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Globalization: Effects on Fisheries Resources

Globalization is a multidimensional issue, and its impacts on world

resources cross and integrate environmental, economic, political, and

cultural boundaries. Over the last few decades, the push towards

globalization has brought a new dimension in which managers of

fisheries and water resources will need to operate, both at the local

and global level of governance. In order to address effectively the future

sustainability of these resources, it is critical to understand the driving

factors of globalization and their effect on fisheries ecosystems and

the people who depend on these resources for their cultural and

societal well-being. This book discusses the social and political changes

affecting fisheries, the changes to ecological processes due to direct

and indirect impacts of globalization, the changing nature of the

goods and services that fisheries ecosystems are able to provide, and

the resultant changes in markets and economic assessment of our

fishery resources.
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Foreword

Globalization is an increasingly important driving force that connects

various corners of the world. Although the phenomenon of globali-

zation (worldwide economic, cultural, political, and technological lin-

kages) is not new, the magnitude and speed of today’s globalization are

unprecedented. Since the latter part of the twentieth century, con-

sumption of natural resources in distant locations has created

an accelerating demand on local resources. The modern era of global-

ization has profoundly affected fisheries resources, one of the most

important sources of protein for humans, in many ways. Numerous

fisheries scientists, policy-makers, managers, producers, and consu-

mers are deeply concerned about the impact of globalization on future

fisheries from local to global levels.

This timely book fills an important void by including insightful

and comprehensive papers from eminent scholars documenting the

intricate relationships between globalization and fisheries. By ele-

gantly integrating theory and case studies, this book offers a clear

overview and detailed analyses of the socioeconomic and ecological

consequences of globalization. The authors also critically analyze rele-

vant governance and multilevel management systems, and provide

fresh perspectives on ethical and socioeconomic dimensions of global-

ization in the context of fisheries management.

As the authors vividly illustrate, globalization is a double-edged

sword. It threatens fisheries by reducing aquatic ecosystem productiv-

ity and diminishing fish stocks. Despite the use of more efficient

technologies (e.g., vessels and fishing gear) to increase fish production,

global capture fisheries have been decreasing rapidly in the past sev-

eral decades. Furthermore, international trade of fish products drasti-

cally increases waterborne diseases, poses great health challenges to

aquatic animals, introduces numerous invasive species, displaces local

xvii



communities, threatens small-scale fishers, and increases risks to food

security. On the other hand, globalization can produce positive out-

comes through facilitating transfer of remediation techniques for

aquatic ecosystems and vulnerable fish stocks, capital transactions,

and sharing research and management information. For instance,

many hail aquaculture as an alternative to capture fisheries, as its

production is more controllable and can reduce pressure on wild fish

stocks. However, aquaculture can also pollute aquatic ecosystems,

destroy habitat of wild fish stocks, release exotic species, spread dis-

eases, raise concerns about potential risks of transgenic fish, and com-

promise the livelihood of people who have depended on wild fish

stocks for generations. Thus, the effects of globalization are sometimes

ambiguous and require more extensive and intensive research.

Sustainable fisheries require integrating ethics and ecological

responsibility of producers and consumers into decision-making

processes and management practices. More innovative technical mea-

sures (e.g., eco-labeling and Web-based relational databases) are needed

for consumers to choose ecologically sustainable fish products and

shape fish markets. As the authors have forcefully argued, new ways

of thinking, fair and equitable trade, more effective government

policy, coordinated management across juridical boundaries, strictly

enforced regulations, frequent monitoring, internalizing environmen-

tal costs, eliminating perverse subsidies, and multilevel governance for

global fish stocks are also critical to steer fisheries into a sustainable

future.

The impact of this book will reach far beyond fisheries. Although

the book focuses on the effects on globalization on fisheries, its inter-

disciplinary approach and remarkable insights have important impli-

cations for sustainable management of other common resources (e.g.,

wildlife, forests) and the environment in the new age of globalization.

Jianguo Liu

Rachel Carson Chair in Ecological Sustainability and Director,

Center for Systems Integration and Sustainability,

Michigan State University

xviii Foreword



Preface

While the word globalization has been extensively used in recent

times, the processes of exchanging information, goods, and culture

between people and nations have been occurring since the dawn

of human existence. Globalization, as defined by Held and McGrew1

refers to ‘‘the expanding scale, growing magnitude, speeding up and

deepening impact of interregional flows and patterns of social interac-

tion . . . [as well as] to a shift or transformation in the scale of human

social organization that links regions and continents.’’ What is novel

about globalization today is the accelerating rate at which these

exchanges are occurring. All segments of society and all societies are

experiencing the impacts of globalization with the effects being viewed

either as positive or negative depending on the value systems used to

evaluate them.

The world’s fisheries resources and fisheries-dependent commu-

nities have long been impacted by globalization. There is, however, a

significant deficit in analyzing and understanding the influences of

globalization acting on these systems. These analyses would allow for

insightful policy reform needed to ensure the sustainability of these

coupled human and natural resources systems. Our lack of such knowl-

edge and policy integration have been clearly demonstrated by the

collapse of a number of socially and economically important fisheries

over the past several decades. This deficit in our understanding, how-

ever, is beginning to change as fisheries policy-makers and managers

are realizing that globalization is impacting fisheries in numerous

1 Held, David and Anthony McGrew. 2000. The great debate: an introduction. In The

Global Transformations Reader: An Introduction to the Globalization Debate, ed. David

Held and Anthony McGrew. Cambridge, UK: Polity Press, pp. 3–4.
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ways at all levels of governance, and in view of this are taking action

toward understanding and ameliorating the impacts of globalization

on these resources.

Both human and fish populations have benefited from advances

in communications, transportation, and governance systems due to

globalization. Many of the changes arising from these advances have

positively impacted our abilities to locate freshwater and marine fish

species, whether for food, recreational fishing, or ecosystem restora-

tion purposes. Additionally, these changes have enhanced our abilities

to harvest, process, and transport fish and fish products, thereby

greatly improving the quality and diversity of fish products available

to humans throughout the world. With the technological improve-

ments spurred by globalization, we have also improved our ability to

raise fish in highly managed aquaculture operations thus permitting

food security to be realized in many regions of the world. Lastly,

globalization has facilitated our understanding of the entire fisheries

supply chain, from its productivity to its marketing and consumption.

This knowledge is facilitating our examination and management of

fisheries in a holistic ecosystem-based approach, as well as incorporat-

ing both the biological and social factors within our governance deci-

sions and their implementations.

The advances and benefits that are associated with globalization

and fisheries resources have not been without controversy, and this

resounds throughout the book. Some of the disputes that occur among

and within nations include: who has rights to a fishery, an increasingly

contentious issue as fishing nations are harvesting distant stocks that

were formerly fished by locally based communities; loss of genetic

diversity of fish stocks resulting from aquaculture escapees and inap-

propriate stocking protocols; habitat degradation and pollution related

to our alterations of both aquatic and terrestrial ecosystems; and

homogenization of cultures which, among many aspects, can threaten

the existence of traditional fishing cultures. Effectively addressing

these ‘‘new’’ challenges in fisheries management has created the

need for a more agile governance approach of local and transboundary

fisheries. Fortunately, globalization also provides us with the necessary

tools to move towards developing approaches that can better solve

these emerging challenges and should ultimately result in improved

conditions for fish and their aquatic ecosystems. For instance, the

ability to access expertise from across the world provides practitioners

with better knowledge on, as well as possible solutions to, perplexing

fisheries problems.
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The path to successfully managing globally influenced fisheries

resources is not easy, as is clearly illustrated in numerous chapters in

this book. We believe that a key to facilitating the sustainability of our

fish and aquatic resources in the future will depend on having an

informed public that are cognizant of the impacts that their desires

and demands are having on local as well as distant fishing communities

and fisheries ecosystems. Thus, much like our ability to share informa-

tion that improves the health of humans throughout the world, such

exchanges and public viewing of the impact of globalization on our

fisheries resources are needed to assure that more sustainable fisheries

policies and practices evolve in the future. As we learn from each other

we will hopefully develop culturally sensitive best management prac-

tices for sustainable fisheries. It is equally important that fisheries

policy-makers and professionals understand the good, the bad, and

the ugly of globalization agents acting on local communities, the

economies involved, and the environmental factors of concern. Such

understanding would ensure that we meet the challenges and realize

the opportunities put forth by globalization of our fisheries and their

ecosystems. Knowledge is power, and we hope that the sharing of our

experiences on a large number of fisheries will facilitate the process of

more sustainable use and management of the world’s magnificent

fisheries.

It was for these reasons that we chose to host a symposium at an

annual meeting of the American Fisheries Society which attempted to

depict the impact of globalization on coupled human and fisheries

resources systems. We assembled a collection of case studies that

provide guidance for designing ecologically and socially sustainable

systems in the face of accelerating globalization. This book provides

such an overview, and it is our hope that this information will enable

an attentive public, fisheries professionals, and policy-makers to make

better decisions in regard to the management of local and global fish-

eries in the years to come.

This book is written for a very diverse audience, including fisheries

and aquatic ecologists, natural resource managers, governmental agency

personnel, conservation biologists, social scientists, non-governmental

organizations, policy-makers, graduate students, and advanced under-

graduate students. Each chapter provides a world or regional view of

one of the many facets of globalization, including its relationship to and

impact on fisheries resources and their management. An overall theme

throughout this book is to address the social and political changes affect-

ing globalized fisheries and provide recommendations for their future
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sustainability. The book contains a number of case studies that focus

on the relationship of changing markets and international trade agree-

ments on fisheries resources. These studies also assess and evaluate the

management of these systems and the factors affecting their sustain-

ability. We also provide information on declining biodiversity as a result

of overexploitation, habitat destruction, infectious diseases, and exotic

species introductions, and how these factors impact fisheries, aquatic

resources, and human health. The book also includes information on

management and governance challenges using examples and lessons

learned to illustrate ecosystem-based approaches to monitoring, man-

aging, and governing globalized fisheries systems. As such, this book

can serve as a resource for graduate and undergraduate courses, includ-

ing courses related to fishery management, international political econ-

omy, global governance, environmental politics, globalization, natural

resource policy and management, and conservation biology.

We were fortunate that more than 85 ecologists, social scientists,

and natural resource managers enthusiastically participated in this

book endeavor, either as contributors or as reviewers. To ensure the

highest-quality information possible and the appropriate coverage of

perspectives from both academic fields and policy agencies, two to

three experts from academic institutions or management agencies

and policy-makers reviewed each chapter. Thus, it is fair to say that

the completion of this book is an excellent example of close collabora-

tion between academics, fisheries and aquatic professionals, and

policy-makers. We hope that this teamwork will continue and that

this book will help to cement the bond between these groups on a

worldwide basis. Ultimately, by doing so, we can better manage the

world’s fisheries resources in a sustainable manner.

William W. Taylor

Michael G. Schechter

Lois G. Wolfson
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J O H N R O O D A N D M I C H A E L G . S C H E C H T E R

Introduction

Globalization and fisheries – a necessarily
interdisciplinary inquiry

Solutions to the key problems of the twenty-first century require

interdisciplinary inquiry. Globalization’s impact on fisheries, includ-

ing overfishing, is no exception. This conviction is the foundation

for the American Fisheries Society symposium on globalization and

fisheries out of which this book arose. Though the language of global-

ization has rarely been used by fisheries scholars or practition-

ers, this unique volume readily provides evidence that they had the

empirical data and could write detailed case studies about globaliza-

tion that are almost entirely lacking in the current volumes on that

subject being published by social scientists. Moreover, as Folland

and Schechter’s chapter on global governance suggests many of

the key concepts in that field were also preshadowed by works

by fisheries scholars, but in materials rarely consulted by social

scientists.

In this introductory chapter, we will introduce the concept of

globalization and also begin to show how the study of fisheries in this

volume can provide insights into many of the key questions animating

globalization studies today, such as: Is globalization really anything

new? What are the drivers of globalization? What role has the technol-

ogy revolution played in accelerating the current era of globalization?

What are the consequences of globalization, including who benefits

and who loses from globalization? What roles do various international

actors (e.g., states, intergovernmental organizations, non-governmen-

tal organizations) play in the governance of globalization in general

and the management of fisheries more specifically? Why do scholars

study globalization in general and the relationship between globaliza-

tion and fisheries in particular?

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



W H A T I S G L O B A L I Z A T I O N ?

Over the past several years, ‘‘globalization’’ has gone from inter-

national economics and business jargon to a worldwide buzzword.1

Still, the definition and the concept of globalization are nothing if not

amorphous and contentious. There are nearly as many definitions of

globalization as there are authors who discuss globalization. In fact, a

number of scholars have urged us to think in terms of globalizations

(plural) rather than globalization: ‘‘The move from the singular to the

plural is deliberate and implies deep skepticism of the idea that there

can ever be a single theory or interpretation of globalization.’’ This call

has been made in the hope of widening ‘‘the debate on globalization

beyond the definition of the processes as simply economic, or even

worse, as about ‘free trade’ and liberalization’’ (Gills 2004). By 2007, the

scope of globalization studies has been broadened. That is, though

some books are still written from a single disciplinary perspective –

particularly economics – there is widespread understanding that globali-

zation refers to complex multidimensional processes. However, it is also

true that most authors still privilege one disciplinary angle or another,

treating ‘‘its debates as authoritative without awareness or acknowl-

edgement of their partial status’’ (Pieterse 2004:15). Although many of

the chapters in this volume demonstrate this proclivity as well, it is

largely ameliorated by the diverse disciplinary backgrounds and pro-

fessional experiences of the authors. Still, one must take care to deci-

pher how each author thinks about globalization. Though it is true that

there is no consensual definition of globalization (Pieterse 2004), and,

indeed, that it is probably best to think of globalization as multifaceted

and constantly in flux, there are several clear common threads in

thinking about globalization. These are present in Held and

McGrew’s definition:

Simply put, globalization denotes the expanding scale, growing

magnitude, speeding up and deepening impact of interregional flows and

patterns of social interaction. It refers to a shift or transformation in the

scale of human social organization that links regions and continents.

(Held and McGrew 2000)

Globalization has reduced the importance of distance through

increased communication and transportation technology, while giving

1 Globalization has been referred to as ‘‘the most over-used term in the current

political lexicon’’ (Bromley 1996).

2 John Rood and Michael G. Schechter



disparate peoples reasons to connect with one another to solve com-

mon problems and engage in trade. The deepening of interregional

flows and the thickening of networks also suggests that people in

different places are now more important and more linked to one

another than ever before. These increased linkages are amply demon-

strated in the governance of common fisheries resources as discussed

by Folland and Schechter (Chapter 13) in this volume, who use the

Great Lakes as their prime example.

I S G L O B A L I Z A T I O N N E W ?

A recurring question in the globalization literature is whether globali-

zation is a new phenomenon or whether it is a consistently evolving

process. If globalization is thought of, very generally, as interconnect-

edness driven most especially by trade and technology, then the world

has, with a few exceptions, been getting more globalized for several

hundred years. As technology has progressed, the world has been

perceived as getting progressively smaller. The world known to

Columbus was very large indeed; the ‘‘discovery’’ of a new world indi-

cated that what was not known was at least as important as what was

known. The advent of locomotives substantially shortened travel times

throughout the world; airplanes did the same. Indeed, until the out-

break of the world wars, global capital flows consistently increased as

technology made communication and transportation easier. After

World War II, the value of trade again increased dramatically, along

with the well-known explosion in international collaboration, inter-

governmental organizations such as the United Nations and the

European Union, and increased flows of people and ideas (Murphy

1994). Thus, though globalization is surely not a wholly new pheno-

menon (even if the term is relatively new), it is clear that the post-

World War II era, the present era of globalization (what Pieterse refers

to as ‘‘contemporary accelerated globalization’’), differs from previous

eras of globalization (including that prior to World War I) in several

respects (Pieterse 2004:16).

First, the scope and speed of globalization have advanced so

much. The speed of communication, for example, has consistently

been growing for years. The days of messages sent by horseback

faded to memory with the development of the telegraph and then the

telephone. In the current age of globalization, communication has

become so fast and so inexpensive as to provide no practical barriers

to the exchange of information. Even 25 years ago, intercontinental
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phone calls could be a substantial business expense; such communica-

tion is available for pennies today. At present, even the land telephone

is becoming obsolete because the Internet has created the ability to

send full-motion video and sound instantaneously.

Second, trade in goods has also increased remarkably; it now

makes solid economic sense for Volkswagen to make cars in Venezuela

and for Nike to make shoes in Vietnam rather than to make them

locally (Enloe 2000). Transport costs have become so low as to make

production of goods almost exclusively a question of inputs (labor and

raw material). International trade has grown substantially. In 1900,

foreign exchange trading was measured in the millions of dollars,

according to the Bank for International Settlements; in 1998, trade

equaled $650 billion per day, and by 2004, trade was at $1.8 trillion

per day. Of course, there are still limits. Transport costs will always be

higher between Kansas City and Singapore than between Kansas City

and St. Louis. In addition, capital flows will likely never be completely

open, as Adam Smith lamented hundreds of years ago: politicians,

responding to domestic pressures, will never allow it. The continuing

need for the World Trade Organization (WTO) to arbitrate disputes

suggests that many economies, even the largest, try to cheat the free

trade system for domestic economic and political reasons. Shaffer

details one of the most contentious cases, the United States shrimp–

turtle case in which the WTO found that the United States applied its

ban on shrimp imports discriminatorily; it had provided countries

in the Western Hemisphere – mainly the Caribbean – technical and

financial assistance and longer transition periods for their fishers to

start using turtle excluder devices than it had granted for those in the

four Asian countries (India, Malaysia, Pakistan, and Thailand) that had

filed the complaint with the WTO (Shaffer 2005). On balance, however,

markets and capital flows are significantly more open today to the

point that a restriction on trade is seen as the exception and is likely

to be defeated by the WTO.

Third, it has been argued that the new (1980s on) era of globaliza-

tion differs because it involves a much greater magnitude of people and

states. Hobsbawm (1975:50) details the extraordinary increase in trade

volume from 1840 to 1975 and concludes that ‘‘the value of exchanges

between the most industrialized economy and the most remote or

backward regions of the world had increased sixfold.’’ The Silk Road

once connected two distant powers (Rome and China); today the finan-

cial centers of the world are connected not just to other financial

centers but to markets throughout the world (Germain 1997). The
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current phase of globalization provides the opportunity for previously

closed and economically less privileged societies to realize significant

gains by opening themselves to global markets, but, as will be dis-

cussed later, it also raises questions about social justice.

Finally, globalization today is different because of the scope of

sameness and standardization that has accompanied the current round

of globalization. Hobsbawm writes, ‘‘There is a substantial difference

between the process as we experience it today and that in the previous

century. What is most striking about it in the later twentieth century is

an international standardization which goes far beyond the purely

economic and technological’’ (Hobsbawm 1975:65). This standardiza-

tion closely follows several of the key drivers and dimensions of global-

ization that will later be discussed. The rising international norm

toward a free market has converted all but the staunchest holdouts of

closed or controlled economies. Technology now spreads quickly

around the world, even in states with populations that have very

limited access to communication lines, such as China. Global ethical

norms, such as a ban on landmines, spread quickly through an envir-

onment in which non-governmental organizations (NGOs) and grass-

roots activists can use inexpensive and rapid communications

technology to coordinate their strategies to put great pressure on

government leaders. Similar impacts are being made by intergovern-

mental organizations, such as the International Standardization

Organization (ISO), which promulgates a wide variety of global stan-

dards; the World Intellectual Property Organization (WIPO), which

works to standardize norms relating to intellectual property; and

the International Whaling Commission, which seeks to conserve

whale stocks.

The current age of globalization has also made it possible to share

cultural traditions and practices, an opportunity taken up by many

around the world. Though it would be premature to say that the

world is becoming homogeneous, the rate of international music,

film, and culture exchange is certainly increasing. One must only

consider the worldwide popularity of Coca Cola and Pepsi Cola or the

wide availability of ethnic cuisine around the world to understand that

trends and fashions are becoming globalized and ‘‘glocalized’’ along

with trade.2

2 ‘‘Glocalization’’ is a term that was invented to emphasize that the globalization of

a product is more likely to succeed when the product or service is adapted
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For both fisheries practitioners and managers, the current

globalization era is also a new process or, at least, has taken a new

form as a consequence of its acceleration. Fisheries management

concerns reflect that, indeed, the world is becoming both smaller and

more interconnected. The increased prevalence of long-distance fleets

from developing states (see Alder and Watson, Chapter 2) and the

dangers associated with the introduction of foreign species (see

Holeck, Mills, and MacIsaac, Chapter 6) demonstrate that, in the

current round of globalization, even a once localized activity

has become global in nature.3 One is no longer tied to fishing grounds

located near or around a port; increased refrigeration, ship-based

freezing and processing technology enable long-distance catches to

travel globally. The establishment of exclusive economic zones has

done little to limit the use of local fisheries resources by distant

countries, as developing states often felt compelled to sell their local

fishing rights to distant fleets in return for hard currency (Alder and

Watson, Chapter 2). Globalization in fisheries resources is indeed

new in the sense of globalization’s greater influence on fisheries

stock and consequently requires new governance approaches and pol-

icy solutions.

specifically to each locality or culture it is marketed in. The term combines the

word ‘‘globalization’’ with ‘‘localization.’’ The term began in the field of business,

and was subsequently adopted by cultural sociologists. Others refer to the phenom-

enon as ‘‘hybridization.’’
3 The importance of exotic species on the sustainability of the Great Lakes fishery is

also undeniable (IJC–GLFC 1990; Mills et al. 1993), including the impacts observed

from the establishment of sea lamprey, alewife, and more recently the zebra

mussel (Fetterolf 1980; Brandt et al. 1987; Mills et al. 1993). The success of exotics

in displacing native species in both the terrestrial and aquatic environment

makes it certain that these aquatic invasive species will continue to have a

detrimental impact on the Great Lakes fishery. The correlation reported between

increasing human activities in the Great Lakes, such as transoceanic shipping and

canal construction, and the increase in exotic species strongly suggests that as

globalization increases, so will the number of exotic species introductions unless

action is taken to deter these unwanted invaders (Mills et al. 1993; Ricciardi and

Rasmussen 1998). Currently, Great Lakes fisheries managers and all stakeholders

in the Great Lakes are facing another threat to the Great Lakes ecosystem, the

Asian carp. Asian carp, imported to the southern United States to function as

biocontrols in catfish aquaculture, escaped and have become established in the

Mississippi River Basin (Rasmussen n.d.). These voracious carp are rapidly swim-

ming upstream toward the Chicago Sanitary and Shipping Canal, a canal con-

structed to connect the Mississippi River with the Great Lakes.
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W H A T A R E T H E C H I E F D R I V E R S O F G L O B A L I Z A T I O N ?

The increasing interconnectedness of the world can hardly be disputed.

Even today, at the height of global connectedness, new projects for

political integration and economic development are being created and

implemented at a fantastic pace. Two questions of interest that aid in

our understanding of the globalization process are: what factors drove

globalization in the past, and what factors will cause globalization to

continue to be a pressing policy issue for the foreseeable future?

The simplest response to these questions is the first driver we will

discuss, economic integration. Globalization has long been thought to

have been driven by the will to acquire new markets and gain access to

new resources. Current multinational corporations are only contem-

porary versions of global actors such as the Dutch East India Company.

However, today’s much more numerous and globally dispersed

multinational corporations have the benefit of the actions taken by

the Bretton Woods institutions (the World Bank and the International

Monetary Fund [IMF]) and, perhaps especially, the General Agreements

on Tariffs and Trade (GATT).

In 1944, the leaders of the allied powers met at Bretton Woods,

New Hampshire, to discuss the makeup of the global economic system.

They saw as a causal agent of World War II the inward economic turn of

many of the most powerful states, that is, neo-mercantilist policies

often referred to as ‘‘beggar-thy-neighbor’’ policies. Meeting toward

the end of that war, the leaders believed they had a rare and valuable

opportunity to recreate international economic procedures as they saw

fit. Believing in the chance for an economic perpetual peace, the

leaders sought to make states dependent on one another to the extent

that international organizations could accomplish such a lofty goal.

Economic globalization, though likely inevitable, was greatly facili-

tated by leaders who held economic integration as a political good.

They strongly believed that economic connectivity demanded eco-

nomic openness. Thus states would be required to leave behind anti-

quated notions of mercantilism and embrace the free exchange of

products, material, and capital. A principal means of accomplishing

this goal was the development in 1947 of the GATT, a treaty system

creating formal rules stipulating increased openness in trade relations

and a relaxation of formal trade barriers, especially tariffs. The

GATT was adopted after the U.S. government rejected the proposed

third Bretton Woods institution, the International Trade Organization.

Under the GATT, members would allow third-party arbitration to
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resolve formal disputes among the signatory states. GATT proved to be

a success. Along with the Bretton Woods institutions, it substantially

pressured states to relax protections and lower trade barriers. In 1995,

GATT was subsumed under the WTO. The WTO has a permanent

secretariat, formal identity as an organization, and a quicker and

more binding system of arbitration than had the GATT (Shaffer 2005).

Although the WTO has been widely credited with contributing to sub-

stantial increases in gains from trade, it has been criticized for allowing

subsidies, including those in fisheries, to exist in the developed world

and distort the real cost of doing business. For example, Vincent,

Marsden, and Sumaila (Chapter 7) argue that if the real cost of harvest-

ing sea horses were to become apparent, the quantity taken would

decrease substantially.4 And Alder and Watson (Chapter 2) contend

that the majority of governments of the developing world have, partly

under pressure from the international financial institutions, opened

their markets completely, surrendering fishing rights for a fraction of

their market worth. Moreover, Seares, Smith, Anderson, and Pringle

(Chapter 3) contend that much opposition to the WTO comes from those

in the environmental movement who are suspicious of its potential

for punishing states that seek greater environmental considerations –

e.g., for allegedly favoring free trade and open markets over ecological

concerns.

Consequently, the impacts of economically driven globalization

on fisheries are manyfold, including pressure on the growth of the fish

market from a local to a more global consumer base. In previous eras of

globalization, goods from distant lands were seen as extravagant;

today, middle classes around the world have included high-value fish

such as salmon in their diets. Additionally, the increase in the number

of supermarkets worldwide has created a demand for a stable fish

source of constant quality for consumption by an audience that is

unfamiliar with the inconsistencies of shopping in an open fish market

(Knudson and Peterson, Chapter 18). These modifications in the way

that people think about and shop for fish suggest that worldwide

demand for fish will be met through greater use of distant fisheries

and aquaculture. In this book, Naylor, Eagle, and Smith (Chapter 10)

demonstrate the ways that developments in Europe and Asia in the

evolution of aquaculture and increased standardization have adversely

affected the market in wild Alaskan salmon fisheries. Moreover,

4 Fishing subsidies, including the role of the WTO regarding them, have become a

widely discussed and disputed topic (Schrank 2003).
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Vincent, Marsden, and Sumaila (Chapter 7) demonstrate that, as cul-

tures (in this case, Chinese) expand globally, their particular cultural

needs go with them – for example, greatly expanding global demand

for sea horses for medicinal use.

Globalization would be impossible without the development and

spread of technology, the second major driver that we will discuss. It’s

clear that the previous rounds of globalization were greatly aided (or

even caused) by advances in technology, whether it be the steam

engine or the telegraph. Today, quick airplane travel, satellite-based

communications, and the Internet have revolutionized the ways in

which huge numbers of people conduct their lives. Technology has

largely made possible the interconnectedness of economy, culture, and

ideas. The most essential technological development has likely been

the development of the Internet, which has allowed for the unprece-

dented pace of current communication; large data sets can now be sent

easily across oceans or continents. Likewise, those seeking technical

assistance can now acquire considerable knowledge virtually. Of

course, the speed of traditional transportation continues to increase,

but the speed of communications and computing technologies has

increased exponentially.

Technology has been as crucial to fisheries resources as it

has been to other areas of globalization. Technology has produced

distant fleets, armed with fishing technology (e.g., drift nets), that

have been recognized as having potentially negative consequences

for fisheries resources. Conversely, Taylor, Leonard, Kratzer, Goddard,

and Stewart (Chapter 1) suggest that technological development

has greatly aided monitoring by fisheries managers. Additionally,

the development of technologies such as turtle excluder devices pro-

vides a check on some of the most wasteful and destructive fishing

practices. Technology, along with the globalization of demand, is the

source of both problems for fisheries stocks and solutions to those

problems.

A third major driver of globalization, resulting from the growing

interconnectedness of peoples, is more perceptual or ideational, result-

ing in a greater awareness of truly global problems: Barbara Ward’s

‘‘Spaceship Earth’’ phenomenon (Ward 1966). These problems include

humanitarian tragedy, international health problems such as AIDS,

overfishing, the threat of nuclear holocaust, and the problem of envir-

onmental destruction and conservation. One hundred years ago, indus-

trial development was seen as a symbol of strength and economic

vitality. Today, building a new factory is just as likely to elicit a negative
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reaction from environmentalists and locals who insist ‘‘not in my back-

yard.’’ As scientists grew more aware of the problems that industrial

development poses to the environment, it became clear that environ-

mental damage crossed all borders. Still, creating global norms and,

even more so, binding universal treaties for environmental protection

has posed an incredible challenge. Countries that had strong environ-

mental protections were bound to lose out economically to states that

had fewer protections, at least in the near term. Even states with few

restrictions had a powerful incentive to maintain or to lower their

protections to stay competitive with neighbors doing the same thing,

the classic ‘‘race to the bottom.’’ Efforts to stave off the environmental

problems of habitat destruction and loss of vertebrate biodiversity have

followed a similar global course in the development of international

treaties such as the Convention on International Trade in Endangered

Species (CITES) (Vincent, Marsden, and Sumaila, Chapter 7). Though

CITES has had more success than many other environmental treaties,

including Kyoto, its provisions are a constant source of tension as states

try to decrease protections on native species while shifting the burden

of protection to others.

Such problems have been at the core of energizing an additional

driver of globalization: global civil society. Among the most prominent

organized global civil society actors are NGOs, which draw their mem-

bership from around the world and push hard at all levels of govern-

ment for change, including ways to increase the benefits and decrease

the negative consequences of globalization. Moreover, NGOs are prov-

ing to be one of the central organizing features of the new era of global

governance – for example, they monitor and publicize the (more fre-

quently negative) impacts of globalization. It would be premature to

stipulate that globalization indicates a turn toward global government,

but it does indicate a turn toward global governance. Different situa-

tions involve and, indeed, seem to require the participation of different

actors and stakeholders. Folland and Schechter (Chapter 13) demon-

strate the ways in which NGOs have long been influential in govern-

ance of the Great Lakes and demonstrate how NGOs can be especially

successful at ‘‘agenda setting.’’ One of the consequences of the

increased governance role of non-state actors, including NGOs

and multinational corporations, is a debate over the most efficient

and democratic level of governance. In this context, Folland and

Schechter discuss the concept of subsidiarity as it applies to fisheries –

that is, the belief that decisions are best made at the lowest (closest to

the people) possible level of governance.
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W H A T A R E T H E C O N S E Q U E N C E S O F G L O B A L I Z A T I O N ?

One of the most controversial issues relating to the impact of globaliza-

tion is its tendency to produce unequal results between developed and

economically less developed countries and within individual countries.

In spite of this tendency, Dollar and Kraay (2004) argue forcefully that

globalization is indeed good for the poor. They argue that economic

inequality between states peaked in 1975, and also that states that have

accepted globalization and opened their markets do much better than

those that do not. Within countries, they argue that economic inequal-

ity results chiefly from social and economic policies within those

countries and is not the fault of growing openness in trade and capital

markets, which many, of course, equate with globalization. Others

point to the continued persistence of poverty and large gaps in educa-

tion and access to technology between the rich and the poor. Though it

is clear that it would be beneficial to create social and economic

arrangements that would be more beneficial to many of the poor, the

question of whether globalization per se is responsible for the gaps

between the rich and the poor remains a contested issue (Lambright

and van de Walle 2000).

The crux of this debate clearly resonates in the fisheries literature

in this volume. For example, one recurring concern is the tendency of

globalized fisheries to divert an essential source of protein away from

those in economically less developed countries, a variant of the much

better publicized cash crop phenomenon, wherein priority is given to

the production of crops to satisfy the external market rather than food

crops for the local population (Mittelman and Pasha 1997:19). As fish-

eries in economically less developed countries focus more on high-

dollar catches for export, they focus less on low-value catch eaten in

villages (Alder and Watson, Chapter 2). There seem, however, to be a

few solutions to this conundrum.

First, economically less developed countries must create a system

that charges realistic prices for access to waters in their exclusive

economic zones. Governments of economically less developed coun-

tries must take advantage of scarcity of their resources and demand

comparative prices. Higher prices for access rights will tend to decrease

fisheries operations, leaving more room (and a larger stock) for local

fishing efforts. Second, economically less developed states must focus

on becoming a larger part of the production and distribution of fish-

eries products rather than a supplier of raw biomass. This will certainly

take a measure of political will, but it is possible that international
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organizations can come to their aid (e.g., with studies arguing about the

harmful effects of direct and indirect fishery subsidies). Another pos-

sible alternative lies in creating consumer demand, in the developed

world, for fairer trade practices toward those in economically less

developed countries. Peterson and Fronc (Chapter 17) label this process

‘‘eco-labeling,’’ although their efforts focus chiefly on creating a con-

sumer preference for capture tuna and not aquaculture products.

Related, Taylor et al. (Chapter 1) discuss how U.S. citizens agitated for

and eventually won worldwide regulations for the capture and sale of

dolphin-safe tuna. If civil society in the developed world would view

the conditions of trade in economically less developed countries as a

central concern and then convey that concern to their governments as

well as to NGOs, positive social change is possible.

Another related contentious issue relates to the impact of

increased global interconnectedness on the traditional power of the

state, and related, the empowerment of other actors in the international

system, including multinational corporations, NGOs, intergovernmental

organizations, and individuals, a phenomenon most pronounced in

relation to human rights but also evident in the communications,

accounting, and insurance fields (Strange 1996).

In the age of globalization, the sovereign state system is breaking

down in two ways. First, transnational organizations such as the

European Union (EU) and the WTO sap state power with the approval

of the state. To have effective organization at the international level,

states must agree to lose some control of their affairs, a point made

concrete in Hegarty’s chapter on the regulation of fish and fishery

products (Chapter 15). Second, and more controversially, growing global

concern for human rights issues, for example, has created powerful

international incentives for international intervention in the inner

workings of states. This movement can be traced both to better inter-

national exposure of human rights violations by NGOs and intergovern-

mental organizations, and better communication and organization on

behalf of human rights organizations. States no longer have the power to

treat their citizens as they want. This powerful limitation on the power of

the state has become of central international importance in places such

as the former Yugoslavia and Rwanda. Some suggest that an aggressive

application of the precautionary principle (e.g., in relation to over-

fishing) would have analogous consequences for traditional understand-

ings of state sovereignty – i.e., leading to an erosion of state power.

The relative weakening of the state has also involved the empow-

erment of a relatively new set of actors on the international stage:
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individuals. The rise of the global media and the greater demands for

accountability have resulted in a turn toward transparency in govern-

ment affairs. This allows for a level of citizen interest that would have

been unknown when state affairs were more secretive. Additionally,

more open global communication has allowed citizens to form opin-

ions on a wide variety of subjects. Matthews writes, ‘‘Widely accessible

and affordable technology has broken government’s monopoly on the

collection and management of large amounts of information and

deprived governments of the deference they enjoyed because of it’’

(Matthews 1997). Individuals now have the power to conduct their

own research and reach conclusions that are often at odds with the

will of the state. This is true of individuals deciding what sort of

fish to catch, or to buy (or boycott) or, for chefs, whether to limit

their menus to ‘‘good fish’’ such as tilapia, as discussed by Molnar and

Daniels (Chapter 11).

The impact of globalization on the changing role of the state in

the international system and the increased empowerment of non-state

actors are also related to the evolution of global governance. As the

chapters by Bavington and Kay (Chapter 14), Folland and Schechter

(Chapter 13), Bratspies (Chapter 19), and Hegarty (Chapter 15) show,

although the state remains the primary actor in the international

system, viewing the state as a unitary actor is misleading. Moreover,

their studies evidence the increasing roles of intergovernmental orga-

nizations, including not only the United Nations (UN) but also the

fishery commissions, in the creation of norms, regulations, and, in

some cases, international laws. Oftentimes these are found to be reflec-

tive of the concerns and pressure exerted by the ever proliferating

NGOs, whose access to the Internet has facilitated and decreased the

cost of policy coordination and information dissemination.

One of the most widely noted consequences of globalization is

what is often referred to as resistance to globalization or globalization

backlash.5 The forms it takes are multiple, from the highly publicized

street demonstrations against the WTO in Seattle to the less well-

known slow food movements in Italy and France (Mittelman 2000).

Pollnac’s case study in this book (Chapter 9) provides an example

of resistance to capitalism and modernity. It takes the form of

Southeast Asian fishers’ economically inefficient distribution methods

5 Robertson suggests that it makes sense to see these countervailing trends as

an integral part of globalization, a perspective he recognizes as contestable

(Robertson 1992:174–5).
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underscoring that the community is ‘‘too bound by notions of fairness

to succumb to Western notions of economic efficiency.’’ However,

many localities would have difficulty making such sacrifices, prefer-

ring instead merely to sell off fishing rights or, at best, to find employ-

ment in a regional processing plant. That is, they can’t effectively resist

globalization. However, Frank, Mueller, Krause, Taylor, and Leonard

(Chapter 16) suggest that the closer local ties remain, the better local-

ities can resist outside pressure to surrender old ways for efficient (and

also exploitative) practices.

C O N C L U S I O N S

Globalization, we have argued, is made up of several interlocking

dimensions. Reviewing a few will reveal the ways in which globaliza-

tion is omnipresent in the world around us and how the insights of

fishery scholars augment our knowledge of each.

The most obvious and most often mentioned dimension of glo-

balization is economic globalization. The interconnectedness of mar-

kets and some of the causes and effects thereof have already been

mentioned. The concern we wish to develop in this context is the

tendency to externalize environmental damage while internalizing

economic benefit, as in the environmental exploitation of poorer

countries by richer ones. The decrease in transportation and commu-

nication costs and the lengthening of the supply chain have made it

possible for environmentally damaging processes to be done in eco-

nomically less developed states, with the high value-added product

sold by economically developed countries (Sachs 2000). This is problem-

atic for several reasons. While one group feasts on salmon, another is

left with the environmental disaster that results from aquaculture

often inadequately funded or poorly managed.

A second major dimension of globalization is the tendency

toward the spread of ideas and beliefs, what some refer to as ideational

globalization. A major driver of this process is the increased speed of

communication technology already discussed. Ideas are spread

through the global media, including print and 24-hour television

news. More importantly, the Internet has provided a forum for like-

minded people to come together and commiserate or debate. When a

large faction of organized individuals pressures governments, they

may be compelled to listen. A fine example of this is the push toward

dolphin-safe tuna fishing (detailed by Taylor et al., Chapter 1), in which

grassroots activism led to government action. The interconnected
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nature of the fishing industry then led to the creation of an inter-

national limit on bycatch. Ideas and beliefs are no doubt important in

their own regard, but when magnified with the power of instant global

communication, they lay the groundwork for potentially powerful

grassroots movements.

Perhaps the most contentious dimension of globalization is the

push toward greater cultural exchange and, some would say, accelerat-

ing homogenization. The advances in mass communication have made

it possible for matters of cultural preferences to be easily transmitted

between people; increased economic interconnectedness makes this

exchange profitable to investors, what some term the ‘‘commodifica-

tion of culture.’’ There are two widely divergent perspectives: one

argues that cultural exchange is one of cultural liberation; the other

argues that this exchange is an impetus for cultural decay, cultural

homogenization, or even cultural imperialism. The closed nature of

many of the world’s cultures proves distasteful to some of its citizens,

who feel confined in traditional ways. To them, the era of globalization

has been a revolution in the most positive sense. The model of the

spread of ideas for the cultural imperialist is the global corporation; the

model for those rejoicing in choice is the Internet. The Internet gives

individuals unprecedented access to others who share their intellec-

tual and social proclivities (Crane 2002). Though the broader globaliza-

tion literature suggests that there are many opportunities for

hybridization and free cultural choice, many suggest that the purely

economic exchanges that most often govern global fisheries leave little

room for gaining what is good from other cultures. The difficulty is

often framed in terms of Westernization. Several authors in this

volume, for example, have suggested that traditional fishing practices

were both more ecologically friendly and less stressful on cultural

networks. Specifically, Pollnac (Chapter 9) demonstrates the ‘‘moral

economy’’ approach in Southeast Asian fishing villages, in which an

economically inefficient amount of each catch is distributed around

the community.

We conclude this chapter by making explicit why we believe

there has been such an upsurge in studies of globalization and global

governance, including those related to fisheries.

In one of the most quoted sentences in contemporary interna-

tional relations scholarship, Robert W. Cox wrote, ‘‘Theory is always

for someone and for some purpose.’’ He went on to note, ‘‘All theories

have a perspective. Perspectives derive from a position in time and

space, specifically social and political time and space’’ (Cox 1996:87).
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Globalization theory is no exception. It aims at understanding and

explaining the evolving world order, with a goal of ensuring that the

direction it pursues is one that makes the future better than the past.

And that students of globalization widely differ on the means for

achieving their goal, most want to improve the lives of all – rich and

poor, rural and urban, fishers, fish managers, consumers, and corpor-

ate executives of major fishery-related corporations. Students of

global governance disagree on the details, but all are animated by a

belief that a different governance structure is needed to achieve such a

goal. Fittingly, this volume concludes with the most explicitly norma-

tive of chapters, those by Bratspies (Chapter 19) and by Dobson and

Regier (Chapter 20). And fittingly as well, though their goals seem

similar, the means for achieving them are not identical.
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Part I Impacts of globalization on
fisheries and aquatic habitats





W I L L I A M W . T A Y L O R , N A N C Y J . L E O N A R D , J U D F . K R A T Z E R ,

C H R I S G O D D A R D , A N D P A T R I C I A S T E W A R T

1

Globalization: implications for fish,
fisheries, and their management

People, nations, and ecosystems are becoming more integrated as

the exchange of goods and services among countries and ecosystems is

occurring at an ever-increasing rate. Transportation and communica-

tion systems over the past century have enhanced this integration,

which is resulting in a highly interdependent world community. This

phenomenon, referred to as globalization, has significantly affected the

world’s environmental and social systems (see Alder and Watson,

Chapter 2; Rose and Molloy, Chapter 4; Ruddle, Chapter 8; Frank et al.,

Chapter 16), and has captured the attention of the public and profes-

sionals from a wide spectrum of disciplines. Globalization is defined as

‘‘the widening, deepening and speeding up of worldwide interconnect-

edness in all aspects of contemporary social life, from the cultural to

the criminal, the financial to the spiritual’’ (Held et al. 1999:2).

The attention given to recent issues related to globalization,

e.g., cultural and economic influences, may lead many to think that

globalization is an entirely new trend in human history. Globaliza-

tion, however, is hardly new and can be traced back to the time when

individuals and communities began interacting and exchanging goods

with one another (Lentner 2000; Simmons and Oudraat 2001). What is

new is the accelerated rate of these interactions and exchanges begin-

ning during the latter part of the twentieth century. This acceleration is

related to the significantly improved communication and transporta-

tion systems that have allowed for the rapid transfer of goods, services,

and knowledge throughout the world. This rapid exchange has also been

the impetus for improving methods for worldwide trade, which have

resulted in increasingly opened borders among economic sectors, and

thereby further facilitated exchanges among nations (Friedman 2000).

In addition to the more accessible international market (Ihonvbere

1996), the reduction in impediments to global communication and
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trade is also facilitating the worldwide exchange of knowledge and

technology. Emerging from this growing exchange among cultures and

nations is the increased harmonization and homogenization of our tech-

nology, businesses, knowledge, cultures, and societal values.

The integration of societies is a result of the processes of global-

ization as well as a driver facilitating greater globalization. Harmon-

ization and homogenization provide societies with commonalities

that further enable and enhance global interactions among nations.

Two of the products of this integration are the almost seamless com-

munication and transportation networks that underpin the rate and

magnitude of the acceleration of globalization. In particular, the World

Wide Web, an important part of today’s communication sector, is allow-

ing us to exchange information more rapidly and effectively than

ever before with more individuals and across larger geographic dis-

tances. These advances in communication have made it possible for

a remote village to connect with the rest of the world through the use

of satellite technology. Additionally, the transportation network, inclu-

ding railroads, shipping lanes, canals, and airports, is providing the

world with more reliable and expeditious transportation and allowing

greater numbers of people and cargo to traverse large geographic dis-

tances faster than ever before. The concurrent development of highly

efficient and coordinated transportation networks and communication

systems has played an important role in the exchange of goods and

ideas between individuals, communities, and nations. This, in turn, has

spurred governance systems related to commerce to become more

integrated to increase the effectiveness of international trade. The

result of these advances and integration has been the ability rapidly

to deliver products, such as live or fresh fish products, to almost any-

where in the global marketplace.

Though it has many positive effects, globalization is also having

negative impacts on individuals and their environment. As globaliza-

tion facilitates exchanges and increases the speed of both interactions

and transfer of goods among distant people, unwanted hitchhikers,

such as human and animal diseases, are being transported rapidly

across geographic and societal borders. Recent examples of these unin-

tentional exchanges include the threat to both humans and livestock

from avian flu in poultry, mad cow disease in cattle, and the severe

acute respiratory syndrome (SARS) epidemic in humans (Centers for

Disease Control and Prevention 2006; World Health Organization

2006). Natural systems are also affected by this increased exchange,

which has facilitated the introduction and spread of non-native species
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that are drastically altering many ecosystems. The rapid exchange of

live organisms between regional communities and the ease with which

these exchanges can translate from the local to the global scale create a

need to maintain a constant watch on international affairs to minimize

emerging threats to the socioeconomic and natural ecosystems.

In this chapter, we introduce the impact that the intensification of

globalization has on the aquatic ecosystems, fisheries, and their man-

agement. We provide a brief overview of how globalization, through

fishing pressure, alterations of aquatic ecosystems, and the rapid expan-

sion of the aquaculture industry, is affecting fish stocks. Additionally,

we examine how the influence of globalization on natural resources is

requiring a change in the approach used to manage fisheries to assure

that the challenges arising from this growing influence are successfully

met. We conclude with a look at the future of fisheries management in

this increasingly globalized world.

G L O B A L I Z A T I O N O F F I S H E R I E S

Natural resources such as fisheries stocks are affected by the global

integration of nations’ economies, industries, policies, and cultures.

Globalization’s impacts on these resources have been associated with

technological improvements. Some of these new technologies related

to fishing allow for greater accessibility to fish populations that are

located farther from fishing ports and also to those fish stocks that

reside at great depth (Thiele 2001). While globalization has increased

the fishing industry’s ability to harvest, store, process, and market

fish products, this phenomenon has also been associated with the

degradation of aquatic ecosystems. This degradation is related to

human disturbance of the natural ecosystem, which often results in

increased sediment, nutrient, and contaminant loads being intro-

duced into waterways, such as those from agricultural, residential,

and industrial discharges. Additionally, the introduction of exotic

species through the construction of canals and ballast water discharge

has also led to the destruction of critical fish habitat (Mills et al. 1993;

Cohen 1999; McClanahan 2002). These impacts, in turn, affect the

biological diversity, productivity, abundance, and health of the fishery

ecosystem.

Importantly, globalization also provides us with the knowl-

edge, socioeconomic incentives, and technological abilities to restore

aquatic ecosystems. For instance, globalization has facilitated the

growth of an effective and efficient aquaculture industry which,
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while providing the protein needs of an increasing human population,

enables fisheries managers to reduce the wild harvest catch, thereby

allowing for the rehabilitation of depleted stocks (e.g., Pacific salmon;

see Taylor and Leonard, Chapter 12). In the following sections, we will

elaborate on the impact of globalization on fisheries ecosystems in

four main areas: fishing pressure, aquatic ecosystem degradation, fish

habitat restoration, and aquaculture. These areas, the majority of

factors that influence fisheries, are developed further in other chap-

ters of this book.

Fishing pressure

Recreational fisheries have benefited from the advancements in com-

munication and transportation technologies associated with globali-

zation. These benefits are primarily related to the increased ease of

accessing previously unknown or inaccessible fishing sites by a

greater number of anglers. For instance, the World Wide Web is an

accessible source of information that anglers can use to find informa-

tion on location, access points and fishing conditions on local or dis-

tant fishing sites (e.g., Recreational Boating and Fishing Foundation,

Maumee Bait and Tackle Shop1). The ease of obtaining fishing informa-

tion may prove especially valuable in assisting anglers in accessing

fishery resources distant from their homes or to novice anglers learn-

ing about local fishing spots. The use of this communication network

was documented by a target market focus group conducted on ‘‘avid

American anglers,’’ which indicated that there is a tendency for a

portion of sport fishers, especially tournament anglers, to utilize the

Web when searching for information on sport fishing (Responsive

Management National Office 1999:36–37). Although the exact level

of Web usage by American sport anglers was undetermined in the

1999 report from the Responsive Management National Office, it was

observed to be low in a 1999 survey of all fishing license holders in

New Hampshire (Salz and Loomis 2001:11). We expect Web usage to

increase as more people gain access to and familiarity with the Web

and discover the wealth of fishing-related information available on

these sites. A side effect of this availability of information is the appar-

ent continuing increase, in the number of individuals wanting access

1 Recreational Boating and Fishing Foundation, 601 N. Fairfax St., Suite 140,

Alexandria, VA 22314, www.rbff.org/; Maumee Bait and Tackle Shop, 104

E. Wayne St., Maumee, OH, 43537, www.maumeetackle.net/
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to the same resource. In some situations, this increasing number of

both local and non-local residents interested in using a specific aquatic

resource has provided a context for conflict between various stake-

holder groups. This increasing and frequently conflicting demand on

the aquatic resource has forced managers to contend with the needs of

the local fishery and its habitat while balancing the demands of these

stakeholder groups in determining how these resources should be

managed and utilized, e.g., fishing, boating, swimming (Jones 1996;

Miranda 2001).

In addition to the progress made in the communication net-

works, the dramatic improvements in the world’s transportation net-

works (roads, aircraft, and ships) is facilitating the expansion of fishing

opportunities by providing anglers with relatively easy and inexpen-

sive access to once isolated fishing locations worldwide. This improved

transportation system, combined with the general increase in available

leisure time, increased disposable income, and improved fishing facil-

ities and access capabilities has resulted in greater participation and

improved economic health of the recreational and charter fishing

industries in the United States (Dawson et al. 1989; Lichtkoppler and

Hushak 1993). The strength of this industry is evidenced by the magni-

tude of the U.S. recreational marine and freshwater fishing industry.

During 2001, the U.S. recreational fishing industry was estimated to

have generated more than $41 billion from anglers’ direct expendi-

tures on traveling to fishing locations, lodging, food, fishing equip-

ment, licenses, boats, and the hiring of guides (Southwick Associates

2002). An important benefit of this increase in recreational users is the

increasing number of individuals who are invested in and concerned

with the health of aquatic ecosystems and thus participating in sustain-

able stewardship practices.

The commercial fishing industry has also benefited from global-

ization and associated technological improvements. The invention of

the factory trawling operation is an example of advancement in fish-

ing gear and boats that relied on the innovations of globalization for

its development and profitability (Warner 1983; Harris 1998; Kennelly

and Broadhurst 2002; Cole 2003). The fishing technological innova-

tions facilitated by globalization are allowing for the location and

capture of larger numbers of fish per unit of effort, processing fish

with onboard filleting machines, and preserving fish using freezer

technology until the trawler returns to its port. This results in larger

amounts of fish harvested and the ability to fish in areas distant from

the fishing vessel’s home port, thus opening new fishing grounds

Implications for fish, fisheries, and their management 25



when the near-port fisheries become less available and unprofitable.

In concert with these on-board fishing innovations, the advancement

in communication technology provides owners of fishing industries

the ability to identify consumers residing across a larger geographical

expanse and to transport fish products to these widespread custo-

mers. This broader consumer base also serves to provide the needed

market demand for purchasing the substantially larger fish catch

harvested by the improved trawlers. The increase in fishers’ abilities

to harvest and market fish products locally and globally has led to an

increase in fishing pressure on commercially targeted fish stocks as

fishers seek to maximize their harvest per unit effort while minimiz-

ing costs. In 1998, commercial operators worldwide provided nearly

40 percent of total fish harvest to the international marketplace

(Le Sann 1998). However, consumer demand and fishers’ abilities to

meet this increasing demand have led to unsustainable pressure on

many fish stocks. An estimated 10 percent of the main commercial

stocks or species are being significantly depleted, 18 percent are over-

exploited, and 47 percent of the stocks are fully exploited (FAO

Fisheries Department 2002).

Aquatic ecosystem degradation

Globalization is contributing to the worldwide degradation of aquatic

ecosystems. This degradation is taking place in numerous ways, both

directly and indirectly. Two of the main impacts on fishery ecosystems

are the increasing demand for fresh water by local residents and

distant consumers, which has the potential to decrease both the quan-

tity and quality of the fresh water available to the natural system

(Barlow 2001; Gleick et al. 2002), and the changes in ecosystem com-

position that occur with the introduction and establishment of aquatic

exotic species (Mills et al. 1993).

The increasing demands for the world’s limited fresh water by

all sectors of society are significantly affecting fisheries productivity.

Though the exact percentage of use varies by region, agriculture usu-

ally ranks high among users of fresh water (about 70 percent), followed

by industrial (about 20 percent) and household users (about 10 percent),

with the amount and quality of the water returning to the natural

system after being used varying, depending on the activity (Serageldin

1999; Cosgrove and Rijsberman 2000). Noticeably absent from the

user categories listed above is water needed for ecosystem services.

These needs are of paramount importance to ecosystem integrity and
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fisheries productivity, yet generally little consideration is given to

the needs of fish, other aquatic organism, and their aquatic habitats

(Gleick et al. 2002). Additionally, pressures placed on fresh water re-

sources by society have led to alterations of landscapes and waterways

that severely affect aquatic ecosystems. The development of water-

sheds to support human activities (i.e., residential development, agri-

cultural and industrial activities) has resulted in increased sediment

loading in waterways and anthropogenic pollutants that reduce both

the quantity and quality of the fresh water resource. Thus societal

consumption of fresh water has led to the degradation of aquatic

ecosystems and their embedded fish habitats. These degradations

thereby decrease the productivity and health of fish populations

(Lake Michigan Federation 2002; Tanner and Tody 2002), as evi-

denced by the need for restrictive harvest regulations and the establish-

ment of fish consumption advisories (see Environmental Protection

Agency 2006).

An extreme example of how the water demands of society can

severely affect the biota and health of aquatic ecosystems when its

needs are ignored is the Aral Sea. The Aral Sea, bordered by Kazakhstan

and Uzbekistan, has been severely affected by water withdrawal

and water quality degradation through human activities. Diversion

of 94 percent of the water from the Amu Darya and Syr Darya,

tributaries to the Aral Sea, led to a substantial reduction in volume

(75 percent) of the Aral Sea between 1960 and 1995. This resulted

in the extinction of 20 of its 24 endemic fish populations, and the

loss of 44 000 tonnes of fish harvest annually and of 60 000 jobs

locally (Abramovitz 1996). The impacts of decreased water quantity and

quality on the Aral Sea’s aquatic ecosystem strongly illustrate the link

between a healthy and sustainable fishery and water security, a story

repeated worldwide (e.g., CALFED Bay-Delta Program in California).

Introduction and successful establishments of aquatic exotic

species are a significant threat to the health of aquatic ecosystems.

The rate of introductions, as detected in the Great Lakes (Mills et al.

1993), appears to have increased with the rapid expansion and recent

technological advances in transportation systems that have facilitated

trade and consequently the movement of live organisms. The trans-

portation of these organisms can occur either intentionally, such as

live cargo for the pet trade or the aquaculture industry, or uninten-

tionally, such as species found within a ship’s ballast water. Inten-

tional official introductions of exotic species as a food source, for

increased recreational fishing opportunity, or for biological control
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of exotic species, are taking place throughout the world.2 Species such

as the common carp (Cyprinus carpio), brown trout (Salmo trutta), chi-

nook salmon (Oncorhynchus tshawytscha), and coho salmon (O. kisutch)

were intentionally introduced to inland U.S. waters to provide a new

food source, or recreational fishing opportunity, or to control exotic

species. Brown trout and common carp were transported in 1881 and

1877, respectively, from Europe to North America to improve fisheries

(Nielson 1999). Chinook and coho salmon were brought from Oregon

to the Great Lakes in 1964–65 to create a recreational fishery (Nielson

1999) that would also prey on the problematic exotic alewives (Alosa

pseudoharengus) (Tanner and Tody 2002).

Though a number of these official intentional introductions

have had significant societal benefits, many also have detrimental

impacts on the native ecosystem and their species (Mills et al. 1993;

Manchester and Bullock 2000). The common carp, introduced as a food

source in the Great Lakes, alters native aquatic habitats by uprooting

vegetation, increasing water turbidity, degrading fish habitat, and redu-

cing aquatic productivity (Mills et al. 1993). The introduction of a non-

native salmonid in the Colorado River has resulted in hybridization of

the native Colorado River cutthroat trout (Oncorhynchus clarki pleuriticus),

decreasing the abundance of this native species (Novinger and Rahel

2003). Introduction of the chinook salmon in Lake Ontario for increased

recreational fishing (Nielson 1999; Tanner and Tody 2002) seems to be

having a negative impact on the reproductive success of the native

Atlantic salmon (Salmo salar) by allegedly delaying the onset of spawning,

and increasing activity and mortality levels of the native salmonids

(Scott et al. 2003). Many fisheries management activities now focus on

reducing or eliminating these intentional introductions to rehabilitate

native species. An example is the elimination of rainbow trout (Oncor-

hynchus mykiss) and other non-native salmonids from rivers in the Great

Smoky Mountains National Park, USA, to restore native brook trout

(Salvelinus fontinalis) populations (Kulp and Moore 2000).

Vectors of unintentional introduction include releases from

the live fish food market, the aquaculture industry (e.g., Asian carp,

2 Official introductions refer to introductions of exotic species that were coordi-

nated and implemented by a governmental organization. Thus introductions that

were intentionally implemented by an individual citizen without the sanction of

the responsible government agency, such as release of a pet fish, are not included

under the ‘‘official’’ introduction category but instead are included under the

‘‘unintentional’’ category.
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Cyprinidae family), the exotic aquarium trade (e.g., goldfish, Caras-

sius auratus, and snakehead, Channa spp.), live bait fish release and

ballast water from shipping vessels (e.g., zebra and quagga mussels,

Dreissena spp.; round goby, Neogobius melanostomus; see Mills et al. 1993;

Koel et al. 2000; Florida Fish and Wildlife Conservation Commission

2001; USGS 2003a, b, c). In addition to these vectors, the extensive

infrastructure of canals and locks constructed to support the shipping

industry has contributed to the spread of exotics by joining separated

bodies of waters. Well-known examples in the Great Lakes are the Erie

Barge Canal and Welland Canal, which facilitated the expansion of

alewife and sea lamprey populations into the Great Lakes (Scott and

Crossman 1998). Overall, unintentional introduction of exotic spe-

cies has generally affected native species through competition for

food and habitat, predation, and parasitism (Marsden and Jude 1995;

USGS 2002).

Rehabilitation of fish habitat

Globalization, conversely, also provides the information, finances,

and tools necessary to restore degraded aquatic ecosystems. The com-

munication networks arising with globalization have provided scien-

tists and managers with the ability to share technological advances

and knowledge for the protection and rehabilitation of fish and their

habitats. An example of how international collaboration and sharing

of scientific knowledge among all levels of governance is improving a

degraded aquatic ecosystem is the North American Laurentian Great

Lakes. Great Lakes water quality and shoreline habitat were severely

degraded by human activities during the early twentieth century

(Beeton et al. 1999). The governments of the United States and

Canada, in response to this water security concern, agreed to establish

the International Joint Commission (IJC) through the signing of the

1909 Boundary Waters Treaty. This treaty provides the principles and

mechanisms to resolve and prevent disputes about water quantity and

quality along the boundary between Canada and the United States,

including the Great Lakes (IJC 1989). Furthermore, in 1978, both

nations signed the Great Lakes Water Quality Agreement, which pro-

tects water quality in the upper Great Lakes (Superior, Huron, and

Michigan) and restores and improves water quality in the lower Great

Lakes (Erie and Ontario), thus enhancing the two countries’ resolu-

tion to protect the integrity of the Great Lakes water resource. A key

factor for the success of these agreements was the empowerment of
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individuals and institutions at the local, regional, national, and inter-

national levels which resulted in the necessary changes for attaining

these goals. Moreover, these improvements in water quality were

facilitated with the aid of scientific and technological improvements

from around the globe that allowed for such innovations as the devel-

opment and installation of water treatment plants to eliminate or

reduce raw sewage from being directly released into the Great Lakes.

The culmination of all these factors, international agreements, public

empowerment, and science and technological advancements was

the successful outcome of these binational agreements in making the

Great Lakes ecosystem healthier than it was during the early twentieth

century (Beeton et al. 1999).

It is important to recognize that the ability to restore degraded

aquatic ecosystems depends on economic resources and the political

will of people at all levels of governance. In the United States and

Canada, the push for restoring the Great Lakes ecosystem occurred

during the mid-twentieth century. This was a time period characterized

by a robust and growing economy and aquatic ecosystem degradation

that was becoming increasingly visible. For example, when the

Cuyahoga River in Ohio caught on fire, the event was widely commu-

nicated through the print and broadcast media, thereby galvanizing

public environmental sentiment (Hummer 2001; BBC-h2g2 2004). This

economic wealth overlapping with increasing political and public

support as well as the rise of environmental non-governmental organ-

izations (NGOs) that represented the concern of various public seg-

ments to improve the health of the environment allowed for the

passing of many foundational environmental acts at various levels of

governance. Examples of these are the 1948 Federal Water Pollution

Control Act, revised in 1972 as the Clean Water Act, and the 1973 U.S.

Endangered Species Act, which created policy that focused on the

rehabilitation of degraded ecosystems. On an international level, soci-

etal sentiment to protect and restore ecosystems and their fauna has

been growing, as exhibited through the signing of international envir-

onmental agreements such as the 1971 Convention on Wetlands of

International Importance Especially as Waterfowl Habitat (Ramsar

Convention), the 1992 Convention on Biological Diversity, and the

1973 Convention to Regulate International Trade in Endangered Spe-

cies of Flora and Fauna. Thus, globalization has the potential to provide

the economic, political, and social incentives at local and global levels

of governance to restore and enhance fish stocks and their habitats

throughout the world.
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Aquaculture

The knowledge and techniques used in producing fish in aquaculture

systems, as well as the ability to transfer fish stocks among facilities,

have been greatly enhanced by the influence of globalization. Global-

ization has permitted the sharing of new technologies that have in-

creased the ability to grow, process, market, and sell an increasing

variety of fish products throughout the world. These new technologies

include advances in transportation systems, hatchery design, water

treatment, diet formulation, brood stock composition, and improved

diagnosis and treatment of fish health problems.

These technological improvements, combined with the ability

to process and transport fish worldwide, are providing fisheries

managers with an important source of fish to use in management.

Aquaculture-reared fish can be used for creating and/or improving

recreational and commercial fisheries, rehabilitating wild stocks, and

assisting in the preservation of threatened and endangered spe-

cies (Heidinger 1999; Rahel et al. 1999). For instance, in the North

American Laurentian Great Lakes, aquaculture is providing the

means for mitigating the loss of fisheries related to ecosystem degra-

dations. This includes the ability to introduce new species, such as

salmon (Oncorhynchus spp.), which created a valuable recreational fish-

ery; to assist in the rehabilitation of lake trout (Salvelinus namaycush)

by supplementing natural populations with aquaculture-raised indi-

viduals; and to preserve lake sturgeon (Acipenser fulvescens) stocks. Simi-

lar use of aquaculture-reared fish can be observed worldwide (Hansen

1999; Heidinger 1999; Rahel et al. 1999).

