the national level that may well have very different kinds of interactions
with other levels (Carlsson and Berkes 2005). As well, a particular change
process does not necessarily involve all levels and may actually skip some.
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For example, pandemics can move swiftly across levels while skipping some,
going from individuals to communities and then directly to outbreaks far
away, or they may jump laterally from one set of communities to another set
on a different continent (Berkes and Ross 2016).
Much of the literature dealing with governance and linkages in multilevel social-ecological systems does not use the panarchy idea. Rather,
the literature often uses polycentric systems characterized by multiple and
overlapping jurisdictions at different levels. Polycentric systems typically
have several governing authorities, rather than a single one. It has been argued
that these types of systems are well suited for the governance of dynamic
natural resources due to their adaptability, and for their self-organizing and
learning capacity (Folke et al. 2005). More discussion on polycentric systems
may be found in Chapters 11 and 20.
A number of planning approaches exist for adaptation under uncertainty.
Resilience approach seems to be one that is commonly used in a number
of areas, from resource management to international security. However,
all concepts have limitations. Resilience is not the one-stop solution to all
matters of change and adaptation. Like sustainability, resilience is a normative
concept involving value judgments and social norms, and not all resilient
systems are desirable. (Undesirable resilience examples include crime in
the urban core; corruption and bribery.) Despite its limitations, adopting
resilience thinking is a challenge that offers rewards. Sustainability means
not only achieving environmental, economic and social objectives but also
the ability to deal with uncertainty, and to adapt over time to unforeseen
future changes.
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One of the lessons of the 2004 Asian tsunami was the importance of mangroves for
their buffering capacity, providing resilience. Mangrove destruction due to shrimp
farms and other disturbances are being reversed by mangrove replanting and
restoration in many parts of South and Southeast Asia, as shown here in the Gulf
of Thailand (Photo: F. Berkes).

Resilience has been a recurring theme in discussions of management
alternatives and shifting perspectives. This chapter, which is the second
half of the journal paper (Berkes 2010a) on which both Chapters 3 and 4
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are based, focuses on resilience to explore some of the insights provided
by this approach for developing a more holistic and complete account of
human relationships with the sea. Resilience principles are inherent in
resource management, as redefined in Chapter 3, highlighting attention
to feedbacks, thresholds and system flips, and flexibility as a response to
uncertainty.
The chapter starts with resilience basics, including the significance of
renewal and reorganization, and the importance of learning and adapting
for sustainability. Building resilience helps with learning and adapting,
and learning and adapting in turn builds resilience. Resilience has become
important for policy because it is forward-looking and draws attention to
“windows of opportunity” for policy change. Three stories (the Canadian
Atlantic cod fishery, the traditional First Salmon ceremony of the Pacific
Northwest, and the Gulf of Maine lobster fishery) help illustrate some of
the resilience concepts and provide lessons for marine resources.
Concepts of resilience thinking (resilience theory) appear in many of the
interdisciplinary attempts to integrate human-environment systems, in
understanding processes of change, and in the critique of the conventional
notions of natural resources and management (Chapter 3). This makes
resilience a source of insights for developing a more holistic and complete
account of human relationships with the sea, and as we have seen, a natural
candidate for the theoretical basis in redefining natural resources and
management. It is one of the major conceptual tools in the environment
literature to deal with change (Scheffer 2009; Chapin et al. 2009).
Resilience thinking originates from systems approaches and complexity.
It is a post-positivistic approach closely related to adaptive management
(learning-by-doing) as a way of dealing with uncertainty (Gunderson and
Holling 2002). Originally it was an ecological concept, based on Holling’s
observations of the dynamics of the boreal forest ecosystem, its uncertainties
and its renewal cycles (Holling 1973). Boreal forests typically have 150-300
year cycles driven by fire, and sometimes by other disturbances. Nutrients return to the soil after the forest fire, and that starts renewal and reorganization
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processes, using the “memory” of the system such as seeds. Plant succession
eventually leads to a mature forest. Observing that ecosystems are constantly
changing, Holling sought to characterize the capacity of a system to maintain
itself in the face of disturbance, and focused on renewal and reorganization
processes rather than on stability and maintaining stable states.
Much of the resilience literature after about 2000 onward adopted the term,
social-ecological system, rather than purely ecological system (Gunderson
and Holling 2002). Thus, in its broader context, resilience is about ecosystems
and people together. In fact, many of the drivers (driving forces) leading to
abrupt and unexpected change are social, political and economic — and
medical, as in pandemics. The renewal cycle of resilience provides insights
regarding the timing of events, such as the “window of opportunity” which
is important for change. From about 2010 onward, resilience became a
frequently used approach to inform management policy, with assumptions
that we are dealing with multi-equilibrium, complex, unpredictable socialecological systems subject to continuous change, cycles, renewal and threshold effects (Berkes et al. 2003).
There are competing notions of resilience and multiple definitions. The
Holling definition of resilience is the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain essentially
the same function, structure, identity and feedbacks (Walker et al. 2004).
There are other definitions of resilience, including one in psychology that
focuses on the ability of individuals to recover from adversity. Definitions
that focus on “bouncing back” to the original state, as in the common
non-technical use of the word, are considered less useful. Holling’s (1973)
resilience says nothing about returning to equilibrium after a disturbance, as
it assumes constant change. There often is no such fixed reference state in
social-ecological systems to bounce back to, since the reference state itself is
subject to uncertainty (Folke et al. 2010).
Resilience is significant for three reasons in the discussion of living with
uncertainty and adapting to change. First, resilience is interdisciplinary.
It deals with coupled human-environment systems and contributes to
an understanding of coastal resource systems by avoiding the artificial
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disciplinary divide between the study of people and the environment. The
natural science content in this mix is strong, social science less so. There
has been relatively little work on some relevant social science dimensions
such as agency, self-efficacy, and empowerment in determining how people
deal with disturbances and change (Brown and Westaway 2011). Second,
resilience puts the emphasis on the ability of a system to deal with change. It
allows for the multiple ways in which a response may occur, including the
ability of the system to buffer or absorb the disturbance, or to learn from it
and to adapt to it, and to reorganize following an impact. These processes are
often occurring simultaneously, across scale, in subsystems nested in larger
subsystems, referred to as panarchy (Gunderson and Holling 2002).
Third, because it deals with the dynamics of response to change, resilience
is forward-looking and helps explore policy options for dealing with future
uncertainty and change. Resilience-building is an effective way to deal with
social-ecological change characterized by future surprises and unknowable
risks. It can be accomplished by actively developing and engaging the capacity
to deal with change, for example, by improving social learning from past
disaster events and looking for the windows of opportunity to affect policy
change. Resilience provides a way for thinking about policies for the future,
an important consideration in a world characterized by unprecedented
environmental change.
Of particular interest, we need to know when a perturbation or change
might lead to a non-linear response, a response that is out of proportion to the
size of the perturbation. Non-linear responses may lead to threshold effects,
breakpoints or abrupt changes that occur in systems with multiple stable
states. In resilience terminology, the shift from one stable state to another is
a regime shift or a flip. Such a regime shift occurs when the threshold level of
a controlling variable is exceeded, such that the nature of feedbacks changes,
resulting in a change of trajectory of the system itself. Threshold effects are
pervasive in both biophysical systems (e.g., the breaching of a seawall) and
social systems (e.g., a society dissolving into chaos after a civil war). The
following stories help illustrate some of these ideas.
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Story of the Canadian Atlantic cod fishery
Often known as the Newfoundland cod fishery, the Canadian Atlantic
cod fishery, once one of the largest fisheries in the world, collapsed in
1992, forcing closure. It has not recovered even though the closure has
been maintained, except for some local use and sampling for monitoring.
The case offers an illustration of the failures of conventional management
and application of some resilience concepts (Charles 2007). MA (2005)
uses the Newfoundland cod case as an example of non-linear response
and threshold effects, and the fact that depleted stocks may take many
years to recover or not recover at all (Figure 4.1).
Until the late 1950s, the Newfoundland cod was used by inshore smallscale fishers and migratory seasonal fleets from Europe. In the late 1950s,
offshore trawlers began exploiting deeper waters, and catches increased
sharply with the entry of offshore fleets into the fishery in the 1960s.
Harvests reached a peak in the late 1960s, leading to internationally
agreed quotas in the early 1970s. Despite quota management, however,
catches declined sharply in the 1970s, followed by Canada’s unilateral
declaration of a 200 mile Exclusive Economic Zone in 1977, ahead of the
1982 UN agreement on the Law of the Sea. This measure initially halted
the decline, and the fishery seemed to be recovering in the late 1980s.
Even though it was under a national quota system, using conventional
resource management approaches, the fishery collapsed in 1992. What
actually did happen to the fishery, and why it has not recovered have
been hotly debated ever since.
One explanation uses ideas of non-linearity and threshold effects. In
the 1960s, the sharp increases in harvest were in fact proportional to the
increasing fishing effort. However, the sharp declines in the 1970s and
the final collapse look like non-linear effects. It may have been caused
by fishing effort exceeding the threshold of some controlling variable.
Resilience theory would predict a regime shift from one stable state to
another, and this is in fact what we find. Cod has collapsed and the stable
state characterized by benthic fish has flipped into a different stable state.
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The new state is characterized by an invertebrate fauna of crab, shrimp
and lobsters. These have increased, presumably because the predation
pressure on them by the previously dominant benthic fish (“groundfish”)
has been lifted.
The aggregate value of the catch in Atlantic Canada, in fact, has not
declined since the cod collapse. The increased value from the invertebrates
has made up for the loss of groundfish — the real tragedy is a social
one. The inshore fishers are the losers in this flip because they do not
have the capital to enter the offshore, deep-water fisheries for valuable
shellfish. They do have access to lobster and to some extent crab, and
these maintain the post-1992 inshore fishery. Both alternative states
(groundfish vs. shellfish) are stable in the sense that small perturbations
cannot flip them. Now that the invertebrates dominate, the system is
resilient and will not easily flip back to a cod-dominated state.

Figure 4.1. Example of non-linear change used by MA (2005) shows the growth
and eventual collapse of the Newfoundland cod fishery.
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The story explains why the collapse can be considered a shift in alternative
stable states, responding to change. Fishing technology has changed and
fishing pressure increased over several decades. The social subsystem has
been subject to drivers such as international markets; the ecological subsystem
has been subject to drivers such as climate change. Thus, the Atlantic cod
social-ecological system has been neither predictable nor controllable. As
well, the appropriateness of the science used for management is questionable.
Ames et al. (2000) have argued that conventional management models that
approach overfishing with a single variable (fishing mortality), at a single
spatial scale (range of the stock), and at a single temporal scale (one year) are
not likely to work. This is because such models are omitting multiple-scale
factors and complexity such as the presence of multiple discrete stocks.
The recognition of the pervasiveness of non-linear responses and threshold
effects are part of the revolution in the current science of ecology. The
notions of stability and other positivistic assumptions that have guided
ecosystem management for almost a century have given way to the idea of
non-equilibrium systems, multiple steady-states and surprises, necessitating
management for resilience. Further, as many of the elements of uncertainty
and surprise are social, economic, political and medical, this makes it
imperative for resilience theory to fully incorporate elements of the social
subsystem of the social-ecological system.
The extension of resilience theory to the social realm has led to the
consideration of the key ideas of adaptive capacity and the ability of social
systems (such as institutions) to learn and adapt in response to change (Folke
et al. 2005). Even though learning is about individuals in conventional
education theory, learning in the resilience sense refers to social and
institutional learning. Such learning is a crucial element in the dynamics of
participatory management (Armitage et al. 2007), interactive governance
(Kooiman et al. 2005), and adaptive governance (Chapin et al. 2009). Key
issues include social and institutional learning from previous crises, and the
institutions and people that provide social memory necessary for renewal
and reorganization. In many Indigenous and traditional societies, the elders
are the holders of social memory; in urban and industrial societies, this role
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is much less clear.

Applied Resilience: More Stories
Resilience thinking provides an entry point for the study of uncertainty
and change, and it is useful to examine some examples. Many resilience
applications are common sense and follow from the basic definition of the
concept. For example, in the 2004 Asian tsunami, coastal devastation in Sri
Lanka, Thailand and some other countries was explained in part as related to
loss of mangroves and their buffering capacity. Following this line of thinking,
resilience approach also made it possible to link tsunami devastation to coastal
vegetation clearing for shrimp aquaculture, and the increased vulnerability
of coastal populations to cyclones and storm-surges partly as a result of
globalized shrimp markets.
Some resilience applications help emphasize the importance of flexible and
locally controlled management. For example, padu systems in southern India
provide rules for the conduct of caste-specific, gear-specific, species-specific
coastal and lagoon fisheries. They randomize fishing success through the
assigning of fishing sites to members by lottery, and seem to be resilient
because they have persisted over time, despite increases in fisher numbers
and declines in catch per unit effort. These padu systems are important for
managing resources as well as people; they help reduce conflict and provide
social identity for members of the fishing caste. Padu rules are flexible, for
example, based on local observations of environmental change, allowing
adjustments to deal with siltation and periodically reallocating fishing sites
(Lobe and Berkes 2004). At the same time, note that padu itself is based on an
institution (the Indian caste system) which has persisted despite laws against
it – thus showing that resilience is not always positive.
Other resilience applications are related to ensuring resource renewability.
An example is the First Salmon Ceremony which was practiced historically
by many Indigenous groups in the Pacific Northwest of North America, from
northern California to Alaska. This ceremony is important in its own right as
a part of Indigenous culture (Swezey and Heizer 1977). But it also seems to
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have served a resource management function. It is known that an experienced
observer could make a qualitative assessment of the strength of a particular
salmon run. Based on this assessment, ritual leaders could adjust the timing
of the ceremony to allow for a portion of the run to escape upstream before
declaring the fishery open.
The system may be judged as resilient because it does not aim for harvest
efficiency, or maximizing the catch, but rather for ensuring that the salmon
stock renews itself. Since there are year-to-year variations in the strength
of the salmon run, the Indigenous system makes adjustments by delaying
the opening of the fishery in bad years. This ensures that sufficient numbers
of reproductive fish escape upstream and reach the spawning grounds.
The system is based on making good observations of the fish, an accurate
judgement of the strength of the run, an ability to set the opening date flexibly,
and the social enforcement of the management rule.
Can an Indigenous leader, with deep understanding of the salmon but
without the science behind it, produce results similar to those achieved by biological management — without the research infrastructure and quantitative
data? I posed the question to tribal biologists in Oregon while on a lecture
trip with the American Fisheries Society. According to tribal biologists, an
experienced observer can in fact do a pretty good qualitative visual assessment
of the strength of a salmon run. Contemporary scientific management
does something very similar but uses more intrusive techniques, such as
forcing salmon through a counting fence. Without the quantitative data at
his disposal, the ritual leader presumably makes a qualitative assessment of
the strength of the run and of the number of spawners that should escape
upstream before the fishery is declared open and the event is marked by a
ceremony (more detail in Berkes 2018).
One intriguing story of resilience applications concerns the Gulf of Maine
where a number of factors have come together to result in a highly successful
lobster fishery. In contrast to declining stocks in many parts of the world,
the Maine lobster fishery is more successful than ever in its history. But it
resembles a shellfish farm. Lobster predators, large bottom-feeding fish such
as cod, have become locally extinct. Fishers feed the lobsters with herring
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used as bait in traps, and have devised management methods to maximize the
number of large reproductive individuals by placing them under permanent
protection.

Story of the Gulf of Maine as a lobster pond: monocultures and
resilience
The commercial fishery of the Gulf of Maine relies very heavily on
lobsters; in fact, some 80 to 90 percent of the value of the entire Gulf
comes from this one species, Homarus americanus. It was not always
like this. In the late 1800s cod was the most valuable fishery. During the
1930s, the fishery developed the ability to target spawning aggregations
of coastal cod and haddock. By 1949, these stocks were declared depleted
by the State Government of Maine (Steneck et al. 2011). Oral history
from retired captains indicate that these were distinct stocks of cod and
haddock, many of them identified by name and location by the fishers
(Ames et al. 2000). The harvest of more distant stocks of cod continued
from the 1950s to the 1970s.
By the 2000s, however, the Gulf of Maine had become a highly
simplified and domesticated ecosystem similar to agricultural and
aquacultural systems (Steneck et al. 2011). In many respects, the Maine
lobster fishery does not look like a wild fishery but shares many of
the characteristics of aquaculture: control of predators (no groundfish);
provision of food (herring as trap bait); and a greatly simplified food web.
The population density of lobsters at depths of 20 m and less is one to two
lobsters per square meter over hundreds of km of coastline, higher than
anywhere else in the world (Steneck et al. 2011). In some places, lobster
traps are set so close together that the floats of the traps look like mooring
buoys in a small-craft harbour!
Success of Maine lobster fishery is due to effective management, partly
designed and largely enforced by lobster fishers themselves. Fishers
have developed their own rules of conduct, including territoriality in
some areas. By law, fishers return undersized lobsters and egg-bearing
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individuals to the sea. But perhaps even more important, they have
developed a technique called the v-notch, whereby “berried” (egg-bearing)
lobsters are marked with a “v” cut into the tail. This marks these
individuals as proven reproductive stock, and such v-notched lobsters
cannot be landed or sold, cumulatively building up a huge reproductive
population.
By all conventional resource management measures, this is a very successful
fishery. But is it sustainable? From a resilience perspective, the Maine lobster
fishery may be characterized as a “gilded trap”, one in which the current state
delivers lucrative short-term economic returns, but at increasing risks of
collapse and loss of resilience (Steneck et al. 2011). The problem is that, as
with monocultures everywhere, the unnaturally high density of lobsters in
the Gulf of Maine increases their susceptibility to disease. There is no disease
now in the Gulf. But only about 200 km south of the area, in eastern Long
Island Sound, shell disease lethal to some three-quarters of lobsters has been
recorded in unusually warm summers. Hence, Steneck et al. (2011) surmise
that similar events can occur in the Gulf as sea-water temperatures continue
to rise due to climate change.
Some of the fishers themselves see the risk but few want to return to the
alternative stable state, a fishery that is ecologically and economically diverse,
with cod and other groundfish predators of lobster. Many fishers carry high
debt loads, and see themselves as stuck in a social trap, the current stable state
characterized by high profitability but lacking the economic and biological
diversity required for resilience and long-term sustainability. Some, in fact,
seem to be ready for a system transformation – out of the fishery and into a
recreation and tourism economy in which the Gulf becomes a playground.
Some fishers have been investing in guesthouses and other tourist amenities,
towards an economy in which the commercial fishery is no longer a major
player.

63

TOWARD A NEW SOCIAL CONTRACT

Conclusions
The Newfoundland cod, the First Salmon ceremony, and the Gulf of Maine
cases, along with some of the other examples in this chapter and previous
chapters, can be used to generate lessons from resilience thinking for marine
and coastal resources.
• Seek resilience for management goal, rather than stability
Social-ecological systems are rarely stable. Rather, they are nonequilibrium systems or systems characterized by multiple stable-states,
as in the Newfoundland cod and Gulf of Maine examples. Hence, stability
of resource supply, fixed catch quotas, simplification and control are not
goals that lead to sustainability. Instead, maintaining variation, diversity,
ecosystem processes, system memory, and renewal processes make more
sense.
• Aim to retain and restore critical types and ranges of natural and
social variation
Natural variation includes species and genetic variation, habitats and
ecosystems. Different practices and methods of fishing also add to
diversity, and the ability to switch species and gears. Also important
are the diversity of livelihood strategies developed by different groups of
fishers, and their access to resources they need over the seasonal cycle.
• Accommodate change, allowing for innovation and adaptation
through windows of opportunity
Resilience theory focuses on systems characterized by cycles and constant
change. Innovation and adaptation in these changing systems require
diversity as the raw material and system memory as the source of renewal.
Timing is important to initiate change; for example, policy change can
often benefit from timing to windows of opportunity.
• Emphasize the importance of responding with flexibility and
keeping options open
First and foremost, resilience is about flexibility and keeping options
open. For example, the First Salmon Ceremony provides a flexible
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solution for dealing with environmental uncertainty and year-to-year
fluctuations. By contrast, the lobster monoculture in the Gulf of Maine (a
very successful fishery by conventional criteria) is vulnerable to disease,
and needs diversification to keep options open.
• Eliminate the various dichotomies that characterize conventional
resource management
Eliminate divide between (1) the social system and the natural system;
focus on the integrated social-ecological system; (2) science and management, as done in adaptive management; (3) user and decision-maker, as
done in participatory management; and (4) different ways of knowing.
• Create learning institutions to provide flexible governance
Learning-by-doing is important because there are no set recipes or
blueprints for management in the face of uncertainty. Adaptive comanagement, interactive governance, and adaptive governance are some
of the terms that capture related ideas of flexible management based on
institutional learning and experimentation.
The main elements of resilience thinking include treating social-ecological
systems as complex adaptive systems characterized by cycles and uncertainty,
and social systems and ecosystems as coupled and co-evolving. If the Gulf of
Maine lobster fishery collapses and the restoration of the cod population is
not an option, then the system may be transformed out of a fishery and into
a recreational economy. Transformation occurs when coping and adapting
to change are no longer possible (Folke et al. 2010). In the Gulf of Maine
case, not only the species and technology would be changing, but also the
economics of the region and the social/cultural makeup of former fishing
communities — that is, the whole social-ecological system is transformed.
By origin, resilience is an ecological idea. The social science half of
resilience is not as well developed but should be. For example, adaptability
is mainly a function of the social subsystem of the integrated system, and
adaptation is not a mechanistic or predetermined outcome. Human agency,
including the role of individuals, leaders and institutions, influence outcomes.
This collective capacity to manage resilience determines whether thresholds
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can be successfully avoided. As well, issues around power and conflict
are important, as they explain the persistence of top-down management
and shape the ways in which partnerships and collaboration may take
place. Resilience thinking takes us in the direction of learning-by-doing,
pluralism, collaboration, partnerships and adaptive governance, and creates
new opportunities for bridging social and natural sciences towards a more
holistic understanding of human interactions with the sea.

A cove in the Gulf of Maine, northeastern United States: a question of alternative
stable states. Continue SSF livelihoods based mainly on lobster, or transform into a
mainly recreation and tourism economy? (Photo: F. Berkes).
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Manage the fish or manage the fisher? Lobster fishing is labour-intensive, and
Canada’s lobster fleet consists of small- and medium-scale boats. The fishing
harbour shown here (Port Mouton Bay, Nova Scotia) is perhaps typical of the
smaller fishing communities in the Maritime Provinces. (Photo: F. Berkes).

Humans are an integral part of marine ecosystems, especially in the
Anthropocene in which human activities have started to play a decisive
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role in influencing natural systems at all levels from local to global. As
we have seen briefly in the earlier chapters, the term social-ecological
system is used to emphasize the integrated concept of humans-in-nature,
and to stress that the delineation between social and ecological systems
is artificial and arbitrary. Based on Berkes (2011), this chapter takes a
more detailed look at the social-ecological system and the implications
for taking it as the unit of analysis.
Many models exist for humans-in-nature relationships, but this has not
prevented the de-coupling of social systems from ecosystems in the study
of fisheries. To restore unity, first we look at the historical background of
the concept, followed by some examples that make complexity effects of
social-ecological systems visible. Globalization, as distinct from global
environmental change, provides a useful set of cases that illustrate the
effects of driving forces that impact marine social-ecological systems and
small-scale fisheries.
Marine ecosystems have biophysical subsystems and human subsystems,
including economic, political, social and cultural components, management
and governance. As fisheries science became more specialized in the last
century, the study of biophysical subsystems was largely disconnected from
the study of human subsystems. To restore unity in managing marine socialecological systems, there is a need to reconnect natural science, social science
(including humanities) perspectives, and reconcile the various disciplines
with largely different scientific traditions.
Reconnecting natural science and social science perspectives, rather than
treating the two as separate and distinct systems, produces different management alternatives and outcomes. But reconnecting is not so easy because
it would require reconciling the various disciplines with largely different
scientific traditions: natural sciences, social sciences, and humanities –
along with a diversity of traditions within each. Obviously, much of
the research on marine ecosystems will continue to pursue disciplinary
traditions. But understanding and dealing with global issues will require
interdisciplinary collaboration to interpret causes, to weigh consequences,
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and to design policies for mitigation and adaptation. As driving forces of
change are increasingly internationalized, the impacts of these drivers emerge
independently of the place where they are produced.
The two subsystems are interconnected with two-way relationships. The
dominant biophysical discourse on global environmental change tends to
investigate how human activities are affecting ecosystem conditions and processes, with social science input often limited to information on population
change, economic growth, technology and development. However, to deal
fully with the interconnections of the two subsystems, it is not sufficient to
regard humans as merely stressors and/or managers. Rather, the analysis
needs to seek a detailed understanding of the mechanisms of this two-way
relationship. The discourse needs to expand into a discussion of resilience
(Chapter 4), along with a number of areas and conceptual tools that will
be coming up in Part III of this book: commons, co-management, adaptive
management, social and institutional learning, collaborative research and
monitoring, and partnerships.
Re-integrating social and ecological subsystems in world fisheries also
needs to reconcile global environmental change (largely in the purview of
natural scientists) with globalization (largely in the purview of social scientists
and humanists). Both are important, and are themselves interconnected and
interactive. Marine ecosystems are increasingly coming under the impacts
of global environmental change. For example, climate-related changes are
already obvious in marine ecosystems. Biodiversity loss, habitat destruction,
and pollution — which used to be predominantly local and regional — have
become global in nature. Global changes are taking place in human systems —
globalization, sometimes defined as the compression of space and time scales
with regards to flows of information, people, goods and services (Young et al.
2006). Such changes, including the globalization of trade in marine products,
are also impacting marine ecosystems.
There is no common agreement for the way ahead, but there is ongoing
search and thinking along a number of lines. For purposes of this chapter,
we are concerned with two of these lines: recognizing the significance and
implications of the interconnected nature of the social and ecological sub69
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systems, and understanding drivers of change emerging from globalization
effects. We start with the historical background of social-ecological systems.

Social-Ecological Systems: Historical Background
Fishing is a human activity. As with many natural resource systems, fisheries
are not purely biophysical systems isolated from human influence, nor are
they purely social systems that function independently of the ecosystems that
provide services and resources that humans need. Although many studies of
fisheries have examined some aspect or another of human-nature interactions
in fisheries, the complexity of coupled social-ecological systems has not
been well understood or appreciated, at least until recent years. This lack of
progress is partly due to the disciplinary separation of ecological and social
sciences in the study of fisheries.
A number of fields have traditions of human-environment integration. In
geography, the human ecology school of the 1930s developed the notion
that nature is the base on which society rests. Also starting in the 1930s, the
cultural ecology approach of anthropologists dealt with adaptive processes
by which societies lived in and used their environment. Ingold’s “dwelling
perspective” elaborates this integrative concept of humans-in-nature. Seen
as the basis for putting humans back into the ecosystem, it involves the “skills,
sensitivities, and orientations that have developed through long experience
of conducting one’s life in a particular environment” (Ingold 2000, p. 25).
Over the last few decades, a bewildering array of human-nature models has
been developed in a number of disciplines (Glaser 2006). Natural and social
scientists have been rediscovering the unity of people and nature well known
to traditional and Indigenous societies through such concepts as vanua in Fiji
(a named area of land and sea, considered an integrated whole with its human
occupants) and aschii/aski (integrated concept of “land”, consisting of living
landscape, humans and spiritual beings) of the Cree people in north-eastern
Canada (Chapter 19).
Berkes and Folke (1998) used the term social-ecological system to emphasize the integrated concept of humans-in-nature, and to stress that the
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delineation between social and ecological systems is artificial and arbitrary.
Social-ecological systems may be defined as integrated complex systems
that include social (human) and ecological (biophysical) subsystems in a twoway feedback relationship (Figure 5.1).The term emphasizes that the two
parts (social system and ecological system) are equally important (not one
more important than the other, as implied for example by the term
“socio-ecological”). They function as a coupled, interdependent and coevolutionary system. Human actions affect biophysical systems, biophysical
factors affect human well-being, and humans in turn respond to these
factors.

Figure 5.1. Social-ecological system consisting of nested social (human) and
ecological (biophysical) subsystems, and integrated by two-way feedbacks through
relationships, here indicated as governance institutions.
We have argued, along with others, that the most appropriate analytical unit
for the study of sustainability is the social-ecological system, or the coupled
human-environment system. For example, the Millennium Ecosystem
Assessment is not about ecosystem services or about human well-being alone
but about the relationships of the two (MA 2005). The sustainability science
approach is neither about the global biophysical system alone, nor about
the social-economic-political system but the interaction between the two.
The resilience approach often focuses on biophysical and social subsystems
together because it is the interaction of the two that is particularly informative
about non-equilibrium processes and surprises that account for the behaviour
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of the system as a whole.
Further exploring the concept, Figure 5.1 depicts both social subsystems
and biophysical subsystems as nested (or hierarchical). Nested ecosystems
(e.g., Adriatic Sea — Mediterranean — North Atlantic …) is the obvious
choice of scale for the biophysical subsystem. Nested social systems can be
institutions, jurisdictions, or a hierarchy of resource management systems.
Following Cash et al. (2006), scale is defined as the spatial, temporal,
quantitative, or analytical dimensions used to measure a phenomenon, and
levels are defined as the units of analysis located at different positions on a
scale.
Figure 5.1 shows the two-way interaction between the two subsystems
of a coupled social-ecological system as going through a governance filter,
incorporating institutions, policies, management measures, all based on
ecological knowledge and understanding. Instead of governance filter, one
may insert a number of alternative terms, as appropriate, to highlight the
different aspects of the relationship that link the social and ecological systems:
institutions, ecological knowledge, or environmental values, culture and
worldview. The important point remains that the system shown in Figure
5.1 is a coupled system with two-way feedbacks.

Are Complex System Effects “Visible”?
Figure 5.1 highlights the importance of rights, rules, decision-making systems,
knowledge systems, research and communication, all of which are created by
humans to mediate the two-way interactions between the two subsystems.
This governance system is important to dampen the impact of humans on
the global system. But it is also important for providing mechanisms, such as
insurance schemes and emergency assistance programs, that help cushion
the impact of biophysical factors (e.g., hurricanes, sea-level rise) on human
systems. The social-ecological system at the global level, the “earth system”
in the terminology of international global environment change research
programs, is not the only level of interest. Complex systems function at
several different levels, and all of these levels are important.
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The implementation plan of the parties to the 2002 World Summit on
Sustainable Development had 81 references to “at all levels” in just 50 pages
(Cash et al. 2006), indicating the international recognition that we can no
longer deal with global problems only at national and international levels.
The social-ecological system can be specified for any level within a scale,
from the local community to the international. The links between social
and ecological subsystems are different at different levels of a scale. For
example, the people of a fishing community may be primarily interested in
obtaining fish, shellfish and other marine products from their local ecosystem
for their livelihood needs, whereas the national government may be primarily
interested in stimulating the production of high value export commodities
such as aquaculture shrimp.
As well, driving forces of change that are operating at the level of the
community or region may be quite different from those at the national
level. Drivers of change affect social-ecological systems in complex and
unpredictable ways, providing the evidence that we are dealing with complex
adaptive systems phenomena (Levin 1999). It is the interaction of the two
subsystems that is often responsible for some of the more puzzling kinds
of complexity. In many sustainability problems, the investigation of the
social subsystem or the ecological subsystem alone gives an incomplete
(and sometimes misleading) understanding of the issue. To understand the
behaviour of the system as a whole requires analyzing social and ecological
subsystems together.
Using simple mathematical models, researchers have shown that unwanted
collapse in aquatic systems could occur even when ecosystem dynamics
were fully known and managers had full knowledge and control of human
actions. Such insights could not have been obtained by analyzing social
and ecological subsystems separately (Carpenter et al. 1999). Convincing
evidence comes also from Liu et al. (2007) who studied the complexity
of coupled human and natural systems across six well documented cases.
They found that these systems exhibited patterns and processes typical of
complex adaptive systems, including non-linear effects, thresholds, reciprocal
feedbacks between the two subsystems, and memory (legacy) effects that are
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essential for system renewal. Very much to the point, many of these processes
were not apparent when the cases were analyzed by separate groups of social
and natural scientists. They became apparent only when the integrated system
was considered.
All of these examples indicate that integrated social-ecological systems
are complex adaptive systems. A complex adaptive system has a number
of attributes not observed in simple systems, including scale, uncertainty,
nonlinearity, and self-organization, and each of these has implications for the
management of marine social-ecological systems. The reciprocal feedback
relations between the subsystems, non-decomposability (the subsystems
cannot be pulled apart and put back together again), and the unpredictable
ways in which drivers act all are all indicators of complexity. The next section
illustrates these ideas further.

Drivers Related to Globalization
Many of the complex processes and behaviours of social-ecological systems
emerge from the dynamic interplay between the two subsystems. One way
to illustrate this dynamic interplay is by examining the effects of drivers
from global environmental change and globalization. There is a large and
well developed literature on global environmental change in such areas as
diversity and habitat loss, pollution and climate change. This literature has
been examining the impact of changes on fisheries, and the ways and means
by which human impacts may be regulated.
Compared to the impact of global environmental change, the impact
of globalization on fisheries is not documented as thoroughly. As well,
the literature on the interaction between global environmental change
and globalization is poorly developed and often obscure. However, such
interactions provide perhaps some of the best examples of the complexity
of social-ecological systems in action. Table 5.1 provides some examples of
drivers of change involving globalization.
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Table 5.1. A sample of drivers of change related to globalization

Internationalization of the shrimp trade, one of the best known examples
of globalization of markets for marine products, is seen as a driver of both
coastal habitat loss and biodiversity loss in many parts of the world, in the
effort to clear space for aquaculture. Its impact on coastal mangroves has
been particularly damaging (Primavera 1997). The loss of mangroves, along
with other coastal vegetation, has made people more vulnerable to coastal
disasters. For example, the 2004 Asian tsunami was a natural disaster, yet the
devastation in countries such as Sri Lanka and Thailand was also because of
the loss of mangroves and their buffering capacity, due to the expansion of
shrimp aquaculture for global markets (Adger et al. 2005).
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The motivations for and the impacts of the globalization of shrimp are
not seen only at national and international levels; they are also apparent
at local and regional levels. The actual mechanisms involve national-level
economic policies (the desire to generate foreign exchange), regional decisions
(economic development), and local-level interests. Factors may include the
desire of coastal land owners to make a quick profit, skills of local influential
people to seize control of government land by clearing mangroves, or the
ability of financial interests to displace small-scale fisheries (Nayak and Berkes
2010),
In Kerala, south India, shrimp (prawn) was transformed from fertilizer to
“pink gold”, as international demands and prices rose sharply in the 1970s.
South India has a long tradition of coastal brackish water aquaculture, using
a rotation of salt-tolerant pokkali rice and a mix of fish and invertebrates.
In many places, this system was replaced by intensive shrimp aquaculture.
But the new system was not sustainable. Lack of tidal flushing resulted
in the accumulation of salt in ponds, and use of chemicals to maintain the
monoculture and suppress shrimp disease resulted in collapse. A recurring
pattern of declining production and profits is common in intensive shrimp
aquaculture worldwide. Some areas such as the Gulf of Thailand show a
boom-and-bust cycle that travels around the coast as intensive aquaculture
runs its course, leaving behind a devastated coastal landscape, and moving
on to another site (Huitric et al. 2002).
Not all globalization examples in Table 5.1 work to the detriment of socialecological systems and small-scale fisheries. Certification and eco-labeling
are forms of voluntary agreements whereby producers agree to meet certain
environmental standards, with the idea that consumers are willing to express
their preferences by paying higher prices for ecofriendly products. However,
very few small-scale fisheries around the world have ever been able to obtain
certification. It seems that large-scale fisheries can afford the relatively
large cost of documenting sustainable use of stocks that is necessary for
certification, and small-scale fisheries cannot.
Illegal, unreported and unregulated (IUU) fishing and the by-catch problem
affects resource sustainability. Unreported fishing includes the by-catch that
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is not landed and does not show up in catch statistics. The various kinds of
IUU fishing adds up to a huge problem and a major contribution to declining
fish stocks. It has been suggested that the dumping of undersized cod
contributed to the 1992 collapse of the Newfoundland cod. That is, fishing
fleets likely dumped lower-priced small cod which would have counted
against quota allocations, lowering revenues. Globally, The FAO estimates
that about 30 percent of all fishing may be IUU fishing, affecting communities
and resources, especially in developing countries.
Some of the globalization drives come as surprises, such as the finding in
the 2000s that HIV/AIDS infection rates among fishers in some countries,
especially in Africa, were unexpectedly high. This vulnerability was initially
explained in terms of fisher lifestyle and risk-taking, but the causes seem to
be a great deal more complex than that. Westaway et al. (2007) attribute high
HIV/AIDS infection rates to a complex of interacting causes that include
mobility, time spent away from home, periodic access to cash in an overall
context of poverty, and availability of commercial sex in ports. Other sectors
in fisheries, such as fish vendors, dominated by women in many countries,
are also vulnerable due to their daily interaction with fishers. The problem is
widespread, and other pandemics, such as Ebola and COVID-19, are likely to
be contributing to the problem as well.

Globalization Drivers and International Policies
Some international policies have the potential to impact national fisheries
policy and practice. One early example was the Code of Conduct for Responsible Fisheries. Initiated by the FAO in 1991, it provides a comprehensive
set of sustainability guidelines for marine social-ecological systems. The
guidelines address (among others) ecosystem stewardship, dispute resolution,
the precautionary principle, international law, and international trade in fish
products, and rely on the voluntary compliance of nation states. The next
generation of guidelines relevant to marine social-ecological systems was
published by the FAO in 2015: Voluntary Guidelines for Securing Sustainable
Small-scale Fisheries, known by its short name, SSF Guidelines.
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The first two of the six objectives of SSF Guidelines are “to enhance the
contribution of small-scale fisheries to global food security and nutrition…
” and “to contribute to the equitable development of small-scale fishing
communities and poverty eradication…” Paragraph 1.2 of the SSF Guidelines
indicate that “These objectives should be achieved through the promotion
of a human rights-based approach, by empowering small-scale fishing
communities, including both men and women, to participate in decisionmaking processes.” The SSF Guidelines also mention equity and equality
(3.1.5) for promoting justice and fairness, decentralization/devolution, and
co-management. Paragraph 5.3 indicates that “States, in accordance with
their legislation, should ensure that small-scale fishers, fish workers and their
communities have secure, equitable, and socially and culturally appropriate
tenure rights to fishery resources.” Each of these points is important for
marine social-ecological systems and for small-scale fisheries in particular.
A number of other international agreements and conventions can also be
listed here, including the Convention on Biological Diversity, with its stipulations concerning endangered and vulnerable species, and benefit-sharing
rights of Indigenous peoples and local communities. Not directly involved in
fisheries governance but of potential impact are the Millennium Development
Goals (MDGs) that ended in 2015, and its successor, Sustainable Development
Goals (SDGs). Implemented by the UN Development Programme, there are
seventeen SDGs, including the eradication of all forms of poverty (SDG 1)
and hunger (SDG 2) by 2030.
Regarding marine social-ecological systems, the most relevant goal is SDG
14 Life below Water, somewhat misnamed, considering that most fishers
are above water ( Jentoft 2019)! The sustainable use objective of SDG 14
does not clarify who the beneficiaries might be: large fishing corporations
or millions of small-scale fishers and coastal communities? SDG goals are
accompanied by targets. For example, Target 14.b is to “provide access for
small-scale artisanal fishers to marine resources and markets,” accompanied
by a measurable indicator. As Charles (2017) points out, SDG 14 can be
guided by the kind of innovative thinking found in the SSF Guidelines to be
more effective.
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Policy drivers like SDGs are relevant to marine social-ecological systems
because they interact with agriculture and other livelihood systems. For
example, reducing poverty in the overall system has impacts on fishery management. High rates of infection from pandemics impede the ability of fishing
communities to escape from poverty and hunger. Such a broader socialecological approach to fishery management is fundamentally different from
treating management merely as stock assessment. Addressing complexity
in marine social-ecological systems means paying attention to drivers, and
dealing with a number of characteristics of complex adaptive systems ignored
by conventional resource management.
The examples in this chapter draw particular attention to scale issues,
making the point that governance occurs at multiple levels. The shrimp
aquaculture example shows that various levels have roles to play, and that the
role of the local level is particularly important. Local empowerment requires
decentralization, bringing decisions closer to the people impacted by those
decisions. This idea is known as the Principle of Subsidiarity, which has
been incorporated into the Maastricht Treaty that lays out the framework
for establishing the European Community: “decisions [should be] taken as
closely as possible to the citizen” (McCay and Jentoft 1996). But implementing
the idea is fraught with complications related to the accountability and
responsibility of local decision-makers to the users.

Conclusions
The social and ecological subsystems of fisheries have been disconnected
(decoupled) over the years, and they need to be re-connected to restore unity.
However, in reconnecting natural science and social science perspectives,
social determinism becomes a potential issue: there is a danger of thinking
that the behaviour of human systems can be equated with that of natural
systems. Human actions are responsible for many of the drivers, but the
outcomes are not mechanistic or predetermined. Human agency, including
the role of individuals, leaders and institutions, is important and influences
outcomes. Universal models, no matter how sophisticated, do not serve well
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to understand local-level dynamics. It is the interplay between place-based
cases and global drivers that provide an understanding of the whole (MA
2005). The tools needed for such an analysis include the use of the concepts
of scale and level, a vocabulary to deal with the interplay of institutions
at different levels (Young et al. 2006), and how they can deal with marine
ecosystem dynamics.
The notion of complexity is one of the key ideas in this regard. One
of the insights from complexity thinking is the multiplicity of scales and
levels, and the fact that they are all relevant. The choice of scale and level is
politically significant, as it may privilege one perspective over another (Reid
et al. 2006). But there is no one correct perspective in a complex adaptive
system. The perspective depends on the interest of the observer. A complex
social-ecological system cannot be captured using a single perspective. It can
be best understood by the use of a multiplicity of perspectives, which is one
of the arguments for the use of participatory approaches.
The notion of drivers of change is another key idea that the MA (2005)
project brought into common usage. The analysis of drivers reveals, in such
cases as globalized shrimp trade, that the investigation of the social subsystem
or the ecological subsystem alone would give an incomplete understanding of
the behaviour of the system as a whole. Whereas the old-school conventional
fishery manager could carry out his/her trade by doing little more than stock
analysis, the contemporary manager needs to look much farther afield to
govern the marine social-ecological system, including such considerations as
food security and such factors as infectious diseases. Pandemics are a complex
problem posed by globalization, driven by the dynamics of a shrinking and
increasingly interconnected world. Infected fisherfolk are often too sick
to work, becoming dependent on others, and further stressing local food
security and the local social-ecological system. All of these are new problems
for the manager.
Also part of the transition from old-school fishery management to socialecological system governance is the changing role of the manager. He/she is
no longer the unquestioned decision-maker using expert-knows-best science
to control a supposedly predictable system. Instead, the role of the manager is
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a humble one — as a co-manager, facilitator, and co-producer of knowledge,
integrating participatory methodologies into all levels. Such management
is not control-oriented; rather, it is about governance, social learning and
adaptive management. It serves to maintain the productive capacity and
resilience of the linked social-ecological system, including the well-being of
the fishers and fishing communities.

Gouyave, Grenada: Longline fishers use a beach seine (upper photo) to collect
bait fish, but leave some behind on the beach for the local poor to glean. Note
the women collecting fish (lower photo). This is part of the social safely net
function of the SSF, helping with local food security (Photo: F. Berkes).
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In Maine, the eastern United States, the green sea-urchin (shown in the container
mixed with scallops) proliferated following the loss of its fish predators, itself in turn
becoming a fishery for “roving bandits” for sushi markets (Photo: Bob Steneck).

In 2006, we published a short paper in Science co-authored by 15
Canadian, Australian, United States, Swedish. and Dutch ecologists,
social scientists and resource economists (full author list in the Acknowl82
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edgements section of this book). We focused on one of the little recognized
consequences of globalization in an age of neoliberal trade policies. We
pointed out that highly mobile fishing enterprises – which we described
as “roving bandits” – were plundering marine resources at an alarming
rate, so much so that some stocks were disappearing before there was
official recognition of a conservation problem.
What made roving banditry different from ordinary commons overexploitation was a new dynamic unique to the globalized world: international markets for specific marine products were developing so
rapidly that the speed of exploitation often overwhelmed the ability of
local institutions to take action. Roving bandits were depleting stocks
faster than regulatory agencies could respond. We called for action
at global, national and local levels to replace destructive economic
incentives with conservation incentives, secure local resource rights,
mobilize environmental stewardship, and develop institutions with a
broad authority and global perspective that can adapt quickly to changing
circumstances.
Overfishing is increasingly threatening the world’s marine ecosystems. The
search for the social causes of this crisis has often focused on inappropriate
approaches to governance and lack of incentives for conservation (Hilborn
et al. 2005). Little attention, however, has been paid to the critical impact
of sequential exploitation: the spatially expanding depletion of harvested
species. The economist Mancur Olson (2000) argued that local governance
creates a vested interest in the maintenance of local resources, whereas the
ability of mobile agents — roving bandits in Olson’s terminology — to move
on to other, unprotected resources severs local feedback and the incentive
to build conserving institutions. Distant water fleets and mobile traders can
operate like roving bandits (OECD 2004) since global markets often fail to
generate the self-interest that arises from attachment to place.
The effect of roving bandits can be explained as a kind of “tragedy of
the commons”, whereby a freely accessible (or open-access) resource is
competitively depleted. Harvesters have no incentive to conserve; whatever
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they do not take will be harvested by others. Developing the institutions to
deal with commons issues is problematic and slow (Dietz et al. 2003). What
makes roving banditry different from most commons dilemmas is that a new
dynamic has arisen in the globalized world: new markets can develop so
rapidly that the speed of resource exploitation often overwhelms the ability
of local institutions to respond.
Until recently, exploitation of marine resources was commonly constrained
by the inaccessibility of remote and offshore locations. Consequently, early
examples of global markets in fisheries (e.g., Newfoundland Grand Banks
in the 1500s) were characterized by slow growth and relatively inefficient
harvest technology, and were typically based on species that were plentiful,
readily caught and easily transported without refrigeration (e.g. dried,
salted or rendered for oil). Many of these constraints have evaporated with
globalization; even though the consequences have been viewed favorably in
other sectors of the economy, the great trade-induced increases in demand
for fisheries resources have resulted in the emergence of an increasingly
serious ecological and management problem.

Ecological Implications
Sequential depletions of species that are highly interactive (i.e. those
that are major conduits for flow of energy and materials in marine food
webs) pose the greatest ecological risks. For example, the historic overexploitation of sea otters for their pelts in Alaska’s remote Aleutian Islands had
profound ecological consequences, because this keystone predator controls
the abundance of sea-urchins that graze on kelp. Depletion of sea otters
caused massive deforestation of kelp beds by plagues of sea-urchins for over
a century, before active reintroductions of sea otters reversed this trend
(Steneck et al. 2002).
There is a rich history of roving bandits targeting ecologically important
large predators such as the cod that historically dominated North Atlantic
ecosystems. By the middle of the last century, fishing technology had
developed to the point where cod spawning aggregations in the Gulf of
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Maine could be removed wholesale. Within two decades, local stocks had
been depleted, contributing to the rise of invertebrate species such as lobsters,
crabs and sea-urchins that had formerly been prey to cod and other top
predators (Steneck and Sala 2005).
Highly altered ecosystems can often stimulate new fisheries, which typically
target lower trophic levels. In Maine the green sea-urchin (Strongylocentrotus
droebachiensis) proliferated following the loss of its fish predators in the
mid-1980s (Steneck et al. 2002), itself in turn becoming a fishery for sushi
markets. Spurred by strong demand from the Japanese market, an unregulated
harvest began in 1987. The State of Maine was unprepared to deal with the
explosive growth of the fishery and stocks were rapidly depleted. The peak
harvest occurred in 1993 before declining.
To put the Maine sea-urchin fishery in historical context, we show the
spatial expansion of harvests (Figure 6.1a), and the sequential depletion of
stocks by waves of exploitation around the globe (Figure 6.1b). Commercial
sea-urchin harvest began largely for export to Japanese markets, after Japan’s
own resources declined. The Chilean fishery for example supplied relatively
small domestic markets until 1975 when it rapidly expanded into an export
fishery (Andrew et al. 2002). Spatial expansion masked regional depletions, a
common characteristic of sequential exploitation (Myers and Worm 2003).
Global harvest peaked in about 1990 with the expansion of the fishery to new
regions, but declined after that because there were no frontiers left to exploit.
The resulting simplification of food webs and loss of biodiversity are
eroding the resilience of marine ecosystems and increasing their vulnerability
to environmental change (Hughes et al. 2005). For example, fishing pressure
on many coral reefs has increased dramatically with the emergence of export
markets for restaurant and aquarium trades, highly mobile boom-and-bust
fisheries based on rapid air transport to growing luxury markets. Depletion
of herbivorous fishes has contributed to algal blooms on reefs because algae
released from their consumers out-compete corals for space. Consequently,
overfished reefs are less resilient to recurrent disturbances such as hurricanes,
and more vulnerable to coral bleaching and mortality caused by global
warming (Hughes et al. 2003).
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Figure 6.1a (upper). Sequential exploitation of a marine resource.
Initiation year by location of major commercial fishery for sea-urchins.
Colour coded by region, in chronological ascending order: Japan; Korea;
Washington and Oregon; Baja, Mexico; California; Chile; NE Pacific
(Alaska and British Columbia); Russia; NW Atlantic (Maine, Nova
Scotia, New Brunswick). Harvests from other countries were too small to
be shown. All data are from Andrew et al. (2002).
Figure 6.1b (lower). Global sea-urchin harvests over time. Color coded by
region, same as the upper figure. (Figures prepared by D.R. Bellwood.)
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Management Implications
Considering the severe ecological impacts of sequential exploitation as well as
the loss of local people’s livelihoods, it is disconcerting that the phenomenon
repeats itself so often in so many places with little evidence of learning
from experience. There have been few effective responses to this kind of
exploitation because the emergence of specialized export markets for hitherto
unexploited stocks is almost always a surprise to managers. In the case of
small or highly localized stocks, the resource may vanish even before the
problem is noted. In the case of more widely distributed, relatively abundant
species, serial depletions of local stocks may be masked by spatial shifts in
exploitation (see Figures 6.1a and 6.1b).
Existing marine protected areas (MPAs) and no-take areas (NTAs) are
often too small and too far apart to sustain processes within the broader
seascape, and monitoring and enforcement are often inadequate. Even the
Great Barrier Reef Marine Park, the largest MPA in the world [at the time],
33% of which was zoned as NTA, is too small to fully maintain stocks of
marine mammals, turtles and sharks that migrate across its boundaries. In
any case, areas outside NTAs and MPAs also need protection.
At the international level, CITES (the UN Convention on International
Trade in Endangered Species) bans or controls trade only in species placed on
Appendix I or II of CITES, respectively. The meetings to vote on proposals
to place species in the appendices take place every two years, a blunt and
ineffective instrument indeed to protect stocks that may be scooped up within
months. Even identifying species at risk is a gigantic task when undertaken
at the global scale. Other than CITES, there are no restraints on trade or even
effective reporting mechanisms that might signal the onset of new episodes
of sequential exploitation.
Addressing the ecological impacts of globalization means finding ways to
match the growth in demand for local marine products, with the development
of the institutions necessary to regulate harvesting (Young 2002). Appropriate
restraining institutions must be in place before the resource is at risk.
Solutions depend ultimately on changed behavior at the local level, but
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the problem must be addressed at multiple levels. Global, regional and
national bodies need to monitor trade and resource trends and find ways to
disseminate information that stimulates problem solving consistent with
local practices. They need to enable local authorities to learn from the
experience of others around the world. Most importantly, they have to
encourage local governance and assist in the development of resource rights
that align individual self-interest with the long-term health of the resource.
Checks can be established through harvesting permits, certification, and
controls over delivery of products to markets in order to dampen the rate
of increase in demand. Technological changes make detection in global
transport of a product possible. Monitoring of foreign direct investments
(OECD 2004); increased transparency of vessel flag history, and identification
of vessel owners and roving buyers will improve the ability to track potential
problems. These tools could be particularly effective in combination with
the use of the precautionary principle to balance the costs of regulation
against the costs of potential losses due to inaction. For example, Maine’s
precautionary fisheries laws (adopted in response to the sea-urchin debacle)
recognize the need to deliberately seek to slow down the development of
new marine products.
Commons theory predicts that the establishment of property rights (Dietz
et al. 2003) and/or co-management regimes (Wilson et al. 2003) counters
the tragedy of the commons. Individual or community property rights over
resources can internalize costs and benefits to create incentives for local
protection and monitoring. Property rights approaches have proved to
be particularly effective with stationary resources such as sea-urchins and
abalone (Hilborn et al. 2005). For migratory marine resources, however,
the challenge is to establish governance mechanisms that operate across
multiple levels (Berkes 2005). National and international levels have critical
roles to play in instituting property rights; making local controls work by
strengthening local monitoring and enforcement capabilities; and tracking
ecological change and international trade. If major markets and targeted
species are known, the next exploitation wave may be foreseeable based on
information such as presented in Figure 6.1a as well as patterns of depletion
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and recovery of key species groups.
Crucially important here are multi-level governance institutions, operating
at diverse levels from local to international, that are able to learn and
adapt in an environment of uncertainty and complexity (Folke et al. 2005).
Management must go beyond learning-by-doing and develop the ability
to learn from mistakes made elsewhere. No single approach can solve
problems emerging from globalization and sequential exploitation. But the
various approaches used together can slow down the roving bandit effects,
and replace destructive incentives with a resource rights framework that
mobilizes environmental stewardship, i.e., one that builds the self-interested,
conserving feedback that comes from attachment to place.
***
Postscript to Chapter 6
The roving bandit problem has not gone away since our 2006 paper. If
anything, it has become worse. Looking back at the issue some years later, it
seems that our paper in Science was missing a crucial point: it did not provide
a good recognition of the political economy of the issue. In retrospect, the
problem seems not so much to be “globalization” as such, but globalization
of international trade in a neoliberal world order. Globalization integrates
international markets, coupling the demands of people and markets in one
place with the threats and opportunities for other people and places long
distances away. In the Science paper, we documented how markets in Japan
and elsewhere (e.g., globalization of the taste for sushi) was the driver for
increasing demands for sea-urchins to produce the sushi known as uni. This
has resulted in the serial depletion sea-urchin stocks from one region after
another, leading to local extinctions. Overharvesting resources in one area
to feed the insatiable demands in another is very difficult to control because
of global neoliberal trade policies.
Most free trade regimes are facilitated by globalization and, in turn, further
stimulate globalization. Confounding the problem, free trade provisions
make it very difficult to disentangle supply chains. Any measures that
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impede free trade are likely blocked (Deutsch et al. 2011). Globalization
is closely allied with neoliberal policies, free trade and privatization. Hence,
globalization has been accompanied by the growth of market instruments.
The logic is that markets and incentive-based mechanisms (read “profit”) are
more efficient than slow and often cumbersome regulatory controls by the
state. The problem is that economic efficiency does not often align with
environmental sustainability. Marine resource governance is increasingly
embedded in a neoliberal political economy.
“Blue Economy” initiatives see the ocean as the new economic frontier,
attracting large companies, governments, international conservation NGOs,
and international organizations such as the World Bank. At the 2019 World
Ocean Summit, representatives of these big players indicated an aim “to
deepen engagement with the private sector and particularly private capital’s
involvement with the ocean” (cited in Cohen et al. 2019). The big players are
making good progress. Coastal grabbing is on the rise, often at the expense
of small-scale fisheries (Bavinck et al. 2017). Fisheries are being dominated
not just by industrial fisheries but increasingly by the oligopoly of large
corporations. Only thirteen corporations control 11 to 16% of the marine
catch, and 19 to 40% of the largest and most valuable stocks (Österblom et al.
2015).
Food security and human rights have not been part of the high-level
dialogue among the big players. But what about food security, human
rights, and equitable access mentioned in the SSF Guidelines (Chapter 5)?
Contesting the corporate take-over of marine resources, proponents of smallscale fisheries have been arguing for a human-rights based approach, and
pointing out that the management objective should be about people and
not profits ( Jentoft et al. 2018). The logic of efficiency, the hallmark of
capitalist production, may yield the unanticipated outcome of speeding up the
commodification of nature. The expanded role of market actors and processes
runs the risk of undermining small-scale fisheries by squeezing them out of
geographic and political space, impacting local communities and Indigenous
rights. Deeper engagement of private sector may also undermine broader
societal goals by creating problems of even greater power asymmetries and
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unequal access to resources.
There appear be two divergent alternatives for the way ahead: the neoliberal
strategy and the community-based management strategy (Berkes 2015). The
neoliberal option is a kind of managerial approach to management, except
that the manager is no longer the government but rather large corporations.
Those resources that can be privatized are privatized, a problematic situation
where sectors can conflict (e.g., capture fisheries vs. aquaculture), and one
kind of resource use can create externalities (external costs) for the other,
without a strong government presence to regulate use. With a weak public
sector to look after societal objectives, economic efficiency could become
the resource allocation criterion, and societal objectives would be assumed
to coincide with corporate objectives. In such a world, governance would
be global and large-scale, with top-down, control-oriented approaches to
problem solving.
The community-based management option involves sharply different ways
of doing things. This option would entail decentralized forms of power,
grassroots networks, alliances, and partnerships in dealing with sustainable
use issues and solving commons problems by adaptive co-management,
using social learning-based approaches. Social learning would be based on
democratic processes such as deliberation, and solutions would be based
on collective action (Ostrom 1990). Multi-level, adaptive approaches would
give priority to local institutions, experience and knowledge, and foster their
development. Societal goals would be established, and periodically revised,
by democratic processes modifying the social contract as necessary. Local
stewardship and sense of place (Olson’s attachment to place) would be valued
for sustainable resource use. This may result in giving priority to small-scale
fisheries which are place-based, socially important, and contribute to local
food security.
Paradoxically, both of these divergent options are proceeding in the
contemporary world. On the one hand, large single-stock fisheries in
industrialized countries are increasingly managed by means of harvest
quotas and privatized fishing rights. The state is retreating, and leaving the
management of many resources and provision of many services to the private
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sector. On the other hand, the community-based management option is alive
and well. Many local communities and Indigenous groups are increasingly
empowered. Co-management of marine resources are becoming increasingly
common (Cochrane and Garcia 2009; Jentoft et al. 2018). The role of
small-scale fisheries in food security and poverty alleviation is increasingly
recognized, for example, through SSF Guidelines (Chapter 5). Either of these
divergent options would probably require renewing the social contract; time
will tell how this situation might be resolved.
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Lessons from Roving Bandits

Fishing village of Les in Bali, Indonesia: stopping the use of cyanide to catch
ornamental fish, and solving the roving bandits problem required several factors,
including the availability of alternative technology (with NGO help), local
institution-building and capacity-building, and the development of a shared vision
in the community (Photo: F. Berkes).
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This paper was originally presented at the Mote International Symposium,
Florida State University, and subsequently expanded into a journal article
(Berkes 2010b). The focus of the symposium was the spatial management
of marine ecosystems, with a tribute to Bob Johannes. It gave me a chance
to revisit and take a second look at the issue of roving bandits after
several years. Spatial management is an insightful way to consider roving
banditry because one immediately realizes that you cannot simply assign
an area in space and time to roving bandits, as you would to recreational
use, sea-bed mining and so on. So examining spatial management opens
up questions of resource use conflicts and multi-level dynamics.
Given that both ecosystems and social systems operate at multiple
spatial scales, how do we make the linkages between and within levels of
the governance system? I approached this objective in three steps. First,
I explored institutions related to spatial management; these are rules
of access control and management at the local level and higher levels.
Second, I considered linkages between institutional levels that lead to
multilevel governance. Third, I used the example of roving bandits to
demonstrate why marine resources must be managed simultaneously at
multiple levels.
The consideration of the spatial scale of ecosystems is important to manage
marine resources. Spatial planning has drawn much recent research interest
as an essential part of ecosystem-based management (Crowder et al. 2006).
Spatial planning is not merely a biophysical exercise; the human element is
equally important. Two scales must therefore be matched: ecosystems and
governance, or broadly speaking, ecological system and social system. Both
ecological systems and social systems are hierarchical (Ahl and Allen 1996);
both function at several different levels, as recognized for example by the
Millennium Ecosystem Assessment (MA 2005).
Scale can be defined as the spatial, temporal, quantitative, or analytical
dimensions used to measure and study any phenomenon, and levels as the
units of analysis that are located at different positions on a scale (Gibson et al.
2000; Cash et al. 2006). Probably the best-studied scales are the spatial (or
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geographical) scale and the temporal (time) scale. Many analyses of ecological
or social-ecological phenomena use spatial and temporal scales together.
The different levels of a scale are distinct but interacting. Ecosystem-based
management of large marine areas requires recognizing that global changes
are linked to, and regulated by, a complex mix of local processes. Related
to spatial scale is the jurisdictional scale, defined as clearly bounded and
organized political units. A number of choices of scale must be made when
dealing with governance issues. Institutional arrangements seem to be the
key in dealing with management, as institutions provide the mechanism by
which governance takes place at a given jurisdictional level. Institutions may
be defined as rules-in-use or codes of conduct (rules and norms) that define
practices, assign roles, and guide interactions (Ostrom 1990).
A fundamental question is whether the scale of governance should match
the scale at which the ecosystem operates. Governance systems are not often
designed to match ecosystem boundaries, and rarely is a fit observed between
the scales of ecosystems and governance systems. The gross misfit of the two
scales is one of the fundamental reasons why management often fails (Folke et
al. 2007). But seeking an exact fit between the two scales is often not realistic
for a number of reasons. First, both fish stocks and fishers are mobile; some
stocks and some fishers are highly migratory often crossing jurisdictional
boundaries. Second, fisheries exploit multiple stocks, and designing one set
of regulations to cover all stocks would be almost impossible. Third, dealing
with all levels and time frames is not necessary in any case; some are more
important than others. Making governance overly complex is not one of the
principles for dealing with complexity (Chapter 20)!
Since resources cannot be managed solely at any one level, multilevel
management becomes important with regard to both the scale of governance
and the scale of the ecosystem. Because social-ecological systems are
hierarchical in the sense of Ahl and Allen (1996), we must take into account
both the multilevel nature of governance and the ecosystem. We cannot
expect a perfect fit between the scales, but we can achieve some degree of
matching. Part of the challenge is that management must address the linkages
between the levels. Successful community-based management systems seem
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to be those that make linkages across levels of organization (Berkes 2007). In
a given scale, all levels are important, but a key level must be chosen to start
the analysis. On the basis of the work of Johannes (1981), the local ecosystem
and the local level of governance is a reasonable choice. Johannes sensitized
us to the concept of marine tenure at the community level ( Johannes 1981),
consistent with commons theory (Ostrom 1990; Dietz et al. 2003). Locallevel marine tenure and security of access rights are necessary conditions
for providing the right incentives for commons management and long-term
stewardship behaviour.
However, local-level management by itself is not sufficient because it does
not operate in isolation. It is vulnerable to the impact of drivers originating
at higher levels, and therefore must have linkages to those levels to mitigate
the impacts and coordinate management. So the question becomes, how do
we make the linkages between and within levels of the governance system? I
approach this objective with a three-step plan. First, I describe institutions
related to spatial management. These are rules of access control and access
management, such as property rights and territorial use rights, some of them
enforced by government law and some by local customary rules. Second, I
discuss levels of the institutional scale and the linkages between levels, to
expand on the idea of multilevel governance. Third, I use the example of
roving bandits (Chapter 6) to discuss why marine resources must be managed
simultaneously at multiple levels. and the importance of linkages for building
multilevel governance.

Spatial Management and Institutions
Johannes made two major contributions relevant to the discussion of spatial
management. He showed that reef and lagoon resources were regulated by
the “words of the lagoon” (unwritten rules), and he documented a tremendous
depth of local and traditional knowledge that underpinned these rules. He
argued that many of the traditional restrictions were intended to conserve
fish and shellfish: “almost every basic fisheries conservation measure devised
in the West was in use in the tropical Pacific centuries ago” ( Johannes 1978, p.
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352). These measures included closed fishing areas, closed seasons, allowing
escapement, ban on taking pre-reproductive individuals, restricting number
of fish traps that may be used, ban on habitat disturbance, and ban on
seabird and turtle egg harvesting in certain areas. Johannes noted that not all
measures were used in all areas, and those that were used on a given island
were tailored for that particular area. Together, the full repertory of rules
used across the islands of the tropical Pacific added up to a very sophisticated
set of conservation measures, a tribute to the ecological knowledge of the
islanders and their ability to make and enforce rules.
Johannes’ (1981) detailed work in Palau was supplemented by a broad
understanding of reef and lagoon traditional knowledge and management
systems across Micronesia and Polynesia and the broader Asia-Pacific
region. He wrote about the historic demise of these knowledge and
management systems under colonial export-oriented, rent-seeking regimes
( Johannes 1978). But one quarter-century later, he also wrote about their
restoration potential and revitalization under neo-traditional reef and
lagoon tenure ( Johannes 2002). He documented several cases of revitalized
management systems in places like Vanuatu, and the significance of these neotraditional systems for supplementing conventional science for conservation
and management ( Johannes 1998).
Aspects of reef and lagoon tenure systems in the Pacific had been documented earlier by anthropologists and human ecologists. Johannes did not
directly work on territoriality and access management, nor did he contribute
directly to the development of commons theory. But his work was influential
for the development of spatially defined tenure systems or “territorial use
rights in fisheries,” TURFs, as coined by Christy (1982). The idea of TURFS
became widely used in the context of coastal fisheries. Johannes’ work
also captured the basic idea of what makes commons work. Commons
theory holds that local-level institutions are needed to solve two fundamental
problems. The first is the exclusion problem, the ability to exclude potential
users other than the members of the defined group, which is basically a
problem of spatial management. The second is the subtractability problem,
the ability of the defined group to make mutually acceptable rules to regulate
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resource use among members, which is basically the “words of the lagoon”
(more on commons in Chapters 8 and 9).
Johannes recognized that the right to harvest the resources of a particular
reef and lagoon system was controlled by a social group (such as a family,
lineage or clan) or a chief acting on behalf of the group. He also recognized
that regulation of the harvest by that group, or their head, through socially
enforced unwritten rules, the rules-in-use. He captured the basic logic of
how the tragedy of the commons could be solved: “It was in the best interest
of those who controlled a given area to harvest in moderation. By doing so
they could maintain high sustained yields, all the benefits of which would
accrue directly to them” ( Johannes 1978, p. 267).

Multilevel Governance and Institutional Linkages
Solving the tragedy of the commons at the local level is fundamentally a
matter of self-regulation under locally made rules, and the use of TURFs
or other access management system. But local commons are often affected
by driving forces (drivers) that originate elsewhere, requiring governance at
multiple levels. One common way to think about multilevel governance is the
notion of institutional interplay, in which institutions interact horizontally
(across the same level) and vertically (across levels of organization) (Young
2002). Vertical linkages help deal with drivers that originate at higher levels
of organization, and horizontal linkages (e.g., between local communities)
help coordinate local responses.
Drivers are nothing new. The historical reef and lagoon systems in Oceania
were scuttled in the process of colonization because colonial masters saw
local conservation measures as a barrier to resource exploitation and free
trade. Similarly, in the contemporary globalized world, a multiplicity of
drivers affects local management. For example, national-level resource
tenure policies affect access, and local fishing priorities are shaped by market
demands. International environmental policies, such as those about by-catch
and endangered species, certification and eco-labelling all have local effects.
International development policies, such as UNDP Sustainable Development
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Goals and FAO’s SSF Guidelines, can shape practices and priorities (Chapter
5). The vulnerability of local fisheries to international drivers emphasizes
the interconnected nature of the world.
Recognizing the importance of multilevel governance is easy, but implementing it is much more difficult. Co-management is by far the most widely
discussed institutional form for dealing with resource management at two
or more levels (Armitage et al. 2007). A diversity of institutional options
for multilevel governance is available in addition to co-management (Berkes
2002a). All of these require horizontal and/or vertical connections. Linking
institutions for multilevel governance requires coordination across levels
(Orensanz et al. 2005), and collaboration between users and managers.
However, the collaboration necessary to build working partnerships of users
and managers is never easy; it requires a favourable policy environment
and government’s willingness to engage in participatory management. It
also requires fishers who are also willing and sufficiently organized for
partnership. Collaboration and working relations can only develop over
time and often require rounds of trial-and-error learning.
The conditions under which community-based management can work are
generally known (e.g., Ostrom 1990). But there is no “blueprint” for success
because the context (history, politics, culture) is different for each situation.
For example, the history of a co-management case has an important influence
on the eventual success or failure of that case (Chuenpagdee and Jentoft
2007). A solution developed for one case cannot readily be transferred to
another. For example, the community-based marine protected area approach,
developed in one area of the Philippines and replicated throughout the
country with little attention to local context, resulted in a high rate of failure
(White et al. 2002).
The increasingly globalized world requires institutions that link the local
level to the various higher levels of social and political organization. Any one
management institution, or level of governance, is insufficient by itself to deal
with, for example, problems of migratory marine animals. Scale issues are
pervasive in coastal marine commons as well, as management at this level is
at the mercy of myriad external drivers, and effective vertical and horizontal
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institutional linkages are needed to deal with them.

Lessons from Roving Bandits
To illustrate multilevel governance in marine resource management and the
importance of linkages, I use the example of roving bandits (Chapter 6). These
are highly mobile fishing enterprises or buyers (and their local harvesters)
who can move around the globe, exploiting resources in response to global
market opportunities. They proceed by stripping the entire resource base
from one area and then moving on to the next. The term roving bandit
was coined by Olson (2000), who argued that local governance created a
vested interest in the maintenance of local resources, as in the example of
reef and lagoon tenure, whereas mobile agents can move on to other areas
and resources, and have no incentives to conserve.
Marine tenure alone is insufficient to deal with roving bandits. Solutions
must address both the spatial and temporal scales because the speed of
market development often outstrips the ability of national or international
institutions to deal with roving bandits. The global sea-urchin fishery
provides an illustration of the dynamics of roving banditry by revealing
the spatial expansion of harvests over time. Sea-urchins are not the only
resource subject to roving banditry. Similar patterns have been observed
with the live reef food-fish trade (Scales et al. 2006), live aquarium-fish trade
(Shuman et al. 2004), seahorse trade for mainly “medicinal” use (McPherson
and Vincent 2004), abalone (Prince 2010), and others. We expand on the first
two examples.
The live reef-fish trade (LRFT) supplies luxury seafood restaurants, mainly
in Hong Kong. It has spread away from Hong Kong at an accelerating pace,
starting in the 1970s and reaching 19 exporting nations by the late 1990s. Of
these 19 nations, 10 clearly showed a boom-and-bust pattern. Also observed
was “fishing down the price list,” in which species were depleted serially in
order of price. Because some of the exporting nations did not show the
boom-and-bust pattern, Scales et al. (2006) asked whether in some cases,
local actors had perhaps successfully reacted to the threat of roving bandits.
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They found a surprisingly effective response in parts of the Pacific region.
Increasing caution about LRFT has led several Pacific island states to
start to introduce small-scale trial fisheries and LRFT management plans
along the edge of the expanding wave of exploitation. The response seemed
to be coming from two political levels, the island states themselves and
the Secretariat of the Pacific Community, a regional body. Outside of the
region coordinated by the secretariat, Scales et al. (2006) noted a lack of
effective regional institutions. Within it, the roles of national and regional
organizations were clearly important, but the role of TURFs was unclear.
However, in view of strong traditions of reef and lagoon tenure in many
Pacific island nations, success against roving bandits may be building on
stewardship traditions that create incentives for local conservation.
The live aquarium-fish trade (LAFT) provides another example of roving
bandits but with somewhat different lessons. With demand generated by
home aquarium technology, the global trade in marine ornamental fish
started in Olango Island near Cebu, in 1962, spreading to other parts of
the Philippines and then to elsewhere in Southeast Asia (Rubec et al. 2001).
LAFT has received a great deal of attention because cyanide used in LAFT
fishing kills live corals and often causes a rot-like condition in which dead
areas spread from the top down, causing entire coral heads to die off. This at a
time when coral reef ecosystems are also coming under other environmental
pressures (Hughes et al. 2003).
Rapid field surveys (Berkes, unpublished, 2006) and subsequent research
(Frey and Berkes 2014) carried out in Les, north coast of Bali, Indonesia,
provided insights into the dynamics of LAFT. Here LAFT started in the
1980s, and local harvesters in Les village initially used cyanide as instructed
by the traders/buyers. After a few years, not only the ornamental fish
but also commercial food fish started to decline, but many fishers did not
make the connection between cyanide use and ecological decline. By the
mid or late-1990s, many (but not all) fishers were beginning to think that
something had to be done. In 2000, an Indonesian national NGO, assisted
by international donor agencies, educated the fishers on the problem, and
provided an alternative to cyanide use, dip netting, in which harvesters dive,
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visually track and capture individual fish. This method required more skill
than using cyanide but also produced healthier fish.
A community-based ornamental fishers’ association, created in 2001, provided leadership and helped to develop a shared vision for the transformation.
Cyanide-free harvesting was accompanied by reef restoration measures. At
the time of the 2006 field visit, a coral reef restoration program was in
progress, using some 30 species of coral. Concrete-and-wire structures in
shallow nursery areas held pieces of live coral embedded in cone-like devices
in rubber cement that sets under water, to be transplanted into the reef area
offshore. Later, the community association found that reef restoration could
actually proceed naturally, once the source of harm was removed. As the
community association representatives made it clear in the 2006 workshop,
their efforts were not merely for “conservation” in the scientific/biological
sense but for improved livelihoods. Frey and Berkes (2014) identified the
key community processes that enabled the transformation: networking,
knowledge co-production, social learning, institution-building, and capacity
development.
Table 7.1 summarizes the three roving bandit cases, responses, and
potential solutions. Indirect controls also exist through the establishment
of marine protected areas and no-take areas, but these areas are often too
small and too far apart to provide effective controls; as well, monitoring
and enforcement are often inadequate. TURFs may have an important role
to play in protected-area enforcement. Aswani and Hamilton (2004) found
marked differences among neighbouring villages in the Solomon Islands
with respect to enforcement of conservation rules. Conservation could be
implemented only where the local control was strong enough to exclude
poaching by outside groups.
The ability of the local fishers to self-organize and the ability of local and
national institutions to learn are important factors. In the sea-urchin case,
rapidity with which roving banditry developed left little chance for selforganization and social learning. In the LRFT case, the regional institution
seemed to be learning and reacting, putting in place what appears to be
an adaptive co-management system with trial fisheries and local linkages
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Table 7.1. Roving bandit cases, responses, and potential solutions. MPA:
marine protected area; NTA: no-take area; CITES: UN Convention on
International Trade in Endangered Species.
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(Scales et al. 2006). In the LAFT case, both social learning and adaptive
management took place. However, social learning was slow until the NGO
and the new community association helped develop a shared vision for the
fisher community. The LRFT and LAFT cases show evidence of local social
learning, mobilization, and community empowerment. But the ability of
fishers to recognize their conservation self-interest should not be over-stated.
Rubec et al. (2001) mention that many of the Olango Island collectors in the
Philippines are third-generation cyanide users!

Discussion and Conclusions
Roving banditry cannot be completely prevented in an era of trade liberalization, and no single approach can solve the problem. Community-level
commons rights, TURFs, or other access controls alone cannot deal with
roving bandits. In a globalized system, many drivers (e.g., international
market demand) originate at higher levels. Local small-scale fishers, including
those in Les have no secure rights and no security of access to the resource
(Frey and Berkes 2014). If fishers do not have incentives to conserve the
resource, they have an economically rational reason to become accessories
to roving bandits.
Even though no single solution exits, a diversity of approaches can be
used together to slow roving bandits. These include: establishing propertyrights and territorial use-rights, reforming markets, using the precautionary
principle, and building multilevel institutions from local to global that
can learn from experience (Berkes et al. 2006). Social learning is a key
element of adaptive co-management, combining elements of co-management
and adaptive management. Learning by trial-and-error is a powerful
mechanism for creating learning institutions, those that depend on linkages
and participatory processes to use the learning experience to deal with the
next potential roving bandit exploitation.
Going back to the original question in the chapter, how do we make the
linkages between and within levels of the governance system? Or to restate
the problem, how do we design governance systems that are well matched to
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the multilevel nature of ecosystems and the speed at which globalized market
demands and the resultant waves of resource exploitation emerge? Roving
bandit cases offer a number of lessons regarding knowledge, monitoring and
local rights.
The first is the issue of knowledge. Local resource users whose livelihoods
may be affected by roving bandits are also the people most knowledgeable
about their resources. They can read signals from the environment and
note changes in the course of their day-to-day activities. Fishers and their
knowledge bring unique perspectives and capabilities essential for dealing
with management problems. Importantly, the key to timely response to roving
bandits and other rapid change agents is to detect environmental change and
tighten the feedback loops between observation and response—the ability to
observe and communicate changes as fast as they occur. Fishers have a key
role in this.
Second is monitoring, an integral step for governance. For resourcemanagement institutions to be effective in the face of rapid pace of global
change, they must have mechanisms to detect change, recognize it, follow up,
and act upon it. This process starts with monitoring at the local level, but
that is often not enough. All three roving-bandit cases require monitoring
at multiple levels. That includes the regional level (i.e., the LRFT case) and
the international level, which may involve monitoring of vessel flag history
and ownership and the buyers (OECD 2004). Global, regional, and national
bodies must monitor trade and resource trends, and share this information.
Third is the issue of rights: the bottom line is that local stewardship depends
on having conservation incentives, as Johannes observed. Dealing with roving
bandits and related problems are intimately connected to the issue of who has
use-rights and ownership of resources. Roving bandits operate best under
open-access conditions and rely on their ability to exploit resources rapidly
before local authorities can intervene. As the costs of resource depletion are
borne mainly by local communities, governance that strengthens resource
tenure, with multi-level spatial planning, will facilitate solutions. A key issue is
the need to establish secure rights for small-scale fishers in marine resources,
the commons problem, which is the subject of the next chapter.
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III
Commons

Preface: How I Learned to Stop Worrying
and Love the Commons

In the opening chapter of this volume, I gave an autobiographical narrative
on of how I (as a recent science PhD with an urban background) got into
small-scale fisheries and community-based resource management. My first
real experience on this was in the Cree village of Chisasibi on the shores of
the Quebec side of James Bay (Berkes 2016). The local fishery was only for
home consumption and community-sharing, but the fishers were so skilled,
they were able to select the species they wanted, while keeping the fishery
productive and the fishing activity fun (Berkes 1977). Whole families were
involved. It was a way of life. The organization of the fishery, its unwritten
rules, and the knowledge and skills of the fishers gave me an entirely new
perspective that was not in any of the books I had studied.
Hardin’s tragedy of the commons paradigm had provided a catchy, if
worrisome, model for the demise of shared resources. But the Cree fishery
did not fit this model. The fishers were far from the helpless actors in Hardin’s
Greek tragedy. They could decide among themselves on the unwritten
rules of conduct of the fishery, which were mutually agreed upon. They
communicated and used social sanctions where necessary to get compliance
among members. These were not rules in the sense of government rules but
simply common sense, the “way things were done” in the community.
I was fascinated by the fact that not only the locally designed fishing system
worked but that it was fundamentally different from scientific management
systems in use at the time in commercial fisheries elsewhere in subarctic
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Canada. These commercial fisheries were usually managed by fishing gear
and mesh-size restrictions, season and area closures (e.g., during spawning),
and in some places catch quotas.
By contrast, the Cree subsistence fishery used the most effective gear
available; the mix of mesh sizes that allowed the highest possible catch per
unit of effort by area and by season; and deliberately concentrated the fishing
effort on pre-spawning aggregations, that is, the most efficiently exploitable
fish. Under the rules of conventional fishery management, everything that
the Cree fishers did seemed wrong. The fishery should have collapsed. But
I was able to find historic biological data from the 1930s to show that the
fishery had been sustainable.
The Cree fishery, having violated just about every measure used by
government managers, employed a set of practices seldom seen in conventional management. They included switching fishing areas triggered by the
declining catch per effort; rotating fishing areas; using a mix of mesh sizes
to proportionately thin out populations by size (and indirectly by age); and
attuning harvest levels to family and community needs. They had community
leadership to informally regulate access and effort, and a land and water use
system in which resources were used under principles and ethics agreed upon
by all. Some ten years of this work, published 1977 onwards, is summarized
in Chapter 7 of Sacred Ecology (Berkes 2018).
I continued working in James Bay, including the western (Ontario) side
of the Bay. But I also pursued my interests in the North American Great
Lakes and the Eastern Caribbean. These comparative studies gave me
a sense of the diversity of challenges in commons management, and of
variations in community-based management. But the loss of local controls
and community-based management in many places were cause for concern.
Initially, I wondered if community-based management was in a losing battle
with destructive external forces. Were commons researchers doomed to
play the role of chroniclers of crumbling local governance systems? But
the big picture showed a dynamic situation. While some local systems
were disappearing, others were emerging and flourishing. Time and again,
in various places in Asia, the United States and Canada, new commons
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management systems were emerging spontaneously. In the Gulf of Maine,
for example, it could be shown that local commons governance was in fact
resulting in sustainable lobster management (Acheson 1988).
Top-down management was a major obstacle. I found myself coming
up against a nearly identical narrative in diverse places like the Great
Lakes, Mozambique, Brazil and Taiwan: “users cannot be trusted to manage
resources; why would we [the government] devolve management power,
even in the form of co-management? ” And yet, from the 1980s and 1990s
onwards, co-management systems were developing at a rapid pace in fisheries,
forestry and other resources in various parts of the world. The recognition of
Indigenous land and resource rights in Canada, Australia, New Zealand and
the United States (e.g., Pacific Northwest salmon) gave a huge impetus to comanagement. In the process, my colleagues and I gained a new insight. There
were always some government managers sympathetic to local management.
The task was to find them, work with them, and help build trust between
these managers and users.
Delving into the details of wondrous traditional community-based management systems brought me back to local and traditional knowledge, a source
of fascination for me since the mid-1970s in James Bay. In the process, my
colleagues and I developed the insight that these systems were often based
on sound ecological knowledge and understanding that showed parallels
to adaptive management (Berkes et al. 2000). Such traditional ecological
knowledge could be used to extend the range of information brought to
bear on commons governance. This insight strengthened the notion that
commons systems could/should be considered social-ecological systems,
with explicit attention to both the ecological and the social components and
the interrelations (feedbacks) between them.
Several decades of commons research have left us with much brighter
prospects than the dark predictions of the tragedy of the commons. We
have learned to stop worrying about the tragedy and love the commons. For
me the new commons theory embraces social-ecological systems, resilience,
co-management, community-based conservation, local and traditional knowledge, and ecosystem-based management. This is the premise of my 2015 book,
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Coasts for People. We have the task of managing a world increasingly impacted
by climate change, biodiversity loss, globalization, neoliberal policies and
other drivers. But success in commons governance brings the promise of a
more sustainable, more just and more humane world.
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Bangladeshi fishers in seasonal lakes in the wetlands: Commons rules may be quite
complicated, as in many traditional communities, or they may be very simple as
with the rule, “You must be a member of this community to use this resource”
(Photo: F. Berkes).

The Preface and many of the previous chapters have already made
references to shared resources, and talked about fishing rights, access,
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and marine tenure – all of them commons issues. Now we go back
for a detailed look at the concept of commons (common-pool resources;
common-property resources) to examine its philosophical background
and history. The chapter is based on a 1990 paper co-authored with
David Feeny which had extensive references and notes to provide detailed
examples and evidence. Some of this detail has been omitted for
readability and some of the terminology updated.
The chapter serves the approach of expanding on each major concept
related to community-based resource management and small-scale
fisheries. We did this with resilience (Chapter 4), social-ecological systems
(Chapter 5), and multi-level governance (Chapters 6 and 7). As promised
in Chapter 5, a cluster of related concepts is coming up in this section
of the book: commons, co-management, adaptive management, social
and institutional learning, collaborative research and monitoring, and
partnerships. The chapter also serves to provide the historical background
to the idea of “social contract” in the title of this volume.
The “tragedy of the commons” paradigm of Garrett Hardin (1968) weighs
heavily on the minds of many environmentalists: most resources of the
earth are shared resources and, according to Hardin, all shared resources are
destined to be degraded or overexploited. If Hardin is right, what positive
image of the future can we possibly develop? Is the concept of sustainable
development a fundamental violation of Hardin’s paradigm? Very simply, is
there hope for the whole range of shared resources, from ocean fisheries and
grazing lands to irrigation waters, from caribou herds to urban air quality
and green spaces?
These questions were addressed by individual research projects in the 1970,
followed by synthesis volumes in the 1980s and 1990s by interdisciplinary
groups of commons scholars. Ostrom’s book, Governing the Commons (1990)
is the best known of several volumes published between the mid-1980s and
the early-1990s. The result was that the conventional wisdom represented
by the tragedy of the commons was challenged and overturned. The
consensus was that Hardin’s paradigm applied to open-access exploitation
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of commons but not to other situations. In fact, Hardin’s own example
of the imaginary English pasture was historically incorrect. The medieval
English commons were generally used under locally devised rules such as
“stinting” which limited the number of heads of animals that each owner was
allowed to graze. Many economic historians and others questioned if Hardin’s
tragedy ever occurred widely (Feeny et al. 1990). With all the accumulating
counter-evidence, commons theory was ripe for a paradigm change, in the
sense of Thomas Kuhn’s (1970) Structure of Scientific Revolutions. Elinor
Ostrom brilliantly formulated that new paradigm, and the rest is commons
history. The new paradigm focused on management regimes, and sought a
new balance between community-based management and management by
governments (Bromley 1992). It linked equity issues with conservation by
showing that a particular resource may be most effectively conserved under
the control of a group of users who depend on it to meet their own needs.
Perhaps more fundamentally, the new paradigm addressed management
philosophies that underlie practice. In contrast to Hardin’s pessimistic
conclusion about the inability of users to co-operate for their mutual benefit,
the new paradigm queried the conditions under which cooperation was (or
was not) likely. It explicitly examined the role of collective action and local
institutions in solving the commons problem.

Commons: Not Always a Tragedy
Garrett Hardin’s tale was at once simple and captivating. Imagine a village
commons, said Hardin, in which a number of herders graze their cattle.
What is to stop the herders from adding more animals to their herds? Each
herder would find it very attractive to augment his or her herd, even if this
meant that the carrying capacity of the grazing area would eventually be
exceeded. For each herder as an economically rational decision maker, it
would be profitable to graze more animals because the herder would take
all the profit from the extra animals but would bear only a fraction of the
cost of overgrazing. Thus, individual rationality would lead to a collective
tragedy (in the sense of ancient Greek tragedies) from which there was no
113

TOWARD A NEW SOCIAL CONTRACT

escape, declared Hardin.
The tragedy of the commons was published at a time when environmental
problems had recently come to the forefront. There was an urgent need for
theory to explain the environmental ills of the world, and for frameworks to
help make sense of observations. Hardin’s paradigm argued that degradation
and destruction was the inevitable fate of resources which were shared by all
and which were poorly protected from various human impacts. The paradigm
applied, Hardin thought, not only to common pastures but also to public
lands such as national parks, to air and water, and to the carrying capacity of
the earth endangered by excesses of population growth.
Hardin’s commons paradigm supplied the framework with which most
environmentalists and those in related social and especially natural sciences
understood natural resource issues. Few questioned Hardin’s assumption
of individual interest unchecked by social relations, and his emphasis on
competition (rather than cooperation) as the overriding relationship that
shaped interactions among resource users. The tragedy of the commons
became an important part of environmental education and applied resource
management curricula, and provided the essential insight for the genesis of
environmental problems for generations of students.
Philosophically, Hardin’s call for a superior force to protect the commons
and the common good is similar to the solutions Hobbes had proposed a
few centuries earlier. Indeed, Hardin’s solutions to the commons tragedy
and their alternatives may be appreciated best by first examining two related
dichotomies. One concerns the source of the rule of law (endogenous or
exogenous) and the other deals with whether the natural order is shaped
essentially by competitive or co-operative interactions.