The development of the aquaculture industry, facilitated by these

technological advancements, is also providing society with an alter-

native source of fish protein for human consumption (see Knudson

and Peterson, Chapter 18). The production capacity of the aquaculture

industry has exponentially increased during the past decade (Anon-

ymous 2003a, b) (Fig. 1.1) and has become an important, reliable and

affordable year-round source of fish products for both local and global

markets. The ‘‘Blue Revolution’’ (Anonymous 2003a, b) resulted in a

substantial growth of the aquaculture industry, with the industry aug-

menting its contribution to the worldwide fish market from 5 percent

in 1985 to 33 percent within a 15-year period (Robbins 2001). Although

the aquaculture industry has provided an increasing proportion of

the protein source to the world’s citizens and has helped reduce the

harvest of selected wild stocks, e.g., Pacific salmon (see Taylor and
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Leonard, Chapter 12), it also has been associated with negative impacts

on aquatic ecosystems and related fisheries. These include overharvest

of fish species used for fish feed in aquaculture operations, habitat

destruction, hybridization between wild fish and genetically modified

fish, disease and parasite outbreaks, and water quality degradation

(Robbins 2001; Alaska Department of Fish and Game 2002; see Rose

and Molloy, Chapter 4; Molnar and Daniels, Chapter 11; Knudson and

Peterson, Chapter 18; Bratspies, Chapter 19).

F I S H E R I E S M A N A G E R S A N D G L O B A L I Z A T I O N

Fishers harvesting oceanic fish stocks located outside of their coun-

try’s exclusive economic zone (EEZ) have long been aware of the impact

of globalization on fisheries. This awareness can be observed in the

response actions they selected to implement with the aim of protect-

ing the fishery from global influence. The cod fishery in the northern

Atlantic Ocean and the associated response of fishers and governments to

the global influence acting on this fishery are one illustration of this

long-held knowledge. The northern Atlantic cod fishery experienced a

rapid destruction following the advent of more advanced fishing vessels,

improved harvesting equipment, increased number of nations and fish-

ing vessels targeting the same fish stock, and mismanagement (Warner

1983; Parsons and Beckett 1997; Roy 1997; Harris 1998; Wright 2001;

Kennelly and Broadhurst 2002). Recognizing the threat of this growing

global fleet and its increasing efficiency at harvesting large numbers of

cod per unit of effort, Canada extended its 2-mile exclusive economic
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zone to 200 miles in 1977 (Roy 1997). This response was aimed at

excluding foreign vessels from harvesting cod stocks located near the

Canadian coast, thereby limiting the influence of foreign fishing vessels

on the fishery. However, the response was too late, thus ineffective

because the combined pressures of the fishery prior to 1977 had already

substantially reduced the cod population. The continued and intensi-

fied fishing by both Canadian fishers within the 200-mile EEZ and

foreign fishing nations outside the EEZ led to the collapse of the

North Atlantic cod fishery in 1992 (Roy 1997).

Unlike oceanic fisheries, most inland fisheries management,

whether managing stocks that are shared or wholly owned by one

nation, has had limited consideration for the influence of globalization

on fish stocks. This limited consideration may partially be due to the

less conspicuous aspects of globalization acting on inland fisheries.

Examples of these less conspicuous aspects include the exchange of

fish products and fisheries technology between nations and increased

access to fisheries resources located in deeper and more distant waters.

The governance structure for inland fisheries management also con-

tributed to the minimal attention given to global factors acting on the

local environment and fisheries. The responsibilities of most inland

fisheries managers were designed to focus on local fish stocks and local

activities affecting these stocks and their habitat. In the absence of

acknowledgment of the global influence on fish stocks, the manage-

ment strategies of local fisheries managers have consisted of localized

action such as banning gear, establishing catch regulations on total

number and the size of fish harvested, stocking fish and, in some cases,

establishing no-fishing areas (Noble and Jones 1993). Therefore, man-

agement decisions infrequently considered the effect of external fac-

tors on local fisheries such as evaluating the demand from foreign

nations for local fisheries, or how local management decisions may

affect fisheries located outside of their jurisdictions. This approach is

changing rapidly, partially because ecosystems and the goods and

services they produce are being more visibly affected by decisions

from outside the local communities’ boundaries, and because research-

ers are undertaking more globally oriented studies (see Vincent et al.,

Chapter 7; Pollnac, Chapter 9; Folland and Schechter, Chapter 13) as

fisheries professionals’ recognition of the external influences acting on

local fish stocks is heightened.

Recognition that impacts on inland and oceanic fisheries ecosys-

tems arise from a variety of sources that originate from local and

external communities is compelling fisheries managers to incorporate
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these influences into their management plans. This necessary expan-

sion of focus, especially for inland fisheries, results in a need to alter

fisheries management philosophy and practice to address officially the

global characteristics of these impacts. For instance, the establishment

of multijurisdictional fisheries management organizations, such as the

Great Lakes Fishery Commission3 and MICRA,4 provides a forum for

managers to address external factors acting on their shared resources

to ensure their sustainability. If managers fail to incorporate within

their fisheries management plans all local and global factors affecting a

fisheries resource, their plans will likely result in an unsustainable

fishery and ecosystem degradation (see Alder and Watson, Chapter 2).

This will culminate in the classic scenario of Garrett Hardin’s ‘‘Tragedy

of the Commons’’ (1968), whereby many stakeholders are exploiting

the same ecosystem and maximizing their individual gain without

assessing the combined impact on the ecosystem.

Implications of global stakeholders on fisheries

management

As mentioned previously, the number and types of stakeholders with

interest in a given aquatic ecosystem are increasing as globalization

facilitates access to these resources. This change is affecting fisheries

management most notably with respect to the role of the public

and the incorporation of multijurisdictional governance tools and for-

ums. Globalization is providing the public with the tools to become

more efficiently organized through the development of NGOs that

can effectively engage and influence fisheries management agencies.

Additionally, by facilitating cooperation among fisheries management

organizations and their stakeholders, globalization is increasing the

likelihood that all interested parties are included in the management

discussions of shared stocks through multijurisdictional policies and

related organizations.

The public is also increasing its ability to influence fisheries

management as changes associated with globalization facilitate the

public’s abilities to play a significant role in determining the policy

actions of management agencies. Improvements in communication,

3 Great Lakes Fishery Commission, 2100 Commonwealth Boulevard, Suite 100,

Ann Arbor, MI 48105, www.glfc.org
4 Mississippi Interstate Cooperative Resource Association (MICRA), P.O. Box 774,

Betterndorf, IA 52722, www.aux.cerc.cr.usgs.gov/MICRA/
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especially the development of the Web, have made it easier for people

to communicate with groups that share their interest. This has aug-

mented the likelihood of providing a unified voice for their interests

and concerns to be transmitted to the agency and the public at large.

For instance, a recreational angler concerned with protecting salmo-

nids and their habitats can now more easily locate and join organized

stakeholder groups that represent the angler’s interests, such as Trout

Unlimited.5 By having a unified voice, fishers can ensure that their

personal interests are considered in the development and implementa-

tion of management plans that are complimentary with their interests.

The Whale and Dolphin Conservation Society6 is an example of a

society that successfully advocated for the decrease of dolphin bycatch

in the tuna fishery. The public pressure created by the society resulted

in changes in tuna harvest methods, the creation of dolphin-safe tuna

labels (Hunter et al. 2002), and empowerment of consumers in influen-

cing harvest techniques used by national and international fishing

fleets (see Peterson and Fronc, Chapter 17). The effectiveness of the

Whale and Dolphin Conservation Society in achieving its goal of redu-

cing dolphin bycatch mortality by generating the needed financial and

political support was greatly facilitated by the tools of globalization.

In addition to the increasingly organized role and engagement

of the public in resource management, fisheries managers are facing

new challenges as improvements in the transportation network are

allowing more and distant fishers access to local stocks. This expan-

sion in the number and diversity of fishery stakeholders increases the

complexity of fisheries managers’ responsibilities. In the past, man-

agers worked within small, easily defined jurisdictions and with

few stakeholder types, such as local residents interested in angling

and localized water use. Today, fisheries and aquatic managers gen-

erally have to contend with demands from diverse stakeholder groups

that lie across geopolitical boundaries. Thus, the expectations and

demands of these stakeholders now influence fisheries management

from the local level to the regional, national, and international com-

munities (Warner 1983; Pollock et al. 1994), and require that fisheries

managers contend with this growing global pressure on their fish

communities and habitats.

5 Trout Unlimited, 1300 N. 17th St. Suite 500, Arlington, VA 22209, www.tu.org/

index.asp#
6 The Whale and Dolphin Conservation Society, Brookfield House, 38 St. Paul

Street, Chippenham, Wiltshire, UK, www.wdcs.org
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Approaches for handling these cross-jurisdictional pressures

include a large repertoire of agreements, conventions, and treaties

that influence the local and global management of fish populations

with respect to the timing, locations, methods, and quantities of a

species that can be harvested. For instance, the signatory countries to

the 1995 United Nations Straddling and Highly Migratory Fish Stocks

Convention (United Nations 1982) agreed to harvest selected fish stocks

in a sustainable manner promoting long-term conservation of these

species. Commissions are another means by which to construct policy

for sustainable fisheries. These work toward coalescing diverse stake-

holders’ values into a common management plan that provides opti-

mal benefits for all while protecting the fish stocks (Cole 2003). These

commissions are engaging in cross-jurisdictional activities at the local,

regional, national, and global levels of governance. They are composed

of representatives from multiple jurisdictions and, generally, they

aid in facilitating internationally based cooperative efforts to protect,

rehabilitate, or enhance shared fisheries. Illustrations of fisheries man-

agement organizations attempting to manage oceanic fisheries influ-

enced by globalization include international fishery commissions such

as the Commission for the Conservation of Southern Bluefin Tuna, the

Inter-American Tropical Tuna Commission, the Great Lakes Fishery

Commission, and the International Whaling Commission.7

Agreements, treaties, conventions, and organizations, however,

are sometimes limited in their abilities to assure proper management

of shared stocks. For instance, Radonski (1991) summarized the appar-

ent failure of the contracting parties of the International Commission

of the Conservation of Atlantic Tuna (ICCAT) to meet their responsi-

bility to maintain tuna populations at a level that would allow the

maximum sustainable catch for human use. Despite data that indicated

that harvest reductions were necessary, these were never implemen-

ted. By 1998, the ICCAT parties acknowledged the problem of over-

exploitation and developed a concerted 20-year rebuilding program

for the western Atlantic bluefin tunas (SCRS 2005). Another example

of a multinational cooperative effort to manage a common fishery and

its industry has been the evolution of the 1970 Common Measures in

Europe into the 1983 Common Fishery Policy (Symes 1997; EC-Fisheries

1998; Song 1998). The Common Measures created a common fishery

market, assured equal access to fishing grounds, and provided structural

7 International Whaling Commission, The Red House, 135 Station Road,

Impington, Cambridge, Cambridgeshire, UK, www.iwcoffice.org
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improvements for fishing fleets and onshore installations for all

members of the European Community. The Common Fishery Policy

(CFP) contains similar aspects to the Common Measures but is expanded

to include conservation of fish stocks through regulations on harvest

and gear types, allowance of the European Community to represent its

members in international fishing agreements and organizations, and

the establishment of a means to assure that CFP rules are respected and

enforced by member states. The success of the CFP in attaining its

conservation goals while balancing the socioeconomic components of

the fishery is controversial. Its greatest success has been its ability to

negotiate third-party fishing agreements for its member states while

making modest progress in balancing harvest and fish availability

(Laurec and Armstrong 1997; Symes 1997; Song 1998; Hatcher and

Robinson 1999). A multijurisdictional strategic plan that is successful

in unifying two nations and their states, provinces, and tribal author-

ities is the Great Lakes Joint Strategic Plan for Fisheries Management

(GLFC) (Dochoda 1999). This plan has helped increase the coordination of

fisheries management agencies throughout the Great Lakes Basin,

resulting in the enhancement of fisheries productivity and societal

benefits.

Use of communication networks and technologies

in fisheries

With globalization, fisheries managers and conservation officers are

finding themselves responsible for monitoring fish stocks and enfor-

cing fisheries regulations over an expanding territory. Fisheries pro-

fessionals, therefore, need the skills and information to participate

effectively and efficiently in cross-jurisdictional management activ-

ities. One of the requirements for successful cooperative management

is the ability to communicate ideas freely and broadly and to have

access to common information sources. The technological and com-

munication advancements over the past century have provided the

means for facilitating this level of information exchange, enhancing

coordination and enabling fisheries agencies to become more effective

at monitoring, managing shared fish stocks, and enforcing fisheries

regulations.

The development of important tools for sampling, analyzing,

monitoring, reporting, and enforcing fisheries regulations is facilitat-

ing interjurisdictional management. For instance, scientists are now

better equipped to study fish movement with the use of telemetry
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equipment using radio or sonic tags (USGS 2000). Fish can be tracked

from land, boat, airplane, or satellite. Computer technology has allowed

for the development of global positioning systems (GPS) and geographic

information systems (GIS), which aid fisheries professionals in navigat-

ing to specific sites, recording exact locations, studying wild fish popu-

lations, rapidly analyzing data, and detecting status and trends of fish

abundance (USGS 2000). This information can be electronically trans-

ferred to an easily accessible database, where it is rapidly processed for

real-time use in management and enforcement (e.g., Peru’s anchovetta

commercial fleet).

Enforcement efforts have been greatly enhanced because of inno-

vations that allow for detection and monitoring of fishing vessels. These

technologies include use of aircraft, satellite imagery, and telecommu-

nication that survey and monitor where a fishing boat is located and

when it is deploying its fishing gear (Pollock et al. 1994; Keus 1997).

The liberation of trade in goods and ideas also has set in motion many

cooperative ventures between local fisheries professionals and their

enforcement colleagues worldwide. This liberation of communication

pathways is enabling law enforcement officers to identify needs for

combined enforcement operations and overcome political barriers to

cooperate on cross-jurisdictional enforcement activities, e.g., through

informal agreements or more formal memorandums of understanding.

Enforcement of fisheries regulations along the Canada–U.S. border in

Lake Erie provides an example of such a combined enforcement effort,

in which officers from the U.S. Coast Guard, the U.S. Fish and Wildlife

Service, the Ohio Department of Natural Resources, the Michigan

Department of Natural Resources, the Pennsylvania Fish and Boat

Commission, the New York State Department of Environmental

Conservation, and the Ontario Ministry of Natural Resources joined

together to monitor for illegal commercial fishing incursions along

this international border (Kirshman and Leonard 2003).

C U L T U R E S A N D E T H I C S

Increasingly, globalization is making us aware of the diversity of values

held by various stakeholders in relation to management approaches

or valuation of fisheries (see Bratspies, Chapter 19; Dobson and Regier,

Chapter 20). Fisheries management in this globalized era is influen-

ced by the cultural and ethical differences of nations that have con-

verged as fishers and consumers from around the globe and interact in

relation to the demand and supply of fish products. In some instances,
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this convergence of fishers and consumers results in disagreements

and conflicts over issues such as which species to fish, which manage-

ment and harvest techniques to apply, and what levels of bycatch

mortalities are acceptable. Many of the conflicts arising from these

differences are being addressed either through lengthy negotiations

or more formally through the passing of law. Several examples of

fishery-related conflicts among nations exist, including those related

to the dolphin bycatch of the tuna fishery (Constance and Bonanno

1999), sea turtle (Sands 2000) and sea horse (see Vincent et al.,

Chapter 7) bycatch in shrimp harvest, and acceptable fishing gear.

The bycatch mortality of dolphins associated with the tuna

harvest in the eastern tropical Pacific was deemed ethically unaccep-

table by portions of the U.S. public, thus creating controversy among

the countries engaged in tuna harvest. Initially, this public pressure

prompted the U.S. government to pass the Marine Mammal Protection

Act of 1972 and the U.S. Dolphin Protection Consumer Information

Act in 1990. The latter identified and labeled dolphin-safe tuna prod-

ucts and prohibited the import of non-dolphin-safe tuna into the U.S.

market (Constance and Bonanno 1999). This course of action was

negatively viewed by nations such as Venezuela and Mexico, which

argued that this restriction was a violation of the General Agreement

on Tariffs and Trade (GATT) because the restriction unfairly discrimi-

nated against tuna harvested by fishers from Mexico and Venezuela.

Eventually, the obligation to assure the long-term sustainability of

dolphins and other associated marine species as stipulated under the

1982 United Nations Convention on the Law of the Sea led to the 1995

Panama Declaration, which established a cap on annual allowable

dolphin mortality associated with the tuna fishery (Constance and

Bonanno 1999).

Sea turtles are one of the species accidentally harvested in the

shrimp fishery (Sands 2000). Bycatch of sea turtles in shrimp trawls

caused ethical debates between some segments of the American public

and foreign shrimp operators who had not installed turtle excluder

devices (TEDs). TEDs allow turtles to escape through a trapdoor rather

than being drowned in the nets. This ultimately resulted in the mod-

ification of shrimp operators’ trawl nets to include the TEDs (Sands

2000). As in the dolphin-safe tuna harvesting controversy, the public

and political pressure to modify shrimp harvesting gear to accom-

modate sea turtles underwent a complex negotiation process in the

international forum, with the United States initially setting import

restrictions that led to discontent among other GATT parties. The
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issue was finally resolved to the benefit of the sea turtle populations

(Sands 2000).

Ethical questions affecting fisheries management have also orig-

inated in the use of fishing gear that damages aquatic habitats, such as

trawling, which results in sea floor destruction (USGS n.d.) and drift

nets, which kill a plethora of non-target species (Hunter et al. 2002:

699–700). Competition between large foreign fishing vessels and local

subsistence fishers for a fish stock is also a common ethical debate (see

Pollnac, Chapter 9). Ethical conflicts will continue to develop as diverse

stakeholders interact with one another, fish populations, and their

habitats. Decisions made at the international level, including interna-

tional law and policy, will determine how ethical dilemmas may be

resolved among communities and nations that harvest common fish

stocks and can be expected to expand over time.

T H E F U T U R E O F F I S H E R I E S M A N A G E M E N T I N A G L O B A L

E N V I R O N M E N T

To be successful in managing our globally influenced fisheries in a

sustainable manner, managers and policy-makers need to apply a

new way of thinking and a new approach to solving problems.

Fisheries managers no longer have the luxury of managing local fish-

eries in isolation from factors beyond their management jurisdictions

that are acting on their fisheries and aquatic ecosystems. Thus fisheries

management and policy need to evolve to meet the new challenges and

embrace the opportunities presented by an increasingly globalized

world. Therefore, we believe that to achieve sustainable fisheries,

managers need to be proactive in understanding, utilizing, and expand-

ing global networks that provide information on the social, economic,

political, and ecological conditions of world fisheries. The ability to

access and understand these networks will enable managers to assess

effectively the global influences on local fisheries and their ecosys-

tems, and allow for the design of responsive management plans

(Taylor et al. 1995).

A global structure to facilitate fisheries management is impera-

tive for the sustainability of our world’s fisheries. This structure re-

quires fisheries professionals to be more inclusive in their identification

of stakeholders (Lynch 2001) at all geopolitical scales. They must also

become more interdisciplinary in approach and establish communica-

tion links among private and public organizations spanning multiple

jurisdictions to achieve cooperative management of shared fisheries
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resources. The creation of these links should result in the development

and maintenance of a highly interactive and dynamic global social

network among fisheries professionals that allows for discussion and

resolution of management challenges and conflicts at all levels of

governance. This would allow management institutions to be able to

respond rapidly to changes in fisheries ecosystems in a cooperative

effort across multiple jurisdictions, thereby facilitating the implemen-

tation of joint ventures and enforcement activities among local, re-

gional, national, and international jurisdictions. In the absence of such

a structure, the future of sustainable fisheries and healthy ecosystems

is unpredictable at best and dismal at worst as the lack of inter-

jurisdictional cooperation will render most local management plans

ineffective.

Equally important, globalization will increase stakeholders’ and

managers’ exposure to cultural and ethical differences that affect the

management and valuation of fish, their habitats, and their ecosys-

tems. For sustainable fisheries to become a reality, managers will

need to improve their understanding of stakeholder differences to

incorporate the multifaceted and often divergent values of the pub-

lic in their management plans. Only by doing so will it be possible

to sustain the health of the world’s fisheries resources and their

ecosystems.
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2

Fisheries globalization: fair trade
or piracy?

I N T R O D U C T I O N

The international trade in marine fishery products is big business

despite the global decline in marine fish landings. Nearly 40 percent

of world fish production is traded globally – much more than for other

food staples such as wheat (20 percent) and rice (5 percent) (FAO 2001).

The implementation of United Nations Convention on Law of the Sea

(UNCLOS) and the trend toward globalization of business, banking, and

telecommunications, trade liberalization, and the expansion of fishing

fleets over the past 50 years have increased the commerce of fish

products with a net flow of fish from ‘‘the more needy to the less

needy [countries]’’ (Kent 1983) or from the developing to the developed

world (FAO 2002a). Traded fish products are important commodities for

developing countries, including those facing food security issues. The

trading of fish has not just extended spatially to cover most regions of

the world; it has also expanded in volume and value. The earliest global

estimate of fish trading in 1963 was 5.3 million tonnes (OECD 1989).

Over the past 25 years, the total volume and value have increased

steadily since 1976, when detailed fish trade statistics were first recorded

(Fig. 2.1). In 1976, nearly 8 million tonnes of fish worth $8 billion were

traded. This increased to more than 49 million tonnes (live weight

equivalent) of exported fish products worth $56 billion traded globally

in 2001 (FAO 2000).

Fish trade at the international scale has been undertaken ever

since preservation techniques such as drying and salting were devel-

oped so that explorers and colonial settlers could survive, prosper, and

trade with their home countries. Since the 1950s, however, with engi-

neering advances in ship design and growing independence of many

colonial states, fish trading has expanded rapidly through distinct

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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stages. The first was the expansion of distant water fleets after World

War II through the mid 1970s; the second was the introduction of

UNCLOS and the declaration of economic exclusion zones (EEZ)

throughout the 1970s and early 1980s; and the current stage is the

development of neo-liberal economic polices and the strengthening of

the globalization process (Arbo and Hersoug 1997; Kurien 1998; Thorpe

and Bennett 2001).

The economic, political, and social dimensions of globalization

today (Nierop 1994; Waters 1995; Dunning 1997), make it difficult to

provide readers with a short and crisp definition to work with. Many

definitions focus on the economic dimension and describe globalization

in qualitative and quantitative terms, as exemplified by Oman (1999:37),

‘‘the growth or more precisely, the accelerated growth, of economic

activity that spans politically defined national and international bound-

aries.’’ This clearly encompasses the trend in the exporting and import-

ing of fishery products over the past 40 years. Globalization of the

fishing sector is not new – as early as the sixteenth century, fish trade

was undertaken at an international scale on the Grand Banks of Canada

(McCay and Finlayson 1995). The impact of globalization over the past 40

years, however, has increased rapidly and been much more widespread

than during the past four centuries. Between 1963 and 2001, exports

volume (live weight equivalent) increased from 5.3 million tonnes

(OECD 1989) to 49 million tonnes (FAO 2000).

Much of the discussion on traded fish products in the published

literature focuses on the monetary value of the trade (Deere 1999), and

products are often examined without the context of the landings or

stocks from which they originate – that is, the impact that removing
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the fish has on the ecosystem and the human communities that rely on

those ecosystems. Other aspects such as the environmental and social

impacts of trade in fish products are also poorly understood (Dommen

1999). Though the monetary value provides some insight into the trends

of the products, this information provides few insights into environ-

mental, social, or economic impacts of the trade of fish products.

It is generally agreed that much of the exports in fish products

are from developing to developed countries (Kent 1987; FAO 2002a),

and that developing countries are increasing their share of the value

of products. In 1976, developing countries traded 2.5 million tonnes of

marine fish and fish products worth $2.9 billion. In 2000, 13.2 million

tonnes worth $28 billion were traded (FAO 2000). In 2002, 50 percent

of the traded value of marine products originated in developing count-

ries (FAO 2002a), up from 34 percent in the early 1980s (Kent 1983).

However, few details on what fish are being traded between what

countries and how the benefits of trade flow between developing and

developed countries are reported.

The analysis of the trade of fish products is complex because total

production within the fishing sector is divided into marine, brackish,

and freshwater, and within these sectors it is divided into capture

fisheries and aquaculture. Marine capture landings of fish and inverte-

brates, however, made up more than 79 percent of total fish production

in 2001 (FAO 2000). In addition, marine capture fisheries account for

approximately 60 percent of the employment of fishers globally, the

largest source of employment within the fishing sector. Given this

economic and social reliance on marine capture fisheries, the value

of traded fish products is sensitive to changes in landings, and social

and economic ramifications ripple from international markets to local

food supplies and employment in coastal communities.

Using a rule-based analytical framework, we examined the

spatial and temporal changes in the increasing trade of four major

marine and brackish capture fisheries between 1976 and 2000; the

potential environmental, social, and economic impacts of this increas-

ing international trade of fishery products on global fish stocks; and

the consequential implications for the food security of developing

countries that rely on many of these fish stocks.

A N A L Y T I C A L F R A M E W O R K

The analysis is based on the FAO’s Fisheries Commodities Production

and Trade database (FAO 2000) and the marine capture fish landings,
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adjusted for many sources of error including China’s misreporting,

from the Sea Around Us Project database (Watson et al. 2004). Marine

and brackish fisheries were included in the analysis; freshwater and

anadromous (e.g., salmon) species were excluded. In the fisheries sector

with China included, marine capture fisheries represented 64 percent

of the global fish production, and marine aquaculture, inland capture

fisheries, and inland aquaculture provided the remaining production

(36 percent). The FAO groups of species: demersal, pelagic, crustaceans,

and cephalopods represent most of the marine products that are traded

globally and are analyzed here. Crustaceans and cephalopods (squids,

octopus, etc.) were grouped into invertebrates; other mollusk groups

such as bivalves were not included in this analysis because their trade

was very limited.

The Sea Around Us Project1 has disaggregated landing data from

the FAO and other sources to a finer spatial scale so that it is possible to

estimate annual landings extracted from individual EEZs using a num-

ber of criteria, including the distribution of commercially targeted

species and the access agreement observed fishing patterns of distant

water fleets (Watson et al. 2004). These disaggregated data are necessary

to differentiate between domestic and foreign catches within a partic-

ular EEZ. The data presented here are based on the annual values

averaged over 25 years, unless stated otherwise.

The FAO Aquaculture Production database was also accessed to

assist in determining the total landings of crustaceans because the

Commodities Production and Trade database does not differentiate

between wild and cultured crustaceans (FAO 2000).

The live weight of processed products in the Commodities Pro-

duction and Trade database is not recorded, only the processed weight

(e.g., loins, fillets, meal, oils, etc.). This makes comparisons between total

landings and exported landings difficult. All marine products were,

therefore, converted to equivalent live weight using conversion factors

from various sources.2 Double-counting of by-products of commodities,

such as oils from meals, was avoided by using a conversion factor of zero

for the by-product commodity. In general, trade flows of fish products

are described in terms of value because more than 90 percent of the fish

traded are processed into products with a higher value and, therefore,

live weight equivalent is not a meaningful measure for some quantita-

tive comparisons (Ruckes 2000). Live weight equivalent, however, is

1 See www.seaaroundus.org
2 Available at www.fao.org/fi/statist/fisoft/conv.asp
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necessary in this study to assess the impact of trade on the ecology of

marine ecosystems in addition to monetary value.

A set of rules was developed to allocate the exported products

to their likely country or area of origin for the top exporting and

importing countries (by volume) (Fig. 2.2). Some countries are major

importers and exporters of marine products, such as the United States,

which exports high volumes of crustaceans such as lobster and imports

high volumes of shrimp. Other countries, such as the Philippines, which

is a major processor of canned tuna, are primarily traders or processors

and consequently import high volumes of unprocessed fish and export

Rank countries by
exports and imports

by species group
(for top countries)

Imports >> Exports

Exports  =  Imports?

Where can the
country fish for the
exported product?

Potential EEZs as 
sources of exported

product

Agreement
database

if landings in
country’s waters

Yes Yes

No

Country’s EEZ
added

No

Yes

Yes Yes

Mapped as
importing
country

Mapped as
importing
country

Is country
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Taxon distribution
maps

Watson and Pauly 2001
allocations

Foreign EEZ
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Landings in foreign EEZ
>10  000 t for demersals, large
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>1.5)

Figure 2.2 Allocation procedure for classifying countries as

importers or exporters.
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high volumes of processed fish. The import-to-export ratio in the

allocation algorithm identifies these anomalies that were excluded

from the analysis. The disaggregated landings from the Sea Around Us

Project database are used to determine if the exported fish are

potentially sourced within a country’s internal waters or in another

country’s EEZ.

T R A D E T R E N D S : M A R I N E C A P T U R E F I S H

Demersal

Demersal fish exports have increased by more than 250 percent

by volume and by more than 500 percent by value over the past

25 years (Figs. 2.3 and 2.4). Total value increased from $1.4 million in

1976 to $7.3 million in 2000. Over this time period, live weight equiva-

lent exports increased from 2.6 million tonnes in 1976 to 6.3 million

tonnes in 2000. The proportion of demersal fish landings that were

exported increased from 19 percent to 36 percent over the same

time period.

The exported demersal fish products, much of it ‘‘whitefish,’’ which

includes cod, haddock, hake, and pollock, are caught in the EEZs of

countries in the Northern Hemisphere and exported to countries within

the Northern Hemisphere, with any shortfall in supply met by countries

from the Southern Hemisphere such as Chile, Argentina, Namibia,

South Africa, and New Zealand (Fig. 2.5). Processing much of that fish
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Figure 2.5 Major importing (hatched) countries and the EEZ (gray)

where the majority of exports were sourced for demersal fish 1976–2000.
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into fillets, fish sticks, or surimi increases the landed value several times

and prices it beyond the budgets of consumers in developing countries.

Norway, Iceland, Denmark, Canada, and the United States have

been the major exporting countries of demersal fish over the past

25 years (Table 2.1), while the United States, Japan, Germany, China,

and the United Kingdom have been major importers. The United States

is both an importer and an exporter because lower-valued pollock is

exported globally for processing into surimi, fish fingers, and fish

burger products, and higher-valued products such as fresh or frozen

fillets from higher-valued species are imported.
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Table 2.1 Major exporting countries by decade (1976–2000) for FAO fish

commodities

1970s 1980s 1990s 1970s 1980s 1990s 1970s 1980s 1990s1970s 1980s 1990s1970s 1980s 1990s

Norway

Countrya

Iceland
Denmark
Germany
France
Spain
Faeroe Islands
Ireland
Netherlands
UK
Russia
Poland
Canada
USA
New Zealand
Taiwan
Korea (Rep.)
Japan
Peru
Argentina
Mexico
Chile
Columbia
Ecuador
Solomon Islands

Philippines
Thailand
Indonesia
India
China
Vietnam
Mauritania
Morocco
Namibia
Ghana
Côte d'Ivoire

CephalopodsCrustacea
Large

pelagic
Small

pelagic
Demersal

Papua New Guinea

a Countries in italics are classed as developing.
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Small pelagics

Small pelagic fisheries are sensitive to changes in environmental condi-

tions such as El Niño which result in highly variable landings, and this is

reflected in fluctuating export volumes and values. Despite this uncer-

tainty, fishery exports of small pelagic fish more than doubled over the

past 25 years (Fig. 2.3), from 12 million tonnes in 1976 to 26 million

tonnes in live weight equivalent in 2000. The proportion of small pelagic

landings exported also increased substantially over the same time, from

50 percent of the landed volume in 1976 to 77 percent in 2000. The value

of exports increased by 300 percent (Fig. 2.4), from $1.6 million in 1976

to $4.8 million in 2000.

The major exporters of small pelagic marine products have

remained the same over the past 25 years, with eight countries consis-

tently in the top ten exporters (Table 2.1). Chilean and Peruvian export

volumes are a magnitude higher than those of the remaining countries,

and they export more than 90 percent of what is landed in their EEZs.

Denmark, Norway, Iceland, and the United States are also major expor-

ters of small pelagic fish products (Fig. 2.6). Germany, Japan, China,

Taiwan, and the United Kingdom are the top major importers by

volume and value; most of their imports are fishmeal.

The small pelagic products that are exported are primarily fish-

meal, which is used for aquaculture feed, poultry or pig feed, or ferti-

lizer. Sixty percent of fishmeal production is exported. A smaller

Capelin, herring, mack erel

Menhaden

Herr ing,
capelin

Clupeoids,
mack erel,
pilchard

Anchov eta, sardine,
horse and jac k mac k erels
(33% of w orld total expor ts)

Figure 2.6 Major importing (hatched) countries and the EEZ (gray) where

the majority of exports were sourced for small pelagic fish 1976–2000. For

image in colour please see plate section.
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proportion of small pelagic export products are low-value fish for

human consumption as tinned fish or frozen fish blocks. A third of

the marine products traded globally are sourced from small to medium

pelagic fisheries in the southeast Pacific waters offshore of Chile, Peru,

and Ecuador. The fishmeal industry is a major source of export earn-

ings and employment in those countries. Small pelagic fish are also a

source of cheap protein for residents of many coastal communities and

are closely linked to their food security. Consequently, changes in the

demand for fishmeal have the potential to affect their food security.

Countries such as Ecuador (a major exporter) and Ghana (a major

importer) are lesser developed and suffer from food deficit (Kurien 2004).

There is a strong link between the growth of the aquaculture sector and the

demand for fishmeal. As high-valued aquaculture ventures such as salmon

and other carnivorous fish species expand, the demand for fishmeal will

also expand and the price will increase. Fish that would have been used as

cheap sources of human food are diverted to the fishmeal sector, and the

food security of locals is reduced. In Peru, the government has restricted

industrial fisheries (most of whose harvest is destined for fishmeal)

from fishing for some small pelagic species and in certain areas to ensure

there is an affordable supply of fish for human consumption (FIS 2003).

The small pelagic fish, such as sardines and herrings, caught in the

northern waters of the Atlantic and the northwest Pacific are processed

and sold for human consumption in the developed world. Some produc-

tion of poorer-quality and lower-valued fish is also exported to develop-

ing countries such as Nigeria and Ghana. Small pelagic fish not destined

for food consumption are processed for fishmeal and sold internation-

ally. There is concern about fishmeal from northeast Atlantic, especially

the Baltic, because it has higher levels of pollutants such as dioxins than

meal from South America (New and Wijkstöm 2002).

Large pelagics

Large pelagic fish exports increased substantially in volume and

value between 1976 and 2000. Export volumes grew from 0.5 million

tonnes in 1976 to 3.3 million tonnes in 2000. The proportion of large

pelagic landings also increased, from 21 percent in 1976 to 56 percent

in 2000 (Fig. 2.3). The value increased by an order of magnitude, from

$0.4 million in 1976 to $4.7 million in 2000 (Fig. 2.4).

The large pelagic fishery differs from the other fisheries in that it

is focused on tunas and billfishes, with fishing grounds offshore in the

EEZs of countries as well as in the high seas, and that the top exporters
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are also countries with major distant water fleets that fish throughout

the world (Fig. 2.7), with the products ultimately exported to developed

countries in the Northern Hemisphere.

The major exporters of large pelagic marine products have

remained the same over the past 25 years, with six countries consist-

ently in the top ten exporters (Table 2.1). Taiwan, Korea, and Japan have

large tuna fleets and fish in the three major oceans for tuna. France also

has a large fleet that primarily fishes in proximity of its colonies in

the Pacific and Indian oceans. Spain fishes primarily in the Atlantic

and the Mediterranean, and, more recently, in the Pacific. The

Philippines, Thailand, Senegal, and Côte d’Ivoire are major processing

centers for tuna. They import large quantities of frozen tuna, process it

for canning, and then export substantial volumes of finished product.

Thailand, Senegal, and Côte d’Ivoire import significantly more fish

than they land through fishing, so in this study they do not have a

significant offshore fishing fleet. The United States, Japan, Italy, France,

and the United Kingdom are the top importers by volume and value.

In the Pacific, 90 percent of the tuna catch is harvested by distant

water fleets that pay access fees of only 4 percent of their gross revenue

of the catch (Gillett et al. 2001). The countries of the Pacific benefit from

the access fees and the economic activity of distant water fleet vessels,

which use local port facilities (Petersen 2003). These values, however,

pale in comparison with the benefits they could have derived from

having major processing facilities in country through joint ventures

Figure 2.7 Major importing (hatched) countries and the EEZ (gray) where

the majority of exports were sourced for large pelagic fish 1976–2000. For

image in colour please see plate section.
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with foreign countries, as in Ghana, where a well-developed tuna

canning industry is diversifying into fishmeal (Worldfish Report 2004).

Similarly, Thailand and the Philippines have well-developed onshore

processing facilities and have developed joint ventures. These ventures

have helped to develop a range of supporting industries as well as

providing employment opportunities for many people.

Increasing most developing nations’ share of the trade in large

pelagics such as tuna has the potential to improve the economic and

social conditions of many fishers and coastal dwellers. Two important

factors in sustaining these benefits are ensuring food security and sus-

taining stocks so that trade is sustainable. According to recent South

Pacific Commission reports, the decline of bigeye tuna stocks due to

fishing is emerging as a problem in the Western and Central Pacific

Ocean (WCPO) (Hampton and Williams 2003). This has the potential to

diminish the benefits that countries in the South Pacific derive from

selling access rights to distant water fleets. In some cases, conflicts occur

between the tuna fleet and small-scale inshore fishers over baitfish

resources (e.g., in the Solomon Islands) (Johannes et al. 2000). The baitfish

is important to local fishers as a source of food and income.

Invertebrates

Total invertebrate (crustacean and cephalopod) exports from marine

capture and aquaculture increased in volume by 400 percent between

1976 and 2000. Exports increased from 1.3 million tonnes – representing

38 percent of total production in 1976 – to 6.6 million tonnes in 2000,

62 percent of total production (Fig. 2.3). The value of exports also

increased from $2.2 million in 1976 to $17.8 million (Fig. 2.4). Global

shrimp production is centered in developing countries, with exports to

Northern developed countries in the form of frozen whole (or ‘‘headed’’

shrimp). The exports of invertebrates, particularly high-valued shrimp,

include products sourced from the aquaculture sector, so countries

with high aquaculture production often dominate the export sector.

The major exporting countries are Thailand, China, Argentina, the

United States, and the Democratic Republic of Korea (Fig. 2.8). Some of

the main exporting countries changed over time as countries such as

Colombia and Vietnam developed their shrimp aquaculture industry

(Table 2.1). Shrimp account for a major portion (60 percent) of extracted

invertebrates, and most exports are sourced in developing countries

with well-developed aquaculture sectors, such as Thailand, China, and

Ecuador. Nearly 30 percent of total shrimp production is cultured, and
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80 to 95 percent of cultured shrimp is exported (Rosenberry 1991). The

contribution of cultured shrimp to overall production and exports may

have leveled off as disease and available land constrain current expan-

sion, though potential exists for expansion in Latin America and the

Middle East (Yap 2000). The major importing countries are Japan, Spain,

Italy, Korea, and the United States.

D R I V E R S O F F I S H E R I E S G L O B A L I Z A T I O N

Globalization is a complex process that is difficult to define (Oman

1999). Fisheries globalization can be defined as the accelerated growth

in the trade of fish products resulting in economic activity that spans

politically defined national and international boundaries. Though it is

complex, the major drivers and consequential impacts can be

described (Fig. 2.9). In the marine fisheries sector, high-valued export-

driven fisheries, the need for foreign exchange to service national

debts, and vertical integration of a number of fisheries-oriented com-

panies are major factors in the globalization of fisheries.

Export-oriented fisheries

The growth in exported fish products over the past 25 years has been in

the small and large pelagic, crustacean and cephalopod fisheries

(Table 2.1) in developing countries. The situation for demersal fisheries

Lobster ,
squid

Squid

Shr imp

Squid

Shr imp,
squid

Crab, squid
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Figure 2.8 Major importing (hatched) countries and the EEZ (gray)

where the majority of exports were sourced for crustaceans and

cephalopods 1976–2000. For image in colour please see plate section.
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has not changed significantly over the past 25 years; the northern areas

of Europe, North America (Canada and United States), and Japan still

dominate the sector. Much of the trade in demersal products is among

these countries, which are sometimes referred to as the ‘‘Triad’’

(Rugman and Moore 2001): products are imported from the South to

meet the shortfall in demand from the North.

Over the last 25 years the growth of export-oriented fisheries can

be attributed to meeting the increasing demand for fish in the devel-

oped world and in countries where there is significant income growth

such as China (Delgado et al. 2003), the growth of aquaculture, in

particular shrimp and salmon, and the development of Sanitary and

Phytosanitary agreements (SPS) using the Hazard Analysis and Critical

Control Points system (HACCP). The development of SPS agreements

has enabled developing countries to access markets that were closed
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Figure 2.9 Loss of marine biomass in the North Atlantic 1900 to 1999. For

image in colour please see plate section. (Source: Christensen et al. 2003.)
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because of concerns over the quality and safety of the fish products.

The HACCP system ensures consumers in the importing countries of a

product that is safe for human consumption.

Exports are sourced directly through a country’s domestic fleet

fishing within its own EEZ or sourced indirectly by selling fishing

access rights to foreign fishing fleets. Some of the increase in exports

has been possible through the expansion of fishing fleets in shallow

coastal shelf waters along with perverse subsidies contributing to the

expansion (Dommen 1999). In many countries the expansion of fishing

fleets has been through the growth of domestic fishing vessels, many of

them small fishing craft (FAO 1998). This growth has resulted in domes-

tic fleets targeting high-valued fisheries for export leading to over-

capitalization, overcapacity, and overexploitation of targeted stocks as

well as the less-valued stocks since they are heavily exploited to meet

domestic demands for fish. In British Columbia, salmon fishery was

export-driven until the stocks were severely overexploited (Rees 2000).

This is the case for Ghana where high-valued fish are exported and low-

valued fish are consumed locally with most coastal fish stocks over-

exploited (Atta-Mills et al. 2004). In many developed countries perverse

subsidies also contribute to overcapitalization, overcapacity, and con-

sequently overexploitation since the government underwrites much of

the cost of fishing, which distorts the true cost of fishing (Porter 2001).

Globally there was also an expansion of large distant water fishing

vessels from the North fishing in the waters of less-developed countries.

The expansion of the global fishing fleet peaked in the early 1980s as

EEZs came into effect (OECD 1985). Developed countries with estab-

lished distant water fleets could not dismantle their fleets without sig-

nificant economic and social consequences; moreover their domestic

waters were often overfished and had no capacity to absorb the distant

water fleets (Kurien 1998). Rather than working with developing coun-

tries to establish joint ventures and develop fishing industries within the

host country, access agreements became the preferred option.

Technological advances in vessel design, engines, winches, fishing

gear, and navigation equipment made it possible for fishing vessels to fish

anywhere in the world with considerable accuracy in terms of location,

depth, and gear (Martinez 1995). Rapid advances in communications,

banking, capital flows, and transportation made it much easier to conduct

financial transactions in real time, which facilitated trading fish and fish

products globally (Arbo and Hersoug 1997). These changes combined with

a policy of ‘‘fleets to the South and fish to the North’’ in response to the

introduction of EEZs and subsidies have maintained many distant water
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fleets and in some cases this has led to the problem of overcapacity and

overexploitation (Kurien 1998). In Spain, most of the Galician fleet sat idle

in 2002 as the European Union (EU) negotiated with Morocco to allow EU

fishing vessels, in particular the Spanish, to fish in Moroccan waters (FIS

2002). Moreover, many EU distant water fleets are heavily dependent on

subsidies. Porter (1997) noted that in the mid 1990s license fees for

European vessels in West Africa ranged from 6 percent to 32 percent of

the cost of access. Dommen (1999) found that some countries oversubsi-

dized their fisheries and did little to regulate distant water fishing fleets.

The growth of aquaculture has been due to the expansion of

shrimp facilities in the tropics and salmon farming in cool temperate

waters (FAO 2002a). These products are in demand and high-valued on

the international market. Moreover, the demand cannot be met by the

current supply of wild capture fisheries. In fact some fisheries such as

salmon in the North Atlantic are considered overexploited and after

several years of reduced quotas stocks have still not recovered (Alder

et al. 2001). Approximately 80 to 95 percent of farmed shrimp are

exported (Yap 2000), while the proportion of exported farmed salmon

is much more variable. In Europe salmon is one of the few finfish

species that is farmed and much of it is traded within Europe (Smit

and Taal 2001). In Chile much of the farmed salmon is exported to

Japan and the United States (Phyne and Mansilla 2003).

The introduction of Sanitary and Phytosanitary Standards using

HACCP systems in the exporting of fish products can constrain and

facilitate export-oriented fisheries. Exports from countries that do not

apply or meet the standards can be refused, while countries that use

the standards may be able to enter new markets. There is a cost to

meeting these standards; often infrastructure needs to be established,

staff trained, and inspectors paid. These costs can only be recovered

through increasing the value of the product or by increasing the volume

of production and contributing to overexploitation. Developed coun-

tries have the capital and human resources to establish these standards

within their fishing export industries; however, developing countries

are severely disadvantaged and meeting such standards can be consid-

ered a barrier to trade (World Fish Center 2002).

Foreign exchange

The need to generate foreign exchange to supplement the national

budget or to service the national debt is common in many developing

countries. The fishing sector can help to reduce this need through
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selling fishing access rights to foreign fleets or by increasing produc-

tion and exports of fish and fish products. The value of fishing access

rights is high in many developing countries. In Tuvalu it generated

50 percent of the country’s government revenue in 2001 (Hunt 2003);

similarly in Mauritania it makes up 27 percent of the national budget

(UNEP 2002a). However, in some cases the amount paid does not

necessarily reflect the real resource rent of the fish that are caught by

the foreign fleet. In the WCPO it is estimated that resources rents range

between 1 percent and 31 percent of gross revenue depending on the

vessel technology (Petersen 2003). In Guinea Bissau resource rents paid

by the EU were 0.4 percent of the market value of tuna in 1997 and

7.5 percent of the processed value of all fish in 1996 (Kaczynski and

Fluharty 2002).

Developing countries have increased their foreign exchange

from fisheries exports. In 2002 net foreign exchange from fish and

fish products was approximately $16 billion (FAO 2002b), up from

$5.1 billion in 1985 (Delgado and Courbois 1999). Not all of this increase

can be attributed to increased prices since they have stagnated for

developing countries (Delagado and Courbois 1999); however, volumes

have increased (Fig. 2.2). Export volumes increased either by increasing

exploitation as discussed above in countries such as Ghana or by redu-

cing the domestic supply in countries such as Senegal (UNEP 2002a).

Increasing foreign exchange is also a consequence of trade liber-

alization, which can result in changes in employment structures and

wealth distribution among other things. In the fisheries sector it has

mixed impacts since it can be beneficial by allowing domestic fishers

access to lower prices for vessels and fishing technology, improving

employment opportunities, and in some cases to new fishing grounds,

but it can also be detrimental since it can increase the level of exploita-

tion, reduce prices, and disrupt employment. Norway’s shift from a net

exporter of whitefish to a net importer in the 1990s resulted in a

reduction in employment in some coastal areas of the country as fish

processing was concentrated in the few areas of the country receiving

the imported fish (Arbo and Hersoug 1997). In Namibia, the fisheries

sector, which is export-oriented, has developed as a source of employ-

ment since independence in 1991 (Armstrong et al. 2005). The expan-

sion of shrimp exports in India and Latin America has been at the

expense of locals; the developers and owners of the shrimp farms are

from outside of the area and do not reinvest the profits in the local

community and clear mangroves which support a number of fisheries

(Tobey et al. 1998).
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However, the development of specialized or ‘‘boutique’’ fisheries

such as the live fish trade and aquarium fish trade have often benefited

local small-scale fishers. In Indonesia fishers receive from 200 to 2500

percent more for live reef fish compared to dead fish (Erdmann and Pet-

Soede 1996). The benefits of the live reef fish trade often only benefits

fishers who use destructive fishing practices such as explosives that

enable fishers to take more fish per unit time but has significant impacts

on reef ecosystems. Fishers who choose not to use destructive fishing

techniques suffer economically since the long-term sustainability of their

coral reef ecosystem is threatened (Soede-Pet et al. 1999). The global trade

in aquarium fish was worth $963 million in 1996 and a significant source

of commerce for fishers in Southeast Asia (Tomey 1997; Burke et al. 2002).

Vertical integration

Over the last 20 years there has been considerable consolidation in the

fishing industry. Many fishing companies have merged resulting in

global companies with various subsidiaries responsible for different

segments of the operations. These vertically integrated companies

manage the catching, processing, and distributing of fish, or in the

case of aquaculture feed and fish production, processing, and market-

ing within the same parent company. When companies move towards

vertically integrating their operations the nature of businesses changes

since these are often large conglomerates which are managed away

from where the resource is exploited. This change affects employment

since the company may shift operations to areas where labor costs are

cheaper, or access rights are dismissed by exercising more political

influence on governments and local economies by economies of

scale, or by taking advantage of scale. In some cases the company

may catch the fish in one country, process it another, and distribute

it to several other countries.

Several Korean companies catch pollock in Russian waters, pro-

cess it in China where labor costs are less, and then distribute the

product (e.g., surimi) to the United States and Europe (Won 2003).

Integrated companies also control a substantial proportion of produc-

tion. Pescanova, a Spanish conglomerate, controls 20 percent of the

world’s hake production with a fleet of 140 industrial fishing vessels,

seven factories, and 25 000 retail outlets around the world (Decoster

2001). Nutreco is the largest aquaculture producer of salmon and it is

one of four multinational companies controlling 80 percent of the

world’s salmon feed market (Charron 1999).
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The economic efficiencies of large vertically integrated com-

panies result in cheaper fish for consumers assuming there is fair

competition in the marketplace. In New Zealand, individual transfer-

able quotas along with the concentration of fishing companies

enables them to distribute peak harvests over several processing

plants throughout the country providing stable employment for locals

over the fishing season (McClintock and Taylor 2002). There are others

that do not benefit. In Norway the consolidation of the whitefish

fisheries into a few companies, centrally located, ultimately resulted

in closures of fish processing plants in many coastal areas and fishers

having to go further out to sea to fish and to travel further to land

their catches (Arbo and Hersoug 1997). Prior to the arrival of the

factory trawler in Alaska in the 1970s, small operators took 80 percent

of the pollock catch, but by the late 1990s their share of the catch

decreased to 30 percent resulting in significant job losses in fishing

and processing (St. Clair 1997). In Namibia most revenues from fishing

go principally to a few large fishing conglomerates that use Namib-

ian companies to accumulate quotas to obtain a large enough share

of the resources so they can operate profitably (FIS 2001). This con-

centration limits the ability of smaller national companies to enter

the fishing sector.

Property rights of local fishers are often lost when large verti-

cally integrated companies enter the fishery especially where trans-

ferable quotas are used to control access to the resource. A single

owner–operator does not have access to the capital required to com-

pete with larger companies for quotas that are available in the market

place. In Bangladesh larger producers based outside of the local area

who control access to water resources have marginalized producers

and broker exclusive deals with large landholders for access to coastal

areas (Alauddin and Hamid 1999). The Bangladeshi situation is exacer-

bated by large outside producers who employ laborers from outside of

the local area.

I M P A C T S

Globalization of the fishing sector consumes marine resources, changes

the nature of business with flow-on effects to employment and property

rights, and also affects how resources are managed. Collectively these

changes impact marine ecosystems, societies, and economies in various

ways and with different consequences. These impacts are discussed

below.
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Ecosystems

Marine fish catches are declining globally and globalization has con-

tributed to this decline as countries expand their fishing fleets and

fishing grounds to meet the global demand for seafood. Declines in

specific fish stocks can be attributed to export-driven fisheries such as

coral reef fish associated with the live fish trade (Bryant et al. 1998;

Hunt 2003). In western Africa several stocks targeted by distant water

fleets are also overexploited (Alder and Sumaila 2004). Foreign fishing

vessels targeting bigeye tuna in the WCPO are considered responsible

for the current overexploited state of the stocks (Hunt 2003). There

has been a significant decline in biomass over the last century in the

North Atlantic (Fig. 2.9), where once whitefish caught off the Grand

Banks of Canada were traded globally (Christensen et al. 2003). Similar

declines in the trophic level of commercial catches have been iden-

tified there and in other areas of the world (Pauly and Watson 2003)

(Fig. 2.10).

The growing demand for fish has seen a rise in the use of

destructive fishing practices as well as an increase in the spatial extent

of these practices. Destructive fishing practices such as trawling, blast-

ing, and long-lining impact on marine ecosystems directly through

disturbing benthic habitats and trapping bycatch, and indirectly

by incidental hooking of seabirds (Brothers et al. 1999). Many

demersal fish and shrimp are captured using bottom trawl gear

which also has considerable impact on the environment. Tuna and

Figure 2.10 Global trophic level change, 1950–2000. Trophic level

refers to the feeding level of an organism. Phytoplankton are given a

unitless value of 1 and organisms at higher levels are usually dependent

on organisms in preceding trophic levels as a source of food (energy). For

image in colour please see plate section. (Source: Watson and Pauly 2003.)
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Patagonian toothfish are export-oriented fisheries, which use a variety

of gear including long-lines, gear which has been implicated in

the decline of large seabirds such as petrels and albatrosses (Tasker

et al. 2000).

The concentration of fishing effort and fish marketing in a few

companies can also result in impacts to fish stocks. In New Zealand

individual transferable quotas were introduced into the fishing indus-

try. From 1992 to 2002 larger companies bought quotas from smaller

companies and individual fishers so that eight companies control

73 percent of the fish quotas. The snapper and orange roughy fisheries,

two of the most valuable fisheries nationally, and where only a few

companies control fishing operations, are overfished (Bernier 2002).

The Patagonian toothfish fishery is one of the most threatened globally

and most valuable fisheries globally and it is also controlled by two

companies that landed more than 50 percent of the estimated total

catch for toothfish in 2000–01 (Wright 2003).

Coastal ecosystems have been destroyed in countries with well-

developed shrimp aquaculture industries. The loss of mangroves in

Indonesia, Ecuador, and Thailand is due to the expansion of shrimp

ponds into critical mangrove habitats. The ponds usually are produc-

tive for a limited time (7–15 years) and then converted to other uses

such as industrial or housing estates (Stevenson 1997). Other potential

uses such as crab grow-out, fish fingerlings, and polychaetes culturing

need further investigation. The conversion of mangroves to other uses

can impact on survival of young fish as seen in the Caribbean where

mangroves influence the community structure of fish on nearby coral

reefs (Mumby et al. 2004).

Economic effects

Governments, industry, and individuals are economically impacted by

the globalization of the fishing sector. Countries that export fish

directly can benefit from governments increasing their foreign

exchange and economic development through the establishment of

support industries such as fish processing, vessel maintenance, mar-

keting, and transportation. Not all developing countries can capitalize

on export markets, they can be constrained by Sanitary and

Phytosanitary agreements if they do not have the facilities and exper-

tise to implement the agreement (Dommen 1999). However, in some

countries export-oriented production diverts labor, capital, and other

resources away from production for local consumption – increasing
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unemployment and reducing potential food supply especially in devel-

oping countries (Kent 1987).

Exports that are generated by selling fishing access provide govern-

ments with cash; however, licenses are less likely to generate the same

level of economic development as direct expansion of export activities.

In western Africa, the sale of fishing access accounts for 27 percent of the

Mauritanian government’s national budget (UNEP 2002b). In the western

central Pacific, over 50 percent of government revenue in Tuvalu is from

licenses granted to foreign fishing vessels (Petersen 2003). The revenues

generated from selling fishing access rights make a significant contribu-

tion to the budgets of some countries. However, the fees do not directly

generate any other significant economic activities.

The trend of concentrating fishing in a few multinational com-

panies that are vertically integrated has seen many of these companies

increase their profit margins considerably. In turn the shareholders

have increased their economic wealth. In some countries, especially

where labor and other operating costs are low, these companies can

generate subsequent benefits such as employment and the establish-

ment of support services. Improvements in company profits are often

at the cost of smaller companies and owner–operator fishers who

cannot compete with large operators.

At the individual level, the fishers that take advantage of the

high-priced–low-volume fisheries such as the aquarium fish trade and

the live fish trade do well economically. However, access to these

economic opportunities is limited for most fishers. Processors who

also take advantage of the changes in the fisheries can improve their

profits. Many of the fish processors in eastern Canada extended their

operations to brokering of imported fish and improved their profits

despite the moratorium on cod fishing (McCay and Finlayson 1995).

When large corporations dominate the fishery including the proces-

sing and marketing of the products, small fishers and support workers

are economically disadvantaged as they lose access to the resource and

support industries are transferred to countries with lower operating

costs. In the 1970s small independent operators and several processing

factories landed nearly 80 percent of the Alaskan pollock catch. Within

a few years of the arrival of factory trawlers owned by multinational

companies that processed the fish in China, less than 30 percent of the

catch was landed by small operators and most processing factories had

closed by the 1980s (St. Clair 1997). The globalization of the whitefish

sector has impacted the economies of many Norwegian communities

(Arbo and Hersoug 1997).
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Social impacts

Globalization of fisheries can lead to a number of social impacts includ-

ing unemployment, the displacement of local communities, threats to

small-scale fishers, price increases, and risks to food security. Globally,

the number of people employed in the fishing sector is declining in

developed countries and in some developing countries, while in devel-

oping countries where unemployment is high it is increasing or stable

(FAO 2002a). A number of drivers including economic and social as

described above contribute to the decline. Fisheries that expand to

meet increasing demands for exported fish can generate employment

opportunities directly through fishing activities and indirectly through

the industries that support fishing (e.g., processing, repairs, etc.). In

some countries such as Namibia and Senegal expansion of the export

fisheries has been positive in terms of employment (Alder and Sumaila

2004). If it leads to declining stocks then employment drops, as seen

with the collapse of the cod fishery in Newfoundland. In Ghana, over-

fishing of inshore stocks by the semi-industrial fleet resulted in many

fishers shifting to the artisanal fishery, placing further pressure in

already depleted stocks (Atta-Mills et al. 2004). Weber (1994) estimated

that 100 000 fishers lost their jobs in the early 1990s due to overfishing.

However, in Norway the centralizing of whitefish processing in one

area of Norway resulted in significant unemployment in another area

(Arbo and Hersoug 1997).

The expansion of shrimp aquaculture in several developing coun-

tries has displaced local residents, especially where land and sea tenure

is unclear or absent. In Bangladesh the number of landless people in

the coast increased with the expansion of the aquaculture industry as

outsiders used force and coercion to acquire land (Alauddin and Hamid

1999). Similarly small-scale fishers are often displaced in inshore areas

as larger vessels make it difficult for smaller vessels or deplete the

inshore stocks. In West Africa foreign vessels and large domestic ves-

sels often disregard fishing regulations and either fish in areas

restricted to small-scale fishers or use illegal gear (Alder and Sumaila

2004; Atta-Mills et al. 2004). Similar problems exist in Asia, including

Indonesia, India, Thailand, and Malaysia, where the growth of trawling

and expanding industrial fleets compete with small-scale and artisanal

fishers for resources, often in the same fishing grounds (Sharma 2003).

Over 950 million people, many of them are in developing coun-

tries, depend on fish as their primary source of protein (Porter 2001).

Globalization puts this supply at risk through lack of fish to catch, as
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discussed above, or prices increasing beyond the financial reach of

people. In Senegal there are protein deficits in the countryside because

the supply of cheap fish for local consumption was reduced as fishers

shifted to catching priority export species, and the domestic market

price more than tripled from 1993 to 2002 (UNEP 2002a). While some

argue that the loss of fish for domestic consumption can be offset with

imports, this is rarely the case, as seen in Asia and West Africa (Kurien

1998; Alder and Sumaila 2004). The shift from milkfish that were con-

sumed on the local market to cultured shrimp for export reduced the

supply of cheap protein for many people in the Philippines (Primavera

1991). Converting rice fields to shrimp ponds reduced the quantity of

rice on the domestic market in Thailand (Flaherty et al. 1999).

Domestic supplies have declined in some exporting countries.

Many countries that export fish or sell fishing access rights are also

Low-Income Food Deficit Countries (LIFDC). For example, in West

Africa, Morocco and Senegal are classed as LIFDC and yet they host

large distant water fleets which catch quantities of fish much of which

is exported or shipped directly to Europe. Ecuador, China, India,

Indonesia, and the Philippines do not host large distant water fleets

but they are LIFDC and major exporters of high-valued fish products

such as shrimp and demersal fish (FAO 2002a).

W H O B E N E F I T S ?

Large multinational corporations, some governments, communities

where operating costs are low, and consumers benefit from globalizing

the fisheries sector. Marine ecosystems, many communities, and arti-

sanal fishers, especially in developing countries are not benefiting

from globalization of fisheries. Globalization of fisheries should have

widespread benefits. However, the key to success is that the trade in

goods and services is fair and equitable, and that the benefits from

globalization are widely distributed throughout the nations involved in

the trade of fish products.

How to better distribute the benefits in fisheries is the challenge

for industry, economists, policy-makers, and politicians. The list of

ways to better distribute the benefits of fisheries globalization is far

too long to be discussed here. However, the following are considered

the priority actions with considerable potential to affect change in the

fisheries sector.

Clearly, as stated by many researchers and managers, the man-

agement of fish stocks based on ecosystem management approach and
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encompassing the precautionary principle is needed if stocks are to

recover and be sustainably fished in the future. Perverse subsidies need

to be eliminated so that trade is placed in a more equitable context

allowing developing countries to compete on the global market. The

environmental costs of fishing need to be internalized within the

industry and consumers so that the financial resources to manage

fisheries, including surveillance and enforcement, are available to

managers. Members of the World Trade Organization need to ensure

that they incorporate environmental protection mechanism so that

trade measures do not negatively impact on marine ecosystems.
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Figure 2.7 Major importing (red) countries and the EEZ (blue) where the

majority of exports were sourced for large pelagic fish 1976–2000.
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1999. (Source: Christensen et al. 2003.)



Figure 2.10 Global trophic level change, 1950–2000. Trophic level refers

to the feeding level of an organism. Phytoplankton are given a unitless

value of 1 and organisms at higher levels are usually dependent on

organisms in preceding trophic levels as a source of food (energy).

(Source: Watson and Pauly 2003.)
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Effects of globalization on freshwater
systems and strategies for conservation

I N T R O D U C T I O N

Though the effects of globalization on marine systems (i.e., commercial

fisheries) have received relatively more attention, freshwater ecosys-

tems have been and continue to be profoundly affected by increasing

human populations and changing global processes. Human activities

now utilize more than half of the available surface fresh water (Postel

1999), and water consumption is doubling every 20 years (WWI 2003).

Currently, four out of every ten persons live in river basins that experi-

ence water scarcity and it is estimated that by 2025, at least 50 percent

of the world’s population will face water scarcity (WRI 2000). The eco-

logical effects of this demand on freshwater systems are already appar-

ent. Biodiversity of freshwater ecosystems has declined by 50 percent

globally over the 30-year period from 1970 to 1999 and current extinc-

tion rates of many freshwater taxa are more than 1000 times the normal

‘‘background’’ rate (Master et al. 1998). The Organisation for Economic

Co-operation and Development (OECD) has recognized that global-

ization, specifically the liberalization of trade and the promotion of

markets and investment structures, is likely to have a large but uncer-

tain impact on water resources (OECD 1998). These conditions illustrate

the need for continued analysis of how globalization and associated

policies drive environmental change in freshwater ecosystems.

‘‘Globalization’’ is a nebulous concept, with different meanings

for different people. Here, we limit our definition to the post-World

War II era of transnational legal frameworks designed with the inten-

tion of reducing trade barriers between nations (International Forum

on Globalization 2002) and the era of multinational corporate expan-

sion (Korten 2001). This definition also includes the era of the

large-scale development projects financed by the World Bank and the

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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International Monetary Fund (IMF) (Escobar 1995; Parker 2002). We

include in our definition the spread of the ideology of trade liberali-

zation in the latter half of the twentieth century, as well as the push for

privatization of resource management and market liberalization

(Parker 2002).

T H E E N V I R O N M E N T A L I S T R E S P O N S E T O G L O B A L I Z A T I O N

In 1944, the leading Western economists met at Bretton Woods to plan

a global economy that, through its openness, would be more likely to

prevent an outbreak of international warfare (Karliner 1997; Sassen

1998; Korten 2001; International Forum on Globalization 2002). With

the goal of reducing individual nations’ abilities to impose trade bar-

riers on one another, the Bretton Woods attendees laid the foundation

for the World Bank and the IMF (International Forum on Globalization

2002). The General Agreements on Tariffs and Trade (GATT) was created

subsequently (Korten 2001) to promote non-discrimination in trade

among member nations. In its first inception, the signatory nations

of the GATT treaty numbered only 23. By 1995, after several rounds of

trade negotiations, most countries of the world were members. In

1995, the 135 member nations of the GATT created an institutional,

juridical body called the World Trade Organization (WTO) to adjudicate

trade disputes. Unlike its predecessor, the WTO had legally binding

authority to resolve trade disputes among member nations. Notably,

many scholars consider this a crucial turning point in the era of global-

ization because of the WTO’s potential ability to trump national sover-

eignty (Kiely and Marfleet 1998; Sassen 1998; Joseph 2001).

Despite environmentalist fears of the WTO’s potential to under-

mine national environmental policy and decision-making capacity, by

2001 and 2002, the relevance of the WTO as a global legislative body

had been called into question because of the failure of the Seattle round

of trade talks in 1999, and, later, the Cancún rounds of trade negotia-

tions in 2003 (Thornton 2003). Conflicts over agricultural subsidies

were largely at the heart of the failure of the WTO delegates to achieve

consensus at the Cancún meetings (Stokes 2003). However, later cases,

in which the WTO ruled against the U.S. subsidies of the steel and

cotton industries (Becker 2004), as well as the ability of members to

reach a consensus on the Agreement on Agriculture in Geneva in 2004,

highlight the continued relevance of this international body, as well as

its potential to be responsive to the economic concerns of developing

countries.
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Since their inception, the North American Free Trade Agreement

(NAFTA), the WTO, the IMF, and the World Bank have met with opposi-

tion on various fronts. This resistance has been largely grounded in fear

of non-democratic, supranational organizations with the potential to

push through development projects at great cost to the environment

(the World Bank and the IMF) and undo hard-won national and inter-

national environmental protections (NAFTA and WTO) such as the U.S.

Clean Air Act, the Endangered Species Act, and the Convention on

International Trade in Endangered Species (CITES) (Gould et al. 2004).

For example, Chapter 11 of NAFTA allows companies to sue for lost

profits if they are prevented from locating in a nation because of

prohibitive environmental regulations. A California-based company,

Sun Belt, has sued the government of Canada under NAFTA, stating

that British Columbia’s ban on water exports forced the company to

forgo profits of $10 billion (Barlow 2002). In response to these and other

worst-case scenarios, the environmentalist movement has found a

strong foothold in responding to globalization (Gould et al. 2004).

C A S E S T U D I E S

In this chapter, we examine the effects or potential effects of globaliza-

tion on freshwater resources via three case studies: global expansion of

export agriculture, hydropower development in tropical countries, and

the privatization and corporate ownership of freshwater resources. To

illustrate potential pathways to freshwater resource protection, we

include a general history of the environmentalist response to global-

ization as well as the local environmentalist response to each case

study. Other effects of globalization on freshwater systems not covered

via these case studies include exotic species transfer, water security, and

water scarcity issues (Postel 1999; WWI 2003). An awareness of the global

influences and drivers of these environmental changes is essential to the

conservation of freshwater systems, and although we cannot cover all

topics related to globalization in this chapter, we encourage future

scholarship on the overall effects of globalization on freshwater systems.

Case study I: Globalized agriculture – the potential

effects of Brazil’s case against U.S. cotton subsidies

on freshwater ecosystems in developing countries

The WTO continues to provide a stage for conflicts between colonial

and post-colonial countries. In April 2004, the WTO ruled against
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subsidies paid by the U.S. government to its cotton growers. This

complaint, based on the $19 billion per year in subsidies paid by the

U.S. government to cotton farmers, was brought to the WTO by

Brazil, which was joined in the case by third-party countries Argentina,

Australia, Benin, Canada, Chad, China, the European Community, India,

New Zealand, Pakistan, Paraguay, Taiwan, and Venezuela (Becker 2004).

Brazil’s ability to create solidarity with developing countries with

agriculturally based economies was integral to its successful WTO case

against subsidized cotton. Brazil argued that subsidies paid to American

cotton farmers have led to overproduction on the global market, under-

mining the livelihoods of cotton farmers in developing countries. This

issue typifies the complaint that developing countries are being unfairly

forced into competition with either wealthy multinational corporations

or subsidized farms in the North.

Brazil and other developing countries have stated that by pre-

venting cotton dumping in poor nations and allowing them to compete

with American exports globally, the removal of subsidies paid to U.S.

farmers would help the economies of poor countries with many sub-

sistence farmers. If the United States concedes to the WTO’s ruling,

reduced impoverishment is expected for small-scale farmers in export-

dependent nations. From an environmental perspective, however, the

ramifications of eliminating these types of subsidies are unclear. Most

export crops are typically highly dependent on pesticides and fertili-

zers for production (Pesticide Action Network 2001; Stokes 2003). Thus,

the removal of subsidies, which distort prices and result in the types of

advantages that the WTO was established to prevent, may shift nega-

tive environmental consequences of cotton farming from the United

States to countries that this decision will favor. Many of the countries

that brought this complaint to the WTO have less stringent legal frame-

works for environmental protections, and as a result, the environmental

impacts of increasing agricultural pressure on freshwater systems may

be greater in these countries than in those with stronger regulatory

frameworks for protection of natural resources such as the United States.

The negative effects of commercial agricultural expansion on

temperate freshwater systems have been well documented. These

effects include bank destabilization when riparian zones are cleared

for cultivation, eutrophication due to excessive runoff, ecosystem

and trophic disruption due to toxin exposure (Barrett 1968; Bellaire

and Dubois 1997; Mortensen et al. 1998; McDonald et al. 1999; Lemly

et al. 2000), and destabilization of food chains when non-native species

are cultivated or introduced into river systems (Tilman 1999; Aparicio
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et al. 2000; Dudgeon 2002). World agriculture consumes approximately

70 percent of the fresh water withdrawn per year (UNESCO 2001) and

related water diversions further threaten aquatic ecosystems by

increasing inter-basin water transfers that facilitate exotic species

spread, stream dewatering, dam construction, and habitat fragmenta-

tion (Pringle 2000, 2001). In addition, contamination of fresh waters

by irrigation drainage waters negatively affects the biointegrity of

freshwater ecosystems (see summary provided by Lemly et al. 2000

and Pringle 2003). The effects of nitrogen and phosphorus runoff on

freshwater systems can be severe (Gleick 1993). This type of production

may threaten the long-term sustainability of both natural and agri-

cultural systems, especially in tropical regions (Vandermeer et al.

1995; Tilman 1999; Altieri 2002; Seares 2004).

Cotton production provides no exception to the environmental

costs of monocultural production. The genetic uniformity of cotton has

left it extremely vulnerable to pests, so growers must apply insecti-

cides, herbicides, miticides, and defoliants prior to harvest, in some

extreme cases as many as 30 times per season. Worldwide, 25 percent

of all insecticides and 10 percent of all pesticides are applied to cotton

fields (Kimbrell 2002). In addition to pesticides, industrial monoculture

techniques for cotton typically involve heavy applications of chemical

fertilizers. These synthetic fertilizers contaminate drinking wells and

pose long-term threats to both farmland productivity and wildlife.

Fertilizers are also linked to amphibian declines (Rouse et al. 1999),

eutrophication and hypoxia (Alexander et al. 2000), changes in aquatic

food webs, and declines in coastal benthic communities and fisheries

(Diaz and Rosenberg 1995).

Despite relatively strong environmental regulation in the United

States, farmers in the main cotton-growing states used more than

75 million pounds of pesticides in 2000 (Kimbrell 2002). In California,

the only state where full pesticide use reporting is required, approximately

14.5 pounds of pesticides were applied per acre. Furthermore, over 200

chemicals are used on California cotton, including the highly toxic

cholinesterase inhibitor aldicarb, paraquat, and chlorpyrifos. Aldicarb,

which can cause respiratory failure and death in birds and mammals,

is a known groundwater contaminant (Pesticide Action Network

2003). Despite these dangers, California cotton growers applied a total of

250 000 pounds of aldicarb annually between 1999 and 2003 (Pesticide

Action Network 2003).

Pesticides may present even larger environmental problems in

developing countries because of their often weaker environmental
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controls and regulations. For example, toxaphene, once a heavily used

pesticide in southeastern U.S. cotton farming, was banned in the

United States after the World Health Organization (WHO) deemed it a

major hazard for many aquatic and terrestrial species (WHO 1984:66).

Despite this finding, it was commonly used to protect cotton crops in

Nicaragua until 1993. At that time, it was found in Nicaraguan lakes

(Calero et al. 1993), well water (Appel 1991:143), and human milk (Boer

and Wester 1993). Despite these concerns and its eventual ban, in a

1996 study, toxaphene was found in high concentrations in agricul-

tural soils in Nicaragua (Carvalho et al. 2003). Leaching from soils has

contaminated local rivers, and subsequent water-mediated transport

has resulted in toxaphene contamination of coastal lagoons and fish-

eries (Carvalho et al. 2003). Protection of local wetlands and mangroves

could reduce the effects of toxic agricultural discharge reaching aqua-

tic systems, but aquacultural and development pressures makes such

conservation actions difficult.

Models of economic development based on increasing foreign

trade in agricultural goods, particularly cash crops, have in many cases

brought tremendous financial benefits to small-scale farmers in devel-

oping countries. However, because of the resource concentration of

monocultural systems, cash crops tend to be dependent upon vast

quantities of pesticides and fertilizers, which pose great risks to eco-

systems, farmers, and consumers. Hence, environmental costs are

often associated with these types of economic gains (Seares 2004).

Thus, the cotton case won by Brazil and other nations at the WTO

represents an economic boon to small-scale farmers seeking a market

for their goods. However, the environmental costs associated with

export production may, along with increasing profits, be shifted to

this region as well.

Ultimately, the consumer choices that drive the orientation of

regional, national, and international economies can play a positive role

in affecting freshwater systems. For example, the recent growth in

markets for both organically produced and fair trade goods such as

cotton, coffee, and bananas (Moskin 2004) offer hope that globalization

of trade may be able to positively affect agricultural production deci-

sions. Selection for these types of commodities may be one way in

which global trade and consumer demand may positively affect local

environments. Efforts that reorient market production to local and

regional rather than global outlets would also theoretically make

it easier to achieve local protection of freshwater environmental

resources.
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Case study II: Dams and development – the expanding

role of private, foreign companies in the transformation

of tropical rivers

The past two decades have seen a global trend toward the transfer of

electricity generation responsibilities from government institutions to

private companies (Gleick et al. 2002). New legislation and economic

incentives now encourage private companies to generate electricity in

more than 70 countries worldwide (Izaguirre 2000; Raphals 2001). In

developing countries, these electricity sector reforms have been intro-

duced in response to a lack of domestic capital and rising demands

for electricity (Rogers 1991; Dunkerley 1995), and with trade liberal-

ization, international electricity companies have realized the potential

of the developing world as an energy market. Thus, the rise in demand

for private financing of electricity generation in developing countries

has coincided with an increase in the supply of technologies and

capital from abroad. Although some economists suggest that electricity

sector reforms will increase the economic welfare of developing

countries (Ingco 1996; Coes 1998), restructuring may also have sub-

stantial environmental impacts.

In tropical regions rich in freshwater resources, electricity sector

reform has influenced hydropower development. For example, for

countries along the Central American isthmus (Belize, Guatemala, El

Salvador, Honduras, Nicaragua, Costa Rica, and Panama), high relief

and wet climate translate to considerable hydropower potential; this

potential is rapidly being tapped by local and international companies

following the passage of legislation during the 1990s that partially

or totally privatized electricity generation in all Central American

countries (ECLAC 1996; CEPAL 2005). In Costa Rica, nearly 30 private

hydropower plants began operation between 1990 and 2000, with most

development concentrated on watersheds draining the country’s

northern Caribbean slope (Anderson 2002; Alvarez 2005; Duran

2005). In 2004, private generators provided approximately 10 percent

of Costa Rica’s electricity. Additional examples of new private hydro-

power developments in Central America include the Pasabien and Rio

Hondo II hydropower projects, recently constructed by Hydrowest

International in the Zacapa region of Guatemala (Stone and Manrique

2002), and the Esti hydroelectric facility in Panama, developed by AES

Corporation. Furthermore, as of 2005, numerous dams are either being

studied or under construction throughout the region, many by private

companies. A compilation of proposed hydropower projects in Central
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America prepared by the Conservation Strategy Fund, which docu-

ments projects in various stages from ‘‘investment opportunity’’ to

‘‘feasibility,’’ counts approximately 400 potential new hydropower

projects for the Mesoamerican region (Burgues Arrea 2005).

Small hydropower is likely to be a beneficiary of electricity sector

reform in tropical developing countries (Majot 1997). Here we define

small hydropower as dams less than 15 m high, with reservoir capac-

ities less than 3� 103 m3 (WCD 2000). Small dams may be easier for

foreign, private companies to manage than large hydropower projects

that combine many stakeholders across many levels of society. In

addition, investment in a small dam presents a much lower financial

risk for a private company than investment in a large dam. Several

examples from developing countries worldwide illustrate the link

between small hydropower and electricity privatization (Majot 1997).

In Costa Rica, nearly all of the recently constructed private hydropower

plants are small dams (Anderson 2002). In Sri Lanka, approximately

30 small hydropower projects are either in operation or planned for the

country’s rivers (Ljung 2001). Growth of the private electricity industry

in Zimbabwe is expected to result in a significant increase in the

number of dams as the country looks toward developing chains of

small hydropower plants as a means to provide rural electrification

(Mungwena 2002). The governments of Honduras and Nicaragua are

encouraging foreign, private investment in renewable electricity

sources, especially small hydropower plants. In Nicaragua, recently

proposed legislation that provides incentives for private companies

could result in construction of small hydropower dams throughout

the country.

The environmental effects of private hydropower dam develop-

ments to tropical freshwater ecosystems must be as considered part of

the globalization and development debate. The type of dam, its mode of

operation, and its location are just a few of the factors that determine

environmental impacts, and make generalizations difficult. With

respect to small hydropower, considerable uncertainty exists about

the environmental impacts of single small dams or the cumulative

impacts of many small dams on river systems (Gleick 1998; Anderson

et al. 2006). In some cases, small dams actually dewater or fragment

more kilometers of stream, flood more land area, or lose more water to

evaporation per unit of energy produced than larger dams (Gleick

1992). Despite their size, small hydropower dams almost always result

in significant hydrologic alterations and losses in hydrologic connec-

tivity. Small dam developments in tropical regions have been shown to
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affect movement patterns and persistence of migratory animals

such as shrimps and fishes and to substantially alter physical habitat

conditions (Benstead et al. 1999; Pringle et al. 2000; Anderson et al.

2006). Many small private dams in tropical countries are rapidly

being constructed on previously unaltered systems draining rural

areas. Consequently, the magnitude of ecological changes to fresh-

water resources resulting from new hydropower development may be

much greater in developing nations than in developed countries such

as the United States, where relatively few free-flowing rivers remain

(Benke 1990).

Potential economic advantages of electricity sector reform are

perhaps greatest in tropical developing countries, where many resi-

dents lack access to electricity. Environmental risks, however, are also

high in developing countries, where governments are often unable to

provide adequate regulatory control to protect public interests and

the environment (Gleick et al. 2002). In light of the global push toward

privatization, the issue of private hydropower development is of

increasing concern to policy-makers, non-governmental organizations

(NGOs), and local communities. Thus, as recommended by the World

Commission on Dams, multiple stakeholders should be evaluating

the environmental costs and benefits of privatization schemes, partic-

ularly those that involve the construction of hydropower dams (WCD

2000). Efforts to coordinate the input of citizens and communities

affected by development projects with multilateral development

banks, such as those undertaken by the Bank Information Center

(2004), offer hope that environmental and social concerns will be

voiced to development planners.

Case study III: Globalization and the commodification

of water – the Great Lakes/Nova group case

Increasing human demands for water are threatening the biodiversity

and stability of many freshwater ecosystems throughout the world. In

river systems of the western United States, the private appropriation of

fresh water for irrigation and other human activities (Postel and

Richter 2004) consumes 75 percent or more of instream flow, resulting

in negative environmental impacts to both riverine and riparian eco-

systems (e.g., Pringle 2000, 2001). In some cases, water from a river

system or lake is piped to locations hundreds of miles away from the

source. The potentially devastating ecological effects of large-scale

water appropriations are well illustrated by the collapse of Asia’s Aral
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Sea ecosystem and North America’s Colorado delta ecosystem. In these

cases, large-scale water diversion led to the loss of economically impor-

tant fisheries and eventually to the displacement of human popula-

tions dependent on them. Controversial projects to divert large

amounts of water from freshwater ecosystems are being proposed

throughout the world, in river basins both large and small – from

southern Africa’s Okavango River to the Paraguay River in South

America to the Apalachicola–Chattahahoochee–Flint river basin in

the southeastern United States.

Economists have forecasted that privatization and sale of fresh

water may become one of the most pressing issues of the twenty-first

century as this resource comes under increasing pressure to be inter-

nationally traded in order to alleviate water scarcity and degradation.

Our last case study illustrates the response and successful influence of

local communities to protect the world’s largest freshwater ecosystem,

the Laurentian Great Lakes, from the threat of potentially unsustain-

able privatization and global trade. In this particular case, the threat of

privatization ultimately resulted in stronger environmental protection

measures coming into force.

On March 31, 1999, the Ontario Ministry of the Environment

granted a permit to the Nova Group, a private Ontario-based corpora-

tion, to export up to 156 million gallons (700 million liters) of water

from Lake Superior to Asia for crop irrigation annually for up to 5 years.

This decision was met with strong protests from both grassroots envir-

onmentalists as well as both U.S. and Canadian government officials.

Objections to the mandating of international water markets were also

voiced by the Canadian trade minister at the 1999 Seattle meetings of

the WTO. Concerns over ownership of the water (it is still unclear who

actually owns the water in the Lakes), rights to licensing, and sustain-

able use of the water resources were posed by U.S. representatives and

environmental NGOs (Cangelosi 2001). In response to immense public

pressure, the Ministry eventually rescinded the permit (Cooper and

Miller 2001). In its defense, Nova claimed that the amount of water it

planned to export was negligible and did not pose a threat to Lake

Superior. Environmentalists voiced concern that granting one permit

for export would ultimately pose a threat to the Great Lakes by allow-

ing for hundreds more to follow.

Environmental protection of the Great Lakes has a long tradition

and remains a priority among diverse interests groups because the

Lakes support tourism, recreation, fisheries, and a rich aquatic bio-

diversity. Not only is the Great Lakes basin a global hotspot of aquatic
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biodiversity, it is also one of the largest sources of fresh water in the

world. The Lakes cover 94 250 square miles (244 000 km2) and contain

approximately 21% of the world’s fresh water. In addition, the Great

Lakes basin contains thousands of tributary streams and supports

extensive wetlands (U.S. Environmental Protection Agency and

Government of Canada 1995). These lakes, rives, and wetlands support

more than 300 species of fish, hundreds of species of invertebrates, and

one of if not the richest freshwater mussel faunas in the world (Jude

and Pappas 1992).

Since the original squall over this issue, several agencies have

deemed the measures in place to protect Great Lakes water inadequate

and have called for more stringent laws (Council of Great Lakes

Governors 2001; Canadian Environmental Law Association 2004). The

Institute for Agriculture and Trade Policy (IATP) proposed compre-

hensive conservation planning by both Canada and the United States

that would include limitations on water withdrawals. Because these

limitations on withdrawal would be just one aspect of the overall

conservation measures, IATP believed they would be more resistant

to regulation by international trade bodies such as the WTO (Ritchie

1999). Indeed, many state-based and U.S.–Canada policy measures were

introduced that limited water withdrawal from the Great Lakes in

response to the Nova permitting issue (Cangelosi 2001). Though Great

Lakes water ultimately was not licensed, this case became a major

flashpoint in the anti-globalization, pro-environmentalist movement.

The manner in which civil society reacted to this request for a license to

export fresh water and the extensive conservation planning that

emerged as a result of the threat of exporting Great Lakes water illus-

trate the potential of conservation initiatives to successfully counter

threats posed by privatization and commodification of freshwater

resources.

C O N C L U S I O N S : P R O T E C T I N G W A T E R R E S O U R C E S

I N T H E A G E O F G L O B A L I Z A T I O N

Because the story of the destruction of the Aral Sea is linked to the

era of development, dam-building, and commercial agricultural expan-

sion, the story of its demise serves as a precautionary tale for the

potential negative environmental consequences of globalization.

Although not caused necessarily by global factors, the Aral Sea disaster

serves as a cautionary reminder of the long-lasting negative effects

that may accompany the simplification of ecosystems for export
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agriculture. Now considered one of the greatest environmental catas-

trophes in history, the devastation of the Aral Sea is traced to the late

1930s, when the Soviet government began to operate large-scale com-

mercial cotton farms in the region (Calder and Lee 1995). In order to do

this, the rivers emptying into the Aral Sea were dammed, and irrigation

diversions to surrounding farms were created. After 1960, diversions of

water out of the Aral Sea outpaced returns, causing the sea to shrink,

setting off a positive feedback loop that increased salinity and eva-

poration. By the 1980s, the once-abundant fisheries had collapsed,

and the climate of the region began to change as the Aral Sea lost its

capacity to moderate the Siberian winters. Sensitive river delta habitat

was also destroyed when the lake began to recede, and contaminated

sediment from the exposed shores, totaling more than 28 000 km2, was

spread as far north as the Arctic via windstorms. Similar destruction of

wetlands, albeit on a lesser scale, as a result of diversions and irrigation

runoff from agricultural lands has occurred in the Kesterson Wildlife

Refuge, the Salton Sea, and the Stillwater National Wildlife Refuge in

western Nevada (Pringle 2003).

In response to these environmental tragedies, many environ-

mentalists have recommended that environmental controls and regu-

lations be built into international laws and trade agreements. However,

there is now evidence that many of the laws outlined in international

treaties on the environment are disobeyed (French 2000). Reasons for

flouting the law may range from economic hardship to straightforward

resentment of ‘‘top–down’’ conservation efforts by local people. In the

case of the Aral Sea, local communities did not have the power to

prevent policies driving large-scale environmental alterations. By con-

trast, the relative strength of civil society, local governments, and

regional coalitions was an important component in environmentalists’

ability to prevent the licensing and trading of Great Lakes water by a

private corporation. These two contrasting examples illustrate the

importance of sociopolitical and economic contexts in successful

community-led protection of freshwater resources.

Much hope has been placed in the potential of local communities

(Goldsmith and Mander 1996) as well as coalitions of diverse groups to

positively affect environmental health (French 2000; Gould et al. 2004).

For coalitions across borders and ideologies to be successful in protect-

ing resources such as freshwater biodiversity, however, an understand-

ing of and respect for the divisions in world-views, local histories

and conflicts, and on the ground realities for people involved in use

and protection of water resources is needed. Promising examples
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of such coalitions do exist, such as the international movements that

blocked dam development in Brazil (Rothman and Oliver 1999) and the

labor/environmental coalition that emerged at the WTO Seattle Round

in 1999 (Gould et al. 2004). As the era of globalization unfolds, protec-

tion of freshwater resources will depend not only on the ability of local

communities to form effective coalitions that magnify attention to

their cause but also on the willingness of governments and inter-

national trade and development agencies to enact and maintain legal

frameworks that protect freshwater resources.
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4

Globalization effects on water
quality: monitoring the impact on
and control of waterborne disease

G L O B A L I Z A T I O N A N D T H E N A T U R E O F T H E W A T E R

E N V I R O N M E N T

Historically, the development of communities near and on coastlines

and river banks meant that populations were mobile, utilizing the

waterways for travel and trade. The nearby fisheries served as an

important component of the food supply, and rivers and lakes provided

an abundance of fresh water. This interconnectedness between water

and development of civilizations remains as important today as it

was throughout history. Population growth correlates directly with

increase in water use (Fig. 4.1) (much of this use is non-consumptive),

and the water is generally returned to the environment in a poorer

quality than it was when it was taken. Studies investigating the rela-

tionship between a country’s economic status (gross national product,

GNP) and water use have shown that, though there is little correlation

between these variables within countries grouped by income ranges

(low income, middle–lower, middle–higher, and high income), there is

a clear relationship between economic development in the four broad

categories and per capita water use (World Bank 2000) (Fig. 4.2).

Water resources are part of a global interconnectedness and inter-

dependency and in many cases are now being viewed and will require

management under the doctrine of scarcity. It is estimated that water

shortages will affect 2.7 billion people in about 20 years, threatening the

global food supply as well as the economies of the more than 50 coun-

tries where international boundaries in water basins have created a

hydrogeopolitical setting (Gleick 1993; Shmueli 1999; World Water

Council 2003). There are 215 international river basins, and waters are

shared by more than one country on every continent (Gleick 1993).

There are 13 international water basins worldwide shared by five or

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.
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more nations, including the Danube, Niger, Nile, Zaire, Rhine, Ambezi,

and Amazon. The Great Lakes water basin is one of the largest volumes

of fresh water storage and is shared by Canada and the United States. In

addition to maintaining the beneficial uses of water for agriculture,

industry, and communities, there is an increasing need to protect the

natural features of water systems including the animals and plants that

inhabit these ecosystems. Water pollution remains a critical issue that

has directly influenced the scarcity of water. As the quality of water has

deteriorated in many parts of the world, this means that restoring the

waters for their intended purposes will require significant financial

investment. Achieving access to both sufficient quantity and quality of

water will require local, regional, national and international cooperation.

Pollution of the water environment is tied directly to human

activities, types of water use, and pollution prevention strategies

employed. The relationship between water quality and human health

has been well established. According to the World Health Organization

(WHO), 40 percent of the world’s population (6 billion people) lack

sanitation services and 1 billion people lack access to safe water;

up to 2.2 million will die from diarrhea (Brown 2002). The situation is

most dire in developing countries. United Nations Secretary-General

Kofi Annan has stressed that water-related diseases are responsible

for 80 percent of the illnesses and deaths in the developing world and

that innovations are needed to address this growing global challenge.

Zambia’s Central Board of Health estimated that 54 percent of

the population (4 million people) were suffering illnesses and dying

because of drinking contaminated water from both surface and shallow

wells. As many as 250 million cases of water-related diseases in sub-

Saharan Africa have been reported each year (United Nations 2003).

To address this global calamity, the United Nations Millennium

Development Goals stated the following objectives for water: ‘‘Halve

by 2015 the proportion of people without sustainable access to safe

drinking water’’ and ‘‘halve the proportion of people who do not have

access to basic sanitation’’ (United Nations 2005).

Water contamination in affluent countries has also resulted in

dramatic outbreaks of waterborne disease, and looms as an increasing

and constant reminder of the vulnerability of the water system to

significant water quality degradation resulting in disease and death

if engineering controls fail (Hrudey and Hrudey 2004). These outbreaks

and water quality degradation, particularly along coastlines and beaches,

have influenced both local and national policies for protection of the

water resource.
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Though it is acknowledged that a water crisis exists, much effort

has been placed on measuring the quantity of water, when it is the

quality of water that is directly linked to health and about which

there is a paucity of information. Currently, there is no global database

on water quality, and water quality is not addressed in many inter-

national water treaties (Shmueli 1999). To meet the water resource

challenges of the twenty-first century and the Millennium

Development Goals in an era of globalization will require a compre-

hensive examination of the causes of water pollution and degradation

of water quality, along with development of a comprehensive spatial

and temporal database on water quality conditions and trends.

Globalization and impacts on water quality

The definition of globalization includes the interconnectedness of

our populations, both geographically and socially, technologically, and

economically. Many water basins and watersheds traverse local, national,

and international jurisdictions. Thus there is a direct connection between

water quantity and water quality and the dynamics of the peoples

sharing the same water basin. Some population always lives downstream

of another, so the water quality of one community is affected by

unchecked economic development and associated pollution discharges

of another. Population growth, urbanization, and industrialization have

resulted in major impacts directly on water quality via increased volumes

and spatial distribution of sewage and manufacturers’ discharges.

Globalization also has many subtle indirect effects on water quality.

The globalization of goods, services, labor, capital, and technol-

ogy has a strong influence on water quality at all scales from the very

small to the largest. The growing population and economics associated

with a global food market have led to intensification of agriculture, and

an increased demand for protein has meant that more animals and

their wastes are produced. More fruits and vegetables may enter the

world market from areas where irrigation waters are laden with sew-

age and animal wastes.

The growth in world trade has correlated with an increase in the

shipping industry and has resulted in the transport of water from one

area of the globe to another through the collection and release of

ballast waters. Travel in general has increased, and with the ability to

travel has come the enhancement of the tourism industry with sig-

nificant impacts on local and national economies. This increase in tour-

ism has particularly affected coastlines, which have experienced rapid
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development and increased pollution compromising the aquatic

resources that attracted visitors in the first place.

Finally, the increase in population and energy needs has influ-

enced the climate via release of greenhouse gases. This climate change

is realized in changes in precipitation and temperatures as well as the

timing and duration of droughts, storms, and other extreme events

that directly and indirectly influence water quality.

Table 4.1 describes some of these indicators of globalization and

their potential impacts on water quality. The processes and factors

involved in indicators of globalization such as population growth,

sewage discharges, and the relationship of the resulting water quality

influencing human health are complex. To begin to understand these

processes, we must first define waterborne disease.

Waterborne disease

Waterborne disease is a global problem. According to the latest esti-

mate by the WHO, some 250 million cases of water-related diseases

occur annually in addition to 4.37 billion cases of diarrhea associated

with contaminated water (UNDP 2003; WHO 2003a). Waterborne disease

is defined as an illness in humans by which the etiological agent (the

organism responsible for the disease) is transmitted through ingestion

of contaminated water via a variety of activities (drinking and recrea-

tional). Water-washed disease is caused by poor personal hygiene and

skin or eye contact with contaminated water, and includes scabies,

trachoma, and flea-, lice-, and tick-borne diseases. Water-based disease

is caused by parasites found in intermediate organisms living in water,

and includes dracunculiasis, schistosomiasis, and conditions caused by

other helminths. Finally, water-related diseases are caused by insect

vectors that breed in water, and include dengue, filariasis, malaria,

onchocerciasis, trypanosomiasis, and yellow fever.

It is the first two categories that are primarily associated with

water contamination and water quality. The most common sources of

the microbial agents associated with waterborne disease are animal

and human waste. The infectious agents that cause these diseases are

enteric bacteria, parasites, and viruses. For many human illnesses, it is

the transmission of the agent from feces of infected humans or animals

to water and then back to humans that is the primary risk. Fecal

contamination can enter waterways via sewage discharges, animal

waste discharges, septic tanks, and stormwater. Fecal contamination

of water and exposure to sewage have long been associated with
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Table 4.1 Globalization indicators and some impacts on the water

environment

Indicator Result Impact Spatial scale

Increases in

trade

Increases in

shipping

Transport of exotic species

and disease agents

from ballast waters

Spreads quickly

to the larger

basin scale

Tourism Increases in

infrastructure,

sewage

production, and

water use

Chemical and pathogen

discharge to the

water environment;

overutilization of

the resource

Local impact at

the beach and

coastline

Global food

supply

Intensification of

agriculture and

aquaculture;

application of

antibiotics and

fertilizers

Non-point source

discharge of pathogens

from associated animal

wastes (manure) and

chemicals;

eutrophication;

antibiotic resistance

Watershed

level

Climate

change

Changes in

temperature,

precipitation,

storms

Enhanced transport of

contaminants; changes

in pathogen survival;

greater conflict over

resources more

recycling; extreme

events increasing

loading

Local and large

basin-scale

impact

Rapid

transport

Movement of

people

Disease and infections

transported globally

Local

community

impacts;

global

epidemics

Population

change

Growth and

diversity of

populations;

urbanization;

large

metropolises

Sensitive subpopulations;

increased populations

and wastes and

wastewater discharges;

increases in point and

non-point pollution;

loss of natural buffers

for contaminant

attenuation

Localized areas

of impact and

concern;

downstream

impacts
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disease. Thus the presence of feces in and of themselves has been a water

quality indicator for defining the potential for waterborne disease.

The probability of an illness occurring from any waterborne

pathogen will depend on the type of contact made, that is, the exposure,

the duration of the exposure, and the concentration of the organisms in

the contaminated water, the survival and transport of the pathogen

from the source to the contact point, and the level of individual or

population susceptibility to the pathogen (Meyland and Machlin 2001).

To better understand the risks to the water system and human

health associated with the globalization factors referred to in Table 4.1,

it is helpful to address the interconnectedness of these factors, from

the sources of the pathogens to the exposure (Fig. 4.3).

The major direct transmission routes of waterborne disease are

associated with exposure to contaminated drinking water and recrea-

tional water. In this context, recreational exposure will be assumed to

EXPOSURE TRANSPORT SOURCES

Consumption and use:
community growth;
tourism; global food
supply

Beaches, swimming
pools, recreational
activities

Seafood and
shellfish; vegetables
and fruits

Drinking water
supplies: need for
new supplies and
greater quantity

Sources of microbial
agents and their
contributions to water

Land use:
population and
animal numbers
and distributions

Return flows from
communities
(Sewage)

Urbanization:
increase storm
drains; loss of
natural buffers

Microbial fate and
climate change as the
driver of change

Transport via rain
and runoff

Survival and  /or
regrowth via
temperature

More or less dilution
and attenuation

Extreme events and
increased loading

Agricultural
intensification:
animal manure;
greater irrigation

Discharge of
contaminated ballast
waters or wastewaters
from ships

Figure 4.3 Waterborne disease potential: globalization factors

influencing the source to exposure.
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be through ambient waters. In freshwater systems, rivers and lakes

may serve multiple purposes as drinking water supplies and recrea-

tional waters.

Drinking water and treatment had been the major focus for

understanding and preventing waterborne disease, but the worldwide

increase in tourism as an economically important industry, particu-

larly for coastal communities, has also increased the interest in coastal

pollution and recreational waterborne disease. The inclusion of access

to sanitation and watershed protection as an expansion to the para-

digm for providing ‘‘safe water’’ has meant that greater emphasis is

needed on the sources of the pathogens and the factors that influence

the loading, transport, and fate of pathogens in the water environment.

The exposure via water to toxins produced by microorganisms

has not been generally included or readily described by any of the

previous waterborne disease definitions. It is clear that water quality

degradation in many countries has been measured by increases in

nutrients from both sewage and agricultural sources, which have

been suggested to be related to increases in harmful algal blooms

(HABs) (Chorus and Bartram, 1999). These harmful algal blooms may

affect recreational uses of water (‘‘red tide’’) and drinking water (cyano-

bacteria, blue-greens), and their frequency and distribution may be

related to some of the same globalization factors as those of the tradi-

tional waterborne disease agents of fecal origin (Fig. 4.4).

The greater recognition and awareness of waterborne disease

has led to much public concern, particularly for the members of

our society who are very susceptible to severe outcomes, including

death (Haas et al. 1999). Infants, young children, elderly persons, the

Increase in
nutrients from
sewage,
agricultural
sources, and
run-off

Increase in blooms
distribution and
persistence;
associated rain and
temperatures from
climate factors

Impact on
drinking
and
recreational
waters

Shipping
increase in
ballast and
invasive species

Disruption of
the ecosystem

Figure 4.4 Harmful algal blooms and factors influencing their

appearance and persistence.
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immunocompromised, and those with underlying disease conditions

are at greatest risk when exposed to water pollution hazards. This has

led to a movement to better understand the causes so that potential

solutions for mitigating the risk, through both practical engineering

methods and societal and political approaches, can be implemented.

U N D E R S T A N D I N G T H E S O U R C E S , F A T E , A N D I M P A C T

O F W A T E R B O R N E A G E N T S

Sewage: an important source of waterborne pathogens

One of the most important indicators of the global change is the unpre-

cedented and rapid increase in population and the subsequent increase

in sewage discharges contributing to widespread water quality degrada-

tion. Waterborne pathogens are found in varying concentrations in

wastewater, whether untreated, primary treated, or secondary treated.

Only advanced treatment and/or adequate disinfection will eliminate or

dramatically decrease the levels of pathogens in sewage (NRC 1999). It

has been suggested that sewage discharges represent one of the most

significant sources of health risk associated with waterborne disease

because of the concentrations and the variety of pathogens that can be

present. Table 4.2 describes some of the pathogens that may be found in

untreated sewage and the diseases they can cause (Rose and Grimes

2001). Hundreds of types of bacteria, parasites, and viruses can be

found in untreated sewage, and worldwide there is no program to

monitor for these pathogens in sewage discharges. Typically, these

pathogens are highly infectious; even with great dilution in the environ-

ment the large concentrations found in sewage make the level in pol-

luted waters capable of causing illness. This is particularly true of the

viruses and parasites. In addition, viruses and parasites are more robust

than bacteria, surviving for extensive times in water, and they are more

resistant to water disinfection used in wastewater or in drinking water.

Globally, about 40 percent of the population has no access to any

type of adequate sanitation system (sewers, flush latrines, septic tanks,

and communal toilets in urban areas, and pit privies, pour-flush

latrines, septic tanks, and communal toilets in rural areas) (Gleick

1998), so untreated wastes are either directly or indirectly washed

into waterways. In the United States, 98 percent of the wastewater

undergoes secondary treatment, and in the past decade, the European

Union has mandated that secondary treatment be used. However, in

most countries with sewer coverage, less than 1 percent of the flow is
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treated prior to discharge. China, for example discharges 40.1 billion

cubic meters of wastewater and sewage every year, of which 51 percent

is from the cities. China has approximately 400 city sewage treatment

plants in operation, with a total daily treatment capacity of 25.34

million cubic meters (Zhang n.d.).

Separate sanitary sewers intended to collect municipal and

industrial wastewater and carry it to a wastewater treatment plant

are not meant to carry a superfluous amount of water, such as storm

water. But in many places, including the United States, sanitary sewer

overflows (SSO) occur as discharges of sewage from a sanitary sewer

collection system before reaching a wastewater treatment plant, both

intentionally and unintentionally (Meyland and Machlin 2001).

Discharges that enter waterways from diffuse sources (rather

than the end of a pipe) are considered non-point and are currently

of significant concern as a major cause of impaired water quality. A

specific water pollution source directly related to globalization is the

increased use of septic tanks along coastlines where tourism and popu-

lation growth are rising.

Globalization is resulting in increased travel and tourism. This

industry and population shift to coastal communities puts pressure

on coastal environments. Often wastewater from these communities

is disposed directly or indirectly into coastal waters. Approximately

9.3� 107 people (37 percent of the total U.S. population) reside in

U.S. coastal areas and discharge about 4.5� 1010 liters of treated waste-

water per day (NRC 1993). In the year 2000, the United States had

more than 11 000 beach closings or advisories (freshwater and marine

beaches), almost twice as many in the previous year, and a majority

of these closings were due to wastewater pollution (NRDC 2001). On

a global scale, coastal development is twice that of inland sites, and

about 90 percent of the generated wastewater is released untreated

into marine waters (Crosette 1996; Henrickson et al. 2001).

There is no adequate estimate of the numbers of septic tanks

worldwide, but in the United States, approximately 25 percent of all

households and one of every three new houses are served by these

on-site waste disposal systems. Contamination of nearby coastal

waters and groundwater has been demonstrated. In particular, patho-

genic viruses, because of their colloidal nature, have been shown to

contaminate both coastal waters and drinking water (Borchardt et al.

2003; Griffin et al. 2003). The use of viral tracers was particularly

successful in the study of septic tanks in Florida. Bacteriophages

were flushed down toilets and in some cases appeared in adjacent
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surface waters in 8 hours and in nearshore waters in 23 hours.

Estimated migration rates were as high as 24.2 meters per hour, a

rate 500-fold greater than that seen using subsurface flow meters

(Paul et al. 1995). This illustrates the significant contribution that

septic tank discharges can make to the deterioration of regional

coastal surface water quality.

Animal waste contributions

Over the past 25 years, per capita meat consumption in developing

countries grew at three times the rate in developed countries, and it is

estimated that global livestock production will have to double by 2020

to supply needs (Bradford et al. 1999; Delgado et al. 1999).

In traditional systems manure is an important fertilizer, but man-

ure produced in industrial systems is usually in excess of agronomic

requirements and is a major disposal issue in intensive animal produc-

tion facilities. Today, the world contains approximately 1.2 billion

cattle, 800 million pigs, and 10 billion chickens. Livestock numbers

are increasing at the same time as agricultural land has been decreas-

ing at a rate of 7 percent per decade because of urbanization, commer-

cial forces, and land degradation (Oldeman et al. 1991). Livestock

densities in both developed and developing countries range from

5 kg/km2 to more than 6000 kg/km2 (AGA 2006) with the greatest con-

centrations in India, China, and Europe.

Manure disposal via land application has been used since early

human history, but it has caused problems such as nitrate leaching to

groundwater and to surface waters with excess rain and sandy soils.

Runoff of manure into waters has caused increased microbial growth

and, along with high biochemical oxygen demand, has led to anoxic

conditions or altered aquatic environments (Hooda et al. 2000). Most

commonly, feces on beef and dairy farms are usually collected as solids

and later applied to land. There is an anaerobic slurry storage period

that could decrease microorganisms, but it has been shown that certain

pathogenic organisms can survive beyond the designated period (Pell

1997; Hooda et al. 2000).

Industrialized systems of animal agriculture currently produce

8 billion tonnes of waste per year. These intensive systems may

continue to grow by 4 percent per year and it is estimated that

in 2020 they will have 20 billion tonnes of animal waste for disposal

(De Haan et al. 1997).
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Numerous bacterial and protozoan pathogens can be found in

animal wastes that affect human health and can affect the health of

other animals. The application of animal manures to agricultural land is

one route by which pathogens may be introduced into the environment

and eventually end up in waters through poor irrigation practices and/or

rainfall. Some of the bacteria of concern are Salmonella spp., Campylobacter

spp., Listeria monocytogenes, Mycobacterium paratuberculosis, and Escherichia

coli O157; the protozoa include Cryptosporidium parvum and Giardia intesti-

nalis (Mawdsley et al. 1995; Pell 1997; Nicholson et al. 2000; Hill 2003).

The following pathogens have been detected in 10 to 50 percent

of the animals during various surveys:

Cattle: Salmonella, Listeria, E. coli O157, Campylobacter,

Cryptosporidium, and Giardia have all been found in

cattle manures.

Pigs: Salmonella, Listeria, E. coli O157, Campylobacter,

Cryptosporidium, and Giardia have all been isolated

from pig manures.

Poultry: The most commonly found pathogens in poultry

manure are Salmonella and Campylobacter.

Sheep: Salmonella, E. coli O157, Campylobacter, and Cryptosporid-

ium have all been isolated from sheep manure.

Great strides have been made in the mapping of food con-

sumption, human dimensions, and livestock-oriented production

systems as well as water use (Gerbens-Leenes et al. 2002; Kruska et al.

2003). The tonnage of animal waste has been estimated on the basis of

nitrogen in animal excreta (Bouwman and van der Hoek 1997); little

effort has been made to address the microbial and zoonotic infectious

disease potential associated with loading of manure onto land and water.

Impacts of shipping on transport of waterborne

pathogens and indirect effects on aquatic ecosystems

The increase in the transportation of goods by water has increased the

numbers of ships dramatically since World War II, from 80 292 large

commercial vessels to 605 218 by 2003 (MBS 2005 ). This increase also

means an increase in ballast water. Estimates suggest that 95 billion

liters of ballast water enter U.S. waters per year. Ballast is defined as any

solid or liquid that is brought on board a vessel to replace cargo,

thereby stabilizing the ship’s center of gravity. In most cases, coastal

water picked up as ballast in one area carries with it a multitude of
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organisms that can then be disseminated globally and released as non-

native and, in many cases, harmful species.

The 1990s gave rise to one of the largest cholera epidemics in

Latin America, much of it waterborne. A total of 1 076 372 cases and

10 098 deaths due to cholera in the Americas were reported by June

1995, according to the Pan American Health Organization (PAHO). In

1994, cholera was detected for the first time from the Bug River (fresh

water) in Poland, and soon afterwards Hong Kong reported two out-

breaks of cholera (Lee et al. 1996). Although the cause of the Hong Kong

outbreaks was not clearly identified, increasing pollution of coastal

waters has been implicated. In 1991 and 1992, toxigenic Vibrio cholerae

01, serotype Inaba, biotype El Tor, was recovered from ballast water

from five cargo ships docked in ports of the U.S. Gulf of Mexico

(McCarthy and Khambaty 1994). Four of the ships had taken on ballast

water in cholera-infected countries; the fifth took on ballast in a non-

infected country. The isolates of V. cholerae detected in the ballast water

were indistinguishable from the Latin America epidemic strain, but

they were significantly different from an endemic strain found along

the Gulf Coast.

The introduction of foreign aquatic life in national waters –

indeed, the issue of non-indigenous species generally – is of growing

concern. Government authorities have begun to regulate the discharge

of ballast water from cargo ships entering all ports in the United States

in an attempt to reduce the adverse environmental problems caused by

the inadvertent introduction of foreign species (U.S. Department of

Homeland Security 2003). The problem of non-indigenous species

gained prominence in California where in the San Francisco Bay and

Los Angeles–Long Beach ports more than 200 and 46 non-native spe-

cies, respectively, are known to have been introduced (Cohen and

Carlton 1998).

Although non-native species arrive by a variety of means, ballast

water is a common way for exotic animals, as well as potentially patho-

genic microorganisms, to reach domestic ports and waterways (Ruiz

et al. 2000). Species that are unintentionally introduced into a new

coastal environment come in many shapes and sizes and include

algae, shellfish, developing larvae, eggs, and other microscopic organ-

isms. Some well-documented ‘‘stowaway’’ species are zebra mussels,

Eurasian ruffes, and Chinese mitten crabs (Mills et al. 1993; Ruiz et al.

2000).

Most of the aquatic invasive species would not be considered to

have direct human health effects, though there are some indications
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that the zebra mussel invasion of the Great Lakes has increased the

occurrence of harmful algal blooms associated with cyanobacteria and

the presence of toxins. Thus, in addition to the role of nutrients (related

to increases in non-point sources and storm waters), some evidence

suggests that exotic herbivores interact in promoting the abundance

and relative dominance of harmful algal blooms in the Great Lakes

(Sarnelle et al. 2005).

Harmful algal blooms: complexities

of bloom-associated health risks

The increased stresses on aquatic ecosystems associated with increased

eutrophication from anthropogenic inputs along with climate change

have been suggested as major causes for increasing reports of harmful

algal blooms (Epstein 1998). Filamentous and colonial cyanobacteria

are the most important taxa causing harmful phytoplankton blooms

(harmful algal blooms, HABs) in lakes, rivers, and low-salinity estuaries

(Fogg et al. 1973; Reynolds 1984; Paerl 1988). Cyanobacterial blooms

reduce water transparency and recreational value, cause odor and taste

problems, and can be toxic to both terrestrial and aquatic organisms

(Carmichael and Falconer 1993; Chorus and Bartram 1999).

Blooms have disastrous short-term (toxicity and taste/odor prob-

lems, hypoxia/anoxia) and long-term (loss of fisheries and recreational

resources, biogeochemical and trophic alterations) consequences for

water quality and resource utilization of affected waters. These blooms

also have an effect on human health (Carmichael 2001).

Human health concerns have been related to cyanobacteria

blooms and the production of toxins. Microcystins and cyclic heptapep-

tides are the most common cyanobacterial toxins in fresh water and

are often produced by Microcystis (Sivonen and Jones 1999; Codd 2000).

Several cases of blue-green algae toxicosis in domestic animals have

been recorded. A number of cattle died in a herd of 175 Hereford and

Angus cattle in Burlington, Colorado, after ingesting water containing

an algal bloom (Puschner et al. 1998). In February 1996, at a dialysis

center in Caruaru, Brazil, 52 patients died from a syndrome now

known as Caruaru syndrome, in which high concentrations of micro-

cystin toxins were detected in the water used for the drinking supply.

Individuals experienced visual disturbances, nausea, and vomiting

after dialysis treatments, and 100 patients developed acute liver failure.

Three main types of toxins have been identified: neurotoxins, hepato-

toxins, and contact irritants (Repavich et al. 1990). Types of neurotoxins
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include anatoxin-a, anatoxin-a(s), and saxitoxin. Hepatotoxic poisoning

results in anorexia, diarrhea, vomiting, and weakness (Carmichael

et al. 2001). Hepatotoxins inhibit protein phosphatase enzymes, result-

ing in liver damage that can be severe enough to lead to fulminant

hepatic failure. The most common hepatotoxin is microcystin, a cyclic

heptapeptide with at least 65 known variants (Codd 2000). There is some

evidence that microcystin may act as a tumor promoter (Falconer 1996).

The WHO has set guidelines based on acute animal toxicity studies

of 1mg/l for drinking water (Chorus and Bartram 1999). Management

and prevention in the future must address the increase in nutrients

from increased sewage, agricultural sources, and stormwater as well as

the role of invasive species.

Climate impacts on water quality and health

‘‘Climate’’ refers to average meteorological conditions over a specified

time period (usually at least a month), including the frequency and

intensity of extreme events and other statistical characteristics of the

weather (NRC 2001). Climate change may have several latent effects,

such as extreme heat, extreme storms, air pollution, and ecological

shifts. As a result, global climate change could affect the geographic

distribution of harmful pathogens, the pathogens’ virulence, and their

incidence, and cause increased occurrence and persistence of enteric

pathogens in surface waters (Rose et al. 2001). Extreme storms usually

cause an overburdening of wastewater treatment facilities and

increased stormwater runoff, which in turn increases enteric pathogen

levels nearby surface waters and possibly in groundwater. Intense

rainfall events have already increased over the past century (Twilley

et al. 2001). A statistical association between extreme precipitation and

disease outbreaks via drinking water has been demonstrated in the

United States (Curriero et al. 2001). In addition, winds and rain were

shown to be key factors in the degradation of water quality in the Great

Lakes and the Gulf of Mexico (Whitman et al. 1999; Lipp et al. 2001;

Olyphant and Whitman 2004).

M O N I T O R I N G T H E W A T E R E N V I R O N M E N T A N D I M P A C T S

O N H U M A N H E A L T H

Water quality, in international basins in particular, and the ability or

inability to monitor and influence protection have been shown to be

associated with the severity of the water quality problem, the physical
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and human setting, level of competitive uses, economic development,

location/political setting, and agreements in place between the trans-

boundary powers (Shmueli 1999). The protection of human health and

imminent danger to health have always been drivers of action. There

are a number of approaches for monitoring water quality impacts on

the health of human populations. Measuring from the disease endpoint –

that is, the number of people who are ill as a result of exposure to

contaminated waters – has a number of problems (Box 4.1 illustrates

some of the systems in place). These systems are passive and limited in

recording the ‘‘true’’ amount of disease – that is, most illnesses are not

reported. In most cases, the exposures and the type of microorganisms

associated with the illnesses are not identified. These systems are after-

the-fact and are not preventative or useful in examining the factors

that led to the water quality degradation.

Direct water quality monitoring for fecal contamination and

waterborne pathogens has been suggested and used for protection of

watersheds, drinking water supplies, and recreational waters (NRC

2004). No global assessment of water quality has ever been undertaken,

however, and data are fragmented both spatially and temporally. A

consistent monitoring method has not even been advocated. And

though reports of pathogen levels and indicator levels in waters

throughout the world continue, no central clearing house for reporting

or compiling these data exists.

Box 4.1 Disease detection

Health surveillance: cases of disease diagnosed by the physician

and/or laboratory and reported to state or national system.

Problem: most cases do not go to a physician or report the illness.

No association with exposure identified.

Outbreak investigation: cases reporting more than one person

affected at the same time and from the same water, usually a

community outbreak.

Problem: outbreaks are extreme events and are not always recognized until

a large proportion of the population is affected; underestimates amount of

endemic disease.

Epidemiological studies that statistically relate the transmission of

the disease to the health of the population exposed.

Problem: studies are too limited in time and space to relate water quality changes

to disease; often water quality and exposure are not adequately addressed.
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The lack of data has been suggested as the main deterrent to

developing a vested interest in water systems and the implementation

of policies and programs to improve water quality at the local and

national levels (Barker 2004).

To meet the Millennium Development Goals, access both to

safe drinking water and to sanitation will be critical. Comprehensive

watershed assessment, planning, and integrated programs to address

both water quality and quantity are likely to be effective at the com-

munity level and may be much more cost-effective with long-term

sustainability than plans that address temporary access only at the

household level through household treatment (Souter et al. 2003).

This approach underscores the need to enhance and refine the detec-

tion of contaminants in water, monitor changes in observable water

quality, and assess exposure and the potential public health impacts

and improvements made with investment in public works.

The indicator concept

Water quality assessment has been used for identifying designated uses

of water bodies and impairment. The assessment of water quality for

safe recreation and fishing uses very different approaches than assess-

ment for use as a water supply, even though the same body of water

may be used for all three activities. For recreation and drinking water,

indicator bacteria as indicators of fecal contamination and potential

risks to human health are used to determine safety. Chemical bioaccu-

mulation is used to determine water safety for fishing.

For more than 100 years, the safety or the level of ‘‘purity’’ of

waters has been measured via indicators. An indicator microorganism

is defined as an organism normally found in the intestines of animals

and humans, routinely shed in the feces in large numbers, and easily

measured in water. An indicator is usually not a pathogen, but its

presence indicates the potential for the presence of pathogenic micro-

organisms and hence the potential for disease. Historically, the indica-

tor used was a group of enteric bacteria (defined by the ability

to ferment lactose) known collectively as ‘‘total coliform bacteria.’’

The total coliform bacteria are currently used in the United States

and many other countries as an indicator of drinking water purity

and safety via protection and treatment. The fecal coliform bacteria

are a subgroup of the total coliform bacteria (defined by the ability to

ferment lactose at an increased temperature of 44.5 8C) and were

thought to be more indicative of fecal contamination of the water.
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The fecal coliform bacteria have been used to monitor recreational

waters and some wastewater discharges that may affect these types of

waters. Escherichia coli is a specific bacterium that belongs to the fecal

coliform group and is present in the gastrointestinal tracts of warm-

blooded mammals as a non-pathogenic organism, though pathogenic

strains are now recognized.

Another alternative fecal indicator, the enterococci bacteria, has

been proposed specifically for recreational water. Enterococcus bacteria

are a subgroup of the gram-positive fecal Streptococcus. They are char-

acterized by their ability to grow at low and elevated temperatures

(10 8C and 45 8C), at elevated pH (9.5) and in 6.5 percent sodium chloride

(Schleifer and Kilpper-Batz 1987).

One of the largest single studies to date using indicators to

examine water quality was carried out in 1914 between Canada and

the United States and focused on total coliform bacterial concen-

trations in water. The goals were to assess the extent and causes and

identify the localities in the boundary waters between the United

States and Canada that had become so polluted as to be injurious to

public health and unfit for domestic and other uses. At the time, large

numbers of cases of typhoid fever were found throughout the basin,

which supported a thriving 7 million people. Waterborne disease was

associated with sewage discharges, but more evidence was needed to

begin to ban untreated sewage discharges to key areas in the Great

Lakes. In 1909, the United States and Great Britain (Canada) signed the

Boundary Waters Treaty aimed at preventing and resolving disputes

between the United States and Canada over waters forming the bound-

ary between the two countries and also established a formal binational

body, the International Joint Commission (IJC). The treaty was origin-

ally intended to protect lake levels and navigability, but it also formed

the basis for the IJC to get involved in pollution problems in the

boundary waters (Bilder 1972). Article IV of the treaty states that the

‘‘boundary waters and waters flowing across the boundary shall not

be polluted on either side to the injury of health or property on the

other.’’ The interest in water quality and impacts on human water-

borne disease instigated one of the most comprehensive bacteriologi-

cal studies ever conducted in the Great Lakes region in 1913 by the IJC

at the request of the two governments to address Article IV of the 1909

treaty. The study examined more than 2000 miles (3200 km) of sam-

pling transects and collected more than 19 000 water samples. This

study is possibly the most extensive characterization of bacterial
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pollution ever conducted, yet few scientists know of it (Durfee and

Bagley 1997).

Microbial source tracking is now an emerging field of investiga-

tion. It uses the phenotypic or genetic specificity of the indicator

bacteria and attempts to determine the source of the fecal pollution

in waterways, whether it be human or animal (Sinton et al. 1998; Scott

et al. 2002, 2005; Simpson et al. 2002; Griffith et al. 2003). These types of

data can now be used within the global context to assign responsibility

to upstream polluters.

Indicators for the protection of recreational waters

To meet the needs of the growing globalized tourist industry, a con-

sistent and comparable water quality goal would seem imperative for

protecting the health of visitors from all over the world who may

frequent local beaches. A number of epidemiological studies per-

formed since the 1980s on recreational waters found that diarrhea

and respiratory illness in people using polluted water were best cor-

related with levels of the indicator organisms E. coli and enterococci. A

meta-analysis of the studies over the past few decades supports the

relationship of these two bacterial indicators with illness (Wade et al.

2003). Though there is a correlation (the higher the level of these

bacteria in the water, the greater the risk of becoming ill while

swimming), the specific relationships were shown to vary greatly by

water type, indicator, and location (Pruss 1998). This was true in both

marine and freshwater systems, though fewer studies have been

undertaken in fresh waters. Therefore, developing a common thresh-

old number below which the water quality is deemed ‘‘safe’’ has been

challenging.

Clear deficiencies in the indicator system were recognized early

on. Indicator bacteria did not always correlate with risk of disease or

predict the potential for an outbreak. The indicators do not correlate

with the presence of parasites and viruses in ambient waters – these

pathogens can be detected in waters in the absence of the indicator –

partly because of differences in survival and transport. The indicators

as currently used can not indicate or differentiate the source of the

fecal contamination (wildlife, farms, or urban sewage) (NRC 2004).

Despite the limitations, standards and guidelines for water qual-

ity for recreational waters have been developed using indicators. The

U.S. Environmental Protection Agency (EPA 1986) developed new
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criteria and suggested guidelines for U.S. recreational waters based on

geometric mean values of several (generally five or more) equally

spaced samples over a 30-day period:

Fresh water: E. coli not to exceed 126/100 ml

Enterococci not to exceed 33/100 ml

Marine water: Enterococci not to exceed 35/100 ml.

These standards were based on the log-linear relationships

between mean Enterococcus or E. coli density/100 ml and swimming

associated rates of gastrointestinal symptoms per 1000 persons (EPA

1986). Single sample maximum allowable densities were also devel-

oped. These values were based on risk levels of 8 and 19 gastrointest-

inal illnesses per 1000 swimmers at freshwater and marine beaches,

respectively, and they were estimated to be equivalent to the risk levels

for an older standard used by many (200/100 ml fecal coliform). Only

about 30 percent of the states have adopted these as state recreational

standards to date.

The WHO has taken a slightly different approach to regulation of

recreational waters (WHO 2003b) (Table 4.3). The guidance was based

on the epidemiological studies that supported the use of enterococci,

but rather than a single number and mean, the 95th percentile value

was used. This again was for mainly marine systems; and freshwater

recreational waters were not addressed.

The WHO has also recognized the importance of sewage as a

source of pathogens and has suggested that, in the case of ‘‘microbial

presence of human sewage’’ (e.g., due to a pipeline breakage), the 95th

percentile value of intestinal enterococci/100 ml greater than 500 (or

greater than 200 if the source is mainly from human fecal pollution) in

consecutive samples is a source of high risk. Beyond fecal contamina-

tion, the WHO guidelines also consider ‘‘algal and cyanobacterial, pre-

sence of scums or detection of 100,000 cells/ml’’ a health hazard.1

1 In the United States, for drinking water, only the total coliform is used as a

standard test after treatment and in the distribution system and should be zero

in 100-ml samples. Yet the language in the rule is such that it is the measurement

of E. coli which would lead to boil orders and more significant ramifications. The

WHO has recommended that E. coli must not be detectable in any 100-ml sample.

For treated water entering or in the distribution system the same recommendation

is also given for total coliform bacteria, with a provision that allows up to 5 percent

positive samples within the distribution system (WHO 2001). There have been no

specific standards or guidelines set for ambient water indicator levels for fresh

waters used for potable supplies.
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Direct pathogen monitoring

An understanding of the ecology of the infectious agents themselves is

often necessary particularly given that indicators are not correlated

with viruses and parasites. These data are necessary to address risk and

prevention strategies and have been used to examine prioritization of

large expenditures of funds for the upgrading of sewage treatment and

disposal methods. Pathogen monitoring will be a part of the future for

characterizing biological hazards in water (NRC 2004). Any pathogen of

concern can now be monitored for in water. Filtration techniques,

followed by clarification methods (e.g., immunomagnetic separation),

cultivation, antibody-based detection, or molecular detection, have

been used to detect bacteria, viruses, and parasites. Molecular methods

can now be developed for any microorganism of interest. Most recently

the National Academy of Sciences, the Organisation for Economic

Co-operation and Development, and the American Academy of

Microbiology have all summarized the methods available for monitoring

any pathogen of interest in water (OECD 1998; Rose and Grimes 2001;

NRC 2004).

Cryptosporidium and Giardia sampling have been used to address

ambient waters and have been the focus of the adequacy of watershed

protection schemes. The monitoring was used directly in decisions in

New York City about whether to invest in a large water filtration

facility for the water supply or in watershed protection measures

(Okun et al. 1997). In addition, viruses have been the major driver of

efforts to restore water quality in coastal systems worldwide and in

recreational waters, such as the reef environment and the Florida Keys

(Griffin et al. 2001, 2003).

Table 4.3 WHO guidelines for marine recreational waters

95th percentile
Estimated risk per exposure

enterococci/100 ml

value Gastrointestinal illness

Acute febrile respiratory

illness

�40 <1% <0.3%

41–200 1–5% 0.3–1.9%

201–500 5–10% 1.9–3.9%

>500 >10% >3.9%
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F U T U R E D I R E C T I O N S F O R T H E P R O T E C T I O N O F H U M A N

H E A L T H , W A T E R Q U A L I T Y , A N D D E S I G N A T E D U S E

It has been suggested that water is key to improving the economic

status of nations, as well as people’s health and protection of ecosys-

tems (Falkenmark 2002). As globalization makes its mark on the waters

of the world, it is important to understand the stresses put on aquatic

systems to facilitate better strategies for understanding:

Indicators of aquatic and water-related human health impacts

Pollution prevention at the watershed level

Sustainability of the water resource

Waterborne disease has not abated. Microbial contamination and

human health risks have increased for both recreational and drinking

waters. In the past, there was considerable discussion about the quan-

tity of water, which was often addressed as the critical issue, regardless

of water quality, for improving the health status of populations.

Independent of sanitation issues, it was thought that waterborne

infectious disease could be addressed through drinking water treat-

ment, vaccination, and improved medical care (antibiotics). However,

the world is much different several decades later than anticipated.