The Philosophical Background
Are society and nature “red in tooth and claw,” fundamentally dominated
by conflict and violence, or are they not? Our working hypothesis in this
chapter is that the attitudes behind the two paradigms (Hardin’s versus the
new one) may be traced historically to Hobbes versus Rousseau.
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In Leviathan, a major work in the history of Western political philosophy,
Thomas Hobbes (1651) argued for the necessity of a higher authority. Society
needed the absolute dominance of a sovereign ruler as the source of law,
Hobbes said. People were incapable of collective action towards the common
good, and the rule of law, by necessity, had to be imposed exogenously from
above. Hobbes’s view of life as “nasty and brutish” colours much of the
writing in both arts and science through the early industrial era. Donald
Worster (1977, p. 127) writes in his book on the history of ecology that Alfred
Tennyson’s “nature, red in tooth and claw” was a cliché even before he said it.
The dominant view of nature and society, especially in the late19th century,
was one of deep pessimism. Major Western thinkers in both natural and
social sciences saw nothing but conflict and suffering in the world around
them.
This belief also shaped the view that the natural order is driven by
competitive interactions. Like Hobbes, Charles Darwin, writing in the 1800s,
also believed in the “centrality of conflict and violence in nature” (Worster
(1977) but sought to extract order from it. He observed that “the survival
of the fittest” was an important means of bringing about natural selection.
Darwin’s thinking is probably not a direct descendent of Hobbes’ ideas. But
it seems to follow the dominant thinking of industrial era Western Europe of
his day. Stephen Jay Gould (1980) argues that the theory of natural selection
should be viewed as an extended analogy to the laissez-faire economics of
Adam Smith, writing in the late 1700s: apparent order arises naturally from
the struggle among individuals even though they had not intended to produce
order.
In contrast to Hobbes, Jean-Jacques Rousseau (1762) wrote in The Social
Contract of sunny, egalitarian communities in the countryside, “bands of
peasants regulating the affairs of state under an oak tree.” To Rousseau, the
rule of law came not from external authority (exogenously), but from within
(endogenously). There was no need for a Hobbesian higher authority for the
social contract. The natural order of society, the social contract, is about
people living together in accordance with an agreement between the state
and the citizen that establishes moral and political rules of behaviour. This
115

TOWARD A NEW SOCIAL CONTRACT

agreement defines the rights and responsibilities of these two parties to each
other (O’Brien et al. 2009). With a belief in endogenous rule of law and
people-centered optimism, Rousseau soon found himself at odds with the
dominant pessimism of industrial era Western Europe. He was labelled a
romantic and relegated to the realm of interesting but sometimes irrelevant
philosophers.
One of the few thinkers to pursue Rousseau’s line of thinking was the
Russian geographer and zoologist, Petr Kropotkin. His research on animal
life in Siberia convinced Kropotkin that co-operation, not competition, was
the main driving force in nature. His major work, Mutual Aid, presented
evidence from animal communities, “primitive” groups and contemporary
society to support his arguments. The existence of informal co-operative
societies in Russia, called artels, deriving from the guilds of the Middle Ages,
was one such example provided by Kropotkin:
Many of the fishing grounds on the tributaries of the Caspian Sea are
held by immense artels, the Ural River belonging to the whole of the
Ural Cossacks, who allot and re-allot the fishing grounds - perhaps the
richest in the world - among the villages without any interference of the
authorities (Kropotkin 1902).
A flood of studies in recent years indicate that many communities dependent
on common resources have devised informal ways to control access to the
resource and to institute rules among the users, not unlike Kropotkin’s artel
fishers. What is perhaps surprising is that such commons institutions are
alive and well in many parts of the world, and are found with many resource
types including water, rangelands, forests and fisheries. For example, a
1989 compilation in Canada showed that co-operative local-level resource
management was not as rare as most people assumed it to be at that time.
The international experience with communal resource management has been
compiled in detail by a number of publications in the 1980s and 1990s.
These findings were of obvious relevance to sustainable development
planners, and accordingly the problems of commons were addressed at the
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Conference on Conservation and Development which met in Ottawa in
May/June 1986. On the agenda was the revision of the World Conservation
Strategy (WCS) of 1980. Eighteen concurrent workshops met in the cramped
upstairs rooms of the Canadian Government Conference Centre to develop
recommendations in a number of key areas to extend the WCS and to
accelerate its implementation. One of these workshops was on Managing
Common Property Resources. What follows is an edited version of the report
of that workshop, prepared by Fikret Berkes, which provides a summary
of the thinking in the field of commons at that time, and a glimpse of the
innovative literature that developed in the 1980s, with concepts like the global
commons and co-management.

Commons in Conservation and Development
Certain natural resources are considered to be commons (communal property; common-property; common-pool resources) if their use rights are
controlled by an identifiable group. Examples include pasture lands, forests,
fisheries, irrigation waters and wildlife that have communal institutional
arrangements for controlling their use. Privately owned resources, such as
agricultural land in many countries of the world, and forests in some countries
do not fit the definition. Similarly, resources which are managed solely by a
government are excluded. Resources which are “global commons”, such as
Antarctica, open-ocean fish stocks and whales, and the global atmosphere
pose special problems which are not discussed here.
Contrary to the widely-held belief that all communally-held resources are
doomed to suffer from the “tragedy of the commons,” it is now known that
a wide variety of communal resource management systems do exist. This
recent rediscovery of communal institutions as an effective solution to the
commons problem is significant in a variety of ways. These institutions may
have a valuable role to play in sustainable use planning but have usually been
overlooked or underutilized in the planning process. This has happened
because of over-emphasis on the kinds of resource management practices
dominant in the Western industrialized world in which the significance
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of commons institutions has declined over time, as in the case of grazing
commons in medieval Europe.
By contrast, many traditional societies have a rich heritage of communal
management systems. Many of these have continued to be viable, including
the diverse reef and lagoon tenure systems in the Pacific region, and irrigation
water management systems in South and Southeast Asia, both documented
in detail by experts in the field ( Johannes 1981; Wade 1987, respectively).
Such self-regulating systems are not absent in the Western world either, and
may be found, for example, in some coastal fisheries of such industrialized
countries as the United States, United Kingdom and Canada (examples in
McCay and Acheson 1987).
Sustainable management of commons requires an understanding of the
associated common-property institutions governing use, their historical and
cultural context, and the ecological and physical nature of the resource. It
also requires an understanding of the interactions between institutional
arrangements, technology, market forces and the resource system itself. In
general, institutional arrangements to manage commons include formal or
informal rules concerning who may use the resource, who is excluded from
using the resources, and how the users shall conduct themselves in the use
and sharing of the resource in question (e.g., Ostrom 1990). The rules may
be quite complicated, as in the case of some traditional societies, or very
simple, as with the rule, “you must be a member of this community to use
this resource.”
Strategies for sustainable development of natural resources would benefit
from a systematic analysis and search of any existing management institutions
for the resource in question. Resources which may initially appear to be
unowned (res nullius) may, in fact, turn out to be commonly owned and
managed (res communes) (Ciriacy-Wantrup and Bishop 1975). The practical
significance of such a finding is that a presumed case of “free-for-all” leading
to the commons dilemma and overuse of the resource may not, in fact,
materialize. If the existing common property arrangements are working well,
it may be wise to reject prescriptions for additional government controls or
privatization.
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Once the existing common-property institutions have been identified,
sustainability planners may rely on or simply assist the community of users
to set development goals and to implement them. To make this possible, the
relevant institutions may need to be recognized and strengthened as many of
them are under pressure at present. In cases in which traditional management
is weakening, government legislation may be necessary to legitimize and
protect existing commons institutions. The value of involving local people
in conservation and development planning has been well recognized.
Further, it may be more effective to involve commons institutions in
planning, rather than just individual users themselves. In this regard, the
planner needs to have an appreciation of the historical roots of the commons
institution and its cultural context. Commons systems are diverse. The
community-managed coastal fisheries in Japan, water management systems
in India, and fish and wildlife management in subarctic Canada can only be
appreciated in their respective historical and cultural contexts. For example:
… The Japanese system of near shore sea tenure, which ensures intravillage co-operation and egalitarianism … stands in striking contrast to
conditions in most other countries … But given its unique history, long
genesis, social context, merits and demerits which certainly make the
Japanese system intellectually fascinating and stimulating to fisheries
administrators in other countries, there remains the challenge of evaluating it for transfer to other socioeconomic contexts (Ruddle and Johannes
1985, p. 178).
Managing commons for sustainable development may benefit from decisionmaking by communities of users. As compared to an outside agency, an
existing commons institution is more likely to develop resource allocation
processes and priorities for the use of the resource which are mutually
acceptable to the majority of the users. Local communities that are dependent
on a resource tend to take a long-term view of the resource, as compared to
outsiders with quick-profit commercial interests. Outsiders who are free to
move on to other resource frontiers often have little incentive to conserve
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resources. Long-term sustainability of the resource may be well served by
giving the local community priority of use.
Local use rights may have to be legitimized in government law to provide
recognition of communal resource management institutions. However, from
a conservation point of view, local-level rules may not always be sufficient
and strong enough to protect resources fully. In some cases, it may be
necessary to invoke the management authority of central governments to
enforce conservation measures. Government management agencies have
a particularly important role to play if different user-groups are involved
or if the resource is migratory and hence important to different groups in
different geographical areas (examples in Berkes 1989).
The traditional users of a resource, whether they are coral reef fishers,
pastoralists or communal horticulturalists, have a detailed understanding of
their natural resource base. The integration of this local ecological knowledge
with scientific management is a potentially important area in which little
progress has been made to date. Scientific studies on the ecological and
physical nature of the resource, its sustainable yield levels and basic biology
are necessary for sustainable development.
However, in the past scientists have paid little attention to traditional
ecological knowledge and management systems, thus alienating local users.
As well, many traditional groups have come to regard resource scientists as
the vanguard of outside commercial interests. A new and more constructive
relationship between scientist/managers and communities which use the
commons is necessary (Berkes 1989). Various mechanisms for such a
relationship are being explored under the concept of “co-management”
(Pinkerton 1989). This basically refers to ways in which local users and
government managers may collaborate in decision-making and share the
duty and responsibility of resource management.
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Elements of a New Strategy
Private, state and common property are all potentially viable regimes. In
practice, resources are often held in overlapping combinations of these three
property rights regimes. Even though a given regime may provide a better
match for a particular resource, none of the three regimes is intrinsically
superior to any other. However, the emphasis here is on the common property
regime because the viability of the other two regimes has long been recognized
(Bromley 1992).
The elements of a long-term strategy for sustainable development planners
for commons conservation include:
• Identification of common property institutions, if any, applicable to the
resource in question
• Consideration of relevant and effective mix of institutional arrangements
and property-rights regimes
• Recognition, legitimization and strengthening of commons institutions,
if these are indeed to be an important part of the management or
development plan, and
• Promotion of the use of these institutions as mechanisms of locallevel participation in planning, and implementation of sustainable
development.
Special attention may be given to co-management approaches and to the
use of appropriate technology in common property management. Often,
locally developed appropriate technology goes hand in hand with sustainable
use, while large-scale, exploitive technology is accompanied by short-term
economic objectives and the mining out of the resource base. Appropriate
technology in the hands of small-scale users can be the basis of sound
economic development, for example, in small-scale fisheries.
General prescriptions applicable to all types of commons would be difficult
or impossible to formulate. The management of commons has to be tailormade for the particular resource and setting in question. It often requires
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an interdisciplinary approach and the use of local information. Bringing
together traditional knowledge and scientific knowledge is one of the major
challenges. So is bringing together local-level managers and government
managers.
In addition to the global commons with their special kinds of management
problems, there are additional international common issues. These include
migratory birds, fish and mammals, and watersheds that cross or straddle
international boundaries. A special international commons problem concerns genetic resources, in particular for economically important crops. This
resource is treated at present as a global commons, but the implications of
this for those countries which are the sources of genetic richness have not
been worked out. These countries, often less affluent Third World countries,
contribute genetic material freely to gene banks and crop improvement
programs, but end up paying for the seeds of improved varieties so developed,
and the associated agricultural technology.
Short- and medium-term action elements to implement strategic objectives
include pilot projects to carry out the four points above. Continuing research
and documentation are needed to identify the diversity and effectiveness of
these institutions. Of special importance is the identification of players or
actors in commons institutions. These may include the user-groups or the
resource communities involved, their institutions, and government agencies.
In short, studies of institutional ecology are needed. Development assistance
should incorporate concern for and sensitivity to commons institutions.
Special attention should be given to any existing institutions which may
assist in formulating planning objectives and meeting goals of sustainable
development. The explicit consideration both of the resource and institutions,
and subsequent local-level participation, will contribute to the effectiveness
of any plan.
So concludes the workshop report. The elements of a new strategy for
the sustainable development of commons thus arise from the observation
that local-level, community-based resource management, contrary to Hardin,
is viable. Furthermore, it may be preferable in some instances to Hardin’s
Hobbesian solutions.
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Conclusions: Implications of the Paradigm Shift
The tragedy of the commons analysis was useful in emphasizing the divergence between individual and collective rationality. But the paradigm is
flawed because it assumes that the individual has only immediate economic
interests and that these are not constrained by the community. The rejection
of the Hardin paradigm has meant the replacement of the pessimism of the
tragedy with cautious optimism. Many scholars recognize that competition
has been overemphasized at the expense of co-operation in ecological
relationships. The same is likely true for social relations as well. For example,
game theorists describe co-operative solutions to the Prisoner’s Dilemma
game, indicating the feasibility of co-operation (and collective action) even
among unrelated individuals (Axelrod 1984).
Implications of the paradigm shift for sustainable use planning are not at
all trivial. The tragedy of the commons shaped the thinking of a generation
of environmentalists and resource managers, and supplied the conventional
wisdom that survives today: “Left to their own devices,” said the author of
an article in The Economist (December 10, 1989), “… [fishers] will overexploit
stocks.” Therefore, “to avoid disaster, managers must have effective hegemony
over them.” There is growing evidence, however, that fishers are often
able to manage resources if they are “left to their own devices”. “Effective
hegemony” by government resource managers, far from being the universal
solution, often leads to a worsening resource problem by undermining users’
responsibility for the resource.
This issue is particularly relevant for the Canadian North where some
government resource managers and non-native sport hunting groups have
expressed increasing concern about the effects of Indigenous wildlife harvesting activities. Yet, government resource managers have never quite been
able to control Indigenous hunters. Enforcement of government regulations
such as bag limits has been too difficult and costly over large areas. Instead,
Usher (1987) argues, Indigenous resource use systems, supported rather than
undermined by the government, may be the key to conservation. Indigenous
resource use systems rest on collective ownership and self-management
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principles. Hence, for commons regimes to work, users have to be essentially
co-owners with both rights and duties. Such arrangements are beginning to
be discussed under the label of co-management.
As noted in the workshop report, long-term sustainability of resources may
be well served if the local community of users has priority of use, a principle
applicable to small-scale fishers as well, articulated some 25 years later by the
SSF Guidelines (Chapter 5). A future sustainable society will have to explore a
range of institutional options towards commons and co-management systems
in which the users will have both rights and responsibilities. A new social
contract may be needed to re-define the role of the state. The new role may
be more along Rousseau’s line of thinking, rather than Hobbes’, to provide
partnership and support for local and regional self-management systems,
rather than a replacement for them.

Clam harvesters going to the market: even the shells are sold to a local factory
producing fine cement. Kerala Backwaters are a network of lagoons and lakes
lying parallel to the Arabian Sea coast of Kerala, south India. The Backwaters
provide some 900 km of waterways, and are heavily used for various purposes,
including fishing, agriculture, tourism and transportation. (Photo: F. Berkes).
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Fikret Berkes and Duke University commons scholar, Dr. Xavier Basurto,
admiring the catch of the inshore fishery in Beaufort, North Carolina. Because of
the better known, cheap, bulk-imported species in supermarkets, local fishers get
very little value for species like the black drum (Pogonias cromis) shown here
(Photo: Barbara Garrity-Blake).
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The previous chapter was about the understanding of commons as of
1990 (with a few updates). This chapter takes a closer look at
post-1990 thinking about the commons, following Ostrom’s
‘Governing the Commons’ and Bromley’s ‘Making the Commons
Work’, two books that consolidated our understanding and launched new
policy directions about jointly used resources.
The chapter is based on a conference presentation in Japan that
connected the new commons theory with practical commons management
that has been going on for over a century in Japanese coastal fisheries
(Berkes 2005). As the volume, ‘In the Era of Big Change’ has pointed out,
there is much to learn from Japan, where coastal fisheries is synonymous
with small-scale fisheries (Li and Namakawa 2020). But there are also
large-scale fisheries and migratory marine resources which pose special
challenges for commons management, addressed by this chapter.
It is a well known phenomenon in science that a dominant model or way of
thinking (paradigm) persists until the accumulation of new evidence forces a
re-appraisal. This is exactly what happened in the case of commons theory
between about 1985 and 1990. Garrett Hardin had argued that users of a
commons are caught in an inevitable process that leads to the destruction of
the resources on which they depend. Exceptions to Hardin’s assertion were
coming from all parts of the world, covering diverse cultures and resource
types – fisheries, wildlife, forests, grazing lands, irrigation and ground water.
These various cases were brought together in several volumes, and it became
necessary to develop an entirely new theory of the commons.
To construct a new theory, first the definitions and concepts had to be made
clear. Commons (common-pool) resources shared two characteristics: (a)
exclusion or the control of access of potential users was difficult, and (b) each
user was capable of subtracting from the welfare of all other users.These two
universal characteristics of commons are referred to as the exclusion problem
and the subtractability problem, respectively. Thus, Ostrom and colleagues
(1999, p. 278) defined common-pool resources as whose “in which (i) exclusion
of beneficiaries through physical and institutional means is especially costly,
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and (ii) exploitation by one user reduces resource availability for others.”
Second, the new theory needed to clarify property-rights relationships
and regimes. Commons may be held in one of four basic property rights
regimes. Open-access is the absence of well-defined property rights. Access
is free and open to all. Private property refers to the situation in which an
individual or corporation has the right to exclude others and to regulate the
use of a resource. State property or state governance means that rights to the
resource are vested exclusively in government to control access and regulate
use. Then we have common-property regimes in which the resource is held
by an identifiable community of users who can exclude others and regulate
use. These four regimes are ideal, analytical types. In practice, resources
are usually held in mixed combinations of property rights regimes (Bromley
1992).
The evidence accumulating over the last few decades indicates that three of
these property-rights regimes (private property, state property and commonproperty) may, under various circumstances, lead to sustainable resource
use. No particular regime is inherently superior to the others, but one
may fit a particular circumstance better than the others. No one regime
guarantees sustainability; there are successes and failures under all three
regimes. Regarding the open-access regime, however, there is general
consensus that long-term sustainability is simply not possible (Feeny et al.
1990).
The one important conclusion from all this work is that common-property
is not the same as open-access. There is nothing inherent in commons
that would lead to resource degradation. The term property refers to social
relations, and there are social relations involved in common-property by
definition. These social relations often lead to problem-solving and the
formulation of practical rules-in-use, that is, institutions in the terminology
of Ostrom (1990). Hence, the local rules in small-scale fisheries are typical
and expected. By contrast, the lack of problem-solving among Hardin’s
hypothetical English herders, is anomalous and unexpected. Hardin’s herders,
with free and open access to the pasture, were operating under an open-access
regime, and not under common-property.
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Lessons from Community-Based Resource Management
In theory, and often in practice, community-based resource management
can solve the exclusion problem and the subtractability problem. This does not
mean that common property solutions are necessarily sustainable. The key
is the ability of a community using a common resource to limit the access
of outsiders, and to self-regulate its own harvest. Common-property works
through incentives. If members of a group are assured that future harvests
would be theirs by right, and not end up being harvested by others, they
would have the economic incentive to self-regulate.
Exclusion means the ability to exclude people other than the members of the
defined group. Evidence suggests that successful exclusion under commonproperty is the rule rather than the exception. But stresses of population
growth, technology change, and economic transformation may contribute to
the breakdown of common-property mechanisms for exclusion. The creation
of open-access by external forces, as in colonialism, and more recently by
globalization, is particularly damaging to common-property controls for
exclusion.
One of the important conclusions is that the legal recognition of communal
resource rights is one of the keys to success. An example is Japanese coastal
fisheries. Contemporary Japanese coastal sea tenure incorporates traditional
village fisheries rights into modern legislation (Asada 1973; Ruddle and
Akimichi 1984). Without legal protection, conflicts among competing groups
are inevitable. Local resource use rights are fragile in the absence of formal
property rights, but may still be informally enforced through such means as
threats and occasional violence (Acheson 1988).
Subtractability refers to the ability of social groups to design a variety
of mechanisms to regulate resource use among members. In many cases,
resource users have been able to avoid Hardin’s tragedy by devising selfgovernance rules, monitoring mechanisms, and sanctions that rely neither
on government control nor private property rights. Much of the common
property literature addresses this issue, and the ability of groups to make
rules-in-use (institutions) to solve the subtractability problem. Ostrom (1990)
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listed eight design principles for effective community-based institutions and
collective action. These were assessed by Cox et al. (2010) against 20 years of
research results, and revised into eleven principles by splitting some of them
(Table 9.1).
Commons analysis focuses on institutions, examines access and selfregulation, and poses questions about has rights and control over resources.
Often it does not directly address the questions of sustainability or conservation of the resource. There is a diversity of opinion on this point.
Various authors have analyzed community-based management systems,
and interpreted their function in terms of conservation ( Johannes 1978),
conflict management (Acheson 1988), equity of resource access (Berkes 1992),
political control (Chapman 1987), or the enforcement of cultural values such
as sharing (Wenzel et al. 2000).
These various functions of community-based management systems are
not mutually exclusive. For example, commons management in a Brazilian
lagoon fishery served the multiple purposes of conflict management, equity
of access, and the maintenance of productivity (Seixas and Berkes 2003).
Another example is the community-based management of edible kombu kelp
on Hokkaido Island. Depleted under open-access conditions in the late 1800s,
kelp management under Japanese Fisheries Law and Fisheries Cooperative
Associations (FCAs) has addressed both conflict and depletion problems (Iida
1998).
Based on a large number of cases, it is probably fair to say that conservation
is not usually the primary motive of management. However, one can also
say that commons systems, through access limitation and self-regulation,
result in the maintenance of productivity of a resource. Hence, whatever the
primary motivation may be (power, conflict management, equity, etc.) at the
proximate level of causation, the end result is the maintenance of the resource
at the ultimate level.
Establishing conservation motives and documenting resource sustainability
are both difficult because communities are not simple entities, and resource
use systems are seldom static. Community-based resource use systems tend
to be dynamic, going through cycles of crisis and recovery and cycles of
129

Table 9.1. Ostrom’s (1990) collective action design principles for commons
use, as edited and updated by Cox et al. (2010).

TOWARD A NEW SOCIAL CONTRACT

institutional renewal. Rather than assuming stability and equilibrium, we
would be better off assuming that there will be crises and cycles of change.
As we do so, the analytical emphasis of research shifts to resilience, and the
ability of a society or management system to build capacity for learning and
adapting (Chapter 4).
In many cases, community-based management systems are inferred to
be successful, not because conservation or sustainability can be shown, but
because the commons institutions have survived for long periods through
various crises. Examples of such successful commons institutions have
received special attention for theory building precisely because they are longenduring (Ostrom 1990). Many of them have historical roots, as in Swiss
Alpine commons and Japanese village common lands or iriai, and Japanese
coastal fishery commons (Ruddle and Akimichi 1984).
However, not all examples of successful communal systems have historic
roots or are based on long-standing tradition. In a study of several Turkish
coastal fisheries, self-organization and self-governance were found to be
evolving over one decade. In the 1970s and the 1980s, fishers in Alanya on
the Mediterranean coast of Turkey developed a system based on the rotation
of fishing sites by drawing lots. This system was used to regulate the fishery
and solve the problem of conflicts over prime harvesting areas (Berkes 1992).
The Turkish system is similar to the padu systems of South Asia.
Found in Sri Lanka and the southern Indian states of Kerala and Tamil
Nadu, padu is a system of rotational fishing spots that are allocated by lottery.
They are found in lagoon and estuarine fisheries mainly for shrimp. The
padu system in the Negombo Lagoon is recognized under national laws of
Sri Lanka, and goes back at least to the 18th century (Amarasinghe et al.
1997). By contrast, the three padu systems in the Cochin estuary of Kerala
are institutions that date back from the 1970s and the 1980s. They arose as a
response to the globalization of shrimp markets, and serve livelihood, access
equity and conflict resolution needs among their members (Lobe and Berkes
2004).
The existence of commons institutions shows that rule-making that is close
to the fishers and the resource, flexible, diverse, and receptive to feedback
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from the environment, stand a better chance of success than top-down,
centralized management systems (Wilson et al. 1994). Their diversity and
widespread prevalence indicate that they have been important institutions
for the survival of many societies, even today. Commons institutions are still
relevant for policy-making in contemporary fisheries management. However,
there are certain limitations of the lessons learned from these local-level
systems.
Research on commons over recent decades often relied on small-scale
community-based resource management cases to develop theory. In reality,
however, resource boundaries rarely match social boundaries. Resources
tend to be used by competing communities and user-groups. A further
complication is that communities themselves are not simple entities. The
term community is a gloss for a complicated phenomenon. Idealized images
of “coherent, long-standing, localized sources of authority tied to what
are assumed to be intrinsically sustainable resource management regimes”
(Brosius et al. 1998, p. 165) are just that – idealized.
Globalization has a major impact on local-level resource management
through such mechanisms as the creation of international markets. Can
a theory of the commons, based on local-level cases, be scaled up? Is the
theory of commons applicable to regional or large-scale resources? Migratory
marine resources pose a special challenge to commons theory and commons
management. This is because, with migratory resources, the mechanisms
by which a community may limit access and regulate its own resource use
become severely limited.

Migratory Marine Resources: Special Challenge to Commons
The theory of the commons fairly reliably establishes the conditions under
which community-based conservation may or may not work. That is, the
theory of the commons is now sufficiently developed to enable prediction.
But many of the case studies on which the theory is based focus on single
resources that occur within a limited area and are used by relatively few
small communities or groups. However, as the spatial scale of resource use
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increases, the heterogeneity of resources and resource users also increases
and commons governance becomes more complex.
Is the commons theory robust across levels? There are debates in the
literature regarding whether the findings of small-scale and communitybased commons studies can be scaled-up to generalize about regional and
global commons. Even though some of the principles from community-based
studies no doubt does apply across levels, there is growing consensus that
new and different principles also come into play at different levels.
In the case of migratory marine resources, the problem of scale is crucial. A
given stock may be used by both coastal and offshore fisheries, by small and
large-scale operators, and often by more than one nation, as in Pacific Ocean
tuna species. The additional problem is that the movement of the stocks
makes it very difficult to deal with problems of exclusion and subtractability.
The management of migratory marine resources creates different kinds
of problems than the management of stationary resources and stay-home
resource users, who tend to develop shared values and mutually agreeable
rules, and who can monitor one another’s behaviour and impose sanctions.
Regional resources pose cross-boundary issues. For commercial fisheries,
it may be necessary to have quotas enforced by government authorities, as
community-based solutions would not be effective. In the case of global
commons, the situation is even more complicated. Global resources pose
cooperation and enforcement problems that cannot be solved at the local or
regional levels. At the global level, there is no superordinate authority that can
enforce rules and sanction the violators. Efforts to protect global commons,
such as migratory marine fish and marine mammals, have commonly
depended on bilateral or multilateral international agreements. In effect,
they depend largely on voluntary cooperation of national governments.
Consider the example of Atlantic bluefin tuna resources. The International
Commission for the Conservation of Atlantic Tuna (ICCAT) regulates the
fishery. Until recently, ICCAT recognized two stocks or management units,
one in the western Atlantic and one in the eastern Atlantic. Larval surveys
indicate two major breeding grounds, one in the Gulf of Mexico and the other
in the Mediterranean Sea. There has been a sharp decline in the abundance of
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the western Atlantic bluefin since the 1970s. In 1982, ICCAT began setting an
annual catch limit to try to conserve the stock. It took nearly another decade
before the tuna biomass stabilized at about 20 percent of the level during
the 1970s (Magnusson et al. 2001). But the story does not end there. Much
effort has gone into understanding the biology of the tuna, so that effective
controls can be put into place for these two discrete populations or stocks of
Atlantic tuna. Recent studies showed, however, that western-tagged bluefin
tuna make transatlantic migrations. There is a mixing of tuna in western
and eastern feeding grounds, and thus there may be mixing in the spawning
grounds as well (Block et al. 2001).
The tuna example illustrates some of the complexities in the management
of an international commons. The ICCAT, as a multilateral agency, can
set quotas and protect the resource — but only with the full agreement of
the participating nations. Uncertainties in migration and other biological
characteristics of the tuna create further management problems, pitting
nation against nation within the global fishery. Because it is an offshore
resource, monitoring is very difficult. As well, economic stakes are high:
bluefin tuna is a very high-priced commodity and has a global market as
sashimi.
The tuna case is significant because it also illustrates some of the management directions that have been used for migratory marine resources.
Once an international management agency is set up, it relies on progressively
more sophisticated technical research such as new ways of investigating
migration patterns. Quotas are set and adjusted according to the status of the
resource and the scientific information available. But these measures may
not be sufficient for conservation. Instead of providing biological clarity, new
research may suggest additional complications and raise further scientific
uncertainties.
If that happens, there may be a tendency to fall back on the precautionary
principle as a hedge for scientific uncertainty, and simultaneously on ethical
principles as a way of dealing with issues that cannot be solved by scientific
research. The Code of Conduct for Responsible Fisheries and the Lisbon Principles
are two such sets of principles that mix science, measures for uncertainty, and
133

TOWARD A NEW SOCIAL CONTRACT

ethical principles. However, as with bilateral or multilateral agreements, they
depend on the voluntary cooperation of nation states in a world in which the
distribution of power is badly skewed.
The international process for formulating a Code of Conduct for Responsible
Fisheries (CCRF) was initiated formally by the FAO in 1991 in response to the
crisis in the management of global fisheries. The process for the CCRF was
partly shaped by the UN Conference on Environment and Development
(UNCED), which convened in Rio in 1992, and the UN Conference on
Straddling Fish Stocks and Highly Migratory Fish Stocks with respect to
the 1982 UN Convention on the Law of the Sea (UNCLOS). The CCRF was
intended to be consistent with UNCED and Agenda 21 of the Rio Declaration,
as well as with the 1995 UNCLOS related to straddling and migratory stocks.
CCRF embraced the Precautionary Principle contained in the Rio Declaration, Principle 15: “In order to protect the environment, the precautionary
approach shall be widely applied by States according to their capabilities.
Where there are threats of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.” The CCRF guidelines also
address ecosystem stewardship, dispute resolution, international law, and
international trade in fish products. The Lisbon Principles for sustainable
ocean governance, summarized in Table 9.2, provide a smaller and more
manageable set of guidelines. These include the principles of responsibility,
scale-matching, precaution, adaptive management, full-cost allocation, and
participatory decision-making (Costanza et al. 1999).
In summary, the management of migratory marine resources has tried to
pursue progressively more sophisticated technical solutions. Management
has fallen back on the use of the precautionary approach, dealing with
uncertainty and other complex systems problems through such principles
as the CCRF and the Lisbon Principles. It is debatable if these measures can
solve the problems of regional and global commons as they rely on voluntary
compliance at the level of the nation state. As well, they provide sets of
ideals established from the top down, without local-level inputs and without
providing the institutional mechanisms that can connect the local-level with
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the regional and international levels.

Conclusions
Commons research evolved through the critique of the tragedy of the
commons model that rationalizes central government control or privatization. Commons research since the 1980s has documented, in considerable
detail, the self-organization and self-regulation capability of communities
of resource users to solve commons dilemmas. The tragedy has been shown
to be the consequence of free-for-all, open-access conditions — not of
common-property. However, community-based resource management is
mostly insufficient and incapable of dealing with international and global
commons. That raises the question: Is commons theory limited to local-level,
community-based resource management, or does it provide insights into
the solution of global as well as local commons problems, including those
involving migratory species that cross regional and international boundaries?
The “actors” in commons management across boundaries are nation states,
not communities. Historically, environment and resource management issues
and their solutions have involved nation states as the appropriate agents of
action, and international agreements as the governance mechanism. How this
works is that international agreements are developed and negotiated among
nation states, which then have a choice to ratify these legally non-binding
agreements or not. Because of the principle of sovereignty, international
agreements are not directly enforceable in a given nation state, unless they
are legislated by each. In many cases, the international “agreement” is merely
voluntary guidelines anyway, as in FAO’s Code of Conduct for Responsible
Fisheries.
In the example given in this chapter, The Code of Conduct was strengthened
by aligning it with two other international events: the 1982 UN Convention
on Law of the Sea and the 1992 Rio Declaration with its Agenda 21. In more
recent years, there has been an effort to similarly team up the 2015 FAO Smallscale Fisheries SSF Guidelines with the UNDP Sustainable Development
Goals (SDGs) and the Convention on Biological Diversity (CBD) provisions
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(Chapter 5).
In the face of global level problems, actions by national-level actors are
often inadequate. In recent years, there has been an increasing interest in the
involvement of non-state actors. The expanding role of large corporations
has been one direction (Postscript to Chapter 6), and expanded cooperation
among non-state actors and organizations has been the other. These actors,
previously outside the policy process, may be able to play a key role in
mobilizing public opinion and generating new approaches. Scholars suggest
multilevel, non-hierarchical, information-rich, loose networks of institutions
and actors (Dietz et al. 2003). Such arrangements may have the advantage
of an inclusive approach, with the involvement of multiple actors, that may
help identify ways of cooperation that go beyond legal arrangements.
All policy issues, including the management of migratory marine resources,
bring together a “community” of players, hence the term policy communities,
also referred to as policy networks (Carlsson 2000). Policy communities
have a promising track record that go back to the 1990s. They provide
multilevel linkages by connecting local issues with regional and international
agencies. A relatively well known type of policy community is what Haas
(1990) has termed epistemic communities. The original example was the
network of scientists, government experts and NGO representatives who
enabled the Mediterranean Action Plan. Members of epistemic communities
share principled beliefs, notions of validity, and policy goals that cut across
political boundaries. Haas pointed out that the Mediterranean Action Plan
brought together countries that are often in conflict, indicating that epistemic
communities were significant in overriding such differences. The key to the
success of such communities seems to be developing “a common approach to
understanding” of a problem, and a common approach and a set of priorities
for dealing with it.
Perhaps the major lesson from examining these alternatives is the emphasis
on the ability of a society or management system to build capacity for learning
and adapting — the resilience approach (Chapter 4). The conventional
approach of bilateral or multilateral international agreements, based on
biological and economic controls, seems to be limited in building such
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capacity. Perhaps this is why international marine resource management has
started to use the precautionary approach and codes of conduct in dealing
with uncertainty and other complex systems problems – these may help build
capacity for learning and adapting. The Lisbon Principles are interesting
in that they encompass many of the ideas that come out of the discussion
of alternative approaches for international commons management, such as
scale-matching, adaptive management and stakeholder participation. The
next chapter explores this further.
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The padu system involves the rotational allocation of shrimp fishing spots where
the stake nets are placed. The stake net fishery in the Negombo Lagoon, Sri Lanka,
has both local and regional-level management (Photo: Upali Amarasinghe).

This chapter, coming a year after the paper on which Chapter 9 is
based, continues the exploration of commons applications. The focus
here is multilevel governance (the term “cross-scale” is also used in the
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older literature) discussed earlier in Chapter 7 in the context of roving
bandits. In addition to expanding on some of the examples in Chapter
9, this chapter (based on Berkes 2006) makes the point that commons
management often deals with the scale issue of complex adaptive systems,
even in the case of apparently simple fisheries.
Complexity is one of these themes that keeps coming up throughout this
volume, from Chapter 2 onwards and especially in Chapter 5. Here we
deal with scale but not with the intractable question on the feasibility of
scaling-up from local to global commons. That question introduces bigger
issues that go beyond our themes of community-based management and
small-scale fisheries. Nevertheless, I suggest here that the debate on the
feasibility of scaling-up commons theory may be approached by framing
the issue as complexity management, rather than one of scaling-up.
Sustainable resource management at all levels is a fundamental problem for
commons. The theory of the commons has undergone major transformations
over the years, and yet there are ongoing debates in many areas (Ostrom et
al. 2002). One of these areas concerns a scale-related question: can findings
from local-level commons be scaled-up? That is, can principles generated
on the basis micro-level studies be applied to meso-scale and macro-scale
systems? Some of the experimental work on commons, using Prisoner’s
Dilemma models, has treated nation states as unitary actors in the analysis of
global commons (e.g., Ostrom et al. 1994), with the implication that the same
commons principles may apply across levels. “Some experience from smaller
systems transfers directly to global systems,” although there is a serious caveat:
“global commons introduce a range of new issues” (Ostrom et al.1999, p. 278).
The transferability of the small-scale commons experience is fraught with
complications (Dietz et al. 2003). The issue “is not fundamentally a matter of
extreme size and complexity at the global level. Rather, the problem arises
from differences between individuals and states, and from the separation
between those who formulate the rules and those who are subject to them”,
a two-step process according to Young (2002, p. 152/3). Some argue that
solving the tragedy of the commons at the local level is fundamentally a
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matter of self-regulation, but not so at the global level. Hence, we should be
particularly careful to avoid assuming that global common scan be treated
in the same ways as local commons. Stern (2011) has studied the issue, and
concluded that Ostrom principles (Chapter 9) are relevant to the global level,
except for the first one, but that additional principles are also needed at the
global level.
This debate may be approached by suggesting that it may be more useful
to pose the issue as complexity management, rather than one of scalingup. Commons management can be understood as the management of
complex systems, with emphasis on scale, self-organization, uncertainty,
and emergent properties such as resilience. Here we focus on scale and
multilevel governance. The most widely discussed institutional form for
dealing with commons management at two or more levels is co-management.
But there is a diversity of institutional forms for dealing with multilevel
commons, including epistemic communities and policy networks (Chapter 9).
Also included are boundary organizations and institutional interplay (Young
2002, 2006). These concepts have something in common: each provides
an approach to understand linkages across levels and to deal with complex
systems. They all pertain to scale and to other aspects of complexity such as
self-organization, uncertainty, and resilience.
Using examples from marine commons, the objectives of this chapter are
to contribute to an understanding of commons as complex systems, and to
contribute to debates on scale. Following the review of commons concepts
in Chapter 9, here we focus on a selection of scale-related issues using
illustrative case material. The first case (with two examples) makes the point
that even cases of apparent simplicity may have drivers at different spatial
and temporal scales. The second case is an international marine commons
example, focusing on large migratory fish species in the Atlantic to illustrate
the necessity of having to consider both technical/biological factors and
social/economic factors as part of multilevel governance.
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Scale-related Complexities
Initially, commons research sought the simplicity of community-based
management cases to develop theory. Ostrom’s strategy had been to study
small- scale commons situations “because the process of self-organization and
self-governance are easier to observe in this type of situation than in many
others” (Ostrom 1990, p. 29). This is not to say that such small-scale systems
are isolated from the rest of the world and immune to internal and external
influences that affect self-governance. There are at least three scale-related
issues that can impact resource management: complexity at the level of the
community itself; external drivers of change; and the problem of mismatch
of resource and institutional boundaries, i.e., the issue of fit. Here we deal
largely with the mismatch problem.
Resource boundaries rarely match institutional boundaries. Institutions do
not “fit” resource or ecosystem boundaries for a number of reasons, including
the complexity and dynamics of ecosystems, uncertainty, irreversibility, and
disturbance. Figure 10.1 shows some commonly considered levels of political, social,and ecological organization, with marine resource management in
mind. Social-ecological system management is more likely to work if there
is a fit between the ecosystem and the institution designed to manage the
environment. However, most, if not all, cases of natural resource management
are cross-level, that is, the levels on the two sides of Figure 10.1 are not
likely to match.