Global changes have contributed not only to emerging and re-emerging

infectious diseases but also to increased risk of waterborne disease due

to increases in populations, increases in wastewater loading to the

water environment, increases in non-point source discharges (e.g., bal-

last), and lack of infrastructure. This situation has been exacerbated by

climate variations and ecosystem disruptions.

There is no doubt that water quality degradation – in particular,

fecal contamination from humans and/or animals – has contributed to

the global burden of waterborne disease. Improved waterborne disease

surveillance and reporting are needed on a global level. This has been

encouraged by the WHO, but investment in public health infrastruc-

ture is needed. The AIDS crisis has mobilized efforts to improve diag-

nosis and treatment of infectious diseases. Along with these efforts, a

focus on environmental health should be encouraged because this will

improve the plight of millions of people.

Improved water quality testing and reporting are also necessary.

Information and access to information lead to empowerment and

change. It is acknowledged that a water crisis exists, but the emphasis

has been on measuring water quantity, when it is water quality that

directly affects human health. The most significant cause of deaths
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and illnesses in the developing world is the contamination of water.

Conventional methods (APHA 2005) as well as the development and

application of new tools for the assessment of water quality (Rose and

Grimes 2001) can be used at the watershed level to identify sources of

contamination. Significant advances in molecular technology allow for

characterization of water quality and related public health risks (OECD

1998). The impact of these new tools on decisions made to protect and

treat water would be immense, and could protect public health at a

grand scale. Water projects are implemented at the local level, often

with local solutions, but harmonization of approaches is needed.

Knowledge is power. Local decisions can be integrated at the watershed

level, and local data can feed into a large system database. These

actions will mobilize the global community and the political will

toward the choices that will need to be made as we face the impacts

of further globalization on water resources.
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M O H A M E D F A I S A L

5

Health challenges to aquatic animals
in the globalization era

I N T R O D U C T I O N

As the globalization era progresses, societies and world economies

have been transformed dramatically, mainly through increased inter-

national trade and cultural exchange. Advances in technology, major

biotechnological innovations, and greater international movements of

people and commodities have created a system that metaphorically

unites the world into one global village; goods and services produced in

one part of the world can easily be transported and made available in

all parts of the globe. As much as the globalization era has created new

challenges, it has also inherited many unresolved challenges of the

past. How will a world, divided into over 200 sovereign countries and

territories, cope with these unthinkably fast globalization processes,

while preserving the environmental integrity of our planet? In partic-

ular, achieving a balance among globalization processes, the growing

economy, preservation of biodiversity, protection against biosecurity

threats, and safeguarding the health of the fragile ecosystem seems to

be a distant dream that would be difficult to realize.

Concomitant with the emergence of the globalization era, mass

mortalities have been observed over a wide range of farmed and wild

aquatic animals, including fish, mollusks, crustaceans, harbor seals, mana-

tees, turtles, frogs, coral organisms, and sea urchins (Heide-Jorgensen

and Harkonen 1992; Lafferty and Kuris 1993; Moyer et al. 1993; Littler

and Littler 1995; Altstatt et al. 1996; Rahimian and Thulin 1996; Jones

et al. 1997; Bossart et al. 1998; Ford et al. 1999; Harvell et al. 1999;

Rosenberg and Loya 2004). In addition to these mortalities, many aquatic

animals are at the brink of extinction, and many more cannot reproduce,

thereby causing their fisheries to collapse. Although a direct cause-

and-effect relationship between globalization and aquatic animal health

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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deterioration cannot be proven with precision, there are many correla-

tions through which multiple links can be drawn. Needless to say, dra-

matic increases in demand for the live aquatic animal trade, explosive

expansion in aquaculture, increased urbanization and industrialization,

invasion by non-indigenous species, catastrophic climatic events, and

continuous influxes of toxic chemicals into water bodies top the list of

links. In this chapter, the risk of transferring microbes that are pathogenic

to aquatic animals through domestic and international trade will be dis-

cussed. In addition, efforts by the international community to minimize

the risks of pathogen transfer without unduly impeding live aquatic ani-

mal trade will be addressed.

The aquatic environment differs substantially from the terres-

trial environment, even though many broad types of disease-causing

organisms occur both on land and in the water. Some emerging disease

problems in aquatic environments are associated with pathogens mov-

ing from terrestrial to aquatic systems such as toxoplasmosis in sea

otters (Kreuder et al. 2003) and aspergillosis in sea fans (Kim and Harvel

2004). Major differences between aquatic and terrestrial environments

include the following:

(1) Taxonomic diversity, with its associated anatomical features and

physiological functions, is far more evident in aquatic rather

than terrestrial animals. This diversity definitely influences

disease transmission modes and many other aspects of the

disease process.

(2) Aquatic populations are reproductively typically more open

than terrestrial ones, with the potential for long-distance

dispersal of larvae. As a result, the rates with which epidemics

spread in the aquatic environment are more rapid than those

observed for terrestrial pathogens. For example, herpes virus

ravaged pilchard populations in the Southern Ocean and the

morbillivirus epidemic spread rapidly among marine mammals

(McCallum et al. 2003). The rapid spread of the pilchard epidemic

in Australia was not merely a result of directional transport in

currents, as it spread against the prevailing currents (McCallum

et al. 2003).

(3) In the case of non-motile, colonial aquatic animals, such as

sponges and coral organisms, rates of infection transmission of

pathogens are higher than in other motile aquatic or terrestrial

animals due to the ease of pathogen transmission among

adjacent susceptible hosts.
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(4) Modes of disease transmission are different between aquatic

and terrestrial organisms. For example, vertical transmission,

which is important for many terrestrial diseases, has been proven

in only a few aquatic diseases such as the bacterial kidney disease of

salmonids. In the same context, transmission through a vector,

which is common in mammalian diseases, appears to be rare in

aquatic animals diseases, in spite of well-documented examples of

blood parasites of fish which use leeches and gnathiid isopods as

vectors (Davies and Smit 2001), fireworms which spread infection

of Vibrio sp. among corals (Sussman et al. 2003), and invertebrate

intermediate hosts for fish worms.

Proper understanding of aquatic animal diseases is compounded

with a number of constraints. For example, baseline health data for the

presence of pathogens and diseases of aquatic animals is lacking and

disease databases are either non-existent or relatively primitive. This

lack of knowledge impedes accurate disease risk analysis, increases the

difficulty of differentiating between exotic and endemic infections,

and hinders the selection of disease management options. In the

same context, information on host ranges (i.e., all species susceptible

to infection) is vastly lacking for most pathogens of aquatic animals.

There is an urgent need to develop more sensitive diagnostic tools to

detect subclinical carriers, at least for pathogens that have a significant

economic impact on production and trade.

W I D E S P R E A D M O V E M E N T S O F A Q U A T I C A N I M A L S

A N D T H E I R P A T H O G E N S

As long as archives of natural history have been kept, movements of

species ranging in size from microscopic organisms to gigantic animals

have been well documented. The majority of these movements

occurred naturally through migration patterns and often was con-

trolled by climatic events. In the last few decades, however, techno-

logical advances coupled with exponential increases in world trade have

led to countless intentional and unintentional movement of species to

habitats where they are not native. Parallel to species movements,

symbionts, parasites, and pathogenic microorganisms have invaded

new geographic ranges and encountered native species, often leading

to catastrophic consequences.

Movements of aquatic animals exceed those of their terrestrial

counterparts. The current wide-scale international movement of aquatic
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animals species, fish and shellfish in particular, is far higher than

terrestrial animals (FAO 2005). In 1996, Bartley and Subasinghe published

results of a worldwide survey which demonstrated that national govern-

ments were responsible for 40 percent of fish and shellfish species

introductions, with the private sector accounting for 18 percent, indi-

viduals another 15 percent, and international organizations 7 percent,

with the remaining 20 percent being of unknown source. The same

survey showed that aquaculture is the major motive for most intro-

ductions, followed by international trade in live and frozen fish and

shellfish, creation of new sport and commercial fisheries, and the aqua-

rium trade. Further, the discharge of ballast water introduces harmful

aquatic organisms, including diseases, bacteria, and viruses, to both

marine and freshwater ecosystems, thereby degrading commercially

important fisheries and recreational opportunities.

Aquaculture and pathogen introduction

Concomitant with the eruption of the globalization era, the aquacul-

ture segment of animal protein production worldwide has increased at

an annual rate of over 10 percent, and this increase is more than double

the growth of other terrestrial animal commodities (Moffitt 2005).

Currently, aquaculture contributes to over 30 percent of the global

food fish production (FAO 2005). Since most international aquaculture

practices are based on species diversification, introduction and trans-

fers of live non-indigenous aquatic animals with aquaculture poten-

tials continues to be on the rise to the extent that some species such as

the Nile tilapia (Oreochromis niloticus) became global in their distribu-

tions and is being raised in almost every country in the world (Coward

and Little 2001).

From historic and recent records, it is clear that aquaculture has

been a channel through which many parasites and pathogens of aqua-

tic animals have spread (Bartley and Subasinghe 1996; Lightner et al.

1997; Naylor et al. 2000; Murray and Peeler 2005). In addition to patho-

gen introduction, fish stressed from high densities and other aquacul-

ture practices become more vulnerable to infection by microbes of low

virulence to which they would have otherwise been more resistant.

These pathogens can then spread to wild fish populations through

water or escapees (Barinaga 1990; Blanc et al. 1997), thereby causing

losses in neighboring wild stocks.

Some fish pathogens exist in asymptomatic carrier states for long

periods and can be transmitted via vertical modes and some resist
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topical egg disinfections. One such pathogen is Renibacterium salmoni-

narum, the causative agent of bacterial kidney disease in salmonines.

This slowly progressing systemic infection often causes high losses

among susceptible cultured and wild populations (Fryer and Sanders

1981; Faisal and Hnath 2005). The vertical transmission nature of

R. salmoninarum coupled with the ease of egg transport contributed to

the global spread of bacterial kidney disease among salmonid popula-

tions. Renibacterium salmoninarum is believed to have spread from the

United States to Japan through import of eggs from Oregon and

Washington (Yoshimizu 1996). Other pathogens capable of causing

heavy mortalities in salmonines, such as Flavobacterium psychrophilum,

the causative agent of cold-water disease, infectious pancreatic necro-

sis virus (IPNV, Birnaviridae), infectious hematopoeitic necrosis virus

(IHNV, Rhabdoviridae), and viral erythrocyte inclusion body syndrome

are also believed to have been introduced to Japan via importation of

eggs from Oregon and Washington (Yoshimizu 1996). Surface disinfec-

tion of eggs with iodophors failed to eliminate viruses from contami-

nated eggs (Sano 1973).

Through importation of fish for aquaculture purposes into the

Asia Pacific region from multiple sources some diseases and patho-

gens, including the copepod Lernaea cyprinacea, myxosporeans of the

genus Myxobolus, and the epizootic ulcerative syndrome, have spread

throughout much of South and Southeast Asia (Djajadiredja et al. 1983;

Tonguthai 1985; Arthur and Shariff 1991; Lilley et al. 1992). It is esti-

mated that epizootic ulcerative syndrome caused tremendous financial

losses in Thailand during 1982–83 alone.

Taura syndrome of penaeid shrimp is another example of an

emerging disease that has been distributed transcontinentally through

aquaculture. The syndrome is caused by the taura syndrome virus (TSV,

Picornaviridae), which causes devastating losses in cultured and wild

Penaeus vannamei. The disease was first discovered in Ecuador in 1992

and within 2 years the virus had spread rapidly and caused massive

production losses in most shrimp-growing countries in the Americas.

The disease reached Florida through shrimp shipments from Central

America (Hasson et al. 1995; Lightner et al. 1995; Lightner 1996).

Another example of shrimp disease introduction involves the infectious

hypodermal and hematopoietic necrosis virus (IHHNV, Parvoviridae)

which causes serious epizootics in cultured Penaeus stylirostris juveniles.

Lightner et al. (1992a) and Lightner (1996) documented many case

histories of IHHNV spread into new geographical regions with the

movement of shrimp stocks for aquaculture. Some of the accidental

124 Mohamed Faisal



introductions of IHHNV into Hawaii and Mexico have resulted in

serious consequences for the shrimp industry in those locations

(Moore 1991; Moore and Brand 1993).

In France, multiple uncontrolled introductions of the Pacific

oyster (Crassostrea gigas) from Japan, Korea, British Columbia, and

California are believed to have spread an iridovirus which devastates

the native Portuguese oyster (Crassostrea angulata) populations. The

Pacific oyster also carried the microsporidian Marteilia refringens

which has decimated European flat oyster (Ostrea edulis) populations

and the bivalve-pathogenic protozoan Bonamia ostreae. With continu-

ous movements of bivalves for aquaculture and conservation purposes,

these three diseases spread from France to many European countries

leaving trails of heavy losses to bivalve growers (Renault 1996).

International trade in live and frozen food fish

Through trade involving infected live or frozen fish, many trans- and

intercontinental movements of important parasites and pathogens

have been documented (Hoffman 1970, 1990). For example, the eel

swimbladder nematode (Anguillicola crassus) which caused serious losses

in European eel (Anguilla anguilla) populations throughout Europe in the

late 1980s and early 1990s (Molnar et al. 1991) has been introduced

through imports of live Japanese eels (A. japonica) into Germany from

Taiwan (Haenen 1995) and into Italy from New Zealand (Ghittino

et al. 1989).

Gaffkemia, caused by Aerococcus viridans var. homari, is a bacterial

disease that is enzootic in North America causing no or negligible harm

to the American lobster (Homarus americanus), but when introduced to

Europe through lobster wholesale and retail trades, it caused severe

mortalities in the European lobster (H. gammarus). Alderman (1996)

identified one such example where an infection was introduced via a

shipment of live American lobsters to a holding site in Ireland. The

imported American lobsters were held along with a group of European

lobsters that were later shipped to Wales. A portion of these European

lobsters was further shipped to a facility in the Netherlands. Within a

few days most European lobsters in both Welsh and Dutch facilities

suffered severe mortalities due to gaffkemia. It was determined that

unlike the American lobster, the European lobster is extremely vulner-

able to A. viridans infection.

Through multiple trans-Atlantic movements of the North

American signal crayfish (Pacifastacus leniusculus) and Louisiana swamp
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crayfish (Procambarus clarkii), the fungus Aphanomyces astaci has been

introduced to Europe and has consequently spread across the conti-

nent (Rahe 1987; Alderman et al. 1990). North American crayfish spe-

cies are resistant carriers to A. astaci, while in the European crayfish

(Astacus astacus), the pathogenic fungus causes an acute infection,

known as crayfish plague, associated with devastating mortalities

(Alderman 1996). Crayfish plague vastly reduced numbers of native

crayfish in Europe.

Live bait (e.g., minnow, frogs, worms, and squid) is routinely used

by recreational and commercial fishermen to catch fish but no health

certification is required for the transfer of live bait from one region to

another. This practice has the potential to spread pathogens into non-

infected geographical areas (Hoole et al. 2001; Gaughan 2002). Even

dead bait may include live fellow travelers, such as parasites or dis-

eases, whether in the bait itself or in the carrying medium, and many

fishermen dump their bait after a fishing trip.

Frozen food can also introduce pathogens to new environments.

For example, the importation of frozen shrimp from enzootic regions

can transmit devastating viral diseases such as TSV and IHHNV which

remain infectious after one or more freeze–thaw cycles (Berry et al.

1994; Lightner 1996). Whirling disease of salmonids, caused by the

protozoan Myxobolus cerebralis, was first introduced to the United

States through a shipment of frozen trout from Denmark (Marnell

1986). The parasite was first detected in Pennsylvania and has since

spread to Midwestern and western states through fish stocking, fishing

equipment and gear, and recreational boats (Yoder 1972; Faisal and

Garling 2004).

The aquarium and water garden trade is another pathway

through which aquatic animal pathogens have been introduced to

new geographical locations resulting in serious harm to native species.

For example, it has been demonstrated that through ornamental fish

imports from Asia (China in particular), spring viremia of carp virus

(SVCV) has been introduced to the United States. The disease has sub-

sequently spread to koi and goldfish farms in Washington State, North

Carolina, and Missouri and to wild common carp populations in Illinois

(Goodwin 2002; Dikkeboom et al. 2004; Liu et al. 2004).

Creation of sport and commercial fisheries

Each year many regulatory agencies worldwide release billions of juve-

nile fish and shellfish into public streams, bays, creeks, rivers, lakes,
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ponds, and designated marine sites. These fish and shellfish are

released for stock enhancement of recreational fisheries and restora-

tion of native species, for creation of new fisheries, and for biological

control purposes. Over 700 fish and shellfish species are involved in

these stockings, with some being brought from one region to another

within the same country, or, more often, being brought from one

continent and introduced to another. Salmonid and cyprinid fish spe-

cies constitute the majority of stocked fish (FAO 2005).

As one would expect, this practice has resulted in the introduc-

tion of fish pathogens to new habitats. For example, bacterial kidney

disease was introduced in Wyoming, with the stocking of infected

non-native brook, brown, and rainbow trout (Mitchum et al. 1979).

Atlantic salmon smolts imported from Sweden for stock enhancement

introduced the monogenean parasitic fluke Gyrodactylus salaris into

Norwegian rivers. This parasite devastated native Norwegian salmon

populations (Johnsen and Jensen 1986; Sattuar 1988) and endangered

the existence of the entire Norwegian population of Atlantic salmon to

the extent that Norwegian authorities destroyed all resident fish stocks

in 30 rivers to eradicate the parasite, or at least to control its spread

(Hindar et al. 1991). The Norwegian salmon stocks also suffered from

a new extremely virulent strain of furunculosis that was introduced

with the stocking of salmon smolts imported from Scotland, infecting

72 rivers in 7 years (Johnsen and Jensen 1994).

I M P E D I M E N T S F A C I N G T H E D E V E L O P M E N T O F E F F E C T I V E

A Q U A T I C A N I M A L H E A L T H P L A N S

The expansion of international trade in aquatic animals and products

along with the history of past pathogen introduction have increased

the need for the development of more stringent legislations to control

pathogen introductions. Most of the current legislations were issued in

response to outbreaks associated with non-aquatic animal introduc-

tions, primarily fish and shellfish. For example, the 1937 Diseases of

Fish Act of Great Britain was introduced in response to several out-

breaks of furunculosis disease, caused by Aeromonas salmonicida, in wild

salmon and other fish species in the rivers of England, Wales, and

Scotland, attributed to the importation of infected live rainbow trout

from Germany (reviewed in Hill 1996). The continuous growth in

aquatic animal trade, however, stimulated the development of a num-

ber of regional, national, and international disease control policies

(Bernoth et al. 1999; Mitchell and Stoskopf 1999). Unfortunately, such
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efforts have been impeded by the weakness of the aquatic animal

health infrastructure in most nations. There are a limited number of

laboratories that can accurately diagnose aquatic animal diseases, and

there is a huge shortage in aquatic animal health professionals. This

problem is particularly evident in the Asia Pacific region which pro-

duces approximately 79 percent in value and 88 percent in volume of

aquaculture worldwide, yet it is equipped with very few professional

health services. It appears that, while aquaculture has been growing

rapidly in many countries, there has been no matching expansion of

the supporting aquatic animal health infrastructure (Bondad-Reantaso

et al. 2005; Primavera 2005).

The problem is compounded with the current knowledge gap on

the life cycle, host range, and ecology of the most serious fish and

shellfish pathogens and parasites, a matter that impedes the accuracy

of disease surveillance programs and the reliability of risk analysis, and

control measures. The absence of baseline data on disease epidemiol-

ogy urged Hedrick (1996, 1997) to emphasize the need to differentiate

between presumed new introductions of disease and first observations

of infections already present or even well established in the geographi-

cal region of concern. For example, the initial discovery of the intra-

nuclear microsporidian parasite Enterocytozoon salmonis in Chile was

assumed to be associated with the introduction of salmon eggs from

the Pacific Northwest region of the United States and Canada, the only

zone in which the parasite was identified at that time (Chilmonczyk

et al. 1991). However, further molecular analyses including sequencing

of the small subunit ribosomal ribonucleic acid gene demonstrated

that Chilean strains are different from those of North America

(Barlough et al. 1995). Additional analysis also suggested the presence

of a non-salmonid reservoir as the protozoan was demonstrated among

halibut in Norway and lumpfish in Newfoundland (Nilsen et al. 1995).

The same pattern was repeated in 1988 when viral hemorrhagic

septicemia (VHS) virus was detected for the first time in North

America in the Pacific salmon (Onchorhynchus tshawytscha) in the state

of Washington (Batts et al. 1993). At the time, the virus was believed to

have been introduced from Europe. Radical procedures were implemen-

ted to control the further spread of the disease including destruction

of stocks in two hatcheries and elimination of all resident fish within

several miles of the stream that supplied one facility. Subsequent occur-

rences of infection at other sites such as Alaska and in other fish

species (e.g., cod and herring) were believed to be evidence of the

further spread of the virus (Eaton et al. 1991; Meyers et al. 1992, 1994).
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However, subsequent molecular characterization of the virus estab-

lished that North American isolates are clearly different from

European strains (Bernard et al. 1992; Batts et al. 1993). The sum of

these findings suggest that VHS virus is enzootic among cod and herring

populations from Washington to Alaska and in British Columbia,

Canada, where it was established long before the first observations of

this virus in Pacific salmon (reviewed in Hedrick 1996). The cause of

the new outbreaks was undetermined but may have been associated

with changes in pathogen virulence or host susceptibility.

The number of health surveys on wild aquatic animal stocks is

limited and when performed are focused on only a handful of diseases.

Such a shortage has led to undesirable consequences that could have

been avoided. For example, the introduction of IHHNV into the Gulf of

California in Mexico, in 1987, was followed by serious epizootics of

IHHNV in farmed P. stylirostris stocks in the Mexican states of Sonora

and Sinaloa in 1989 and 1990 (Lightner et al. 1992a). It was suggested

that cross-contamination among farms was the means by which the

virus was transmitted (Lightner et al. 1992b). A few years later, a disease

survey conducted on wild shrimp stocks in the commercial fishery of

the northern Gulf of California revealed that IHHNV infections were

present at high prevalences (Pantoja-Morales and Lightner 1991), prob-

ably causing the 50 percent decrease in shrimp landings observed in

the years prior to the virus discovery in farms (Moore 1991). The brood-

stock used by affected farms had been collected from IHHNV-infected

wild stocks. The lack of baseline data in these regions made it impos-

sible to determine whether disease was transmitted from the wild to

the farms or vice versa (reviewed in Lightner 1996).

One of the most important constraints in pathogen detection is

the lack of diagnostic tools to enhance detection capabilities, particu-

larly in cases of subclinical and carrier infections. For example, cell

lines routinely used to isolate intracellular pathogens of vertebrates are

currently lacking for both marine mollusks and crustaceans. This has

been a significant constraint to the detection and understanding of the

epidemiology of viral and other intracellular microbial infections

affecting these animals. In the same context, there is an urgent need

to develop more sensitive serological and molecular assays for detect-

ing and comparing pathogens, a step that will enable tracking the

movements of these agents between continents, countries, and states.

Indeed, the use of molecular epidemiological tools has already helped

us to determine geographical origin of pathogens. However, many of

the procedures have not been fully validated (Cunningham 2002) and
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the interpretation of the results can be problematic. Additionally, the

development of more sensitive diagnostic techniques has focused on

pathogens that have a significant economic impact on production and

trade. New pathogens, or those of more regional significance, rely on

more ‘‘conventional’’ but less sensitive diagnostic tests. The detection

of other potential pathogens that may be significant to wild/cultured

resources will not be possible if detection is based solely on pathogen-

specific diagnostic tools.

In brief, the impediments of pathogen detection described

above are reflections of the weakness in the aquatic animal health

infrastructure prevalent in most countries. Therefore, there is an

urgent need to develop national and international pathogen control

policies, to develop standardized protocols to diagnose fish and shell-

fish pathogens with precision, and to improve aquatic animal health

infrastructure.

N A T I O N A L , R E G I O N A L , A N D I N T E R N A T I O N A L E F F O R T S

T O C O N T R O L P A T H O G E N T R A N S F E R

Globalization in fish trade and its link to disease transmission is one

area that national, regional, and international regulatory fishery

bodies have not addressed as extensively as other traditional fishery

issues. The current situation, however, mandates that fishery organ-

izations, at all levels, join forces to balance unimpeded trade with low

risk of pathogen introduction. The consensus is that this goal can be

achieved through the following principles:

* developing, harmonizing, and enforcing appropriate and

effective national, regional, and interregional policies and

regulatory frameworks on introduction and movement of live

aquatic animals and products to reduce the risks of introduction,

establishment, and spread of aquatic animal pathogens;

* developing and implementing effective national disease reporting

systems, databases, and other mechanisms for collecting and

analyzing aquatic animal disease information;

* improving technology through research to develop, standardize,

and validate accurate and sensitive diagnostic methods, safe

therapeutants, and effective disease control methodologies; and

* promoting a holistic system approach to aquatic animal health

management, emphasizing preventative measures and

maintaining a healthy ecosystem.
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Guided by these principles, a number of nations have developed

national health plans. The Diseases of Fish Act issued in 1937 in Great

Britain is the longest-standing example of national legislation specifi-

cally devised to control fish diseases (Hill 1996). The Act prohibited the

importation of live salmonids into Great Britain, and made it illegal to

import salmonid ova and all live freshwater fish species without a

license. Moreover, the Act enabled any disease to be designated as

‘‘notifiable,’’ meaning that even the suspicion of its presence in any

waters must be reported to the official services. While these principles

remain the core of most national policies, other countries amended

and expanded their policies as needed to face emerging challenges

(Brückner 1996; Campos Larrain and Valenzuela Alfaro 1996; Carey

1996; Doyle et al. 1996; Hill 1996; Schlotfeldt 1996).

In addition to efforts and legislations at the national level, two

regional health plans were developed, for the European Union

(Daelman 1996) and for states and provinces sharing the Great Lakes

basin (Hnath 1993). This regional approach has significantly extended

the scope of aquatic animal health legislation to include recommenda-

tion directives and decisions to ensure movement of live fish and their

products, while guaranteeing a high level of animal health. Both

national and regional plans included lists of notifiable diseases, a

system of certification, and description of reliable protocols for use in

laboratory diagnostic testing.

There are a number of international organizations that are

involved in the prevention of pathogen introductions and spread

(Box 5.1), the most comprehensive of which is the United Nations

World Organization of Animal Health.

The World Organization of Animal Health (OIE)

Established in 1924, the World Organization of Animal Health, for-

merly known as the Office International des Epizooties (OIE), is an

intergovernmental organization that is responsible for promoting

animal health worldwide. The OIE implements international agree-

ments among its 167 member countries, thereby enabling nations

to work together in order to reduce the risks of aquatic animal patho-

gen dissemination. The OIE collects and analyzes information on ani-

mal diseases (aquatic animals included) and uses these analyses in

developing standards, guidelines, and recommendations for member

countries. Indeed, the OIE recommendations are considered the uncon-

tested international reference in animal diseases. The World Trade
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Organization (WTO) Agreement on the Application of Sanitary and

Phytosanitary Measures (SPS Agreement) recognizes the OIE as the

authorized international organization responsible for the develop-

ment and promotion of international animal health standards, guide-

lines, and recommendations affecting trade in live animals and animal

products, whether aquatic or terrestrial in origin.

The OIE relates to member countries the latest science-based

recommendations on aquatic animal pathogens through two major

documents: the Aquatic Animal Health Code (OIE 2005) and the Manual of

Diagnostic Tests for Aquatic Animals (OIE 2003). Information within these

documents is provided as guidelines for the preparation of veterinary

regulations for import and export of live animals and products. Within

OIE, the Aquatic Animal Health Standards Commission (AAHSC) is the

Box 5.1 International organizations and agreements involved

in developing standards for prevention of pathogen

introductions through live fish and shellfish trade

* United Nations

Convention on Biological Diversity

Convention on International Trade in Endangered Species

(CITES)

* International Council for the Exploration of the Sea (ICES)

Code of Practice for Introduction and Transfer of Marine

Organisms

* World Animal Health Organization (Office International des

Epizooties, OIE)

International Aquatic Animal Health Code

* General Agreement on Tariffs and Trade (GATT)

* World Trade Organization (WTO)

* Sanitary/Phytosanitary (SPS) Agreement

* Canada–U.S. Free Trade Agreement (FTA)

* North American Free Trade Agreement (NAFTA)

* North American Commission (NAC) (Canada and United

States)

* North Atlantic Conservation Organization (NASCO)

* International Joint Commission under the Boundary Waters

Treaty Act
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body responsible for developing methods for surveillance, diagnosis,

control, and prevention of infectious aquatic animal diseases.

The OIE Aquatic Code (OIE 2005) has listed a number of diseases

(Tables 5.1–5.3) that devastate fish, mollusks, and crustaceans. Once

one of the OIE-listed diseases or pathogens has been suspected or

confirmed, each member country has the obligation to report the

disease(s) it detects in its territory. Notification is also required for

other significant diseases of aquatic animals of which the international

community needs to be aware. Criteria for designating a disease as

notifiable to the OIE are summarized in Fig. 5.1.

The OIE has designated 15 fish disease laboratories, four mollusk

laboratories, and two crustacean laboratories as OIE Reference Laboratories

to pursue all the scientific and technical problems relating to aquatic

Causes significant
production losses

Can affect wild
populations

Public health concernor or

Infectious etiology
proven

Pathogen is strongly associated
with the disease, but not confirmed

as the causative agent
or

and

and

Has the potential to spread via trade

Some zones exist that are free from this disease

A repeatable, robust means of detection /diagnosis exists

and

and

Figure 5.1 Criteria necessary to determine if a disease should be

notified to the Office International des Epizooties (OIE).

Health challenges to aquatic animals 133



T
ab

le
5

.1
Fi

sh
d

is
ea

se
s

lis
te

d
by

th
e

O
ff

ic
e

In
te

rn
at

io
na

ld
es

E
pi

zo
ot

ie
s

(O
IE

20
06

)

D
is

ea
se

H
o

st
R

ef
er

en
ce

la
b

o
ra

to
ri

es
an

d
ex

p
er

ts

E
p

iz
o

o
ti

c

h
em

at
o

p
o

ie
ti

c

n
ec

ro
si

s

R
ed

fi
n

p
er

ch
(P

er
ca

fl
uv

ia
ti

lis
),

ra
in

b
o

w
tr

o
u

t
(O

nc
or

hy
nc

hu
s

m
yk

is
s)

,
M

ac
q

u
ar

ie
p

er
ch

(M
ac

qu
ar

ia
au

st
ra

la
si

ca
),

si
lv

er

p
er

ch
(B

id
ya

nu
s

bi
d

ya
nu

s)

M
o

u
n

ta
in

g
al

ax
ie

s
(G

al
ax

ia
s

ol
id

us
),

sh
ea

tf
is

h
(S

ilu
ru

s
gl

an
is

),

ca
tf

is
h

(I
ct

al
ur

us
m

el
as

),
m

o
sq

u
it

o
fi

sh
(G

am
bu

sa
af

fi
ni

s)
an

d

o
th

er
sp

ec
ie

s
b

el
o

n
g
in

g
to

th
e

fa
m

il
y

P
o

ec
il

ii
d

ae

D
r.

A
.H

ya
tt

:
C

S
IR

O
,

A
u

st
ra

li
an

A
n

im
al

H
ea

lt
h

La
b

o
ra

to
ry

,
A

u
st

ra
li

a

D
r.

R
.W

h
it

ti
n

gt
o

n
:
U

n
iv

er
si

ty
o

f
S
yd

n
ey

,
A

u
st

ra
li

a

In
fe

ct
io

u
s

h
em

at
o

p
o

ie
ti

c

n
ec

ro
si

s

R
ai

n
b

o
w

o
r

st
ee

lh
ea

d
tr

o
u

t
(O

nc
or

hy
nc

hu
s

m
yk

is
s)

,
P

ac
if

ic

sa
lm

o
n

in
cl

u
d

in
g

ch
in

o
o

k
(O

.t
sh

aw
yt

sc
ha

),
so

ck
ey

e

(O
.n

er
ka

),
ch

u
m

(O
.k

et
a)

,
m

as
o

u
(O

.m
as

ou
),

an
d

co
h

o

(O
.k

is
ut

ch
),

an
d

A
tl

an
ti

c
sa

lm
o

n
(S

al
m

o
sa

la
r)

D
r.

J.
R

.W
in

to
n

:
W

es
te

rn
Fi

sh
er

ie
s

R
es

ea
rc

h
C

en
te

r,

W
as

h
in

g
to

n
,
U

S
A

S
p

ri
n

g
vi

re
m

ia
o

f
ca

rp
C

o
m

m
o

n
ca

rp
an

d
k

o
i

ca
rp

(C
yp

ri
nu

s
ca

rp
io

),
g
ra

ss
ca

rp

(C
te

no
ph

ar
yn

go
d

on
id

el
lu

s)
,
si

lv
er

ca
rp

(H
yp

op
ht

ha
lm

ic
ht

hy
s

m
ol

it
ri

x)
,

b
ig

h
ea

d
ca

rp
(A

ri
st

ic
ht

hy
s

no
bi

lis
),

cr
u

ci
an

ca
rp

(C
ar

as
si

us
ca

ra
ss

iu
s)

,
g
o

ld
fi

sh
(C

ar
as

si
us

au
ra

tu
s)

,
te

n
ch

(T
in

ca
ti

nc
a)

,
sh

ea
tf

is
h

(S
ilu

ru
s

gl
an

is
)

D
r.

B
.J

.H
il

l:
T

h
e

C
en

tr
e

fo
r

E
n

vi
ro

n
m

en
t,

Fi
sh

er
ie

s,

an
d

A
q

u
ac

u
lt

u
re

S
ci

en
ce

(C
E

FA
S
),

W
ey

m
o

u
th

,

U
n

it
ed

K
in

g
d

o
m

V
ir

al
h

em
o

rr
h

ag
ic

se
p

ti
ce

m
ia

Fi
sh

b
el

o
n

g
in

g
to

th
e

fa
m

il
y

S
al

m
o

n
id

ea
e,

g
ra

yl
in

g

(T
hy

m
al

lu
s

th
ym

al
lu

s)
,w

h
it

e
fi

sh
(C

or
eg

on
us

sp
p

.)
,p

ik
e

(E
so

x

lu
ci

us
),

tu
rb

o
t

(S
co

ph
th

al
m

us
m

ax
im

us
),

h
er

ri
n

g
an

d
sp

ra
t

(C
lu

pe
a

sp
p

.)
,
P

ac
if

ic
sa

lm
o

n
(O

nc
or

hy
nc

hu
s

sp
p

.)
,
A

tl
an

ti
c

co
d

(G
ad

us
m

or
hu

a)
,

P
ac

if
ic

co
d

(G
.m

ac
ro

ce
ph

al
us

),

h
ad

d
o

ck
(G

.a
eg

le
fi

nu
s)

,
ro

ck
li

n
g

(O
no

s
m

us
te

lu
s)

D
r.

N
.J

.O
le

se
n

:
D

an
is

h
In

st
it

u
te

fo
r

Fo
o

d
an

d
V

et
er

in
ar

y

R
es

ea
rc

h
,
C

o
m

m
u

n
it

y
R

ef
er

en
ce

La
b

o
ra

to
ry

fo
r

Fi
sh

D
is

ea
se

s,
D

en
m

ar
k



D
is

ea
se

H
o

st
R

ef
er

en
ce

la
b

o
ra

to
ri

es
an

d
ex

p
er

ts

In
fe

ct
io

u
s

sa
lm

o
n

an
em

ia

A
tl

an
ic

sa
lm

o
n

(S
al

m
o

sa
la

r)
,
ra

in
b

o
w

tr
o

u
t

(O
nc

or
hy

nc
hu

s

m
yk

is
s)

,
b

ro
w

n
tr

o
u

t
(S

al
m

o
tr

ut
ta

)

D
r.

F.
K

ib
en

g
e:

U
n

iv
er

si
ty

o
f

P
ri

n
ce

E
d

w
ar

d
Is

la
n

d
,
C

an
ad

a

D
r.

B
.D

an
n

ev
ig

:
N

at
io

n
al

V
et

er
in

ar
y

In
st

it
u

te
,

N
o

rw
ay

E
p

iz
o

o
ti

c
u

lc
er

at
iv

e

sy
n

d
ro

m
e

G
en

er
a

C
ha

nn
a,

M
as

ta
ce

m
be

lu
s,

Pu
nt

iu
s,

T
ri

ch
og

as
te

r,
C

at
la

,

M
ug

il,
La

be
o

D
r.

S
.K

an
ch

an
ak

h
an

:
A

q
u

at
ic

A
n

im
al

H
ea

lt
h

R
es

ea
rc

h

In
st

it
u

te
,
D

ep
ar

tm
en

t
o

f
Fi

sh
er

ie
s,

K
as

et
sa

rt
U

n
iv

er
si

ty

C
am

p
u

s,
T

h
ai

la
n

d

G
yr

o
d

ac
ty

lo
si

s

(G
yr

od
ac

ty
lu

s
sa

la
ri

s)

S
al

m
o

n
id

s
in

cl
u

d
in

g
A

tl
an

ti
c

sa
lm

o
n

p
ar

r
(S

al
m

o
sa

la
r)

,

ra
in

b
o

w
tr

o
u

t
(O

nc
or

hy
nc

hu
s

m
yk

is
s)

,
A

rc
ti

c
ch

ar
(S

al
ve

lin
us

al
pi

nu
s)

,
N

o
rt

h
A

m
er

ic
an

b
ro

o
k

tr
o

u
t

(S
.f

on
ti

na
lis

),

g
ra

yl
in

g
(T

hy
m

al
lu

s
th

ym
al

lu
s)

,
N

o
rt

h
A

m
er

ic
an

la
k

e
tr

o
u

t

(S
al

ve
lin

us
na

m
ay

cu
sh

),
b

ro
w

n
tr

o
u

t
(S

al
m

o
tr

ut
ta

)

D
r.

T
.A

.M
o

:
N

at
io

n
al

V
et

er
in

ar
y

In
st

it
u

te
,

Fi
sh

H
ea

lt
h

S
ec

ti
o

n
,

N
o

rw
ay

R
ed

se
a

b
re

am

ir
id

o
vi

ra
l

d
is

ea
se

R
ed

se
a

b
re

am
(P

ag
ru

s
m

aj
or

),
as

w
el

l
as

o
th

er
cu

lt
u

re
d

m
ar

in
e

fi
sh

in
cl

u
d

in
g

ye
ll

o
w

ta
il

(S
er

io
la

qu
in

qu
er

ad
ia

ta
),

se
a

b
as

s
(L

at
eo

la
br

ax
sp

.)
,

an
d

Ja
p

an
es

e
p

ar
ro

tf
is

h

(O
pl

eg
na

th
us

fa
sc

ia
tu

s)

D
r.

K
.N

ak
aj

im
a:

Fi
sh

er
ie

s
R

es
ea

rc
h

A
g
en

cy
,

H
ea

d
q

u
ar

te
rs

,
Q

u
ee

n
’s

T
o

w
er

B
1

5
F,

Y
o

k
o

h
am

a,
Ja

p
an

K
o

ih
er

p
es

vi
ru

s
d

is
ea

se
C

ar
p

(C
yp

ri
nu

s
ca

rp
io

)



T
ab

le
5

.2
D

is
ea

se
s

of
m

ol
lu

sk
s

lis
te

d
by

th
e

O
ff

ic
e

In
te

rn
at

io
na

ld
es

E
pi

zo
ot

ie
s

(O
IE

20
06

)

D
is

ea
se

H
o

st
R

ef
er

en
ce

la
b

o
ra

to
ri

es
an

d
ex

p
er

ts

In
fe

ct
io

n
w

it
h

B
on

am
ia

os
tr

ea
e

O
st

re
a

ed
ul

is
,O

.a
ng

as
i,

O
.d

en
se

la
m

m
el

lo
sa

,O
.p

ue
lc

ha
na

,

O
st

re
ol

a
co

nc
ha

ph
ila

(¼
O

.l
ur

id
a)

,
an

d
O

.c
hi

le
ns

is

(¼
T

io
st

re
a

lu
ta

ri
a)

D
r.

I.
A

rz
u

l:
IF

R
E

M
E

R
,
La

b
o

ra
to

ir
e

d
e

G
én

ét
iq

u
e

at

P
at

h
o

lo
gi

e,
Fr

an
ce

In
fe

ct
io

n
w

it
h

B
on

am
ia

ex
it

io
sa

O
st

re
a

ch
ile

ns
is

an
d

O
.a

ng
as

i
D

r.
I.

A
rz

u
l

In
fe

ct
io

n
w

it
h

M
ar

te
ili

a

re
fr

in
ge

ns

O
st

re
a

ed
ul

is
,

O
.a

ng
as

i,
an

d
O

st
re

a
ch

ile
ns

is
D

r.
I.

A
rz

u
l

In
fe

ct
io

n
w

it
h

Pe
rk

in
su

s

m
ar

in
us

C
ra

ss
os

tr
ea

vi
rg

in
ic

a
an

d
C

.g
ig

as
D

r.
E

.M
.B

u
rr

es
o

n
:
V

ir
g
in

ia
In

st
it

u
te

o
f

M
ar

in
e

S
ci

en
ce

,

V
ir

g
in

ia
,

U
S
A

In
fe

ct
io

n
w

it
h

Pe
rk

in
su

s

ol
se

ni

H
al

io
ti

s
ru

be
r,

H
.c

yc
lo

ba
te

s,
H

.s
ca

la
ri

s,
H

.l
ae

vi
ga

ta
,R

ud
it

ap
es

ph
ili

pp
in

ar
um

,
R

.d
ec

us
sa

te
s,

an
d

A
us

tr
ov

en
us

st
ut

ch
bu

ry
i

D
r.

E
.M

.B
u

rr
es

o
n

In
fe

ct
io

n
w

it
h

X
en

oh
al

io
ti

s

ca
lif

or
ni

en
si

s

M
em

b
er

s
o

f
th

e
g
en

u
s

H
al

io
ti

s
in

cl
u

d
in

g
b

la
ck

ab
al

o
n

e

(H
.c

ra
ch

er
od

ii
),

re
d

ab
al

o
n

e
(H

.r
uf

es
ce

ns
),

p
in

k
ab

al
o

n
e

(H
.c

or
ru

ga
te

),
g
re

en
ab

al
o

n
e

(H
.f

ul
ge

ns
),

an
d

w
h

it
e

ab
al

o
n

e
(H

.s
or

en
se

ni
)

D
r.

C
.F

ri
ed

m
an

,U
n

iv
er

si
ty

o
f

W
as

h
in

g
to

n
,W

as
h

in
g
to

n
,

U
S
A

A
b

al
o

n
e

vi
ra

lm
o

rt
al

it
y

H
al

io
ti

s
d

iv
er

si
co

lo
r

su
pe

rt
ex

ta



T
ab

le
5

.3
D

is
ea

se
s

of
cr

us
ta

ce
an

s
lis

te
d

by
th

e
O

ff
ic

e
In

te
rn

at
io

na
ld

es
E

pi
zo

ot
ie

s
(O

IE
20

06
)

D
is

ea
se

H
o

st
R

ef
er

en
ce

la
b

o
ra

to
ri

es
an

d
ex

p
er

ts

T
au

ra
sy

n
d

ro
m

e
P

ac
if

ic
w

h
it

e
sh

ri
m

p
(P

en
ae

us
va

nn
am

ei
),

P
ac

if
ic

b
lu

e
sh

ri
m

p

(P
.s

ty
lir

os
tr

is
),

an
d

G
u

lf
w

h
it

e
sh

ri
m

p
(P

.s
et

if
er

us
)

D
r.

D
.V

.L
ig

h
tn

er
:
U

n
iv

er
si

ty
o

f
A

ri
zo

n
a,

U
S
A

W
h

it
e

sp
o

t
d

is
ea

se
M

o
st

co
m

m
er

ci
al

ly
cu

lt
iv

at
ed

p
en

ae
id

(f
am

il
y

P
en

ae
id

ae
)

sh
ri

m
p

s
an

d
p

ra
w

n
s

D
r.

D
.V

.L
ig

h
tn

er

D
r.

G
.L

o
:
N

at
io

n
al

T
ai

w
an

U
n

iv
er

si
ty

,
C

h
in

a

Y
el

lo
w

h
ea

d
d

is
ea

se
B

la
ck

ti
g
er

sh
ri

m
p

(P
en

ae
us

m
on

od
on

),
P

ac
if

ic
w

h
it

e
sh

ri
m

p

(P
.v

an
na

m
ei

),
P

ac
if

ic
b

lu
e

sh
ri

m
p

(P
.s

ty
lir

os
tr

is
),

G
u

lf
w

h
it

e

sh
ri

m
p

(P
.s

et
if

er
us

),
G

u
lf

b
ro

w
n

sh
ri

m
p

(P
.a

zt
ec

us
),

G
u

lf

p
in

k
sh

ri
m

p
(P

.d
uo

ra
ru

m
),

an
d

K
u

ru
m

a
p

ra
w

n

(P
.j

ap
on

ic
us

)

D
r.

P
.W

al
k

er
:

C
S
IR

O
,

A
q

u
ac

u
lt

u
re

an
d

A
q

u
at

ic

A
n

im
al

H
ea

lt
h

(A
A

H
L)

,
A

u
st

ra
li

a

T
et

ra
h

ed
ra

l

b
ac

u
lo

vi
ro

si
s

(B
ac

ul
ov

ir
us

pe
na

ei
)

V
ar

io
u

s
sh

ri
m

p
s

fr
o

m
th

e
fa

m
il

y
P

en
ae

id
ae

D
r.

D
.V

.L
ig

h
tn

er

S
p

h
er

ic
al

b
ac

u
lo

vi
ro

si
s

(P
en

ae
us

m
on

od
on

-

ty
p

e
b

ac
u

lo
vi

ru
s)

V
ar

io
u

s
p

ra
w

n
s

an
d

sh
ri

m
p

s
fr

o
m

th
e

fa
m

il
y

P
en

ae
id

ae

in
cl

u
d

in
g

b
la

ck
ti

g
er

sh
ri

m
p

(P
.m

on
od

on
)

D
r.

D
.V

.L
ig

h
tn

er

D
r.

G
.L

o

In
fe

ct
io

u
s

h
yp

o
d

er
m

al

an
d

h
em

at
o

p
o

ie
ti

c

n
ec

ro
si

s

V
ar

io
u

s
sh

ri
m

p
s

fr
o

m
th

e
fa

m
il

y
P

en
ae

id
ae

in
cl

u
d

in
g

P.
st

yl
ir

os
tr

is
an

d
P.

va
nn

am
ei

D
r.

D
.V

.L
ig

h
tn

er

C
ra

yf
is

h
p

la
g
u

e

(A
ph

an
om

yc
es

as
ta

ci
)

V
ar

io
u

s
D

ec
ap

o
d

a
in

cl
u

d
in

g
o

n
es

fr
o

m
A

st
ac

id
ae

,

C
am

b
ar

id
ae

su
ch

as
th

e
si

g
n

al
cr

ay
fi

sh
(P

ac
if

as
ta

cu
s

le
ni

us
cu

lu
s)

an
d

th
e

Lo
u

is
ia

n
a

sw
am

p
cr

ay
fi

sh

(P
ro

ca
m

ba
ru

s
cl

ar
ki

i)

D
r.

R
.H

o
ff

m
an

n
:I

n
st

it
u

te
o

f
Z

o
o

lo
gy

,
Fi

sh
B

io
lo

gy
an

d
Fi

sh

D
is

ea
se

s,
G

er
m

an
y

D
r.

D
.J

.A
ld

er
m

an
:

T
h

e
C

en
tr

e
fo

r
E

n
vi

ro
n

m
en

t,
Fi

sh
er

ie
s,

an
d

A
q

u
ac

u
lt

u
re

S
ci

en
ce

(C
E

FA
S
),

W
ey

m
o

u
th

,
U

n
it

ed

K
in

g
d

o
m



animal diseases on the OIE lists. The mission of these laboratories is to

standardize diagnostic techniques for their designated diseases. The OIE

has also designated an ‘‘expert’’ for each of the listed diseases who provides

scientific and technical assistance and expert advice on topics linked to

surveillance and control of the diseases for which the Reference Laboratory

is responsible (Ta bles 5. 1– 5 . 3 ).

The urgency of dispatching information varies according to the

nature of the disease. Countries are required to notify the OIE within

24 hours of the occurrence of an outbreak of a notifiable aquatic animal

disease, a disease likely to have serious repercussions on public health,

wild populations, or the economy of aquatic animal production. The

OIE then dispatches these data directly to member countries so that

necessary preventive actions can be taken. Information is sent out

immediately or periodically depending upon the seriousness of the

disease. Reporting is required not only when an infectious disease

breaks out but also when the disease is eradicated (OIE 2005).

C O M P O N E N T S O F N A T I O N A L L Y A N D I N T E R N A T I O N A L L Y

A C C E P T E D P R O C E D U R E S T O E L I M I N A T E R I S K S O F A Q U A T I C

A N I M A L P A T H O G E N S T R A N S F E R

Over the last three decades national and international agencies pre-

sented several proposals to develop a universal policy to minimize the

risk of disease transmission without forming barriers against the trade

of live aquatic animals and their products. Several of these proposals

progressed further to become the basis of national legislations specif-

ically designed for diseases of fish, mollusks, and crustaceans.

Regardless of the source, all proposals agreed on the need to establish

accurate disease surveillance system, create a system of certification,

establish disease-free zones, start assessment of pathogen introduction

risks associated with the trade, and quarantine for introduced species

before permitting access into the importing country (Box 5.2).

Disease surveillance

Surveillance for diseases and their etiologic agents in wild and cultured

aquatic animals is the cornerstone of any health control program at the

regional, domestic, and international levels. For this reason, The OIE

Aquatic Code (OIE 2005) emphasized the profound importance of

sound surveillance practices, which are based on the standards set by

the OIE. The code defines surveillance as ‘‘the continuous investigation of
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a given population to detect the occurrence of disease for control

purposes, which may involve testing of a part of population.’’ The

code defines monitoring as ‘‘an on-going program directed at the detec-

tion of changes in the prevalence of disease in a given population and

in its environment.’’ The term surveillance program encompasses both

surveillance and monitoring tasks.

Most scientists and managers consider the primary purpose of

aquatic animal disease surveillance to be to provide scientifically accu-

rate and cost-effective information for assessing and managing risks of

disease transfer associated with trade (intra- and international) in aqua-

tic animals, animal production efficiency, and public health (Subasinghe

et al. 2004). There are a number of benefits to a country, or group of

countries, to design and implement sound surveillance programs for

aquatic animals diseases and pathogens. These benefits include:

* providing early warning of serious and emerging disease

outbreaks;

* providing evidence of freedom from diseases relevant to move-

ment of aquatic animals and their products;

* revealing the potential source and subsequent spread of diseases

and their pathogens; and

* assessing the efficacy of control or eradication measures for a

particular disease or diseases.

Disease surveillance as a discipline has been revisited over the

years and therefore has a number of definitions, reflecting its mul-

tiple uses for various objectives (Cameron 2002; Scudamore 2002).

Throughout the literature one finds terms such as passive, active,

Box 5.2 Important components designed to prevent pathogen

introduction through live fish and shellfish trade

* Identification of notifiable diseases

* Standardization of diagnostic techniques for each of the

notifiable diseases

* Implementation of health certification for each shipment

* Development of a surveillance program

* Identification of disease-free zones

* Implementation of a quarantine system
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scanning, general, and targeted surveillance used interchangeably

(Scudamore 2002). A comprehensive surveillance program, however,

can be made up of a combination of many approaches for gathering

surveillance data (Cameron 2002).

General surveillance is considered an ongoing investigation

or observation of the endemic disease profile of a population so that

unexpected and/or unpredicted changes can be quickly recognized.

General surveillance is very useful for early detection of emerging

diseases and often provides a general picture of the disease situation

in a population. This type of surveillance cannot be used to demon-

strate reliably the absence of a particular disease from a given area.

Routine gathering of information on disease incidents from reports

of farmers or field officers or from specimens submitted to diagnostic

or research laboratories is a classical example of what epidemiolo-

gists consider passive surveillance because disease information is a

‘‘by-product’’ of more general disease investigations (Scudamore 2002).

Targeted surveillance, on the other hand, collects information

about a specific disease or condition so that its presence in a defined

population can be measured or its absence reliably substantiated.

This kind of surveillance provides the data required to prove that a

specified population is free of a specific disease. Sampling tech-

niques are aimed at maximizing the likelihood of pathogen detection,

based on available epidemiological information (Gustafson et al. 2005;

McClure et al. 2005; Murray and Peeler 2005; Subasinghe 2005).

Both general and targeted surveillance can complement each other.

Stephenson et al. (2003) provided an excellent example of how a

general surveillance can lead to a targeted one. In 2002, the

Shellfish Health Unit at the Canadian Gulf Fisheries Center received

oysters from an oyster grower in Cape Breton, Nova Scotia, with a

history of up to 80 percent mortality. It was determined that the cause

of oyster death was the protozoan Haplosporidium nelsoni, the causative

agent of a disease known as multinucleated sphere X (MSX). That

was the initial detection of this OIE-notifiable pathogen in Canada.

Such a discovery prompted a targeted surveillance for MSX that

involved not only Cape Breton but also other locations throughout

Nova Scotia, New Brunswick, Prince Edward Island, and Quebec.

The choice of surveillance sites was based on historical data as well

as current oyster transfers throughout the Atlantic region. The precise

design and structure of surveillance programs vary with their

exact purpose but all share some basic common features given in

Box 5.3.
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Certification

The OIE requests that an official health certificate accompany each

shipment of live fish or shellfish. Because of likely variations in aquatic

animal health situations in the exporting country, in the transit coun-

try, and in the importing country, diagnosis and official certification

should be based upon OIE standards, guidelines, and recommenda-

tions. For example, the OIE Manual of Diagnostic Tests for Aquatic Animals

(OIE 2003) provides a uniform approach to diagnose OIE-listed diseases

which can be followed in laboratories all over the world, thus increas-

ing efficiency and promoting improvements in aquatic animal health

worldwide. OIE criteria for aquatic animal health certification are dis-

played in Box 5.4.

Zoning

Disease zoning is the process of delineating infected and uninfected

populations within a country or group of countries. ‘‘Infected zone’’

and ‘‘uninfected zone’’ usually apply to a specific disease (Murray 2002;

Cockings and Martin 2005). An uninfected zone can be established for a

specific disease within a particular geographic or hydrographic area

within a country. The OIE Aquatic Code recommends that zones for

diseases of concern to international trade be established to meet inter-

nationally accepted standards (OIE 2005).

The concept of zoning is extremely difficult to apply to the aqua-

tic environment, however. In general, catchment areas and rivers may

be used to define continental zones. Coastal zonation for specific dis-

eases is often complicated by a host’s home range and migratory

Box 5.3 Common features of surveillance programs

* Clearly stated objectives

* Agreed-upon list of diseases of concern

* Development of specific protocols for collection of the

information required

* Capability to recognize a disease outbreak with the required

level of diagnostic certainty

* A system to record, collate, and report findings.

(Adopted from Subasinghe et al. 2004.)
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pattern as well as the lack of knowledge about infection reservoirs. The

simplest freshwater zonation system is a farm that obtains incoming

water from an unshared surface or groundwater source. In inland

situations, however, most aquaculture facilities are connected to each

other through shared waterways through which the disease agent can

be transmitted to wild aquatic animal populations. In such case, the

entire river system or water catchment area is considered as a zone.

Natural barriers determined by geography or climate are more effec-

tive in containing diseases of aquatic animals than are political borders

(Subasinghe et al. 2004).

The types of zones that are recognized are listed below.

Free zone

A free zone can be established within a country or a region where an

OIE-notifiable disease is present. In the free zone, there must be knowl-

edge of the location of all aquaculture facilities and wild susceptible

Box 5.4 Principles used for the preparation of international

aquatic animal health certificates

(1) Issued by the Competent Authority and signed by a qualified

and authorized certifying official.

(2) Written in terms that are as simple, unambiguous, and easy

to understand as possible, without losing their legal

meaning.

(3) Written in the language of the importing country. In such

circumstances, they should also be written in a language

understood by the certifying official.

(4) Require appropriate identification of aquatic animals and

aquatic animal products.

(5) Not require a certifying official to certify matters that are

outside his/her knowledge or that he/she cannot ascertain

and verify.

(6) Accompanied, when presented to the certifying official, by

notes of guidance indicating the extent of enquiries, tests,

or examinations expected to be carried out before the

certificate is signed.

(7) Text should not be amended.

(8) Only original certificates are acceptable.
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species. Suspected outbreaks of a disease must be investigated imme-

diately by the Competent Authority and reported to the OIE. Ideally, a

free zone should be separated from an infected neighboring zone by a

buffer zone where surveillance is constantly performed. Importation of

aquatic animals from other parts of the country, or from countries

where the disease is present, into the free zone must take place

under strict controls established by the Competent Authority (Fig. 5.2).

Surveillance zone

A surveillance zone acts as a buffer zone between a free and an infected

zone. Aquatic animal movements must be controlled within the surveil-

lance zone and rigorous disease prevention and control measures must

be practiced. A mechanism for immediate reporting to the Competent

Authority must be in place. Suspected outbreaks of a disease must be

investigated immediately and, if confirmed, must be eliminated.

Adequate surveillance activities must be implemented in order to deter-

mine the potential spread of any outbreaks. Accordingly, it may be

necessary to modify the boundaries of the zone. Importation of suscep-

tible aquatic animals into the surveillance zone from parts of the coun-

try or from other countries where the disease exists can only take place

under suitable controls established by the Competent Authority.

Freedom from infection should be confirmed by appropriate tests.

Infected Infected

Surveillance Surveillance

Free z Free z

Only for slaughter
or processing

After thorough
investigations

Figure 5.2 A diagram illustrating the disease zoning concept in which a

surveillance zone separates a free and an infected zone. Importation of

aquatic animals from a surveillance zone into the free zone takes place

only after thorough investigation confirming absence of pathogen. No

live aquatic animals may leave the infected zone except for transport to

slaughtering premises.
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Infected zone

An infected zone is a zone where the disease is present in an otherwise

disease-free country. Movement of susceptible aquatic animals out of

the infected zone into the disease-free parts of the country must be

strictly controlled. It is recommended that the following alternatives

be considered in managing a disease-infected zone (Fig. 5.2):

(1) No live aquatic animals may leave the zone, or

(2) Aquatic animals can be moved by mechanical transport to

special fish slaughtering premises or mollusk and shrimp

production facilities located in the surveillance zone for

immediate slaughter, or

(3) As an exception, live aquatic animals from the infected zone can

enter the surveillance zone under suitable controls established

by the Competent Authority. For diseases in which the disease

agent constitutes a surface pathogen, appropriately disinfected

eggs can enter a surveillance zone. Freedom from infection of

these aquatic animals must be confirmed by appropriate tests

before being allowed to enter the zone, or

(4) Live aquatic animals can leave the infected zone if the

epidemiological conditions are such that disease transmission

cannot occur.

It is essential to prevent live aquatic animals from being transported

from infected to uninfected zones, including into buffer zones.

Moreover, it is necessary to control shipments of known or suspected

vectors of the disease agent.

Risk assessment

The OIE, the Food and Agriculture Organization (FAO), the Inter-

national Council for the Exploration of the Sea (ICES), and the

European Inland Fishery Advisory Commission (EIFAC) recommend

that in the case of international trade involving aquatic animals or

their products including genetic and pathological samples, a risk

assessment for the possibility of pathogen introduction into the

importing country should be conducted prior to the arrival of ship-

ments. These agencies stipulate a process for conducting risk assess-

ment that starts with the development of a proposal by the entity

moving an exotic species that specifies the location of the facility,

planned use, and source of the exotic species. Based on the information
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provided, a group of independent experts review and evaluate the

proposal and potential impacts and risk/benefits of the proposed intro-

duction. Pathogen introduction, ecological requirements and interac-

tions, genetic concerns, socioeconomic impacts, and identification of

local species most affected are some of the considerations evaluated by

the review panel. A regulatory agency may require that a proposal

contain an evaluation of the risk/benefits. This evaluation would then

be forwarded to an independent review or advisory panel, or the

advisory panel could make the first evaluation of the proposal.

Advice and comments would then be communicated among the

proposers, evaluators, and decision-makers. The independent review

panel advises to accept, refine, or reject the proposal. If approval to

introduce a species is granted, then quarantine, containment, monitor-

ing, and reporting systems are implemented. Importation of the (for-

merly) exotic species becomes subject to review and inspection to

check the general condition of the shipments, verify the absence of

pathogens, and ensure that the correct species is being shipped.

Competent Authorities may require quarantine procedures to be expli-

citly described in the proposal before approval to move an exotic

species is granted.

Risk assessment should be conducted by the importing country

in liaison with the exporting country. The OIE Aquatic Code specifies

the health measures to be used by the veterinary administrations and

competent authorities in the importing and exporting countries in

order to avoid the transfer of any agents that are pathogenic to aquatic

animals or humans by the exotic species. Concomitantly, measures are

taken to prevent the imposition of unjustified sanitary barriers that

might delay or impede the process. The analysis should be transparent

and the exporting country should be provided with clear justifications

for the imposition of an import.

Quarantine

There is a consensus among aquatic animal health experts that an

effective quarantine system is the cornerstone of any health plan

aimed at preventing pathogen introduction. The term ‘‘quarantine’’

refers to retaining animals in facilities designed specifically to prevent

the release of animals, or the pathogens they may carry, into regions

where these animals or their pathogens do not exist (Arthur 1996;

Doyle et al. 1996). ICES and EIFAC have developed codes of practice on

the use of introduced species (Bartley et al. 1996; ICES 1998; Cowx 2000).
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These codes call for linking exotic species introduction to the availability

of a sound quarantine system in the importing country. The codes

recommend a sequence of events that starts with the importing country

allowing import of eggs, not live animals, delivered directly to an

approved quarantine facility. These eggs will then be used as seed to

develop a broodstock population. Fish produced from the eggs and the

broodstock will be examined regularly for the presence of pathogens

following established guidelines. If no pathogens become evident then

the first-generation progeny (F1), but not the original import, can be

released to culture sites or the natural environment. Routine disease

testing should continue on transplanted individuals. The codes further

emphasize that no additional animals of the introduced species be

imported and that F1 individuals should be used to establish local

broodstocks.

Australia, for example, has a fully operational quarantine system

for imported fish species. Australian regulations were established in

1984 to prohibit the entry of live fish into the country unless the

species to be imported is listed by the Australian Nature Conservation

Agency (NCA) as being among those aquarium fishes that may be freely

imported, or that can be imported under special permit for scientific

purposes (Lehane 1993; Humphrey 1995; Doyle et al. 1996). In the late

1990s, the NCA list was found to be in violation of the WTO’s Sanitary

and Phytosanitary (SPS) Agreement. As a result, the Australian autho-

rities expanded the NCA list to include fish species that were originally

banned from importation.

In the case of freshwater ornamental fish, Australia’s quarantine

system requires fish shipments to be accompanied by a health certifi-

cate issued by the exporting country. The premises of the exporter

must be inspected regularly, and the exporter certified as competent,

by government fish health inspectors of the exporting country. Fish are

held for a minimum of 14 days, during which time they are examined

regularly for clinical signs of diseases. Marine species are not quaran-

tined upon arrival, but are inspected to determine their identity, to

verify that they are among the species approved for importation, to

ensure that they exhibit no clinical signs of disease, and to confirm that

no other organisms are present in the shipment (Lehane 1993). The

practice of relying upon clinical signs to determine disease status has

been heavily criticized because fish carrying bacterial and viral dis-

eases have escaped detection (Langdon et al. 1986; Anderson et al. 1993;

Humphrey 1995). The authors recommended that inspection for

clinical disease during quarantine should be extended to specific
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health accreditation or random sampling of imported batches for

laboratory analyses.