Figure 10.1. A sketch of levels of organization in a social-ecological system.
Adapted from MA (2003).
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As well, overemphasis on community-based management runs the risk of
defining issues at one level instead of several. Communities may be complex
and embedded in further complexity due to linkages to other layers and
external drivers. In the globalized world it is difficult to find a resource
management system that does not have multilevel linkages and drivers. To
illustrate this, we turn to a consideration of some marine commons cases.
The first example, a coastal resource management case from Cambodia,
illustrates the consequences of community heterogeneity, the role of drivers
and learning in management directions, and the kinds of multilevel issues that
may arise. The second example, from Kerala, India, provides an illustration
of scale issues in a community-based, single-resource system.
The Cambodia example is from Koh Sralao, a coastal village near the
Thailand border. The village has a large segment of newcomers, some
60% of the residents have been in the village for 10 years or less; many
of these are people displaced by civil turmoil or environmental disasters
elsewhere in Cambodia. Both groups make their livelihoods from coastal
resources: fish and shellfish production, processing and marketing, and
charcoal-making (Marschke and Berkes 2005). The villagers have been
successful in commercializing coastal resources for local and regional markets
and for export to Thailand and Vietnam: charcoal from the once-abundant
mangroves of the area, timber, shrimp (following the decline of Thai
shrimp farms), mangrove oysters, and grouper fingerlings for mariculture in
Thailand.
In the early 2000s, villagers were heavily exploiting the swimming crab,
Portunus sp., which was showing evidence of over harvesting, and two species
of mud crabs, Scylla spp. The problem is that resources have been serially
depleted over the years. For example, mangroves were being depleted and
conflicts were developing between fishers and charcoal-producers because
mangrove ecosystems support fish and shellfish resources. Although the
livelihood activities of the long-term residents and the newcomers were
similar, their attitudes toward resource management differed, at least initially.
For example, long- term resident fishers had as many as eight or nine fishing
methods at their disposal, whereas the newcomers typically pursued one
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or two activities such as setting crab traps. Long-term residents tended to
prefer a healthy mangrove ecosystem that supported a variety of resources;
the newcomers tended to pursue commodity production. However, it was
becoming obvious to even the newcomers that protecting the resource base
was a worthwhile objective for all.
A village management committee was elected in Koh Sralao in 2000, initially
to prevent illegal resource harvesting and for environmental education in
general. With the assistance of an NGO, the committee interacted with
government agencies that had jurisdiction over the mangrove ecosystem and
the coastal area (Marschke and Nong 2003). Soon, the committee was able
to mobilize villagers for mangrove replanting. They also recruited former
dynamite fishers to patrol dynamite-fishing, and started taking proactive
measures, indicating that people had learned the lessons of previous resource
depletion. For example, the committee established a reserve area to protect
a key sea-grass habitat for young groupers. However, after establishing a
consensus within the village to reduce damaging activities, and achieving
some success locally, the committee found out that their local rules were
insufficient to protect resources that were regional in scale.
The mangrove area and coastal resources were used as regional commons
by several villages. In 2001/02 the Koh Sralao committee took the measure
of increasing the mesh size in swimming crab traps, and many of the local
fishers actually switched. However, within a year, they were back to using
the smaller mesh size because they found out that other fishers in the region
were still using the smaller mesh, making Koh Sralao’s effort futile (Marschke
and Berkes 2005). Thus, the committee in Koh Sralao had discovered in its
own way, the scale challenges of ignorance, mismatch and plurality (Cash et
al. 2006).
The India case also illustrates some of the challenges related to scale in a
community-based system. South Asia is home to a number of traditional
community institutions for coastal resource management such as the padu
systems found in Sri Lanka and the southern Indian states of Kerala and
Tamil Nadu (Chapter 9). They are lagoon and estuarine resource management
systems characterized by the use rotational fishing spots allocated by lottery.
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They are species- and gear-specific, with rules to define fishing sites and
rights holders, often according to social or caste groups (Lobe and Berkes
2004).
We investigated three community-based fisher associations (sanghams)
in the Cochin estuary of Kerala, that use the padu system. The sanghams
administered the rotational allocation of shrimp fishing spots, fished with
stake nets. These are rows of bag-like nets fixed to stakes driven into the
ground. They operated under a set of well-defined rules serving livelihood,
equity of access, and conflict resolution needs among their members. As a
commons institution, the padu system of the Cochin estuary only dates back
from the late 1970s. Tracing their origins showed that they arose out of two
events.
The first was the globalization of shrimp markets. Shrimp became “pink
gold,” as many small-scale fishers in South India abandoned other resources
in pursuit of shrimp (Kurien 1992). The second was the new arrangement in
1974 by the Kerala Fisheries Department to require licenses for all fishers.
But the state lacked the means to enforce the new law. Because shrimp fishing
was lucrative and attracted new entrants, the resource effectively became
open-access, forcing the fishers to self-organize to consolidate what they
considered to be their rights in a large and crowded estuary and lagoon system
(Lobe and Berkes 2004).
Each padu association in the Cochin estuary dealt with the exclusion issue
by limiting access of nonmembers, and the subtractability issue through rules
that provide for equity, social responsibility, and conflict management among
members. However, the Kerala State government does not recognize the three
associations in the study area, nor does it license the fishers. They continue
to fish only because of a 1978 court order establishing them “as fishers by
profession”, and ongoing state-level political action by their Dheevara caste
organization to protect their rights. The sanghams seemed to be effective in
dealing with the subtractability problem; they have well-defined and clear
rules to regulate resource use among members. However, exclusion was a
problem. Sangham fishers controlled their own stake nets but had no control
over other fishers in the area. The three sanghams controlled only about
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one-half of the 289 stake nets owned locally, and that in turn was only a
small fraction of some 13,000 stake nets used in the entire lagoon and estuary
system (Lobe and Berkes 2004).
In the heavily used estuary and lagoon system in Cochin, there appears
to be no systematic data collection or stock assessment. The lack of state
recognition and mechanisms for multilevel coordination limited the ability
of the three sanghams to contribute to regional level management — but
there was no effective regional-level management in any case. Given the lack
of resources in most developing countries, is it realistic to expect effective
management of such resources as those used by padu systems of South Asia?
There are, in fact, well-functioning padu systems with both local- and regionallevel management, and they are found in the well-studied Negombo Lagoon
of western Sri Lanka (Amarasinghe et al. 1997; Amarasinghe et al. 2002).
Figure 10.2 sketches the differences between these two lagoon cases that
use variations of the same padu system. Both are species- and gear-specific,
with rules defining sites and rights holders, and both use a lottery-based,
rotational use system for fishing sites. The differences are organizational.
In Negombo, the fishers are organized at the community level through four
rural fisheries societies (RFSs). They are subject to the rules made by each
of the RFSs at the local level, and coordinated across the four RFSs at the
regional level. This local control and regional coordination is made possible
by the national government through the devolution of management authority
to the RFSs (Amarasinghe et al.1997). By contrast, no effective multilevel
linkages exist in the Cochin case, even though the fishers are well organized
at the community level and there is Kerala State legislation from 1995 that
provides a directive to devolve resource management to municipal-level
organizations.
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Figure 10.2. Multilevel governance in lagoon shrimp management: comparison of
cases in Sri Lanka vs. Kerala, India. Note the absence of arrows in the Kerala case.
The padu examples illustrate how external drivers related to economic development (i.e., international markets for shrimp), and resource management
policies (i.e., state-level reorganization of fishing rights) can affect communitybased institutions. The padu systems of the Cochin area have their origins in
ancient South Asian traditions of coastal resource use, but they are in fact the
product of relatively recent economic and political transformations. Their
existence is fragile because of a lack of state-level policies and government
recognition.
One of the two padu systems in Figure 10.2 has effectively addressed
major challenges related to scale, but the other has not. The Sri Lanka
case has solved the scale mismatch issue though multilevel governance
from the local to the national, thus engaging the local level in overall
management (Amarasinghe et al. 1997). By contrast, the Kerala case
has no multilevel governance, no intermediate-level institutions, and no
arrangements between the community and the government. Thus, the
problem of scale mismatch remains unresolved because issues are defined
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only at the local association level but only weakly at the State level through
lobbying by caste organizations.

Multilevel Issues in International Fishery Commons from the
Atlantic
Migratory marine resources create particularly difficult scale mismatch
problems (Chapter 9). A given fish stock may be used by small and large-scale
operations in more than one national jurisdiction. Stock movements make
it difficult to solve the commons problems of exclusion and subtractability.
Rarely are there shared values, mutually agreed upon rules, local monitoring,
and ways to enforce social sanctions among groups who use these stocks. In
this regard, the situation is similar to global commons (Stern 2011). Hence, the
management of migratory marine resources creates fundamentally different
commons problems, as compared to community-based fisheries, such as
those in the Cambodia and Sri Lanka cases.
Migratory stocks that range over large ocean areas pose cooperation and
enforcement problems that cannot be solved at the regional and national
levels. Efforts to protect such resources, have usually depended on bilateral
or multilateral international agreements that require voluntary cooperation
among governments. These issues are illustrated here with examples of tuna
and tuna-like fishes of the Atlantic region, managed by the International
Commission for the Conservation of Atlantic Tuna (ICCAT). Chapter
9 discussed some of the scientific complexities and uncertainties in the
management of the bluefin tuna. Here we turn to the multilevel management
of a suite of large oceanic pelagic species that migrate through the Caribbean
region and are fished by multiple states and fishing communities of the region.
The ICCAT, a multilateral agency, relies on “big science” to set quotas
and protect the resource, but only with the full agreement of participating
nations. These nations, in turn, need to enforce the international rules on
their fishing industry. When local perceptions of resource availability and
sustainability are at odds with the international view, the stage is set for
potential conflicts. Uncertainties in the ecology of the species create further
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management problems, pitting nation against nation. As offshore resources,
monitoring is difficult. Furthermore, many of the tuna and tuna-like species
are sought-after commodities for international canning companies and sushi
markets.
Some 30 species of tunas and tuna-like species of the Atlantic Ocean
and adjacent seas, including the Caribbean, are under the ICCAT mandate.
A number of species come under total allowable catch (TAC) limits. In
addition to the bluefin tuna, TAC controls apply to several other tuna
and billfish stocks, including swordfish (Xiphias gladius). These stocks are
fished by a number of countries, including distant-water fleets. The major
players include the United States and the European Union. The Caribbean
Community (CARICOM) is an observer on ICCAT and represents the small
island nation states of the region. The CARICOM Fisheries Unit (CFU)
networks with fisheries stakeholders in the Caribbean (Haughton et al. 2004).
The ICCAT allocates the TAC in catch quotas based solely on historical
harvests. This puts the CARICOM countries at a disadvantage, because their
fleets have been small-scale and have only recently expanded into the longline fishery for large pelagic species (Chakalall et al. 1998). Internationally
accepted catch allocation criteria usually include socioeconomic criteria, such
as the interests of small-scale fisheries and the needs of coastal communities.
However, the dominant discourse for decision-making at ICCAT is based
on biological and technical considerations and the use of historical data.
Caribbean scientists do not dispute the science, but point out that an
alternative discourse could use socioeconomic criteria in addition to science
(Singh-Renton et al. 2003).
The study of the community-based fishery in Gouyave on the small island
state of Grenada, a CARICOM member, is used to illustrate the issue (Grant
and Berkes 2004; Grant and Berkes 2007). Gouyave has an economically
important small-scale sector that engages in long-line fishing. Although this
long-line fishery dates back only from the late 1970s, there is a tradition of
fishing large pelagic species by handline. The main species in the community
harvest are yellowfin tuna (Thunnus albacares) for the export market, Atlantic
sailfish (Istiophorus albicans) for the local market, and a variety of small tunas,
148

10. FROM COMMUNITY-BASED RESOURCE MANAGEMENT TO COMPLEX...

marlins, and swordfish. From the point of view of the fishing community
in Gouyave, its fishery is too small to impact international stocks – but it
is vulnerable to powerful international players. It has grudgingly accepted
to stay out of the swordfish fishery. However, it draws the line regarding
possible TAC limits on sailfish, since this species is locally important for both
food and income.
Singh-Renton et al. (2003) have argued that the ICCAT needs to be
persuaded that top-down enforcement is unlikely to be effective for smallscale fisheries, requiring a focus on community-based management instead.
Figure 10.3 maps out linkages across four levels of management. The
CARICOM Fisheries communicates effectively with the member countries
such as Grenada and St. Vincent and the Grenadines, and it passes along
information from the ICCAT regarding management measures. In turn,
the Grenada Fisheries Division informs the fishing industry. Fishing
communities such as Gouyave are organized internally but they lack a
consistent voice through well-established associations. This creates a weak
link between the national and the community levels. Overall, top-down
information flow is effective for the most part, but bottom-up flow is poor to
nonexistent (Grant and Berkes 2004).
The mismatch between scales of social systems and scales of natural systems
is addressed by scaling-up to establish an international agency, the ICCAT.
This agency has the potential to deal with issues at multiple levels, but it
is constrained by the weak vertical linkages from the bottom up. In effect,
the domination of the ICCAT by large, powerful nations creates a tendency
to define issues predominantly at one level, i.e., the largest ecological level.
There are scientific challenges, but the more problematic one is the plurality
challenge. Defining issues predominantly at the international level works
to the detriment of small Caribbean nation states and fishing communities.
Local fishers see the international level as insensitive to their needs and
unresponsive to their voices, creating a potential enforcement problem as
more species are added to the restricted list.
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Figure 10.3. Multilevel governance in the Caribbean tuna management
case. ICCAT: International Commission for the Conservation of Atlantic
Tuna, CFU: CARICOM Fisheries Unit, CARICOM: The Caribbean
Community, OECS: Organization of Eastern Caribbean States, FAO:
Food and Agricultural Organization of the UN (Regional Office,
Barbados).
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Discussion and Conclusions
Community-based resource management is vulnerable to external drivers
and often falls short when dealing with multilevel issues. As the examples in
this chapter show, issues that require solutions at multiple levels are pervasive;
the scale issue is recognized but often left unresolved. The ICCAT does not
respond to the livelihood problems of Gouyave fishers and the Government
of Kerala seems unwilling or unable to set up regional level management. But
nevertheless, most actors recognize scale issues and partially respond to them.
All three cases are hampered by the tendency to define issues at only one level.
In Cambodia, Kerala, and Sri Lanka, the local level is the focus of management,
whereas in the ICCAT Caribbean, the focus is on the international level. The
other levels are present but not effectively engaged, except in the Sri Lanka
padu example. The Kerala case is unusual in that it lacks even an attempt at
forging vertical linkages to connect the community-level to the regional.
The challenge of multiple levels is also the challenge of plurality: resources
are contested by multiple actors in each case. Kerala is the most crowded
case, and it is possible that the lack of institutional solutions is related to
the pessimism regarding the likelihood of ever finding win-win solutions.
The ICCAT Caribbean case provides a striking example of an asymmetrical
relationship among the actors. Science advice is filtering down the levels,
but fishers’ livelihood needs, knowledge and values are not being heard. The
mismatch is about the scale of management; the dispute is about equity and
fairness. The management discourse of the politically powerful countries vs.
the small Caribbean island nations are at odds.
There are a number of implications of these findings for the scaling-up
debate (Ostrom et al. 1999; Young 2002). First, these cases show that selfregulation alone is insufficient to solve the commons problem at the local
level, if the scale problem is not addressed. Second, the examples do not
support the argument that global regulation is a two-step process involving
those who formulate the rules and those who are subject to them (Young
2002). All include multiple levels. Diverse actors at multiple levels formulate
the rules and complex relations exist between rule-makers and followers.
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Hence, the emphasis of the inquiry could usefully shift from questions of
scaling-up, to understanding linkages and their nature and dynamics.
It may be more illuminating to approach the scaling-up debate by suggesting
that commons management in many cases should be understood as the
management of complex adaptive systems with scale problems. The study of
multilevel institutional linkages such as co-management, boundary organizations, and epistemic communities is important because these institutions
provide a means to bridge the divide between processes taking place at
different levels. In effect, they provide ways to deal with linkages in complex
adaptive systems. Examining horizontal and vertical linkages, and dealing
with policy networks are among the various means to understand the nature
and dynamics of multilevel linkages and governance in general (Berkes 2002).
It seems that findings of community-based commons cannot readily
be scaled-up to generalize about regional and global commons. Lack of
shared values, mutually agreed upon rules, local monitoring, and ways to
enforce social sanctions make it difficult to generalize from local commons
to regional/global commons. In addition to the difficulty of establishing
common understandings, Stern (2011) points out that social learning from
direct experience is not a feasible option for global commons – the system is
too big and there is only one earth!
The community level is obviously important as the starting point, but
higher levels of organization are also important for providing monitoring, assessment, enforcement, and for enabling local management. The importance
of institutions that straddle levels of management and provide incentives for
sustainability is increasingly recognized. In fisheries and marine resources,
these are mainly co-management institutions as discussed in the next chapter,
along with social learning, networks and adaptive management.
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Co-management in action: grass-roots protected area (PA) planning. The Cree
people of James Bay, Quebec, Canada, have legal rights for co-management under
their land claims agreement. The photo shows a meeting to determine the
boundaries of a locally planned PA. In attendance are members of the Cree Nation
of Wemindji, university researchers (technical support and capacity-building), and
government observers (Photo: F. Berkes).

One of the most exciting applied areas for commons theory is comanagement, with hundreds (possibly thousands) of initiatives around
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the globe. These initiatives owe their existence to two facts: top-down
resource management by centralized agencies has not been working
well, and purely local-level management is often ineffective. Therefore,
partnerships are needed to share both the decision-making power
and responsibility. Co-management is most often a compromise.
Fishing communities like to run their own affairs, and the government
almost never wants to give away its powers. But the promises of comanagement are seductive for both sides: reduced conflict, lower costs,
better compliance, better information, and risk-sharing in an increasingly
unpredictable and complex world.
This chapter is a much reduced (edited down) version of my rather long,
comprehensive and highly cited paper in the Journal of Environmental
Management (Berkes 2009a). It includes some of the findings of our
co-edited 2007 book, Adaptive Co-management. The chapter starts
with some co-management basics. Following a short section on bridging
organizations (providing a forum for the co-managers to come together),
the chapter delves into social learning and what happens when comanagement practice includes learning-by doing, otherwise known as
adaptive management.
Many resources are too complex to be governed effectively by a single agency.
Governance of many kinds of fisheries, as well as forests, grazing lands,
watersheds, wildlife, protected areas and other resources, requires the joint
action of multiple parties. The concept of governance suggests that we
look beyond government, toward public-private-civil society partnerships,
as a way of dealing with the shortcomings of single-agency, top-down
management. Co-management, or the sharing of power and responsibility
between the government and local resource users, is an arrangement
involving such partnerships. Increasingly, co-management is being combined
with learning-based approaches. Adaptive management, or learning-bydoing, was originally formulated as a way to deal with uncertainty and
complexity, in place of set management prescriptions (Holling 1978). It
has become collaborative in practice, and time-tested co-management
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increasingly relies on learning-by-doing. Thus, co-management and adaptive
management have been evolving toward a common ground: adaptive comanagement.
Co-management is not a cure-all. Many have warned against seeing comanagement as a panacea for legitimacy ( Jentoft 2000). The track record of
co-management is rather poor in poverty reduction and empowerment of the
marginalized. Co-management, and decentralization in general, has in many
cases led to the reinforcement of local elite power or to strengthening of
state control. Regarding the former, the exclusion of marginal stakeholders
who are poor and politically weak may have negative impacts on equity
and community welfare, as seen in fishery cases in Bangladesh, Cambodia,
Indonesia, and Philippines (Wilson et al. 2006). Co-management can also lead
to regulatory capture; it can be used as a pretext to co-opt community-based
management and extend the power of the state (Gelcich et al. 2006).
There is no single universally accepted definition of co-management. The
term refers to a range of arrangements, with different degrees of power
sharing, for joint decision-making by the state and communities (or usergroups) about a set of resources or an area. Co-management shares many
features with other kinds of partnerships and co-operative environmental
governance arrangements involving multiple actors (Armitage et al. 2007).
The hallmark of co-management is to have at least one strong vertical
linkage involving the government and a user-group, and some formalized
arrangement for user participation and sharing power and responsibility.
Mere consultation or ad hoc public participation is not co-management
(Pinkerton 1989).
The term co-management is relatively recent. Pinkerton (2003) traces the
earliest use of the term to the late 1970s, in the management of salmon
under the Boldt Decision by the US Treaty Tribes in Washington State.
However, the practice of formalized power sharing in resource management
goes back to earlier times. In the area of fisheries, the earliest documented
legal arrangement seems to be the Lofoten Islands cod fishery in Norway in
the 1890s ( Jentoft and McCay 1995), and Japanese inshore fisheries under
Japan’s 1901 Fisheries Act and its subsequent revisions (Lim et al. 1995). Co154
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management in other resource areas (forests, wildlife, water, protected areas)
have their own unique histories.
The early literature depicted co-management as a class of relatively
simple partnership arrangements. However, the wide range of international
experience accumulating since the 1980s indicates that co-management has
become more complex and dynamic than might be concluded from this earlier
literature and it has evolved in diverse directions. This chapter provides a
critical review of some of the ways in which the theory and practice of comanagement has evolved, and the different aspects that have come to the
forefront. In particular, the paper analyzes the role of social learning and the
emergence of adaptive co-management.

Different Faces of Co-Management
Different aspects (or “faces”) of co-management have emerged in the literature
with the unpacking of the concept over the last three decades (Table 11.1). For
example, the earlier interest in the legal aspects of collaborative arrangements
has been replaced by a greater emphasis on process and learning (Carlsson
and Berkes 2005). Much effort has gone into identifying appropriate local
institutions and building on their strengths, or crafting new ones. The
arrangement itself evolves over time and is path-dependent. That is, the
outcome is strongly influenced by the history of the case (Chuenpagdee and
Jentoft 2007).

Bridging Organizations and Polycentric Networks
Many aspects of co-management, such as power-sharing, involve bridging
organizations that bring the parties together. They provide an arena for
problem-solving, knowledge co-production, trust-building, sense-making,
learning, vertical and horizontal collaboration, and conflict resolution.
Bridging organizations can respond to opportunities, serve as catalysts
and facilitators between different levels of governance, and across resource
and knowledge systems (Folke et al. 2005). They are similar to boundary
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organizations, as originally described for the two-way translation between
science and policy spheres.
For example, the bridging organization in Sweden’s Kristianstads Vattenrike Biosphere Reserve case was the Ecomuseum (EKV). The EKV provided
the forum for trust-building, conflict resolution, and accessing knowledge.
When the wetland area in Vattenrike was set aside for strict conservation, it
became overgrown after the banning of cattle grazing. The EKV coordinated
the deliberation over this unintended impact of conservation, leading to
the co-production of new knowledge. A consensus was reached to the
effect that grazing was indeed essential to maintain the wetland system. By
linking networks concerned with different objectives (bird conservation,
water quality, cultural heritage), the EKV provided leadership to produce new
vision and goals (Figure 11.1).

Figure 11.1. The role of the bridging organization, the Ecomuseum (EKV), in the
Kristianstads Vattenrike Biosphere Reserve case, Sweden. Adapted from Olsson et
al. (2007).
The network configuration in Figure 11.1 is indicative of a common
structural feature of many co-management arrangements. One successful
co-management case in the Philippines began with a small aquaculture
project but expanded into other activities through a network of alliances
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with local government agencies and NGOs. The support and participation
of government agencies at local and national levels, and NGOs at local,
national, and international levels, were found to be critical for the success of
these cases. Another significant finding was that co-management programs,
once successful, tended to become involved in broader environment and
development issues, such as ecotourism and livelihood enhancement (Wilson
et al. 2006).
Bridging organizations are crucially important because they provide a
package of services to facilitate linkages. Where bridging organizations do
not exist, co-management or similar arrangements may end up separately
engaging a number of NGOs, government agencies, research organizations,
and other partners to satisfy a diversity of needs. In doing so, these
arrangements end up looking like multi-faceted networks.
Polycentric systems represent a different cut on the question of partnerships. Co-management requires functioning institutions both at the local
level and the government level, the idea that it takes “two to tango” (Pomeroy
and Berkes 1997). What happens if there are no single government institution
at the level appropriate for co-management (or other governance function)?
One solution is to distribute authority across multiple institutions – the
polycentric approach. Governance is said to be polycentric in structure if it
has multiple and overlapping centers of authority (Ostrom 2010). In a sense,
co-management is polycentric, with multiple centers of authority sharing
power and responsibility.
The polycentric approach recognizes that effective governance often
requires multiple links across levels (e.g., national and state/province) and
domains (e.g., protected areas; fisheries). Such a governance structure allows
for the creation of an institutional dynamic appropriate for co-management
and governance more broadly (Folke et al. 2005). Polycentric institutional
arrangements do not fit the ideal of organizational structures; they are
deliberately redundant. However, they are a good fit for dealing with
intersecting domains, as many areas do not fall neatly into a single jurisdiction
or authority.
Literature on polycentric institutions indicates that flexible response to
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external drivers and rapid change is enhanced by systems of governance at
multiple levels, with some degree of autonomy, complemented by overlaps
in authority and capability. Such flexible institutional arrangements look
inefficient because they are messy and non-hierarchical in structure. But
they help provide a repertoire of responses that the parties can draw on to
cope with changing situations. Scholars and practitioners have emphasized
that both support networks and polycentric networks have another role that
is crucial for co-management — that of facilitating social learning.

Social Learning: How it Works
Social learning is of interest to a number of disciplines, including education
and business management. In environmental management, learning-based
approaches, in place of set prescriptions, were originally proposed as a way
to deal with environmental uncertainty. With its focus on learning-by-doing
through iterative practice, evaluation and action modification, social learning
came to be considered a defining feature of adaptive management. But how
does learning work? In the education literature, the classic model of learning
is a process of individual learning. With iterative feedback between the
learner and the environment, the learner changes the environment and these
changes in turn affect the learner.
Yet to focus only on individual level learning is too narrow to embrace
the various learning processes that seem to operate in environmental
management. It is becoming accepted that organizations as well as individuals
learn, but learning in larger social systems remains controversial among
educators. However, in environmental management group-centered and
multi-level social learning are increasingly seen as central to decision making.
“Management is not a search for the optimal solution to one problem but an
ongoing learning and negotiation process where a high priority is given to
questions of communication, perspective sharing, and the development of
adaptive group strategies for problem solving” (Pahl-Wostl and Hare 2004, p.
193).
Several learning theories seem to be relevant to social learning. First, experi158
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ential learning is a process of creating knowledge through the transformation
of experience and learning-by-doing. Second, transformative learning is a
reflective process that enables an individual’s perceptions and consciousness
to be altered; it includes communicative as well as instrumental learning
(Mezirow 1996; Sinclair and Diduck 2001). Third, social learning is a process
of iterative reflection that occurs when experiences and ideas are shared with
others. All three theories are related to self-organized learning processes that
have emerged as a major theme for collaboration, joint decision making, and
co-management in the social-ecological systems literature (Folke et al. 2005).
Co-management networks may be said to constitute “learning communities” or “communities of practice”. The former refers to groups of people,
with a shared interest learning through partnerships; the latter, groups
of people or community who have common concerns (domain area) and
pursue knowledge through regular interactions based in practice (shared
frameworks). The communities of practice concept, emphasizing learningas-participation and the importance of shared practices and their codification,
is particularly apt for describing what really goes on in evolving co-operation.
Co-management cases that have a time depth show that effective co-operation
indeed develops through time and relies on learning-as-participation. Each
round of problem solving leads to another.
For example, Pinkerton (2003) showed how co-management under the
Boldt decision of 1974 evolved through a series of stages. By 1984, protocols
for salmon harvesting, the original task, had been accomplished. This was
followed by the emergence of the next set of problems, and these went
beyond harvest regulation and included issues of habitat protection, regional
planning, and international (US/Canada) catch allocation. Thus the initial
co-management agreement, which was about harvests, set the stage for
a complex multi-stakeholder exercise and multi-jurisdictional integrated
resource management.
The Lake Racken case, Sweden, shows a similar progression. Experience
in dealing with lake acidification led to knowledge building and learning
regarding a range of issues. Participants tackled one problem after another
over a period of years. Increased learning resulted in a widening of
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scope in the problems tackled, and increased the capacity to experiment.
A comparative study of Lake Racken and James Bay, Canada, showed
that learning-as-participation led to broadening the scope of collaborative
problem solving (1) from a particular issue or local resource to a broad set
of issues related to ecosystem processes, and (2) from individual actors to
groups of actors, and eventually to multiple actor processes across levels of
organization (Olsson et al. 2004).
Participatory approaches seem to be central to learning by groups because
they create the mechanism by which individual learning can be shared by
other members of the group and reinforced. In the process, social learning
may proceed from simple, single-loop learning to learning-to-learn (doubleloop learning) that can result in fundamental changes in behavior. Important
feedbacks seem to be occurring among the use of participatory approaches,
social learning, and the enhancement of social capital, which in turn may
facilitate further collaboration. Examples above indicate that such learning
occurs in loops.
Successive loops of learning-as-participation combine elements of adaptive
management with elements of co-management, and can be shown as
expanding circles over time (Figure 11.2). Each cycle starts with observation
and problem identification. A problem-solving network organizes itself,
facilitated by the bridging organization or other supporting group(s) of the comanagement arrangement. The identification of problems and opportunities
leads to planning for the formulation of solution(s). Participants need to
monitor the outcomes of the plan to evaluate the effectiveness of action,
followed by reflection that leads to the next cycle.
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Figure 11.2. Learning-as-participation in co-management, resulting in increasing
levels of trust and the ability to tackle more complicated problems. Each loop in the
figure goes through observation-planning-action-outcome phases, followed by a
period of reflection.
Such a process provides new information at each iteration, information
that can be incorporated into the next round of solutions, the basis of
adaptive management. But at the same time, each observation-planningaction-outcome cycle is also a learning step, leading to co-management at
successively larger scales over time (Olsson et al. 2004). A case that actually
shows successive cycles, whereby the success with one issue leads to tackling
the next, indicates an arrangement that has matured in terms of its internal
structure and external linkages. But such a depiction also gives the impression
of an idealized unity and harmony among co-management partners. In reality,
even the facilitation of co-operation among the actors can be a huge challenge
in itself.
The distribution of power and responsibility on the government side is
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also far from uniform. Co-management skeptics have questioned whether
government agencies would ever willingly give up power. But governments
are not monolithic; different agencies have different roles and approaches,
and the impact of individuals within an organization can be significant. The
dynamics of adaptive co-management create many possibilities. Not only do
the co-managers learn from the ongoing co-management experience, but the
very act of engagement in the process has potential to change the way that
management agencies have always conducted their business.

Adaptive Co-management
Social learning is at the heart of iterated rounds of problem solving, along the
lines of Figure 11.2, which characterizes many long-standing co-management
cases. The unfolding of co-management experience since the 1980s suggests
the evolution of co-management into adaptive co-management. Many
practitioners of adaptive management and co-management practice what is
here called adaptive co-management without using that term. Adaptive comanagement is a process by which institutional arrangements and ecological
knowledge are tested and revised in a dynamic, on-going, self-organized
process of learning-by-doing, a definition adopted by Armitage et al. (2007,
p. 328).
Learning-by-doing co-management is appearing in many resource management areas. For example, the Center for International Forestry Research
defined a similar concept, adaptive collaborative management, as “a valueadding approach whereby people who have interests in a forest agree to act
together to plan, observe and learn from the implementation of their plans
(CIFOR 2008, p. 2). In practice, adaptive collaborative management has
three characteristics: horizontal interaction among stakeholders, vertical
interaction of communities with actors at other levels, and iterative learning.
Adaptive management and co-management do not have a shared history, so
their union is somewhat of a curiosity. Adaptive management emerges from
the literature of applied ecology, whereas co-management is most closely
associated with the commons literature. Adaptive management and co162

11. CO-MANAGEMENT AND SOCIAL LEARNING

management have been evolving toward a common ground because
adaptive management without collaboration lacks legitimacy, and comanagement without learning-by-doing does not develop the ability to
address emerging problems and the phenomenon of change.
Examining a set of international cases in a diversity of resource
manage-ment areas, Armitage et al. (2007) found that time-tested comanagement tends to become adaptive co-management. Combining the
perspectives of co-management with those of adaptive management
produces a synthesis that is different from either (Table 11.2). By
recognizing the importance of both vertical linkages and the
consideration of science and management together, adaptive comanagement brings local knowledge directly into decision-making. As
well, it shows an expanded view of the temporal scope, organizational level,
and capacity building. Adaptive co-management is more closely attuned to
the needs of resource users than is adaptive management, and more
cognizant of learning and adapting than is co-management.
Table 11.2. Similarities and differences between co-management, adaptive
management, and adaptive co-management.

Making a living or managing resources in a rapidly changing, globalized world
requires continuous learning and adapting, along with collaborative problemsolving. These adaptive processes include slow processes such as muddling
through, as well as rapid change as radical innovation and transformation.
Institutional experimentation is useful to stimulate learning and to serve as
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a prelude to finding the right mix of self-governance, co-governance, and
hierarchical governance specific to a situation. Learning processes should
be structured in such a way that the actors learn from each other and reflect
on what they have learned. Learning-by-doing should be interactive because
effective learning requires working together.
One caution is that adaptive co-management, like co-management, is no
guarantee of fairness or equity in resource sharing. Another caution is that
learning does not necessarily lead to adaptation (although each may reinforce
the other) and in some situations co-management may not make a difference.
In some cases, participatory processes may be reduced to a bureaucratic
mechanism in which some groups are able to pursue their private interests at
the expense of other, less powerful stakeholders.
For example, the Norwegian Fishers’ Association, which has long been a
privileged partner in co-management, has gradually come to be dominated
by large-scale operators and offshore trawler interests. The association
changed from being an inclusive organization and a defender of social
responsibility, to an organization defending the narrow economic interests
of a select group. In analyzing this shifting arrangement, the suggested
solution was not the exclusion of the Association, but rather the inclusion of
other stakeholders. Ironically, “the transformation of the Association from
something akin to a public interest group to a trade union may well be seen as
an unintended consequence of government action [individual harvest quota
policy]” (Mikalsen et al. 2007, p. 207).

Discussion and Conclusions
In most kinds of co-management, there are multiple government agencies and
multiple local interests at play, rather than a unitary state and a homogeneous
“community”. Instead of focusing on the formal structure of co-management
and its power sharing arrangements, one can regard power sharing as the
result, rather than the starting point of co-management (Carlsson and Berkes
2005). To do so, co-management can be examined, not as static arrangement,
but a problem-solving process involving negotiation, deliberation, knowledge
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generation and joint learning.
The accumulation of experience since the 1980s has led to an unpacking of
co-management as power-sharing, institution-building, and trust-building.
In recent years, there has been an increased emphasis on co-management
as a process involving social learning and problem-solving, leading to comanagement-as-governance. The consideration of interactive and adaptive
aspects of co-management, scale issues in governance levels, multiple ways of
knowing and perspectives, uncertainty (through adaptive management), and
self-organization (through networks) takes co-management into the realm of
complex adaptive systems (Chapter 10).
Social learning is key to the examination of the dynamics of co-management.
Different maturity stages of co-management can be identified in terms of the
degree of power sharing, shifts in worldview, rules and norms, the building
of trust and respect, and the elaboration of network arrangements. Maturing
co-management arrangements become adaptive co-management over time,
through successive rounds of learning-by-doing. To put this in another way,
co-management that does not learn often becomes a failed experiment.
Social learning is essential both for the co-operation of partners and as an
outcome of the co-operation of partners. It occurs most efficiently through
joint problem-solving and reflection, with the sharing of experiences and
ideas. Based on the Swedish experience among others, networks or nodes
within the larger network of co-managers seem to be the main vehicle by
which learning-by-doing occurs (Folke et al. 2005). Learning styles differ
by area and culture. A number of factors, such as the structure of the comanagement arrangement and the style and quality of leadership, may play
important roles as well.
Co-management involves vertical linkages across levels of organization
and horizontal linkages among actors at the same level of organization.
However, when we map functional relationships and linkages, we do not
often see straight vertical and horizontal lines. What we do see instead
are networks. These networks can include a surprisingly large number
of support organizations, local and regional government agencies as well
as NGOs. When the roles of these partners are teased apart, a diversity
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of functions become apparent: fund raising, institution building, business
networking, marketing, technology transfer, knowledge co-production, legal
support, infrastructure, and community health and social services (Berkes
2007). The presence of so many partners may be explainable in part by the
specializations of these support organizations, and in part by the apparent
need for redundancy of partners by function. “Inefficient” as it may seem,
redundancy in partners and their support functions (i.e., having a “Plan B”)
confers resilience.
These support networks should not be confused with polycentric networks,
which are about governance and involve local as well as higher organizational levels, and serve to balance decentralized and centralized control
(Ostrom 2010). Such institutional networks across organizational levels
can increase the diversity of response options to deal with uncertainty and
change. Polycentric arrangements help to respond to social-ecological system
dynamics at different levels, as they facilitate the engagement of institutions
at the organizational level most appropriate to the problem. Polycentric
arrangements are often involved in adaptive governance, as they provide
redundancy and confer additional resilience (Folke et al. 2005).
A number of strategies have been used to facilitate or improve comanagement. These include bridging and co-producing knowledge,
participatory research, collaborative monitoring, participatory scenariobuilding, and measures for the fair distribution of co-management power
and for accountability. This is not a comprehensive list (Armitage et al. 2007).
As in the case of commons management (Chapter 9), no one set of variables
could produce the answer for co-management.
Useful areas for investigation include the questions of how networks
help and what makes bridging organizations work. Learning communities,
networks, nodes and other groupings within which learning occurs also
require more study. How social learning is shared and transmitted, and the
diversity of ways of communicating it to different actors similarly need
more thinking. Also important are the use of market mechanisms and
entrepreneurship approaches to create incentives for co-management. How
can learning networks transfer their experience from one case to another?
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How do they proceed from simple, instrumental learning, to learning-to-learn
and double-loop learning? Some co-management arrangements proceed by
widening the scope of the problem from relatively small issues to larger
and more complex ones. There is an important practical implication of this
finding: co-management should start by tackling small problems, and proceed
through successive cycles (Figure 11.2) while building trust and learning.
The design of institutions is also important. Effective co-management
requires flexible, multi-level governance systems designed to enhance institutional interaction and experimentation to generate learning, but there is little
experience on how to accomplish this. Experimentation is important, as there
is no single blueprint for co-management design, only the need to enhance
the ability to address problems, learn from experience, reflect, self-organize
as necessary, and address the problem again or to move on to the next.

The banners read: “Gathering for the protection of fishers’ rights to life and
livelihoods”, Chilika, Bay of Bengal, India. Most small-scale fishers of the world do
not have co-management or formal resource tenure, making political activism and
policy advocacy a necessity to defend their rights (Photo: Prateep Nayak).
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IV
Indigenous Peoples and Traditional
Ecological Knowledge

Preface: Why Traditional Knowledge?
Why Indigenous Peoples?

The last chapter on co-management and social learning left out one important part of the original article, the section on knowledge. Successful
co-management is a knowledge partnership. Different levels of social
organization have comparative advantages in the mobilization and generation
of different kinds of knowledge. Bridging knowledge and bridging different
levels of organization are closely related processes. Co-managing resources
and environment requires knowledge of social-ecological systems in their full
complexity. It is therefore difficult for any one group or agency to possess the
full range of knowledge needed, as this knowledge is dispersed among local,
regional, and national agencies and groups. At the same time, ecosystems are
constantly changing and the human groups who depend on them are also in
constant flux. Thus, managers can hardly rely on a static information base
and set management prescriptions.
One of the strengths of co-management is that different partners have
the potential to bring to the discussion table knowledge that is acquired at
different levels. Cash and Moser (2000) have referred to this phenomenon as
scale-specific comparative advantages. Local institutions are best informed
about the local level (e.g., state of the local fish stocks; livelihood needs of the
community), whereas the state has a regional and national vantage point and
a repertoire of tools and techniques (e.g., scientific databases; remote sensing)
not normally available to local institutions. When Reid et al. (2006) explored
how science and local knowledge could be best brought together, the most
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robust bridges were those constructed by combining such complementary
kinds of knowledge and capabilities at different levels.
Bringing together science and local knowledge is not easy. First, many
scientists and government managers do not trust local knowledge, and local
knowledge-holders in turn do not trust them. Second, tacit, unwritten
knowledge is often difficult to articulate, or at least difficult to make
comprehendible to government managers and scientists (Reid et al. 2006).
Third, especially when Indigenous peoples are involved, local knowledge
often arises from a different worldview than does Western science and has
different starting points, assumptions and rules (Berkes 2018).
Traditional knowledge can be considered at several levels, one embedded
in the other, proceeding from local and empirical knowledge, to practice and
behavior, to social institutions, and finally to worldviews. Local knowledge
of species and environment is the level scientists can easily identify with.
What species is found where, their life cycles and natural history, seasonal
cycles of fish movements and fishing. Practice is about interacting with the
resources, knowing how to catch a particular fish species. More broadly,
practice is understanding local ecological processes and developing ways to
live with them. Practice requires rules-in-use, or institutions, to guide how
people interact with their environment and resources. The worldview is the
belief system that underpins local and traditional knowledge. It is the lens
with which people see the universe and their place within it.
Hence, traditional ecological knowledge incorporates these levels and may
be defined as “a cumulative body of knowledge, practice, and belief, evolving
by adaptive processes and handed down through generations by cultural
transmission” (Berkes 2018, p. 7). IPBES, the Intergovernmental SciencePolicy Platform on Biodiversity and Ecosystem Services, has adopted this
definition but decided to use Indigenous and local knowledge (ILK) as the
more inclusive, preferred term (Díaz et al. 2018). In this volume, we use the
terms traditional ecological knowledge (TEK), Indigenous knowledge (IK),
and ILK interchangeably. I personally prefer traditional ecological knowledge,
as most Indigenous peoples I know use that term.
There are several reasons why Indigenous peoples and local communities
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have an important role to play in conservation and management. One
reason is that Indigenous areas support high biodiversity. Indigenous peoples
represent less than 5% of world’s population, but they manage or have
tenure rights over 28 % of the earth’s surface. About 7.8 million sq km of
Indigenous lands and waters are already within protected areas, making up
about 40 percent of the global protected area inventory (Garnett et al. 2018).
Another reason is an ethical one: Indigenous worldviews and approaches
to conservation and management have much to teach us. However, many
Indigenous peoples do not use these two terms (management implies control)
but instead use local expressions such as “caring for country” or “keeping the
land”. Indigenous ethics also teach us that detached, scientific “conservation”
is a poor way to care for lands and waters. Rather, we need to be or become
part of the web of relationships with non-human beings and embrace respect
for them (Ban et al. 2018).
Scientists and Indigenous knowledge-holders can work and think together,
and deliberate to generate new knowledge or make sense of knowledge
from different sources. Such co-production of knowledge is described
by Davidson-Hunt and O’Flaherty (2007, p. 293) as “Working from the
premise that knowledge is a dynamic process – that knowledge is contingent
upon being formed, validated and adapted to changing circumstances –
[this] opens up the possibility for researchers to establish relationships with
Indigenous peoples as co-producers of locally relevant knowledge.” Using
science together with Indigenous knowledge requires, not a “synthesis” of
the two kinds of knowledge, but an ability to develop mutual respect and
trust, to co-produce knowledge (Tengö et al. 2017).
With Indigenous peoples, developing mutual respect and trust in comanagement situations can easily take a decade. We know this from
the US Pacific Northwest salmon co-management (Singleton 1998) and
from northern Canada land claims agreements co-management (KochoSchellenberg and Berkes 2015). Many approaches are available to help
scientists and local knowledge-holders to get together and learn to appreciate
the knowledge of the other side. Problem-solving approaches are particularly
useful. For example, participatory research builds social capital and power173
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sharing relationships between researchers and local community experts
through social learning. The next two short chapters deal with related aspects
of Indigenous knowledge, setting the stage for two detailed chapters to expand
on some of the basics.
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An Overview

Pred Nai, eastern Thailand: a bountiful harvest of grapsid crabs (shore crabs) and
mud crabs. Biodiversity recovered after the expulsion of shrimp farms from the
area. Pred Nai community, one of the winners of the UNDP Equator Prize for
conservation-development, fought the shrimp farms and, with the assistance of
NGOs and some government departments, restored the degraded mangrove
ecosystem, a source of their livelihoods (Photo: Jason Senyk).
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Community-based resource management and small-scale fisheries management often come down to questions of local or traditional ecological
knowledge — or fisher knowledge or Indigenous and local knowledge (ILK)
as preferred by IPBES. The value of ILK far exceeds its practical use value,
for example, in fishing communities to make a livelihood by knowing
when, where and how to fish. ILK is important for the communities of
knowledge-holders themselves, and as the common heritage of humankind
in a number of areas.
The following short article was my contribution to a session on
“Indigenous and local knowledge (ILK) within IPBES assessments and
beyond” at a INEE/CNRS conference organized in Paris in April 2019.
It outlines the various areas in which ILK is important, its significance
for social-ecological resilience, and the prospects for bringing together
ILK and Western science.
Potential contributions of Indigenous and local knowledge (ILK) are being
explored in a number of fields since the 1990s. For example, ILK is important
for adaptation and may help respond to global crises such as climate change.
It has a role in biodiversity conservation, as recognized by IPBES (Díaz et al.
2018). Beyond IPBES, the scientific community needs a better understanding
of what we know about ILK in broader terms, its strengths and limitations,
ways of accessing and mobilizing ILK, and synergies between ILK and science.
Here I outline the various dimensions of ILK, with emphasis on its role in
adaptation and resilience, and comments on the ways in which ILK and
science may be used together.
ILK can play a role in a diversity of fields. The ten fields or areas identified
here are not meant to be exclusive categories, nor is the list necessarily
comprehensive or complete; new categories are being added all the time.
The list may be characterized as the practical significance of ILK as common
heritage of humankind. It is a summary of the practical reasons why ILK is
so important for the world (Berkes 2018).
• ILK can be a source of biological, pharmacological or medical
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•
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•

knowledge. New scientific knowledge can be derived from ILK, for
example, with respect to natural history, species identifications, crop
varieties, and plants of potential medical value. In the past, such
knowledge was “mined” and “pirated”; current ethics and international
guidelines require partnership and benefit-sharing.
ILK can provide ecological insights. ILK has led to new scientific
hypotheses regarding previously unknown relationships among species.
It has contributed insights on ecosystem dynamics, leading to important
applications, for example, in biocultural restoration.
ILK can inform resource management. ILK has inspired forest
succession management, rotational use, and creation of patchiness. It
has informed science on how to live sustainably in and manage what
we consider “marginal” ecosystems such as the Arctic, drylands and
mountain areas.
ILK can help in the conservation of protected areas. Many protected
areas around the world are established at the site of former sacred natural
areas. However, ILK concepts of conservation differ from science, and
enforcement is through social means, such as taboo species and areas,
not regulations.
ILK can provide key information for biodiversity conservation.
Much of biodiversity results from local and Indigenous resource use
practices, such as shifting cultivation. ILK-holders are often experts on
the distributions, habits and behaviours of endangered species.
ILK is important in social development. ILK is a source of values to
be used in development and can help provide realistic evaluations of local
needs, resource production systems and environmental constraints. It
can also inform the equitable sharing of benefits.
ILK can be used in environmental monitoring and assessment.
People who are dependent on local resources for their livelihoods are
often the first to detect environmental change. Community-based
monitoring of local ecosystem health is a rapidly developing area.
ILK can inform climate change adaptation. ILK-holders detect
change, and the collective knowledge and wisdom of resource-dependent
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communities can be mobilized to deal with change. In such situations,
local solutions often make more sense than those from the outside;
however, they require government support to carry them out.
• ILK is important for dealing with hazards and natural disasters.
Many ILK systems have “recipes” for dealing with hazards such as floods
and hurricanes. Social memory based on ILK provides insights on how
to anticipate extreme weather events, survive them, and move on to
recovery.
• ILK informs environmental ethics. ILK provides many lessons for a
peaceful co-existence with the natural world, or better, how to be a part of
the ecosystem. ILK is key to the historical reconstruction or restoration
of biocultural landscapes, and for shaping the attachment of people to
the land.
The cultural, political, historical and educational value of ILK for ILKholders themselves and for their communities are often overshadowed by
the value of ILK as common heritage of humankind. It is important to
remember that ILK is the intellectual property of the knowledge-holders.
The use of ILK by outsiders is often controversial, given that there often are
competing values, priorities and interests. For example, ILK for biodiversity
conservation is important internationally for IPBES. But at the same time ILK
and conservation may be important for other reasons, such as local livelihood
and culture.

Contribution of ILK to Social-ecological Resilience and
Adaptation
Resilience is about flexibility and keeping options open; it is forward-looking.
It may be defined as the ability of the system to respond to stresses and
shocks while maintaining system identity and main system functions (Walker
et al. 2004). A resilient social-ecological system has the ability to respond to
perturbations while preserving the functioning and identity of that system.
In general, resilient systems have the ability (a) to absorb shocks and stresses,
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(b) to self-organize, and (c) to learn and adapt (Gunderson and Holling 2002).
For example, a resilient social-ecological system may have a high diversity
of landscapes, native species, and crop species and varieties, as well as a
diversity of economic opportunities and livelihood options for its inhabitants
(Berkes and Ross 2013). The knowledge and understanding behind such
diversity and options provide a built-in ability to buffer change and/or to
adapt to change (Gómez-Baggethun et al. 2013). Peoples’ knowledge of
their environment is an important consideration in buffering or adapting to
change. For example, ILK can supplement science by providing grounded
information and understanding of the actual impacts of climate change and
possible adaptations (Savo et al. 2016).
Brown (2016) defines resilience broadly as the ability to successfully
deal with change, and considers absorptive capacity, adaptive capacity,
and transformative capacity as the three dimensions of social-ecological
resilience. Thus, “resilience emerges as the result of not one but all three
of these capacities, each of them leading to different outcomes: persistence,
incremental adjustment or transformational responses” (Béné et al. 2014,
p. 601). A relatively small perturbation typically triggers short-term coping
responses (or absorptive capacity). Such responses often depend, for example,
on the ability of a farmer to use his/her knowledge to make adjustments in
the planting schedule or in deciding on which crops to use.
If this coping or absorptive capacity is exceeded, individuals and communities could exercise their ability to learn and adapt. For example, Inuit hunters
may have to learn different travel routes and new hunting areas; fishers have
to find out where the fish have moved to or switch to different species. When
people use their ILK to exercise their adaptive capacity, the social-ecological
system undergoes change but still retains its system identity — function,
structure and feedbacks. The Inuit hunters would still be hunting and the
fishers still fishing. However, if the change is so large that it overwhelms
adaptive capacity, and learning is no longer sufficient, the social-ecological
system is transformed. Such changes mean shifts in the nature of the system,
such as when a household adopts a new way of making a living, moving
from the fishing community to the city, or when a coastal region transforms
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from a fishing economy to a tourism-based economy, as in many parts of the
Mediterranean.
In coping and adapting, ILK provides the basic “raw material” for dealing
with change, and ILK is the source and motivation for learning and selforganization. However, there are limitations to the use of ILK. In most
transformation cases, ILK held by Indigenous peoples and local resourcebased communities is only marginally relevant or no longer important. The
social-ecological system has now been transformed, for example, into an
urban environment as opposed to rural, or a tourism-based economy as
opposed to fishing.

Building linkages between ILK and science: Knowledge
Co-production
Building linkages between the two knowledge systems depend on finding
ways of accessing and mobilizing ILK, and learning to use the synergies
between the two. Bringing together multiple sources of knowledge means
that more information becomes available to understand a problem and make
informed decisions. This is especially important in situations of insufficient
information. Using multiple kinds of knowledge together to improve
problem-solving has been called co-production of knowledge, defined by
Armitage et al. (2011, p. 996) as “the collaborative 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.” Knowledge co-production has been used most effectively in situations in which neither knowledge system by itself has sufficient information.
Climate change is one such problem, and the complementarity of Indigenous
knowledge and Western science can produce a better understanding than
either could alone.
There are challenges in bringing together knowledge systems. One such
challenge is respecting the integrity and context of different sources of
knowledge; this is essential for working successfully with ILK-holders.
Respecting the integrity of each knowledge system means not trying to test
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one kind of knowledge against another but using them as equal partners
informing one another. The operative word, therefore, is bridging knowledge
systems (Reid et al. 2006). Such an approach is more respectful and effective
than “synthesizing” or “combining” or “integrating” knowledge systems.
This is because “integrating” knowledge often works to the disadvantage
of Indigenous peoples and local communities (IPLCs) due to differences in
power. As many examples show, power imbalances make local and Indigenous
communities and their knowledge vulnerable to outside influences (Berkes
2018).
Another challenge is to develop frameworks that connect knowledge
systems across different time frames and geographic boundaries. Such
frameworks help to “promote and enable equal and transparent connections
between knowledge systems, to level the power dynamics involved, to
empower communities, and also fulfill the potential of knowledge synergies
for ecosystem governance” (Tengö et al. 2014). Collaboration of equals
“will require moving from studies ‘into’ and ‘about’ Indigenous and local
knowledge systems, to equitable engagement with and among these knowledge
systems” (Tengö et al. 2017).
The lack of well-developed and generally accepted methodologies used
to be considered a major challenge in bridging multiple knowledge systems
(Reid et al. 2006). However, a number of approaches, techniques, and areas
of cooperation do exist to bring together the two kinds of knowledge in ways
that is respectable and generally acceptable to knowledge holders.
Some of these ways to bridge knowledge systems are based on joint research
methods and processes (participatory rural appraisal; workshops, modeling
and scenario planning), and/or approaches that consider local and Indigenous
peoples as equal partners (participatory action research; participatory
education). Some rely on cooperating around a particular task at which local
and Indigenous communities may have specific expertise (environmental
monitoring; conservation planning; environmental restoration). Yet others
are based on new institutions and governance arrangements such as comanagement.
Many of these approaches are not new. For example, participatory rural
181

TOWARD A NEW SOCIAL CONTRACT

appraisal and participatory action research go back to the 1980s. Participatory
education comes out of the critical pedagogy tradition of Paulo Freire from
the 1970s in which the learner is treated as the co-creator of knowledge.
Among the techniques to elicit and understand ILK, many are relatively more
recent. Participatory mapping, the best known of these, has been followed
by participatory photography (photovoice), film, video and visual arts in
recent years. Participatory workshops, modeling and especially scenario
planning has been used since the early 2000s in the Millennium Ecosystem
Assessment. Cooperation of the two kinds of knowledge works well especially
where local and Indigenous communities may have specific kinds of expertise
to contribute, as in conservation planning, biocultural restoration, and
community-based monitoring. In such cases, complementary strengths of
the two kinds of knowledge provide potentially powerful synergies.
In conclusion, many resource and environmental problems can benefit
from new approaches and the inclusion of a wide range of information and
values. ILK is one such source of information and values. But it is important
to remember that there are different kinds of ILK, just as there are different
kinds of Western science. The demonstrated importance of ILK in a number
of fields indicates that it can be treated as an epistemology in its own right.
ILK is not in competition with science. The relationship between the
two kinds of knowledge should be reframed as a “science and ILK dialogue
and partnership”, with the overall aim of bridging the two. Knowledge coproduction is a kind of bridging to arrive at a creative synthesis. It requires all
partners to be willing to cooperate and to be open, and to interact with respect
and humility. However, there are continuing challenges in partnershipbuilding and bridging, and there are limits to the use of ILK.
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Benefits of using complementary knowledge: Hartley Bay, British Columbia, a
small-scale fishery harbour on the Canadian Pacific coast, with the author in the
foreground. Gitga’at First Nation, Hartley Bay, and other Indigenous fishers, and
non-indigenous fishers co-produced knowledge with marine scientists by
documenting the northward extension of the distributions of a number of species
(Photo: Kate Turner).

TEK has been treated by some as if it were a static archive to be accessed
for various kinds of uses. Can TEK be characterized as content that can
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simply be transmitted from one person to another? Or is it a process and a
way of observing, whereby what is transmitted is a way of knowing, rather
than content? And what are the implications of this for knowledge coproduction? These questions were posed in the context of a participatory
research project in New Zealand. It was a co-management project,
pioneering and ground-breaking in many ways, carried out at the tip of
the South Island of Aotearoa with the Rakiura Māori.
The large, multi-year science and Māori TEK or ILK (matauranga
Māori) project was based on an important food species, sooty shearwater,
a sea bird, harvested by Māori people. The final scientific report of the
project was in the form of a series of papers in the New Zealand Journal
of Zoology. The organizers then invited international contributions to
comment on the project, and these were published in a special issue of
the Journal of the Royal Society of New Zealand. The short article here
(Berkes 2009b) was a contribution to that effort.

Paradox of Traditional Knowledge
We start with a paradox. Many of the applications of traditional ecological
knowledge (Indigenous knowledge, matauranga Māori) are in the context of
global environmental change. Traditional knowledge has been used to help
understand such issues as climate change, and in this case, the conservation
of tītī (Puffinus griseus or sooty shearwater), a bird species with a long
migration route from New Zealand to the North Pacific and back. What
could traditional knowledge possibly have to say about the sustainability
of tītī populations, knowing that traditional knowledge does not (directly)
track overall population numbers, migration routes, mortality at different
life stages, fledgling success, and the various population parameters that
biologists study to assess the status of a population?
For that matter, what could traditional knowledge possibly have to say
about climate change, given that Indigenous elders have not previously
experienced climate change, and that the changes being observed now are
beyond the range of experience of traditional groups?
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I make two main points. The first is that traditional knowledge as process,
rather than as content, is perhaps what we should be examining. This point
indirectly emerges from the series of tītī articles (Moller et al. 2009a and
2009b) but is not discussed explicitly. Second, the science vs. traditional
knowledge debate should be reframed instead, as a science and traditional
knowledge dialogue and partnership. Here I extend the argument to discuss
co-production of knowledge. Finally, I comment on the findings of the tītī
project in terms of benefits of using complementary knowledge for problem
solving.

Learning and Indigenous Ways of Knowing
Over the years, many scientists have been sceptical of Indigenous knowledge.
As Moller et al. (2009a, p. 244) put it, some commentators in New Zealand
consider that “TEK is an inadequate knowledge system to guide sustainable
harvesting. This is partly because they consider it dated and unable to adapt
quickly to rapid global ecological change.”
Climate change is an appropriate example with which to examine this
assertion, as there cannot be a prior (or traditional) knowledge of climate
change to be handed down from generation to generation. Indigenous elders
cannot transmit an actual knowledge of climate change; what they can do
is to teach what to look for and how to look for what is important. The
example illustrates the distinction between traditional knowledge as content,
information that can be passed on from one person to another, as opposed to
traditional knowledge as process, a way of observing, discussing and making
sense of new information — Indigenous ways of knowing.
The learning and knowledge-building process can be readily seen in climate
change examples. The Inuit people of Sachs Harbour (Berkes & Jolly 2001)
actively build a knowledge base of climate change because they use the land
and resources, and develop the sensitivity to “read” critical signs and signals
from the environment that something unusual is happening. If they were
not constantly interacting with the land, they would not be able to respond
effectively to what they were observing. If the web of relationships between
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the generations broke down, the younger people would have difficulty
making sense of their observations because it is the elders that help frame
knowledge, and lead the discourse through which observations are translated
into new knowledge (Davidson-Hunt & Berkes 2003). These “institutions of
knowledge” are the rules of the knowledge-making game. These rules and
practices would no doubt be different for each Indigenous group. However,
the discussion in Moller et al. (2009a) shows that the processes for the
acquisition and transmission of Māori traditional knowledge are essentially
similar to what we have been noting in Canada.
In addition to framing knowledge, elders have a key role in knowledge
transmission, and the teaching of Indigenous values. This is often done
through the telling of stories. Many of the traditional stories of Canadian
First Nations reflect lessons of respect, relationships, appreciation, and
conservation. Consider, for example the Saanich story of the Origin of
Salmon from coastal British Columbia.

Story of the Origin of Salmon
Once there was no food and the people were starving; they lived on elk
and whatever other game they could kill. Two brave youths said to each
other, “Let us go and see if we can find any salmon.” They embarked
in their canoe and headed out to sea…. They journeyed for three and a
half months. Then they came to a strange country. When they reached
the shore a man came out and welcomed them…The youths stayed in the
place about a month. Their host then said to them, “You must go home
tomorrow. Everything is arranged for you. The salmon that you were
looking for will muster at your home and start off on their journey. You
must follow them.”
So the two youths followed the salmon; for three and a half months
they travelled, day and night, with the fish. Every night they took qexmin
(Indian celery, Lomatium nudicaule) and burned it that the salmon might
feed on its smoke. Finally, they reached Discovery Island (Ktces), where
they burned qexmin all along the beach for their hosts had said to them,
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“Burn qexmin along the beach when you reach land, to feed the salmon
that travel with you. Then, if you treat the salmon well, you will always
have them in abundance.” Traditional story, retold by Nancy Turner
(Turner and Berkes 2006).
The story continues, relating how the Salmon people taught the young men
how and when to make and use reef nets and how to honor the first salmon
with a ceremony and prayer so that the salmon may always be plentiful.
Clearly, the story is not about facts and content but about values, relationships
and appropriate behaviour.

Dialogue of Science and TEK for Co-production of Knowledge
Knowledge is a dynamic process, and knowledge is contingent upon being
formed, validated and adapted to changing circumstances. This invites the
development of relationships between researchers and Indigenous peoples as
co-producers of knowledge (Davidson-Hunt & O’Flaherty 2007). A diversity
of Indigenous groups in Canada has welcomed a dialogue with science to help
co-produce locally relevant knowledge in a number of different areas. These
include resource management and planning; environmental contaminants;
community health; development impacts; environmental monitoring; climate
change, and protected areas and biodiversity conservation.
A good example of knowledge co-production (Chapter 12) leading to
improved outcomes by combining different kinds of knowledge is provided
by the case of Dolly Varden char (Salvelinus malma malma) management in the
Canadian Western Arctic (Armitage et al. 2011). The case illustrates that even
if a co-management arrangement is in place, trust-building between parties
takes time, and working relationships leading to knowledge co-production
may require many years to mature. The case involved two Indigenous
groups (the Inuvialuit and the Gwich’in), two co-management organizations
serving the area (which falls under the two land claims agreements dated
1984 and 1992), and the federal Department of Fisheries and Oceans (DFO).
Management is complicated by the fact that the char feed and migrate through
187

TOWARD A NEW SOCIAL CONTRACT

the coastal and lower rivers of the Inuvialuit area, but spawn and overwinter
in the upper watershed of the Gwich’in area. The authors compared early
co-management (1986) and more recent co-management 20 years later.

Story of Knowledge Co-production with Dolly Varden Char
In early co-management, the response to char declines in the Big Fish
River was the closure of the fishery by the DFO, under the assumption
that the primary cause of the decline was overfishing. The decision was
subject to re-evaluation every five years, and research priorities were
determined by the DFO. Twenty years later (“late co-management”) the
response to char declines in the Rat/Peel River was again the closure of
the fishery. But in this case, the decision was made by the communities,
and the closure was voluntary to allow for some fishing by families highly
dependent on the resource. The closure was monitored by the communities
and re-evaluated annually. Communities provided advice on research
priorities through the co-management boards. Frequent consultations
with the community provided two-way knowledge exchange.
Knowledge of the fishers, combined with DFO’s biological science,
allowed for a better understanding of the fishery, leading to more nuanced
and precise options. Management plan was “adaptive” (rather than
“regulatory”), a “living document” subject to change through learning.
The combination of complementary Indigenous knowledge from the
Gwich’in (upper watershed) and the Inuvialuit (coastal and lower river)
with biological science resulted in a revision of the understanding of
char declines. Co-produced knowledge highlighted the importance of
habitat changes on the two river systems, and the loss of critical overwintering habitat due to low water levels on the Rat River. The fishery
did recover after three years to allow for a conservative harvest again in
2009 (Armitage et al. 2011; case researched by Eva Patton).
The case also illustrates that knowledge co-production can act as a trigger,
or mechanism, to enable social learning and adapting. The learning com188
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ponent turns co-management into adaptive co-management (Chapter 11).
Knowledge co-production requires the partners to be willing and open, in
the sense of the research partnership described by Moller et al. (2009b) and
to proceed with humility. “Coproduction of requisite knowledge requires
all parties to recognize that all knowledge is partial and incomplete, that
evidence is debatable, and that there are ways of knowing determined by
culture, semiotics and values” (Harris 2007, p. 303).
Many scientists are open to examining non-conventional sources of
knowledge. A survey of senior scientists mainly in the United States more
than a decade ago revealed that many of them thought that the most urgent
challenges facing science and society had outgrown their previously accepted
conceptual framing. There were new theories and approaches, many of them
calling for creative forms of collaboration between scientists and society, and
increased attention to the societal context. Through examining knowledgemaking processes, establishing trust and accountability, and questioning
the identity, visibility and accessibility of experts, the theme of knowledge
co-production has been developed further under the rubric of “science and
democracy” and “civic epistemology” ( Jasanoff 2005).
The tītī project has been a remarkable experiment not only in research comanagement but also in knowledge co-production in which Māori knowledge
contributed to science, for example, by suggesting research hypotheses, and
science contributed to knowledge that met community information needs.
As the authors pointed out, the experience of the tītī project over 14 years has
been that the scientists involved in the project have become more accepting
of other kinds of knowledge and less arrogant about science. As well, the
quotations in the paper indicate Māori kaitiaki (guardians) acknowledgement
of their own arrogance about Māori knowledge at the start of the project
(Moller et al. 2009b).
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Benefits of Complementary Knowledge for Problem Solving
Some years ago we characterised Indigenous knowledge as being a kind of
learning-by-doing, or adaptive management (Berkes et al. 2000). Perhaps it is
not the proper, active adaptive management with deliberate experimentation.
But then, very few of the scientific adaptive management cases are (Walters
2007). Indigenous knowledge evolves all the time and involves constant
learning-by-doing, experimenting and knowledge-building (Berkes 2018); I
would speculate that, on the whole, it is probably not more conservative than
Western science. I would further speculate that many Indigenous knowledge
holders are open to a dialogue and partnership with science — about as much
as scientists are. Obviously, there will be some on both sides who would never
be open to a dialogue. Hence, it is important that our educational system
provide sensitivity to different ways of knowing for the coming generations
of both scientists and non-scientists, including members of groups who have
historically suffered from colonialism.
The diversity and range of traditional knowledge, its audiences, and media
types and communication modes have all expanded over the years. There are
distinct audiences (e.g., Indigenous organisations, educational institutions,
co-management agencies, researchers and managers) and an increasing
range of media types (e.g., print media, maps, DVD/video, audio, CD ROM
and websites). The experience in Canada shows that the willingness of
Indigenous elders to share their knowledge has resulted in the production
of a range of Indigenous knowledge outputs for joint problem solving. This
partnership effort has resulted in materials that can be communicated to
different audiences with multiple uses in mind. Perhaps most important, it
has helped Indigenous peoples to meet their own educational, cultural and
political needs (Bonny & Berkes 2008).
Mutual benefits and mutual needs are the drivers of dialogue and partnerships, as the tītī project has shown. There are a number of ways in
which the two kinds of knowledge are complementary. In addition to the
long list of complementarities produced by the tītī project (for example,
synchronic vs. diachronic data, or snapshot over large areas vs. long time190
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series of data for one location), there is at least one additional area of
complementarity. Indigenous knowledge systems seem to build holistic
pictures of the environment by considering a large number of variables
qualitatively, while science tends to concentrate on a small number of
variables quantitatively (Berkes and Kislalioglu Berkes 2009). Both are
important. Fuzzy logic principles say that an inverse relationship exists
between the complexity of a system and the degree of precision that can
be used meaningfully to describe it. So there are limits to quantification,
and Indigenous ways of knowing shows us an alternative approach that can
complement science.
However, there are limits to the extent to which the two approaches can be
combined. I agree with the conclusion of the tītī project that the two kinds of
knowledge should not be blended or synthesised; both should retain its own
integrity. The reason is that the two have different epistemologies and are
based on different world views (Berkes 2018). Not taking knowledge out of
its cultural context is one of the biggest challenges of Indigenous knowledge
research.
The findings of Moller et al. (2009a and 2009b) and other outputs from
the tītī project have a great deal of support from the findings of Indigenous
knowledge studies from Canada and elsewhere. This is not to say that the
findings are not original (they are) but that the findings of the tītī project
are robust. The tītī project has led to major advances since its early days,
pioneered research partnership agreements with Indigenous groups, and
developed ways in which the two kinds of knowledge could collaborate
towards problem solving. It probably helped inspire new projects and
creative uses of Māori knowledge, for example, for conservation and for
understanding climate change.
What is the way ahead? We know that conservation action can be based
on traditional knowledge and values, or a resurgence of these values. We
also know that Indigenous community-conserved areas are often based on
multiple objectives, including sustainable use and livelihood needs, cultural
value, self-governance, and economic development, as well as for biological
conservation. We need more and deeper partnership of traditional knowledge
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and science to solve conservation problems like the tītī issue, strengthen
the network of community conserved areas, engage in ecosystem-based
management, set up cross-cultural monitoring for environmental change,
and carry out ecological restoration that responds to community needs.
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14. Integrated Management: Role of ILK
in Community-based Monitoring

Role of Indigenous knowledge in community-based monitoring in the James Bay
hydroelectric project: when the LG-2 dam was being built, Chisasibi Cree fishers
were checking the condition (mainly the mesentery fat content) of sea-run cisco
(Coregonus artedii) in the estuary of the La Grande River to monitor the health
(and the edibility) of the fish. Upper photo: cisco and whitefish (C. clupeaformis).
Lower photo (next page): preparing cisco in the cooking tent, the Cree Nation of
Wemindji, Quebec (Photo: F. Berkes).
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In addition to Indigenous land claims agreements in countries such
as New Zealand and Canada, Indigenous knowledge, and local fisher
knowledge in general, have a role to play in the evolving coastal
management regimes in various countries. Integrated management in
the coastal zone of Canada’s North was undertaken under the Oceans
Act of 1997. How can Indigenous and local knowledge (ILK) contribute
to integrated management, and how can it be combined with science?
The monitoring emphasis in Chapters 14 and 15 is on environmental
contamination in the Arctic Ocean, as climate change became the major
issue only in the 2000s.
The chapter concentrates on the role of ILK in community-based
monitoring, documenting that community monitoring is indeed possible
and feasible but looks quite different from monitoring under the usual
scientific approaches. This chapter is based on a much longer journal
paper (Berkes et al. 2007) and borrows some ideas from our book,
Breaking Ice (Berkes et al. 2005). It also provides the background for the
theoretical approach used in Chapter 15.
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Integrated management is developing under Canada’s Oceans Act as a
comprehensive way of planning and managing human activities so that
they do not conflict with one another, and that all relevant factors are
considered for the conservation and sustainable use of marine resources and
the shared use of ocean space. The Oceans Act is implemented by the Oceans
Strategy of 2003 and the Oceans Action Plan of 2005. This chapter discusses
integrated coastal management under the Oceans Strategy with particular
attention to the role of local and traditional knowledge and communitybased monitoring in collaborative planning. As this chapter is mostly about
Canada’s northern seas and coasts used by Inuit people, it is worth noting that
Inuit Qaujimajatuqangit (IQ) is the preferred term for traditional knowledge
as used by some Inuit groups (Wenzel 2004).
The original paper has sections on integrated management theory, the context of Indigenous land claims agreements, and the Large Ocean Management
Area (LOMA) in Beaufort Sea, which is part of the Arctic Ocean and one of
the five priority regions for implementation of integrated management under
the Oceans Action Plan. Those sections are not included. The sections of
the paper included in this chapter are about local and traditional ecological
knowledge and Arctic marine contamination, illustrating the “signs and
signals” observed by Indigenous peoples to assess the health of organisms and
ecosystems, and how Indigenous knowledge can contribute to the monitoring
of large-scale environmental change.

Signs and Signals: The Nature of Local Observations of
Environmental Change
The Oceans Strategy refers to “the special relationship and connection” that
Indigenous peoples have with the seas, and suggests that the traditional
ecological knowledge can be an important component of increasing the
understanding of the marine environment. How can Indigenous knowledge
contribute to integrated management, and how can it be combined with
science? The focus is on the ways in which Indigenous peoples assess the
health of animal populations, and how they “read” environmental change.
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The issue of contaminants, a major problem in Arctic ecosystems ( Jensen et al.
1997; Downie & Fenge 2003) is used to illustrate the strengths and limitations
of traditional ecological knowledge and its relationship to science.
The nature of environmental indicators used in traditional ecological
knowledge is in some ways similar to that in science. Many Indigenous
experts recognize and monitor a diversity of environmental signs and signals.
These may be related to changing seasons, abundance of animals, noting
unusual patterns and extremes, and observing condition and quality of
animals (Table 14.1). Such indicators may be chosen on the basis of shared
culture and values of a given group, and reflect the knowledge and experience
of current and previous generations. This accumulated experience with
the environment may be used to detect long-term trends. Evaluation of
indicators over time allows users to receive feedback from the ecosystem,
enabling them to assess various aspects of it. For example, a catch of cod-like
burbot (Lota lota) with shrivelled, discolored livers may mean that something
in the environment is causing this or something in the water has changed.
The Canadian Arctic Contaminants Assessment Report provides a sample
of local Indigenous observations on environmental quality changes. Fishers
were adept at detecting abnormal body conditions (liver, body deformity,
small eggs), abnormal taste and consistency, parasitism, poor condition (low
body fat content), and abnormal behavior ( Jensen et al. 1997). Locally used
indicators can be quite specific. For example, among the James Bay Cree,
low mesentery fat content means that fish are in poor condition and not
suitable for consumption. When the LG 2 dam was being built, Cree fishers
were checking the condition of the Coregonus species in the estuary of the La
Grande River and monitoring, not only edibility but also the health of the
fish population (Berkes 2018).
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Table 14.1. Environmental signs and signals used by some northern
Indigenous peoples. Full description and references are in Berkes et al. (2007),
international references in Moller et al. (2004).

The Cree and the Inuit are generally reluctant to make linear, well defined,
cause-and-effect connections, as often done in Western science. Rather,
they see environmental change and observations as empirically connected
(O’Neil et al. 1997). Among the Inuit and in many other northern cultures,
systematic generalizations regarding cause-and-effect relationships are in
general regarded negatively. According to the Inuit worldview, making
simplifications and generalizations of complex phenomena is “childish”
and without sense (without ihuma) (Omura 2005). There are important
practical implications of this. For example, the problem in communicating
contaminants information to the Inuit is not only due to lack of suitable
Inuktitut (Inuit language) terminology; it is in part due to differences in
the Inuit worldview and the Western one that emphasizes cause-and-effect
relationships.
Similarly, the Inuit concept of wellness and sickness is holistic, as the
following Inuit quotation from Nunavik (northern Quebec) illustrates: “We
just keep finding again and again that everything is interlocked. Everything is
intertwined. Everything is not neat [like] with [scientific] classification. The
world does not work like that to Inuit people. Do your labelling but we see
this whole. So let us cherish this [Inuit] knowledge” (O’Neil et al. 1997, p.
197

TOWARD A NEW SOCIAL CONTRACT

32/33).
The diagnosis of a sick animal is also holistic: “The Inuit know what animals
are sick or when they are not sick because they know it even without samples
because they have been hunting it for years and years” (O’Neil et al. 1997,
p. 32). Inuit hunters and fishers do make reference to specific signs that
tell them that an animal is not well and should not be eaten. The following
list of negative signs refer mainly to seals: animals with manimiq (lumps),
skinny animals, discolored bones, abnormal liver, bumps and blue colored
spots in the intestines. The problem may be with the appearance of the
animal, the meat, or the behavior. Signs of wellness are read continuously and
cumulatively, establishing a norm, and the health of an animal is considered
in doubt if “it did not look normal”.
Inuit and other northern Indigenous views of ecosystem health and effects
of contaminants are monitored within a context of holistic understanding.
By contrast, the science of toxicology uses many indicators at the chemical,
biochemical, and cellular levels. At this level, local observations and
traditional knowledge are generally not very useful, except that some
Indigenous peoples are apparently able to taste and smell some contaminants.
Biochemical and physiological effects are not directly observable to hunters,
but these changes express themselves as behavioral effects, and the Inuit are
experts in reading those. At the individual, population and community levels,
however, local observations can provide a great deal of information.
Further, there are other indicators that are noted by Indigenous observers
and not normally studied by science, including observations of different kinds
of fat as an indicator of wellness, and observations of a range of different
animal behaviors. The cultural context of the observations is obviously also
different. The point is that the two knowledge systems assess environmental
conditions and wellness in their own ways to come up with (what appears
to be) similar findings. The accumulated evidence from two decades of
studies with Northern Indigenous peoples working with scientists in the
area of contaminants is relatively clear. At the individual, population, and
community levels (but not at biochemical and cellular levels), Indigenous
hunters are using indicators that are quite comparable to those used in
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ecotoxicology. The overlap in the two kinds of indicators are about 50
percent, except that the Indigenous indicators are qualitative (Cobb et al.
2005, p. 84 and table).
On the question of environmental quality and health indicators, the
implication of Inuit and other aboriginal worldviews is that a high degree
of indicator specificity is not a sought-after characteristic on its own. A
holistic worldview favors a large number of less specific (and perhaps multicausal) indicators used simultaneously as a suite. Unlike common scientific
indicators, local indicators do not produce formalized generalizations but
provide holistic snapshots of the environment on a continuous time scale.
This gives community-based indicators built-in flexibility to be modified
according to changing conditions.

Can Communities Monitor Ecosystem Change?
If traditional ecological knowledge can help increase our understanding of the
marine environment for integrated management, to what extent and how can
it be used for monitoring ecosystem change? Here we explore the evidence
that local and traditional ecological knowledge is relevant for monitoring not
only local effects but ecosystem-wide, large-scale environmental changes.
A classic study of TEK from the Canadian north, Voices from the Bay,
is the book based on a project on the environmental knowledge of the
Inuit and Cree in the Hudson Bay and James Bay region (McDonald et
al. 1997). It was initially undertaken as a cumulative impact assessment
study in response to the planned Great Whale (Grande-Baleine) hydroelectric
development project, in the absence of government willingness to address
cumulative impacts. The primary objective was to assess region-wide
environmental change related to the combined effects of the existing and
planned hydroelectric development in the three provinces (Quebec, Ontario,
and Manitoba) that ring the Bay. Indigenous communities had already
experienced the impacts of the La Grande development project with several
large dams (LG 2 and others) along the La Grande River on the east side of
James Bay, Quebec (Rosenberg et al. 1997). When the Indigenous groups
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found out that there would be no cumulative effects component of the
government impact assessment of Great Whale development to the north of
the La Grande, they decided to carry out their own impact study.
What made Voices from the Bay a remarkable project is that it was initiated
and carried out by Indigenous peoples themselves, with assistance from an
NGO (the Canadian Arctic Resources Committee) and university scientists.
The project documented what communities said about changes occurring
in their environment following La Grande development, combined these
local observations into a regional whole, and used this information as a
baseline in the face of additional hydroelectric development. The report
made a holistic assessment of all observed changes, including those that
were possibly related to contaminants and to climate change, as well as to
hydroelectric development. In many cases, it was difficult to disentangle the
effects of these three major drivers of change.
The Indigenous expertise leading to Voices from the Bay was built stepwise,
through adaptive learning, starting with the La Grande development of the
1970s. The hydroelectric project produced unexpected impacts such as safety
problems in crossing over sea-ice in winter in the La Grande estuary, and
the Cree learned to use scientific styles of monitoring (e.g., coring the ice
of the estuary to determine thickness), in addition to their own traditional
monitoring (e.g., judging safety of ice by its color and the sound of tapping
stick). The Cree and the Inuit relied on the expertise of their hunters and
fishers regarding such variables as sea-ice, currents, and animal and plant
distributions to assess regional-scale change. They used signs and signals
of environmental health, as well as their knowledge of ecological relations,
to produce a comprehensive assessment, including detailed impacts of dam
operations.
Operation of the dams alters the natural pattern of seasonal flow —
characterized by maximum flow in spring and minimum in winter. A dam
stores water to produce electricity according to seasonal demands. Because
the maximum need for electricity is in winter in Canada, the James Bay dams
produced more power in winter and released high volumes of relatively
warm freshwater that spread northward with the currents (Rosenberg et al.
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1997). The Cree observed that this increased discharge under the ice not only
affected distributions of fish, such as anadromous whitefish (Coregonus spp.)
that move between the sea and river, but also marine grasses — this, in turn,
affected the distributions of migratory geese that feed on grasses. The Inuit
of Sanikiluaq reported winterkills of eider ducks (Somateria mollissima) and
reduction in polynyas (essential open-water habitat for overwintering eider)
associated with post-1970 changes in currents and sea-ice. These findings
were subsequently corroborated by scientific studies.
Table 14.2 is an attempt to capture the Cree and Inuit notions of indicators
of a healthy environment and indicators of problems. Consistent with
traditional ecological knowledge of northern Indigenous peoples summarized
previously, we organized the table into four clusters of factors: concept
of respect as the starting point; followed by concepts of healthy humanenvironment relations; signs and signals of wellness; and signs and signals of
problems.
The indicators in Table 14.2 are not necessarily generalizable to other
areas and contexts. But they are consistent with Indigenous notions of
healthy relations with the environment and other living beings, and the
principles of respect and reciprocity with humans and non-human beings.
These notions inform how Indigenous peoples see the environment and how
the health of the land and the health of the people are connected (Berkes
2018). Studies related to climate change further illustrate the role and
significance of traditional ecological knowledge and community observations
for monitoring ecosystem change. The article on which this chapter is based
uses the example of the Inuit Observations of Climate Change study. But it
is deleted from this chapter because one of the papers (Berkes and Jolly 2001)
on that study will be included in the next section of this volume.

Discussion and Conclusions
Do Indigenous ways of knowing have a role to play in integrated coastal
management? This is the question tackled in this chapter, based on
Indigenous knowledge related to reading the environment. Indigenous
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Table 14.2. Cree and Inuit views from the Hudson Bay area regarding
indicators of a healthy environment and indicators of problems.
Compiled from the findings of McDonald et al. (1997).
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peoples have been noticing changes related to ecosystem contamination
by persistent organic pollutants. The fact that the evidence is consistent and
comes from many parts of the Arctic indicate that these observations are not
just due to chance ( Jensen et al. 1997; McDonald et al. 1997). Indigenous
observations of Arctic marine food chain contamination create a dilemma:
the chemical detection of minute amounts of pollutants is obviously not a
part of the repertoire of Indigenous knowledge, so how do they do it?
The answer lies in the Indigenous processes of knowing. Hunters and
fishers, who are in day-to-day intimate contact with the environment, are
experts in reading signs and signals of changing seasons, animal movements
and abundance patterns. They have a mental image of what is normal and
expected, and are very adept in noting environmental conditions that fall
outside of the norm. When these skills are transferred to the monitoring of
marine environmental quality, Indigenous hunters and fishers are piecing
together signs and signals of wellness indicators (or lack thereof) and those of
problem indicators (e.g., physical and behavioral abnormalities, pathological
conditions). This suite of simple, qualitative indicators provides Indigenous
harvesters with holistic snapshots of the environment on a continuous time
scale.
Indigenous indicators of marine environmental quality at the individual,
population and community levels are quite comparable to many of those used
in ecotoxicology, but the Indigenous ones are qualitative, not quantitative.
Another major difference is that Indigenous peoples do not regard environmental pathologies as isolated events. Rather, they consider them to be
rooted in pathologies in human-environment and societal relations in general.
Unlike science, TEK considers respect and healthy human-environment
relations to be at the root of the observed impacts of pollution, hydroelectric
development, and climate change.
The Hudson and James Bay case provides an illustration of how Indigenous
ways of knowing can contribute to the monitoring of large-scale environmental change. It shows that Indigenous knowledge is not merely local. The local
can be pieced together to illuminate regional-level changes from multiple
stresses in the very large bioregion of the Hudson and James Bay watershed.
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The changes include those regarding currents, sea-ice, waterfowl migrations,
marine mammals and fisheries (McDonald et al. 1997). Of course they are all
related, and hence the wisdom of Indigenous ways of knowing.
Indigenous observations cannot replace scientific measurements, but
these examples show how local participation helps bring a wider range of
knowledge to integrated coastal management and an understanding of the
health of ocean ecosystems. The use of traditional knowledge for integrated
management is relatively new. There are potential limits to the use of TEK
because of its qualitative nature; its belief component; metaphorical language
used by Indigenous people; and the difficulty in establishing standards
of verification that would be acceptable both to scientists and traditional
knowledge holders. Similar limits apply to community monitoring based
on traditional knowledge. Probably the single most serious limitation is the
difficulty in translating Indigenous knowledge and science into forms that
are mutually intelligible, in ways that make it accessible to decision-makers.
The use and acceptability of traditional knowledge can be fostered if the
decision-makers themselves include holders of Indigenous epistemologies.
The art of using traditional knowledge in parallel with science, rather than
blending or synthesizing the two (outside of their cultural context), is still
in development. The potential contribution of traditional knowledge and
ways of knowing is significant, given local environmental expertise is guided
by generations of experience. The knowledge held by Indigenous experts
enables local-level understanding of impacts and changes in environmental
quality, and can be used as a guide for scientific research. Documenting this
knowledge is only the first step; learning to engage with Indigenous processes
of knowing is perhaps the next.
In the Canadian North, participation should not be seen merely as a
regulatory requirement under the Oceans Act and its Oceans Strategy
and Action Plan. The inclusion of Indigenous knowledge in integrated
management is (or should be) a deliberative process that can increase the
understanding of the marine environment. It can lead to developing effective
communication networks to share information, and to the evolution of
stewardship ethics. The use of local observations and community-based
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monitoring shows much promise. However, including local expertise in
collaborative management is not easy; it requires building relationships
between scientists and communities, often a stepwise process of learning-bydoing or adaptive co-management.
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15. Ecological Complexity, Fuzzy Logic,
and Holism in Indigenous Knowledge

Tonle Sap Lake area, Cambodia: Village Resource Management Committee meets
at the local temple, and ponders over how to deal with complexity by using simple
prescriptions — Buddhist principles as “rules of thumb”. Complexity here is both
institutional and environmental. New rules threaten the balance between the local
SSF and large fisheries. The Lake seasonally receives water from the Mekong and
is very vulnerable to hydroelectric development upstream (Photo: F. Berkes).
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So far in Part IV, the Preface addressed the question of why the topic is
significant for this book. Chapter 12 dealt with the importance of ILK
as the common heritage of humankind, as well as for the communities
of knowledge-holders themselves. Chapter 13 was about Indigenous
ways of knowing, and Chapter 14 discussed its use in integrated coastal
management and monitoring of environmental change. Based on Berkes
and Berkes (2019), this chapter builds on Chapter 14 and engages in
some speculative theory on TEK.
Indigenous knowledge is said to be holistic. Given the difficulties of
Western science with complex environmental problems, any insights from
the holism of Indigenous knowledge are of major interest. Indigenous
knowledge appears to approach complexity by using simple prescriptions
consistent with fuzzy logic. It pursues holism through the continuous
reading of the environment, collecting large amounts of information,
and constructing collective mental models. Such an approach serves the
assessment of a large number of variables qualitatively, as opposed to
focusing on a small number of variables quantitatively.
It is said that Indigenous knowledge is holistic, but not many studies have
documented how this holistic approach works in practice. Exceptions include
a handful of studies showing that the holism of Indigenous knowledge is in
the context of dealing with ecosystem complexity (Berkes 2018, Chapter 9).
Ecosystem management is a poor fit with conventional positivistic science
that works best when systems are bounded and control is possible, whereas
ecosystems are notoriously difficult to predict and control. Western sciencebased societies have tended to simplify ecosystems to be able to manage them
(e.g., agriculture) and dampen natural variability and renewal cycles — but at
the cost of impairing their long-term health and resilience.
The knowledge and practices of Indigenous societies are of significance
in this context. Even though Indigenous knowledge does not have the
techniques and quantitative tools at the disposal of Western science, some
IK/TEK systems seem to have developed ways to deal with complexity.
Any insights from Indigenous wisdom in regard to ecosystems are of huge
206

15. ECOLOGICAL COMPLEXITY, FUZZY LOGIC, AND HOLISM IN...

potential interest, given that modern society has not been particularly
successful in managing ecosystems sustainably.
The accumulation of evidence indicates that some Indigenous peoples
have resource-use practices suggesting a sophisticated understanding of
ecological relationships and dynamics. There is also evidence that Indigenous
resource use practices can evolve over time by adaptive learning, based on
the elaboration of a gradual understanding of the environment as well as
on lessons learned from mistakes (Turner and Berkes 2006). Geographic
variations of sophisticated management approaches are found, for example,
in reef and lagoon tenure systems in Oceania ( Johannes 2002). The picture
that is beginning to come into focus indicates that some traditional societies
have experience in reading environmental variables to deal with ecological
complexity. But it is difficult to see how these Indigenous approaches might
work. How do they do it?
Gadgil and his colleagues (1993) suggested that the key might be the use
of “rules of thumb”, simple prescriptions based on a historical and everexpanding cultural understanding of the environment. These rules are often
backed up by religious belief, ritual, taboos and social conventions. Rules of
thumb have the advantage of turning complex decisions into edicts that can
be remembered easily and enforced locally through social means. Traditional
reef and lagoon tenure systems in Asia-Pacific, with their taboo areas, taboo
species and ritually announced opening and closing dates for permissible
harvests, operate under the same logic. The First Salmon ceremony of
Indigenous peoples of the Pacific Northwest may also function in a similar
way (Chapter 4). More to the point, such a system, led by experienced
observers, can produce results similar to one achieved by biologists using
population models, counting fences, daily data management and harvest
quota enforcement — but without the whole research infrastructure and
quantitative data needs.
Rules of thumb that cut across complexity is one way to grasp how Indigenous knowledge systems might deal with ecosystem complexity. Another
way is to think of local knowledge as fuzzy expert systems. Mackinson (2001)
developed a model that utilizes fuzzy logic to capture and integrate scientific
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and local knowledge in the form of heuristic rules to fish herring. Similarly,
investigating local and traditional knowledge systems in the Caribbean
island state of Grenada, Grant and Berkes (2007) identified the categories
of knowledge that are important for finding and catching tunas and other
large pelagic fish. Conceptualized as a decision-making rule structure (IF a
certain situation occurs, THEN a known outcome is likely), these categories
of information, along with the feedbacks among them, can be thought to
constitute an expert system (Figure 15.1). Note that the expert system works
with “IF a THEN b” logic, and does not require quantitative data.