L E S S O N S L E A R N E D A N D R E S E A R C H N E E D E D

There is no doubt that the rapid pace of globalization processes has

presented the modern world with mounting challenges. This is parti-

cularly true in the case of aquatic animals with the recent worldwide

spread of pathogens and the emergence of new devastating diseases.

This is, however, not a single event, as many infectious diseases of

humans, animals, and plants have lately emerged in an unprecedented

magnitude. This phenomenon reflects the complex social, economic,

political, environmental, ecological, and microbiological factors that

are globally linked. Unlike other health disciplines, the aquatic animal

health field was not prepared for this recent, global disease surge.

Knowledge gaps are huge, the number of well-trained aquatic animal

health professionals is inadequate, laboratories are not well equipped,

commercial diagnostic reagents are largely unavailable, and invest-

ments in building diagnostic capacity on private and governmental

levels are not commensurate with the magnitude of the problem. In

brief, there is a severe need to learn from the past in order to be

prepared for the future. If the current trend continues, effective control

of the international spread of fish and shellfish pathogens will remain

a distant and elusive goal to achieve.

Aquaculture, considered by some as the major channel through

which many pathogens were introduced to new geographical loca-

tions, is filling the gap produced by declining fisheries (freshwater

and marine species alike). The expansion in aquaculture will, and

should, continue to provide the growing human population with high-

quality proteins at affordable cost, particularly in developing countries.

Likewise, governmental conservation and restoration programs will

continue to intensify, even though some of the efforts may require

species introduction, or reintroduction. Given all of the above, it is

imperative to focus efforts on finding ways to eliminate the risks

associated with the international trade of live fish and shellfish.

These efforts have to be designed and implemented at both the national

and the global levels.

International organizations such as OIE, FAO, EIFAC, and ICES

have done an excellent job in coming up with guidelines and models

for prevention of disease spread. Most of their recommendations came

from the more structured and well-studied examples in human and
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veterinary medicine. It is currently premature to judge the effective-

ness of national and international Codes of Practice in controlling the

introduction of aquatic animal pathogens. Indeed, it is questionable

how much of the legislation can in practice be applied. For example,

how can a quarantine system be effective when it relies primarily on

the appearance of clinical signs within a relatively short time? In the

same context, how effective is zoning, considering interconnectedness

of surface and groundwater? These two questions, and many others,

remain to be addressed not only by aquatic animal health experts, but

also by managers, economists, and politicians. To this end, there is an

acute need to translate the codes into reasonable, scientifically correct,

and economically affordable protocols to implement worldwide and in

both developed and developing countries.

Concurrent efforts are needed to narrow knowledge gaps, to find

innovative ways to implement health control measures, and to be

prepared in case an emerging disease erupts. These efforts include

the establishment of comprehensive databases on pathogens and dis-

eases and related issues essential for the understanding of national

disease status, for use in risk assessment studies, and to serve as a

decision support system for introductions and national quarantine

policies, guidelines, and strategies. There is a need to provide financial

and technical assistance to developing countries to enhance surveil-

lance and to build diagnostic capabilities. Finally, the events that lead

to the emergence of a disease are often complex, with the cause often

being obscure and only indirectly related to the new agent. Therefore,

global efforts should be focused on preparing a contingency research

plan that can immediately be followed should an emerging infection

erupt, in order to expedite the identification of effective control mea-

sures. One such plan is displayed in Table 5.4.
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Globalization, biological invasions, and
ecosystem changes in North America’s
Great Lakes

I N T R O D U C T I O N

Globalization, in the context of biological invasions, is the increased

movement of species around the world. In this chapter, non-indigenous

species (NIS) are defined as taxa moved from one geographic location

of the world to another from which they were historically absent. The

largest geographic barriers to species dispersal, the world’s oceans, have

been circumvented by the development of a global economy. Increased

demand for and transport of goods has resulted in the transfer – both

intentional and unintentional – of NIS on unprecedented scales. For

example, colonization rates of European crustaceans in North America

are estimated to be 50 000 times background levels associated with

natural dispersal (Hebert and Cristescu 2002). A number of dispersal

vectors are responsible for transport of aquatic NIS, though transoceanic

shipping has played a particularly important role as the global economy

has expanded.

Establishment of NIS represents one of the most significant

threats to the world’s indigenous biota (Mooney and Drake 1989;

Mack et al. 2000), in addition to adverse ecological and economic effects

that they impart on lakes throughout the world (e.g., Hall and Mills

2000). For example, establishment of Nile perch (Lates niloticus) in Lake

Victoria and peacock bass (Cichla ocellaris) in Gatun Lake resulted in

extirpation or decline of native fish species (Zaret and Paine 1973;

Ogutu-Ohwaya 1990; Witte et al. 1992). In Lake Titicaca, the intro-

duction of brown trout (Salmo trutta) and rainbow trout (Oncorhynchus

mykiss) led to a disease outbreak (Ichthyophthirius multifiliis or Ich), a

short-lived commercial fishery, and competition with native species

(Hall and Mills 2000). Pimentel et al. (2005) estimated that NIS in the

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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United States cause approximately $120 billion per year in economic

damage.

The worldwide problem of NIS has intensified with the develop-

ment of a global economy. Because approximately 98 percent of world

trade by weight is transported by sea (Reeves 1999), shipping is a strong

vector for the movement of NIS worldwide. For example, shipping has

accounted for 38 of 60 unintentional introductions to the Baltic Sea

during the past 200 years (Leppäkoski et al. 2002). NIS in the Baltic

Sea have caused economic damage to fisheries, shipping and industry,

and include the hydrozoan Cordylophora caspia, the barnacle Balanus

improvisus, the cladoceran Cercopagis pengoi, and the bivalve Dreissena

polymorpha. In the Ponto-Caspian region, Grigorovich et al. (2002)

identified 136 free-living and 27 parasitic invertebrate NIS that had

established reproducing populations and emphasized that activities

related to global trade – both shipping and the construction of canals

and reservoirs – provided dispersal opportunities to and within the

region. The recent addition of the North American ctenophore

Mnemiopsis leidyi to the Caspian Sea portends catastrophic ecological

and economic shifts in this basin (Shiganova 1998).

The Laurentian Great Lakes (Fig. 6.1), collectively the world’s

largest freshwater resource, are among the best studied and are well

documented with respect to transport vectors and impacts of NIS (Mills

et al. 1993, 1994; Hall and Mills 2000; Ricciardi 2001). Over 176 (183

reported as of 2007) non-indigenous aquatic plants and animals have

been recognized as introduced and established in the Great Lakes basin

(Mills et al. 1993; Ricciardi 2001, 2006; Nicholls and MacIsaac 2004), and

the arrival of most of these species can be linked either directly or

indirectly to globalization. Here we discuss how globalization has

affected the structure and function of Great Lakes ecosystems, focusing

on transoceanic shipping as a primary transport vector of NIS to the

Great Lakes. We pay particular attention to five species introduced

from the Ponto-Caspian region of Eurasia (Fig. 6.1), an area that has

been identified as an important source of NIS to the Great Lakes

(Ricciardi and MacIsaac 2000). Also, we discuss the effects these NIS

have had – and may have in the future – on Great Lakes fisheries.

H I S T O R Y O F G L O B A L I Z A T I O N A N D B I O L O G I C A L I N V A S I O N S

I N T H E G R E A T L A K E S

The first human-mediated introductions of NIS to the Great Lakes

likely occurred through the activities of native peoples. However, the
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intensification of globalization’s effect on the region did not begin

until the arrival of European settlers about four centuries ago. The

settlers brought animals and plants intentionally for cultivation and

unintentionally in ship solid ballast and animal feeds. For example,

purple loosestrife (Lythrum salicaria) arrived at ports on the Atlantic

coast with imported sheep, in solid ballast, or as a cultivated plant

(Mills et al. 1993). Three mollusk species (Valvata piscinalis, Pisidium

amnicum, and Bithynia tentaculata) of Eurasian origin that were intro-

duced prior to the turn of the twentieth century are believed to have

been transported either in the solid ballast of ships or in straw and

marsh grass packaging materials used to protect fragile articles during

their overseas journey (Mills et al. 1993). During the late nineteenth

century and early twentieth century, human population growth and

concomitant development of lands surrounding the Great Lakes

45° 45°

45° 45°

Lake Superior

Lake
 M

ic
hi

ga
n

Lake Huron

Lake Erie

Lake Ontario

Black Sea

Balt
ic 

Sea

Caspian Sea

Aral Sea

60° 60°

50° 50°

B

A

Figure 6.1 The North American Great Lakes (A) and Eurasia (B).

158 Kristen T. Holeck et al.



resulted in deforestation of the watershed, excessive nutrient loading,

and the overharvesting of fishes. The detrimental effects of these large-

scale changes on Great Lakes fisheries were amplified by the introduc-

tion of NIS via a range of vectors, including deliberate and accidental

release, migration through canals, and shipping activities. Shipping

vectors transitioned from solid to liquid ballast around the turn of the

century, and NIS that established thereafter switched from primarily

terrestrial to aquatic-based taxa.

Although some species have entered the Great Lakes from adja-

cent watersheds or the Atlantic coast, their arrivals are an indirect

result of globalization. For example, two fish species that have had

profound effects on Great Lakes fisheries, alewife (Alosa pseudoharengus)

and sea lamprey (Petromyzon marinus), gained access to the lakes because

of the construction of and improvements to connecting channels (the

St. Lawrence Seaway and the Welland Canal), the purpose of which was

to provide passage for large ships from the Atlantic Ocean to inland

ports. Other species have been introduced intentionally. For example,

common carp (Cyprinus carpio) was imported as early as 1831 for propa-

gation in a private pond (DeKay 1842), and stocking of these fish in the

Great Lakes basin by the U.S. Fish Commission ensued sometime after

1879 (Mills et al. 1993). Brown trout were intentionally released into the

Pere Marquette River, a tributary of Lake Michigan, in 1883 (Emery

1985) as a potential sportfish; in the same year the fish was released

accidentally from a fish hatchery into the Genesee River, a tributary of

Lake Ontario. Most species introductions, however, have been uninten-

tional and are linked directly to the development of the global econ-

omy. Population growth spurred the need to transport goods to and

from the Great Lakes basin and ultimately led to the opening of the

St. Lawrence Seaway in 1959. The seaway provided a new pathway for

the transport of goods from all parts of the world, but has inadvertently

facilitated the introduction of many species that have altered the

ecological nature of the Great Lakes.

G L O B A L I Z A T I O N A N D T R A N S O C E A N I C S H I P P I N G

Transoceanic shipping has been the most important vector of introduc-

tion of NIS to the Great Lakes since the completion of the St. Lawrence

Seaway, accounting for about 65 percent of all introductions since that

time (data from Mills et al. 1993; Ricciardi 2001, 2006) (Fig. 6.2). The

discovery of Eurasian ruffe (Gymnocephalus cernuus) and zebra mussel

(Dreissena polymorpha) in the late 1980s prompted the Great Lakes
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Fishery Commission and the International Joint Commission to

respond by calling the governments of the United States and Canada

to develop a policy to reduce introductions of NIS from ballast water

(Reeves 1999). Voluntary ballast water exchange guidelines were issued

by Canada in 1989, and mandatory regulations were issued by the

United States in 1993 (U.S. Coast Guard 1993). The legislation, specific

to vessels entering the Great Lakes, mandated that vessels arriving

from outside the exclusive economic zone (200 nautical miles

[370 km] from shore) with declarable ballast water on board (BOB)

must conduct open-ocean ballast exchanges if the water was to be

subsequently discharged within the Great Lakes system; post-exchange

ballast water must possess a salinity of no less than 30 parts per

thousand (Locke et al. 1991, 1993; U.S. Coast Guard 1993). The premise

behind ballast water exchange was that most freshwater organisms

resident in ballast tanks would be purged and remaining organisms

would be killed by osmotic stress when saltwater was loaded into the

tanks. Ongoing tests to assess the efficacy of ballast water exchange for

BOB vessels exchanging freshwater for saline water indicated that the

process is likely highly effective and should dramatically reduce risk of

invasion of the Great Lakes via this mechanism (Gray et al. 2006).

Contrary to expectations, the discovery rate of ship-vectored NIS

increased following implementation of the ballast exchange policy

(Holeck et al. 2004). The reasons for this increase are not clearly under-

stood, but one possible explanation is that more than 90 percent of

vessels that entered the Great Lakes during the 1990s declared ‘‘no
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ballast on board’’ (NOBOB) and were not required to exchange ballast,

although their tanks contained residual sediments and water that

would be discharged in the Great Lakes (Colautti et al. 2003). NOBOB

vessels carry cargo, reflecting the transport and globalization of goods,

but can carry up to 60 tonnes of sediment and water that may harbor

organisms and viable resting stages (Bailey et al. 2003, 2004, 2005).

Recent studies demonstrate that NOBOB ships carry diverse assem-

blages of non-indigenous invertebrates (as free-swimming adults and

resting eggs) at low densities in residual water and residual sediments

(Bailey et al. 2003, 2004, 2005). It is still not clear whether these sources

are large enough to seed new populations in the Great Lakes.

Though the historical trend in reported discovery of new NIS

in the Great Lakes has been linear (Fig. 6.3A), the number of NIS

introduced via the ship vector has accelerated since the opening of

the St. Lawrence Seaway (Fig. 6.3B). It remains unclear whether this

pattern reflects actual establishment rates of NIS in the lakes, or is an

artifact. Two issues that may cloud the establishment rate are research

intensity and time lags. Increased research intensity could partially

account for the elevated rate of discovery during the 1990s because

the issue of NIS introductions has received considerably more atten-

tion in both the scientific sector and popular press in recent decades.

However, some of the species (e.g., Cercopagis pengoi) discovered in this

recent period include taxa that are easily found and identified, thus it is

unlikely that they existed in the lakes for years prior to discovery.

Similarly, time lags could have an influence on discovery rates if the

interval between establishment and discovery has changed through

time. This interval may have been reduced in recent years owing to

increased scientific investigation of NIS in the lakes. Alternatively,

invasion rate might increase if positive interactions involving estab-

lished NIS or native species facilitated entry of new NIS. Ricciardi (2001)

suggested that such a scenario of ‘‘invasional meltdown’’ is occurring

in the Great Lakes, although Simberloff (2006) cautioned that most of

these cases have not been proven. Of all the Great Lakes (including Lake

St. Clair), Lake Superior receives a disproportionate number of dis-

charges by both BOB and NOBOB ships (70 percent), yet it has sustained

surprisingly few initial invasions (Colautti et al. 2003). This lake may

pose a formidable environment for potential invaders and thus

remains poorly invaded despite intense propagule pressure exerted

upon it. Conversely, the waters connecting Lakes Huron and Erie are

an invasion ‘‘hotspot’’ despite receiving disproportionately few ballast

discharges (Grigorovich et al. 2003). If invasional meltdown is occurring
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it appears to be limited to the lower lakes. It should be noted, however,

that many other hypotheses can account for the same pattern as that

developed by invasional meltdown.

The transport of Ponto-Caspian species via the ship vector is

consistent with patterns of transoceanic shipping. Between 1986 and

1998, most transoceanic vessels entering the Great Lakes arrived from

European ports in the lower River Rhine region, on the North Sea and

on the Baltic Sea (Colautti et al. 2003). However, most NIS discovered in
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the Great Lakes during that time were native to the Ponto-Caspian

region (Ricciardi and MacIsaac 2000; MacIsaac et al. 2001; Ricciardi

2006) (Fig. 6.4). Ongoing invasion of key port areas on the North Sea

(e.g., Rotterdam, Antwerp) and the southern coast of the Baltic Sea by

species native to the Ponto-Caspian region provide opportunities for

these taxa to invade the Great Lakes in secondary invasions (Cristescu

et al. 2001, 2004; Bij de Vaate et al. 2002; Leppäkoski et al. 2002).

Although the last port of call for NOBOB vessels was more likely a

ballast water recipient than a ballast water donor, ships operating in

the Rhine–North Sea–Baltic Sea region visit several ports there, and

this could explain why NOBOB ships arriving from those regions could

still represent a strong vector for the entry of Ponto-Caspian NIS to the

Great Lakes, as freshwater residuals and accumulated sediment in

these vessels represent a mixture from ports recently visited. It should

be noted that only a fraction of NOBOBs entering the Great Lakes do so

with freshwater residuals, but this sub-vector appears to pose greater

risk than that associated with invertebrates living in ballast sediments

or which are present as viable, diapausing eggs (Duggan et al. 2005).

I N V A S I O N H I S T O R I E S O F P O N T O - C A S P I A N S P E C I E S I N N O R T H

A M E R I C A A N D E U R A S I A

The dispersal of Ponto-Caspian species to Eurasian and European

inland waters has spanned the course of several thousand years,

while the invasion of North American waters began only decades ago.
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Dispersal rates differ greatly because of differences in the type and

degree of human facilitation; despite this fact, patterns of geographic

dispersal of Ponto-Caspian invaders in the Great Lakes show simi-

larities to those observed in Europe and Eurasia. Zebra mussel,

Echinogammarus, round goby, and Cercopagis have all exhibited wide-

spread and rapid expansion of their geographic ranges since their

introduction to North American waters. Conversely, quagga mussel

(Dreissena rostriformis) dispersal has been limited. Where quagga

mussels have invaded areas occupied by zebra mussels, the former

has generally become the dominant dreissenid (Mills et al. 1996, 2003).

Ricciardi and Rasmussen (1998) argued that invasion history can be

used as a predictive criterion for determining whether a species can

invade a target region. We suggest that the pattern of dispersal of a

species will also be similar in both donor and recipient regions regard-

less of geography if these organisms utilize human-mediated dispersal

mechanisms. Indeed, at the same time that the quagga mussel dis-

persed in North America, it began to spread by ship-mediated vectors

up and down the Volga River in Russia (Orlova et al. 2005).

Zebra and quagga mussels

By the early Holocene, the range distribution of the zebra mussel

encompassed a small portion of its contemporary distribution in the

Black, Azov, and Caspian drainage basins (Starobogatov and Andreeva

1994). The zebra mussel expanded its range during the Holocene in

association with human activities. Ancient boat traffic on the Danube,

Dnieper, Don, and Volga Rivers likely facilitated its dispersal into

these drainages. In 1769, Pallas first described populations of this

species from the Caspian Sea and the Ural River. By the late eighteenth

century and early nineteenth century, zebra mussel had spread to

most major drainages of Europe using the vast network of canals.

Zebra mussels appeared in Great Britain in 1824, and then in Leiden

(1826), the lower Doru River in Portugal (1829), and many locations

throughout the Netherlands and Belgium, France (Nor), Denmark

(Copenhagen), Sweden, Finland, Italy, and the rest of Europe (Strayer

1991; Starobogatov and Andreeva 1994). Despite its extensive range

throughout Europe and Eurasia (Fig. 6.5A), expansion of D. polymorpha

northward has been limited by low water temperatures beyond lati-

tudes 588N (Starobogatov and Andreeva 1994), although Orlova and

Panov (2004) reported its establishment in the Neva Estuary in the

eastern Gulf of Finland.
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The quagga mussel, Dreissena rostriformis bugensis, was discovered

in the Bug portion of the Dnieper–Bug estuary near Nikolaev in the

Ukraine by Andrusov (1890). According to Zhuravel (1967), this mussel

was first introduced into the Dnieper River attached to ship hulls in

1941. Since the 1940s, the quagga mussel has spread from the South
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Bug River and the lower Ingulets River into the Dnieper River drainage

to regions that earlier had only D. polymorpha (Mills et al. 1996). It

subsequently expanded its range elsewhere north of the Black Sea

and into the northern Caspian Sea and Volga River Delta (1994–97) as

well as to the middle (Samara region, 1992) and upper Volga River

drainage (Orlova et al. 2005). To date, the geographic distribution of

the quagga mussel in Eurasia has been limited to the Ponto-Caspian
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region, and its range expansion has been relatively slow. Despite its

limited geographic distribution (Fig. 6.5B), the quagga mussel can dom-

inate habitats that were once dominated by zebra mussels (Mills et al.

1996; but see Zhulidov et al. 2006).

Zebra mussels, first collected from the Canadian waters of Lake

St. Clair in 1988 (Hebert et al. 1989) (Fig. 6.5C), had been found in each of

the Great Lakes by 1990. After 1992, populations of zebra mussels

rapidly spread throughout the eastern United States. In contrast, the

quagga mussel, first collected at Port Colborne in Lake Erie in 1989

(Mills et al. 1999), had expanded its range only from Lake St. Clair

eastward to Quebec City on the St. Lawrence River (Fig. 6.5D) in the

4 years after its discovery. However, habitats once dominated by zebra

mussels are now dominated by quagga mussels, a trend that parallels

that in the Dnieper River basin in Ukraine (Mills et al. 1996, 1999, 2003).

Round goby

Round gobies (Apollonia (Neogobius) melanostomus) are endemic to the

Ponto-Caspian region, occurring in the open parts of the Caspian Sea,

along the Black Sea and Azov Sea shelf, and in their lagoons and river

estuaries (Miller 1986) (Fig. 6.6A). They were first found in the Baltic Sea

(Puck Bay, Gulf of Gdansk) in 1990 (Skora and Stolarksi 1993). In the

Great Lakes, round gobies were first collected in the St. Clair River on

the Michigan–Ontario border in 1990 (Jude et al. 1992) (Fig. 6.6B). By

1994, the round goby had spread into northern Lake St. Clair and was

abundant in the St. Clair River. By 1997, they had spread to all the Great

Lakes, three inland rivers in Michigan (Flint, Shiawassee, and

Saginaw), and the Chicago Sanitary and Shipping Canal (Steingraeber

et al. 1996). In 1998, round gobies were reported from numerous sites

along the east shore of Michigan in Lake Huron and in Michigan’s

Upper Peninsula at Port Inland and in Little Bay de Noc. In 1994, they

appeared in southern Lake Michigan in the Calumet–Chicago area of

Illinois, and in 1999 near the confluence of the Calumet Sag Channel

and the Chicago Sanitary and Shipping Canal. In Indiana, round gobies

were found in the Grand Calumet River in 1993. Trawls fished 200

individuals in October 1994 at Fairport, Ohio, in Lake Erie, and by

1995, more than 3000 individuals were collected, indicating that the

population had expanded greatly. Round gobies expanded eastward to

just west of Erie, Pennsylvania, in 1996, in the eastern basin of Lake

Erie at Buffalo, New York, by 1998, and they now have been identified

at numerous sites along the north shore of Lake Erie. Round gobies
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have continued to expand their eastward distribution with sightings

in the Welland Canal (1998), the St. Lawrence River near Quebec

(1997), and northeastern Lake Ontario in the Bay of Quinte (1999).

Discontinuity in the geographic spread of the round goby became

evident in July 1995 when a single individual was collected in trawls
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from the Wisconsin waters of St. Louis Bay, Lake Superior. Adult speci-

mens were also found in Duluth Harbor, Minnesota, from 1996 to 1999.

Cercopagis pengoi

Cercopagis pengoi, commonly known as the fishhook flea (MacIsaac et al.

1999), is endemic to fresh and brackish waters of the Black, Azov,

Caspian, and Aral Sea basins, and to coastal lakes and reservoirs on

the Don and Dnieper Rivers (see Mordukhai-Boltovskoi and Rivier

1987) (Fig. 6.7A). Damming, construction of reservoirs and canals, ship-

ping, and the intentional stocking of invertebrates in the Dnieper, Don,

and Manych Rivers have facilitated dispersal of this organism in east-

ern Europe (Grigorovich et al. 2000). Cercopagis pengoi has established

permanent populations in the fresh waters of the Kakhovka,

Zaporoozhsk, Kremenshug, Tsimlyansk, and Veselovsk reservoirs on

the Don and Dnieper rivers (Krylov et al. 1999; Grigorovich et al. 2000).

This onychopod has invaded the lower reaches of the Danube,

Dniester, southern Bug, Dnieper, and Volga Rivers as well as coastal

lakes fringing the Black Sea (Mordukhai-Boltovskoi 1968; Mordukhai-

Boltovskoi and Rivier 1987; Rivier 1998). In 1992, C. pengoi was reported

in the Baltic Sea (Parnu Bay and the Gulf of Riga) (Ojaveer and Lumberg

1995). Its range has continued to expand in Europe, as evidenced by its

presence in coastal areas off Kotka in the Gulf of Finland (1995) (Uitto et

al. 1999), the Neva Estuary and the open sea area in the eastern Gulf of

Finland (1995 and 1996) (Avinski 1997), and the Baltic Sea proper (1997)

(Gorokhova 1998; MacIsaac et al. 1999).

Cercopagis pengoi was first detected in the Great Lakes in Lake

Ontario in 1998 (MacIsaac et al. 1999). It was observed throughout the

lake in 1998 and 1999, with density peaks occurring in August and

September (Makarewicz et al. 2001). In 1999, it appeared in Lake

Michigan in two areas: Waukegon Harbor (Illinois) and Grand

Traverse Bay (Michigan) (Charlebois et al. 2001). It also spread into the

Finger Lakes region of New York State (Makarewicz et al. 2001).

Cercopagis was found in western Lake Erie in 2001 (Therriault et al.

2002) and central Lake Erie (Fairport, Ohio, and Erie, Pennsylvania) in

2002 (Fig. 6.7B).

Echinogammarus ischnus

The euryhaline gammarid amphipod Echinogammarus ischnus is native to

the Caspian Sea, fresh and estuarine regions of the Black and Azov Seas,

Globalization, invasions, and ecosystem changes 169



areas north of the Black Sea (Jazdzewski 1980), and both Russia and the

Ukraine (Konopacka and Jesionowska 1995) (Fig. 6.8A). Relict popula-

tions occur in some Romanian and Bulgarian lakes. Echinogammarus

was first observed outside its native range in 1928, when it entered

the Pripet–Bug canal system and was discovered in the Vistula River
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below Warsaw (Jarocki and Demianowicz 1931). Over 30 years later

(1960) Echinogammarus had colonized the lower Neman River via the

Neman–Pripet Canal. In the 1970s, this amphipod was discovered

in the Dortmund–Ems Canal in Germany. By the late 1970s, it had

established populations in the Dnieper, Dniester, Southern Bug,

Danube, Don, and Volga Rivers (Mordukhai-Boltovskoi 1960, 1979a).

Echinogammarus has also been widely introduced (deliberately and
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unintentionally) in Eurasian fresh water by human activities including

canal and reservoir construction, shipping, and intentional transplants

(Mordukhai-Boltovskoi 1960, 1979a, b). It is now in the middle Danube

(Musko 1994) and recently migrated to the Netherlands from Germany

via the River Rhine (Van den Brink et al. 1993).

The first published report of Echinogammarus ischnus in North

America was from the Detroit River in 1995 (Witt et al. 1997) (Fig. 6.8B).

However, analysis of archived samples revealed the presence of the

species from western Lake Erie in 1994 and possibly as early as 1993

(van Overdijk et al. 2003). Dermott et al. (1998) reported this species to be

‘‘widespread’’ from the south end of Lake Huron to Lake Erie and Lake

Ontario and the St. Lawrence River at Prescott. Echinogammarus was

collected from several locations in Lake Michigan, during 1998–99, and

established populations were reported in Lake Huron, Lake Ontario, and

the upper St. Lawrence River in 2000 (USGS 2005). This amphipod is now

common in nearshore areas of the western two-thirds of Lake Ontario,

and its eastern range extends to Quebec City on the St. Lawrence River

(Vanderploeg et al. 2002).

I M P A C T S O F P O N T O - C A S P I A N S P E C I E S O N G R E A T L A K E S

F I S H E R I E S

The invasion of the Great Lakes by Ponto-Caspian species has altered

ecosystem structure and function in several ways. First, colonization by

zebra and quagga mussels has increased structural complexity and

deposition of organic matter, benefiting benthic invertebrates in east-

ern Lake Erie, Lake St. Clair, Lake Ontario, and Lake Michigan (Griffiths

et al. 1991; Stewart and Haynes 1994; Dermott and Kerec 1997; Kuhns

and Berg 1999; Bially and MacIsaac 2000). Also, filtering activity by

Dreissena spp. has increased water clarity, leading to increased vector-

ing of lower trophic level production to benthic habitats (Nalepa et al.

2000). With increased light penetration, dreissenids have indirectly

increased benthic algal production (Fahnenstiel et al. 1995a; Lowe and

Pillsbury 1995), enhanced benthic–pelagic coupling (MacIsaac et al.

1999), and increased macrophyte growth (Skubinna et al. 1995).

In Saginaw Bay, Lake Huron, a reduction in primary production by

phytoplankton was nearly compensated by increased benthic algal

production (Fahnenstiel et al. 1995a, b). Finally, dreissenid mussel estab-

lishment may facilitate the success of coevolved Ponto-Caspian

invaders (round goby and Echinogammarus ischnus) (Ricciardi 2001) by

providing food and habitat, respectively. Round gobies prey on native
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fish eggs (e.g., smallmouth bass) (Steinhart et al. 2004) and have

the potential to negatively affect restoration of lake trout (Salvelinus

namaycush) (Chotkowski and Marsden 1999) and lake sturgeon

(Acipenser fulvescens) (Nichols et al. 2003). Echinogammarus has replaced

the native amphipod Gammarus fasciatus in the St. Clair, Detroit, and

Niagara Rivers and in Lake Ontario at the mouth of the Welland Canal

(Dermott et al. 1998), the effects of which are currently not clear.

Cercopagis pengoi predation on zooplankton has been documented in

the Gulf of Riga, where Leppäkoski et al. (2002) correlated its arrival

with a decline in Bosmina coregoni maritima. Similar declines of small

zooplankton, mainly juvenile cyclopoid and calanoid copepods and

Bosmina, have been reported in Lake Ontario is association with elevated

densities of C. pengoi (Benoı̂t et al. 2002; Laxson et al. 2003). Fish in both

systems feed on Cercopagis, although young-of-the-year alewife (less

than 66 mm total length) in the Great Lakes have difficulty feeding on

C. pengoi because of its long caudal spine (Bushnoe et al. 2003).

Thus Cercopagis may depress zooplankton prey, resulting in decreased

alewife growth and lower overwinter survival (O’Gorman et al. 1997).

Increased water clarity, resulting first from phosphorus abate-

ment and enhanced later by dreissenid mussel grazing/filtering, repre-

sents one of the most dramatic ecological changes in the recent history

of the Great Lakes. Great Lakes fishes are now exposed to much higher

light levels than existed prior to dreissenid mussel establishment, and

this can have profound effects on predator–prey interactions. For

example, the opossum shrimp (Mysis relicta) exhibits remarkable diel

migration behavior, moving from deep water to feed on epilimnetic

and metalimnetic zooplankton during the night (Beeton and Bowers

1982). With increased light penetration, Mysis could remain deeper in

the water column because of their high sensitivity to light (Gal et al.

1999), thus affecting their availability to prey on fish. Increases in

water clarity have also altered fish distribution, with species such as

alewife and rainbow smelt shifting to deeper waters in the springtime

(O’Gorman et al. 2000). We can only speculate that large-scale changes

in light conditions have had significant impact on Great Lakes fish

communities by altering prey and predator spatial and temporal dis-

tributions and predator–prey interactions.

Ecological surprises can occur in ecosystems from both com-

pounded effects of multiple perturbations (e.g., climate warming and

invasion by NIS: Paine et al. 1998) and interactions between established

invaders (Ricciardi 2001). For example, dreissenid mussels and round

goby may be linked to recent outbreaks of Type E botulism in lakes Erie
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and Ontario which have resulted in both fish kills and the deaths of

tens of thousands of waterfowl (primarily loons, mergansers, and

gulls). The diets of some birds have become increasingly dominated by

round gobies, which likely transfer the botulin toxin – produced by

the bacterium Clostridium botulinum – from the quagga mussels upon

which they feed. Scavenging gulls are affected through their consump-

tion of dead fish that have already succumbed to the toxin themselves,

either directly through the ingestion of dreissenid mussels or indirectly

through the ingestion of other mussel-eating fish. Dreissenid mussels

not only concentrate the toxin as they filter water proximal to the

sediments that contain the Clostridium bacterium, but they may also

contribute to anoxic conditions that favor the proliferation of the

bacterium by generating large amounts of fecal deposits.1 Finally, the

success of round goby and Echinogammarus was likely enhanced by

the presence of dreissenid mussels (Ricciardi and MacIsaac 2000). The

result is an accelerated rate of invasion, or invasional meltdown

(Ricciardi 2001), enhanced by facilitative interactions between coevolved

NIS, that leads to future uncertainty about how large-scale ecosystems

such as the Great Lakes will respond.

C O N C L U S I O N S A N D F U T U R E C H A L L E N G E S

The effects of globalization have taken the Great Lakes on an unpre-

dictable ecological path, particularly through the introduction of NIS.

Since the early nineteenth century, over 176 NIS have established, and

the apparent invasion rate has increased in association with an expand-

ing range of anthropogenic activity. Global trade (i.e., international

shipping) has been identified as the primary mechanism for the intro-

duction of NIS over the past four decades. The prevalence of Ponto-

Caspian introductions in the past two decades, combined with the fact

that most ships arrive from European ports, indicates that secondary

transfer routes (where Ponto-Caspian species establish first in ports on

the Baltic Sea before being transported to North America) are an

important factor.

The biological stressors associated with globalization, including

the invasion by dreissenid mussels and other exotic species, have

caused profound ecological changes in Great Lakes ecosystems.

Responses to these stressors have led to significant changes in Great

1 Helen Domske, New York Sea Grant, Buffalo, New York, personal communication.
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Lakes fish communities. For example, dramatic springtime shifts in

alewife and rainbow smelt distribution have occurred in response to

changes in water clarity, stocks of native lake whitefish populations

have dwindled, and the partitioning of energy to fish in the face of

newly established exotics has become more complex, especially in

Great Lakes’ nearshore habitats. Globalization and biological invasions

will continue to affect Great Lakes fisheries in the future. At present,

the food webs of the Great Lakes are composed of native species and

naturalized NIS that share no evolutionary history. With so many Great

Lakes fish communities and supporting food web organisms consid-

ered non-native, historical food webs are no longer useful for under-

standing species interrelationships and future outcomes of biological

stressors. Consequently, as long as globalization, biological invasions

and large-scale ecological changes continue to dominate Great Lakes

ecosystems, the need for scientific understanding and the desire to

manage fisheries in these large water bodies in the coming decades

will be enormous. To this end, the challenge in an era of globalization is

clear: scientists and managers must engage in the development of new

ecological paradigms and seek new insights into our understanding of

functionality if there is any hope of meeting the need to manage fish

and other elements of Great Lakes ecosystems in the future.
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Possible contributions of globalization
in creating and addressing sea horse
conservation problems

G L O B A L C O N T E X T

For economic, ecological, and social reasons, it is important to explore

how globalization might be changing conservation and management

of fisheries. In international arenas, little attention has been given to

the exploitation of species for non-food purposes ranging from medi-

cines to bioremediation to souvenirs. Such fisheries range from very

small-scale catches for personal use (e.g., bait: McPhee and Skilleter

2002) to the cumulatively large and valuable (e.g., traditional medicine:

Vincent 1996), with catches commonly traded internationally. These

fisheries often extract species that are little studied. Unmonitored

extraction makes it difficult to deduce the economic, social, or cultural

consequences of fishing.

In general, fishery resources are being exploited at a rate that

clearly endangers sustained access to market and non-market values

that people attribute to them. Overfishing has reduced the biomass of

many of the world’s major marine living resources to only a small

fraction of their former levels (e.g., Jackson et al. 2001; Pauly et al.

2002; Myers and Worm 2003). As a result, many marine fish species

are now considered threatened (IUCN 2003), with most such analyses

dating from 1996. In 2002, the Convention on International Trade in

Endangered Species of Wild Fauna and Flora (CITES) decided that

exports of some marine fishes of commercial importance should be

brought under management for the first time (CITES 2004). In addition

to numerical declines, the compositions of fish communities (Pauly

et al. 1998) and whole ecosystems (Jackson et al. 2001) have changed

dramatically through overexploitation. Such overexploitation is asso-

ciated with an unprecedented increase in global fishing effort, which

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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continues unabated even with the depletion of major world fish stocks

(Garcia and Newton 1997; Mace 1997; Pauly et al. 2002).

Among the many factors driving the decline of fisheries, the

coincidence of timing with increasing globalization, especially since

the 1980s, merits further consideration. Key elements of globalization

are the increasing flows of money, materials, information, and people

across national boundaries. Such flows have grown in both volume and

diversity. At the same time, the diversity of and distance between

sources and destinations have expanded (Crafts 2000). All of these

flows are intertwined in complex feedback loops, with the growth of

one flow leading to the establishment and growth of other flows, which

then further encourage the growth of the original flow. Each flow is

facilitated by technological developments in transportation and com-

munication, and these technologies are in turn spurred to higher levels

of development by the flows themselves. We have chosen to focus on

these flows but acknowledge that many other aspects of globalization

may also affect resource management.

The impacts of globalization on resource management are widely

debated, with mixed evidence emerging. Arguments in favor of globali-

zation rely heavily on the notion that all nations can become wealthier if

each specializes in what it does best (David Ricardo’s theory of compara-

tive advantage: see Sraffa and Dobb 1951–73). Increasing wealth should

then allow people to spend more on environmental and social programs

(OECD 1997; Dollar and Kraay 2002) and to adopt more environmentally

friendly production techniques (Antweiler et al. 2001). In addition, some

argue that free trade agreements and organizations offer the opportu-

nity to force removal of subsidies that promote overexploitation (Stone

1997; Yu et al. 2002), and should allow environmentally friendly tech-

nologies to diffuse more rapidly (Antweiler et al. 2001). In theory, the

World Trade Organization (WTO) is working to discipline fisheries sub-

sidies, persuading member countries to sign an agreement on subsidies

and countervailing measures (WTO 1994).

The most common concerns about globalization tend to focus on

the impacts of free trade. First, critics argue that free trade, by allowing

greater production and consumption, will increase depletion of natu-

ral resources, an assertion for which there is substantial empirical

evidence (Neumayer 2000). This depletion and degradation will be

exacerbated if management is ineffective, if damage is transboundary

in nature or if property rights are poorly defined (Brander and Taylor

1997, 1998; Neumayer 2000). A second concern is that countries may

lower environmental standards to attract investment, leading to a
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‘‘race to the bottom’’ where all countries drop their standards in com-

petition with one another (Daly 1993; Neumayer 2000). This hypoth-

esis, however, lacks empirical support (Nordstrom and Vaughan 1999;

Neumayer 2000; Antweiler et al. 2001). A third concern is that free trade

rules, such as those implemented under the North American Free

Trade Agreement (NAFTA), the General Agreement on Tariffs and

Trade (GATT), and the WTO, will undermine environmental legislation

(Neumayer 2000). Such rules do make allowances for national environ-

mental legislation and regulations and for international environmen-

tal agreements (Neumayer 2000; Yu et al. 2002), but the effectiveness of

these provisions is greatly diminished by the heavy burden of proof, by

the lengthy process required, and by the often weak outcomes (Kibel

2001; Nogales 2002; Valley 2004). Finally, it is argued that producers

and traders very seldom absorb the full environmental costs (externa-

lities) of their actions; if these costs were considered more comprehen-

sively, much international trade would probably be uneconomical

(Daly 1993; Goldsmith 1996).

In light of arguments about the environmental impacts of global-

ization, it is worth addressing the means by which globalization might

affect the health and sustainability of fisheries. Given the enormous

international trade in fisheries products – about 40 percent of total

landings (FAO 2002) – might the expansion of trade lead to changing

patterns of exploitation? Might expansion of demand to a global scale

encourage fishers to take better care of their resources or increase

exploitation and devastate fish stocks? Might globalization affect

industrial and subsistence fishers similarly or differently? What role

might flows of information and technology play in changing fisheries

practices? Might human migration and cultural integration lead to the

spread of more or less sustainable exploitation methods and consump-

tion patterns?

Most analytical effort has focused on species in industrialized

fisheries, but globalization might also affect the vast number of species

landed as bycatch or caught in small-scale or subsistence fisheries. Sea

horses are a group of such species, with an international trade of many

millions of animals. We will use this trade in sea horses as a case study

to explore how globalization might both hinder and help the conserva-

tion of marine populations, and then try to extract lessons that can be

applied on a wider basis.

Given the dearth of formal records and historic trade analyses,

we are forced to speculate on how globalization might have influenced

both demand for and supply of sea horses. We are well aware that
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our inferences would require considerable assessment and evaluation

before a causal link could be asserted. Moreover, we realize that habitat

loss and degradation (among other pressures) may well be adding to the

effects of fishing to promote population declines, and that these pres-

sures, too, may be affected by globalization. Our hope, however, is that

by examining the topical question of globalization from a less familiar

angle – that of exploitation of sea horses – we may provoke new

consideration of its potential impacts.

S E A H O R S E B I O L O G Y , T R A D E , A N D C O N S E R V A T I O N

Sea horses (Hippocampus spp.) are globally distributed, occurring in the

marine waters of at least 100 countries (Lourie et al. 1999). The more

than 34 species of these fishes (Lourie et al. 1999; Kuiter 2000, 2001;

Lourie and Randall 2003) have a life history that apparently makes

them ill-suited to heavy exploitation. Strong mate and site fidelity,

combined with essential parental care and limited mobility, are

expected to make sea horse populations vulnerable to disruption and

then slow to recover (Foster and Vincent 2004).

Our understanding of the trade in sea horses comes from a

combination of extensive trade surveys, qualitative evidence, and

very sparse official data (available only from Taiwan and mainland

China until the late 1990s). The first surveys of sea horse trade occurred

in 1993 and 1995 (Vincent 1996); a new, extensive global review is now

in preparation. Collection of trade data involves visits to fisheries land-

ing sites, surveys of stocks at merchants’ premises, and many inter-

views with a wide array of stakeholders and other interested parties.

Rigor is maintained in data collection through semi-structured inter-

views by using three forms of cross-validation for consistency: compar-

ing answers to the same key questions, recast at least three times

during an interview; comparing answers from different respondents

at the same trade level in any given region; and comparing answers

across trade levels in any given region, allowing for magnification of

trade volumes (Vincent 1996). Although imprecise, deductions from

previous surveys of sea horse trade have usually been supported by

subsequent data, including those from new formal trade records.

Sea horses are dried for use in traditional medicines (TM) and as

curiosities, and/or sold live for ornamental display. A great majority of

sea horses are consumed in traditional Chinese medicine (TCM) for

treatments of many ailments (Vincent 1996). Trades for the three

markets function independently of one another, usually diverging as

188 A. C. J. Vincent et al.



soon as the fisher sells the sea horses to the primary buyer (although

live sea horses that die may enter the other trades) (Vincent 1996). The

majority of the sea horses sold dried are landed as incidental bycatch,

primarily by shrimp and prawn trawlers (Baum and Vincent 2005; Giles

et al. 2005; A. Vincent and A. Perry, unpublished data). Sea horses for

both dried and live consumption are also target-caught, primarily by

subsistence fishers (Vincent 1996).

At least 32 countries had traded sea horses and/or their immediate

pipefish relatives (also family Syngnathidae) by 1995 (Vincent 1996), but

this total had risen to nearly 80 countries by 2000 (A. Vincent and

A. Perry, unpublished data) (Fig. 7.1). Much of the expansion occurred

in Africa (McPherson and Vincent 2004) or Latin America (Baum and

Vincent 2005) and represented genuinely new trades. More countries

were involved in dried than live trades. The largest exporters of dried

syngnathids were Thailand, India, Mexico, the Philippines and Vietnam

(Vincent 1996; Baum and Vincent 2005; Giles et al. 2005; A. Vincent and

A. Perry, unpublished data). The largest importers were China, Hong

Kong, Taiwan, and Singapore (Vincent 1996; Baum and Vincent 2005;

Giles et al. 2005; A. Vincent and A. Perry, unpublished data). For the live

trade, Indonesia, the Philippines, and Brazil were the major exporters,

primarily to the United States and the European Union (Vincent 1996;

Baum and Vincent 2005; A. Vincent and A. Perry, unpublished data).

Trade routes are complex and erratic. For example, sea horses seized by

Customs in Belgium had arrived from Mali and were destined for China

(E. Fleming in litt. to A. Vincent 1997) as Mali is landlocked, so they

probably originated from coastal west African countries such as Guinea

Figure 7.1 Countries known to trade sea horses and/or pipefish (many

data do not distinguish) by 1995 (dark gray) and by 2000 (light gray).

(Source: Vincent [1996] for 1995 data; A. Vincent and A. Perry,

unpublished data, for 2000 data.)
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or Senegal, both of which were reported as countries of origin by the

Census and Statistics Department, Hong Kong.

Volumes of sea horses in trade increased greatly from the mid

1980s into the 1990s (Vincent 1996). The international trade in dried sea

horses through China, Hong Kong, Singapore, and Taiwan alone

exceeded 45 tonnes (about 16 million animals) in 1995 (Vincent 1996).

Trade through these areas was at least as great in 2000 but from a wider

range of countries of origin (A. Vincent and A. Perry, unpublished data).

Indeed, trade volumes in 2000 probably exceeded 50 tonnes even with-

out (1) comprehensive data for China, a known major consumer; (2)

documentation of the apparently large and growing prepackaged patent

medicines market; (3) consideration of trade among other regions;

and/or (4) accounting for domestic consumption (A. Vincent and A. Perry,

unpublished data). Unfortunately, given China’s apparent role as a domi-

nant consumer of sea horses (Vincent 1996), Chinese official data on

imports were unreliable (A. Vincent and A. Perry, unpublished data). By

far the longest time series of data on sea horse trade came from Taiwan

(Fig. 7.2). This reveals significant increases from 1983 until the mid

Figure 7.2 The coincidence of Taiwan’s recorded sea horse imports with

globalization-related variables that may have affected sea horses. All data

are on a per capita basis and are presented in standardized units so that

the value in 1995 equals 1 for each indicator. The data sources and

unstandardized values in 1995 are: (1) international tourist arrivals in

all countries – World Tourism Organization (2003), 550 million in 1995;

(2) overseas Chinese – Cox (2003) and Poston et al. (1994), 34.5 million

people in 1995 (interpolated from linear regression through 1980, 1990,

2003); (3) Chinese GDP – IMF (2000b), $700 billion in 1995; (4) Taiwan’s sea

horse imports – Republic of China (Taiwan) Statistics, 9506 kg in 1995.
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1990s, when volumes leveled off before dipping around the time of the

Asian economic crisis in the late 1990s.

Although smaller than the dried trade, the aquarium trade was

the primary purchaser of sea horses in some regions (Vincent 1996).

Information from source countries indicated that many hundreds of

thousands of sea horses were exported for aquarium display in 1995,

with trade unabated in 2000 (Vincent 1996; A. Vincent and A. Perry,

unpublished data). However, import records and industry data suggest

much lower levels. Focused research is needed to reconcile these fig-

ures. Dried sea horses command high prices up to $1200 per kilogram

at retail outlets in Hong Kong, while individual live sea horses can fetch

up to $50 at retail in the United States (Vincent 1996).

Fishers and other informants reported considerable numeric

declines in their sea horse catches and trade, even while fishing effort

continued to increase (Vincent 1996; Baum and Vincent 2005; Giles et al.

2005; A. Vincent and A. Perry, unpublished data). Trade analyses indi-

cated that the main pressures on sea horse populations were overexploi-

tation by incidental and target fisheries, and degradation of sea horse

habitats. Many sea horses are listed as threatened under international

or national criteria. For example, the 2003 IUCN Red List of Threatened

Species listed nine species of sea horses as vulnerable, one species as

endangered, and all others as data deficient (IUCN 2003). In these evalua-

tions, trade was considered the primary pressure for most exploited

species, although habitat damage was also important for some. At least

ten jurisdictions and the European Union have local legislation that

specifically monitors and/or controls sea horse exploitation, exports, or

imports, while others have general measures that include sea horses

(Lourie et al. 1999). For example, Australian sea horse populations were

moved under the Australian Wildlife Protection Act in 1998, then placed

under the Environmental Protection and Biodiversity Conservation Act

in 2001; export now requires permits granted only for sustainable

extraction or cultured specimens (Martin-Smith and Vincent 2006).

Despite growing conservation concern, increasing globalization

of sea horse trade proceeded largely without regulation until 2004.

Until 2000, when discussions began about regulating international

trade in sea horses, many governments were unaware that sea horses

were exploited or traded in their countries. Moreover, the official trade

data that were gathered, by very few countries, exhibited serious gaps

and discrepancies (Vincent 1996). Only now, with advent of export

controls for sea horses, will the international trade in sea horses be

scrutinized on a global scale.
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H O W G L O B A L I Z A T I O N M A Y I N C R E A S E P R E S S U R E S

O N S E A H O R S E S

In this section, we speculate on aspects of globalization that might

have contributed to depletion of sea horse populations. We link these

issues to the types of flows (money, materials, information, and people)

that change with globalization (see Table 7.1). Our focus is on the

period since 1980, when both globalization and sea horse trade

increased greatly.

Role of globalization in promoting increased demand

for sea horses

A first hypothesis is that globalization may have helped prompt greater

demand for dried sea horses in TM, largely mediated through China’s

economic growth. During the mid 1980s, China’s economic approach

changed from essentially ‘‘command and control’’ to partly market-

based (Bell et al. 1993; Tseng 1994). Such a transition led to a greater

flow of both money and information in and out of the country (IMF

2000a). China’s economy has grown at an average annual rate of

greater than 9 percent since 1982 (Fig. 7.2); growth rates for the

United States over the same period have been about 3 percent. This

high rate of growth in the Chinese economy since the mid 1980s led to

greater disposable income (IMF 2000b), which, informants told us dur-

ing trade interviews, promoted an increase in the quantity of sea horses

sought for medicinal purposes (Vincent 1996; A. Vincent and A. Perry,

unpublished data). However, official import data for Taiwan also

showed reported increases from the mid 1980s to the mid 1990s,

suggesting either that Taiwan was considerably affected by mainland

China’s economic changes or that other changes were occurring

(Vincent 1996; A. Vincent and A. Perry, unpublished data). On a more

subtle level, TCM importers and retailers noted that, with greater

economic activity, higher incomes, and a faster-paced life for many

mainland Chinese, TM consumers began to find that time was more of

a constraint than money (Vincent 1996), as predicted by standard labor

economic theory (Borjas 1999). Such a shift in attitude might explain

why many consumers turned from the traditional approach of select-

ing medicinal ingredients individually to a greater reliance on prepack-

aged forms of TM, in which ground sea horses are included before the

product reaches the consumer (Vincent 1996). Prepackaged medicines

allow for use of sea horses that consumers might previously have
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rejected as too small, too spiny, or too dark, thus adding to the pressure

on wild populations.

A second possibility is that the diaspora of Chinese people around

the world may well have contributed to considerable interest and

training in TCM (including the use of sea horses) on a global scale.

Chinese emigration gathered speed in the late nineteenth century as

manual laborers moved overseas (Poston et al. 1994), and numbers of

overseas Chinese continue to grow (Fig. 7.2). The twentieth century was

punctuated by Chinese migrations in response to political upheaval

and as a result of China’s decision to relax emigration regulations in

1979 to qualify for ‘‘most-favored-nation’’ status with the United States

(Lintner 1999). At least 44.5 million overseas Chinese currently live in

about 136 countries around the world (Poston et al. 1994). Migrants

took the practice of TCM with them, and TCM has grown in popularity

in these countries (Cameron et al. 2001). In the United Kingdom, for

example, ‘‘at least 300 registered TCM practitioners were not of Asian

descent and about 50 percent of patients receiving treatment from TM

practitioners were not of Asian origin’’ (Cameron et al. 2001). As well,

nearly 70 percent of Canadians and 42 percent of Americans had tried

complementary alternative medicine by the 1990s, much of it derived

from TM and TCM (WHO 2002). In 1993, TCM products, with an export

value of $400 million, were exported to at least 120 countries. The

growth in prepared forms of TCM (which are much easier to ship)

may have allowed TCM to access new pools of consumers in areas

such as North America with relatively little TCM knowledge and/or a

greater familiarity and comfort with medicines in packaged form.

Prepackaged TCM containing sea horses (in 11 formulations) and/or

dried sea horses as raw medicinal materials were available in 90 of 101

U.S. shops surveyed in 1999 (Sheetz and Seligmann 2000).

A third proposal is that greater flows of people and products

associated with globalization may have prompted the growing demand

for live sea horses and other ornamental marine fishes, which are now

traded all over the world (Wood 2001; Sadovy and Vincent 2002).

Aquarium hobbyists appear to have gained an appreciation of exotic

fish species, sea horses among them, partly as a result of travel to exotic

locations, media coverage of these animals, and the growing number of

public aquariums; more than 100 significant free-standing aquariums

have opened globally since the early 1990s (H. Koldewey, in litt. to

A. Vincent 2004), each with exhibits of exotic fish. As just one measure

of greater exposure to distant environments, international tourist arri-

vals increased from 457 million in 1990 to 699 million in 2000, an
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annual average increase of 4.3 percent (World Tourism Organization

2003) (Fig. 7.2). Concurrent with the rise in interest in exotic fishes,

technology and information dissemination developed sufficiently to

allow consumers to establish functional marine aquariums at home

(Baquero 1999; Larkin and Degner 2001). As this technology emerged,

greater disposable income (sometimes argued to be one result of glo-

balization) could have helped make it possible for more hobbyists to

afford the expense of keeping marine fishes at home. Marine fish

owners in the United States report a higher household income than

freshwater owners (American Pet Products Manufacturer’s Association

2002). Certainly, whatever its sources, the greater demand for live sea

horses encouraged an increase in the quantity supplied to the market,

either from increased target fishing or from increased retention of sea

horses that survived in live-bait trawls (see below). It should also be

noted that similar appreciation of the exotic might explain why so

many people acquired sea horses as souvenirs and curiosities, particu-

larly during travel.

The effect of increasing demand on wild populations will vary by

source region. Where bycatch was the primary supplier of sea horses,

usually for the dried trade (Vincent 1996; A. Vincent and A. Perry,

unpublished data), greater demand might lead to increased retention

of non-target species. Greater retention is most likely to affect popula-

tions where sea horses are brought up relatively undamaged and might

otherwise survive if released, as in the live-bait trawls in Florida (Baum

et al. 2003). If the gear brings up sea horses dead, then retention for

trade might not significantly increase the mortality, injury, or disrup-

tion the gear already inflicts on wild populations (see below). Where

sea horses are primarily target-caught, usually for the live trade,

greater demand may affect the number and characteristics of sea

horses landed. Higher prices for sea horses or a loss of other income

earning opportunities as catches of other species decline (decreased

opportunity costs) might both drive greater exploitation of sea horses.

Role of globalization in promoting increased supply

of sea horses

Our first proposition related to supply is that globalization has played

an important role in increasing the availability of sea horses from trawl

bycatch. Total world shrimp and prawn landings, most commonly

obtained by trawling, doubled from 1.6 million tonnes in 1980 to

3 million tonnes in 2001 (FAO 2001a). Much of this expansion was
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spurred by the lucrative international trade in shrimp and prawns:

exports of shrimp and prawns quadrupled from 400 000 tonnes in

1980 to 1.6 million tonnes in 2001 (FAO 2001b ) (Fig. 7.3). Other global

flows, including the transfer of trawling technology to developing

countries and international investment in trawler fleets, also contri-

buted to the expansion of trawling. Each trawler caught relatively few

sea horses per day, but the cumulative totals were large. For example,

trawlers in Kien Giang province, Vietnam, caught an average of only

about one to two sea horses per day, but the annual total landings in

the province would have exceeded 6.5 tonnes, or perhaps 2.28 million

sea horses (Vincent 1996; Giles et al. 2005). In Florida, too, the 31 live-

bait trawlers operating out of the small port of Hernando Beach each

caught about 9.6 sea horses on each of 240 nights of fishing, for a total

of approximately 72 000 sea horses per annum (Baum et al. 2003).

Trawl-caught sea horses usually enter the dried market, for TCM or

curios (Vincent 1996), but trawls for live shrimp (to be used as fishing

bait in Florida, for example) bring up their nets often enough to provide

sea horses for the live trade (Baum et al. 2003). The global increase in

trawling not only catches sea horses, but also exacerbates significant

damage to their habitats (Jennings and Kaiser 1998; Kaiser et al. 2002).

Figure 7.3 Globalization-related variables that may have affected the

supply of sea horses. All data are on a per capita basis and are presented in

standardized units so that the value in 1995 equals 1 for each indicator.

The data sources and unstandardized values in 1995 are: (1) air freight

traffic – UNESCAP (2003), 85 billion tonne–kilometers in 1995; (2) shrimp

exports – FAO (2001b), 1.2 million tonnes in 1995; (3) international

telephone traffic – International Telecommunications Union (2003),

63 billion minutes in 1995.
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Second, we would suggest that the increasing global tendency to

utilize bycatch from non-selective fisheries (Clucas 1997) might have

enhanced expansion of international trade in sea horses. Explanations

for greater utilization of bycatch include the general decline in fish-

eries resources (forcing exploitation of any marketable or consumable

resource), increasing demand for feed in the growing aquaculture

industry, and some government pressure to reduce discards (Clucas

1997). Increasing demand for sea horses, as one more marketable

commodity, might have helped promote additional sorting of bycatch

to extract these fishes and foster continued global expansion of trawl-

ing. Where the value of retained bycatch diminishes the incentive to

reduce such bycatch, it might eventually even influence the locations

where trawling occurs, promoting trawl expansion even into areas

where target fishing would, on its own, be unprofitable.

Third, we suggest that internationalization of fisheries might have

prompted small-scale fishers to catch more sea horses. As industrial-

scale fishing (mainly trawling but also purse-seining and long-lining)

is introduced, it enters into competition with small-scale or artisanal

fisheries for resources (Fig. 7.4), especially in tropical shallow waters

(10 to 100 meters); indeed, shrimp trawlers often discard the very

fish that are important for local food (Clucas 1997; Pauly 1997). The

global expansion of such fishing, coupled with declines in food fish

Catch

Time

Large-scale
catch

Small-scale
catch

Total
catch

Figure 7.4 Change in distribution of catch between small- and large-

scale fisheries over time. Early in the development of a fishery, small-

scale fishers take most of the catch. Over time the fishery becomes more

industrialized, and large-scale fishers take a larger proportion of the

catch. At some point, the fishery is overexploited and the stock begins to

decline, reducing the catch of both groups. (Modified from Pauly 1997.)
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stocks, may contribute to pressures on sea horses. Small-scale fishers

turn to previously unexploited species (targeting them or retaining

them as bycatch) as other stocks disappear through overexploitation

(Pauly et al. 1998) or through sales of fishing rights to foreign fleets

(Iheduru 1996; Kaczynski and Fluharty 2002). Many subsistence fishers

end up exploiting any marketable marine species that are available,

including sea horses. These fishers would have low opportunity costs

because other species are in decline, sea horses can be taken in con-

junction with other fishing activities at almost no cost, and other

income-earning opportunities are rare. They will, therefore, probably

continue to catch and supply sea horses to the market even if they are

poorly paid for their efforts.

Fourth, we consider it probable that technological improvements

might have played an integral role in promoting sea horse trade. For

example, international telephone (and fax) traffic grew globally at an

annual rate of 13 percent between 1991 and 2001, to 13 billion minutes

(Fig. 7.3), and the number of Internet users grew at an astonishing

61 percent annually over the same time period, to 502 million

(International Telecommunications Union 2003). Such communication

technology allowed rapid, easy negotiations between buyers and sell-

ers in both the live and the dead sea horse trades. Live traders, for

example, used telephone, fax, and the Internet to coordinate fish ship-

ments. Dried seafood traders in Hong Kong also depended heavily on

telephone and fax communications, although they used computers

and the Internet only infrequently (Clarke 2002). In addition, Web-

based e-marketplaces advertised sea horses for sale to both merchants

and the general public (e.g., Ecrobot 2004).

Fifth, it seems likely that globalization of technology, in the form

of new fishing gear, helped fishers to access new resources to meet

growing demand. For example, in 2001, fishers in one Philippines

village began adopting hookah rigs (surface air supply) to access a

deep-water sea cucumber with commercial value in East Asia. This

technology allowed fishers to stay underwater longer (increasing

effort) and to obtain other species that were previously inaccessible,

including a species of sea horse not previously sold in the region

(S. Morgan in litt. to A. Vincent 2004). The result was ‘‘gold rush’’

exploitation, with gross depletion of the sea cucumbers and marked

overexploitation in the associated new sea horse fishery (H. Panes in

litt. to A. Vincent 2004).

Sixth, we are reasonably confident that increased global trans-

portation would have increased sea horse supply. Such links appear to
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be key determinants of the sea horse trade, particularly for live

sea horses (Vincent 1996). These fish must be supported with air sup-

ply, and sometimes food, until they arrive at their destinations if they

are to survive until sale. Given the distance between the (primarily)

developing country sources and the (primarily) developed country

destinations (Vincent 1996), international air transport is essential.

Indeed, one of the foremost contributors to the increase in trade of

marine ornamental species, which is primarily dependent on wild

collection, is the improved availability of air transport from remote

locations (Larkin and Degner 2001). Air freight traffic on commercial

air carriers doubled from 62 billion to 121 billion tonne–kilometers

from 1990 to 2000, an average annual growth rate of 7.0 percent

(UNESCAP 2003) (Fig. 7.3). Air links are particularly important for the

aquarium trade. For example, Indonesia exported marine fish from

West Papua (Irian Jaya) until flights to the United States stopped touch-

ing down at its Biak airport in the early 1990s; thereafter, it exported

most live sea horses through Jakarta and Bali, its two large-volume

international airports (Vincent 1996; A. Vincent and A. Perry, unpub-

lished data).

Although they were more easily exported than live fish, dried sea

horses were apparently also increasingly traded as global transport

links were enhanced. As one example, sea horses from Tamil Nadu

in southern India were commonly exported to Singapore, often for

transshipment to Hong Kong or Taiwan (Vincent 1996). The large

Tamil population in Singapore fostered trade links and also facilitated

transport, with apparently reliable stories of travelers between Tamil

Nadu and Singapore being offered free flights if they carried cases of

sea horses as their checked baggage (Vincent 1996). Thus the flow of

people increased the flow of goods.

Seventh, we conjecture that global sea horse supply (from both

bycatch and target sources) might have increased as a result of what we

call ‘‘piggybacking,’’ where flow of one product opens channels for

trade in other products. Sea horses may be particularly vulnerable to

piggyback trade, in which they accompany other, more valuable com-

modities. These fishes were destined for the same markets that

received exports of the larger and more lucrative sea cucumber and

shark fin trades. For example, Hong Kong, the world’s largest entrepôt

for sea horses (Vincent 1996; A. Vincent and A. Perry, unpublished

data), also received about 80 percent of the world’s sea cucumbers

and 50 to 85 percent of the world’s shark fin imports (Clarke 2002).

Between 1980 and 2000, the global production of sea cucumber and
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shark fin increased 18-fold and three-fold, respectively. Shark fin

imports to Hong Kong increased by 5.3 percent annually during the

late 1980s and 1990s, after allowing for re-exports to China, although

sea cucumber imports appear to have declined in the same time period

(Clarke 2002). Trading such vast quantities of similar goods would

make it easy to foster the trade in sea horses. Our proposal is more

than speculation: it appears, for example, that the arrival of ethnic

Chinese traders seeking a wide variety of goods was the catalyst that led

to sea horse exports from Latin American countries from Mexico to

Peru (J. Baum, unpublished data). In the central Philippines, too, a new

sea cucumber fishery led quickly to a new sea horse fishery (see above).

By adding to the profitability of new trade routes, the piggybacked sea

horses might even indirectly foster continued exploitation of their

populations through a positive feedback effect.

It seems plausible that the increase in sea horse supply from

far-flung sources (largely through retention of shrimp trawl bycatch,

married to piggyback trade) has helped markets cope with demand

for sea horses that far exceeds what local populations in the same

region can supply. As domestic sea horse populations became

depleted (apparently largely through overexploitation), some traders

reported turning to supplies of sea horses from elsewhere (Vincent

1996; A. Vincent and A. Perry, unpublished data). Indeed, some traders

reported certainty that they would achieve greater profit by importing

sea horses, perhaps because their supply now became more reliably

available but perhaps also because the imported species was more

valuable (A. Vincent and A. Perry, unpublished data). As one example

of possible long-term depletion, China has used sea horses medicinally

for perhaps 12 centuries but now lists Hippocampus kelloggi under wild-

life protection laws, allowing exploitation and trade only with permits

(Law of Wild Animal Protection of the People’s Republic of China,

1988). As its domestic sources became depleted, China apparently

turned early to Southeast Asian nations for supplies. Then, as sea

horse catches (and presumably populations) declined in these nearby

regions (Vincent 1996), East Asia began to import sea horses from yet

farther afield: from India, then Africa and South America (McPherson

and Vincent 2004; A. Vincent and A. Perry, unpublished data). As with

other fisheries (e.g., reef fishes traded live for food: Sadovy and

Vincent 2002), such global geographic expansion of sea horse fisheries

and trades could well be masking population declines in particular

regions by securing continued supply until stocks from many sources

have all been depleted.
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H O W G L O B A L I Z A T I O N M A Y H E L P R E D U C E P R E S S U R E S

O N S E A H O R S E S

Some aspects of globalization might be linked to improvements in the

status of sea horse populations. Our hypothesis is that, as well as

fostering demand, greater international flows of information, people,

money, and materials have improved opportunities for conservation

and management of many species, including sea horses (Table 7.1).

Certainly, ever since alarm bells about sea horse exploitation were

first sounded (Vincent 1995, 1996), these fishes have benefited from

considerable international dialog and collaboration among direct

stakeholders, government departments, conservation agencies, and

the general public.

First, we suggest that advanced international communication

is playing a significant role in alerting stakeholders and larger com-

munities to problems posed by overexploitation and then engaging

them in finding conservation responses. In the case of sea horses,

extensive international use of media, Web sites, shared databases,

exhibits (especially in public aquariums), and academic outlets have

enhanced flows of information to and from a wide array of interested

parties. As one example of such internationalization, sea horse con-

servation efforts by one team (Project Seahorse 2004) attracted cover-

age in newspapers, magazines, and broadcast media in at least

13 languages and 30 countries during the decade since the mid 1990s.

As another example, sea horses are displayed in almost all public

aquariums around the world, with at least ten institutions in North

America and Europe mounting significant focal exhibits on sea

horse biology and conservation reaching at least 10 million people

(H. Koldewey in litt. to A. Vincent 2004).

Second, we hypothesize that the same international flow of travel-

ers that might have led people to buy sea horses as aquarium fish

or as curiosities may also have promoted a sense of identity with exotic

fish and locations that could encourage public engagement in conser-

vation. In some cases, this engagement might be by the same people

who create conservation concerns through their demand for exotic

products; the challenge is to prompt recognition of the connection

between demand and conservation consequences. When conservation

concern does mount, international travel apparently allows profes-

sional expertise, volunteer support, and the media to reach problem

sites. Income from tourism has been argued to provide an incentive for

conservation among those who benefit from the visitors, albeit with
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the recognition that tourism can also put new pressures on marine

ecosystems (Dixon et al. 1993).

Third, we know that global connectedness, through travel and

communication, has already offered opportunities to formulate man-

agement plans and institutionalize responses to sea horse population

declines in a coordinated manner, especially when encouraged by

public opinion. Some examples include:

(1) An aquarium professionals’ network for conservation (comprising

nearly 200 people in 75 institutions in 17 countries) has

collaborated to produce husbandry manuals, guidelines on

acquiring wild sea horses responsibly, educational materials,

public presentations, and primary research (Hall and

Warmolts 2003).

(2) A syngnathid researchers’ network (comprising 130 people

in 95 institutions in 32 countries) has shared knowledge

and specimens (e.g., Foster and Vincent 2004), engaged in

supporting conservation legislation, promoted further

conservation efforts, and assisted with validating conservation

status assessments.

(3) Consultation among the researchers’ network and other

far-flung volunteer specialists has allowed evaluation of species’

conservation status for the 2003 IUCN Red List of Threatened

Species (IUCN 2003), which serves as a warning device. All sea

horses and some of their pipefish relatives have now been

assessed with the best available composite global information,

thus prompting more research and action.

(4) Consultation among disparate stakeholder groups (fisheries

scientists, Philippines fishers, Hong Kong traditional medicine

traders, North American aquarium professionals, a national

policy group in the Philippines, and an international policy

group) led to consensus on management measures for wild

sea horse populations in the Philippines (Martin-Smith et al.

2004); all groups favored no-take marine protected areas and

minimum size limits as acceptable means of adaptive

management.

Fourth, we argue that good communication helps promote global

flows of money and materials. Donor support for sea horse conserva-

tion efforts comes from many sectors, including government, private

enterprise, non-governmental organizations, private foundations, and

individuals (Project Seahorse 2004). This funding generally originates
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in the West and flows to developing countries, where it may be used to

build community capacity and to set up institutional frameworks for

conservation. For example, small donations from community groups

and individuals in the West are used to support high school marine

conservation apprentices, children of sea horse fishers, in impov-

erished Philippines fishing villages (Project Seahorse 2004). Larger

funds have been used to foster regional fishers’ organizations and

national technical working groups (Project Seahorse 2004).

Finally, there is much speculation that conventional market

transactions in an increasingly international arena might help to alle-

viate extractive pressure on resources if they allow for development of

alternative or supplementary livelihoods (John 1994; Allison and Ellis

2001). Many income-generating schemes are arguably possible only

because of global markets, transport and communication. For ex-

ample, when global production of seaweed increased 21-fold from

1950 to 2000, reaching 11.9 million tonnes (FAO 2001a, b), many sea

horse fishers in the Philippines began macroalgae culture and reduced

the time they spent fishing. Other villagers became engaged in export

of handicrafts made with local skills and local materials in ways that

were environmentally and socially sustainable (Project Seahorse 2004).

The idea was that the supplemental income they received in exchange

would help to reduce fishing pressure. The reality was more complicated

because of constraints that included villagers’ business capacity, as a

result externally generated livelihood ventures need to be rethought.

A G L O B A L R E S P O N S E T O P R E S S U R E S O N S E A H O R S E S

Our explorations have led us to propose that many elements of increas-

ing globalization might have influenced the trade and apparent over-

exploitation of sea horses. Greater globalization, however, may well

also have provided a positive impetus, framework, and support for

conservation. For sea horses, trade volumes appear largely to be main-

tained by geographic expansion of sources, allied to greater retention

and sale of incidental landings from non-selective fishing gear

(A. Vincent and A. Perry, unpublished data). There are, of course, limits

to such expansion, and measures will need to be found to adjust trade

to sustainable levels without simply deflecting the pressure onto other

resources. Moreover, we cannot afford to deplete wild fish populations

to the point where they reach supposed economic extinction (Clark

1990), given a demonstrable lack of recovery in many such species

(Hutchings 2000). Indeed, the common argument that depletion of
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resources should lead to rising prices and, therefore, a reduction in

consumption has not been supported in at least some other luxury

marine commodities (Sadovy and Vincent 2002). We now turn to

broader international approaches and actions that might contribute

to conservation of sea horses and many other marine fishes.

Ecological certification on a global scale may be one way to

proceed with improving the prospects for populations of sea horses,

as for other exploited marine life. Such schemes should allow consu-

mers to express their regard for non-market values, such as the value

(to them) of knowing that their decisions in the marketplace contribute

to the maintenance of healthy ecosystems. The Marine Stewardship

Council (2004) and the Marine Aquarium Council (2004), two inter-

national certification bodies, advance accreditation that should theo-

retically lead to improved trade management. For example, Marine

Aquarium Council decisions are based on standards in ecosystem and

fishery management; collection, fishing, and holding; and handling,

husbandry, and transport. The few certifications currently in place are,

however, too new to allow their costs and benefits to be evaluated

thoroughly.

The Convention on International Trade in Endangered Species of

Wild Fauna and Flora (CITES) is engaged in what is essentially a long-

enduring form of certification, now involving sea horses. This group of

more than 165 signatory nations bans or regulates trade in species that

are or may become threatened by international export by placing them

on lists called Appendix I and II, respectively. Proposals to bring marine

fish of commercial importance onto either list have historically been

highly disputed and eventually defeated. In November 2002, however,

the 12th meeting of the Conference of the Parties to CITES voted to add

all sea horses and two species of sharks (basking shark Cetorhinus maxi-

mus and whale shark Rhincodon typus) to Appendix II (CITES 2004). For

the first time, then, fully marine species of economic importance

became subject to international trade controls (since May 2004 for

sea horses and February 2003 in the case of sharks).

The challenge now is to ensure that the CITES Appendix II listings

are implemented in such a way as to secure sustainable trade. Under

Appendix II, each nation is now charged with making ‘‘non-detriment

findings,’’ which are declarations that its exports of these fishes do not

damage their wild populations. Regulating sea horse trade will be

complicated because more than 20 million fish of perhaps 24 species

are traded annually among nearly 80 countries. In response to a direc-

tive from parties (Decision 12.55, CITES 2004), the CITES technical
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committee on animals recommended a possible universal minimum

size limit (10 cm) for all sea horse exports (Foster and Vincent 2005),

which parties may choose to adopt as a move toward making inter-

national trade sustainable. Such an approach represents a new form of

global collaborative action for fisheries management.

Most certification schemes, including CITES listings, are likely to

find it challenging to address management problems posed by trawls

and other non-selective fishing gear (which are significant sources of

sea horses). Despite considerable evidence about its deleterious

impacts on marine populations and habitats (e.g., Alverson et al. 1994;

Watling and Norse 1998), shrimp trawling continues to be a dominant

form of extraction. Given the limitations of excluder devices, reduction

of bycatch for many species will require spatial or temporal restrictions

and/or closures (e.g., Broadhurst 2000; Hall et al. 2000). At present,

plans and calls to action for the ‘‘use of selective, environmentally

safe and cost-effective fishing gear and techniques’’ (FAO 1995) exceed

any real action. Even where trawling is banned or restricted, compli-

ance remains problematic (e.g., Butcher 2002). For this form of extrac-

tion, then, globalization of fishing technology and trade is running

well ahead of globalization of effective management, to the detriment

of populations and ecosystems.

G L O B A L I Z A T I O N I N T H E B A L A N C E : M O V I N G O N

F R O M S E A H O R S E S

If globalization plays the roles in influencing sea horse fisheries that

we conjecture – and this certainly remains an open question – then

declining populations would seem to suggest that the costs of globali-

zation currently exceed its benefits, at least for sea horses. One reason

for such imbalances – and one area open to global influence and

change – might be the number of perverse incentives that remain in

place (Milazzo 1998). Removals of subsidies would help improve the

health of fisheries worldwide, whether these currently promote the use

of destructive gear such as trawling, reduce the effective cost of fishing,

or increase the price received by fishers (Milazzo 1998; Munro and

Sumaila 2002). Disciplining subsidies is one area where global organiza-

tions such as the WTO could have positive impacts on the conservation

of fishery resources. Political considerations, however, make global

wholesale change in perverse subsidies unlikely (Stone 1997).

One problem perhaps relevant to sea horse exploitation but

certainly applicable to most fisheries is that much of the economic
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theory supporting free trade is undermined to some extent by the

violation of basic assumptions essential to its success. In particular,

the problems of ineffective management, transboundary impacts

(Munro 1979), and poorly defined property rights (Gordon 1954) con-

tinue to plague most fisheries (Neumayer 2000). In theory, enhanced

international trade should allow small-scale fishers to manage

resources more sustainably if, as projected, national income growth

and diversification of employment opportunities (Nordstrom and

Vaughan 1999) benefit fishers and their communities. In practice,

however, globalization has not improved the lot of all groups and

sectors in a society (IMF 2000b). Because small-scale fishers often end

up losing out to their large-scale counterparts (Iheduru 1996; Atta-Mills

et al. 2004) (Fig. 7.4), they are pushed into more intense and less selec-

tive extraction to meet their needs, with worrying consequences for

species, ecosystems, and, ultimately, the fishers themselves.

Despite our uncertainties about how sea horse declines are

linked to globalization, management of all fisheries – for sea horses

and other species – must be improved at the national and international

levels to ensure that fish stocks are exploited sustainably (avoiding the

paradigm of shifting baselines: Pauly 1995) and ecosystems remain

fully functional. Such management would need to incorporate into

decision-making all forms of market as well as non-market values of

fish stocks and their ecosystems (Goulder and Kennedy 1997; Sumaila

et al. 2002). The transboundary nature of some fisheries resources and

issues should be addressed through multilateral agreements such as

the United Nations Agreement on Straddling Fish Stocks and Highly

Migratory Fish Stocks. Ecological certification and CITES regulations

are other tools of benefit to transboundary stocks. As outlined above,

CITES can help promote fisheries management for sustainability

where other national and multilateral instruments are inadequate.

For some fisheries, management could be improved by the judi-

cious assignment of fishing rights to various entities (e.g., coastal com-

munities, associations, firms, and individuals). For globalization to be

of net benefit to small-scale fishers, they may need to have extraction

rights and management responsibility, and thus a stake in preserving

the resource. Most sea horse fisheries are completely unmanaged in an

open-access system with little understanding of international connec-

tions (Vincent 1996). One consequence is that fishers in the central

Philippines, while willing to engage in selective takes of sea horses by

sex and size, become concerned that their neighbors might take the

fish they leave behind (A. Vincent, personal observation). In this kind of
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situation, assignment of property rights is likely to improve conserva-

tion, provided they are implemented in a manner that mitigates most

of their negative effects. It is important to note that individual transfer-

able quotas do well in economic performance, improve but do not

eliminate conservation concerns, and perform poorly socially (see

Copes 1986; Hannesson 1996; Sumaila and Watson 2002). Ultimately,

the challenge is to obtain good local management in a world where

boundaries are being blurred through ever greater globalization, to the

detriment of the fish and the fishers alike.

Improved management, better international cooperation on

transboundary stocks and tenurial rights will be insufficient to restore

fisheries unless overall fishing effort is also reduced. At present, domes-

tic and international consumption combine with large family sizes in

fishing communities to push small-scale fishers into overexploitation

and the use of destructive fishing methods (Pauly 1990). Consumption

and population growth will both need to be adjusted if they are not to

overwhelm any gains made by better management. In addition, fishing

communities should be exposed to new opportunities for alternative

and supplementary forms of employment and income generation (par-

ticularly those independent of marine resources), so that they may

reduce fishing effort or fish more selectively.

In closing, it is worth emphasizing the profound implications of

some international policies for local resource management. One of the

lead sea horse exporting nations, the Philippines, has domestic legisla-

tion that interprets CITES regulations for sustainable use (Appendix II)

as a trade ban (equivalent to CITES Appendix I) and consequently bars

all exploitation of the affected species. Such action will rebound heav-

ily on subsistence fishers who depend on sea horse exploitation with-

out reducing sea horse bycatch. In November 2002, CITES directed

parties (such as the Philippines) that ban fishing and trade in species

listed in the Appendices to allow sustainable trade under the provisions

of CITES (Decision 12.53, CITES 2004), but this may be difficult to

achieve. Without the purported economic benefits of globalization –

indeed, with incidental damage from globalization – our best hope is

for fishers to improve their stewardship of marine resources. Using

legislation to push fishers from species to species in a piecemeal fash-

ion is unlikely to make them identify with a global community, nor is it

likely to benefit the marine environment.

In finding ways to manage exploitation of sea horses, we will be

forced to address global issues that increasingly link distant and diverse

communities. Given the international nature of sea horse trade, we
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decided in this chapter to seek out global changes that might conceiva-

bly affect sea horse exploitation. From these possible interrelationships

we have created hypotheses on how globalization might influence sea

horse conservation and management. It would now be appropriate to

test these predictions by examining the dynamics of specific sea horse

fisheries and trades at a local scale, and how they change over time. In so

doing, further consideration can also be given to the possible role of

globalization in degrading the sea horses’ inshore habitats.
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K E N N E T H R U D D L E

8

Wronging rights and righting
wrongs: some lessons on community
viability from the colonial era
in the Pacific

I N T R O D U C T I O N

The term ‘‘globalization’’ is used to describe an increase to a worldwide

scale of the interconnectedness of cultural, environmental, and social

phenomena. The term has been applied to commercial, ecological,

economic, financial, organizational, religious, spiritual, and trade

activities, among a great many other processes and structures.

Although identified with various trends that developed largely during

the last half-century, it can be argued that the substance of globaliza-

tion does not connote anything particularly new. In contrast, the speed

with which it is now occurring is new, and results from the intensity of

modern communications. It is this awesome speed of contemporary

communication combined with the portability, increasingly low cost,

standardization, and integration of the required hardware and soft-

ware that now enables the process of globalization to penetrate into

the remotest corners of the world, and to tie hitherto isolated fishing

communities, for example, into the mainstream of the world fish trade.

But it was not always thus. Although some would argue that the

characteristics of globalization can be identified at other times in

history, their assertions founder on the issue of communication

speed. What can now be achieved with a PDA in every pocket certainly

would not have been feasible in the days of sail-borne commerce.

Whereas one might agree that the outline of Western commercial,

military, and imperial globalization could be traced to the beginnings

of the European rampage overseas in the fifteenth century, without

lightning-fast communication this outline could not have evolved into

globalization as we now understand it. Without the spokes of fast and

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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interactive communication, the metropolitan hub could neither check

on nor correct and control the various activities going on around the

colonial rim.

My purpose in this brief essay is to illustrate that contention by

using cases drawn from the management of fisheries in some Pacific

territories controlled by the British. Under British Imperial rule tradi-

tional fishing rights were recognized as valid, based on a policy under

which indigenous peoples were not divested of their lands, but, on the

contrary, were protected and their rights secured by the colonial author-

ities. Despite this policy, in Oceania, as elsewhere, community-based

marine resource management systems were massively affected by the

impacts of colonialism and all that it implied (Ruddle 1994a, b, c, d, e).

One of the massive if insidious impacts of both historical and contem-

porary globalization is the imposition of standard Western systems of

resource management. In every respect this is the cultural equivalent

of a major reduction in biodiversity. Coastal communities throughout

the tropics experienced this early in the colonial era, when many

communities were wrongly deprived of their traditional rights to fish-

eries and other resources. In some cases these have only recently been

restored to them.

Based on that policy, under the Treaty of Waitangi (1840), the

British Crown recognized the New Zealand Maori resource rights and

the Crown’s duty to protect Maori interests and their full, exclusive,

and undisturbed possession of their lands and estates, forests, and

fisheries. Similarly, in Fiji the British Crown expressly ordered that

land and reef titles be held in trust for the Fijians. So in the far distant

metropolitan ‘‘hub’’ of London orders were issued to protect fisheries

rights for Maoris and Fijians, and it was assumed that this policy would

be implemented in the distant colonies. But there was no way that the

correct implementation of policy could be rapidly confirmed. With an

increasing European settlement and deteriorating race relations and

land wars, the social climate changed in New Zealand. Local legislation

gradually eroded and then denied the existence of Maori marine

resource rights, in utter disregard of the situation as understood in

1840. Somewhat differently, Fiji provides an excellent example of a

blatant attempt by local colonial officials to destroy a traditional man-

agement system in favor of expatriate entrepreneurs and in defiance of

the expressed wishes of the British Crown and the unambiguous orders

of the metropolitan government. In both New Zealand and Fiji activ-

ities in the local parts of the colonial ‘‘rim’’ contradicted original

policies made in the Imperial ‘‘hub.’’
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Papua New Guinea provides a contrasting case. There the cus-

tomary fishing and marine resources rights of indigenous peoples were

recognized or protected by the various colonial administrations, in

accordance with colonial policy, which in this country accorded with

an uncompromising reality. In the Papua New Guinea of colonial times,

as today, the sheer logistical and practical complexity of attempting to

incorporate customary rights into a system of legal norms was almost

overwhelming. An extraordinarily diverse society like Papua New

Guinea, set in a formidable physical environment, makes it daunting

if not impossible to consider formulating appropriate law and policies

to embrace the specific customs of some 700 (if not more) distinct

cultural groups.

At the colonial policy level in London, it is possible to accept the

concept of colonial era globalization, based on a standard policy. But at

the local level implementation diverged widely, and substantial differ-

ences arose in each location. At that level globalization disintegrated.

Regardless of local differences in political and economic conditions,

which were substantial, this must in large part be attributed to the

inability of central colonial officials in London to confirm and repeat-

edly check that policies were being implemented as intended. Without

a rapid means of communication, that could never be attained.

Whereas it is all too easy to attribute such a situation to negative

factors, for example the greed of local expatriate entrepreneurs com-

bined with compliant local colonial administrators, it should not be

forgotten that it was a major shock to many colonial administrators to

be confronted with the entirely alien concept of traditional community-

based resource management systems. So not surprisingly in many cases,

despite official policy, they set about undermining something which

they both barely understood and saw as constraining Imperial govern-

ance and Western-style coastal–marine resource development.

The British, Dutch, French, German, Japanese, Portuguese,

Spanish, and U.S. administrations in the Pacific Islands, and the post-

colonial continuation by independent nations of the laws introduced

and policies pursued by those regimes, have been a major ‘‘global’’

factor that either by default or deliberately, undermined customary law

and community resource rights. Default was widespread and under-

standable. Despite noble policy, crafted no doubt by well-meaning

officials in London who had but the faintest idea of the island realities,

it never was the objective of colonial regimes to adapt metropolitan

legal systems to indigenous systems and institutions. Rather the goal

was that the latter should be displaced and native peoples educated to
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use Western systems and institutions. To have encouraged community-

based management systems rooted in local systems of customary law

would have been inimical to this objective. Rather, the objective would

be attained by either legislating directly against community-based

systems or allowing them to wither and become displaced during a

gradual process of modernization and Westernization.

As a consequence, for fishing communities the principal impact of

the colonial era in the Pacific Islands region is a strongly contradictory

legal complexity; Western-based State law of the now independent

nations, which essentially regards all waters below the high tide mark

as being state property and open of access, is at odds with local custom-

ary law, which recognizes some form of marine property right. Worse, it

is generally accepted by Westerners and those Western-trained that

customary law, which locally legitimizes customary rights to resources,

is invalid for upholding legal claims, because it is unwritten, not made

by either a sovereign or legally constituted legislative body, and arises

from societies lacking any notion of ‘‘law.’’ As a consequence, in the

Pacific Islands region, the relationship between the customary law that

governs, or governed, community-based marine resource management

and statutory law is highly varied and extremely complex.

T H E C A S E O F T H E N E W Z E A L A N D M A O R I F I S H E R Y R I G H T S

British settlement of New Zealand and recognition of Maori resource

rights was based on the Treaty of Waitangi (1840), which described the

nature of the Crown’s right to govern and the protection of Maori

interests. In the English version of the Treaty, the Maori received full,

exclusive, and undisturbed possession of their lands and estates, for-

ests, and fisheries for as long as they wish to retain them.

But the Treaty of Waitangi lacked legal standing because it was

neither ratified nor passed into law. As a result, it has been treated as a

legal nullity. In addition, there is both an English and a Maori version of

the Treaty, neither of which is a translation of the other! This, of

course, added to the confusion and the scope for malfeasance. And all

that was further compounded by interpretation problems of mutually

incomprehensible concepts of property rights.

Not surprisingly, Maori rights were gradually eroded, a process

accelerated by legislation aimed at dispossession. Conspicuous were

the destruction of traditional Maori authority by the Native Land Act

1862, which individualized title to tribal lands (Kawhuru 1977), and

land confiscation under the New Zealand Settlements Act 1863.
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Fisheries laws followed. Although Maori fishing rights were

provided for in law, in practice they were denied. Rights under the

Treaty of Waitangi were acknowledged in general terms by the Fish

Protection Act 1877 and by the Fisheries Conservation Act 1884. The

Fisheries Amendment Act 1903 reintroduced a general and essentially

meaningless provision (since it was left to administrators to interpret,

and so basically ignored in practice) that ‘‘Nothing in this Act shall

affect any existing Maori fishing rights.’’ Conflicting interpretation of

that general statement led to many court cases. But it was invariably

held that it did not provide for fishing rights.

The Oyster Fisheries Act 1866, the first New Zealand fisheries

legislation, was also the first statutory expression of erroneous assump-

tions regarding Maori fishing. By allowing only exclusive subsistence use

of oyster beds near Maori villages, this Act implied that: (1) the Crown

had an unencumbered right to dispose of foreshore fisheries because

foreshore and the sea space beyond belonged to the Crown; (2) the Treaty

of Waitangi could be ignored; (3) Maori fishing traditionally had no

commercial component; (4) the Crown alone had the right to manage

fisheries; and (5) only non-Maori people had the right to commercially

exploit traditionally Maori inshore fisheries (Waitangi Tribunal 1988).

Thus proof of customary entitlement was no longer acceptable as

evidence of a fishing right, as confirmed by the Larceny Act 1869,

which made it an offence to take fish from private waters or from an

area governed by a fishery right. This effectively demonstrated that

unless specifically provided for, traditional Maori fishery rights lacked

any status.

The Fish Protection Act 1877 illustrates typical legislative win-

dow dressing, by blithely assuming that Maori interests under the

Treaty of Waitangi could be accommodated by a general statement

‘‘that nothing in the Act was to affect any of the provisions of the

Treaty of Waitangi, or to take away Maori rights to any fishery secured

by it’’ (Section 8). Such a statement is hardly convincing when every-

thing else in the piece of legislation was clearly contrary to Treaty of

Waitangi principles (Waitangi Tribunal 1988).

The social climate also changed drastically. In 1840 the inten-

tions of the Crown were benign. Governors were directed ‘‘to honor-

ably and scrupulously fulfil’’ the treaty conditions ‘‘as a question of

honour and Justice no less than of policy’’ (Wards 1968:171). But policy

changed as permanent settlers began to outnumber the Maori and the

first Colonial parliament was formed, in 1855. Racial relations changed

drastically as a consequence of the ‘‘Land Wars,’’ in the 1860s.
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But unlike the colonizers the Maori never entirely forgot their

treaty-enshrined fishing rights and management systems; they were

embedded in and transmitted via a comprehensive system of local

knowledge and a rich oral culture. Preserved in that way, and together

with the enormous injustice of their dispossession, the legacy

remained as an aide-mémoire for posterity, until conditions were suit-

able to seek redress. Although there were occasional appeals for justice,

substantive action had to await the general politicization that charac-

terized the 1960s.

R I G H T I N G T H E W R O N G S : T H E W A I T A N G I T R I B U N A L

In 1975 the Treaty of Waitangi Act established the Waitangi Tribunal to

investigate Maori claims and make recommendations relating to the

Treaty of Waitangi. Fisheries claims became a major focus in the

resurgence of Maori ethnic politics. Whereas they had long since lost

most of their lands, the Maori retained a residual interest in marine

waters. The official perspective was that marine fisheries remained

common property under the Crown, whereas versions of the

Fisheries Act acknowledged some residual but unspecified Maori fish-

ing rights. Thus fisheries issues pertained to a vital resource, and

although acknowledged had never been specified.

Under the Waitangi Tribunal Maori claimants sought to make

‘‘Cultural Deprivation’’ actionable. In the first three fisheries claims

(Motonui, Kaituna, and Manukau) they emphasized loss of reefs as a

cultural resource. Since seafood and reef habitats are highly prized in

Maori culture as taonga katoa (‘‘treasures’’), pollution damage is a cul-

tural affront, by degrading the mana (‘‘authority,’’ ‘‘status,’’ ‘‘prestige’’)

of the tribes involved, and so protected by the Article 2 of the Treaty of

Waitangi. In this way culture, demonstrated through local knowledge,

became an instrument of Maori empowerment. The Waitangi Tribunal

hearings on the three water rights cases show that simple issues of

effluent pollution to food sources have been expanded into far wider

ethnic demands (Levine 1987; Oliver 1991).

The Maori successfully demonstrated that traditional life was

intimately shaped by the availability and sustainability of renewable

natural resources. Water is regarded as so vital to life that it acquired a

spirit (wairua). Traditionally, the Maori believed that life is derived from

the waters of the womb of the Earthmother (Papatuanuku), and that

water, the life-giving essence, must remain pure and unadulterated

to ensure life for the following generations (Taylor and Patrick 1987).
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Thus to pollute seriously diminishes ‘‘the life-force (mauri) of the water,

demeans its wairua and thereby affects the mana, the prestige, of those

who use it and its resources’’ (Taylor and Patrick 1987:22). The Maori

relied heavily on marine and freshwater fish. Seafood (kaimoana) was of

great cultural importance since much prestige and social standing

accrued to groups that could provide a lavish feast at social and cultural

events. This remains important to the Maori (Sandrey 1987). On those

bases, according to the principles of the Treaty of Waitangi, cultural

deprivation is actionable.

One of the keys in righting the wrong to Maori fishing rights was

the use of local knowledge and historical documentation by early

European visitors to refute erroneous perceptions. That the New

Zealand Maori were historically expert fishers with a profound fish-

eries tradition was recognized during the earliest European contacts,

accounts of which commented on the sizes and composition of catches,

the gear employed, fisheries knowledge, long-distance fishing expedi-

tions, large fishing fleet operations, trading in marine products, and

traditional fisheries management systems (Ruddle 1995). Despite that

documented tradition, through the social, economic, and legal pro-

cesses described above, the heavy Maori involvement in fisheries char-

acteristic of the early decades of the nineteenth century had so

declined in the twentieth century that little credence of its former

importance existed. Changed economic circumstances of the Maori as

well as generally acculturation took their inevitable toll on the old

ways. Thus it became widely believed that Maori fisheries never were

commercial and always only a household subsistence activity done on a

few local reefs and grounds (Waitangi Tribunal 1988).

The erroneous assumptions about Maori fishing embedded in

early legislation became uncritically accepted. Maori fishing was

assumed to traditionally have been:

(1) limited to few species;

(2) confined to limited inshore areas;

(3) for household subsistence; and

(4) rightfully managed by the Crown.

But the Waitangi Tribunal was able to demonstrate the falsehood of

those perceptions by (Waitangi Tribunal 1988, 1992):

(1) systematically collecting evidence from Maori fishers to

establish empirically the existence of a local knowledge

base; and
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(2) validating local knowledge bases from both historical records

and scientific evidence of fisheries biologists and other

specialists.

In this way, the historical wronging of New Zealand Maori fisheries

rights has been corrected.

F I S H E R I E S A N D T H E E A R L Y C O L O N I A L R E G I M E I N F I J I

The case of Fiji is well documented. It provides an excellent example of

a blatant attempt by local colonial officials to destroy a traditional

management system in favor of expatriate entrepreneurs and in defi-

ance of the expressed wishes of the British Crown and the unambig-

uous orders of the metropolitan government.

At the time of cession of Fiji to the British Crown, in 1874, the

question of customary resource rights was of major concern to the

High Chiefs, most of whom wanted to attach conditions regarding

their land and fishing grounds before agreeing to the cession of the

country. But they were dissuaded from so doing during the final nego-

tiations by Robinson, the British representative, who explained that

Queen Victoria ‘‘was willing to accept the offer of cession . . . but that

conditions attached to it would hamper, and might even prevent, the

good government of the country’’ (Derrick 1946:248). While the High

Chiefs agreed with this, it was apparent that they expected to have

their lands and waters returned, in accordance with Victoria’s ‘‘genero-

sity and good faith’’ (Derrick 1946: 248).

Detailed instructions regarding the verification and simplification

of Fijian land titles of lands to be held in trust for the Fijians were given

to the British Governor of Fiji by the Secretary of State for the Colonies

(Despatch No. 1, March 4, 1875). But since no similar clear statement was

forthcoming with respect to the reefs, the chiefs began to question the

situation. They sent two letters to Victoria expressing their anxiety that

their ownership of the reefs appeared to have passed from them.

In response, Kimberley, then Secretary of State for the Colonies,

wrote to Des Voeux, Governor of Fiji, instructing him that he

(Kimberley) was commanded by Victoria to inform the High Chiefs

that Des Voeux was to investigate the entire matter, ‘‘and that it is

Her Majesty’s desire that neither they nor their people should be

deprived of any rights which they have enjoyed under their own laws

and custom’’ (Despatch No. 69, June 2, 1881). In another dispatch

Kimberley further instructed Des Voeux to:
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examine into the statements now advanced by the chiefs, and if you

are satisfied that these reefs are the recognised property of native

communities . . . (Despatch No. 71, June 2, 1881), or that they are required

for the use and occupation of some Chiefs or tribe, you will take such

measures as may be necessary to secure to the rightful owners the

possession of their respective reefs and to effect the registration of them

under the Ordinance relating to native lands; in the same way as other

lands (not covered by water) which are the property of the different

mataqali1 . . . If there are any reefs not claimed as the property of any

Native Chiefs or Community they will continue to be the property of the

Crown together with the other lands which became vested in Her Majesty

under the terms of the Deed of Cession.

Thus clearly it was both the policy and the intention of both

Victoria and the British government that, according to customary

law, the reefs and fishing grounds have Fijian owners in the same

way that their lands did. In November of 1881, Des Voeux conveyed

equally unambiguously the contents of those two dispatches during his

opening address to the Council of Chiefs, and added that steps would be

taken to ensure that the mataqali would obtain the reefs that belonged

to them. This removed any doubts that the chiefs might have had

(Proceedings of the Council of Chiefs held at Nailaga, Ba, November

1881, p. 32).

However, neither Royal Command nor the official British govern-

ment policy was ever implemented. There is nothing to demonstrate

that anything was ever done to follow up Des Voeux’s opening address

statement of November 1881. The Native Lands Commission was

unable to devote time and personnel to marine matters. This reneging

on royal wishes and official policy is exemplified by the behavior of

Thurston, Acting Governor, who in 1886 wrote to the Secretary of State

for the Colonies that ‘‘[i]t has been the habit of natives of this Colony

to claim as absolute and exclusive, a proprietary right in the reefs . . .

and in some cases this has led to pretensions that could not be recog-

nised . . .. It is however inconsistent with the altered conditions of the

country that any exclusive rights of the nature indicated can be enjoyed

by one class only of Her Majesty’s subjects’’ (Despatch No. 24, February

17, 1886).

In 1886, Thurston also opened the bêche-de-mer fishery to

non-Fijians, in the interests of the export economy and under strong

1 A mataqali is ‘‘an agnatically related social unit – usually a lineage of the larger

clan’’ (yavusa) (Ravuvu 1983:119).
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pressure from the colonists. The chiefs accepted this as only a tempor-

ary measure, in that only the outer reefs would be thus opened. But

in 1887 the new Governor, Mitchell, opened all reefs to bêche-de-

mer fishing, in the interests of the economy (Despatch No. 87, June

13, 1887).

Further, the Rivers and Streams Ordinance 1882 was now being

interpreted as meaning that the private fishing rights of Fijians in all

rivers and steams were abolished and that they now belonged to the

Crown (Colonial Secretary’s Office 3114/1891). In addition, colonial

officials held the view that there were no longer exclusive tribal fishing

grounds (Colonial Secretary’s Office 1304/1893).

F I S H E R I E S A N D T H E C O L O N I A L R E G I M E I N P A P U A

N E W G U I N E A

In Papua New Guinea, the attitude of the colonial authorities toward

community-based marine resource management was quite unlike the

case of Fiji, New Zealand, or most other colonies in the Pacific Islands

region. In Papua New Guinea the customary fishing and marine

resources rights of indigenous peoples were recognized or protected

by the various colonial administrations. The contemporary recognition

of traditional fishing rights is based on colonial policy under which the

indigenous peoples were not divested of their lands, but, on the con-

trary, were protected and secured by the colonial authorities. Hence,

today some 97 percent of the land area is under customary tenure and

customary law. Similarly, colonial sovereignty of marginal seas did not

displace traditional community-based marine tenure, including fish-

ing rights, which were statutorily protected early in the colonial era.

For example, the Fisheries Ordinance of 1922 (New Guinea) provided:

‘‘This ordinance shall not apply to any native fishing in waters in which

by native custom he has any right of fishing’’ [Section 2A].

As a result, in most traditional coastal communities of Papua

New Guinea traditional fishing rights still regulate activities. Colonial

policy was motivated by the need to ensure a steady supply of marine

fish to the coastal population. Further, many fishers lacked access to

alternative resources from which to make a living; their livelihood and

incomes depended on the continued recognition of their traditional

fishing rights. For example, in 1884, in the Territory of Papua, just

before establishment of the British Protectorate, commercial exploita-

tion of pearl oysters, pearl shells, trochus shells, and bêche-de-mer

by expatriates had become widespread. In 1891 the administration
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enacted licensing and other ordinances to regulate these activities. In

some areas, like the Trobriand Islands, the Pearl Shell and Bêche-de-

mer Fishery Ordinance of 1894 (Papua) was used in 1903 and 1910 to

close the fishery to expatriates. However, indigenous peoples, such as

the Trobriand Islanders, were permitted to exploit these resources

commercially (Tom’tavala 1990).

Indigenous peoples’ fishing rights in waters adjacent to a land-

holding were explicitly recognized in 1952. Pursuant to the Pearl, Pearl-

Shell and Bêche-de-mer Ordinance 1911–1932 (Papua), a proclamation

was made for the ‘‘Protection of Fishing Rights in Waters Adjacent to

Property.’’ Outsiders (‘‘any person other than the [land] owner, lessee or

occupier’’) were prohibited from taking pearl oyster shell, trochus

shell, or bêche-de-mer within 800 m of the high tide mark on the

foreshore and within a sea area bounded by the seaward projection of

the lateral boundaries of the landholding. The most important com-

mercial marine fishery products were thereby reserved for the indigen-

ous landowners. Fish, crustacea, oysters, other shellfish, and all forms

of marine animal life other than whales were included in 1953.

C O N C L U S I O N S A N D P O L I C Y I M P L I C A T I O N S

The example of the New Zealand Maori demonstrates how validated

local knowledge can be applied to restore fisheries property rights,

particularly in cases where a treaty exists, and especially at a time

when resurgent ethnic pride coincides with a Western liberalist trend

to right past wrongs. In particular, the example demonstrates a simple

data collection and validation methodology and a culturally sensitive

‘‘business environment’’ that is replicable in other contexts. It is

likely to be particularly effective, of course, in cases where historical

documentary evidence exists, as it does usually in Western colonial

archives.

The main policy implication goes far beyond local knowledge,

sensu stricto. The imputation is that local knowledge, based on genera-

tions of praxis, demonstrates entitlement via prior established and

continuous usage – ‘‘credentials of ownership’’ as in the case of the

Torres Strait Islands (Nietschmann 1989) – and therefore a property

right upheld in customary law. The prime policy issue then becomes

that of accepting local knowledge qua customary law within the frame-

work of Western-based legal systems.

In customary law, as exemplified by that of the Kiriwinan

Islanders of the Trobriand Islands, Papua New Guinea, traditional
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claims are substantiated by records preserved in lore, legend, song, and

dance. As observed by Williamson (1989:31–32), himself a Western-

trained lawyer, ‘‘Traditions and customary usage are important in

resolving disputes relating to maritime claims. Folklores, legends,

songs and dances to a Kiriwinan are like principles of the English

Common Law to judges in common law jurisdiction.’’

In the context of economic and social change, during which

rights to resources increase in value, groups may attempt to obtain

codification of their customary rights. This occurred in Papua New

Guinea (1990). The most compelling reason for codification is to restore

to local communities the authority to protect their rights. One princi-

pal reason why traditional community-based management systems

have been undermined is that the quality and security of rights has

been eroded: ‘‘Traditional [local] authority has been usurped, replaced

by the ephemeral authority of central governments; the institutions in

which [traditional management systems were] previously ‘informally

codified’ have collapsed’’ (Graham 1992:36). Thus modern codification

is required to reinstitute local authority to protect rights.

This linkage between the preservation of systems of traditional

authority and the preservation of traditional resource manage-

ment systems has been recognized in the constitutions of some

Pacific Island nations, particularly in Cook Islands, Samoa, Fiji,

Vanuatu, Marshall Islands, the Federated States of Micronesia, and

Palau (Pulea 1993). This enables traditional leaders to influence national

and lower-level marine resource management, and in particular to

assist in the reconciliation of the ambiguities between statutory and

customary law.

Co-management is the outcome of these approaches: national

government sets rules and principles, simultaneously recognizing tra-

ditional rights and allowing local government to manage locally within

this national legislative framework. It can be argued that local ‘‘title to’’

resources implies an obligation to manage them effectively. But this is

problematical because it goes beyond fisheries legislation to include

political issues of local autonomy, national policy, hereditary claims

and rights, and other highly contentious factors.

Nevertheless, the reality is that in a great many nations in the

Pacific Islands region, particularly in the far-flung archipelagic states

where the central government lacks the capacity to management fish-

eries comprehensively, de facto co-management has long existed

in practice. It remains now for legislation to formalize this, and for

central governments to shoulder a larger, complementary share of the
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task. Practical management considerations make it likely that this

trend will continue worldwide.

The New Zealand Maori case provides both a solid example of

what can be achieved, given the political will, and a commonsense

methodology for substantiating and upholding historical property

rights claims grounded in non-Western legal concepts and systems of

law. It is high time to finally right the wrong of the earlier phase of the

process of globalization. In doing this it may well be that a counter-

vailing process of ‘‘localization’’ assumes global proportions.
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R I C H A R D B . P O L L N A C

9

Cooperation and conflict between
large- and small-scale fisheries:
a Southeast Asian example

I N T R O D U C T I O N

As globalization has affected the market for marine products, increa-

sing demand and prices have induced entrepreneurs to invest in more

expensive, larger-scale fishing operations. These differences in scale

range along a continuum from individual fishers using unmechanized

gear to large factory trawlers employing tens of fishers, processors, and

others. Many of the larger-scale operations coexist with small-scale

operators, sometimes harvesting the same species in the same area.

Differences in scale have existed throughout the history of fishery

development (Thompson 1983; Sider 2003), but they have become

more pronounced today, especially in developing economies.

Most discussions involving interactions between these large-

scale and small-scale fishers focus on competition and conflict between

the two (e.g., Bailey 1987a; McGoodwin 1990; Payne 2000),1 as well as

impacts on increases in social stratification and inequity (Bailey 1984).

For example, McGoodwin (1990:18) notes ‘‘many small scale fishers

now find themselves increasingly losing competitive struggles with

industrialized fishers from urban ports in their own country, or with

fishers who have come from distant lands.’’ There is ample evidence to

support the perspective that conflicts between large- and small-scale

fishers result from the perception that the large catches and gears of

the former reduce the number of fish available to small-scale, coastal

fishers (e.g., Bailey et al. 1987; CEP 1989; Masalu 2000; Johnson 2002).

In some cases, large-scale operations have resulted in destruction of

1 These are categorized as type III conflicts in Bennett et al. (2001). In their survey of

62 villages in Ghana, ten in Bangladesh, and three of the six inhabited Turks and

Caicos Islands, issues between different scales of fishers were mentioned only in

Ghana.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



the small-scale fishers’ gear (Bailey 1987b). Some small-scale fishers

have placed artificial reefs and/or fish aggregating devices (FADs),

which function to attract fish as well as both mark and ‘‘claim’’ their

traditional fishing grounds and deter trawls, which could become

entangled in the gear (Guillen et al. 1994; Jahara Yahaya 1994;

Pramokchutima and Vadhanakul 1994). In some cases, the conflicts

have led to violence, as in Indonesia, the Philippines and Malaysia

(Bailey 1987b), and India (Bavinck 2000).

Today, with increasing numbers of reports on the potential coll-

apse of the world’s fisheries (e.g., Pauly et al. 1998), it is easy to reduce

this conflict to a struggle between the small-therefore-good and large-

therefore-bad industrial fisheries. To some, the big industrial trawlers,

indiscriminately scouring the floor of the ocean, and taking tonnes of

marine organisms, are the ‘‘bad guys’’ while the small-scale fishers in

their sail- or small-motor-powered boats are the ‘‘good guys’’ having

little impact on their prey (Kurian 2002).2 This dichotomy into ‘‘bad

guys’’ and ‘‘good guys’’ focuses attention on big versus little and neglects

the fact that there is a continuum connecting the two, and that in some

cases the little guys admire the big guys and aspire to become big guys

themselves. It also neglects the fact that there are some cases in which

there is a symbiotic relationship between the two, where one helps the

other and vice versa. In cases such as these, management efforts direc-

ted at the big, bad guy may in fact hurt the little guy, a point we will

return to in the conclusion.

L E S S O N S F R O M T H E V I L L A G E S

Though not directly researching interrelationships between large- and

small-scale fishers, the author, nevertheless, made observations con-

cerning these relationships while investigating other aspects of human

adaptations to the coast. For example, during an assessment of small-

scale fisher villages along the coast of Ecuador in the mid 1980s, fishers

in some communities noted that they bought bycatch from shrimp

trawlers operating in the coastal waters. This bycatch was composed of

fish species that were sold in the local market. The small-scale fishers

bought the fish at a relatively low price and were able to make a profit

2 This oversimplifies Kurian’s well-reasoned arguments, which go beyond the large-

and small-scale fishery debate. Nevertheless, it forms part of his argument. For a

viewpoint that recognizes that small-scale fishers can also harm the environment

see McGoodwin (2002).
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by selling them at a higher price in the local market. Similar interac-

tions have been observed among small- and large-scale fishers along

the coast of West Africa where industrial vessels in Senegal and Nigeria

sometimes sell bycatch at a low price to canoe fishermen, who bring it

to shore for traditional processing and distribution (Haakonsen 1992).

Haakonsen also points out that small-scale fishers sometimes use

industrial shore-side installations such as freezing plants.

Interactions, either positive or negative, between fishers of diff-

erent scales were not brought up as being significant by community

members in any of the villages where the author worked until the mid

1990s. While conducting a brief assessment of the human ecology of

the coral reefs in Atulayan Bay, the Philippines, the author learned that

small scale hook and line fishers would fish around FADs deployed just

outside the bay by larger-scale ring-net (kalansisi) fishers (Gorospe and

Pollnac 1997). The large-scale fishers requested only that the small-

scale fishers report when sufficient aggregations of target fish

appeared. As a result of this relationship, the large-scale fishers did

not waste time and fuel going to an FAD that had insufficient target fish

to justify deployment of a net, and the small-scale fishers could hook

and line catch other fish that aggregated at various levels around the

FAD. This symbiotic relationship between small- and large-scale fishers

with regard to FADs had also been reported previously in the literature

(Jahara Yahaya 1994; Pollnac and Poggie 1997). What had not been

reported, however, was the fact that local small-scale fishers some-

times deployed FADs, allowing other small-scale fishers to fish around

them for free unless they caught a yellowfin tuna, in which case

they would pay the FAD owner 10 pesos. If a ring-net fisher fished the

FAD, however, he was required to give the owner one-third of the

catch. Hence, the local, small-scale fisher who did not have capital to

invest in ring-net gear and boat could take advantage of a local

resource with minimal investment. In turn, the ring-netter had

access to another FAD where he could profitably set his net. This

does not mean that there were no conflicts between Atulayan Bay

small-scale fishers and the larger-scale ring-netters. Many objected

strongly to deployment of ring-nets within Atulayan Bay, which was

closed to this type of gear by both local and national laws (Gorospe and

Pollnac 1997).

More interaction between large- and small-scale fishers was noted

during a rapid assessment of coastal villages in the Minahasa Regency,

North Sulawesi, Indonesia, in early 1997 (see Fig. 9.1 for locations of

villages in Minahasa). During interviews in villages along the Sulawesi
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Sea coast, small-scale hook-and-line fishers noted that they used FADs

placed by large-scale fishers in the offshore waters. In the recent past the

FADs were installed by fishers from the Philippines, but when the inter-

views were conducted, they belonged to Indonesian fishers. Small-scale

fishers were allowed to fish for free around the FADs as long as they did

not use nets. This situation was observed again in late 2002. Complaints

concerning the large-scale fishers were voiced in only one village along

this coastline. In Kimabajo, fishers noted that before the offshore FADs

were placed, the pelagic fish (tunas) would come into their bay to feed.

They claimed that numbers were so large that the fishers could take fish

from the water with their bare hands. After the placement of FADs, they

reported that only a few pelagics come to feed in the bay. They complain
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Figure 9.1 Minahasa Regency, North Sulawesi, Indonesia, with places

discussed in text.
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that the now essential trips to the offshore FADs are dangerous, some-

times resulting in fishers being temporarily lost at sea or being forced to

land at distant places after being blown astray in a storm.

On the Maluku Sea coast of North Sulawesi, another type of

relationship between the large- and small-scale fishers was observed

in the village of Bentenan. It was similar to those described thus far in

that small-scale fishers could freely fish with hook and line around

FADs placed by large-scale fishers, but small-scale fishers became more

involved in building and deploying FADs. Some also own light boats,

which function as FADs. Their ownership of FADs and light boats

provides them with a greater share of the fish resources near their

village for minimal cost. The following section provides a detailed

examination of this relationship between large- and small-scale fishers

in Bentenan.

L A R G E - A N D S M A L L -S C A L E F I S H E R C O O P E R A T I O N

A L O N G T H E M A L U K U C O A S T O F M I N A H A S A

The capture fishery in Bentenan

The capture fishery plays a significant role in the life of the people of

Bentenan. The beaches are lined with fishing vessels, and some sort of

fishing activity is going on at all hours of the day and night, as evidenced

by the departure and arrival of boats and their activities in the inshore

and offshore areas. In 1997, the occupation of fishing contributed to

the income of 83 percent of the households in the coastal subvillages of

Bentenan (Pollnac et al. 1997). By 2002, it had changed little, decreasing

slightly to 75 percent of households depending on fishing for at least

part of their income. Inland subvillagers concentrate on farming.

Several types of boats are used by the fishers of Bentenan. The

londe is a beautifully carved double-outrigger dugout, with gracefully

curved projections at the base of the bow and stern. The projection at

the base of the bow can be anywhere from 35 to 65 cm long, 8 to 10 cm

high, and 6 cm thick. The projection at the stern is shorter. Londe are

rarely motorized. The most common vessel in Bentenan is the pelang.

The pelang is also a double-outrigger dugout, but it lacks the graceful

carving and projections at the base of the bow and stern that character-

ize the londe. Many pelang, especially the larger ones, have plank exten-

sions to increase the depth of the dugout hull. The pelang also

encompasses a wider range of sizes (e.g., from 2.5 to 12 or more meters

in length), with the larger ones frequently motorized. Another type of
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boat used by the fishers of Bentenan is the pajeko.The term pajeko also

refers to a mini purse-seine net. The pajeko is the largest fishing craft

used by the fishers of Bentenan, averaging about 16 to 20 m long, 4 m

wide, and 2 m deep. They are usually powered by two to three 40-horse

power (hp) outboard motors. There were only three in the village in

1997. The number had increased to eight by 2002.

A wide range of gear types is used in the Bentenan fishery.

Perhaps most common and most widespread is the hand line. Hand

lines are usually deployed from a londe or pelang but can be deployed

from any type of boat or the shoreline. Hook size and number depend

on target species. In most cases some form of bait is used, but lures

designed for specific target fish are also deployed. Some of these lures

are carved from wood; others are made of bits of frayed, colored

plastic line.

Harpoons and spearguns are also used. The tombak is either a

two- or three-pronged barbed device attached to a 1.5 to 2-m shaft. Fish

are speared from the surface, either from a boat or while the fisher is

standing in the shallows. There are also spearguns (jubi) that are used

under water by divers. The gun is carved from wood and looks and

handles like a slender rifle with a trigger. The power is provided by a

length of rubber cut from an inner tube. Spears are steel rods approxi-

mately 0.8 cm in diameter with a toggle barb made from a bent nail

inserted through a slot cut into the spear. A notch near the base of the

spear engages the trigger mechanism. Spears are of varying length (1 to

2 m), depending on the target fish. Spear-fishers usually dive from

londe or pelang, but they can swim out to the reef from the shoreline.

Goggles, carved from wood with glass eyepieces, are used to improve

underwater vision.

Both blast fishing (using explosives to stun or kill fish and/or

extract them from hiding places in reefs) and poison fishing (used to

stun fish and/or extract them from the reefs) were present in the

Bentenan area in 1997. There has been a remarkable decrease in

these types of fishing near Bentenan. In 2002, they were considered

rare (Pollnac et al. 2003).

The gill-net is also commonly used in small-scale fishing. In the

Bentenan area, the general term usually applied to the gill-net is pukat

kalenda. The gear consists of one or several pieces of monofilament

nylon netting. If several pieces are used, they are sewn together to

form a net that can be longer, deeper, or both. The size of each piece

is related to mesh size, which is related to target species. Piece sizes

range from 25� 2.25 m to 35� 4 m, and mesh sizes used range from 3 to
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7 cm. Floats are attached to the top of the net and weights to the bottom.

A piece of net 30� 3 m requires about 250 floats (5 to 7 cm in diameter)

cut from the same material used to make the soles of relatively cheap

sandals (flip-flops) and 5 kg of sinkers. Large stones are used as the main

weights (e.g., at each end). The gear can be operated in many ways,

depending on the target species. It can be deployed without the use of

a boat in the nearshore waters, over the seagrass beds or near the coral

reef flats. With a boat it can be deployed next to seaweed plantings

(which act like an FAD), adjacent to coral reef structures or anywhere

that target fish are known to school or move about. The gear can be set

at the surface, drifting or fixed, mid-water or at the sea bottom. The

net can also be used actively to encircle schooling fish at or near the

surface. The fishers can then frighten the fish into the net by slapping

the water with sticks, oars, or their hands, or diving into the water and

herding the fish while swimming around and making noise. The tech-

nique involving scaring fish into the net is often referred to as soma

paka paka.

Purse-seines, although not as numerous as hand lines and gill-

nets, are important because of their larger catches and the number of

people employed per unit of gear. Soma giop, an older form of purse-

seine, is being replaced by the pajeko in North Sulawesi (see Mantjoro

and Yamao 1995). There were only two giop operated by fishers in

Bentenan in 1997, and three pajeko, which increased to eight by 2002.

The nets were hauled by hand in 1997, but by 2002, five of the pajeko

used power winches for hauling nets (Pollnac et al. 2003). Both the

pajeko and giop nets have a total length of about 300 meters. The giop,

however, is much shallower – about 20 m against the usual approxi-

mately 60-meter depth of the pajeko. The small number of purse-seines

belies their impact. The crew for a giop can be between 9 and 15 (12 is

ideal), and for a pajeko between 15 and 20, so the boats provide employ-

ment for a large number of fishers. It is significant to note that installa-

tion of power winches did not result in reduction of crew size. We will

return to this observation in the discussion section below.

Giop are deployed from large, usually motorized pelang (around

10 to 12 m long and 1 m or more wide). The pelang usually goes to sea

and searches for schools of target fish. Where areas of migration and

schooling are known, the pelang will sit in the water and wait until a

school appears. When one appears, the net is deployed across the line

of movement and long lengths of bamboo with colored (usually white,

but sometimes blue or pink) plastic streamers are shaken over and on

the water to herd the school of fish into the net.
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Although the pajeko can be set around any school of fish in water

of appropriate depth, the pajeko of Bentenan usually fish schools of fish

that have been aggregated by light boats. Light boats are pelang with six

to ten pressure lanterns (ideally with reflectors) that go out to sea at

night ahead of the pajeko. When a school of fish has been aggregated,

the light boat signals by blinking its lights, and the pajeko comes to set

the net around the fish. It can also set its net around schools of fish

aggregated by FADs, locally referred to as either rumpon or rakit, which

are deployed only during a limited time period at Bentenan. These

FADs consist of a bamboo raft with an attractant made of a line with

palm fronds attached, which is suspended in the water below the raft.

The raft is anchored to the bottom. The anchor can be a large stone, old

engine block, or other heavy object. The anchoring cable is a multi-

filament synthetic (polyethylene) rope.

Besides the FADs deployed in the deeper offshore waters by pajeko

owners, FADs are constructed and deployed by small-scale fishers from

Bentenan in the nearshore waters off Bentenan up the coast to Rumbia

at depths of 30 to 60 depa (1 depa ¼ approximately 1.6 meters) during

July and August. These FADs are deployed mainly for the pajeko fleets

from the villages between Bitung and Belang (Fig. 9.1). Pajeko fishers

from villages along this strip of coastline congregate at the FADs off

Bentenan, waiting for aggregations. One resident reported that it looks

like a bus stop, with 30 to 40 boats, lights blazing, waiting offshore.

Large- and small-scale fishery cooperation

For purposes of the discussion presented here, the mini-purse-seine

(pajeko) fleet that fishes along the Maluku Sea coast of Minahasa

Regency will be considered the large-scale fishery. Although it is not

as ‘‘large-scale’’ as an industrial trawler, its cost, harvesting ability, and

crew size are much greater than those associated with the small-scale

fishers in this area. Hook-and-line fishers, fishing from londe or pelang,

and non-pajeko owners from Bentenan who own light boats or FADs are

the small-scale fishers.3 Interviews conducted to determine the distri-

bution of benefits from fishing indicated that the FAD or the light boat

(whichever was used to aggregate the fish for the pajeko) receives a full

third of the catch. Another third of the catch goes to the boat and net,

3 Many pajeko owners also own a light boat. Some deploy their own FADs. FADs and

light boats deployed by small-scale fishers, however, increase the chances there

will be an aggregation of fish available when the pajeko are searching for fish.
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and the final third is distributed among the crew.4 Hook-and-line fish-

ers can fish freely around these fish aggregators until a pajeko wants to

set its net. The share of the catch apportioned to the FAD or light boat

seems excessive, especially in light of the cost of a pajeko in contrast to

the fish aggregating gear.

The cost of the pajeko is extremely high. In 1997, a new, top-of-

the-line net reportedly cost 30 million Rupiah (Rp) ($12 000 in 1997;

$1 ¼ approximately 2500 Rp), a new boat 15 million ($6000), and three

40-hp motors between 18 million and 20 million Rp ($7200–8000).

Some boats could be purchased used for less than 5 million Rp and

run with two motors, one of them smaller than 40 hp, reducing the

costs somewhat. In contrast, a fully equipped light boat (new pelang

with lights and motor) reportedly cost about 5 million Rp ($2000), and

the cost of a nearshore FAD, including mooring lines, is around 200 000

Rp ($80). Maintenance for the FAD includes replacement of palm frond

fish attractors as they become broken by wave action. Labor collecting

and replacing the palm fronds is carried out by members of the FAD

owner’s household. The FADs blow away in storms that begin in

November and December, but one good catch from an FAD can bring

a profit to the fisher who deploys the device.

The deployment of the nearshore FADs and light boats by

Bentenan small-scale fishers is an interesting example of these fishers

taking advantage of a periodically available local resource where local

capital resources are insufficient to provide the most effective harvest-

ing techniques. The principal target for aggregation is ekor kuning (yel-

low tail scad, Atule mate), which reportedly begin aggregating just off

the coast of Bentenan in August. Fishers also report that ekor kuning are

spawning and gravid at this time. The FADs also aggregate deho (mack-

erel), cakalang (skipjack tuna), and malalugis (other scad). The FADs are

fished by pajeko from other communities between Bitung and Belang.

According to local fishers, they come to Bentenan waters because there

are fewer fish in the other areas at the time that fish are aggregating off

Bentenan. During this time, the non-local pajekos are based in

Bentenan, where crews may stay with and cook in friends’ or relatives’

houses during the day.

The fisher who owns the FAD receives one-third of the market

value of the harvest. At night, the FAD owner uses a pelang with lights

to attract fish to the FAD. The pajeko encircles the fish around the FAD,

4 This is a generalization of the share system, which varies in its details. For details

see Pollnac et al. (1997, 2003).
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day or night, after obtaining permission or confirmation from the

FAD’s owner. If the owner does not attend the FAD, the pajeko crew

must find him and obtain permission. Catching fish around someone’s

FAD without permission is unlikely because one’s reputation can be

easily ruined when word of this transgression spreads along the coastal

community of fishers. This system is based, in part, on mutual trust

between the fishers of Bentenan and the outside fishers who use their

FADs. Hand-line fishers are allowed to catch the fish around FADs day

or night, even if the owner is not present. Hand-line fishers are not

required to share the catch with the owner. If the FAD owner cannot go

to the sea to aggregate fish around his FAD with a light boat, other

fishers may make a deal to use their light boats to aggregate fish and

offer them to a pajeko. In this case, the FAD owner receives one-half of

the one-third share obtained from the pajeko. A boat cannot provide the

share at the time of capture. It must first be taken to market and sold,

the costs deducted, and then the shares calculated. The fisher from

Bentenan watches the pajeko sail back to its home port (or some other

market) and trusts that the owner will send him his share. The owner

can go with them to witness the sale and receive the payment, but this

is not necessary. It was reported that they always pay the share – that

they would not be able to return to Bentenan if they did not.

D I S C U S S I O N A N D I M P L I C A T I O N S F O R M A N A G E M E N T

Granting permission for small-scale hook-and-line fishers to fish

around FADs in exchange for information on fish aggregations was

reported in several locales. Large-scale fishers waste less time and fuel

if they go to the FAD only when fish are available, and the only other

way they could acquire this information is to post a lookout at the

FAD.5 The small-scale fishers also keep a lookout for unauthorized

fishers, another task that would require posting a guard. Hence, this

type of cooperation between large- and small-scale fishers makes eco-

nomic sense for all parties. The relatively large share of the pajeko catch

that goes to the FAD or light boat, however, seems out of proportion to

the relative costs of the respective gear.

Initially, when queries were made concerning this disproportion-

ate share, fishers replied that it takes a lot of skill to locate and aggregate

5 There are modern FADs with fish finders that radio information back to the

fishers, either on their boats or at their home port. This modern type of FAD

was not observed off the coast of North Sulawesi.
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fish, then move the light boat and fish into the proper position for setting

the purse-seine. This interpretation suggests that the light boat owner/

operator is being reimbursed, at least in part, for a needed skill. When

lights are used to attract fish to an FAD at night, this explanation also

seems to hold. But what about cases where the fish simply aggregate

around the FAD without the use of lights, as takes place during daylight

with the fish sometimes remaining at the device after sunset? The FAD’s

share is still one-third. Perhaps some other sociocultural factors, such as

notions of fairness, are at work here.

Scott (1976) and others (e.g., Bailey 1983, 1991) have referred to

an economy based on cultural values of generosity and fairness as a

‘‘moral economy.’’ Bailey (1991:20) writes:

The existence of a moral economy assumes: (1) the existence of

commonly accepted cultural values of fairness and generosity,

and that (2) these values are translated into behavioral norms

governing asymmetrical relationships (e.g., patron–client,

landowner–tenant, or rich–poor). Subsistence rights – the right to

survive – are ‘‘socially experienced as a pattern of moral rights and

expectations’’ (Scott 1976:6) enforced by informal social sanctions

at the community level.

This concept provides a fairly good explanation for observed

behavior between pajeko owners and the small-scale fishers and

other community members in Bentenan. In the coastal subvillages of

Bentenan, the asymmetrical relationships between the large- and small-

scale fishers, owners and crew members, and between the rich and the

poor are ameliorated in many ways that reduce potential sources of

conflict. For example, the arrival and unloading of a pajeko is a commu-

nity event marked by sharing of the catch not only with crew but also

with the numerous community members who come to the landing and

provide some assistance. The beach is crowded with villagers. The atmo-

sphere is festive. Adults and children help unload the vessel, and help

carry the boxes of fish to shore, across the beach, and onto the waiting

transport vehicles. In exchange they receive a fish or two. The boat’s

crew could accomplish the transfer of fish, but the existing norm of

behavior spreads the bounty of the catch widely throughout the village.