Figure 15.1. Schematic of fisher knowledge production process based on a
decision-making structure for surface longline fishing in Gouyave, Grenada. The
diagram is simplified, as decision-making can be more complex than presented here
(Grant and Berkes 2007).
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Hence fuzzy expert systems and fuzzy logic appear to be a good fit with
Indigenous knowledge, and an approach that may help understand, or provide
insights, on the question of how IK/TEK systems may be dealing with
complexity. Our emphasis in this chapter is not fuzzy expert systems but
fuzzy logic as initially conceived by Zadeh (1965, 1973). The chapter pursues
the idea that Indigenous knowledge is able to deal with ecosystems as complex
adaptive systems by using simple prescriptions, consistent with fuzzy logic
thinking.
First we explore the nature of Indigenous knowledge, and the similarities
and differences between TEK and science, and how the language-based
qualitative nature of TEK establishes parallels with fuzzy logic. After covering
some fuzzy logic basics, we discuss the idea that Indigenous knowledge
pursues holism by considering a large number of variables qualitatively,
whereas Western science tends to concentrate on a small number of variables
quantitatively. The examples and illustrations are from northern Canada,
involving four northern Indigenous groups, the Inuit, the Inuvialuit (western
Canadian Arctic Inuit), the Cree, and the Dene.

Nature of Indigenous Knowledge
Indigenous knowledge is a body of knowledge built up by a group of people
through generations of living in close contact with nature. Every society
has its own understanding of how the natural world works, a repertoire of
habits, skills, and styles from which members of a society construct their
livelihoods. As a knowledge-practice-belief complex, IK includes an intimacy
with local land, animals, and plants. It also includes institutions (rules and
norms) about interacting with the environment, and it includes worldview,
as the worldview shapes the way people make observations, make sense of
their observations and learn.
For the insiders, IK is often a way of life and a way of knowing. For analytical
purposes, there is a distinction to be made between knowledge as process,
as opposed to knowledge as the thing known (Baterson and Bateson 1987).
When Indigenous participants were asked to describe traditional knowledge,
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there was consensus on the following meanings that seem to include both
the process of knowing and the knowledge itself: practical common sense;
teachings and experience passed through generations; knowing the country;
rooted in spiritual health; a way of life; an authority system of rules for
resource use; respect; obligation to share; wisdom in using knowledge; using
heart and head together.
There are both similarities and differences between IK and Western
science. Both kinds of knowledge are ultimately based on observations of the
environment, both provide a way of knowing based on these observations,
and both emerge from the same intellectual process of creating order out
of disorder. But there are also differences. As an integral part of culture, IK
tends to have an explicit social context; science does not. IK traditions have
their own rules about processes of knowing, and these tend to be different
from the rules of science regarding evidence, repeatability and quantification.
Highlighting the last point, not all kinds of Western scholarship use
numbers, but quantification is certainly one of the hallmarks of modern
science. By contrast, quantification is not emphasized in IK systems; often it is
not even considered important or relevant. And we know this from personal
experience, IK-holders are often baffled by the preoccupation of scientists to
count and measure everything. What they value is the understanding of the
environment, how to read and interpret signals from the environment, and
the relationships within it, including those involving humans. IK/TEK and
science are different with regard to quantification, but one can also argue that
they are complementary. Arguably, quantitative vs. qualitative understanding
of phenomena is a false dichotomy. Quantification complements qualitative
understanding, and the two kinds of understanding together are more
powerful than each alone.
Holism is the key characteristic of IK/TEK for the purposes of this chapter.
The following example may serve as an illustration of holistic thinking. The
Arctic region has been undergoing rapid environmental change in the past
few decades. Indigenous observations of climate change and abnormalities
in animals (which may be related to Arctic ecosystem contamination), once
dismissed by scientists, are being taken seriously. Indigenous observers do not
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carry out chemical tests for pollutants or gather quantitative data. But their
ways of observing and assessing environmental changes provides insights
regarding holism. O’Neil and colleagues (1997) worked with the Inuit of
Hudson Bay region in northern Canada and documented how they made
sense of the contaminants issue. Their major concern was the observation
of abnormalities in many animals, focusing on seals. The diagnosis of a
sick animal relied on many locally developed indicators, and the Inuit knew
which animals were sick or abnormal. They had a sense of what normal
animals should look like, based on their collective experience over many
years (Chapter 14).
Interpretations of elders were given weight, presumably because the Inuit
expected that experienced hunters would have a more finely developed
sense about the state of health of an animal. Indigenous knowledge holders
accumulate such information as a result of many years of observations
(analogous to “extensive sampling”), the sharing of knowledge with other
hunters and fishers (“data pooling”), and forming a collective mental model
of what healthy animals should look like. Their “data” on animal health
and abnormalities are language-based, rather than numbers-based, and
comparisons are performed on perceived ranks (e.g., fat, thin, very thin).
The mental processes of “data collection”, concept formation and retention,
and mental model formation among Indigenous peoples follow patterns
consistent with the language used, as language shapes terms and concepts.
For example, it is well known that the Inuit do not attach much value to
numerical precision. They also do not often appear to make simple linear,
cause-and-effect type connections, as often done in the Western science. They
see environmental change and related observations as empirically connected,
but not necessarily a cause-effect relationship. Making simplifications and
generalizations of complex phenomena are considered childish and without
ihuma or good sense.
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Fuzzy Logic Basics and Indigenous Knowledge
We argue that holistic thinking among the Inuit is possible because precise
categorizations and generalizations are avoided. If all the elements and
relationships embedded in a holistic understanding were to be specified,
the system would become unmanageably complex. There seems to be an
inverse relationship between the complexity of a system and the degree of
precision that can be used meaningfully to describe it. Zadeh (1973, p. 28)
calls this the principle of incompatibility: “as the complexity of a system
increases, our ability to make precise and yet significant statements about its
behaviour diminishes until a threshold is reached beyond which precision and
significance (or relevance) become almost mutually exclusive characteristics.”
It is in this sense that precise quantitative analyses of the behaviour of
complex systems are not likely to have much relevance to the real world.
Some kinds of IK work because (a) there are large amounts of information;
(b) it is collected continuously; and (c) changes are incorporated into the
collective mental model as new information flows in. Herein lies the essential
similarity of IK and fuzzy logic. The three points above are also the backbone
of fuzzy logic models. In both cases, the analysis of the complex system
behaviour is carried out, not by using numerically precise data, but by using
language-based data that are qualitative and rich.
Fuzzy sets, a generalization of set theory, were developed as a way to
represent the imprecise nature of information in daily life. To use an everyday
example, suppose you are approaching a red light and you must advise a
driving student when to apply the brakes. Would you say, “apply the brakes 25
m before the red light”? Or would you say, “Brake soon”? The latter of course,
because the former instruction is too precise to be implemented. In most
everyday situations, precision may be quite useless while “fuzzy” directions,
consistent with the imprecise nature of information, can be interpreted by
the human brain and acted upon.
The technical meaning of “fuzzy” is anything but unclear, unfocussed, or
blurry. Practical applications of fuzzy logic in electrical and computer systems
include self-monitoring and adjusting smart systems such as intelligent
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cars, subway trains that can detect and adjust to changing conditions, and
your humble rice cooker with fuzzy logic technology. All “soft computing”,
including decision-support systems, Geographic Information Systems (GIS)
and Geographic Positioning Systems (GPS) use fuzzy logic. Applications are
found in computer science and artificial intelligence, in fact, in almost all
engineering fields.
Fuzzy logic is a mathematical approach for dealing with complex systems
where only approximate information on components and connections are
available. It is a way to deal with uncertainty and it uses rules of thumb.
It is suitable for concepts and systems that do not have sharply defined
boundaries, or where the information is incomplete or unreliable. It is an
unusual approach because it breaks with the yes-no binary tradition used in
most science and computer applications.
In fuzzy logic, things need not be precisely defined or quantified before
they can be considered mathematically; fuzzy logic models do not need
precise information inputs. Like the human mind, fuzzy logic puts together
related objects into categories in such a way as to reduce the complexity of
the processing task. Fuzzy logic provides the tools to classify information
into broad categorizations or groupings, simulating the workings of the
human mind. “The premise is that the key elements of human thinking are
not numbers, but labels of fuzzy sets, that is, classes of objects in which
the transition from membership to non-membership is gradual rather than
abrupt” (Zadeh 1973, p. 28).
Zadeh’s approach has three main distinguishing features: use of linguistic
variables in place of (or in addition to) numerical variables; characterization
of simple relations between variables by fuzzy conditional statements; and
characterization of complex relations by fuzzy algorithms. A linguistic
variable is defined as a variable whose values are sentences. For example, if
“fat, thin, very thin” are values for fatness, then fatness is a linguistic variable.
Fuzzy conditional statements are expressions in the form “IF a THEN b.”
A fuzzy algorithm is an ordered sequence of instructions, as in a recipe for
chocolate fudge.
Fuzzy models rely on language-based information that is converted to
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simple mathematical expressions that can then be manipulated to make
mathematical inferences. For the purposes of IK, we need not be concerned
about the mathematics of fuzzy sets, as the important consideration is
language. To take the example of Inuit observations of “skinny seals” or “fat
fish”, fatness is the linguistic variable and the adjectives are linguistic values.
Qualifying terms such as “and”, “or”, “not” are called linguistic connectives.

Making Sense of Indigenous Knowledge as Fuzzy Logic
Using the example of Inuit observations of unhealthy seals, let us say that
experienced hunters in Hudson Bay have been hunting large numbers of
seals (a large sample size) and finding that many of them have abnormalities.
Over several hunting seasons (continuous set of observations), hunters have
noticed that some seals are thin, some have discoloured bones, and some
have abnormal livers. After a while, the hunters would begin to formulate an
opinion about the general goodness of the seals to eat.
To put it in fuzzy model terms, the hunters observe seal fatness (variable 1)
during the sampling. There is an existing mental model of the various values
(different degrees of fatness/thinness) of this variable from experience and
collective memory of experienced hunters and elders. Each seal is evaluated
instantaneously against this model. The seals may be assessed to be generally
thinner, and variable 1 is assigned a fatness/thinness value. In fuzzy models,
it is assigned a certain weight between 1 and 10. Other variables such as
discoloured bones (variable 2), condition of livers (variable 3), and so on, are
assigned different weights, based on the existing mental model of a healthy
seal that is good to eat.
All the relevant variables according to the model are weighted. IF variable
x has a degree of thinness a, THEN the seals are assigned a fuzzy conditional
statement. This type reasoning is used for all the variables specified, and
helps evaluate the suitability of the seal for eating. In fuzzy models, several
“IF a THEN b” type statements are used simultaneously and in a flexible
way, changing the weightings as observations accumulate. Although we do
not attempt to do this here, fuzzy models are able to quantify (by assigning
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numerical values or weights) the qualitative judgments of hunters based on
their expertise.
Note that Inuit observations on the fatness/thinness of seals (and other
variables) are not quantitative. For purposes of the kind of science that
requires quantitative data to make conclusions, Inuit observations are
difficult to use. Critics may dismiss them as anecdotal, or worse, irrelevant.
Rather than requiring quantitative data, fuzzy logic is able to work with the
approximate values assigned to the categories of fatness/thinness that can
be inferred from the language used by the hunters. Using weightings and
mental models of Inuit experts, and then assigning numerical values to these,
fuzzy logic simulates human judgment in making sense of a large number of
variables.
The illustration of fuzzy logic using the case of Inuit knowledge of seal
wellness, stops short of addressing one key question: what is the advantage
of valuing Inuit knowledge in such a case, if quantitative scientific data can
be obtained instead? The short answer is that both kinds of knowledge are
desirable because they extend the range of information available. The long
answer is, the two kinds of knowledge have different relative strengths and a
potential for complementarity. Indigenous knowledge appears to bring some
unique advantages in dealing with multiple variables and complexity.
We illustrate this point by further pursuing the example of Arctic contaminants and extending the seal wellness case. Cobb and colleagues compiled a
comprehensive table of environmental quality indicators used in the study of
contaminant-related effects in fish and marine mammals, with one column for
indicators used by scientists (toxicologists) and another column by northern
IK-holders. Scientists use many indicators at the biochemical and cellular
levels; IK does not have much to say there.
However, at the levels of organism, population and community, IK uses a
range of indicators comparable to those of scientists. At these levels, there
is more overlap of indicators than not. Some toxicological effects, such as
physiological changes, are not observable to hunters. However, such changes
may be expressed as behavioural effects, and the Inuit are able to read these
quite well. The review found some indicators that are noted by Indigenous
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observers and not normally studied by scientists, including muscle firmness
and mesentery fat (Cobb et al. 2005).
A major difference between science and IK is that toxicological studies
tend to work with a single analytical tool at a time, focusing on one or
a small number of indicators. By contrast, IK employs a fuzzy set of a
large number of less specific (and probably multi-causal) indicators used
simultaneously as a suite. Scientific approaches seek indicator specificity,
resulting in detailed, quantitative studies of a small number of indicators.
By contrast, IK indicators do not produce formalized generalizations but an
outcome based on a broad suite of qualitative indicators that inform hunters
and fishers on environmental health. The use of a broad suite of simple
indicators provides built-in adaptability in a fuzzy logic sense. That is, these
community-based indicators are readily modified according to changing
conditions, providing flexibility in the collective mental models used to make
sense of the observation made.

Prospects for Indigenous Knowledge
“Not everything that counts can be counted, and not everything that can
be counted, counts” (Albert Einstein)
We started by asking how Indigenous knowledge develops holistic approaches, and focused on fuzzy logic as a way to explain how rules of thumb
and other simple prescriptions can be used to deal with complexity. It is
well known in the theory of complex adaptive systems that complexity can
emerge from simple rules (Levin 1999); conversely, it seems, simple rules
are appropriate for dealing with complex adaptive systems. IK seems to
build holistic pictures of the environment by considering a large number
of variables qualitatively, while science tends to concentrate on a small
number of variables quantitatively. It is a trade-off captured in Zadeh’s
incompatibility principle which says that an inverse relationship exists
between the complexity of a system and the degree of precision that can
be used meaningfully to describe it.
216

15. ECOLOGICAL COMPLEXITY, FUZZY LOGIC, AND HOLISM IN...

We should qualify that that not all IK is holistic, and obviously not all
Western science is reductionistic. Some (but not all) kinds of ecology,
systems science, gestalt psychology, quantum physics and fuzzy logic are
examples of holistic areas within the predominantly reductionistic tradition
of Western science. This dominant tradition is appropriate for relatively
simple, controllable systems. By contrast, there is a large degree of uncertainty
in complex adaptive systems in which “not everything that counts can
be counted”. This limits the ability to make precise (and yet significant)
statements about system behaviour.
Complex adaptive systems cannot be readily comprehended by the use
of conventional science simply because we would be overwhelmed by data
and not even be sure that the data are meaningful. Zadeh’s insight was to
recognize the nature of this problem and depart from precision, which is
ironic for an engineer. In the process, his theories were apparently not well
received by some major US corporations but embraced by some Japanese
companies that ran with them. The rest is soft computing history.
Our analysis suggests that Zadeh’s solution is a good fit with IK and
its holistic treatment of ecosystem complexity, with the use of rules of
thumb and broad suites of simple indicators. The science of environmental
toxicology is well developed, but there is an increasing recognition that the
use of a few indicators, no matter how well chosen, may be inadequate in
capturing complexity. The Indigenous solution is brilliant in building a
holistic understanding by monitoring a large number of indicators over a
long period of time, accumulating and accessing a large amount of qualitative
data, and building a collective mental model of what healthy animals and
environment ought to look like.
Based on this analysis, IK can be analyzed as fuzzy logic and quantified (if
needed) with fuzzy sets. What is important is that the holistic insights of IK
are being recognized in many parts of the world (Reid et al. 2006). Indigenous
knowledge is a challenge to the positivist-reductionist paradigm, and to the
essential question of what constitutes knowledge (Berkes 2018). Turnbull has
argued that when local knowledge is probed deeply, “in no case does it come
out looking like the standard Western notion of information.” Rather, it tends
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to be a “blend of knowledge, practice, trusted authority, spiritual values, and
local social and cultural organization: a knowledge space” (Turnbull 1997, p.
560).
The ancient wisdom of Indigenous peoples is such a good fit with fuzzy
logic, a very new science — sometimes you have to go back to go forward.
The basic idea is captured by Gregory Bateson who has criticized Cartesian
science for creating false dualities such as the split between mind and nature
(or nature and culture). Bateson observed that “The continuum of nature
is constantly broken down into a discontinuum of variables in the act of
description” (Bateson and Bateson 1987, p. 165). The conventional scientific
solution has been to quantify a few of the variables, whereas the solution in
Indigenous knowledge has been to find ways of perceiving that continuum of
nature and working with it. For Westerners, holistic Western sciences such
as fuzzy logic help comprehend the concept. Indigenous knowledge holders
do not need fuzzy logic to understand holism; they already practice it.

Fish camp in in Hartley Bay, British Columbia, Canada. Gitga’at First Nation
women preparing wooks, traditional dry halibut (Hippoglossus stenolepis).
“Extensive sampling” with many years of observations, sharing knowledge with
others, and forming a collective mental model of what “normal” looks like enable
Indigenous experts to track environmental change (Photo: Kate Turner).
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V
Northern Peoples, Climate Change and
Adaptation

Preface: Toward a Social Contract Role
Reversal?

This Preface aims to provide some background and context for the chapters
in Part V, and a logical extension to Part IV which was largely about
northern Indigenous peoples’ knowledge. Why a Preface on Northern
Canadian Indigenous issues? The people and the area are not well known
internationally. Furthermore, they are not well known in southern Canada
either. Southern Canadians rarely get a chance to go North (it is far and
it is expensive). But if they do, the people and the issues are so different
from those in the south that the visitors get little more than a superficial
introduction. Visiting Churchill, Manitoba, to see polar bears and beluga
whales do not count as a real chance to understand Northern people and
issues!
Most informed people in Canada know that communities in the Canadian
North are suffering from various impacts of climate change. Few know that
there is evidence of the development of coping and adapting responses. At
the same time climate change has been eroding the resilience of Arctic socialecological systems. The problem is compounded by other changes, such
as Arctic ecosystem contamination, extensive social and cultural changes,
poverty, medical hardships, and food insecurity, leaving Arctic residents
increasingly vulnerable. Part of this vulnerability is related to the fact that
Indigenous peoples in Canada were historically treated paternalistically,
as wards of the state, leading to a loss of self-reliance, and an increasing
dependence on the state.
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The relationship between Canadian Northern Indigenous peoples and the
state is ambiguous. On the one hand, the state appears to have accepted its
responsibility for protecting people from the effects of climate change and
other impacts as part of its social contract. On the other hand, the state has
pursued policies (e.g., assimilation policies in the past and large development
projects in recent decades) that signal that people are merely “in the way” of
some higher goals. One can hardly speak of a mutual agreement between
northern Indigenous peoples and the state. In fact, many of these peoples have
never consented to government sovereignty over them, and have continually
disputed the control that the central government exercises over their lands
and resources. There has been a problem of legitimacy, and the existing social
contract is under stress.
However, since the 1970s, this relationship has been changing. Governance has arguably become less paternalistic, reducing the relationship of
dependency and providing more local autonomy. Much of this change
has been related to the recognition of Indigenous land claims and the
settlement of Indigenous rights across northern Canada, as well as the
emergence of traditional knowledge as a mechanism by which participatory
approaches can be implemented (Berkes et al. 2001). Increasing local and
regional participation in decision-making has had additional implications.
Communities empowered by newly recognized Indigenous rights have been
able to build their own capacities, find new partners, and forge new linkages.
Land claims agreements, and the co-management bodies created under these
agreements, have been instrumental in this (Chapter 18).
In the case of the problem with persistent organic pollutants (POPs)
discovered in the Arctic in the 1980s, Indigenous peoples were able to
get representation on technical committees as early as 1989, force the
government to address human health concerns, and help identify research
priorities ( Jensen et al. 1997; Downie and Fenge 2003). Particularly
important in this process has been the ability of Indigenous representatives
to get the government to address local priorities and values, and to establish
Indigenous knowledge as a mechanism by which participatory approaches
could be implemented. A contributing factor has been the development of
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a wide range of methods with which Indigenous environmental knowledge
could be captured and communicated to different audiences (Bonny and
Berkes 2008).
The POPs problem demonstrated that with global issues such as climate
change, community institutions such as hunter–trapper committees need to
work with regional organizations, national organizations, and international
bodies such as the Arctic Council. Horizontal links serve important functions,
such as knowledge exchange among communities and coordination. Vertical
links make it possible for local voices to be heard in national and international
fora. Governance systems that facilitate horizontal and vertical links build
resilience in social–ecological systems because they provide the potential for a
tighter coupling of monitoring/observing and response, so that decisions can
be made in a timely manner – and not by slow-moving centralized agencies
with little local knowledge.
The creation of governance systems with multilevel links, supporting
partnerships and boundary organizations (such as the co-management
bodies under land claims agreements) is a major challenge in international
environmental governance. Such a fundamental shift from the usual topdown approach to some measure of self-governance helps achieve equity and
fairness, and responds to the need for building resilience. It enables even
small local groups to have their voices heard in international fora. A relevant
feature of this change in governance (in northern Canada and elsewhere in
circumpolar North) is that vertical links are established not just with state
institutions, but also with regional and global levels.
Communities are not waiting for the state to act on their behalf. Rather,
they can directly engage in the struggle to define the terms themselves.
Community institutions such as Inuit hunter–trapper committees have been
working with regional, national, and international organizations, creating
space for inclusive deliberation and knowledge exchange so that decisions are
not deferred to centralized agencies with little understanding of Northern
realities. Local institutions are important for bringing science and TEK
together to deal with problems related to climate change through the coproduction of knowledge.
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The Inuit Observations of Climate Change study (Chapter 17) illustrates
the ability of Indigenous knowledge to make sense of climate change, and
shows that local observations can provide information at the appropriate
spatial scale to complement science. The Indigenous people of the study area
offer a full range of observations on all aspects of climate change, similar to
the broad suite of simple indicators for Arctic contaminants, as discussed in
Part IV.
These observations cannot replace scientific measurements and models.
But they can contribute to the overall understanding of the system, complementing science by filling in the otherwise missing local level, providing
baseline information, helping formulate research questions and hypotheses, providing insights regarding impacts and adaptation, and supplying
community-based monitoring. The crucial contribution of Indigenous
knowledge and understanding was the assessment of the veracity of change.
The assessment was based on Inuit mental models of the predictability of the
environment, the range of expected variation, and the frequency and severity
of extreme weather events. In the mid/late 1990s onwards, on all three counts,
the observed changes violated the collective mental model describing the
state of normalcy.
The Inuit of Sachs Harbour concluded that something really unusual was
going on in the Canadian Western Arctic (Chapter 17), and showed the
significance of local knowledge to complement science. There is more to
the Sachs Harbour study in terms of its implications (Postscript to Chapter
17) and its generalizability (Chapter 18). There are also two TEK-andclimate-change stories that come out of that work. These two remarkable
stories, told in the Postscript, reveal that TEK was in some ways ahead of
the scientific opinion at that time and ahead of government assessment. It
can be said that Northern Indigenous peoples alerted Southern Canada to
the realities of climate change, and further showed what climate change
adaptation might look like. This is ironic, as it marks a reversal in social
contract roles! Indigenous peoples leading the collection of evidence and
innovating adaptation, to warn and protect the mainstream society and its
governing bodies from climate change.
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16. Why Keep a Community-based Focus
in Times of Global Interactions?

Gitga’at First Nation women gathering and drying edible seaweed (Porphyra
abbottiae) in Hartley Bay, British Columbia, Canada. Traditionally dried on rocks
during May, “the month for gathering seaweed”, the harvest has been complicated
by unpredictable winds and rain related to climate change (Photo: Kate Turner)

Are Indigenous peoples and the Circumpolar environment passive victims
of global-level changes sweeping the planet? Chapter 16 starts with a
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broad-brush approach to Northern peoples, environmental change and
adaptation, setting the stage on why it is important to retain a community
focus in an era of rapid change and globalization. It brings together many
of the concepts introduced in earlier chapters to set the stage for climate
change discussions in Chapters 17 and 18.
The chapter is based on a keynote address at the International Congress
of Arctic Social Sciences (Berkes 2015). This was an interdisciplinary
congress that dealt with various issues of the Circumpolar North and
included a healthy contingent of Indigenous peoples. It met in Fairbanks,
Alaska, in May 2004. The presentation is my take on the guiding theme
of the 2004 Congress, “Connections: local and global aspects of Arctic
social systems”.
I will start with a story. A few years ago I was involved in a team project in
Sachs Harbour in the Canadian western Arctic, the Inuit Observations of
Climate Change study. The lead agency for the project was the International
Institute for Sustainable Development (IISD). My role was to provide advice
regarding the conduct of community-based research, especially with regard
to local and traditional knowledge. Our IISD colleague who was in charge
of the project planning meeting, came up with a very “Western looking”
workshop plan, with direct questions regarding climate change, involving
the filling of index cards, and the generation of hypotheses with cause-effect
linear thinking. I advised against some parts of the plan, and he did make
some revisions. But the workshop was still carried out along what I thought
were Western, rather than Indigenous, lines of thinking and doing things.
Imagine my surprise when he came back with what looked to be a lot
of good workshop results and evidence of enthusiastic participation (Ford
2000). I had further surprises later when I went to Sachs Harbour myself and
found out that the Inuvialuit people of Sachs were quite comfortable in the
“white man’s” style of meetings. Some of them laughed at my concerns about
culturally sensitive study designs, and said that these were “1970s kind of
concerns”. They were no longer considered to be burning issues here, they
said. The first Mackenzie Delta - Beaufort Sea oil boom in the 1970s had
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transformed Sachs Harbour into an English-speaking community. I did not
need a translator, they said, not even with the elders.
I should qualify a few things. The Sachs Harbour experience is certainly
not shared in all parts of the Canadian North. For example, in the eastern
Canadian Arctic, the use of Inuktitut is still strong. Even in Sachs, as it
turned out, proper translation from the local language was needed not only
for reasons of cultural sensitivity but also for precision of environmental
terminology. To talk about sea-ice, permafrost thawing and changes in
animal migrations and distributions, we often had to go back to the original
Inuvialuktun terminology (e.g., the version of Inuktitut used by Inuvialuit
people of the Western Arctic). For example, in vernacular English, the
people of Sachs Harbour referred to “icebergs” (when there are no icebergs
in the technical sense in the Canadian western Arctic because there are no
glaciers). The crucial distinction between first-year ice and multiyear ice did
translate into common English but we had to double-check against the exact
terminology of the elders to make sure (Nichols et al. 2004).
Nevertheless, the main point of the story is that many Northern communities are comfortable with global discourse and languages. Arctic
societies and ecosystems are connected to global process perhaps more than
ever before, making them vulnerable to pressures and incentives that may
originate elsewhere. Thus, one might ask if community-based management
is appropriate at a time when Arctic social and ecological systems are so
closely connected to the rest of the world. Is community-based management
perhaps hopeless romanticism in a globalized world? I argue that local-level
emphasis is still important even when we do not think of communities as
simple, isolated entities. However, community emphasis is not sufficient
by itself. Rather, in my work in the Canadian North and elsewhere, I have
found it useful to think of community-based management as a shorthand for
governance that starts from the ground up but deals with interactions across
levels of organization.
My area is natural resources and my starting point is the commons theory as
the context for community-based management (Chapters 8 and 9). I propose a
four-step conceptualization of Arctic communities in a complex world. First,
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not only are communities part of a larger world, but communities themselves
are complex systems embedded in larger complex systems. Second, we
need to study linkages between communities and other levels of political
organization. Third, communities respond to various influences, making
it important to identify drivers of change originating outside of the Arctic
system. Fourth, we need to investigate the various ways in which we can help
build adaptive capacity at the local level to increase resilience in the face of
change.

Communities as Complex Systems Embedded in Larger
Systems
Not only communities are part of a larger world; communities themselves are
complex systems embedded in larger complex systems, an often-neglected
point. Communities are not simple entities but show some of the characteristics of complex systems: they may be multi-level and may include
competing groups and different interests. The notion of community is often
used without an adequate critique of its geographic, political and normative
dimensions.
Communities are often heterogeneous. There may be different interests by
social group or ethnic group, not to mention differentiation by gender and
age. Of the ten or so communities I got to know in the Northwest Territories
and in northern Manitoba, Ontario and Quebec, I have not encountered even
one that could be characterized as socially homogenous. In the James Bay
Cree community of Chisasibi, for example, there were minority groups of
Inuit and Metis. Among the Cree themselves, there were two main groups,
the coastal people and inlanders, with distinctly different land and resource
use patterns, and diet and subsistence preferences.
In the Canadian western Arctic, the people of the Inuvialuit community of
Sachs Harbour were descendants of three groups: Inupiat people originally
from Alaska, Victoria Island people from the east, and Mackenzie Delta
people from the south. The adoption of English as the common language in
Sachs Harbour in the 1970s was in part a solution to the problem of dialect
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differences. Most, if not all, Indigenous settlements in northern Canada bring
together, through centralized settlement policies, small social groups that
historically belonged to different parts of the landscape. Hence, community
heterogeneity is the norm rather than the exception.
A second aspect of complexity is that communities are now embedded in
larger systems. These once remote social groups and communities are being
integrated into increasingly individualized, privatized, and commoditized
socioeconomic systems. These are not new or even necessarily recent trends,
but one can argue that the speed of change has been accelerating. The upshot
is that these changes have been influencing commons dynamics at the local
level, the role of traditional governance, and social values. The general shift
from subsistence use of local resources toward the pursuit of economic
opportunities has been creating rifts within communities and conflicts with
the outside world.
The interests of northern communities have been colliding with the
interests of a larger system of resource users. As the spatial scale of resource
use increases, heterogeneity of users also increases, and commons governance
becomes multi-scale and multi-jurisdictional. Examples are many and include
migratory geese, Pacific salmon and bowhead whales. The issue of persistent
organic pollutants (POPs) is a special case of commons governance becoming
multi-scale and multi-jurisdictional (Chapter 14).

Linkages between Communities and Other Levels of
Organization
Land and resources tend to be used by competing communities and usergroups, and the scope of inquiry needs to be broadened to deal with linkages
between communities and other levels of governance. It is difficult to find
a resource management system that does not have multi-level linkages,
particularly so in a globalized world. Globalization has a major impact on
local-level resource management through such mechanisms as the creation
of international markets for example for narwhal ivory.
The process of narwhal management under the Nunavut Land Claims
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Agreement of 1993 (Berkes et al. 2005; Armitage et al. 2009) was designed to
devolve decision-making to community-level institutions, and to encourage
the integration of Western science and traditional knowledge. Established
in four communities in the Nunavut region in 1998, the process involves
vertical linkages from the local level (Hunters and Trappers Organizations),
to the regional level (Regional Wildlife Organizations), and the national level
(the Department of Fisheries and Oceans Canada and Nunavut Tunngavik
Inc., a claims implementation organization). Connecting these levels is the
main co-management body under the Nunavut Land Claims Agreement,
the Nunavut Wildlife Management Board, which functions as the bridging
organization (Chapter 11). The linkages or relationships are shown in Figure
16.1.

Figure 16.1. Community-based narwhal management in Nunavut
Territory, Canada (Berkes et al. 2005, from Armitage 2005).

As can be seen this from this example, community-based management is
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really multi-level management because many communities, three regions, an
Inuit umbrella organization, and the Canadian Federal government are all
involved. There is an international level as well, as narwhal move between
Canada and Greenland waters. The figure also expands the notion of comanagement which is often conceived as a simple two-way linkage between
a unitary government and a community. Nevertheless, the notion of multilevel governance here retains the community emphasis. But at the same time,
it highlights the need to consider additional linkages, both horizontal and
vertical, that enable community-based management to move forward.

External Drivers
A driver, as defined by the Millennium Ecosystem Assessment (MA 2003),
is “any natural or human-induced factor that directly or indirectly causes a
change”. Arctic communities have had to respond to various environmental
drivers over the years, including radioactive fallout in the 1950s, POPs in the
1980s (Chapter 14), and climate change from the 1990s onward (Krupnik
and Jolly 2002; Huntington et al. 2005). As well, there have been sweeping
changes due to numerous economic, social and cultural drivers.
Since the 1960s, the following changes have been identified in production
and consumption of traditional foods: centralized settlements; adoption of
mechanized transportation; individualized hunting; commercialization of
resources; involvement in wage labor and the formal economy; harvesting as
part of a mixed economy; the need for income-generating economic options;
and the availability and accessibility of market foods (Myers et al. 2005).
Identifying external drivers that impact a community is not easy because
of the confounding effects of multiple drivers of social and cultural change,
such as “imported” or non-indigenous values, the formal education system,
TV and mass media, as well as environmental drivers, economic drivers such
as market forces, and government policy itself.
We do not usually think of government policies as external drivers. But
consider, for example, the impacts of population settlement, centralization
of decision-making, and imported resource management prescriptions. As
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pointed out earlier in this conference by the Alaska elder, a particularly
serious negative impact on Indigenous peoples has been the creation of
dependency. On the other hand, potential positive impacts would include
land claims agreements, legislation for self-determination and communitybased management, the establishment of resource and environmental comanagement mechanisms, and the recognition of traditional knowledge. I
say “potential” because the process of implementing co-management, and
learning to respect Indigenous knowledge has been anything but smooth.

Building Adaptive Capacity to Deal with Change: Resilience
The many impacts and rapid changes in the Arctic raise questions about
adaptations: is it possible to investigate the various ways in which one can
help build adaptive capacity at the local level to increase resilience in the face
of change? The concept of resilience is a promising tool for dealing with
change because it provides a way of analyzing the dynamics of how systems
persist, transform themselves or collapse.
In brief, resilience is the capacity of a system to tolerate impacts of drivers
without irreversible change in its outputs and structure, or to tolerate
disturbance without collapsing into a qualitatively different state. A resilient
ecosystem can withstand shocks and rebuild itself. Borrowed from ecology,
the concept of resilience as applied to social systems, includes the capacity of
humans to anticipate and plan for the future (Chapter 4).
The notion of anticipating future change and building adaptive capacity to
deal with it is relatively recent. It has been argued that such planning could be
done in part through the creation of flexible multi-level governance systems
that can learn from experience and generate knowledge to cope with change
(Folke et al. 2005). As applied to the Arctic, building adaptive capacity may
mean strengthening local institutions, fostering international institutions
(such as the Arctic Council), and building multi-level linkages from local to
international.
There are three aspects of building resilience. First, improving the ability
to deal with shocks and stresses depends on developing coping and adaptive
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strategies, retaining “memory” to be able to reorganize the system after a
perturbation, and making use of opportunities created by change processes.
Many Arctic peoples are of course experts in adapting to change, and elders
hold system “memory”. In the case of recent changes, such as climate change,
there is evidence of short-term or coping responses being developed across
various parts of the Arctic (Krupnik and Jolly 2002).
Second, improving capability for self-organization requires capacitybuilding and institution-building at various levels. It requires healthy
community institutions for collective action, as in Ostrom’s design principles
for commons management (Chapter 9). Here, the policy challenge is to
strengthen community-based institutions, which may involve reversing
current trends in most regions of the Arctic, while at the same time building
new institutions for new purposes and their linkages.
Third, improving the capacity for learning and adapting requires creating
political space for community-based management so people can learn from
their own successes and failures. Rather than following the prescriptions
of conventional top-down management, local managers and co-managers
need to be encouraged to experiment and generate a diversity of experiments.
Nurturing social and institutional memory requires the creation of flexible
multi-level governance systems that can learn from experience (adaptive
management), and generate knowledge to cope with change by combining
different kinds of knowledge — knowledge co-production (Chapter 13).
Resilience thinking is in many ways consistent with a worldview of
continuous change and adaptation, and consistent with Indigenous conceptualizations of the universe. By emphasizing uncertainty and change, and by
considering change sometimes as opportunity, resilience thinking challenges
widely held notions about stability and resistance to change.
In conclusion, community-based focus is, perhaps paradoxically, key to
social health even though Arctic societies are connected to global processes
more than ever before. Arctic societies are vulnerable to pressures and
perverse incentives that originate from outside the Arctic, at higher levels of
political and economic organization. This vulnerability can be reduced by
keeping a community focus, with attention to complex systems phenomena
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such as levels and linkages. Institutions that are close to the land and
resources, flexible, diverse, and receptive to feedback from the environment,
stand a better chance of success than top-down, centralized management
systems. In my own research, I am finding it useful to think of “communitybased resource management” as shorthand for governance that starts from
the ground up but deals with multi-level interactions. A community focus
helps build theory and practice, and at the same time helps develop a more
sophisticated understanding of how linkages and drivers shape interactions
in our various fields of study.
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17. Adapting to Climate Change in the
Canadian Western Arctic

Inuit country foods from the community of Pangnirtung (Pang), Baffin Island,
Canada. Clockwise from the upper left: beluga (a small Arctic whale,
Delphinapterus leucas) meat tasting; ring seal (Phoca hispida) meat tasting; frozen
Arctic char (Salvelinus alpinus) tasting; and summer food sharing (Photo: Eranga
Galappaththi).
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This chapter is based on Berkes and Jolly (2001), largely from the thesis
work of Dyanna (Riedlinger) Jolly. It is significant as one of the earliest
documentations of actual climate change impacts on the ground, and
possibly the earliest publication on coping responses to change. Under
the 1992 UN Framework Convention on Climate Change and the 1997
Kyoto Protocol, the climate change focus was on “mitigation”, as if climate
change could somehow be reduced in severity. “Adaptation” was not
widely discussed and in fact considered a bad word in some circles. Only
after 2010 or so, after the “death” of the Kyoto Protocol (and before it
formally expired in 2012) the concept of adaptation came into play and
started guiding responses to climate change.
The 2001 paper has been widely used and cited (with over a thousand
Google Scholar citations). It is reprinted here with some editing for brevity,
but it has not been updated. The Postscript following this chapter and
Chapter 18 (based on a 2010 paper) provide a larger regional perspective
and update. Here then is what the hunters and fishers of Sachs Harbour
in the Western Canadian Arctic were observing and responding to, as
early as the mid and late-1990s. What are the prospects for long-term
adaptations? Are Inuit social-ecological systems resilient to climate
change impacts?
One of the best places to study human adaptations to climate change is the
Arctic, for three reasons. First, the impacts of climate change are expected
to be felt earliest and most keenly in the polar latitudes, according to global
climate models. The western Arctic rim of North America is the “miner’s
canary” that indicates the early warning signs of global climate change.
Second, peoples of the Arctic have always lived with a high degree of natural
environmental variability, and the capacity to adapt to variability is a part
of Inuit culture (Balikci 1968). The flexibility of social relations in Inuit
culture is often explained by scholars in terms of ecological adaptiveness
(Freeman 1996). Third, there is a growing body of participatory research
in the Canadian Arctic since the 1980s in a variety of areas, from fish and
wildlife co-management to the use of traditional knowledge in environmental
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change.
In related work, we have provided some examples of how communities in
the Canadian North respond to large-scale alterations of the environment,
and the ways in which their subsistence-based livelihood systems may be
vulnerable to change. The experience indicates that increased variability and
greater frequency of extreme events create adaptation problems because they
interfere with the ability of people to access resources. We argued that local
observations and knowledge (along with Western science) are essential for
understanding the effects of climate change in communities such as Sachs
Harbour (Riedlinger and Berkes 2001).
In this chapter, we analyze the adaptive capacity of the community of
Sachs Harbour to deal with climate change. One component of this adaptive
capacity is the actual short-term response to change, which we refer to as
coping response. A second component is related to existing Inuit adaptations
for life in a highly variable and uncertain environment; these we consider
as long-term adaptive strategies. In contrast to coping responses, adaptive
strategies are the ways in which individuals, households and communities
change their productive activities, and modify local rules and institutions to
secure livelihoods. We deal with adaptation, and we address the question of
the resilience of the Inuit social-ecological system (Chapters 4 and 5).
The scope of the study is the response related to fish and wildlife harvesting
activities of the people of Sachs Harbour who live in a mixed economy
(wage income, transfer payments and subsistence harvesting), and who have
continued to obtain much of their protein from hunting and fishing, as do
many communities in the Canadian North. The focus on land and sea-based
activities is analytically well matched for the use of the integrated concept
of social-ecological systems. Note that we are not concerned merely with
environmental change or social change, but rather with social-ecological
system change.
Here we first illustrate an approach for carrying out place and culturespecific research using participatory methodologies, with the purpose of
applying resilience thinking to explore the question of coping with and
adapting to climate change. We investigate how societies deal with social237
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ecological change, and seek to generate insights for the use of coping strategies
and available adaptive strategies to build capacity to adapt to change.

A Model of Community Research Partnership
“Inuit Observations of Climate Change” (IOCC) is a collaborative project
of the Inuvialuit people of Sachs Harbour, the International Institute for
Sustainable Development (IISD), and the University of Manitoba. This team
project was initiated by the Inuit and carried out in the community of Sachs
Harbour on Banks Island (Figure 17.1). It has been a permanent settlement
only since 1956, is an outgrowth of the white fox trade beginning in the 1920s
(Usher 1970). Sachs Harbour is the smallest of the six Inuvialuit (western
Arctic Inuit) communities in the region covered by the comprehensive native
land claims agreement, the Inuvialuit Final Agreement of 1984.

Figure 17.1. The study area for Inuit Observations of Climate Change study.
The initial objective of the IOCC project was to produce a video on how
climate change was affecting Sachs Harbour residents. The expanded
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objectives were also to educate southern Canadians and decision-makers
regarding climate change; to document Inuvialuit knowledge of climate
change; and to explore the potential contributions of traditional knowledge
to climate change research.
The results are based on a 12-month study covering all four seasons
in 1999-2000 and follow-up for verification and evaluation. The larger
project team included the organizers from the IISD; a film crew documenting
Inuvialuit perspectives; technical experts who conducted science interviews
on the more specialized aspects of change (sea-ice, permafrost geology,
terrestrial wildlife); local experts and liaison people from the Inuvialuit region,
and the university team. The university team was responsible for leading the
traditional knowledge component of the study, long-term field work in the
community, follow-up visits, and documentation.
A total of 13 households from this small community of 30 households
directly participated throughout the project: the planning workshop, the
video, science interviews, and by guiding project team members on the land.
Other local people participated indirectly. The 13 households represented the
full population (and not a sample) of elders and hunters whose families who
were active harvesters spending significant time on the land. The community
members involved in the study were those considered to be the local experts
by the community about climate-related change.
The project was designed around participatory methodologies that would
facilitate collaboration and ensure accurate reflection of Inuvialuit observations and perspectives (Ford 2000). The research process was inclusive
(i.e., open to participation by all). All elders were included and gender
representation was balanced. A key feature was the initial planning workshop
in which the people were asked for their guidance on what they considered
important. The priority issues, research questions, plans for the video, and
the overall process for the project were defined in partnership by the project
personnel and the community. Interviews allowed people to discuss their
detailed observations with Western scientists with expertise in specific areas
(Figure 17.2). Participant observation was used as an important methodology
from the point of view of the Inuvialuit because “going on the land” is how
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people are supposed to learn about the environment.

Figure 17.2. The partnership model and the use of participatory
methodologies (Berkes 2002b).