Further evidence of this norm is provided by the fact that, after intro-

duction of the power winch, crew sizes remained constant even though

large crews were no longer necessary to retrieve the net. Established

relationships between vessel owners and crew members were too

strong, too bound by notions of fairness, to succumb to Western notions
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of economic efficiency.6 It also seems that we can use the concept of the

moral economy to understand the seemingly economically indefensible

large share of the catch that is allocated to the light boat or FAD owner.

The same share system also holds for vessels from other com-

munities along the Maluku Sea coast of Minahasa Regency when they

use Bentenan FADs and light boats. For the most part, the immediate

coastline of Minahasa Regency differs socially and culturally from the

adjacent inland areas. In many villages, coastal residents are descen-

dants of Islamic immigrants from other parts of North Sulawesi and

elsewhere. Ethnically, many identify themselves as Bajo, Bolaang-

mongondo, Gorontalo, Sangir, and other coastal ethnic groups, in

contrast to the non-coastal people who identify themselves as

Minahasan and Christian. In Bentenan, most of the Islamic fishers

live within 50 to 100 meters of the coast. Just beyond that line we

find Christian Minahasans. These coastal dwellers have closer contacts

with other fishers in villages along the coast than they do with the

Christian farmers who live in their own village. Some fish off the

coastlines of these other villages, and fishers from elsewhere along

the coast fish the waters, moor their boats along the shore, sleep in

friends’ or relatives’ houses, and pray in the mosque in Bentenan. In

a sense, the fishers of Bentenan belong to a larger coastal ‘‘village’’ or

community of fishers that stretches all along the Maluku Sea coast of

Minahasa and perhaps farther. Notions of fairness in the moral econ-

omy extend throughout this extended coastal community; hence, the

extension of the share system for light boats and FADs to boats from

other parts of Maluku Sea coast of Minahasa.

Now, what does all this have to do with fishery management?

First, the belief that large-scale fishers are pillaging stocks fished by

small-scale fishers, thereby lowering the little guy’s catch and income,

may be either true or false, depending on the location and the fishery.

Today, with many of the world’s fisheries overexploited, there is a

widely held belief among the environmentally conscious that ‘‘small

is beautiful,’’ as popularized by Schumacher (1973) over a quarter of a

century ago. This positive evaluation of the relatively small, local fisher

in contrast to the larger, industrialized fisher is implicit in the writings

of many observers of the fishery (e.g., Cordell 1983; McGoodwin 1990;

Binkley 2002; Playfair 2003). Hence, there is a tendency to accept the

negative perceptions of large-scale fishers and target them for control

6 See Pollnac (1982) for a similar response to the introduction of power winches

into a Malaysian fishery.
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to help the smaller, more environmentally friendly fishers. In reality,

as presented in this chapter, there are situations where large- and

small-scale fishers are interdependent, and attempts to reduce or stop

the large-scale activities will inadvertently have a negative impact on

the small-scale fishers. It is therefore important to investigate the

relationships between various types of fishers to understand fully the

potential impacts of management changes. Because these types of

relationships can vary from place to place and time to time, it will be

necessary to conduct rapid assessments across a range of fishing com-

munities in the targeted areas.

It is also important to analyze these relationships with an open

mind. Some tend to view intracommunity social stratification as a

situation that invariably leads to tension and conflict. Notions of

fairness and generosity that characterize the ‘‘moral economy’’ as dis-

cussed by Scott (1976) and Bailey (1991) reduce the chances for such

conflict. The ‘‘moral economy’’ also results in economic relations of a

type not easily analyzed using traditional Western economic theory.

Hence, cost–benefit analyses of proposed management schemes may

not reflect the reality of the villages involved. Failure to take into

account these various relationships can result in unanticipated

impacts that could influence community reactions to management

efforts. If the community of fishers views the management effort as

somehow unfair, it will be difficult to obtain their cooperation, and

such cooperation is necessary to manage a fishery effectively.
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R O S A M O N D N A Y L O R , J O S H E A G L E , A N D W H I T N E Y S M I T H

10

Response of Alaskan fishermen
to aquaculture and the salmon crisis

I N T R O D U C T I O N

The rapid rise of salmon netpen aquaculture (referred to as ‘‘aqua-

culture’’ or ‘‘salmon farming’’ in this chapter)1 has transformed global

salmon markets. Since 1990, global farm salmon production has

increased five-fold, and farms recently surpassed commercial fisheries

as the largest source of marketed salmon (FAO 2003). Global salmon

output, including fishery catch, has grown from less than 800 000

tonnes to more than 2 million tonnes during the past 15 years.

Virtually all of the increase has come from farms. The global aqua-

culture industry, including salmon aquaculture, currently contributes

over one-third of total world fish supplies (FAO 2003).

In this chapter we examine the growth in global farm salmon

production and its economic consequences for fishermen in Alaska,

where salmon netpen aquaculture is prohibited. Featured in this

paper are the results of a survey of Alaskan salmon fishermen that

we conducted in 2002–03. The survey results illustrate the economic

impacts of the aquaculture industry on individual fishermen, the fish-

ermen’s adjustments to changing economic conditions in the fishery,

and their views on the causes and possible solutions to the current

‘‘crisis.’’ We also describe how policy in Alaska has influenced the

efficiency of fishing activities and discuss how the survey results

might be used to inform the political debate on restructuring the

state’s salmon fishery.

1 We use the terms ‘‘aquaculture’’ and ‘‘salmon farming’’ to refer to netpen produc-

tion as opposed to hatchery production of salmon. Hatchery operations for sal-

mon are widespread in Alaska but are not the focus of this chapter.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



B A C K G R O U N D

Salmon netpen farming originated in Norway in the early 1970s and

expanded into Scotland, Japan, Chile, Canada, and the United States in

the 1980s (Anderson 1997). Between 1980 and 1987, salmon aquacul-

ture production increased worldwide by 1300 percent, and production

spread into new countries, including Ireland, New Zealand, Australia,

and the Faroe Islands (FAO 2003). By 1988, aquaculture production

dominated the fresh and frozen salmon market in Europe, and U.S.

imports of farm salmon accelerated (Anderson 1997; Sylvia et al. 2000).

Despite strong salmon runs in Alaska – many of which are supplemen-

ted by hatcheries – the state’s contribution to the global salmon mar-

ket declined from 40 to 50 percent in the early 1980s to 17 percent in

2001 (Knapp 2002) (Fig. 10.1). Alaska’s declining share in total produc-

tion is due in large part to increased netpen production of salmon

worldwide.

The salmon aquaculture industry is dominated by a small group

of multinational companies, mostly from Europe, which distribute

consistent salmon products, such as fresh fillets and steaks, to global

markets year round (Naylor et al. 2003; Eagle et al. 2004). The industry

has thrived with the globalization of the world economy. In particular,

it has benefited from the rapid expansion in seafood trade; the

decreased cost of transporting fresh products around the world; more

information, via the Internet, on fish stocks and markets; a strong
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Figure 10.1 Change in contribution of Alaskan wild salmon capture to

global farm and wild salmon supplies, 1980–2001. (Source: Knapp 2002.)
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market demand for homogeneous, made-to-order products; and

Web-based, business-to-business interactions (Knapp 2002). What has

emerged is an industry dominated by a half dozen multinational firms,

most of which produce a diversity of aquaculture and agriculture

products. The salmon fishing industry is made up of many small busi-

nesses that operate at arm’s length from processing corporations, but

the farming industry is made up of companies with corporate affilia-

tions. It is typical for an aquaculture multinational to have subsidiaries

that include feed, hatchery, grow-out, distribution, and value-added

processing companies. Most of the aquaculture multinationals are

also involved in the farm production of other species, including trout,

halibut, cod, turbot, bluefin tuna, sturgeon (for caviar), and sea bream.

The diversity of activities and production locations provides some

buffering during sectoral downturns.

Market competition

Fishermen now operate in a changed economic and political environ-

ment, with farm salmon outcompeting fishery salmon in the market-

place (Eagle et al. 2004). Global markets favor consistency and

predictability of production (Knapp 2002). Salmon farmers have far

greater control over the timing, consistency, and quantity of produc-

tion than do fishermen. The fishing industry is limited to catching

salmon that are migrating back to spawning rivers between June and

September, and these fish can be caught only during short regulatory

‘‘openings.’’ Catches are unpredictable over the long term because run

sizes vary from year to year. Run sizes are determined by a host of

factors, such as the life cycle of individual salmon populations, fishing

effort, climatic and habitat conditions, and ecological factors such as

food web dynamics and disease (Miller and Fluharty 1992).2 When fish

are caught during openings, they arrive in pulses by the millions, in

varied condition, on the docks of processing plants. The fish must be

processed as quickly as possible (the ‘‘sell it or smell it’’ doctrine) before

the next load arrives. It is for this reason that a significant share of

Alaska salmon is still canned, particularly pink salmon (ADFG 2003a).

For other species, the largest share of production is headed, gutted,

2 Climatic shifts (e.g., the Pacific Decadal Oscillation) create long-term unpredict-

ability in the size of fish stocks; for example, salmon catches in Alaska varied five-

fold (from 30 million to 150 million fish) in a 25-year period preceding the 1990s.

During the 1990s, average catch in Alaska was over 175 million fish (ADFG 2002).
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frozen, and then shipped to distant plants for further processing into

fillets and steaks. Only a relatively small share of wild salmon caught in

Alaska is sold fresh.

The aquaculture industry, on the other hand, can produce a

consistent quality of fresh salmon – specified to order by size and

cut – at any time during the year. Each salmon farming company stocks

a calculated number of smolts in netpens on the basis of an esti-

mate of market conditions 2 years hence, when the fish will be ready

for market. Although actual production on any given farm may be

affected by a number of factors, such as disease, storms, and marine

mammal predation, the operation of multiple sites in various countries

generally results in an even and predictable flow of production

worldwide.

A drop in salmon prices

Prices for both farm and fishery salmon have fallen in line with the

growth in global salmon supplies fueled by farms and hatcheries

(Table 10.1).3 Prices of farm Atlantic salmon have dropped 61 percent

between 1988 and 2002. Prices of the five species of salmon caught in

Alaska’s commercial fisheries dropped 54 to 92 percent from 1988 (an

exceptionally high price year) and 2002, and 36 to 82 percent from a

price averaged over the 1984 to 1992 period to the 2002 price (ADFG

2003b). As a consequence, the ex-vessel value of the Alaskan salmon

fisheries has declined from more than $700 million in 1988 to just over

$200 million in 2002. Asset values have also plummeted (Table 10.2).

The sale price for limited-entry salmon permits in Bristol Bay fell by

76 to 90 percent between 1993 and 2002, and prices for limited-entry

permits in some other lucrative salmon fisheries declined by roughly

50 percent or more during the same period.4 Despite these sharp

3 An estimated 4.4 billion salmon fry were released by hatcheries from Alaska,

Japan, Russia, and Canada in 2001, adding to global salmon supplies. Despite

extremely low survival, hatchery fish currently account for one-third of total

salmon capture in Alaska (averaged across all species) and virtually all chum

capture in Japan (Goldburg and Naylor 2005).
4 For example, average selling prices declined from $273 000 to $20 000 for Prince

William Sound purse-seine permits, from $216 000 to $20 000 for Bristol Bay drift

gill-net permits, and from $110 000 to $23 000 for southeast Alaska purse-seine

permits between 1990 and 2002 (see CFEC 2003).
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economic declines, however, Alaskan salmon catches have remained

essentially level (Fig. 10.1).

Salmon price declines have had a severe impact on rural incomes

in Alaska. At current levels of production, each 10 cent per pound

decline in salmon prices translates to $66 million in lost income for

Alaskan fishermen (Eagle et al. 2004). Moreover, since revenues from

commercial salmon fishing finance subsistence fishing and hunting

Table 10.1 Change in ex-vessel prices for Alaskan salmon, 1984–2002 (U.S.

dollars, nominal)

Ex-vessel price per pound

Percent change in

price at 2002

Species

1984–1992

average 1988a 2002

From 1984–1992

average

From

1988

Chinook 1.93 2.69 1.23 �36 �54

Chum 0.45 0.86 0.16 �64 �81

Coho 1.02 1.72 0.37 �64 �78

Pink 0.34 0.79 0.06 �82 �92

Sockeye 1.33 2.37 0.55 �59 �77

Farm

Atlantic

NA 3.11 1.21 �61

a 1988 was a peak price year.

Source: Alaska Department Fish and Game (2002). Ex-vessel prices are the prices

fishermen receive at the dock.

Table 10.2 Change in permit values for the selected Alaskan salmon fisheries,

1993–2002 (U.S. dollars, nominal)

Average sale price
Percent change in price

from 1993 to 2002Permit 1993 2002

Bristol Bay set gill-net 49 100 11 900 �76

Bristol Bay drift gill-net 199 600 19 700 �90

Southeast drift gill-net 82 200 27 900 �66

Kodiak set gill-net 111 900 56 800 �49

Lower Yukon set gill-net 31 400 12 700 �60

Source: Commercial Fisheries Entry Commission (2003).
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activities of many rural Alaskans, the scale of these activities has

declined in some areas. A large number of people who have become

dependent on the salmon industry live in isolated areas where other

employment opportunities are not readily available. It has been esti-

mated that commercial fisheries provided about 20 000 jobs in fishing

and processing and another 15 000 related jobs in Alaska at the turn of

the century (Colt 2001). Salmon fisheries represent roughly 50 percent

of total direct and indirect statewide employment in the commercial

fishing industry (DCED 1997).

Response by fishermen

The change in market conditions raises a number of questions related

to capture fisheries. Is the growing aquaculture industry putting

fishermen out of business? How much have fishermen’s incomes

decreased? How are fishermen adjusting to decreased prices and

incomes? Will fishermen, a set of fiercely independent individuals,

cooperate to find solutions for their ailing industry? These questions

are frequently debated, often without reference to empirical evidence.

Answers to these questions are important for understanding the

economic behavior of fishing communities and its implications for

proposed policies and solutions.

To observe and analyze some of the local impacts of price

declines on fishing communities and individuals, we conducted a sur-

vey of fishermen in Alaska and the Puget Sound who own limited-entry

permits in various Alaskan salmon fisheries. The survey provides a

good illustration of the attitudes and behavior of salmon fishermen

in the region and shows the differences in responses by fishing loca-

tion and gear type. Because the 27 salmon fisheries in Alaska vary

widely in average catch, catch trends, permit prices, permit holder

participation, permit participation in other fisheries, history, and fish-

ing attitudes, our survey does not capture all of the dynamics in fish-

ing behavior in the state. Instead, it covers a spectrum ranging from

high-valued, hatchery-supplemented fisheries in southeastern Alaska,

where many gear types are used, to low-valued set- and drift-net fish-

ing in western Alaska, where hatcheries are absent and run sizes are

low. Our main objectives in looking at this spectrum are to show how

Alaskan permit holders are responding generally to the changed eco-

nomic conditions and to illuminate some of the similarities

and differences between the widely diverse salmon fisheries within

the state.
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S U R V E Y M E T H O D S

We conducted a survey of 91 individuals holding Alaskan salmon fish-

eries permits between November 2002 and May 2003.5 Interviews were

conducted in person with permit holders in southeastern Alaska

(Juneau, Sitka, and Petersburg), Bristol Bay (Dillingham, Naknek, and

King Salmon), and the Yukon–Kuskokwim Delta (Bethel area and

Quinhagak). Some additional interviews were conducted randomly

with permit holders in Prince William Sound (Cordova), Kodiak Island,

Cook Inlet, and Chignik. The sample for each of the three main regions

(southeastern Alaska, Bristol Bay, and western Alaska) was selected

randomly across gear types. Respondents volunteered their time follow-

ing town fisheries meetings, at the Fish Expo in Seattle, and by invita-

tion through personal contacts in each region. All four major gear

types – troll, purse-seine, drift gill-net, set net6 – were represented in

the survey. Each interview lasted about 20 to 30 minutes, and the

response rate was 100 percent (all fishermen approached for the survey

agreed to participate). The interviews were conducted mainly in the off-

season between November and May, when most respondents were

engaged in other employment, fisheries politics, or preparation for

the upcoming fishing season. The sample distribution and the survey

instrument are provided in the Appendix (see pp. 265–268).

In the interviews, we asked fishermen about their views on

changing market conditions for salmon, about their adjustments to

the change, and about their views on policy options for the salmon

fishing industry.7 The first section of the survey contained questions

about the demographic characteristics of the respondents, such as age,

5 Some of the Alaskan permit holders lived in Washington during the winter but

were identified with the region of their permits.
6 Drift and set netters fish with a net that is kept vertical in the water by a

combination of floats and weights. Fishermen either anchor the net near shore

or allow it to float freely for a short time before recollecting it. As its name

suggests, the net catches fish by their gills as they attempt to swim through it.

Purse-seiners use a much larger net, of finer mesh, that is set out in a circle around

schools of fish and then tightened. Trollers catch fish with multiple hooks sus-

pended by lines from rigging on their vessels. For a more detailed description of

these gear types and their operation, see McMullan (1987).
7 As a separate but complementary effort, the Commercial Fisheries Entry

Commission conducted a survey of Bristol Bay drift gill-netters in 2002 (Carlson

2002). Their purpose was to collect data needed to determine the optimum

number of permits in the fishery. The survey included some questions similar

to those in the survey presented here.
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residence, and income sources. The next two sections included a list of

questions pertaining to subsistence and commercial salmon fishing

activities, participation in other fisheries, relationships with proces-

sors, and attempts to market fish directly. The final sections of the

survey sought fishermen’s perceptions of problems within Alaska’s

salmon fisheries and policies that might be implemented to help the

fishing industry. The problems were ranked on a scale of 0 to 5 (0 being

no problem and 5 being the most serious problem), and the distance

between rankings (0 to 5) was assumed to be equal for statistical

purposes. Fishermen were also asked whether they were in favor of

or opposed to harvesting cooperatives, an individual quota system,

government disaster relief, government buyback programs, and

government funding for quality or marketing programs. Finally, fish-

ermen were asked their opinions on salmon farming and about its

effects on wild salmon stocks and the environment.

S U R V E Y R E S U L T S

Our random sample of respondents, stratified across regions, included

83 men and eight women ranging in age from 22 to 66 years. The

median age was 48 years. Ten respondents lived in Washington during

the off-season when they were not fishing in Alaska, and 81 respon-

dents lived in Alaska year round. Only three of the 91 respondents had

sold their permits prior to our survey. For other respondents not want-

ing to fish, emergency transfers to family members or friends had been

arranged on a temporary basis. Because such transfers involve a com-

plex set of rules, almost all respondents in our survey had renewed

their permits. Overall, the sampling method selected for fishermen

who were still in the salmon fishing business.

Salmon fishing activity

As shown in Table 10.1, prices for Pacific salmon (all five of the species

caught in Alaskan fisheries) have dropped precipitously, causing fish-

ing revenues to decline. Fishermen were asked about changes in their

salmon fishing incomes. Respondents estimated, on average, that their

incomes had dropped 47 percent from peak levels in the late 1980s and

early 1990s to current levels in 2002–03. Almost two-thirds (61 percent)

of respondents had other employment outside of fishing. Teaching,

construction, and tourism-related work were the most common
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outside jobs. Fifty-six percent of respondents participated in other fish-

eries, such as crab, halibut, sablefish, and herring. Many fishermen

reported that their earnings from these other fisheries were becoming

increasingly important for their livelihood and, in some cases, more

important than salmon. Some expressed a desire to invest more in

these fisheries. These results suggest that, though salmon farming

may reduce the number individuals fishing for salmon in Alaska, fish-

ing effort may be transferred to other species of fish.

Interestingly, although 84 percent of respondents thought that the

salmon fishing industry was in crisis, 97 percent of all those surveyed

planned to continue salmon fishing in the future.8 Of the 84 percent

who believed that salmon fishing was in crisis, 70 percent were opti-

mistic and thought the situation would improve with time.

Ranking of problems

Fishermen were also asked to rank five phenomena in order of

their detrimental impact on the salmon fishing industry: low prices,

salmon farming, overcapitalization (too many boats or excessively

sophisticated gear for the size of the fishery), fisheries management

(including hatcheries), and run size. Overall, respondents across the

diverse set of regions and fisheries viewed low prices and salmon

farming as having the greatest impact on the industry (Fig. 10.2).

Averaging across all regions, respondents ranked fisheries manage-

ment and run size as less significant problems. In addition, fishermen

generally did not rank overcapitalization as a major problem, even in

Bristol Bay, where such conditions are notorious (BBEDC 2003).

We then analyzed the survey results to see if subgroups of fish-

ermen felt differently about the cause of the ‘‘salmon crisis.’’

Figure 10.3 shows the variation in mean rankings for each problem

among fishermen in southeastern Alaska, Bristol Bay, and the

Yukon–Kuskokwim Delta. An analysis of variance showed that there

is significant variation among the regions in opinions about run size

(p¼ 0.0002), management (p¼ 0.0015), and low prices (p¼ 0.0017). The

8 This figure represents the number of fishermen who fished with their permits in

2002 and who planned to continue fishing with their permits in 2003 and beyond.

According to data collected by the Commercial Fisheries Entry Commission (CFEC

2003), the actual number of permits fished relative to the number of permits

renewed for various salmon fisheries in the state varies widely but is lower overall

than our survey numbers suggest.

252 Rosamond Naylor et al.



size of salmon runs was not considered a major problem by most

respondents. The exception is those in the Yukon–Kuskokwim Delta,

where runs of some species, such as chum, have been low in recent

years. Respondents in the Yukon–Kuskokwim Delta also placed blame

on the Department of Fish and Game for poor management, while

those in southeastern Alaska did not feel that management contributed

to their problems. This difference might be explained by the fact that

nearly all of the state-supported salmon hatcheries are in the south-

eastern part of the state. In other parts of the state, the hatchery

program is viewed as detrimental to salmon ecology and economics.

Finally, respondents in the Yukon–Kuskokwim Delta were less con-

cerned about low prices than those in the southeast and Bristol Bay.
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Figure 10.3 Survey results showing how members of various salmon

fisheries (defined by region) perceived industry problems. Rankings are

from 0 (no problem) to 5 (very significant problem).
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Figure 10.2 Survey results showing fishermen’s perceptions of problems

affecting their industry (average for all respondents in the survey).

Rankings are from 0 (no problem) to 5 (very significant problem).
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Their main concern was low run size and the closure of several com-

mercial fishing areas for much (and in some cases all) of the season.

We also used analysis of variance to see whether the type of

fishing gear used by individual respondents could help explain the

variation in rankings. Figure 10.4 shows mean rankings of fishermen

using the four main gear types in the Alaskan salmon fishery. There

was significant variation in responses between gear types for the rank-

ings of low prices (p¼ 0.0037) and run size (p¼ 0.0005). Perhaps because

theirs is a fishery with low capital requirements, set netters did not

consider low prices to be as large a problem as did trollers, purse-

seiners and drift gill-netters. Trollers and purse-seiners, who gave the

highest rankings to low prices, have much higher fixed and variable

costs than set netters and are thus more affected by fluctuations in

prices.9 On the other hand, set netters ranked low run sizes as a major

problem, whereas other fishermen ranked low run size much lower on

the scale. In recent years, set netters in both the Bristol Bay region and

the Yukon–Kuskokwim Delta, unlike fishermen in other parts of the
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Figure 10.4 Survey results showing how members of various salmon

fisheries (defined by gear type) perceived industry problems. Rankings

are from 0 (no problem) to 5 (very significant problem).

9 This result did not correlate well across species; i.e., permit holders in troll fish-

eries (catching a greater percentage of high-valued chinook and coho) and purse-

seines (catching a greater percentage of lower-valued pinks and chums) both

ranked low prices as a major problem.
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state, have seen their fishing opportunities and catches decline drama-

tically. There was no significant variation in the other rankings,

although responses on management showed fairly high variation

(p ¼ 0.0599). Drift gill-netters in overcrowded Bristol Bay gave a higher

ranking to management problems than did other fishermen.

Policy preferences

When asked about policies to help the salmon fishery, 86 percent of

respondents favored the development of quality and marketing pro-

grams to improve prices and build markets.10 Despite the feeling that

such efforts would help, however, only 29 percent of respondents had

tried direct marketing of their catch in the past. Many respondents had

contemplated direct marketing of their fish, but few followed through.

Those who had taken on direct marketing and custom processing were

beginning to learn the challenges and risks that processors have tradi-

tionally faced (e.g., insurance, shipping, up-front costs and market

development). As shown in Fig. 10.5, views were mixed among salmon
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Figure 10.5 Survey results showing support, possible support, or

opposition to various policy options for improving the economic

condition of the Alaska salmon industry (average for all respondents

in the survey).

10 The Alaska Seafood Marketing Institute (ASMI) was established in 1981 to address

marketing concerns of the fishing industry. Fishermen currently pay a 1 percent

tax on their output to support ASMI. There is no clear indication that ASMI has

been successful to date, and, therefore, most fishermen would like to see addi-

tional or improved programs in place.
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permit holders on other policy options, such as cooperative fishing

programs, quotas, government buyback programs, and disaster relief

programs. More fishermen opposed an individual quota system than

any other option.

There was some variation in attitudes toward policies among

different regions and gear types. For example, 82 percent of respon-

dents from the Yukon–Kuskokwim region were in favor of more

disaster relief money from the federal or state government, whereas

the majority of respondents in southeastern Alaska and Bristol Bay

(67 percent and 60 percent, respectively) were opposed to it (Fig. 10.6A).

Seventy-seven percent of Bristol Bay respondents expressed support

for a buyback program, while only 30 to 35 percent of respondents in

the other regions supported the idea (Fig. 10.6B). Again, set netters

showed the most variation and difference from other gear types in the

survey.

The survey also revealed – not surprisingly – that fishermen

generally favor trade restrictions on farm fish and labeling laws that

require the source of the fish to be identified. They recognized that

Alaska’s remoteness contributes to high costs and inconsistent quality.

Transportation is expensive and unreliable, making it difficult to mar-

ket fresh wild Alaskan salmon or even frozen products. Given the

impediment of transportation costs, most respondents felt that making

Alaskan salmon competitive with farm fish in the large retail market

will be a challenge.

Salmon farming

In the last set of questions, we asked fishermen whether they were

opposed to salmon farming and what they knew about its environmen-

tal impacts. Ninety-four percent were opposed to salmon farming, and

93 percent were aware of some ecological consequences of salmon

farming.11 Respondents mentioned escaped Atlantic salmon and dis-

ease transfer most often when asked about environmental impacts.

Ninety-eight percent of respondents indicated that they believed that

11 The ecological impacts from salmon aquaculture in this region include the

transmission to and amplification of diseases and parasites in wild fish; the

establishment and possible invasion of escaped farm fish in wild fish habitat;

the release of untreated nutrients, chemicals, and pharmaceuticals from open

netpens into marine ecosystems; the killing of marine mammals that prey on

netpens; and food web effects associated with the use of small pelagic fish for

feed (for more details, see Naylor et al. 2003).
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salmon farming was at least somewhat responsible for the current low

market prices for fishery salmon. Finally, and perhaps most surpris-

ingly, there was also widespread acknowledgment that the aquacul-

ture industry had increased the size of the U.S. consumer market for

salmon and that, as a result, sales of wild-caught salmon were likely to

rise in the future.

Several conclusions can be drawn from these results. There

was widespread agreement that salmon farming had driven market

prices for salmon down and reduced profits and incomes in the fishing

industry. Though fishermen were aware of the relationship between

farming and price declines, they also acknowledged that other factors

contribute to current economic conditions. Many fishermen were mak-

ing adjustments in effort, expenditures, and investments to ride out

this difficult period, but almost all of the respondents planned to stay

in the fishery. Alaska landings have remained fairly constant up to the

present, although an increasing percentage of landings originate in

hatcheries (Eagle et al. 2004). Recognizing the severity of the economic

situation, fishermen appeared willing to engage in policy discussions

and to consider substantial changes in the way salmon fishing is

regulated.

D I S C U S S I O N

The most severe problem facing the major salmon fisheries, according

to fishermen in our survey, is the low price they receive for their fish.

It is difficult for fishermen to compete with aquaculture producers,

particularly because farm fish are produced year round and provide

consistent, high-quality products to large retail chains. For both salmon

fishermen and salmon farmers, a cost-cutting strategy is required to

boost profits in a low-price environment. This strategy is especially

difficult for Alaska salmon fishermen because the state’s fishing laws

have resulted in significantly higher costs than would occur under an

optimal system (Eagle et al. 2004).

Policies perpetuating the salmon ‘‘crisis’’

Alaska’s salmon fishing laws are the result of a complex, dynamic

political economy and years of legislative struggles between ethnic

groups, residents and non-residents, fishermen and fish processors,

commercial and sport fishermen, urban and rural fishermen, and fish-

ermen and environmentalists. Conservation was often achieved not by
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reducing the number of fishermen but instead by requiring the use of

less efficient gear. The main cause of high costs is the derby system

created by Alaska’s limited-entry laws. A derby system means that

permit holders in a given fishery may catch as many fish as possible

within the time limits of an opening. Because it is a race for volume, a

derby fishery gives permit holders every incentive to invest in faster

boats with larger storage capacity.

The legislated inefficiency of the current regulatory structure

exacerbates the natural disadvantages of salmon fisheries with respect

to salmon farming. Derby-style salmon fisheries motivate fishermen to

catch and unload fish as quickly as possible before the opening closes.

Fishermen often compromise quality in their haste, and fish of varied

quality are mixed in tenders and at the processors, thus removing any

reward for treating catches with care. Because all the fish arrive at the

dock at the same time, prices paid to fishermen are lower than if the

supply were restricted or spaced out over time. Finally, processors must

shape their approach to suit the derby. Only those methods that are

capable of preserving large amounts of fish quickly, such as canning,

are viable. Yet the traditional product forms have diminishing appeal

for modern consumers. Fresh farm salmon has redefined consumer

preferences and expectations for salmon.

Our survey did not directly seek fishermen’s views on fundamen-

tal regulatory problems for Alaska’s salmon industry. We did not list

‘‘fisheries laws’’ as a potential problem. Likewise, evaluation of fisheries

management assessed the degree of success of the Alaska Department

of Fish and Game in maintaining salmon runs and maximum yield for

fisheries rather than the efficiency of derby-style fisheries. Some fisher-

men felt that management was a problem, and a few even mentioned

the structure of openings and the race for fish, but most did not. Views

on overcapitalization were mixed, and the average ranking was also

low. Nonetheless, fishermen’s policy preferences revealed at least some

recognition of legislated inefficiency in Alaskan salmon fisheries. Some

fishermen were in favor of cooperatives, quota systems, and buybacks,

all of which are cost-reducing measures that would alter income dis-

tribution within the industry. The majority of fishermen in our survey,

however, were opposed to these restructuring options.

The policy reform debate

What structural changes can be made in the fishery – and what changes

are fishermen and other groups in Alaska likely to support – to make it
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more competitive in the future? To date, the Alaskan and federal

governments have tried to lessen the economic impacts on the fishing

industry by establishing subsidies in the form of disaster relief (distrib-

uted principally in western Alaska) and government purchases of

canned pink salmon. These approaches might be useful when the

industry faces short-term problems such as natural disasters (Eagle et al.

2004). In the context of long-term changes, however, these subsidies

do not improve economic conditions in the fishery because they allow

the industry to ignore fundamental reforms that could increase effi-

ciency and create more resilient businesses. Moreover, our survey

showed that most fishermen, with the exception of those in the

Yukon–Kuskokwim Delta (where commercial fishing often supports

subsistence activities), did not benefit from disaster relief and did not

see the need to continue in this policy direction.

In addition to disaster relief, policy discussions in recent years

have focused on marketing. Many people within the salmon fisheries

agree that the wild salmon industry must distinguish its product from

the farm salmon product – in taste, nutritional value and marketing of

a ‘‘wild’’ (and, by association, healthy) product.12 The survey results

showed that fishermen support these efforts. It is easy to understand

why quality and marketing programs are attractive to fishermen.

Though Alaskan salmon fishermen already pay a 1 percent marketing

tax, additional funding and implementation of these programs are

currently in the public sector domain. Bolstering these programs

would thus require no substantial change within the industry itself,

except a commitment to quality.

Much less political attention has focused on the more controver-

sial idea of legal restructuring aimed at lowering costs and improving

quality. Allowing new programs such as fishing cooperatives, quotas,

permit buybacks, or even fish traps and wheels13 would slow the pace

12 There is a large debate on the relative health benefits of wild versus farm salmon.

Some studies have shown that farm salmon have a higher fat content and a

different, less beneficial fatty acid composition than wild salmon (van Vliet and

Katan 1990; George and Bhopal 1995). Limited tests have also shown that farm

salmon contain more dangerous chemical substances than fish that feed in the

wild (Hites et al. 2004). Substantial research on these issues is ongoing.
13 Use of wheels and traps would greatly reduce labor costs and would likely lead to

enhanced fish quality because fish remain alive in traps and wheels until they

are removed by fishermen. The fish trap is a floating or fixed device positioned

across the migration paths of salmon on their spawning runs and designed to

lead salmon into a holding section from which escape is virtually impossible. The
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of fishing and provide a mechanism to improve quality and competi-

tiveness. These programs would reduce effort and production costs

(Eagle et al. 2004). A slower pace of fishing would mean higher dock

prices because delivery would be spread over time, and higher quality,

thus higher market prices. Slower fishing would also lead to easier,

more customized processing because processors would not have to

accommodate extreme pulses in delivery. A major downside to these

programs, however, would be the loss of direct and indirect fishing

jobs, which would affect both individuals and communities, especially

small and remote communities.

Any type of restructuring program for the Alaskan salmon fisheries

will undoubtedly have differential impacts by region and gear type. The

results of our survey demonstrated the strongest effects by region, with

southeastern Alaska, Bristol Bay, and the Yukon–Kuskokwim Delta –

three very different points along a wide spectrum of commercial salmon

fishing in Alaska – facing quite different economic and biological con-

ditions within their fisheries. Southeastern Alaska has large hatchery-

supplemented salmon runs, while the Yukon–Kuskokwim Delta does

not rely on hatcheries and has very low runs for some salmon

species. Likewise, the commercial salmon fisheries are more lucrative

in southeastern Alaska and Bristol Bay than in the Yukon–Kuskokwim

Delta, where commercial fishing largely helps to support subsistence

activities. In addition, gear type is an important economic and political

feature of these regional salmon fisheries. Our survey results showed

some significant variation in perceptions of the salmon ‘‘crisis’’ by gear

type, although all groups felt that salmon farming and low prices were

the largest problems. The political debate over restructuring will be

complex, as is currently demonstrated in the Bristol Bay salmon fisheries

(BBEDC 2003).

Resistance to change

The political feasibility of industry restructuring remains in question.

Barring a worsening of the economic situation, our survey results

suggest that most fishermen are likely to oppose large-scale coopera-

tive, quota, or government buyback programs in Alaska. Although

trap can be opened to permit escape as desired and can be used to hold fish for a

short period of time before processing. Fish wheels consist of two large baskets

that turn on an axle. They are rotated by the river current and scoop up passing

fish as they turn. Captured fish slide down a chute into a holding box that is

emptied several times a day (Cooley 1963; Colt 1999).
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77 percent of our respondents in Bristol Bay showed support for a

government buyback program, a study by the Alaska Department of

Fish and Game showed that Bristol Bay permit holders would be willing

to accept such a program only if the permit value was in the order of

$100 000.14 The general message is that fishermen do not want to pay

out of their own pockets for a solution to the crisis.

Why are Alaskan fishermen generally resisting structural

change? The first reason is that they may not see the ‘‘crisis’’ as perma-

nent. Our survey shows a high degree of optimism among fishermen.

Most of them believe that the market for their products will improve

over time, and most of them intend to keep fishing salmon in the

future despite the decline in prices and fishing incomes. This optimism

may be fueled by the cyclical nature of the fishing industry; in the past,

downturns have always been reversed. In addition, fishermen have

become accustomed to the political and economic support they receive

in Alaska, particularly with Ted Stevens in the Senate.

Another reason for resisting change is that most fishermen

believe that the problem lies outside of their own industry – the culprit

is the salmon aquaculture industry, not inefficient policy within the

fishing industry. As noted above, fishermen in our survey mainly

blamed low prices and salmon farming for the current problems. Very

few fishermen thought that the problem resulted from fishing costs

being too high. In some regions, such as the Yukon–Kuskokwim Delta,

fishermen also blamed nature (low run sizes) and management for their

problems. Both of these factors lie outside of direct industry control.

The combination of long-term optimism and blaming others for

the problem robs fishermen of the motivation needed to address the

fundamental causes of the decline in the fishing industry. This beha-

vior has been documented in other situations of common property

resource use (Thompson 2000). The motivation for supporting change

is also diminished by the fact that many fishermen, as noted in our

survey, have found outside employment to supplement their incomes.

C O N C L U S I O N A N D P R O J E C T I O N S F O R T H E F U T U R E

The global fishing sector is undergoing major structural adjustments

with the rise in aquaculture, and Alaskan salmon fishermen are feeling

14 Average permit value for drift gill-netters in Bristol Bay in 2002 was $20 000

(see note 4 above).
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the stresses of an altered economic landscape. Like other industries

that have faced economic revolutions in manufacturing or trade, such

as the automobile and steel industries, the fishing industry must now

accept change and adapt in ways that will improve competitiveness.

Yet there is widespread resistance among fishermen to the types of

structural changes that will accomplish this goal. Most fishermen are

in the business because they like their independence, their ability to

earn large incomes occasionally (even if these periods are balanced

with low-income years), and their freedom to be out of doors fishing.

The future of the Alaskan salmon industry is uncertain, but one fact

remains clear from our survey: many salmon fishermen want to keep

fishing.

How will Alaska’s salmon fisheries operate 20 years from now? It

would be surprising to see fish traps and fish wheels as the dominant

form of salmon capture because many fishing constituents would

object to the redistribution of income that would likely result from

such capture systems (Eagle et al. 2004). It is also highly unlikely that

the salmon fishermen of Alaska will become salmon farmers during

the period. It is far more likely that a number of cooperatives will

emerge within the Alaska’s salmon industry, some of which will rely

on boats and others on traps and wheels. Buyback programs might also

be implemented in certain areas, such as Bristol Bay, but with little

likely effect on fishing volume or quality.

Regardless of the restructuring methods in play, new fishing

programs are likely to be regionally based with specific attention to

the politics of gear types, processors and markets. Our survey suggests

that a one-size-fits-all policy change is unlikely to be politically success-

ful in the Alaskan salmon fishery industry. Unless some change in

the direction of policy occurs, however – whether it be piecemeal or

wholesale – fewer people will have the luxury of remaining in the

commercial salmon fishing industry in Alaska in the long run.
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Appendix: Survey of owners of Alaskan salmon fishing permits

The survey of fishermen described in the text included limited-entry

permit holders in the following fisheries: Bristol Bay drift gill-net and

set net; southeast Alaska drift gill-net, purse-seine, and troll; lower

Yukon and lower Kuskokwim drift gill-net and set net; Cook Inlet set

net; Prince William Sound purse-seine and drift gill-net; Chignik purse-

seine; and Kodiak purse-seine. We interviewed 91 individuals, a small

number relative to the 12 000 salmon permit holders in the state

(Table 10.A1). Because of high travel expenses within Alaska and lim-

ited resources for conducting the survey, we focused our attention on

southeastern Alaska and Bristol Bay (82 percent of our respondents).

Together these regions account for roughly half of the state’s total

salmon permit holders and about half of the total value of salmon

catch, as shown in Table 10.A1 below. We also interviewed fishermen

in the Yukon–Kuskokwim Delta region (12 percent of our respondents),

a region subject to much of the recent political attention regarding

disaster relief programs. Though the Yukon–Kuskokwim Delta

accounts for over 12 percent of the state’s total salmon permit holders,

it is insignificant in terms of total catch volume or value. Finally, we sur-

veyed a few individuals who hold permits in other regions (6 percent

of our respondents), but these interviews were not systematic. Given

that the number of respondents from the ‘‘other regions’’ was small,

these interviews were used only in the description of statewide

trends but were not included in cross-region statistical comparisons.
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The number of survey respondents for each region is shown in

Table 10.A1 in relation to the role that each region plays in the state’s

salmon fishing industry. The survey instrument is provided in

Table 10.A2.

Table 10.A1 Number of survey respondents in relation to total salmon permit

holders, production volume, and production value by regiona

Alaska

total

Southeast

Alaskab

Bristol

Bay

Yukon–

Kuskokwim

Deltac

Other

regionsd

Number of

interviewees in

our survey

91 44 (48.4%) 31 (34.1%) 11 (12.1%) 5 (5.5%)

Number of salmon

permit holderse

12 693 4033

(31.8%)

2920

(23.0%)

1555 (12.3%) 2950

(23.2%)

Total catch volume

(thousands of

pounds)e

773 336 264 168

(34.2%)

100 096

(12.9%)

4849 (.6%) 346 304

(44.8%)

Total catch value

(thousands of

U.S. dollars)

$194 816 $51 124

(26.2%)

$47 692

(24.5%)

$2839 (1.5%) $83 738

(43.0%)

a The table aggregates values for all fisheries from a given region, e.g., purse-

seine, drift gill-net, set net.
b Includes troll fisheries.
c Does not include respondents in the upper Yukon fisheries.
d Includes respondents from Cook Inlet, Prince William Sound, Chignik, and

Kodiak Island, but does not include respondents from the Alaska Peninsula/

Aleutian Islands, Norton Sound, and Kotzebue regions.
e Alaska Department of Fish and Game 2004; Commercial Fisheries Entry

Commission 2003.

Table 10.A2 Survey instrument used in research

Demographics

What is your name, age, (and gender)?

What is your permanent place of residence?

Do you have other employment beyond fishing?

If so, what is it?

What is your percent annual income from salmon fishing?

What was the percentage at your peak of salmon fishing?
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Subsistence

Do you do any subsistence fishing?

If so, what are the relative amounts of time you spend for commercial vs.

subsistence?

What are the uses of subsistence fish?

Do you have a fish camp?

Salmon fishing activity

What gear type do you fish?

What is your permit location?

Are you still (currently) using your permit to fish (e.g., in past and upcoming

year)?

If not, when did you last fish with your permit?

Did you sell your permit, or has it been renewed but not fished?

When did you purchase your permit?

Do you own or fish other salmon permits? If so, which?

Do you have permits for other fisheries?

If so, what permits?

Do you own the boat that you fish?

When did you purchase it?

Do you have other boats? What type?

What are your target species?

What processor do you use?

Is there any value adding for your fish?

Have you done any direct marketing? If so, when did you start?

Future plans and views of fishing

Do you think there is currently a crisis in salmon fishing?

If so, do you think it is a permanent situation?

Please rank the following commonly discussed problems for salmon fisheries

from 0 (no problem) to 5 (very significant problem):

Low prices

Management (including hatcheries)

Salmon farming

Overcapitalization

Run size

Do you plan to stay in fishing?

Do you plan to make any new investments in fishing gear or activities?

Do you have outstanding loans for your fisheries permits or gear?

Policy response

Please indicate whether you would support, possibly support, or oppose the

following commonly discussed policy responses to the economic decline in

the salmon fishing industry:

Table 10.A2 (cont.)
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Co-ops (fishing, not marketing)

Quota system (for individuals)

Disaster relief (government funded)

(Have you received disaster relief funds previously?)

Buybacks (government funded)

Quality/marketing programs

Personal views on salmon farming

Do you think salmon farming affects wild stocks?

If so, how?

Are you opposed to salmon farming in Washington, British Columbia, and

Alaska?

Are you opposed to farming elsewhere?

Do you think salmon farming has contributed to the decline in salmon prices?

If given the income or opportunity, would you invest in a salmon farm?

Table 10.A2 (cont.)
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Tilapia: a fish with global reach

I N T R O D U C T I O N

Tilapia is the most widely produced fish in global export aquaculture

and second only to carps as the most widely farmed freshwater fishes in

the world (Naylor et al. 2000).1 The world harvest of farm-raised tilapia

surpasses 800 000 tonnes (FAO 2004). Tilapia is grown in more than

75 countries, and China is the leading producer with 706 585 tonnes in

2002, or 47 percent of total world production (FAO 2004). Although a

freshwater fish, tilapia can tolerate some salinity and so is hardier than

many other breeds. This increases the range of possibilities for culture.

Depicted on the walls of Egyptian tombs, tilapia in Biblical times was

known as musht, Arabic for ‘‘comb.’’ More recently known as ‘‘St. Peter’s

fish,’’ it is understood that tilapia (Tilapia galilaea) from the Sea of

Galilee were used to miraculously feed the multitude.2 Some attribute

1 Until the late 1970s, the tilapias were all classified into a single genus, Tilapia, but

most taxonomists now classify them into three genera, Tilapia, Saratherodon, and

Oreochromis, according to their breeding behavior. In this chapter, ‘‘tilapia’’ will

centrally refer to O. niloticus; other subspecies will be mentioned as specifically

identified by cited sources. There is a broad diversity of species, subspecies,

hybrids, crosses, and commercial varieties of tilapia cichlids reared for food

fish. Examples that include combinations of species and commercial names

include: red tilapia (hybrid of O. niloticus � O. aureus), Florida red tilapia (O. urolepia

hornorum � O. mossambicus hybrid), and many others.
2 First distributing loaves and fishes – sometimes claimed to be tilapia – to 5000

(Matthew 14:15–21), Jesus later fed 4000 from ‘‘a few small fish’’ and seven loaves

of bread (Matthew 15:32–38). It was from the ranks of fishermen that Jesus Christ

called the first apostles (Mark 1:16–20), including Peter and John. Fish and fishing

were often associated with his ministry and later were used as a symbol of it. Jesus

miraculously calmed the storm from a fishing boat (Matthew 8:23–26) and spoke

many parables to the crowds while standing in a fishing boat (Matthew 13:1–58);

once miraculously paid taxes with a coin taken from inside a fish (Matthew 17:27);

once had the disciples make a catch of fish so great that their nets miraculously

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



the naming of tilapia to Aristotle, from Greek for ‘‘distant,’’ a fitting

etymology for a globalized fish.

Globalization – understood broadly as a process resulting from

the growing integration of product, labor and capital markets, com-

mon technologies, increasingly similar patterns of food consumption,

and changes in the international trade regime – has become a major

restructuring force for food systems in the developed and developing

world (Steeten 2001; Roth 2002). It implies longer production chains

that link distant production centers to centers of consumption (Steeten

2001). The process of globalizing a commodity involves human actors

who engage to create, legitimize, and maintain uniform characteristics

in things outside the national boundaries of their origin (Tanaka and

Busch 2003). A globalized commodity is one where the constraints

of geography on the social and cultural identity on a food item have

receded. Others view globalization as a dark force to be resisted, with

new concerns about the national origin, traceability, and desires for

knowledge about sources of food (Bonanno et al. 1994; Waters 1995).

Globalization – as one source of social and economic restructuring –

is having significant impacts on aquaculture industries, as well as the

nations and locales where fish are grown. Globalization also implies

rapid and widespread diffusion of information about cultural items. It

also suggests some degree of standardization of food items, as the nomen-

clature and product identity requirements of large European Union

and U.S. markets tend to impose a template on tilapia producers in the

dispersed periphery. Handling, packaging, and labeling standards struc-

ture the way the commodity is produced and managed in distant locales.

Access to export markets is tied to meeting the phytosanitary, cold

chain, food handling, and safety standards of those markets.

Tilapia has become a globalized fish in three central ways. First,

introductions of the organism have made it part of ecosystems across

the planet. Tilapia are a truly globalized fish because of the widespread

introductions of the organism and its various subspecies in the tropics

and, increasingly, in temperate areas. This aspect of its globalization is

not without controversy.

Second, through globalization, tilapia has become a widely

known restaurant and supermarket item in the developed world

and a central aquaculture crop and food source in the developing

world. The fish is becoming a globally available commodity because

were filled to overflowing (John 21:1–14); and ate a piece of broiled fish with the

disciples after resurrection from the tomb (Luke 24:42–43).
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of industrialized production and processing facilities that make tilapia

a reliably supplied restaurant and consumer item.

Global increases in consumption of food fish will take place pre-

dominantly in the developing countries, where population is growing

and higher incomes are allowing purchase of high-value fisheries items

for the first time by many people (Costa-Pierce et al. 2003). Most recently,

tilapia culture has grown because industrialized shrimp producers experi-

enced devastating losses from viruses. Tilapia became an alternative

rotational crop to counter the impacts of disease. Fish production is a

key element of food security in least developed countries and a critical

area where innovative programs are needed to increase production.

Finally, an international network of institutions, firms, and people

moves across the planet introducing production systems, management

strategies, and genetic material in ways that accelerate the previous two

trends but also may have certain consequences and impacts on global

development (Egna and Boyd 1997). A transnational class of production

technicians moves in a labor market for skilled facility managers who

understand the disciplines of global supply chains and markets.

The purpose of this chapter is to examine some implications of

the rise of tilapia as a cultured fish in the developing world and a widely

accepted consumer item in developed nations. We argue that tilapia’s

integration into the world system has been largely beneficial, although

the realization of its potential as an enterprise for small- and medium-

scale commercial farming is just beginning to accelerate.

T I L A P I A A S A G L O B A L O R G A N I S M

Tilapia: the species

Tilapias are members of the Cichlidae family, which numbers approxi-

mately 1300 species and 105 genera (Stickney 1988, 2002). Possibly 900

cichlid species occur in Africa and the Middle East, including the native

tilapia, which number approximately 100 species in three genera

(Balarin 1979).

Tilapia is common to the warm, weedy waters of sluggish

streams, canals, irrigation ditches, ponds, and small lakes. Most tilapias

are strictly freshwater fish, but some have adapted to brackish or salt-

water environments, and some can tolerate environments with an

extremely high temperature and very low oxygen. In fresh water,

they are primarily algae and plant feeders. Many are mouthbrooders,

although some build spawning nests, which they guard after the eggs
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hatch. Most are small, although some reportedly can grow as large as

10 kg, and they are schooling species. Despite their abundance, tilapia

have little to no sportfishing value in some areas where they have been

introduced, including North America, but some species are pursued by

anglers in their native range, especially in southern Africa. As non-

predatory fish, they do not respond to most lures and casting presenta-

tions but are caught with coarse fishing methods.

Large-scale commercial culture of tilapia is limited almost exclu-

sively to the culture of three species: Nile tilapia (Oreochromis niloticus),

known for its high yield; blue tilapia (O. aureus), a cold-resistant strain;

and Java tilapia (O. mossambica), which, when hybridized, produces

reddish fish (Stickney 2002). Although Nile tilapia is potentially the

most profitable of the species, it is also the least tolerant of cold water

conditions. They grow maximally at 29 8C (85 degrees Fahrenheit)

with a lower lethal temperature of 11.6 8C (53 degrees Fahrenheit).

Therefore, they are primarily cultured only where warm water is natu-

rally available or can be artificially supplied in a cost-effective manner.

Of the three tilapia species with recognized aquaculture poten-

tial, the Nile tilapia is the most commonly used species in fish farming.

Grow-out strategies for tilapia range from the simple to the very com-

plex. Simple strategies are characterized by little control over water

quality, food supply, and sex composition of stocked fish – and by low

fish yields. As greater control over water quality, fish nutrition, and

reproduction is imposed, the production cost and fish yield per unit

area increase (Gur 1997). Across this spectrum, there is a progression

from low to high management intensity.

Israel, the United States, and Belgium have been centers of tech-

nology development for the tilapia. Israeli firms and consultants dom-

inate the organization and management of industrialized production

of tilapia, but Asian production and innovation centers – China,

Taiwan, and Thailand – now drive much of the industry. Belgian scien-

tists have played important roles in introducing tilapia and other

species for culture in central Africa and other locales, a record that is

not without criticism from environmentalists. U.S. development pro-

jects have fostered the culture of tilapia as an enterprise for small- and

medium-scale commercial farms around the world (Molnar et al. 1996).3

3 The Pond Dynamics/Aquaculture Collaborative Research Support Program (PD/A

CRSP) is a global research network to generate basic science that may be used to

advance aquaculture development. One of a family of research programs funded

by the U.S. Agency for International Development (USAID), the CRSP focuses on
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New varieties

In the 1990s, an effort was made to breed a hybrid of high-yielding species

that would be faster-growing, more robust, and more efficient as a feed/

food converter than traditional strains. The Asian Development Bank

funded the World Fish Center (formerly the International Center for

Living Aquatic Resource Management – ICLARM) to evaluate and disse-

minate the results of the Genetic Improvement of Farmed Tilapia (GIFT)

project (Eknath and Acosra 1998). As a highly visible public sector effort

to identify superior genetic stock, the project fell short of expectations.

After some delays, GIFT fish became available, but it became apparent

that the hybrid stocks required high maintenance to maintain superior

performance. This was due to the polyploidy of the various performance

traits, i.e., natural genetic drift in a short-generation organism and the

general tendency of regression to the mean that affects any selected trait.

Commercial and industrial tilapia production requires all-male

tilapia fingerlings so it can exploit the superior growth rates of male fish

and avoid reproduction in grow-out populations. Oreochromis mossambicus

and other species, especially O. aureus and O. urolepis hornorum, continue

to be important in aquaculture because of factors such as cold

tolerance, development of red lines of tilapia, and hybridization to

produce all-male offspring (Popma and Phelps 1998). Currently, there

are three main paths to achieving all-male grow-out stocks: hand sex-

ing, sex reversal of newly hatched fish using 17a-methyltestosterone,

and YY chromosome technology which employs hormone treatment

of the broodstock to induce all-male offspring for grow-out (Mair 2001).

Commercial fish breeders work continuously to develop and intro-

duce products that have various new performance traits. A few notable

examples are, a number of brand identities of red tilapia for fillet color

and new strains of white tilapia for cold-water tolerance. Operators of

commercial and industrial farms take a good deal of care and expense to

identify hatchery broodstock, often developing their own proprietary

lines. Public sector evaluations of these branded broodstocks are not

commonly available to evaluate the firms’ performance claims.

improving the efficiency of aquaculture systems. The PD/A CRSP began work in

1982 in Thailand; there were also projects in the Philippines, Honduras, United

States, Indonesia, and Panama, and, until recently, Rwanda. At all the sites, the

goal is the same: to identify constraints to aquaculture production and to design

responses that are environmentally and culturally appropriate. The research net-

work’s global experiment has focused on the Nile tilapia, although some sites

have devoted attention to marine shrimp and other locally significant species.
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Transgenic fish

Identifying and introducing genes linked to specific performance traits

is widely believed to be an imminent source of rapid and dramatic

improvements in productivity for tilapia and other cultured species.

According to Smith (2003), transgenic fish, including Atlantic salmon

and tilapia, with improved growth rates have been produced, and

comparative growth trials with non-transgenic fish have shown the

benefits of transgenic technology to both researchers and producers.

Other potential applications of transgenic change concern the produc-

tion of disease-resistant fish or fish with an improved carbohydrate

metabolism that accelerates growth. However, the application of gene

transfer technology to commercial fish species raises major concerns

among consumers and environmentalists about the benefit of their use

in aquaculture and the possible environmental and human health risks

associated with genetically modified fish.

Smith (2003) summarizes concerns linked to the possibility of

transgenic fish interbreeding with wild native stocks, leading to unde-

sirable ecological impacts and dilution of the wild fish genetic pool. He

notes that the escape of farmed fish into the sea is relatively common

and can induce gene diffusion to wild fish. The risks of interbreeding

apply to introduced strains as much as genetically engineered trans-

genic fish, but Smith (2003) notes that public concern is much greater

when genetically engineered fish may be involved. The possible trans-

fer of transgenes to wild fish and the possibility of transgenic fish

establishing themselves as permanent residents of an environmental

ecosystem are the most important negative considerations in applying

this technology to fish culture. Therefore, the enormous commercial

potential benefits of transgenic fish technology in research and in

aquaculture will not be achieved without effective isolation of geneti-

cally modified fish from the wild fish genetic pool. In considering

transgenic research and its applications, the possibility of access by

genetically modified animals to the environment and their interaction

with the environment must be considered.

Tilapia as an alien invader

The risk of tilapia escaping from fish farms to the environment is difficult

to evaluate. Tilapia is a warm-water fish that will not likely survive winter

water temperatures in most temperate locations. Feral tilapias that have

escaped from aquaculture and aquarist operations have been reported
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captured from the wild in a number of U.S. states but exist in sufficient

abundance to support viable fisheries only in two locales (Costa-Pierce

2003). California’s Salton Sea has a dense population of tilapia (O. mossam-

bicus), and six shallow lakes in Polk County, Florida, are reported to have

established populations (Costa-Pierce and Riedel 2000). However, in cool-

ing reservoirs or locations where warm water is discharged to streams

and rivers, tilapia may be able to find a temporary thermal refuge.

In the United States, diverse regulations govern the introduction

and culture of tilapia, and many contradictions exist. For example,

outdoor tilapia culture is entirely outlawed in Florida (one of 16 states),

and Louisiana farmers can grow tilapia only in aboveground tanks, but

Alabama and Georgia producers can grow tilapia in earthen ponds

without issue. Many U.S. states require special permits to possess and

farm tilapia. In California, farmers are restricted by permit to tilapia

subspecies previously introduced into state waters, such as T. zillii. In

Alabama, where tilapia has been cultured since the 1960s, no evidence

of displacement of native species has been recorded.

Internationally, the regulation of tilapia ranges from severe to

schizophrenic and non-existent to actively promoted. As will be dis-

cussed further below, some Australian states make serious efforts to

prevent and eradicate any species of tilapia. In Malawi and some other

African Great Lakes nations, tilapia culture is restricted to native spe-

cies to protect the complex ecological structure of the many native

cichlids present in those water bodies. On the urging of environmental-

ists, Peru passed a law in the 1980s prohibiting the culture of tilapia in the

Amazon. Yet previous donor-supported government efforts had already

established a thriving network of tilapia producers in the Alta Selva that

continues to this day. Others have expressed concern that the Amazonian

species bocachico (Prochilodus sp.) and tilapia, specifically O. mossambicus,

occupy similar ecological niches – to the detriment of the bocachico

(AUPEC 2003). Tilapia was introduced into Colombia’s department of

Valle del Cauca in 1962, where its much simpler reproductive process is a

key advantage of the still-water breeding tilapia over the riverine bocachico.

In most developing countries, tilapia culture is viewed as an

enterprise to be encouraged and made productive for its potential to

provide income and food security. Coates (1997) provides a prototypical

example of the introduction of tilapia into a non-native environment

for otherwise well-intentioned purposes. Papua New Guinea is the

world’s largest tropical island and has extensive areas of freshwater

habitat. In 1983, the introduction of more species of fish into the Sepik

Ramu basin was proposed as a way of improving the fishery. The first
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fish imported, introduced, and stocked was T. rendalli. It was selected

because of the ease of obtaining fingerlings and an anticipated short

establishment time that would lead to quick tangible benefits. Little

mention is made of the ecological consequences of the new species or

the extent to which the expected benefits of the introduction were

realized. Similarly, Singapore residents view tilapia as a feral species

that has established itself in freshwater habitats. Oreochromis mossambicus

was introduced locally during the World War II by the Japanese and today

has the status of a minor sportfish on the island.

Others connect tilapia introduction to some negative impacts on

the array of species in a water body. South African environmentalists

work to remove O. mossambicus from Groenvlei Lake near Sedgefield

(Cape Nature Conservation 2003). Groenvlei is the only freshwater lake

in the Wilderness Lakes system and has no in-flowing rivers and no link

to the sea. Several thousand years ago, the water body was cut off from

Swartvlei, the largest of the Wilderness Lakes, by windblown sand. The

waters of Groenvlei gradually lost their salinity, and today the algae that

grow in the freshwater environment of Groenvlei give the lake a greenish

tint (Cape Nature Conservation 2003). Largemouth black bass (Micropterus

salmoides) and tilapia (O. mossambicus) have been introduced, but carp

(Cyprinus carpio) seems to be the invasive fish that centrally threatens

Groenvlei’s indigenous fish. Tilapia per se are not the sole threat to this

lake; rather it is one of several conditions undermining the unique array

of species found there that have become a conservation objective.

One of the most consistent sources of opposition to tilapia intro-

duction and propagation is in Australia. Tilapia are declared noxious

in Queensland, making it illegal to possess, rear, sell, or buy tilapia.

Fishermen are cautioned that it is important that tilapia are not

moved from one water body to another because this is the main way

that they are spread. The Australian Department of Primary Industries

and Fisheries (DPI) instructs fishermen that tilapia are not to be used as

bait, live or dead. If caught, tilapia fish are to be killed humanely and

disposed of away from the water body. It is a citable offense to release

tilapia into Queensland waterways or to use them as bait, live or dead,

and penalties up to A$150 000 apply (DPI 2001, 2003).

The Central Queensland Department of Fisheries’ efforts focus

on one of several aquarium species, T. mariae (DPI 2001, 2003).4

4 Introduced in the 1970s as aquarium fish, black mangrove cichlids are found in

northern Queensland waters around the Cairns region. This species of tilapia is

less tolerant of cool temperatures than O. mossambicus and, therefore has a
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Although there has been very little research done on the effects of

tilapia on the ecology of native fish, Australian (DPI 1997, 2003) con-

cerns center on the potential for tilapia to compete for space and food

with native species (Merrick and Schmida 1984).

The effect of tilapia on the ecology of species takes place in the

context of other introductions, and the interactions create changes that

create new niches or empty others held by pre-existing species. Tilapia

was introduced as prey for predator bass (M. salmoides) to support sport-

fishing in Kenya’s Lake Naivasha,5 but native species were displaced.

Water conflicts from a dramatic rise in population and development

along its shores caused major problems for local communities.

A different experience is reported for another African Great Lake

by Njiru (2003). Oreochromis niloticus was introduced to Lake Victoria in

the 1950s. It remained relatively uncommon until 1965, when its

numbers began to increase dramatically. It is now the third commer-

cially important fish after the Nile perch (Lates niloticus) and dagaa

(Rastrineobola argentea) (Ogutu-Ohwayo and Balirwa 2004). Njiru (2003)

observed that tilapia could be filling niches previously occupied by

cichlid and non-cichlid fish that are no longer suppressed by predators

that no longer exist. Thus, tilapia introductions are alternatively

viewed as building sport fisheries, as enriching underpopulated water

bodies with a productive item for human consumption, as destructive

competitors for native species, or as opportunistic outsiders that

expand to fill niches vacated by other interventions or circumstances.

In Kerala, the southernmost state in India, Ramachandran (2000)

reports excessive replacement of the ecological niches of native fish

species by tilapia (O. mossambicus) in the forested watersheds of major

river systems in the state. The Central Marine Fisheries Research

Institute, Mandapam, brought the first consignment to India from

Bangkok in August 1952. The second consignment was brought in the

same year from Sri Lanka. Thereafter, it was introduced in other south-

ern India states to augment farm-based fish production.

narrower range (Grant 1997; Holloway and Hamlyn 2001). Tilapia mariae has

vertical stripes on the head and body and varies in color from dark olive green

to light yellowish green. Larger fish have less distinct stripes. They grow to around

25 to 30 cm, reaching sexual maturity at around 19 to 20 cm. They are substrate

spawners and prefer to attach their eggs to hard surfaces. They do not build nests

but do look after their eggs and young. In Queensland, they spawn between

September and March (DPI 2003).
5 The name ‘‘Naivasha’’ is derived from the Maasai word enaiposha, which means

‘‘receding water.’’
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Ramachandran’s (2000) study endeavored to assess the potential

of a native ornamental fishery that had good demand in national and

international markets. The native fishes had dwindled wherever tilapia

were found in large numbers. While concluding that the introduction

was irreversible, Ramachandran (2000) called for regulation of the

import of exotic species in India.