Annual Harvesting Cycle and Environmental Changes
To provide context for climate change effects, we reviewed the annual cycle
of harvesting activity. The actual cycle varies from year to year; no two years
are identical. Some 20 species of terrestrial and marine mammals, fish and
birds were taken throughout the year, the main species being musk-ox, the
lesser snow goose, ringed seal and fish species. During the winter, people
hunted musk-ox (Ovibos moschatus) and, to a lesser extent, caribou (Rangifer
tarandus), Arctic fox (Alopex lagopus), wolf (Canis lupus), polar bear (Ursus
maritimus) and ringed seals (Phoca hispida). Small game included ptarmigan
(Lagopus spp.) and Arctic hare (Lepus arcticus). In the past, winter was the
season for Arctic fox trapping which was a mainstay of the local economy
until the European fur ban in the 1980s.
As the weather begins to warm in March and April, people headed out to
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numerous inland lakes to ice-fish for lake trout (Salvelinus namaycush) and
Arctic char (Salvelinus alpinus). In May, fishing slowed down as the snow
goose hunting season approached. Banks Island supports a large breeding
colony of snow goose (Anser caerulescens). Goose hunting, along with goose
egg-collecting, was one of the most important community activities. Families
camped at rivers and lakes, and the entire community was busy hunting,
plucking, cleaning and drying geese, some of it for inter-community trade.
The goose hunt was over by mid-June, as people returned to lakes to fish
if there still was ice. They also fished for Arctic cod (Boreogadus saida) from
sea-ice. With the advent of summer and break-up of ice in June and July,
people hunted mainly for ringed seals and some bearded seals (Eringnathus
barbatus) off ice-floes and from boats in open water. Starting in July through
to early September, people set gillnets for char, Arctic cod and least cisco
(Coregonus sardinella). Later in September, people turned to musk-ox and
caribou hunting again.
What were the observed changes? Hunters and fishers reported consistent
observations indicating tangible evidence of climate change. The changes
observed in the 1990s were said to be without precedent and outside the range
of variation that the Inuvialuit consider normal. Changes were reported
relating to the extent of sea-ice, timing and intensity of extreme weather
events, fish and wildlife distributions, and permafrost depth and erosion.
Importantly, people found major changes in predictability of the environment,
travel safety and access to resources.
Observations indicated an increase in variability in climate, leading to
increased unpredictability of the environment. Taken together, the observed
changes were having an impact on hunting, fishing and other subsistence
activities, guiding sport hunters, and traveling on the land, even when
considered against a background of a highly variable Arctic ecosystem and
an equally variable social-ecological system. The impacts observed by the
people of Sachs Harbour may be summarized under four headings: access to
resources; safety; predictability; and species availability (Table 17.1).
Table 17.1. Environmental changes and impacts on subsistence activity.
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Table 17.1. Environmental changes and impacts on subsistence activity.

Table 17.1. Environmental changes and impacts on subsistence activity.
Access to resources is often related to the ability to travel on the land or seaice. For example, changes in the rate of spring melt and increased variability
associated with spring weather conditions have affected community access
to hunting and fishing camps. In May, families go out to camps at lakes for
ice-fishing and the spring goose hunt. They travel by snowmobile, pulling
a qamutik (sled), staying on snow-covered areas and often using the coastal
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sea-ice and frozen rivers to access the camps. However, warmer springs have
resulted in earlier, faster snow melt and break-up of the rivers, making access
to camps difficult, and limiting the length of time people are able to spend
out on the land.
The second theme, safety, comes up most frequently in conversations about
the sea-ice environment. The sea-ice in the vicinity of the community is
used for travel, ice-fishing and seal and polar bear hunting. People monitor
ice conditions all the time. Even the weekly flights into the community are
used as “aerial surveys” and a source of information. Ice conditions are said
to be less reliable in recent years than they were in the past. In the 1990s,
people observed increased ice movements, changes in the distribution of
leads, cracks and pressure ridges, as well as overall thinning of ice. People
say that in the past they rarely had to worry, but now traveling on sea-ice
requires extra care.
Safety is often linked to predictability. The Inuvialuit rely on their ability
to predict snow and ice conditions, the weather, and the timing of wildlife
migrations. All of these phenomena have become less predictable. For many,
weather patterns and events are happening “at the wrong time now”. For
example, one elder commented, “You can’t even tell when the weather is
going to change. Years ago we knew when the weather was going to change
– mild weather meant a storm was going to come, and so we get ready for it.
But today it changes so much; we can be expecting a big storm – next day
clear as can be. I can’t predict the weather anymore like we used to.”
These changes impact species availability. Indirect effects of climate change,
such as changes in forage and water availability, also have an impact on Arctic
wildlife, and thus community harvest. For example, warmer temperatures
and higher rainfall have increased summer forage availability for caribou and
musk-ox. But they have also increased the risk of extreme weather events
such as freezing rain that covers the ground with a layer of ice, making forage
unavailable to animals. Less sea-ice in summer means ring seals will be harder
to spot and hunt.
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Responding to Change: Coping Mechanisms
Climate-related changes are having an impact on subsistence activities, but
many of the impacts have been “absorbed” through the flexibility of the
seasonal cycle and the Inuvialuit way of life. For the most part, Inuvialuit
coping strategies relate to adjusting or modifying subsistence activity patterns
– changing when, where or how hunting and fishing takes place. The observed
coping responses can be summarized in four items: modifying timing of
harvest activity; modifying location of harvest activity; adjusting the species
harvested; and minimizing risk and uncertainty (Table 17.2).
Table 17.2. Short-term or coping responses to environmental change in Sachs
Harbour versus Inuit cultural practices and long-term adaptations

For example, in response to shorter, warmer springs and increased rates of
snow and ice melt, people described not going out on the land for as long.
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They returned to the community after the goose hunt, rather than proceeding
to the lakes to ice-fish. Waiting is a coping strategy; people wait for the geese
to arrive, for the land to dry, or for the weather to improve. Bare ground and
unreliable snow conditions mean families were traveling along the coastal seaice rather than along inland routes. Hunters were using all-terrain vehicles
instead of snowmobiles to travel in spring camps when there is not enough
snow. The community was reporting catching more qaaqtaq (least cisco), and
pintail (Anas acuta) and mallard (A. platyrhynchos) ducks, considered mainland
ducks. To minimize risk, people monitored environmental conditions more
closely: “you really need to have experience to travel on the sea-ice now”.
The Inuvialuit draw on accumulated knowledge and experience to come
up with these coping strategies. They have always adjusted and adapted to
change. When asked about the impact of changes on hunting and fishing,
most people were quick to point out that “we always find some way of getting
something”. In the past, extreme weather events such as freezing rain could
significantly reduce a caribou herd through starvation, leading to severe food
shortages. In the contemporary mixed economy, the Inuvialuit have a wider
range of food options.

Culturally Available Options for Adaptive Strategies
“Dynamic and flexible use of the environment constitutes the chief adaptive
strategy of Arctic communities” (Krupnik 1993, p. 210). The adaptive capacity
of the Inuvialuit to absorb perturbations will in part depend on their ability
to learn and reorganize (as documented above), and in part on culturally
available response options. Here we address traditional cultural adaptations
of the Inuit to deal with environmental variability and uncertainty, before
turning to the question of whether these strategies are still viable in the
contemporary world.
Anthropologists have identified several clusters of cultural practices which
are considered to be adaptive responses to highly variable biopyhsical environments (Balikci 1968; Freeman 1996; Krupnik 1993), summarized in the
bottom half of Table 17.2. The Arctic is an environment in which biological
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production is relatively low, resources patchy, and resource availability
unpredictable. These are conditions that have profound influences on social
organization. Adaptive pressures would be against large social groupings and
permanent settlements, and for small group size and a high degree of mobility.
Thus, traditional Inuit society was generally organized to facilitate constant
grouping and regrouping of economically self-supporting households in
order to maximize the amount of resources obtained and their distribution
(Freeman 1996).
In traditional Inuit resource use, there was a great deal of flexibility in
seasonal cycles, and mobile groups did not always use the same sequence
of hunting locations or the same suite of resources. Of course there was
a general plan, with target areas and species, but also a whole repertoire of
backup plans in case the primary targets did not work. Oral traditions and
group memory of past situations were also used by the Inuit to respond to
environmental fluctuations and extreme weather events (Minc 1985).
Closely related to the above, the Inuit had detailed local environmental
knowledge and skill sets. The unpredictability of resource availability
creates incentives for individuals to master a diversity of hunting and fishing
skills, and accumulate detailed knowledge of the various species and the
biophysical environment in general. Diversification is well known as a riskspreading strategy related to uncertainty and surprise, and the Inuit tend
to be generalists, rather than specialists. Competence on the land (survival
skills) was valued highly, allowing individuals to exercise a high degree of
personal autonomy (Freeman 1996).
Food sharing was very important among the Inuit, as among many
aboriginal groups. Sharing of the kill would often be community-wide. Inuit
food sharing often went beyond the immediate group, as the Inuit tended
to have complex networks of social relationships, and exchanges followed
these networks. A very high value was attached to sharing; the most socially
prestigious families were those who always had food to share.
In many parts of the Arctic, inter-community trade was important as a
means of addressing regional differences in resource availability. Some
of these trading partnerships were highly formalized, but they were also
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mechanisms to provide mutual support when traveling into neighboring
areas. Trading was as much a symbolic act to establish social relationships
between groups, as it was an economic transaction (Freeman 1996).
Are these cultural practices still viable in the contemporary Arctic? Human
history in the Arctic has been described as a series of adaptations, and a
process of sequentially accumulating cultural mechanisms to deal with the
characteristics of the environment (Krupnik 1993). To evaluate the resilience
of Inuvialuit society in the face of climate change, first we ask which of these
adaptive mechanisms are still viable, and second, we explore if there are other
and new response options with which the Inuvialuit can deal with change.

Adaptive Response Options: Mixing the Old and the New
Inuit society has undergone profound change since the 1960s and the
1970s with the settlement of people into permanent villages. Thus, cultural
adaptations involving mobility and group size flexibility are no longer
available, but the other clusters of adaptations seem to be viable. The
flexibility of seasonal cycles of harvest is still very much in evidence.
Regarding loss of environmental knowledge and related skill, much has been
said. But this is only partially true. Some knowledge and skills have obviously
been lost, yet people have new skills, such as the use of snowmobiles and
GPS.
Sharing of food is still very much in evidence as well. However, since a
relatively small number of hunters account for most of the harvest, fewer
and fewer people seem to be providing for more and more non-hunters, a
potentially unsustainable situation. One kind of sharing that does not seem
to have declined at all, and possibly increased, is inter-community trade.
Sachs Harbour has an abundance of snow geese and musk-ox but a dearth
of caribou and beluga. Therefore, they export snow geese and musk-ox to
Tuktoyaktuk and Inuvik, and in turn receive beluga and caribou.
In sum, Inuvialuit adaptive strategies of flexibility of resource use, local
environmental knowledge and skills, sharing through social networks,
and inter-community trade are still in place. These strategies provide
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considerable buffering capacity to deal with perturbations. Are there other
and new response options as well for the Inuvialuit to build adaptation
strategies to deal with environmental change?
Linkages to Inuit regional institutions and government agencies provide
potential adaptive response options that were not available to the Inuvialuit
in the past. The Inuvialuit Final Agreement of 1984 sets up several comanagement bodies dealing with resources and environment. These bodies
provide a formal mechanism for individual communities to interact with one
another, as well as with regional, territorial, and federal governments. Such
linkages, both horizontal (across space, with other communities) and vertical
(across levels of organization), allow new kinds of adaptive responses. They
also provide communities with access to scientific information.
The other response option concerns making adaptive strategies out of
existing coping responses. Individual and household-level responses seem to
operate at day-to-seasonal time frame; these are the coping strategies. Can
these develop over time into adaptive strategies at community and regional
levels? Speculatively, one may hypothesize that the two kinds of responses
(coping and adapting) overlap across temporal scale. Coping mechanisms are
more likely to emerge at the level of individuals and households. However,
once established, these strategies may develop over time into long-term
adaptive strategies to be used at the larger spatial scales as well (Figure 17.3).

Figure 17.3. Responding to climate change in Sachs Harbour: the time scale
of responses in relation to spatial scale.
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Conclusions
The effects of climate change unfold at the local level and so do adaptive
responses, creating opportunities to investigate the dynamics of both. The
Sachs Harbour case is informative in studying how societies adapt to climate
change. One set of responses are short-term; these are the coping mechanisms.
The Inuvialuit are experts at living in highly variable environments, switching
species and adjusting the “where, when and how” of hunting. This ability has
enabled them to cope successfully with climate change impacts in the 1990s.
The question is the future ability of the Inuit, and their resilience, to adapt to
further changes.
That brings into focus the limits of cultural long-term adaptations: flexibility of seasonal hunting patterns; detailed traditional knowledge to enable
diversification; and inter- and intra-community sharing networks. Climate
change puts these adaptations under stress by making the environment even
more variable and thus less predictable. Climate change at Sachs Harbour,
as elsewhere, has not followed a pattern of smooth or gradual change. Thus,
it seems changes in long-term averages (the main output of global climate
models) are not so important from the local point of view. Rather, it is extreme
weather events, variation that exceeds norms, and unpredictability that are
important.
The study of social-ecological resilience is useful in suggesting that coping
responses and adaptive strategies may be continuous along spatial and
temporal scales. This opens up the possibility that today’s coping responses,
once established at the local level, can be tomorrow’s adaptive strategies
over the whole region. Further help for adaptation is available through
participatory environmental management and co-management. By providing
the community with linkages across levels of organization, co-management
has the potential to transmit community concerns to regional, national and
international levels. Such linkages can increase the resilience of the socialecological system by providing new channels of communication, and by
increasing the local capacity for self-organization and social learning.

249

TOWARD A NEW SOCIAL CONTRACT

***
Postscript to Chapter 17
This volume is about community-based management and small-scale fisheries.
If you have read this far, you might be wondering where the small-scale
fisheries went. I can assure you that small-scale fisheries are still there,
and in the North they are perhaps the “purest” kind of small-scale fisheries
— those for household consumption and community sharing, carried out
from very small boats and using simple gear. These fisheries, under-valued
and under-studied, can produce a great deal of local food, and in some
communities constitute the single largest component of the subsistence
harvest (Berkes 1990). They are important for livelihood and food security.
In fact, according to one estimate, aquatic food dependence among coastal
Indigenous peoples worldwide is some 15 times higher than non-indigenous
populations (Cisneros-Montemayor et al. 2016).
However, in the North, not just the Canadian North but the circumpolar
North in general, fishing is part of a seasonal round of activities and rarely
gets special treatment. But it is there and subject to all the same climate
change and other impacts as other subsistence activities. For example, Nuttall
and colleagues who reviewed “hunting, herding, fishing and gathering” for
the Arctic Climate Impact Assessment ACIA) report, found very little to
say specifically about fisheries. Part of the reason for the neglect is that
subsistence fisheries are difficult to study (Berkes 1977), and there are very
few commercial fisheries in the Arctic. One exception is the small-scale
fishery in Pangnirtung on Baffin Island, which has a subsistence component
and a commercial component, one of the very few in the Canadian North
(Galappaththi et al. 2019).
The explosion of research on climate change in the 2000s in the North
is reflected in two chapters of the ACIA report, Huntington et al. (2005)
and Nuttall et al. (2005). These chapters provide a rich regional overview
of Indigenous knowledge and resource use. As well, there is Indigenous
knowledge content in the other chapters. The ACIA report is unusual in
that almost all of the chapters contain Indigenous knowledge input, in some
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cases very substantially, about changes in the landscape, plants and other
components.
There is a story behind this. Indigenous representatives in the eight-country
Arctic Council lobbied hard to have Indigenous voices heard in ACIA and
eventually succeeded. At the time, global climate change assessments in IPCC
reports had virtually no Indigenous knowledge content, and even the more
recent IPCC reports treat TEK superficially (Ford et al. 2016). Despite the
excellent example set by ACIA (2005), IPCC did not take advantage of this
to follow up on what science can learn from Indigenous knowledge. The
learning could have been substantial, as Ford et al. (2020) suggest in their
global review of Indigenous resilience to climate change.
What specifically can TEK contribute to climate change assessments? In
addition to the arguments raised in Part IV chapters and the previous chapter,
I would like to draw attention to some additional points that come out of
the Sachs Harbour study. Chapter 17 was based on Berkes and Jolly (2001),
and there is a companion paper by Riedlinger and Berkes, also published
in 2001. Table 17.3 refers to five areas of complementarity between TEK
and science. TEK can provide local-level knowledge and climate history.
Local observations and experience can lead to community-based monitoring,
hypotheses for scientific research, and provide insights about adaptation.
Table 17.3. Five convergence areas to facilitate the use of TEK and science
together, in the context of Arctic climate change (Riedlinger and Berkes 2001).
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Examples help illustrate the generalities in Table 17.3, and the two stories here
are about TEK leading to scientific research hypotheses. The first concerns
to discovery of Pacific salmon in the Arctic Ocean, and the second concerns
the formation of the freshwater layer in the Arctic Ocean in spring. Both
examples are now part of the generally accepted climate change picture in
the Arctic; both are based on initial Indigenous observations with scientific
follow-up. By now, some Pacific salmon species are so well established
that they have spawning runs up the Mackenzie River, which empties into
Beaufort Sea, a part of the Arctic Ocean.
The first story starts with an Inuk fisher from Sachs Harbour who first
found two species of Pacific salmon in his gillnets. He brought the fish
home and held them in his freezer before turning them over to government
biologists. I sought out the fisher and met him in Sachs Harbour in 2000,
some seven years after his discovery. I asked him why he did not eat those fish.
He said he knew that he had something unusual. He could see that they were
similar to, but different from, their local salmonid, the Arctic char. When he
contacted Fisheries and Oceans Canada, he did not seek fame or fortune, he
laughed. Well, he received no fame or financial compensation for his troubles,
nor even credit. The biologists published a paper on his specimens and other
related records (“First records of sockeye and pink salmon…”), and did not
include his name as the actual person who first provided the evidence of
Pacific salmon species in the Arctic Ocean!
The story illustrates that understandings and insights that originate
outside institutionalized Western science are not considered legitimate until
published by scientists in a peer-reviewed journal. No wonder the IPCC
relied almost exclusively on Western science, with almost no mention of
Indigenous knowledge, even after ACIA (2005). Acceptance by the dominant
kind of science is a problem for TEK-holders. Of course, it is also a problem
well known to science mavericks and rebels!
The second story is more complex and perplexing. With the melting of
sea-ice in spring, a less dense layer of freshwater develops on top of the
relatively dense and heavy saltwater. The Inuit reported that this freshwater
layer was now deeper, as much as twice as deep (or thick) as compared to
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what it was prior to the mid/late 1990s. At first, Arctic oceanographers had
little data on the thickness of this layer and how it evolved in spring, and they
(initially) dismissed the Inuit claim. It made sense that the earlier and more
rapid melting of sea-ice would contribute more freshwater to the sea. But
how would the Inuit know this, without sampling equipment (not to mention
the disdain for quantification)?
I have to admit, I did not know the answer either, but it could be followed up
with knowledge-holders (Berkes, unpublished field notes). Seals are almost
neutrally buoyant in sea-water. When you shoot a seal in the fall, it usually
floats because it has thick layer of fat. This I know from years of fishing
(and sometimes sealing) in James Bay. In spring, however, with the fat stores
reduced, the seal usually sinks – it sinks to the level where the seawater is
saltier and denser, and there it stops sinking. So to retrieve the shot seal, the
Inuit hunter uses a grappling hook, and dangles it where he thinks the seal
should be. (This could take hours – who said hunting was easy?) So what the
hunters were finding was that the sinking depth was now greater than it used
to be. In the specific example, the hunter said, instead of some 15 feet (5 m)
of line for the hook, now he had to use almost twice that. That is how the
Inuit knew that the freshwater layer was now considerably deeper!
Both stories show the importance of observations at the local level.
They illustrate the knowledge of the Inuit who find Pacific salmon in the
Arctic Ocean, and who have ways of figuring out that the spring time
oceanography of the Arctic Ocean has really changed. This is knowledge
that is indispensable for understanding climate change, knowledge that can
ground-truth the findings of modeling studies. It is information at a level
that falls between weather station data and remote sensing data, showing
complementarities of scale between science and TEK (Riedlinger and Berkes
2001).
Climate change research in the North uses many kinds of data. These
include archival sources (such as Hudson’s Bay Company records and
missionary records), and proxy data (such as Greenland ice-cores). More
commonly used are satellite data (remote sensing) and weather station data.
In terms of both spatial and temporal scales, traditional knowledge fills the
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gap between these two latter sources of data. It closes a considerable gap in
spatial and temporal scales (Figure 17.4).

Figure 17.4. The various sources of environmental knowledge used in climate
change research in the North, and their spatial and temporal scales. Note that these
are log-log scales. Adapted from Riedlinger and Berkes (2001).
As the next chapter shows, our initial findings in Sachs Harbour have been
robust and confirmed by findings in Arctic Bay and other communities.
Worldwide, there is a large database of community observations of climate
change (Savo et al. 2016). In 2000, our initial reports from Sachs Harbour had
met with the skepticism of Arctic oceanographers and other experts. Perhaps
there was a “decadal cycle” of warm weather? Perhaps the researchers were
victims of an elaborate hoax by the Inuit? Well, no hoax. By 2010 or so,
there no longer was any question that the Inuit really were observing climate
change, and so were great many communities in all parts of the world.
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The turbot (Greenland halibut, Reinhardtius hippoglossoides) fishery in Pang,
Cumberland Sound, Baffin Island, is one of the very few commercial fisheries in
the Canadian Arctic (Photo: Eranga Galappaththi).

The previous chapter was about climate change impacts, coping responses
and various adaptation pathways, including options for adaptive responses. Written ten years later, the journal paper on which this chapter
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is based (Berkes and Armitage 2010) has the benefit of additional research
and reflection. The chapter follows up on the findings at Sachs Harbour,
in comparison with a second community, Arctic Bay, in the Canadian
Central Arctic. It uses the vulnerability approach and expands on the
idea of “new TEK”, with details of technology use across the Arctic, as
people co-produce knowledge to deal with the growing impacts of climate
change. It also expands on the idea that co-management institutions
have the potential to build resilience by fostering social learning and
reducing vulnerability to climate change.
Impacts of global climate change are not distributed evenly. The largest
temperature increases are projected to occur over the Polar regions, the land
of the Inuit and other Indigenous peoples (IPCC 2007). Given that these
Indigenous groups have also experienced extensive social, cultural, political,
economic and demographic changes in recent decades, it can be said that they
have had the “double exposure” of globalization and global environmental
change. Secondary effects are yet to come, as a seasonally ice-free Arctic
encourages additional resource development and further social and economic
impacts.
There has been an explosion of research since about 2000 on the impacts
of climate change on Arctic peoples (Huntington et al. 2005). A number of
studies have taken a vulnerability perspective. This perspective requires an
assessment of adaptations and adaptive capacity. Here we define adaptive
capacity as the ability of an individual or group (i.e., community) to cope
with, prepare for and/or adapt to disturbance and uncertain social-ecological
conditions (Armitage 2005; Ford et al. 2006). Adaptations are manifestations
of adaptive capacity and represent ways to reduce vulnerability. Adaptive
capacity further implies learning through change and an ability to experiment.
Societies throughout the world have a long historical record of adapting to
impacts of weather and climate, although climate change now poses some
novel risks that are outside the range of historic experience. Adaptation
research was underrepresented in the early climate change agenda. It has
since become a major focus, and there is a need to understand the capacity of
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individuals, communities and regions to adapt.
How vulnerable are Arctic Indigenous peoples, such as the Canadian Inuit,
to climate change? What are their relevant adaptations, and what are the
prospects for increasing their ability to deal with further change? As Salick
and Ross (2009) noted, the IPCC (2007) makes scarce mention of Indigenous
peoples — and then only as helpless victims of changes beyond their control.
This view of Indigenous peoples as passive and helpless needs to be challenged.
The alternate view is that Indigenous peoples, including the Canadian Inuit,
are keen observers of environmental change and have lessons to offer to the
world about how to adapt to changing conditions. Such a view is consistent
with the Inuit self-image of being creative and adaptable (Irniq 2008) and
with historical realities.
Augmenting long-term cultural adaptations, recent climate-related changes
in the Arctic have been triggering short-term (coping) responses (Chapter 17).
In addition to these, there are other options for increasing the ability of Arctic
communities to adapt to further change. Institutions are important in this
regard because they are related to knowledge development and social learning
that can help reduce vulnerability, build resilience and increase adaptive
capacity (Armitage et al. 2009). Co-management institutions developing
since the 1980s have the potential to connect different levels of organization,
and foster knowledge exchange and speed up learning.
We are interested in the role of institutions in building adaptive capacity
and facilitating social learning, the iterative action, reflection and deliberation
of individuals and groups engaged in the sharing of experiences and ideas to
collaboratively resolve complex challenges (Chapter 11). We focus specifically
on the role of co-management institutions in the Canadian Arctic, grounding
our discussion primarily in two communities, Sachs Harbour (Northwest
Territories) and Arctic Bay (Nunavut Territory), with reference to other
communities as appropriate. The co-management institutions in question
are based on Indigenous land claims agreements in these two jurisdictions.
A co-management agency functions as a bridging organization that can
provide services such as bringing together different kinds of knowledge,
and building networks and partnerships for social learning (Chapter 11).
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By collecting, processing and transferring knowledge, and by providing
a forum for practical problem solving, co-management institutions have
demonstrated positive outcomes in addressing local needs in the Canadian
North (Eamer 2006; Ayles et al. 2007). However, the overall record of
co-management is mixed, as co-management that follows southern ways
can contribute to the bureaucratization of northern issues and Indigenous
societies. The actual outcomes of participation need to be examined critically.
The objective of the chapter is to explore the role of co-management
institutions in the Canadian Arctic in building adaptive capacity, and how this
may be related to long-term adaptations and short-term coping responses.
First, we discuss how vulnerability studies are carried out in the Canadian
North. Next we discuss each of the three ways in which the impacts of
climate change may be moderated: (1) Indigenous cultural adaptations to the
variability of the Arctic environment; (2) short-term adjustments, or coping
strategies, appearing in recent years; and (3) novel adaptive response options
that may be available through new institutions and institutional processes,
such as co-management, that were not available in the past.

Background: Vulnerability and Communities of Sachs Harbour
and Arctic Bay
With its identification and explicit reference in the United Nations Framework Convention on Climate Change, vulnerability has become a central
concept in the climate change and adaptation field (Smit and Wandel 2006).
The idea of vulnerability is not new; it has a history from natural hazards and
disaster research where the concept is recognized as an outcome of physical
events and the socio-economic, cultural and institutional conditions that
shape the ability of individuals and societies to cope with those events. Here
we refer to vulnerability as the extent to which communities are susceptible to
conditions (social, economic, biophysical) that may directly or indirectly affect
their well-being. The vulnerability of Inuit communities is thus considered
a function of current and future exposure-sensitivities, current adaptation
strategies and future adaptive capacity. Figure 18.1 shows the relationships
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between these factors in the form of a vulnerability assessment framework.

Figure 18.1. Vulnerability assessment framework (Smit et al. 2008).
There is a certain coping range for a society to deal with environmental
variability, which has increased in recent years due to climate change (Krupnik
and Jolly 2002). As environmental variability increases, it threatens to exceed
the coping range from time to time. This may perhaps entail a loss of
livelihoods, food insecurity resulting from inability to hunt, and even the
relocation of an entire community. Enhancing the adaptive capacity of
individuals, households and communities would have the effect of expanding
the coping range and thus reducing vulnerability. Figure 18.2 schematically
expresses these ideas.
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Figure 18.2 Building adaptive capacity to increase the coping range, as environmental variability increases.
To illustrate these points, we draw on experiences from two communities in
the Arctic where interrelated issues of vulnerability, coping and adaptation,
and adaptive capacity have been under study: Sachs Harbour and Arctic
Bay. Sachs Harbour, with some 30 households, it is the smallest of the six
Inuvialuit (western Arctic Inuit) communities in the region covered by the
Inuvialuit Final Agreement of 1984. English is spoken widely because of oil
developments in the Mackenzie Delta since the 1970s, and has increasingly
become the dominant language. Harvests include some 20 species of
terrestrial and marine mammals, fish, and birds (more details in Chapter
17).
Arctic Bay is located south of Lancaster Sound in the northern part of
Baffin Island. The area is covered by the Nunavut Agreement of 1993. The
community was first settled in the 1950s and 1960s, and grew with the
opening of the nearby Nansivik zinc mine, closed in 2002. The community
has a young and growing population of approximately 690. Some 93% of the
residents of Arctic Bay identify as Inuit, with Inuktitut as the first language.
Hunting and land-based activities are socially and culturally significant.
There has been a strong subsistence economy involving the harvest of
narwhal (Monodon monoceros), ringed seal, arctic char and caribou, among
260

18. CO-MANAGEMENT INSTITUTIONS, KNOWLEDGE AND LEARNING FOR...

others. However, fewer young people participate actively in harvesting, and
transmission of environmental knowledge is slowing. Travel and harvesting
are largely on ice, except during open water period from July to October.
This requires detailed knowledge of the environment and an understanding
of change. In the context of demographic shifts in the community, the
implications of change on coping responses and adaptation are increasingly
uncertain.

Cultural Adaptive Strategies to Deal with Arctic Environmental
Variation
The adaptive capacity of the Inuit to cope with perturbations due to climate
change will in part depend on culturally available response options. Here we
address five clusters of traditional cultural adaptations of the Inuit to deal
with Arctic environmental variability and uncertainty, introduced earlier in
the Chapter 17.
• Arctic ecosystems are characterized by patchy resources and unpredictability. Such conditions discouraged the formation of large social
groups and permanent settlements.
• There was a great deal of flexibility in seasonal hunting cycles by mobile
groups. Inuit dealt with unpredictability by harvesting what was available,
and switching species as needed.
• Inuit had detailed local environmental knowledge and related skill sets to
allow flexibility. This included mastering a diversity of land-based skills,
and accumulating a detailed knowledge of various species, the land, and
the sea-ice.
• Co-resident social groups among Canadian Inuit bands were small until
the 1960s and 1970s, and the sharing of food among households was
common. The most prestigious families were those who always had food
to share.
• Inter-community trade was important to help address regional differences in resource availability. Trading relations were not only social
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relationships, but also served to provide mutual support when traveling.
With the establishment of permanent settlements in the 1960 and 1970s, the
traditional adaptation of mobility and group size flexibility are no longer
operative. However, the other four clusters of adaptations seem to be viable
in many parts of the Canadian Arctic, including Sachs Harbour and Arctic
Bay. Hunters and fishers are capable of adjusting harvesting strategies, and
the flexibility of seasonal harvesting cycles provides a major coping response
(next section). Some Inuit knowledge and skills have been lost, but several
more recent skills are becoming a part of new coping strategies, as discussed
below.
Food sharing is still carried out in Sachs Harbour and Arctic Bay. Since both
communities are small and families are interrelated, just about everyone gets
to share the harvest of fish and wildlife. However, a relatively small number
of hunters account for the bulk of the harvest in both communities, and fewer
and fewer people seem to be providing for more and more non-hunters.
Inter-community sharing and trade of country food has probably increased.
Sachs Harbour exports snow geese and musk-ox to other communities and
imports caribou and beluga. In the case of Arctic Bay, inter-community
sharing (mostly beluga muktuk) is important but generally limited to nearby
communities (e.g., Pond Inlet, Igloolik) accessible by snowmobile.
To recap, most of the Inuit adaptive strategies (flexibility of resource use, detailed local knowledge, food-sharing, inter-community trade) are still largely
intact. However, loss of mobility may be a serious obstacle to adaptation. Use
of Inuit values is still in evidence. For example, food exchanges use traditional
norms of generosity (giving without asking) and generalized reciprocity,
rather than Euro-Canadian modes of economic exchange (Freeman 1996).
These strategies together have provided considerable buffering capacity
to deal with perturbations, and provide the cultural basis of many of the
emerging short-term responses to climate change.
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Coping Responses in Sachs Harbour and Arctic Bay
We have some understanding of how people respond to large-scale environmental change, and the ways in which land-based livelihood systems are
vulnerable to change. Increased variability and greater frequency of extreme
weather events create adaptation problems because they make resource
availability less predictable and interfere with the ability of people to access
resources (Krupnik and Jolly 2002). The early studies in Sachs Harbour
helped ground-truth the projections of global models that the western Arctic
rim of North America is the “miner’s canary” of early warning signs of global
climate change (ACIA 2005). Indigenous communities started reporting
climate-change related impacts in the early 1990s, initially in the western
Canadian Arctic, and somewhat later elsewhere (Huntington et al. 2005).
In analyzing the adaptive capacity of Arctic people and communities to
deal with climate change, one of the essential steps is to find out their actual
response to climate change, and the coping strategies used. One caveat here
is that climate change is not the only stress faced by communities, and sorting
out the relationship between specific exposure-sensitivities (e.g., mining
development vs. climate) is not easy. Arctic Indigenous people are grappling
daily with social and economic crises, and climate change was not even at
the top of their environmental agenda until the 2000s — Arctic ecosystem
contamination was (Berkes et al. 2001).
Coping responses to change are inevitably context-specific. Resource
conditions (e.g., sea-ice, species distributions) and social-economic conditions
would be expected to vary from community to community. However, the
coping strategies identified in Arctic Bay are consistent with Sachs Harbour
and elsewhere (Laidler et al. 2009). For the most part, coping strategies relate
to adjusting subsistence activity patterns – changing when, where or how
hunting and fishing takes place (Chapter 17). We highlight a few examples.
• Modifying the timing of harvest activity. One of the observed
impacts of climate change is increased seasonal variability which forces
hunters to adjust their seasonal calendar continuously. For example, in
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response to shorter and warmer springs and increased rates of snow and
ice melt, the duration of hunting and fishing camps in spring becomes
shorter.
Modifying location of harvest activity. Unreliable snow conditions
force hunters to travel on sea-ice. But difficulties in “reading” the sea-ice
create safety concerns permafrost thaw in many places force hunters
to find new routes to avoid mudslides. In Arctic Bay, conditions along
the floe-edge have become dangerous, forcing some harvesters to forego
narwhal hunting.
Adjusting how harvesting is done. In both Arctic Bay and Sachs
Harbour, people hunt seals from boats in the open-water, rather than
from the ice-edge. There is increased adoption of technologies to
facilitate safety while on the land (e.g., use of GPS).
Adjusting the mix of species harvested. In Arctic Bay, reduced access
to hunting areas has forced hunters to switch target species. Fall-back
species like seal will be harvested if the August/September caribou hunt
fails. Some hunts have become very unpredictable, but the appearance of
new species has been a bonus.
Minimizing risk and uncertainty. People in both communities
monitor the environment more closely, such as ice break-up, so they
may avoid being caught in dangerous conditions. In both places
many individuals forego hunting opportunities because it is getting too
dangerous to go out.

Many of these coping strategies are developing across the Arctic region,
along with some creative responses. For example, a number of technological
solutions are used to offset increasing risk. The following is a list from
Iglooloik: greater use of GPS units; consulting satellite images before leaving
village; more widespread use of VHF radio even on short trips; and use
of immersion suits (for warmth and floatation) when crossing particularly
dangerous sea-ice (Laidler et al. 2009).
Underlying most of these coping responses are increasingly uncertain
ice conditions (timing of freeze/thaw, ice thickness and quality/strength).
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In Arctic Bay and Sachs Harbour, as across the Arctic, climate change is
recognized as amplifying the inherent risk of travel, with uncertain wind
and weather patterns making prediction particularly challenging about ice
conditions and travel safety. These challenges also have a social impact. Trails
on the sea-ice are part of the social memory of a community such as Igloolik.
This knowledge provides people with historically reliable travelling routes.
However, under conditions of rapid change, this knowledge becomes useless
and hunters must increasingly rely on formal weather forecasts and new
technologies to assess conditions.
GPS units, VHF radio and survival suits have been part of the “modern
Arctic” for some time, but the use of satellite images developed only in the
2000s. Sea-ice system services (SISS) provide periodic snapshots of sea-ice
conditions that are available on the internet at a scale that Inuit hunters
can read. These images provide synoptic pictures of ice-cover locations
and conditions, enabling hunters to use them in combination with their
knowledge of sea-ice. The use of new technology is not uniform across
the Canadian Arctic. In Igloolik, which is an island surrounded by often
dangerous sea-ice, satellite images are routinely used (Laidler et al. 2009). By
contrast, hunters in Tuktoyaktuk and Aklavik say they do not normally need
to use it. Sachs Harbour hunters seem to be somewhere in between. Those
younger than about 50 years rely on satellite images for two purposes: to
locate the open leads where they expect to find polar bears hunting seals, and
to find a path around hard-to-cross pressure ridges.
Many of the above-mentioned coping strategies are related to accumulated
environmental knowledge and experience, and people are quick to point
out they have always adjusted to change. The ability of the Inuit to take up
modern technology like satellite images illustrates this adjustment capability.
The community does not rely exclusively on country foods any more, but it
is becoming increasingly difficult and risky to hunt. As a result, fewer people
are going hunting or they are staying on the land shorter. A consequence of
this is an emerging food security problem. These findings together indicate
the importance of developing new strategies for coping and adapting, and
ways of building adaptive capacity to reduce vulnerability.
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Looking Forward: Co-management Institutions and Adaptive
Capacity
Institutions and institutional processes facilitate (or constrain) learning and
adaptation. The relevant institutions here are the co-management bodies
of two Arctic land claims agreements. The Inuvialuit Final Agreement
includes several agencies related to environment and resources, the main
one being the Fisheries Joint Management Committee (FJMC). The Nunavut
Land Claims Agreement covers the area in which Arctic Bay and the Baffin
region are located. The main co-management body here is the Nunavut
Wildlife Management Board (NWMB). As well, there are other institutions
at community, regional, national and international levels that play a role in
co-management.
The FJMC and the NWMB are similar to other co-management agencies
in Canada established under Indigenous land claims in that they are legally
constituted bodies, have a formal mandate, consist of representatives of
various levels of organization from community to federal government, meet
periodically, and have a centrally located secretariat that follows up on
decisions and regular functions of the agency. While the final authority
often rests with territorial governments and the relevant federal Minister,
land claims-based co-management institutions like the JFMC and NWMB
have significant scope to regulate resource access (Chapter 13 story on char),
approve plans, and set policy. They can also commission background studies
and set up working groups as needed (Armitage 2005; Ayles et al. 2007).
There are several co-management functions that we see as relevant to
building adaptive capacity. The following summary reflects the experience
with Canadian land claims-based co-management bodies, and the FJMC and
the NWMB in particular.
• Discussion forum function is of foundational importance. The sharing
of information and concerns can take place at two levels: the meetings of
the co-management agency itself where Indigenous participants from
communities typically make up half of the membership, and in public
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•

•

•

•

meetings sponsored by the agency. An example of the latter was the
Beaufort Sea 2000 conference in Inuvik which evolved into an open,
far-ranging meeting that discussed locally relevant issues and options.
Given the tendency of scientists to “educate” the locals, the ability of
the FJMC to forge a meeting with two-way exchange was a significant
achievement.
Knowledge mobilization. Much of the work of co-management
agencies involves knowledge mobilization and knowledge co-production
(Chapter 12). Thus, the knowledge mobilized includes not only science but also Indigenous knowledge. The recognition of Indigenous
knowledge is important as it has driven much of the participatory
environmental research and management in the North since the early
days of co-management (Berkes et al. 2001).
Bridging science and Indigenous knowledge. In the area of climate
change, bridging the two ways of knowing produces complementarities
in temporal and spatial scales, and helps understand impacts, adaptations
and monitoring needs (Riedlinger and Berkes 2001). Co-management
creates opportunities for parties to learn from each other to make sense
of issues in which each has only partial information. Joint work has
made it possible to co-produce climate change knowledge that neither
scientists nor Indigenous experts could have produced alone.
Participatory research is a powerful tool to build trust, social capital,
and adaptive capacity. In the 1980s and 1990s, participatory research
was carried out with several Indigenous groups on Arctic contaminants
and their effects. This work helped build networks and enhanced local
capacity for problem-solving, applicable to climate change (Berkes et al.
2005). International examples include the cooperative management of
walrus and polar bear with two US Federal agencies and Alaska Native
organizations, and participatory research on reindeer with the Saami of
Norway.
Collaborative monitoring. Much of climate change monitoring is
undertaken by the Federal Government, and there seems to be no formal
role for co-management institutions or Indigenous groups. However,
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TEK can produce detailed and insightful observations to broaden the
range of inquiry. As compared to scientific monitoring, which tracks a
small number of variables quantitatively, Indigenous monitoring tracks a
large number of variables qualitatively, analogous to fuzzy logic (Chapter
15).
• Social learning. Drawing on experiences with co-management in
several Arctic communities including Arctic Bay, Diduck et al. (2005)
highlighted connections between institutions and learning that influence
the capacity for adaptation. This includes role of land claims as a catalyst
for greater collaboration and Indigenous participation in decisionmaking; ability for the co-management actors to experiment; and the
willingness to integrate different kinds of knowledge as a basis for testing
assumptions and modifying worldviews.

Conclusions
The Inuit are careful observers of environmental change, and have evolved
diverse adaptations and strategies to reduce their vulnerability in the face
of environmental uncertainty. Coping responses relevant to climate change
include adjustments in subsistence activity patterns, such as changing when,
where or how hunting and fishing takes place. Some of these responses
are under stress or increasingly unavailable because it has become difficult
to “read” the environment due to greater variability and increasing pace
of change. Hence, additional approaches to increase the ability of Arctic
communities to adapt to further climate change are needed.
Co-management institutions developing with the land claims agreements
may be particularly important in this regard. We examined if the FJMC and
NWMB, the two co-management bodies in our two study areas, can help
to facilitate the development of social learning processes in a collaborative
manner. The ability of these institutions to build adaptive capacity is not a
given but a hypothesis. There is an element of time involved; it takes time to
rework historically unequal and unjust institutionalized relationships. Hence,
our analysis is policy-oriented and forward-looking, rather than dwelling on
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past injustices.
Adaptive strategies, coping mechanisms, and evolving co-management
arrangements are not discrete items; they can work together to reduce
vulnerability. Coping mechanisms can evolve into adaptive responses
(Chapter 17), assisted by linkages that encourage collaboration and learning.
Successful adaptation by the Inuit to the new environmental dynamic
will include knowledge acquired or co-produced through co-management
institutions. Inuit knowledge is not static. The Inuit themselves will find the
best ways of adding to and applying such knowledge.
Based on a growing body of experience in the Arctic, institutional conditions necessary for adapting, coping and learning through change are
emerging. Among these are (1) the need for institutional flexibility and
options (i.e., different management tools, education strategies) to respond to
diverse conditions; (2) provisions for training and capacity-building across
all levels (local to national), given that no one group has the resources or skills
to deal with increasing variability; (3) key leaders or champions (individuals
and/or organizations) that ensure lessons and experience in one setting are
transmitted across levels (horizontal and vertical); (4) openness of the actors
to share and draw upon a plurality of knowledge systems and sources; and
(5) enabling policy (e.g., land claims agreements) that explicitly supports
collaboration and a commitment to experimentation and learning. These
and other conditions, as they unfold in specific places, can increase the ability
of Arctic communities to cope with variability and build adaptive strategies
for change (Armitage et al. 2009).
The role of Inuit-centred institutions and institutional processes in creating
the conditions for social learning and building adaptive capacity is not
yet fully articulated. We need to examine how these linkages through comanagement actually work. As well, it is unclear how the attributes and
experiences that build capacity in one sectoral area (e.g., wildlife management)
can be transferred into another (e.g., climate change). Given that the largest
temperature increases are projected to occur over the Polar Region, building
the capacity of Arctic peoples to cope and adapt is an issue of international,
as well as cultural and economic, importance. Appropriate use of co269

TOWARD A NEW SOCIAL CONTRACT

management, knowledge and learning will be central to this challenge.

270

VI
People and Ecosystems

Preface: Exploring the Basic Ecological
Unit

Are humans an integral part of marine ecosystems? Chapter 5 Restoring
Unity was about the necessity of considering humans and fish (or societies
and their resources) together. As logical as it seems, this is not so easy to
accomplish. As fisheries science became more and more specialized in the last
century, the study of biophysical subsystems was largely disconnected from
the study of fishers and their communities. To restore unity in managing
marine social-ecological systems, there is a need to reconnect natural sciences
and social sciences. This would require reconciling the different scientific
traditions that have evolved separately in natural sciences and in social
sciences, not to mention the diversity of disciplinary traditions within
each. Nevertheless, understanding global issues will require interdisciplinary
approaches to consider the system as a whole with its people and resources,
fishing communities and fish stocks.
What do these rather lofty issues have to do with small-scale fisheries?
In my view, a great deal. There seem to be two competing visions for the
future of oceans and marine resources. We may call them the neoliberal
vision (or strategy) and the community-based management vision (Postscript
to Chapter 6). On the one hand, the “blue economy” initiatives of large
companies, governments, and some international organizations, see the ocean
as the new economic frontier for great business opportunities. Globalization
and neoliberal policies, including the privatization of harvesting rights and
free trade, are seen as facilitating the deeper engagement of the private
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sector (Cohen et al. 2019). The blue economy vision does not concern
itself with local economies, fishing communities and food security. It is
about efficiency, big science, market controls, and as little government or
international oversight as possible. Nor does it concern itself with socialecological systems, the role of humans in the ecosystem, interdisciplinary
approaches, and the social science of marine resource use.
On the other hand, the community-based management vision does concern
itself with local economies, fishing communities and food security. It relies
on government controls and international oversight for environmental
sustainability and human rights. It sees fishing as a way of life, and fishing
communities as part of the essential fabric of marine ecosystems. Thus,
it is very much concerned with social-ecological systems and the role of
humans in the ecosystem. The community-based management vision relies
not on big science but on the interdisciplinary science of commons and
resilience. The role of social science of marine resource governance is
central to this, seeking decentralization of power, participatory governance,
justice, and partnership networks. Sustainable use of the commons would
involve adaptive co-management, social learning, and democratic processes
such as deliberation; solutions would be based on collective action. Multilevel, adaptive approaches would nurture the development and use of local
institutions, experience, and knowledge.
This final section of the volume includes two chapters. Both deal with the
issue of the place of humans in ecosystems. The first one (Chapter 19) takes
a historical approach and examines how Indigenous and other traditional
societies have considered the role of humans in the environment. The unity
of people and nature is well known to these societies through such concepts
as vanua in Fiji (a named area of land and sea, considered an integrated whole
with its human occupants) and aschii/aski (land = ecosystem, consisting of
the living landscape, humans and spiritual beings) of the Cree people in
northern Canada (Berkes 2018). As the ecologist Frank Golley noted, the
ecosystem concept, and holism in general, can be considered an extension of
the Indigenous idea of Mother Earth.
The final chapter (Chapter 20) deals with contemporary ecosystem views.
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Despite much recent scientific work (or maybe because of it!) ecosystembased management still falls short of interdisciplinarity and the consideration
of multiple objectives. Hence, the chapter concentrates on governance, which
is about societal objectives, and suggests that incremental (or evolutionary)
advances in the ecosystem management concept is not going to be enough. In
keeping with the “rebel” label, I suggest the kind of governance that includes
cooperative, multi-level approaches involving partnerships, social learning
and knowledge co-production. These require a major change in direction,
and add up to fundamental (or revolutionary) change.
The rebellion I want to foment here is not only a change in the mindset (that
humans are part of the environment) but also a change in practice, so that
ecosystem-based management addresses, among others, livelihood issues
and blue justice for small-scale fishing communities. As such it complements
some of the other messages familiar to the TBTI community, such as Svein
Jentoft’s Life Above Water and the “Manifesto for the Marine Social Sciences”
that emerged from the MARE 2019 Conference (Bavinck and Verrips 2020).
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19. Ecosystem-like Concepts in
Traditional Societies

A traditional ecosystem-like social-ecological system: Hawaii’s ahupua’a. These
systems almost disappeared after colonization, but they are being restored in some
areas. The photo shows building of stone walls for the biocultural restoration of a
traditional fishpond (part of an ahupua’a) by communal effort in O’ahu Island
(Photo: Kim Moa).
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Ancient conceptualizations of ecosystems exist in several Amerindian,
Asia-Pacific, European, and African cultures. The rediscovery of
ecosystem-like concepts among traditional peoples has been important
in the appreciation of traditional ecological knowledge among ecologists,
social scientists, and interdisciplinary scholars. Traditional knowledge
may complement scientific knowledge by providing practical experience
in living within ecosystems and responding to ecosystem change. However,
the language of traditional ecology is different from scientific language,
and usually includes metaphorical imagery and spiritual expression,
signifying differences in context, motive, and conceptual underpinnings
between the two kinds of knowledge.
This chapter is based on one of the oldest papers in this collection
(Berkes, Kislalioglu, Folke and Gadgil 1998). It appeared in the very first
volume of the (then) new journal, Ecosystems, as a “Minireview”. Along
with another publication on TEK that that came shortly after (Berkes et
al. 2000), the paper reminded ecologists that there is long human history
of ecological practice that supports and reinforces scientific ecology. The
table in the chapter is updated with marine examples and comes from
Berkes (2015). As well, there is some editing for length and readability.
In particular, reference details (important for the science audience of the
original paper) have been much reduced.
In his book on the history of the ecosystem concept, Golley (1993, p 1)
identifies “an exact moment of birth” in referring to the definition of Tansley
(1935) and discusses some of the early ecosystem ideas pioneered in Europe
in the first part of the 20th century. He notes that the concept of holism, but
not specifically that of ecosystem, “was an extension of the Mother Earth
idea in modern guise” (Golley 1993, p 3). In this chapter, we bring to the
attention of ecologists that ecosystem-like concepts existed in a number
of ancient societies in various parts of the world and continue to exist in
some contemporary non-Western cultures (Gadgil et al. 1993). We explore
the ways in which some traditional societies viewed physical and biological
components of the environment and the human population as being linked
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together in a web of relationships. We are not interested in the “noble
savage” but in possible insights that may be obtained from the experience
and adaptations of ancient societies.
A review that integrates topics in ecology and anthropology goes beyond
the subject matter of most ecology journals. It is offered here in the spirit
of the invitation by the editors of Ecosystems to break out of long-accepted
and conservative ways of thinking. Our broader objective is to contribute
to the search for cross-disciplinary insights for sustainability and ecosystem
management (Berkes and Folke 1998). The paper reviews some traditional
ecosystem-like views, comparing them to the scientific ecosystem concept
and highlighting some of the key similarities and differences. It notes some
lessons from ancient wisdom as relevant to the shifting views of ecosystems in
terms of their uncertainty and unpredictability, and away from a mechanistic,
Newtonian concept and linear thinking (Holling et al. 1998). As well, the
paper links traditional ecosystem-like concepts and some recent popular
ecosystem views, such as bioregionalism and sense of place.

Traditional Ecosystem-like Concepts
Many Indigenous peoples have local terms that usually get translated into
English as land. But land, as understood by them, often carries other meanings.
Among the Indigenous peoples of the North American Subarctic, land is more
than a physical landscape; it encompasses the living environment, including
humans. For example, the term nde´ (ndeh), used by the Dene groups of the
Subarctic, such as the Dogrib, Yellowknives, and Slavey, is usually translated
as land. However, its meaning is closer to ecosystem because it conveys a sense
of relations of living and nonliving things on the land. However, it differs
from the scientific concept of ecosystem in that nde´ is based on the idea that
everything in the environment has life and spirit.
Similarly, Cree and related groups in the eastern and central subarctic
Canada use a word, aschii in the case of the Eastern James Bay Cree, and aski
in the case of the Anishinaabe (Ojibwa). It is more properly translated as
ecosystem rather than land because it refers to plants, animals, and humans,
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as well as the physical environment. The Western James Bay Cree consider
that “the Indians go with the land” as part of “land’s dressing” in the sense
that the presence of humans makes the land complete (Preston et al. 1995).
Interestingly, in the history of ecology, land was often used as a synonym for
ecosystem, as in the land ethic of Aldo Leopold (1949).
Many ecologists use the term ecosystem to refer to a spatially explicit unit.
In the older ecological tradition, these bounded ecosystems were almost
always lakes because boundaries for terrestrial ecosystems were much less
clear (Golley 1993). Studies in the 1970s and 1980s established the idea
of using watershed divides as ecological boundaries. There is evidence,
however, that the basic idea of watershed-level management goes back at
least to the ancient Greeks and appears in the conservation wisdom of
many societies, including the Swiss, Japanese, and Turks (Gadgil and Berkes
1991). Written records going back to the 16th century show that Swiss
communities controlled watersheds and practiced integrated watershed
management (Netting 1981). Written records show that Sultan Mehmed
II instituted watershed conservation measures when the Ottoman Turks
captured Constantinople in 1453. The Sultan’s edict included the prohibition
of tree cutting (“under the pain of death”) and overgrazing in the basin of
the river supporting the city, and measures were undertaken for riverbank
stabilization and revegetation (Kislalioglu and Berkes 1990).
Watershed units are also commonly used in traditional ecological systems.
One of the most common ways in which Indigenous groups identify
themselves is with reference to river systems, for example, “people of the
Big River,” the Chisasibi Cree of Eastern James Bay, Quebec. This kind of
use does not necessarily denote an ecological understanding of watershed
boundaries; it may merely reflect the use of a river system as a canoe
transportation corridor. Similarly, the watershed-based definition of family
hunting territories among the Cree may merely indicate that the height of land
between adjacent river systems provides a convenient and enforceable way
of establishing territorial boundaries. Fully developed traditional watershedbased management systems are found in the Pacific Northwest of North
America. For example, the First Salmon Ceremony discussed in Chapter 4 is
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carried out on a watershed basis (Swezey and Heizer 1977).
The Nass River area in the British Columbia-Alaska border provides an
example of the use of watershed-based traditional systems in the management
of Pacific salmon (Berkes 1985). The Nass River watershed is the traditional
land of the Nisga’a people. Each Nisga’a community used one part of the
watershed, within which specific salmon fishing sites were controlled by
a chief on behalf of a house. Thus, resource-use rights were organized
hierarchically, from the watershed level down to specific fishing sites.
Similarly, among the Gitxsan of the Pacific Northwest, tribal chiefs described
their land boundaries as “from mountaintop to mountaintop”. Detailed landuse maps of the kinship-based house groups (wilps) of the Gitxsan show that
there is a close correspondence between watershed areas and wilps or clusters
of wilps. Clearly, these are not merely territories but watershed-ecosystemsas-territories.
In addition to the rich collection examples from the Pacific Northwest,
ecosystem-like concepts and application are found among a number of
geographically and culturally diverse groups in Asia, Africa, and the AsiaPacific (Table 19.1).
In Asia-Pacific, there was a wealth of ecosystem-like concepts. Perhaps
the richest set of ecosystem applications were found in Oceania. Examples
include the ancient Hawaiian ahupua’a, which were wedge-shaped land
units controlled by local chiefs, the konohiki. On volcanic islands, they
encompassed entire valleys, stretching from the mountaintops to the coast
and estuaries, and typically included a forested mountain zone (for watershed
conservation, protected by taboo), integrated farming zones in upland and
coastal areas, a fringe of coconut palms along the coastline (storm and wind
protection), and brackish water fishponds in the estuary of small rivers. The
land unit in question is clearly an ecosystem, with the height of land between
adjacent valleys serving as the biophysical boundary. The Hawaiian ahupua’a
disappeared with colonization, but is being restored in some areas (Gon and
Winter 2019).
Similar systems exist in other Pacific island groups, and some are considered still functional in the contemporary world. Variations of ahupua’a may
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Table 19.1 A sampling of traditional ecosystem-like integrated socialecological systems (SES) for land and aquatic resource management. Source:
Johannes et al. (1983); additional references in Berkes (2015).
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be found in the Fijian vanua, the Solomon Islands puava, and the Yap tabinau.
The common point is that each term refers to an intimate association of a
group of people with land, reef, and lagoon and all that grows on or in them.
It is the “personal ecosystem” of a specific group of people. In the Solomons,
for example, a puava is a defined, named territory consisting of land and sea,
and it includes all areas and resources associated with a butubutu or descent
group. Similarly, the Fijian vanua describes the totality of a Fijian community.
Depending on the context, the term may be used to refer either to a social
group or the territory it occupies, thereby expressing the inseparability of
land and people. Fijian spiritual affinity with land is illustrated in expressions
such as ne qau vanua, “the land which supports me and to which I belong”
(Ravuvu 1987).
There are several significant features of these ecosystem-like concepts in
Oceania. One is the extension of the bounded unit to the outer edge of the
reef, indicating the ecological insight that the ecosystem does not end at
the limit of dry land but includes the lagoon. A second feature, which goes
hand in hand with the recognition of land and sea-space as a continuum,
is a lack of distinction between “ownable land” and “unownable sea”. This
is a dichotomy found in the Western world but not in many parts of the
Asia-Pacific, including Japan. A third feature is the presence of a social and
ethical mechanism for integrating humans and nature, as concepts such as
puava and vanua explicitly serve the inclusion of a specific group of people as
a part of the named ecological or bioregional unit. The remaining examples
in Table 19.1 are integrated social-ecological systems, but do not seem to
show the strong connectedness of people to specific land/ecosystem, as found
in the Pacific island cases.
In Southeast Asia, one of the better known examples of bounded ecosystems
used for resource management is the tambak. The use of estuarine polyculture
fish ponds (tambak) such as those in Java, Indonesia, dates back to the 15th
century. Often fringed by mangrove forests, tambaks combined the cultivation
of fish, vegetables, and tree crops. They were often located at the downstream
end of integrated rice-fish culture systems. Organic-rich outflow from
rice-fish systems were often directed into tambaks to fertilize them. Many
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estuarine polyculture systems in Southeast Asia have fallen into disuse; some
have been affected by international markets or displaced by shrimp-pond
monoculture. The tambaks of Java have been impacted by population growth
and urbanization pressures. Nevertheless, tambaks provide lessons in the
design of productive polyculture ecosystems, and the application of the
ecological notion of the coupling of land and water systems.
South Asia and Southeast Asia had many local variations of traditional ricefish polyculture systems. One of them involves growing saltwater-tolerant
pokkali rice, along with fish, invertebrates and aquatic plants in coastal ponds.
As practiced in Kerala and Karnataka states in southwestern India, pokkali
rice is cultivated during the rainy season, and fish shellfish culture may follow,
using what remains of the rice harvest as a source of food. The traditional
system uses natural tidal action for water exchange. This system has suffered
from the globalization of aquaculture shrimp (Chapter 5). In recent decades,
the aquaculture lobby has been buying or renting pokkali ponds, and shortcircuiting rice production so as to enable the more lucrative fish or shrimp
cultivation to start earlier.
Africa is home to sophisticated land-water integrated management systems.
The dina system of Mali provides an example of adaption of communities to
floodplain ecology. Dina provides integrated resource management through
resource specialization of different ethnic groups and their complementary
activities through the flood cycle in the inland delta of the Niger River. Dina
was formalized in the 19th century by codifying the then existing practice
into a system of grazing, fishing, and farming territories allocated to different
ethnic groups. The farmers consisted of four groups, and several others
specialized in herding. Among fishers, the Bozo people specialized in shallowwater fishing, whereas the Somono people specialized in net fishing in deeper
waters. Detailed access rules governed productive activities. Fishing was
regulated by “masters of the water” who supervised the use of allowable
techniques, set opening dates for different fisheries, had the powers to extend
(for a fee) fishing rights to outsiders, and conducted ceremonies for water
deities.
Acadja brush-pile fisheries are found in West Africa. They are constructed
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by piling cut tree branches to increase fish habitat in the shallow waters
of lagoons, deltas and inlets. They function like fish-aggregating devices,
and are periodically harvested using surrounding nets. Local leaders
oversee the operations and regulate harvests. Similar brush-pile systems
are found in many parts of the world. (I have personally seen them in Kerala
and Bangladesh.) Table 19.1 provides only a small sample of traditional
management systems in coastal ponds and lagoons, summarized in Johannes
et al. (1983). These include a diversity of related systems in various parts of
the Mediterranean, such as valli or vallicoltura systems in Italy and cherfia in
North Africa.

Lessons from Traditional Knowledge
Ancient wisdom warns us to be wary of dichotomies such as nature-culture
and mind-matter splits, which are inventions of the positivist science tradition
and enlightenment philosophy, dating back to Newton and Descartes, and
seen by some to be at the root of our environmental crisis (Bateson 1979).
As Golley (1993, p. 2) observed, the scientific concept of ecosystem that
emerged in the postwar period was very much in the positivistic tradition,
“a machine theory applied to nature.” The dynamic response of natural
systems was simplified and made deterministic, consistent with physical
theory. The ecosystem was conceived as a machine and represented as a
computer model. Even more graphically, major ecosystem processes, such as
biogeochemical cycles, were often depicted in ecology texts as gears and
clockwork mechanisms powered by the sun, stamping ecosystems with
Newtonian mechanistic thinking.
By contrast, many traditional ecological knowledge systems depict ecosystems, not as lifeless, mechanical and distinct from people, but as fully alive and
encompassing humans. In some cases, traditional ecosystem-like concepts
also incorporate spirits of animals and other natural objects, and spirits
of human ancestors. Examples are found in Indigenous North and South
America, Africa, and Indigenous Australia. In Feng-shui teaching in the
Taoist tradition, land is alive and full of various kinds of energies or life
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forces. The human form is simply a temporary “shell” that follows a life cycle
and eventually disintegrates, releasing to the universe the energy encased in
the shell.
The spiritual dimensions of traditional ecological views are unlikely to be
embraced by ecologists, but some of the other lessons may be relevant. Part
of the reason for the growth of interest in traditional ecological knowledge
since the 1980s is that the chasm between Indigenous knowledge and Western
science has evaporated in recent years. Some areas of science, such as chaos
theory, resemble “savage thought” as characterized by Levi-Strauss (1962)
more than anyone previously was willing to recognize. Traditional ecological
knowledge, based on detailed observations of the dynamics of the natural
environment, feedback learning, social system-ecological system linkages
and resilience-enhancing mechanisms seems akin to adaptive management.
Many Indigenous ecological views are in line with the shifting scientific
view on the nature of ecosystems. The classic view holds that ecosystem
processes are linear, equilibrium-centered, and therefore predictable and
controllable. It is a view that is closely related to the Age of Enlightenment
ideal of mastery-over-nature. An alternative view of ecosystem science is that
ecosystem processes are nonlinear, multi-equilibrium, and full of surprises,
threshold effects, and system flips (Holling et al. 1998). Predictability and
controllability are not limited by the scientific data available but by the very
nature of ecological systems.
All traditional ecological knowledge systems with which we are familiar
are at odds with the view of linear, controllable ecosystems, but many
are compatible with the alternative view. Some traditional peoples seem
to have perceived the essential unpredictability of ecosystems and their
nonlinear nature. How close they may have been to a multi-equilibrium
ecosystem understanding, we will never know. But in any case, the language
used by traditional peoples is very different from that of science, with
pre-modern views often couched in metaphorical imagery and spiritual
expression. These differences serve as a warning against the uncritical use of
traditional ecological knowledge, for example, in conservation and resource
management. As Dwyer (1994) argued, forcing Indigenous conservation
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into the mold of Western conservation is not likely to work: “The resource
management systems of Indigenous people often have outcomes that are
analogous to those desired by Western conservationists. They differ,
however, in context, motive and conceptual underpinnings. To represent
Indigenous management systems as being well suited to the needs of modern
conservation, or as founded in the same ethic, is both facile and wrong.”
For example, the Maori environmental ethic does not support the exclusion
of people from a protected area and is oriented for conservation for human
use. Traditional prohibitions are intended to ensure resource productivity
and not to safeguard some notion of intrinsic value; there is no humannature or self-other duality in Maori worldview (Roberts et al. 1995). Maori
conservation is at odds with New Zealand’s 1987 Conservation Act, which
stipulates “preservation” and “setting aside of land” (without humans) to meet
conservation objectives. From a preservationist point of view, the issue is
that Maori conservation does not allow for land and species protection, and
conflicts with the Conservation Act. From the Maori point of view, the issue
is that the notion of conservation rooted in human-nature dichotomy “only
serves to further alienate all humans, but particularly Maori, from their land,
and thus from their kaitiaki [land guardianship] responsibilities” (Roberts et
al. 1995).
Such stewardship rules are found in a diversity of traditional societies.
Responsibility for the land, as enforced by elders and other wisdom holders,
and conservation-through-use are common features of many traditional
ecological knowledge systems in a variety of geographical areas (Gadgil et
al. 1993). Many of these systems have been eroded, but others have been
emerging, consistent with the anthropological conceptualization of culture
and tradition as not static but constantly adapting and evolving.

Conclusions
In conclusion, some ancient societies and contemporary non-Western
cultures share with ecologists the view of connectedness of humans and
nature. A number of these cultures in diverse parts of the world have
285

TOWARD A NEW SOCIAL CONTRACT

notions of watershed-based ecosystems to which certain groups naturally
belong, presumably emphasizing their dependence on local resources. As an
anonymous referee commented, “their adaptations fit the resource because
they must. Groups where this was not true have gone extinct. [By contrast]
ecologists have a point of view that may express connectedness, but after
work . . . the ecologist drives home and reenters the modern world with all
its conveniences . . .” The incentive to respond to changes in local resource
abundance is removed in the modern world. Traditional peoples had, and
some may continue to have, remnants of adaptations to their local resource
base.
A lesson from traditional ecological knowledge is that values and beliefs
are an important part of a knowledge system if it is to lead to a moral code
(or ethics) toward the environment. Anderson (1996, p. 166) argued that
“all traditional societies that have succeeded in managing resources well,
over time, have done it in part through religious or ritual representation of
resource management. The key point is not religion per se, but the use of
emotionally powerful cultural symbols to sell particular moral codes and
management systems.” If this is true, movements combining values and beliefs
with ecological concepts are more likely to succeed in making ecosystem a
transforming concept, as compared to the use of the science of ecology alone.
A number of contemporary ecosystem applications and social movements
appear to be re-creating traditional ecological ideas. Examples include
bioregionalism,with its combination of local self-reliance and sense of
belonging; the related notion of sense of place; topophilia or love of land;
biophilia or love of living beings; and Gaia, the contemporary version of the
Mother Earth idea. All of these ideas are either traceable to, or consistent with,
ancient ecological concepts. Each provides an approach to the understanding
of reciprocal ties that bind humans with the natural world.
Traditional ecosystem-like concepts combine ecology, ethics, and culture
into a worldview of humans as being part of nature. Such a worldview was
also put forward by Aldo Leopold (1949): “We abuse land because we regard it
as a commodity belonging to us. When we see land as a community to which
we belong, we may begin to use it with love and respect. There is no other way
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for land to survive the impact of mechanized man, nor for us to reap from it
the esthetic harvest it is capable, under science, of contributing to culture.”
A major challenge in ecosystem management and conservation is to treat
human societies as a part of nature, as well as a major influence on ecosystem
dynamics, stressing that humanity will always depend on the life-support
function of the ecosystem, irrespective of technological sophistication.
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Some ocean and coastal uses are compatible with one another, but some are not.
This photo of an idyllic bay (Ilha do Araújo, Paraty, Brazil) shows small-scale
fishing boats and recreational vessels, a reasonably compatible pair of uses. But the
photo hides the fact that there are also trawlers in the area from time to time,
conflicts over marine protected areas, urban and industrial pollution from the
mainland, a nuclear plant nearby, and offshore oil drilling activity (Photo: F.
Berkes).
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Ecosystem-based management, like much of fisheries and marine
resources management, has been trying to come to terms with uncertainty
and complexity; an interdisciplinary visioning of management objectives;
and putting humans back into the ecosystem. This chapter suggests
that implementing ecosystem-based fishery management has to be
revolutionary, rather than evolutionary, involving major changes. This
would require interdisciplinarity and use of multiple objectives, dealing
with the technically unresolvable problems of complex adaptive systems,
and expanding the scope from management to governance. The chapter
also serves to recap some of the major arguments in this volume.
The original article on which this chapter is based (Berkes 2012) was
motivated by a collection of Fish & Fisheries articles on implementing
ecosystem-based fisheries management. The collection was dominated
by biology papers, such as those on multispecies management, to the
exclusion of social sciences. So the journal editors invited me to write
a rejoinder. The resulting paper suggested that perhaps biological
science was a necessary but insufficient component in implementing
ecosystem-based fisheries management for the 21st century. Here I offer
a reorganized and edited-down version of the article.
The ecosystem approach involves a holistic view of managing resources in
the context of their environment. In the area of fisheries, this has meant the
broadening of the scope of management from the conventional single species
focus towards ecosystem-based approaches, including a consideration of
habitat issues and system resilience. As well, an ecosystem approach means
considering multiple drivers and moving from the single sector focus to
multiple sectors. There has been considerable progress in both theory and
practice, but the changes have been more evolutionary than revolutionary,
given that no one has suggested the abandonment of conventional fisheries
biology. Ecosystem-based fisheries management would appear to be less than
revolutionary also because much of the current literature does not seem to
fully embrace an all-sectors approach and interdisciplinarity.
Here I use ecosystem-based fisheries management (EBFM) as a component
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of the more general marine ecosystem-based management (EBM). Comments
made for EBFM should also apply to EBM but not necessarily vice versa.
Generally used definitions of ecosystem-based management are rather broad
in scope. For example, NOAA (2005, p. 3) states, “An ecosystem approach to
management is management that is adaptive, specified geographically, takes
into account ecosystem knowledge and uncertainties, considers multiple
external influences, and strives to balance diverse social objectives.” Some
recent works on fisheries have started to emphasize moving from management to the broader frame of governance, embracing multiple disciplines and
multiple objectives (Cochrane and Garcia 2009), and broader interdisciplinary
approaches to deal with marine ecosystems as integrated systems of people
and environment, social-ecological systems, rather than merely as ecosystems
(Ommer et al. 2011). The social dimension and livelihood concerns are
especially important because small-scale fisheries are “too big to ignore”
(Chuenpagdee 2011).
It would thus appear that ecosystem-based fisheries management, based
solely on fisheries biological science, captures only one slice of the ecosystembased management pie. The conventional approach of maximizing yields of
important species is simply the legacy of mid-20th century biologists who
addressed the overfishing problem. We do know that single-species stock
assessment rates rather poorly against other strategies in composite policy
performance in dealing with the world’s fisheries (Pitcher and Lam 2010).
There are many other factors to consider. As Norse (2010, p. 185) pointed
out, spatial planning cannot be ignored: “patterns of primary production
and seafloor structures have dramatic effects on where fishes feed and
spawn; cultural traditions and proximity to harbors have dramatic effects on
where people fish.” Cultural traditions and fisher knowledge are particularly
important. As Johannes et al. (2000) put it in a previous Fish & Fisheries
article, “ignore fishers’ knowledge and miss the boat” Can we implement
ecosystem-based fisheries management without addressing, not just policy
but the full range of governance issues?
The goal of this chapter is to suggest that implementing ecosystem-based
fisheries management has to be revolutionary (not evolutionary), and needs
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to involve reinventing fisheries management (Pitcher et al. 1998). It
would require going far beyond the conventional ecosystem-based fisheries management science and policy, into the realm of interdisciplinary
approaches dealing with “wicked problems” in a context of ever-shifting
drivers and management problems that are technically unresolvable; finding
ways to grapple with social-ecological systems; and developing new kinds of
governance unforeseen by the mid-20th century fathers of fishery science —
governance that may involve cooperative, multi-level (rather than centralized)
management, partnership approaches, social learning and knowledge coproduction.
I base my arguments on an interdisciplinary literature largely at the margins
of conventional fishery science, and I try to bring in the human dimension
of fisheries and a discussion of some issues concerning small-scale fisheries.
First, I make the case that ecosystem-based management is a “wicked problem”
presenting some unconventional dilemmas that call for unconventional
approaches. Second, I discuss fisheries as complex social-ecological systems
in which it is simply not possible to cleanly isolate fish biology/ecology from
the rest of the system. Third, I explore a range of new (and some not so new)
governance approaches to help implement ecosystem-based management.
Finally, I explore some possible ways to deal with complexity, cutting down
to size this messy and increasingly complex world.

Ecosystem-based Management as a “Wicked Problem”
When Ludwig (2001) declared that the era of management was over, he
probably was not entirely serious but he was not joking either. As briefly
mentioned in Chapter 2, he was pointing out that many environmental
management problems simply did not lend themselves to the usual scientific
approach of defining an issue, collecting the necessary data, evaluating
the evidence, and proposing solutions. Ludwig pointed out that many
contemporary environmental problems were wicked in the sense that they
could not be solved once and for all but continued to pose an ongoing
challenge, partly because it could not be known for sure when and if they
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were solved. By definition, wicked problems have no definitive formulation,
no stopping rule, and no test for a solution. Each problem is unique and has
no technical solution; there will likely never be a final resolution of any of
them.
Ludwig (2001) used the examples of forest management, endangered
species and climate change to illustrate wicked problems. Jentoft and
Chuenpagdee (2009) suggested fisheries and coastal governance issues also
have many of the characteristics of wicked problems: they are difficult to
define and delineate from other problems, they are persistent and tend to
reappear, and they have no right or wrong solutions that can be determined
scientifically. For much the same reasons, one can argue that ecosystem-based
fisheries management is also a wicked problem.
Within a given ecosystem, there are various uses and activities that may
compete with fishing, and different kinds of fishing may be incompatible with
one another. “Some pairs of activities — spearfishing and underwater fishwatching, bottom trawling and pot fishing, or wind farming and parasailing
— cannot occur in the same place at the same time”, as Norse (2010, p. 185)
wryly notes. Trade-offs are needed – but priorities shift all the time. For
example, in a given region, marine protected areas may over time become
the top priority by government policy, or the changing economics of wind
energy may make this ocean use a priority. Such a shifting seascape has
been sketched for example in Australia’s Great Barrier Reef and the southern
California coast (Crowder et al. 2006).
As well, there is much that cannot be contained within the biophysical
boundaries of the ecosystem. Climate change comes to mind, and perhaps
ocean acidification. But in fact, there is a long list of drivers of change that
originate somewhere else and act on a given ecosystem (MA 2005). Many of
these drivers involve economic externalities, market demands, government
policies, resource conflicts, and politics and economics in general; they are
outside the realm of biological/ecological management. A striking example
is the phenomenon of roving bandits, which are highly mobile fishing
enterprises or buyers and their local harvesters who can move around the
globe, exploiting resources in response to global market opportunities. They
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proceed by depleting the resource base in one area and then moving on to the
next, in a globalized marine version of the tragedy of the commons (Chapter
6).
Local marine tenure, national laws and international regulations are all
insufficient to deal with roving bandits, and so are the usual stock assessment
measures and controls. Market demands and the resulting high-speed
resource exploitation often overwhelm the ability of management institutions
to respond. Local fishers are powerless, national-level regulation is too
slow, and international even slower. In the case of small or highly localized
stocks, the resource may be fished out even before the problem is detected.
In the case of widely distributed and relatively abundant species, catch
statistics may mask local depletions as exploitation shifts spatially. Even
if an ecosystem-based resource manager may see the depletion occurring and
take local action, he/she may be ultimately powerless because the problem
(high market demand) is originating from outside the system. A diversity of
marine resources has come under the roving bandit pattern of exploitation,
each with its own unique problems (Chapter 7).

Fisheries, Complexity, Social-ecological Systems
Such examples argue for the need for a broad ecosystem-based approach that
includes social, economic and political as well as ecological considerations.
Resilience theory uses the term social-ecological system (SES), the complex
adaptive system that includes the intertwined social (human) and ecological
(biophysical) subsystems. The SES can be used as the unit of analysis, with
the assumption that the delineation between social and ecological subsystems
is artificial and arbitrary; the two subsystems are coupled, interdependent
and co-evolutionary (Chapter 5). The SES perspective is a major departure
from the conventional view. As Perry et al. (2010, p. 356) put it, “people
traditionally have been conceptualised by natural scientists as external agents
who stress [marine ecological] systems. By contrast, social scientists see
people as recipients of management policies and practices that have been
developed in response to changes in marine ecosystems. This artificial
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dichotomy fails to recognise that marine ecosystems and human societies are
actually two inter-related parts of one marine social-ecological system.”
The idea that people and environment are connected is not new. A
range of human-environment models has been developed in a number of
disciplines since the 1930s, and many studies have sought to understand
the interconnections of the two subsystems. For example, Liu et al. (2007)
studied six well documented cases of social-ecological systems, and found that
they exhibited complex patterns and processes — non-linear dynamics with
thresholds, surprises, reciprocal feedback loops, time lags, legacy effects, and
resilience. Many of these patterns and processes were not evident when the
cases were analyzed by social or natural scientists separately. They became
apparent only when the full social-ecological system was taken as the unit of
analysis. I use three examples to illustrate the kinds of considerations and
findings that seem to emerge when the framing of the marine ecosystem is
expanded to include the human dimension.
• Australia’s Great Barrier Reef, one of the largest marine protected areas in
the world, is often given as an example of ecosystem-based management.
Transition from protection of selected individual reefs to the stewardship
of the large-scale seascape was accompanied by the transformation of the
governance regime. This involved increasing public awareness of issues,
engaging a broader set of stakeholders, using deliberative processes, and
developing flexible governance systems with multi-level links (Olsson et
al. 2008).
• The Chilean coastal management deals with a coastal strip in which
benthic invertebrate resources are used under a co-management arrangement. Gelcich et al. (2010) traced the evolution of the system, from
open-access declines through the 1980s to a collapse in 1988, followed
by closure in 1989-92, to transition and rebuilding. The return to
democracy in Chile provided a “window of opportunity” to draft new
fishery legislation in 1991, allocating exclusive territorial user-rights and
establishing quota management.
• As discussed in Chapter 4, the Gulf of Maine, a low-diversity ecosystem,
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was made even simpler by the loss of local stocks of large demersal species
such as Atlantic cod. Released from predation pressure, and aided by
conservation-oriented practices of lobstermen (such as the v-notch rule
which protects proven breeders), lobster populations exploded. Both
fishers and managers see this outcome as a success, but the Gulf’s lucrative
(almost) monoculture is at risk because of the loss of functional diversity
of the system, and erosion of SES resilience (Steneck et al. 2011).

Searching for New Governance Approaches
The above summaries are no doubt simplifications of complex examples, but
one important point stands out in each case: the central role of governance.
In each case, the outcome is not determined by science but by a combination
of effects of drivers, exploitation strategies, management directions, and
science. Governance has become an important aspect of ecosystem-based
management because management policy in 21st century fisheries is no longer
as clear as it was in the era of command-and-control management and
expert-knows-best decision-making. Governance is no longer under the
sole authority of governments; it has been replaced by shared governance
involving partners and cooperative interactions. Table 20.1 lists eleven
concepts and approaches, some new and some not so new, related to
ecosystem-based governance. They may be considered companions or allies
to ecosystem-based management — potential aids to make it work.
The table is certainly not an exhaustive list of ideas related to ecosystembased management. But it is indicative of the amount of thinking and
discussion that is going on among academics and practitioners on important
issues such as how to implement adaptive management and other learning
approaches, how to share responsibilities and co-produce knowledge, and
how to structure stakeholder participation. The items in Table 20.1 are
overlapping and cannot all be used at the same time; some will be more
appropriate for a given case than others. The list starts with adaptive
management (Chapters 4 and 11), resilience (Chapter 4), co-management
(Chapter 11) and marine spatial planning (Chapter 7), all of them already
295

Table 20.1. Aids to implementing ecosystem-based governance.

TOWARD A NEW SOCIAL CONTRACT

established as mainstream approaches.
The notions of inclusive management (Lejano and Ingram 2009) and
integrative science (Miller et al. 2010) seem to overlap considerably, the
former emphasizing knowledge and skills, and the latter, resilience-building.
Co-production of knowledge, the collaborative process of bringing a plurality
of knowledge sources and types together to address a defined problem
(Armitage et al. 2011, p. 996) are likely important in both, as well as in
the multiple evidence base approach: different kinds of knowledge, when
used together, can generate new insights and innovations, enriching the pool
of knowledge available (Tengö et al. 2014).
Primary fisheries management is particularly significant for developing
countries and small-scale fisheries. Using an analogy with primary health
care, Cochrane et al. (2011) suggest that we should be aiming for a basic needs
oriented primary fisheries management while avoiding poverty traps. For
many small-scale fishers, the notion of rights is not merely fishing rights but
basic entitlements: food security, decent work, freedom from oppression, and
right to a dignified livelihood (Allison et al. 2012). Hence, fishery governance
can, and often does, overlap with community development, and fishing rights
grade into human rights.
Building institutions for incentives is a huge area in governance (Hilborn et
al. 2005). Providing incentives to fishers to conserve the resource involves a
range of approaches and tools, and not only of individual transferable quotas
(ITQs), which come with their own set of problems. The simple privatization
of resources does poorly against other strategies in terms of composite policy
performance (Pitcher and Lam 2010). Community rights work better with
small-scale fisheries. A great deal of work has been done with territorial use
rights (TURFs) in coastal fisheries, especially in the harvesting of benthic
resources (Orensanz et al. 2005; Gelcich et al. 2010). A comprehensive
literature base in commons theory has established well tested principles for
the community-based management of commons (Chapter 9).
Polycentric governance with overlapping institutions works by building
redundancy (Chapter 11). It works well when partnerships are required to
solve a problem, or when each of the existing institutions is not up to the task,
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a common situation in complexity (Folke et al. 2005). Institutional linkages
are important for communication and coordination. Institutions may
interact horizontally (across the same level) and/or vertically (across levels
of organization). Such linkages are often necessary in fisheries and other
resource use problems in nested local, regional or larger-scale ecosystems
(Chapter 10). Multi-level governance is an appropriate match for multi-level
ecosystems.
Finally, ecosystem stewardship may be considered a distinct strategy or
strategies to implement ecosystem-based management. The Chapin et al.
(2010) definition of ecosystem stewardship in Table 20.1 is heavily based on
resilience thinking, emphasizing uncertainty and change, and incorporating
many of the points discussed above. Following more conventional definitions,
stewardship may also include attachment to place (sense of place) and a sense
of ownership and responsibility for long-term conservation, an effective
antidote for roving banditry and other excesses of neoliberal globalization.

Implementing Governance: Lost in Complexity?
The consideration of multiple sectors and drivers from outside the domain of
ecology places a heavy burden on ecosystem-based fishery management. As
well, the conventional biological tools of management are no longer sufficient
to deal with the three generally accepted objectives of 21st century fisheries
management: ecological, economic and social sustainability (Cochrane and
Garcia 2009). As problems are already complex enough, are we perhaps
making the task impossible by tackling complex adaptive systems, complete
with the human dimension?
The intuitive view is that the more complex the system being managed,
the more complex the rules of management should be. However, there
is evidence for the counterintuitive solution: in some cases, simple rules
can help deal with complexity (Chapter 15). One way to explore this is
fuzzy logic and Zadeh’s principle of incompatibility, which proposes that
“as the complexity of a system increases, our ability to make precise and
yet significant statements about its behaviour diminishes until a threshold
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is reached beyond which precision and significance (or relevance) become
almost mutually exclusive characteristics” (Zadeh 1973, p. 28). There seems
to be an inverse relationship between the complexity of a system and the
degree of precision that can be used meaningfully to describe it.
Researchers buried under data know this idea only too well, but at the same
time, they cannot afford to ignore variables on which they can collect data.
The use of a few variables, no matter how well chosen, may be inadequate in
capturing complexity. But the dilemma is, data collection in a complex system
will run up against the principle of incompatibility. The counterintuitive
solution suggested by Zadeh’s fuzzy logic is that things need not be precisely
defined or quantified before they can be considered mathematically. Fuzzy
logic models do not need precise data input. Like the human mind, fuzzy
logic puts together related objects into categories in such a way as to reduce
the complexity of the processing task. Fuzzy logic, used in many applied
engineering fields, provides the tools to classify information into broad
groupings, simulating the workings of the human mind.
Berkes and Berkes (2009) used fuzzy logic to make sense of Indigenous
ways of knowing, the way Inuit observers, for example, make decisions
about the suitability of a particular seal for human consumption (Chapter
15). Observations of the fatness/thinness of the seal, its behaviour in the
water, the colour of its bones and liver are some of the many variables that the
Inuit would observe on a qualitative scale to make a decision about edibility,
without need for quantitative data. Similarly, one can use the example of
Inuit observations of climate change in the western Canadian Arctic to make
the point that the ability of the Inuit to deal with multiple variables holds
for different kinds of environmental knowledge. Hence, building holistic
pictures of the environment by considering a large number of variables
qualitatively (vs. a small number of variables quantitatively) might be an
appropriate way to deal with complexity; combining the two might be even
better, as the multiple evidence base approach suggests (Table 20.1).
In the area of fisheries and marine resources, one example that might fit this
kind of thinking is the data-less management of Johannes (1998). Observing
that it would be nearly impossible to collect the data needed for the biological
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management of many small stocks in the vast expense of Oceania, Johannes
proposed using a combination of local fisher knowledge and a network of
marine protected areas. Such a management system would not depend on
quantitative data of the conventional kind but could nevertheless seek to
satisfy information needs for management. Since by far the greatest majority
of fisheries in the world are data-poor, creative solutions such as those by
Johannes have a wide application (Chapter 2).
A number of studies suggest that simple decision rules may in some cases
be appropriate to manage complex fisheries. In the Bristol Bay, Alaska,
sockeye salmon (Onchorhynchus nerka) fishery, only two very simple rules
have been used for decades: (1) a minimum number of salmon should be
allowed to escape upstream in a given watershed before any fishing is allowed,
and (2) within any watershed, escapement should be distributed over time
in as natural a pattern as possible. This policy has helped maintain the
biocomplexity of the fish stocks which, in turn, has provided resilience to
environmental change (Hilborn et al. 2003).
Other researchers have observed that simple rules of thumb may work
better than complex government regulations. The Gulf of Maine lobster
fishery, with its fisher-enforced v-notch rule, backed up by size limits and
other regulations, may be considered one example (Steneck et al. 2011).
Simple rules can also solve enforcement problems. Orensanz et al. (2005)
observed that government regulations such as closed seasons and catch quotas
could never be enforced in benthic invertebrate fisheries in South America,
but territorial use rights could. Combined with qualitative monitoring and
feedback, such a system would rely on simple feedback decision rules to adjust
harvesting intensity from year to year, as done in Chilean coastal benthic
fisheries (Gelcich et al. 2010).
The important lesson from fuzzy logic is that qualitative data and approximations may be appropriate in situations which seem to require
impossibly large data sets. Complexity brings out the complementarity
of science and local and traditional knowledge: quantitative data on a
few variables, combined with fuzzy/qualitative data can be “eyeballed” by
local experts, fishers, and experienced field researchers. This is not such
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an unreasonable approach. Resilience theory also seeks shortcuts into
complexity by identifying key variables at different scales and speeds, and
Millennium Ecosystem Assessment by identifying key drivers. Those cases
that seem to lend themselves to management by simple rules, such as Bristol
Bay salmon and Chilean shellfish, hold the promise that creative solutions
may be possible for a larger number of problems than we may think.

Conclusions
All approaches inevitably fall short of expectations. Pitcher and Lam
(2010) observed that “despite highly optimistic claims by its proponents,
we know of no cases where applying [ecosystem-based management] has
yielded its expected benefits.” Nevertheless, by the performance criteria
and assessment of Pitcher and Lam (2010), ecosystem-based management
came out as one of the two best management strategies (the other one was
historically-based restoration) out of the ten evaluated. Can ecosystem-based
management do even better? I argued in this chapter that conceptualizing
and implementing ecosystem-based fisheries management should be thought
of as revolutionary, and not evolutionary. An evolutionary process might
be successful if the objective is sustainability of fish stocks. However, if
the objective is sustainability of marine social-ecological systems, then it
seems that ecosystem-based management needs to expand and become a
revolutionary process.
Dealing with multiple disciplines and multiple objectives, and expanding
the scope from management to governance that includes cooperative, multilevel approaches involving partnerships, social learning and knowledge coproduction, add up to fundamental changes. Conceptualizing ecosystembased management as a wicked problem of social-ecological systems; picking
and choosing from an assortment of new (and often half-baked) governance
approaches as in Table 20.1; dealing with livelihood issues and blue justice for
small-scale fisheries ( Jentoft 2019); and finding creative ways for handling
complexity may mark the next stage toward a revolution in implementing
ecosystem-based management.
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