The Kerala experience reflects the second thoughts that some

countries have about tilapia introductions that took place, as in this

case, more than 50 years ago. Previously unnoticed declines in other

species are attributed to tilapia introductions, often in the context of

other ecological changes and alterations in the pattern of human

impact. Ignorance or willful neglect of international guidelines (e.g.,

ICES 1998) can result in the escape of exotic species and animal patho-

gens into the environment with a potential for unfortunate impacts on

native aquatic species.

T I L A P I A A S A G L O B A L C O M M O D I T Y

Commodification is a globalization process associated with mass pro-

duction in an industrialized context. Commodification means that

products are traded on international markets on the basis of the expec-

tation of future fluctuations in supply and demand, regardless of pro-

venance or the local value systems of the farmers and societies that

produced them (Nuffield Council 1999).

Commodification is a combination of technical and market shifts

that alter the role and function of a dietary item in global food systems.

The process may be characterized as follows. A previously wild-caught

fish is discovered to have desirable consumption properties. At first it

becomes an exotic restaurant menu item, but its popularity and desir-

ability grow among a broader set of consumers. Technical advances

then enable the reproduction and rearing of the fish on a commercial

scale. The identification of a food item with standardized features and

qualities facilitates its production and exchange in the global market-

ing system. As production increases, supermarkets begin to promote

the item, more producers enter the market, prices fall, and the species –

in this case, tilapia – becomes the ‘‘aquatic chicken’’ (Little 1998).

Commodification facilitates the marketing and distribution of

an item because multiple sources can meet the needs of multiple

destinations. In the evolution of product markets, Indonesian tilapia

farms now supply U.S. markets with flash-frozen whole tilapia, bene-

fiting consumers who need inexpensive fish protein. Advances in
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post-harvest technology now focus on enhancing the shelf-life and

appearance of fresh tilapia fillets by closely trimming the fat layer or,

more controversially, treating first with carbon monoxide to retard

color changes.

Consumer item

Costa-Pierce and his colleagues (Costa-Pierce et al. 2003) recently sum-

marized some major trends in fish consumption. The reported produc-

tion of fish for direct human consumption doubled between 1950

and 1970 and has stabilized since then at an average of 9 to 10 kg of

fish per capita per year, notwithstanding world population growth.

Fish consumption per person is expected to continue to rise. Supply

will probably be limited by environmental factors, and a likely range

for annual demand is 150 million to 160 million tonnes, or between 19

and 20 kg per person in 2030. Global increases in consumption of food

fish will take place predominantly in the developing countries, where

population is growing and higher incomes are allowing purchase of

high-value fisheries items for the first time by many people. In least

developed countries fish production is a key element of food security.

On the other hand, fish protein is needed to prevent malnutrition and

is a critical area where innovative programs are needed to increase

production (Costa-Pierce et al. 2003).

Tilapia is a good source of protein. Globally, fish provide about

16 percent of the animal protein consumed by humans and are a valuable

source of minerals and essential fatty acids. Fish is the primary source

of omega-3 fatty acids in the human diet; these are critical nutrients

for normal brain and eye development of infants, and they have pre-

ventative roles in a number of human illnesses, such as cardiovascular

disease, lupus, and depression and other mental illnesses (Costa-Pierce

et al. 2003). A 100-g serving of tilapia has 82 calories, 50 mg of cholesterol,

and 34 mg of sodium, plus 0.14 gram of omega-3 fatty acids (Silvers and

Scott 2002). Recent scientific findings about the beneficial consequences

of weekly fish consumption for reduced heart disease risk (Hu et al. 2002)

and, most recently, reduced incidence of Alzheimer’s disease have

expanded overall demand for fish as a food item (Morris et al. 2003).

Tilapia also has a number of culinary attributes valued by food

preparers and consumers (Young and Muir 1998). Flesh color, texture,

flavor, and size specifications can all be realized within a short growing

cycle that produces a mild, soft, lean white fish fillet with tender flakes

and a slightly sweet taste. Tilapia, usually priced at levels between
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chicken and salmon, is a widely available item in supermarkets in

developed countries.

Consumer awareness of tilapia is still low compared with aware-

ness of established species such as salmon or tuna, and there is con-

siderable room for expanding tilapia markets (AquaSol 2003). The

central product variants are live, whole, fillets, fresh, and frozen.

Though Taiwan is the major U.S. source of imports in total volume,

Western Hemisphere producers dominate fresh tilapia imports into

the United States. Costa Rica, in particular, is the clear leader in the

shipment of fresh fillets to the United States at the present time.

Taiwan, Thailand, and Indonesia are the largest providers of frozen

fillets to the United States. In the domestic markets of developing

countries, tilapia are important food fish that are harvested from

cultured ponds and from the wild for human consumption. For ex-

ample, tilapia are netted in Mexican lakes where they were introduced,

and some find their way to U.S. markets.

Part of the commodification process is the evolution of post-

harvest product forms that add value for both the consumer and the

distribution system. More novel product forms such as surimi and

all-but-cooked platters for home consumption increase demand for

tilapia and increase its presence in high-value niches in the food sys-

tem. This is particularly likely given food preparation trends, consumer

concerns about safety, and other competing substitute aquaculture

products.

The cost structure of production of tilapia is highly competitive,

as they have among the most favorable ratios of food conversion and

growth rates. From an environmental perspective, tilapia also have

advantageous synergies with shrimp production for industrial-scale

producers which should enhance international diffusion of the pro-

duct. Tilapia also can be grown with feed containing little or no fish-

meal. This is a clear advantage over salmon and other carnivorous

species that currently require expensive and environmentally unsus-

tainable feed formulations (Naylor et al. 2000), although there are now

diets for these carnivorous species that contain less fishmeal.

T H R E A T S T O T I L A P I A A S A C O M M O D I T Y

The future of tilapia is bright; as a cultured product it is at least as safe

and wholesome as wild-caught species. However, in addition to the

consumer hazards listed above, Garrett et al. (1997) identify some less

obvious (‘‘shrouded’’) public and animal health hazards associated with
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ignorance, abuse, and neglect of aquaculture technology. These con-

cerns apply to tilapia in several ways.

Technology ignorance

Planning for new freshwater and marine aquaculture sites should

include discussions of the potential effect of large or small impound-

ments on such issues as disease transmission, water supply, irrigation,

and power generation. Garrett et al. (1997) cite the common practice of

creating numerous small fishpond impoundments, which often occurs

when aquaculture becomes popular in a locale. This approach, how-

ever, may pose more risks to human health than the creation of a single

large impoundment. Small impoundments greatly increase the overall

aggregate shoreline of ponds, causing higher densities of mosquito

larvae and cercaria, which can increase the incidence and prevalence

of diseases such as lymphatic filariasis and schistosomiasis, respect-

ively (Garrett et al. 1997). Practitioners and even some of those offering

technical assistance may not be aware of the potential for microbial

disease transmission. Ironically, tilapias are sometimes introduced

into ponds and impoundments to control mosquitoes and dengue.

The most advanced level of environmental management is the

development and enforcement of rules and regulations about how

activities should be conducted to provide environmental protection.

In pond aquaculture, contamination of natural waters with nutrients,

organic matter, and suspended solids in effluents usually is the major

environmental concern. Pond aquaculture normally cannot be con-

ducted without effluents. The most advanced aquaculture operations

reduce concentrations and loads of pollutants in effluents to levels that

will not cause deterioration of water quality in receiving waters. Many

nations, however, do not have or do not enforce environmental regula-

tions for aquaculture (Boyd and Wood 2001).

For centuries, food growers have cultured species in wastewater-

fed ponds and grown secondary vegetable crops in wastewater and

sediment material in integrated aquaculture operations (Garrett et al.

1997:454). Fishery aquaculturists, however, rarely consider the poten-

tial for transmission of human pathogens to cultured species and

secondary vegetable crops. Although aquaculture researchers working

in developing countries infrequently refer to the potential human

health implications of aquaculture, such risks often seem minuscule

relative to the background risks from other sources of disease trans-

mission, malnutrition, poverty, and food insecurity.
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Technology abuse

Technology abuse includes the willful misuse of therapeutic drugs,

chemicals, fertilizers, and natural fishery habitat areas (Garrett et al.

1997). The widespread use and misuse of antibiotics to control diseases

in aquaculture species is worldwide, and Garrett et al. (1997) indicate

that it will probably increase as aquaculturists move towards more

intensive animal husbandry – feed-based rearing techniques and

higher stocking densities. Garrett et al. (1997) cite the example of illegal

use of chloramphenicol in shrimp culture to control diseases, which

may result in unacceptable levels in the harvested product. Similarly,

they note that improper or illegal use of chemicals (e.g., tributyl tin) to

control pond pests such as snails can also result in human health

hazards. The abuse and misuse of raw chicken manure as pond fertili-

zer may result in the transmission of Salmonella from manure to the

cultured product.

The destruction of mangrove areas to build aquaculture ponds

can have a drastic impact on the survival of wild aquatic species

through the degradation of essential fish habitats and nurseries

(Garrett et al. 1997:455). Although mangrove destruction is primarily

associated with shrimp pond production, tilapia does play a role as a

rotational crop. Mangrove loss continues to occur, but shrimp farming

is not the only pressure on this forest resource.

Abuse of antibiotics can have negative consequences for fish

farmers and human populations (Hough 2002). Increased production

of fish from aquaculture has occurred primarily as a result of increas-

ing feed inputs into ponds and other production systems, thereby

increasing yields per hectare by an order of magnitude compared

with extensive production systems in which rearing water is fertilized

only (Costa-Pierce et al. 2003). Dense populations of genetically similar

fish are more vulnerable to rapidly spreading disease, but prophylactic

use of antibiotics can breed resistant bacteria with deleterious conse-

quences for human and animal health. To date, the hardiness of tilapia

has made the need for extensive use of antibiotics moot.

Production technology is available to achieve high levels of fish

production, but high levels of inputs used in such systems have impli-

cations for the sources of feed protein and the environment that

receives fish waste (Costa-Pierce et al. 2003). Higher inputs mean two

things to the aquaculture feed industry: more feed and higher-quality

feed. Currently, global feed production for farmed fish and crustaceans

is approximately 13 million tonnes per year, and predictions are for
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feed production to increase to more than 37 million tonnes by the end

of the decade (Costa-Pierce et al. 2003). Feeds for salmonids and marine

fish have always been complete feeds – i.e., ones that supply all of the

nutritional needs of the fish. Pond-reared tilapias, in contrast, obtain a

significant proportion of their nutritional needs from pond biota,

particularly when reared at lower stocking densities.

The degree to which feeds must supply essential nutrients to

pond-reared fish increases as rearing densities increase beyond the

capacity of natural foods in ponds to supply them. Fish farmers around

the world have found that as they increase feed inputs, the biomass and

economic yields from ponds increase as well. Thus, great areas of low-

input, pond-based aquaculture mainly in Southeast Asia and China are

being converted from low-input to high-input systems. Care must be

taken to ensure that increased aquaculture production is not asso-

ciated with higher harvest rates of forage fish species used to produce

fish meals and oils, which would lead to a net loss of fish production –

i.e., the capture for fishmeals and oils would exceed the amount of fish

produced for consumption (Costa-Pierce et al. 2003). Such systems

depend upon high-quality feeds to supply an increasing proportion of

nutrients used by the fish and are sustainable insofar as they are

economically viable and the trash species used as protein inputs are

not depleted.

Experiments with all-vegetable feeds indicate that fishmeal can be

completely replaced by supplementing the feed with mineral phosphorus.

Feeding trials suggested an advantage to using feed with a 35 percent

protein level and a lysine-to-protein ratio of 4.6 to 4.8 percent. Vitamin

supplementation in feeds for tilapia during the fattening stage had a

positive effect on survival but did not seem to affect fish growth (Bureau

et al. 2002).

Technology neglect

The final ‘‘shrouded’’ hazard that Garrett et al. (1997:455) associate with

aquaculture involves technology neglect, which includes such events

as the abandonment of small aquaculture ponds in tropical countries,

leading to increased mosquito habitats and concomitant increases in

malaria. On the other hand, there is some evidence that tilapias are

efficient consumers of such larvae, and small tilapia are sometimes

stocked in Chinese water supplies for just such purposes. Production

processes can exhibit technology neglect if employees are not trained

in the proper use and application of therapeutics and chemicals, for
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example. Similarly, post-harvest risks connect to the management of

processing facilities and maintenance of the cold chain after live fish

become an item for human consumption.

Environmental managers are concerned about the possible trans-

mission of exotic pathogens into the environment from tilapia proces-

sing plant wastewater discharge and solid waste material landfill

leakage (Garrett et al. 1997). Tilapia processing plant Hazard Analysis

and Critical Control Points (HACCP) include unload/receive, de-ice/

wash, thaw, fillet, wash, re-ice, de-ice/wash, re-ice and dip/glaze.

Application of HACCP principles at aquaculture sites and processing

plant locations has the potential to control transmission of exotic

human and animal pathogens (Hoskin 1993; FDA 2001).

Ignorance of the microbial profile of aquaculture products can

also affect human health, as evidenced by reports of transmission of

streptococcal infections from tilapia to humans, which resulted in

several meningitis cases in Canadian fish processors. A change in

marketing strategies to sell live fish in small containers instead of ice

packs resulted in human vibrio infections from live tilapia in Israel in

1996. Such bacteria can be present in other aquacultured and wild-

caught species in addition to tilapia. Ignorance of the hazards asso-

ciated with the use of untreated animal or human waste in aquaculture

ponds to increase production also has human health implications

(Garrett et al. 1997).

The bacterium Streptococcus iniae, which can be found on the sur-

face of the fish, including the head, spine and fins, is not contracted by

eating cooked tilapia. However, these bacteria can enter a person’s

bloodstream through a cut in the skin during handling of the raw fish.

The bacteria cause cellulitis, a fast-spreading infection of the tissue

between the skin and the muscle. The sufferer typically notices redness

and swelling at the injury site, then ends up in the hospital emergency

room with a high fever and chills and must be treated with antibiotics.

The most severe of the Toronto cases resulted in meningitis and heart

valve infection. The Streptococcus iniae bacterium has been associated

with meningitis in farmed fish since the 1970s. Such bacteria can be

present in other aquacultured and wild-caught species in addition to

tilapia (FDA 2001). Human failure – large and small – can have unplea-

sant and costly consequences from food-borne illness. Although tech-

nological neglect is a problem for aquaculture products in general, it

may be a somewhat greater concern for tilapia because this species is

predominantly sourced from farms in developing countries in the trop-

ics where heat, humidity, and sanitation are salient issues.
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U S E O F H O R M O N E S I N R E P R O D U C T I O N

Consumer perceptions of the quality of tilapia may be affected by the

fact that hormones are sometimes used to produce all-male fingerlings.

The most serious barrier to large-scale commercial tilapia farming was

overpopulation and stunting resulting from reproduction before fish

reached a commercially acceptable size (Popma and Masser 1999).

Mixed-sex culture is commercially feasible in cages and in polyculture

with a predator species, but the slower growth of females has stimu-

lated the commercial farming of all-male populations. All-male finger-

lings were first obtained on a commercial basis by the manual

separation of the sexes by visual examination of the genital papilla

(Popma and Phelps 1998).

Certain hybrid crosses can produce all-male offspring, but the

oral administration of androgens to recently hatched fry is the method

currently used to produce most monosex fingerlings for commercial-

scale farming. Typically, fry are stocked in the first week at 100/m2 and

then transferred and stocked at 750 to 1000/m2 for the last 2 weeks. The

fry are fed a commercial diet containing 30 parts per million (ppm) of

17a-methyltestosterone (MT) for 21 days (Guerrero and Guerrero 1988).

MT technology dominates commercial production systems because of

its relative ease and effectiveness, but it poses some consumer accep-

tance issues despite the complete absence of MT in adult fish when

procedures are followed correctly. Many methods have been used to

control undesirable tilapia reproduction, but hand-sexing combined

with co-stocking of a predator species is the most desirable method for

subsistence production where simple, durable technologies are

preferred.

An alternative approach for commercial production or public

sector hatcheries is the use of males with YY chromosomes. The possi-

bility of producing all-male offspring without oral administration of

hormones to the fry has stimulated research on the development of

‘‘supermale’’ broodfish that produce all male offspring when crossed

with normal females. This may be accomplished by feminization and

selected crosses, by feminization and gynogenesis, and by feminization

and androgenesis (Popma and Phelps 1998). Kocher (2001) notes that

the process produces all-male fish by a breeding scheme that includes

sex-reversal of XY males to phenotypic females. Subsequent gyno-

genesis, or crossing the XY females with normal XY males, will produce

some YY ‘‘supermales.’’ When mated to normal XX females, these YY

males produce nearly 100 percent XY male progeny. Mair and his
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colleagues (Mair et al. 1997; Mair 2001) have articulated the central

advantages of this approach, i.e., that it does not involve genetic engi-

neering and no hormones are used in the fish reared for human

consumption.

C O N C L U S I O N : T I L A P I A A S A G L O B A L L I V E L I H O O D

In developing countries, 85 percent of aquaculture is for local con-

sumption. Fish such as tilapia and carp are bred, for example, in village

fishponds for consumption within the community or for sale in nearby

markets. This type of fish farming is relatively low cost. Although

global carp production still exceeds global tilapia production, tilapia

is increasing at a much faster rate. A key aspect of the future of aqua-

culture is that China’s role in world fisheries issues cannot be ignored.

Even allowing for large margins of error, it is clear that the rate of

continued aquaculture development in China and its diffusion to other

developing countries are key variables affecting fisheries (Costa-Pierce

et al. 2003).

A poverty focus would suggest concentrating on aquaculture in

developing countries that produce low-value food fish (Edwards 1999;

Edwards et al. 2002). However, the rosy outlook for high-value aqua-

culture items such as crustaceans and mollusks in developing country

urban markets also suggests the importance of finding ways to keep

poor fishers involved in these key sectors (Little et al. 2000). While

export-oriented industrial and commercial aquaculture practices

bring much-needed foreign exchange, revenue, and employment,

more extensive forms of aquaculture benefit the livelihoods of the

poor through improved food supply, reduced vulnerability, employ-

ment, and increased income (Costa-Pierce et al. 2003).

Introductions of tilapia may slow, but its already established

presence in most tropical nations bodes well for its continued advance

as a global commodity. The fact that so many farmers repeatedly elect

to use tilapia as a crop in their farming systems suggests that the

properties of small- and medium-scale production systems are suffi-

ciently advantageous to motivate sustained practice of the enterprise.

The global food system has awakened to the advantages and

prospects of tilapia as a food item. Large-scale industrialized aquacul-

ture operations supply international markets with a standard product

processed in ways that ensure quality and safety for the consumer, as

well as protecting the reputation and standing of tilapia in the

marketplace.

286 Joseph J. Molnar and William H. Daniels



A network of international institutions exists to maintain and

advance the culture of tilapia. Innovations in genetics, culture tech-

niques, and feed composition continue to increase the productivity and

sustainability of tilapia culture. Although many individuals and private

firms are developing broodstock and production systems that advance

the tilapia industry, the institutions that provide research, training,

and technical assistance to farmers and those working with farmers

provide an important leveling function. They ensure that the benefits

of aquaculture reach the rural sector in ways that ensure food security

and poverty alleviation, things that tilapia have been shown to be

efficacious in accomplishing.

Finally, some forces resist globalization as a threat to local auton-

omy and a source of environmental destruction. A middle ground seeks

to ensure that world institutions guide the globalization process to

ensure that the developing world maintains access to developed-nation

markets, technology, and investment capital. Tilapia is but one stream

in the ocean of globalization, albeit one that is meeting both the food

security and poverty alleviation needs of growing numbers, as well as

contributing to economic growth and international trade for nations

desperately in need of an export niche in the world system.
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The influence of globalization on the
sustainability of the North American
Pacific salmon fisheries

I N T R O D U C T I O N

Throughout history, people in every corner of the world have been

harvesting fish for nourishment and economic well-being. These rea-

sons for fishing have persisted, and global fishing activity continues to

support people’s social, biological, and economic welfare. Fisheries

have evolved over time into complex and often interlocking supply

chains involving wild and captive production, harvesting, processing,

marketing, and distribution systems. This evolution has been largely

due to increases in the global consumption of fish products; the devel-

opment of policies, agreements, and other political tools that facilitate

trade between countries; and increases in the financial investments

and subsidies for the development of fish production, location, cap-

ture, and processing technologies (Arbo and Hersoug 1997; Stone 1997;

Harris 1999 ; Cole 2003; and see Taylor et al., Chapter 1). These techno-

logical and governance advancements increase the geographical dis-

tribution and intensity of fishing, and the resulting fishing activity has

frequently outpaced the natural production of fish biomass. Therefore,

many regions of the world are now experiencing the consequences of

commercial overfishing, such as fish stock depletion, socioeconomic

hardships in fishing communities, and political intervention (Hanna

1997).

The term ‘‘globalization’’ implies that local events affect and are

affected by events in other regions. This concept applies to several

complex and interrelated aspects of commercial fisheries. For example,

ecological globalization of fisheries results when habitat modification

and overfishing in one region can significantly affect the population

status of highly migratory fish stocks such as salmon throughout their

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



range. Economic globalization of fisheries recognizes that fish market

prices, which affect demand and fishing effort, can be influenced by the

supply of substitute fish products from other regions of the world.

Politically, globalization of fisheries refers to international treaties,

subsidies, and trade policies that can influence the activities of both

local and distant fishing operations. The cumulative impact of the

globalization of the fisheries resource is magnified at the local level

through significant alterations of the social fabric of fishing commu-

nities (see Frank et al., Chapter 16 ).

Each of these concepts of globalization will be discussed further

in this chapter which examines issues surrounding the sustainability of

North Pacific salmon fisheries. Though these salmon fisheries are

shared primarily by the United States and Canada, events in other

regions of the world significantly affect the sustainability of these fish-

eries. In turn, the status of North Pacific salmon stocks can influence

fishing policies and activities in other parts of the world. The objective of

this chapter is to achieve greater understanding of the globally mediated

aspects of salmon fisheries management. The rational, equitable, and

sustainable harvest of North Pacific salmon must be enacted using a

global framework.

N O R T H P A C I F I C S A L M O N F I S H E R I E S

North Pacific salmon fisheries are permeated with complex and inter-

related ecological, social, economic, and political issues. Current sys-

tems of salmon management, production, and harvesting must

overcome a fundamental incompatibility: limited resource production

and increasing societal demand. Pacific salmon have long played integ-

ral ecological and social roles, supporting ecosystem balance, food

systems, economic activity, and cultural identity. Indeed, they are

among the most economically and culturally significant fishes in

North America. Salmon are also among the most vulnerable species;

the survival of many salmon stocks is increasingly threatened by

diverse human activities, including habitat destruction and overfishing

(Bodi 1996). In response to these threats, many genetically distinct

populations of Pacific salmon populations – including sockeye

(Oncorhynchus nerka), chinook (O. tshawytscha), coho (O. kisutch), and steel-

head (O. mykiss) salmon species – are currently listed under the 1973

U.S. Endangered Species Act as either endangered (five distinct popula-

tions), or threatened (21) or as candidates for listing (four) (NOAA

Fisheries 2004).
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Globalization and salmon ecology

Salmon have a unique life history (National Research Council 1996),

evolving with innate systems of navigation and the ability to live in

both fresh water and salt water. Their life cycle takes them through

numerous types of habitat and ecological communities (Miller 1996).

Salmon hatch from eggs laid on inland stream and river bottoms and

migrate to open water. Depending on the species, these fish spend the

next 2 to 7 years in open water, continuing to grow and mature. Toward

the end of this period, salmon reach sexual maturity and return to the

river in which they hatched. After migrating upstream to the approxi-

mate location of their birth, salmon reproduce. The long migration and

intense reproductive activity consumes nearly all of their energy, and

they die. As salmon carcasses decay, they release nutrients and con-

tribute to ecosystem productivity (Miller 1996; Knudsen 2002).

The complex life cycle of salmon intersects a diversity of human

activities, many of which threaten the survival of these populations,

either directly by fishing pressure or indirectly by reducing the pro-

ductive capacity of their habitats (Bodi 1996; Knudsen 2002). For ex-

ample, hydropower dams block migration routes and alter habitat types.

Logging operations increase erosion and sedimentation, destroying the

pebble substrate in which salmon reproduce. Urban pollutants also

affect river water quality and ecosystem balance. The ocean habitat in

which salmon spend most their lives can also be degraded by pollution,

which further reduces their productivity. Though many of these

impacts are localized, some are not. For instance, it has been shown

that global climate change and the intensity of El Niño events have

significantly influenced salmon production in the eastern Pacific

Ocean (Kruse 1998).

In addition to pressures from human land development, salmon

are also exposed to various ecological and fishing stressors throughout

their life history (Miller 1996). While in oceans, salmon are targeted

by domestic, foreign, and multinational commercial fishing fleets.

These fleets have become and continue to become more efficient,

using sophisticated tracking and harvesting technology, including

satellite imagery, aerial tracking, global positioning systems, sophisti-

cated sonar, and vessel-based processing facilities (Fairlie et al. 1995;

Hanna 1997). During their upstream migration, salmon are largely

targeted by recreational and subsistence fishers. When the forces of

overfishing, habitat destruction, and pollution are combined, their

cumulative impacts can significantly hinder the productivity and
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survival of salmon. For example, more than 200 genetic stocks in the

U.S. Pacific Northwest are currently considered threatened (Bodi 1996).

While salmon harvests are diminishing in many locations, the

production of remaining salmon is shifting because of global climatic

fluctuations that have influenced the distribution and production of

salmon regionally and globally (Hanna 1997). Since the mid 1970s, sea

surface temperatures have increased near Alaska, resulting in

increased upwelling and production of zooplankton biomass. Fishery

scientists believe these conditions favor the productivity of Alaska’s

salmon fishery. Indeed, Alaska has landed record harvests in recent

years, accounting for 97 percent of the U.S. commercial harvest (Miller

1996). Harvests in British Columbia, Washington, and Oregon as well as

in California have in turn decreased substantially. Ironically, rivers in

these states and in the province of British Columbia produce most of

the salmon that are later harvested by Alaskan fisheries after they

migrate north to the more productive waters. In response, some com-

mercial fishers in Canada have maximized their effort to prevent any

fish from making it to Alaska (Wood 1995). As a result, intense inter-

national conflicts surrounding overfishing, stock interception, and

equitable harvests are increasing.

Salmon ecology in North America is highly dependent on local

and global influences that affect their population dynamics and the

integrity and productivity of their habitats (Hanna 1997; Roberts 1997;

Knudsen 2002). Salmon depend on a broad range of habitat types that

are distributed over a large area to complete their life history. Stocks

that originate in streams of the Pacific Northwest are significantly

affected by changes in each of these habitats. An evaluation of the

Pacific salmon fisheries has shown that the sustainability of these

unique fishes and their fisheries is directly related to the quantity

and quality of their habitats, which are related to human activities

including land and water development projects, and pollution, and

magnitude of fishing intensity.

Globalization and the politics of salmon fishing

Many countries active in the commercial fishing enterprise recognize

the need to promote sustainable harvest and equitable allocations, as

well as to reduce conflicts among stakeholders. Several international

treaties have been proposed and/or ratified, many of which have

substantially altered the patterns and rates of fishing (Colson 1995).

The United Nations has been instrumental in many of these treaties,
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such as the 1982 United Nations Convention on the Law of the Sea,

which established exclusive economic zones (EEZ), which give ocean-

bordering countries rights to regulate and harvest ocean resources up

to 200 miles (320 km) from their shores (Marsh 1997; Tahindro 1997).

The 1995 U.N. Conference on Straddling Fish Stocks and Highly

Migratory Fish Stocks is a multinational agreement that uses popula-

tion indicators of EEZ-straddling fish, such as salmon, as a precaution-

ary conservation tool in management (Colson 1995; Tahindro 1997).

Throughout the world, other international agreements have

been developed to enhance the effectiveness of regional fisheries man-

agement. In the case of North Pacific salmon, Canada and the United

States have recognized the need for international cooperation in man-

aging salmon fisheries for more than 50 years. During this time, the two

governments explored numerous management options and conducted

a number of tense negotiations that ultimately led to the development

and approval of the 1985 Pacific Salmon Treaty (PST). This landmark

agreement, which formalized the international sharing and manage-

ment of salmon (Miller 1996), contained two main principles: the

conservation principle, which obliges the parties to prevent overfishing;

and the equity principle, which allows each country to receive benefits

proportional to the quantity of salmon produced in its rivers. In addi-

tion to these principles, the PST also formed the Pacific Salmon

Commission, a forum for facilitating binational and Native American

cooperation and collaboration on related management and research

issues. Once fully implemented, the PST was expected to promote

significant advances toward sustainability. The equity principle under

the PST has yet to be implemented, however, despite extensive negotia-

tions of annual management plans between the parties. This failure of

implementation may be related to the diversity of stakeholders, with

competing agendas, represented by managers and negotiators. This

diversity results in disagreements about the scientific validity of the

stock assessment data and hence its interpretation (Ebbin 1996). In

turn, this has led to uncertainty in setting allocations and harvest levels

(Miller 1996). Citing this uncertainty, the parties have generally been

unwilling to agree to any harvest limits under the PST (Wood 1995).

Although a powerful ideological management tool, the PST suf-

fers from an important limitation: it cannot impose any penalties for

failure by parties to implement the principles. Therefore, it has done

little to redirect the distribution of intercepted salmon. In fact, the

disagreements over equity increased greatly when the expiration of

the original PST in 1992 left Canada and the United States without a

Sustainability of the American Pacific salmon fisheries 295



binational framework for managing the shared salmon stocks

(Macdonald et al. 1999). As a result, the international ‘‘salmon war’’

between Canada and the United States escalated during the late 1990s,

culminating in intense debates between the nations on renegotiating

the PST as well as intense disputes between rival fishing operations

(Wood 1995). These disputes climaxed in the summer of 1997, when

Canadian fishers in Prince Edward Sound blockaded a U.S. ferry in

protest of U.S. fishing and interception rates (Wood 1997). This tension

continued until 1999, when Canada and the United States finally

reached a new agreement under the PST that helped resolve some of

the disagreements, including a more equitable sharing of the salmon

resource (MacDonald et al. 1999). The salmon conflicts between U.S. and

Canadian commercial operators have had profound impacts on the

salmon, including overfishing and depletion of many genetically

diverse stocks, which today limit the ability of local and regional wild

fish operations to compete with the increasing presence of alternative

sources of salmon. This decrease in regional salmon stocks producti-

vity and harvest could ultimately undermine the ecological, economic,

and social fabric of North Pacific fishing communities in Canada and

the United States, including Native tribes.

Globalization and salmon markets

According to basic supply and demand principles in microeconomics,

the demand for salmon in fish markets is inversely related to the

supply of salmon and other fish, although other influences, such as

marketing can influence this relationship. In general, however, when

salmon and other fish are abundant in fish markets, the demand and

price for additional salmon are diminished. Likewise, the intensity of

Pacific salmon fishing activity is largely determined by their regional

market price, which will be low when other fish are available or high as

other fish become scarce.

Globalization of fishing markets has intensified the effects of

the supply and demand model. With the establishment of 200-mile

(320-km) EEZs, the distribution of fishing rights among countries

shifted dramatically, closing off fishing areas for some countries (e.g.,

Spain, Portugal, and Japan) while expanding the fishing potential in

other countries (e.g., countries in Latin America, Asia, and Africa) (Arbo

and Hersoug 1997; Marsh 1997). As a result, many fish-consuming

countries increasingly became dependent on imports at the same

time that countries with newly developed fishing industries became

296 William W. Taylor and Nancy J. Leonard



important exporters. As explained by Arbo and Hersoug (1997:122),

‘‘What a country actually produces is no longer necessarily related to

its domestic supply of resources.’’

Such international exchange has been facilitated by other macro-

economic global trends, such as the general liberalization and harmo-

nization of global trade, industry subsidies for capitalization and

technology, and the rise of large multinational fishing corporations

(Arbo and Hersoug 1997; Stone 1997). Trade agreements, such as the

North American Free Trade Agreement (NAFTA) and the General

Agreement on Tariffs and Trade (GATT), were created to reduce barriers

to trade and promote free-market conditions. These conditions have

enabled large fishing corporations to pursue new multinational mer-

gers and investment strategies to increase their competitive advantage,

often forcing smaller-scale fishing operations to less productive areas

or out of production (Fairlie et al. 1995; see Pollnac, Chapter 9).

In the case of salmon fisheries, this economic globalization has

introduced new competitors in the fish markets. Large foreign and

multinational operations, able to attract the necessary investment for

acquiring new harvesting technologies, have expanded their presence

in fish markets once dominated by local and regionally produced

salmon. For example, U.S. imports of salmon species grew to approxi-

mately 221 959 tonnes in 2003 (up from approximately 47 471 tonnes

in 1989), while exports decreased from about 179 933 tonnes in 1989 to

148 378 tonnes in 2003 (NOAA 2004). The tremendous growth in U.S.

importation of salmon products indicates a shift in trade balance in

favor of imports. Trends in salmon production also indicate that future

salmon markets will be increasingly influenced by competition from

aquaculture operations (see Naylor et al., Chapter 10) – more than half

of all U.S. salmon imported in 2003 (73 percent or 161 756 tonnes) came

from salmon farms. At the same time, U.S. exports of farmed salmon

rarely exceed 11 percent (2041 tonnes) (NOAA 2004).

What does this mean to fishing operations that target wild sal-

mon populations in the North Pacific? We believe that unless

Canadian, Native, and U.S. fishers can overcome their conflicts and

adapt to more equitable systems of access and allocation, their salmon

fisheries will continue to drop in importance at fish markets, being

unable to compete with fish produced in other regions of the world.

As long as globalized systems of salmon production and distribution

maintain and increase their presence, American, Canadian, and Native

peoples from regions of the North Pacific will become increasingly

vulnerable to ecological, economic, and social hardships. To be
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competitive in the global salmon market, North American local,

regional, and national communities will need to mitigate significant

habitat losses and agree on equitable allocation and access systems

to ensure sustainable production of salmon stocks and competitive

advantage in the world marketplace for salmon products.

G L O B A L I Z A T I O N A N D S U S T A I N A B I L I T Y O F S A L M O N F I S H E R I E S

To mitigate the threats to salmon in the North Pacific, Canadian, U.S.,

and Native managers and stakeholders must pursue sustainable har-

vesting and allocation systems. This will require innovation, coordina-

tion, and cooperation throughout their management planning and

implementation processes. If North Pacific salmon fisheries are to be

sustainable, salmon fishers and managers must redefine their relation-

ships with the salmon resources, as well as with competing fishing

groups and nations.

The ecological, economic, and political dimensions of North

Pacific salmon conflicts are obvious. Globalized habitat changes have

shifted the distribution of salmon on the high seas, resulting in dis-

tributional shifts and allocation conflicts, economic inequity, and inter-

national political intervention. The global ramifications and resulting

conflicts are replete with issues related to the sustainability of salmon

fisheries, such as risk of overfishing, uncertainty in stock assessments,

equitable allocation, trade and subsidy policies, investments in tech-

nology, and authority to impose (and ignore) international agreements.

Yet the ever-expanding presence of domestic, foreign, and multi-

national operations, both in aquaculture and capture fisheries, will

forever influence the market value and demand for salmon products

from the North Pacific. This, in turn, will have permanent affects on the

ecological, economic, and social welfare of fishery-dependent stake-

holders in the region.

Industrialized commercial fishing operations have evolved into a

globalized web of highly efficient – and often destructive – fish harvest

and production systems. Though certain people throughout the world

are benefiting from their transnational investments and increased

distribution of fish products, the globalized system has often resulted

in devastating effects on the resource base and dependent commu-

nities in many regions of the world (Marsh 1997; Stone 1997). One

such region becoming increasingly vulnerable to these global influ-

ences is the North Pacific. As in many fishery-dependent regions

throughout the world, the sustainability of these fisheries measured
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by the long-term ability to maintain fish production for ecological,

economic, and social welfare (Dixon and Fallon 1989) will increasingly

be determined by trends in the globalized fishing industry, which often

occurs far from their local communities.

The long-term consequences of unrestricted ‘‘free-market’’ global

investments and technologies in fish production, harvest, and distribu-

tion may result in irreparable ecological, economic, and social altera-

tions in historically fishery-dependent regions of the North Pacific.

Conventional economic theories that promote investment, subsidies,

and maximized returns and government decisions to invoke subsidies

for fisheries activities must take into consideration the unique nature

of renewable natural resources such as fisheries. The production and

distribution of such resources are inherently tied to the health of

complex fisheries ecosystems and can sustain only a defined and rela-

tively limited level of harvest (Marsh 1997; Roberts 1997; Stone 1997).

To surpass this sustainable level will permanently alter the distribution

and abundance of salmon. In North America, for healthy, sustainable

salmon stocks to occur, it will require diverse stakeholders, from the

historic commercial (including Native peoples) to the burgeoning

recreational industries, to view salmon ecology and management in a

holistic manner, recognizing that the biological capacity of salmon is

limited. Those in fishing industries and governments who influence

the globalized system of fish production and harvesting must consider

these facts and cooperate in shifting to more sustainable strategies

(Hanna 1997; Marsh 1997; Stone 1997). Only if this happens will future

generations enjoy the benefits provided by this unique and valuable

fishery resource.
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Part III Governance and multilevel
management systems





G R A N T F O L L A N D A N D M I C H A E L G . S C H E C H T E R

13

Great Lakes fisheries as a bellwether
of global governance

I N T R O D U C T I O N

The purpose of this chapter is both straightforward and unique: to

apply a global governance approach (Brühl and Rittberger 2001)1

to the study of Great Lakes (and particularly Michigan) fisheries. Case

studies in global governance are rare; case studies focused in the United

States are even rarer. Although students of international relations

have done some work on fisheries (Peterson 1993) and international

law scholars much more,2 little of that is recent enough to apply

and contribute to the insights of the global governance literature.3

1 Three major models of global governance have been distinguished: authoritative

coordination by a world state; governance under a hegemonic umbrella; and

order as a result of horizontal self-coordination, governance without government

(as with the classic balance of power). In the third model, which mostly accords

with Great Lakes fisheries management, ‘‘the coordination of international activ-

ities is affected by states agreeing, for their mutual benefit, upon norms and rules

to guide their future behaviour and to create mechanisms which make compli-

ance with these rules and norms possible (i.e. in each actor’s self-interest).’’ Kaye

(2000) has argued that the Pacific ‘‘tuna war’’ in the 1980s between the United

States and the Pacific island micro-states ‘‘provides strong evidence to suggest an

absence of an identifiable hegemon’’ in the context of marine living resource

management.
2 There has been a recent mini explosion of literature that tries to break down

distinctions between international relations and international law. Though that

is a welcome trend, it has not yet focused attention to the global governance

literature, in general, or fisheries governance, in particular. Much of it has

focused on the lawyers’ interest in the sources and impact of ‘‘soft law’’ (the

non-legally binding rules of international institutions) and international relations

scholars’ interest in the related notion of norms, including their creation and

impact. See, for example, Beck et al. (1996) and Slaughter et al. (1998).
3 Barkin and DeSombre (2000) are an interesting exception, but given the thrust of

their article, they do not build specifically on the global governance literature.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



Moreover, an inquiry such as this one seems in keeping with Francis’

notion of what is needed to garner further insights for ‘‘realistic appli-

cations of the ‘ecosystem approach’’’ to the Great Lakes:

More attention needs to be given to the study of these Great Lakes actor

systems and to their ‘‘dynamics’’ over time. Such study could provide a

common focal point for the diverse disciplines and specialties that

comprise the social sciences and the humanities. The subject is well

within their domain, in a way that the Great Lakes viewed only as

hydrological–biological phenomena never was. (Francis 1987:235)4

Thus this paper’s purpose is to investigate ‘‘the processes and

institutions, both formal and informal, that guide and restrain the

collectivities of a group’’ (Keohane and Nye 2002) to begin to answer

the question ‘‘of how the various institutions and processes of global

society can be meshed more effectively in a way that would be regarded

as legitimate by attentive publics controlling access to key resources’’

(Keohane 2002) (of the Great Lakes, in this instance).

The thesis of this chapter is equally straightforward and bold,

namely, that the phenomena that have come to characterize global

governance characterize Great Lakes and Michigan fisheries and,

in many instances, actually were foreshadowed by Great Lakes and

Michigan fishery management. We understand global governance not

as global government but as a framework for the crystallization of

norms and more formal rules necessary to address global problems,

articulated and implemented by a set of public and private institutions.

Thus ‘‘[g]lobal governance refers to multilevel governance which

includes not only levels of policy-making beyond the nation-state but

also the subnational (i.e., regional or local) levels’’ (O’Brien et al. 2000;

Brühl and Rittberger 2001). It is a policy-making process wherein

the influence of non-state actors (especially non-governmental organ-

izations, NGOs) has been on the incline and which is characterized by

increased openness, accountability, and transparency, and debates

over the proper levels, degree, and forms of management.

In at least five areas, Great Lakes and Michigan fisheries and

fisheries policy have embodied or anticipated trends that have come

to be articulated under the rubric of global governance: (1) global

norms such as biodiversity and the ecosystems approach were voiced

4 Such an approach also presents a challenge to international legal scholars

because of their statecenteredness, whereas ecosystems, as exemplified by the

Great Lakes basin, rarely correspond to state boundaries (Kaye 2000).
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in the Great Lakes and Michigan discourse before they were codified

in a more global one; (2) the rise, increased influence, strategies, and

functions of Michigan NGOs foreshadowed those operating through

a global governance framework; (3) the increased openness, account-

ability, and transparency – in the argot of globalization – of policy

processes to non-governmental, grassroots, and subnational actors

were presaged by the more diffuse and open to stakeholder pressure

processes in the Michigan Department of Natural Resources (MDNR),

the Great Lake Fishery Commission (GLFC), and the International

Joint Commission (IJC); (4) Michigan fisheries policy has long been, or

has attempted to be, integrated into a larger framework of shared

sovereignty;5 and (5) Great Lakes governance, including the IJC and

the GLFC, has also been wrestling with what globalization scholars

refer to as subsidiarity (Begg et al. 1993; CDLR 1994; Knight 2000;

Swaine 2000).6 That is, Great Lakes fisheries policy-makers, analysts,

and advocates have debated over the optimal level or site of instru-

ments and institutions to regulate fishing activities and issues of access

and influence of public citizens (Becker 1993). In Francis’ perspective,

the answer seems to be found in the ‘‘flexibility’’ of governance,

i.e., how quickly it is susceptible to modification or change (Francis

1990), whereas global governance scholars and policy-makers focused

on issues of subsidiarity usually conclude that different levels of policy-

making are better suited for different sorts of issues, as there are costs

5 This is not to suggest that unilateral actions are entirely absent in Great Lakes

fisheries policy and practice any more than they are in global politics. Among the

most noteworthy was Michigan’s 1964 decision to introduce salmonids into the

Great Lakes, a decision at odds with the preferences of the U.S. Bureau of

Commercial Fisheries (Tanner and Tody 2002).
6 Subsidiarity, a principle originally derived from Catholic theology, is most fre-

quently connected with governance in the European Union. It is defined as the

constant search for a decision-making level as close to the citizen as possible. It

can be contrasted with decentralization, in which power is delegated down.

Subsidiarity assumes that there are inherent powers at the lower level and thus

power can be allocated upward as well as downwards, although it incorporates a

presumption in favor of allocation downward in case of doubt. Subsidiarity raises

issues similar to those raised in discussions of federalism, but federalism is

normally thought of as limited to governmental participation, whereas subsidiar-

ity’s emphasis on citizens opens up space for NGOs. Moreover, subsidiarity calls

for decisions to be made closest to the citizen to establish greater democratic

control, whereas federalism argues for greater localism because that is expected

to better reflect the population’s interests.
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and benefits to both centralization and highly democratic decision-

making modes (Begg et al. 1993).

As will be seen, for the most part changes in norms, policies, and

policy processes in the Great Lakes stem from responses to the degra-

dation and overexploitation of the environment, which led ultimately

to a collapse of commercial fishery and a shift toward a recreational

one. Thus, somewhat akin to the scholars of successful regional eco-

nomic institutions, we argue that the evolution of global institutions

as they relate to Great Lakes fisheries is largely a consequence of a set

of exogenous events, not all of which many would characterize as

positive, most notably the task expansion of the IJC pursuant to the

negotiation of the Great Lakes Water Quality Agreement, which can be

understood as at least a ‘‘partial response to Lake Erie’s much publi-

cized decline’’ and the establishment of the GLFC as a response to the

sea lamprey predation of the early 1950s.7 As Chiarappa and Szylvian

explain:

With rates of occupation attrition running high, Lake Michigan

commercial fishers turned to the federal government for aid, and

tempered their longstanding opposition to international co-management

schemes with Canada by supporting the 1955 establishment of the Great

Lakes Fishery Commission under Pres. Dwight D. Eisenhower. More

specifically, commercial fishers who found their traditional management

systems both marginalized and incapacitated by the sea lamprey problem

could do little but watch as state and federal fisheries managers assumed

an increasingly aggressive stance in guiding the future of Lake Michigan’s

fisheries. Finding themselves forced to coexist and, at times, totally

capitulate to fisheries managers in a manner that was unprecedented on

the Great Lakes, commercial fishers saw the beginning of a fractured

relationship with government regulators that culminated in the planting

of Pacific salmon. (Chiarappa and Szylvian 2003:117–118)

The shift in power within the GLFC from commercial fishers to sport

fishermen followed in due course (Chiarappa and Szylvian 2003).

7 The Convention on Great Lakes Fisheries between the United States and Canada,

which established the GLFC, came in the aftermath of a number of failed attempts

at creating an international institution for the protection and perpetuation of Great

Lakes fisheries (GLFC 2000; Inscho and Durfee 1995). The GLFC had two missions

from the outset: eliminating the sea lamprey and restoring self-sustaining

populations of lake trout. Though it has made considerable progress in

controlling the sea lamprey, the lake trout population is not self-sustaining, except

in Lake Superior.
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G L O B A L G O V E R N A N C E , L A W S , I N T E R G O V E R N M E N T A L

I N S T I T U T I O N S , A N D F I S H E R I E S M A N A G E M E N T

Globally, fisheries are governed by a constellation of hard8 and soft9

law (Franck 1990; Edeson 1999; Hillgenberg 1999; Abbott and Sni-

dal 2000), states, regional, and universal intergovernmental and non-

governmental organizations. Hard law gives form to the international

fisheries management regime – described by scholars as the ‘‘most

complex’’ environmental regime (Porter et al. 2000) – chiefly through

the 1982 Third Law of the Sea Convention (LOS III).10 The convention,

arrived at by governments negotiating through the aegis of the United

Nations Conference on the Law of the Sea (UNCLOS), limits the ‘‘vary-

ing degrees of sovereignty and jurisdiction along with rights and

responsibilities’’ (Kimball 2001) that these states have in regard to

fisheries and toward the seas in general. Moreover, LOS III serves as a

‘‘unifying framework for a growing number of more detailed inter-

national agreements . . . [for] the management of marine resources’’

(Kimball 2001). Hard law governing global fisheries was elaborated

upon with the 1995 Agreement Relating to the Conservation and

Management of Straddling Fish Stocks and Highly Migratory Fish

Stocks, or more simply, the Fish Stocks Agreement (FSA). The FSA

8 Hard law is generally understood as including treaties (universal, regional, or

bilateral), customary international law, and general principles of international

law. They are ‘‘hard’’ because they are legally binding. Examples include the

Agreement to Promote Compliance with International Conservation and

Management Measures by Fishing Vessels on the High Seas, 1993; the

Agreement for the Implementation of the Provision of the United Nations

Convention on the Law of the Sea of 10 December 1982, relating to the

Conservation and Management of Straddling Fish Stocks and Highly Migratory

Fish Stocks, 1995; and the Great Lakes Water Quality Agreement as Amended,

1987.
9 Soft law is taken to include international norms, General Assembly resolutions,

and similar documents (such as the Rio Declaration, Agenda 21, the Rome

Consensus on World Fisheries adopted by the Food and Agriculture Organization’s

Ministerial Conference on Fisheries, the Rome Declaration on the Implementation

of the Code of Conduct for Responsible Fisheries, and the Declaration of the

International Conference on Responsible Fishing, the so-called Declaration of

Cancún) issued by intergovernmental institutions. Such documents, although

not legally binding, can, over time, have considerable ‘‘compliance pull.’’ Although

increasingly important, soft law as it relates to regimes governing fishing has been

‘‘only marginally covered in legal literature.’’
10 Although the United States has not ratified LOS III, it considers most of it

customary international law, including those elements relating to fisheries.
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seeks to guide the implementation of LOS III, with special care that

states exploiting stocks within their 200-mile (320-km) exclusive eco-

nomic zones granted by the Convention do not overexploit highly

migratory stocks. Such stocks include the commercially lucrative

tuna, whose migration patterns reveal an utter contempt for norms

of state sovereignty. In addition to this legally binding hard law there

are two key soft law accords: the 1995 Code of Conduct for Responsible

Fisheries and the 1999 Food and Agriculture Organization Inter-

national Plan of Action for Management of Fishing Capacity. Each

articulates recommendatory norms for the sustainable exploitation

of fish stocks, what Bratspies suggestively refers to as ‘‘environmental

stewardship’’ (Bratspies 2001).

The legal framework characterizing global fisheries governance

is at once the cause and the effect of states and non-state actors

working through both regional and universal fisheries organizations.

Such regional organizations include the Northwest Atlantic Fisheries

Organization. The sole universal intergovernmental organization

charged with management of fish stocks is the Food and Agriculture

Organization’s (FAO) Committee on Fisheries (COFI). These bodies

serve as both political and scientific forums where treaties may be

negotiated and new scientific data generated, disseminated, and, we

hope, incorporated into global fisheries governance. That is, such

intergovernmental organizations are at once arenas for state activity

and at the same time, semi-autonomous actors unto themselves. As

commercial fisheries the world over have become strained to the point

of collapse, COFI’s secretariat has become proportionately more asser-

tive in pushing for new and more comprehensive norms to sustainably

exploit fish stocks (Porter et al. 2000).

G L O B A L G O V E R N A N C E A N D G R E A T L A K E S A N D M I C H I G A N

F I S H E R I E S M A N A G E M E N T

The global fisheries governance regime may be the world’s ‘‘most

complex,’’ but it has no direct effect on Michigan fisheries or fisheries

policy. Coastal U.S. states are integrated into the international fisheries

governance regime through participation in regional fisheries bodies

such as the various Pacific and Atlantic fisheries commissions, which in

turn have relationships with COFI, but the regional intergovernmental

body in which Michigan’s fishery is integrated – the GLFC – has no

relationship with COFI. Moreover, the Great Lakes’ chief soft law docu-

ment, the Joint Strategic Plan for Management of Great Lakes Fisheries
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(or simply the Joint Strategic Plan) – proposed in December 1980,

adopted in 1981, and most recently revised in 1997 – has found virtually

no place in the global governance literature. Many states’ fisheries are

affected by the global fisheries regime insofar as it articulates norms

and regulations regarding commercial fishing practices; Michigan’s

commercial fishery, as noted above, declined decades ago and has

been reincarnated as a recreational one (Brown et al. 1999), a topic here-

tofore not studied by students of global governance, most of whom focus

on issues of international political economy rather than a framework for

fisheries activities such as sport angling or fly fishing. Even though the

Great Lakes, including Michigan, have all of the elements of multi-

jurisdictional governance that define the global governance literature,

they are overlooked because that literature has focused on multilateral

institutions to manage commercial harvest rather than the recreational

fishery that has dominated Michigan fisheries at least since the global

governance literature appeared.

All of this is not to say, however, that a global governance

approach is analytically bankrupt in examining the case of Great

Lakes and Michigan fisheries and fisheries policy. In fact, as noted at

the beginning of this chapter, the experience of Michigan fisheries may

be seen, in certain regards, as a bellwether for fisheries global govern-

ance, including the fact that global norms such as those of biodiversity

and the ecosystems approach were voiced in the Michigan discourse

before they were codified in a more global one.

T H E E V O L U T I O N O F G L O B A L N O R M S : G R E A T L A K E S A S

A B E L L W E T H E R O F T H E E C O S Y S T E M A P P R O A C H

The emergence and codification of international norms have historically

been motivated by exogenous, contingent crises among other things.

The norm of sovereignty, as codified by the Peace of Westphalia in 1648,

was motivated by the crisis of the Thirty Years War, just as humanitarian

norms contravening sovereignty have developed in response to specific

crises such as the Holocaust and ethnic cleansing campaigns in the

Balkans. Less dramatically but still importantly, case studies of biological

and climate change regimes show that norms and institutions coalesced

around these issue areas in response to exogenous crises. Global norms

and regimes in the aforementioned issue areas became codified largely

in response to international crises of the late 1980s and 1990s, such as

global warming, the growing hole in the ozone layer, and the destruc-

tion of an entire ecosystem, i.e., the Brazilian rainforest (Arts 1998).
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The ecosystem approach to natural resources policy is generally

defined as a ‘‘holistic orientation toward resource management’’

(MacKenzie 1996). That is, it recognizes the interdependencies of eco-

logies and thus seeks policies that are ‘‘comprehensive in scope’’ and

‘‘integrated in content’’ (Mackenzie 1996).11 It is only relatively

recently, however, that this norm entered the consciousness of the

international natural resources policy framework, and perhaps only

implicitly, via the familiar 1987 Brundtland Commission. Just 15 years

later, ecosystem management is a norm on its way to crystallization as

it has now come to be widely advocated by governments and agencies

worldwide (Hartig et al. 1998). The appearance of this norm in the

Michigan natural resources policy discourse and attempts to integrate

it into policies predate its incorporation in the global discourse. Some

scholars have suggested that an ecosystem approach to migratory

animals – such as fish – ‘‘began to emerge in this part of the world

around 1968’’ (Dobson et al. 2002). Perhaps it first functionally entered

the Great Lakes and Michigan policy framework through the IJC’s 1978

Great Lakes Water Quality Agreement (GLWQA).12 The 1978 agreement

‘‘embraced ecosystem concerns as well as concerns for toxic substances

per se and included expanded responsibilities’’ for the IJC (Ryder and

Orendorff 1999). Toward the end of implementing this new strategy,

43 areas of concern (AOCs) were identified in the Great Lakes basin and

remedial action plans (RAPs) were designed to mitigate them. The

GLWQA’s emphasis on the ecosystem approach was introduced into

11 Francis relates the scope of Great Lakes governance to one’s ‘‘interpretation of

what an ecosystem approach must entail. At the very least it should embrace

matters being dealt with under binational agreements that concern the Great

Lakes . . . In addition, there are different configurations for governance over

major ecosystem components of the basin; i.e., the atmosphere (or ‘atmospheric

region of influence’ over the basin, which can be of continental or even bio-

spheric scale); the lakes and connecting channels (rivers); tributary rivers and

watersheds; groundwater aquifers; and coastal waters. Arrangements are also

organized around seven distinct water uses: commercial navigation; hydro-

power generation and cooling water; domestic and industrial water supply;

effluent disposal; sport and commercial fisheries; wildlife; and water-based

recreation other than hunting and fishing’’ (Francis 1990:197–199).
12 Michigan is obviously not a party to the binational GLWQA, but of the 43 areas of

concern noted in Annex 2 of the agreement, 14 are within Michigan’s jurisdic-

tion. Accordingly, communities across Michigan have taken action to restore

their local environments under Michigan’s Action of Concern Program, a multi-

agency, locally driven team approach under the overall guidance of the respec-

tive remedial action plans mandated by the agreement.
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Michigan fisheries policy through the GLFC’s 1981 Joint Strategic Plan,

to which the Michigan Department of Natural Resources is a party.

Here, ecosystem management pursuant to the GLWQA came to be

codified as one of four strategies for fisheries management, providing

for ‘‘stronger links between agencies and the Great Lakes Fishery

Commission’s Habitat Advisory board’’ (GLFC n.d.). The ecosystem

approach was further incorporated into Michigan natural resources

and fisheries policy through a November 1994 binational workshop

between the U.S. Environmental Protection Agency (EPA) and

Environment Canada under the aegis of the IJC and Wayne State

University (Hartig et al. 1998). Most recently, the commission’s

Strategic Vision for the First Decade of the New Millennium – or simply,

the Strategic Vision – described the ecosystem approach as its funda-

mental concept because it is ‘‘well suited to address complex problems

with extensive linkages such as the introduction of unwanted non-

native species; toxic chemicals in fish; and non-point pollution sources’’

(GLFC 2001). Such a normative shift in policy – from a single-species

approach to management to a more holistic ecosystem approach – was

precipitated by a material shift. It could not, of course, emerge ex nihilo

divorced from context. It was the collapse of the Great Lakes salmon

stocks two decades ago with the lack of ‘‘obvious single species solu-

tions’’ that ‘‘forced the fisheries management community to move their

management strategy away from a single species focus to an ecosystem

focus’’ (Ferreri et al. 1999). Thus the ecosystem approach has long been

part of the Michigan fisheries and natural resources policy framework

but has only recently come to be articulated at the global level. Fisheries

management at a global governance level, however, remains concerned

primarily with single-species management or a range of target species

(Kimball 2001). The context that precipitated the shift toward the eco-

system approach in the Michigan discourse suggests that perhaps the

recent acceleration of collapsing fisheries globally explains why the

norm now is gaining currency at the global level.

The norm of biodiversity – defined as ‘‘the variability among

living organisms from all sources, including, inter alia, terrestrial, mar-

ine, and other aquatic ecosystems and the ecological complexes of

which they are part’’ (Article 2, 1992 United Nations Framework

Convention on Biological Diversity – see United Nations [1992]) – is a

relatively recent accretion to the global normative milieu. In com-

prehensive case studies of the Climate and Biodiversity Conventions,

Arts (1998) has persuasively argued that ‘‘[t]he notion of biodiversity

became popular only recently’’ and that this norm has become codified
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in only the Convention on Biological Diversity. Though the 1972

United Nations Conference on the Human Environment (UNCHE)

and resultant Stockholm Declaration have been called the ‘‘genesis of

modern environmental law’’ (Bowman 1996), the Conference and

Declaration make no mention of any biodiversity norm, nascent or

otherwise (Arts 1998). The origin of the biodiversity treaty has been

traced to recommendations of the 1984 General Assembly meeting of

the IUCN (Arts 1998), but it was only in 1987, with the third principle of

the Brundtland Report, that the norm of biodiversity was explicitly

articulated in an official context. The way in which it was articulated,

not as ‘‘biodiversity’’ but as the longhand ‘‘biological diversity,’’ testi-

fies to the newness, then, of the norm. Biodiversity as a norm sub-

sequently crystallized at the 1992 United Nations Conference on the

Environment and Development (UNCED) and Convention on Biological

Diversity, opened for signature at Nairobi May 22, 1992, and entered

into force just 18 months later following its thirteenth ratification.13

The norm of and the need for the conservation of biodiver-

sity entered into the Michigan natural resources policy discourse and

framework before the norm was globalized by the reports, conferences

and conventions of the late 1980s and early 1990s. Biodiversity became

a policy concern for Michigan natural resources policy-makers – among

others – in the 1960s. It was in the 1960s that Great Lakes policy-makers

began to acknowledge the need to protect indigenous species against

the unintentional introduction of exotic species (Ryder and Orendorff

1999). In the Great Lakes context, biodiversity was elaborated upon

with the GLWQA of 1978 and the expanded role of the IJC, where its

new strategy of ecosystem based management ‘‘involved the measure-

ment of biodiversity at different trophic levels in order to determine

the health of the Great Lakes basin ecosystem’’ (Ryder and Orendorff

1999). One could even argue that, from its inception in 1954, the GLFC

put a premium on the conservation of biological diversity – one of its

key mandates has been the mitigation of the adverse effects of the sea

lamprey on the biological diversity of the lakes. Indeed, it was the issue

of biodiversity itself that led to the genesis of the GLFC. The loss of

biodiversity vis-à-vis the loss of the lake trout in the Great Lakes was

what led to the establishment of the GLFC in 1954 (GLFC 2001).

Commitment to biodiversity by the GLFC continues to this day and is

explicit in the first principle of its vision statement on healthy

13 Asserting this is not meant to imply that all of the provisions of the Convention

are customary international law or necessarily binding on third parties.
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ecosystems, where it pledges to ‘‘conserve native biodiversity.’’ Toward

that end the GLFC promises that ‘‘native species will not be lost from

any Great Lake’’ while it contines with its rehabilitation of lake trout

and efforts at its natural reproduction (GLFC 2001).

T H E R O L E O F N G Os I N G L O B A L G O V E R N A N C E A N D I N T H E

G R E A T L A K E S A N D M I C H I G A N F I S H E R I E S M A N A G E M E N T

The experience of Michigan natural resources policy vis-à-vis fisheries

has been ahead of the global curve not only in anticipating certain

international norms but also in giving NGOs roles in the policy-making

process. Whereas most of the academic literature treats the emergence

of NGOs, their proliferating numbers (especially development-related

NGOs), and their global influence as a relatively recent phenomenon –

often temporally coincident with economic globalization or the

growth of the global women’s, environmental, or human rights move-

ments – NGOs and grassroots actors have long been present and

have had an influential role in Michigan fisheries policy, and some

have gone on to become national forces as change agents in natural

resources management. Further, NGOs operating within the Michigan

and Great Lakes context perform the same functions and strategies that

NGOs operating in the global milieu have come to perform. NGOs

operating in Michigan and at the international level – especially in

matters relating to environmental policy – are known for ‘‘agenda

setting’’; pressuring, cajoling, and otherwise influencing government

policy; participating in negotiations and overseeing implementation of

policy; monitoring and verifying compliance with agreements; and

influencing ‘‘values, social behavior and collective choice more gener-

ally among large groups of people – creating a form of ‘world civil

politics’ in which state behavior becomes less central to collective

choice’’ (Conca 1996:104; see also Victor et al. 1998; Wapner 1998;

Porter et al. 2000).14 Just as NGOs in the global governance framework

14 In a study that includes NGOs operating in the Great Lakes fisheries arena, Born

and Stairs (2002) note that NGOs are beginning to get involved in the planning

aspect of watershed and aquatic resources. Their study underscores that this

development is not simply ‘‘immature,’’ but has been difficult in part because

some bureaucrats’ views that citizens have little to offer them and that NGOs are

biased. This selfsame hesitation has been noted in the global governance litera-

ture. Indeed, hesitation has been greater by the International Monetary Fund,

where almost all of the professionals are economists, than in the World Bank,

where a wider variety of social scientists are employed (see O’Brien et al. 2000).
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have been portrayed as coming to pressure policy-makers by wielding

political and, especially, intellectual capital, so have Michigan-based

NGOs come to constitute paradigmatic Haasian ‘‘epistemic commu-

nities’’ (i.e., groups or networks of specialists with recognized expertise

in policy-relevant knowledge areas) (Haas 1992), influencing policy

through the collection and dissemination of consensual scientific

knowledge.15 At times, their knowledge is solicited by those formally

charged with making decisions. The role of the 1971 Symposium on

Salmonid Communities in Oligotrophic Lakes (SCOL I) is a classic

example: ‘‘an important stimulus leading to a broader thrust in think-

ing about fish and fisheries within the context of a lake ecosystem.’’

Its relationship to policies affecting the Lake Ontario ecosystem has

been recently recounted (Mills et al. 2003). The GLFC’s commissioned

research is a somewhat different but also relevant example.

Any treatment of the deep roots of grassroots NGO involvement in

Michigan natural resources policy must include an analysis of the rise of

the Michigan United Conservation Clubs (MUCC). MUCC was established

on November 9, 1937, by an alliance of 35 conservation organizations

(MUCC 2002). Since then, it has expanded to include 100 000 members

as well as 500 affiliated clubs, making it the largest statewide conservation

NGO in the United States (MUCC 2002). MUCC is able to mobilize these

vast numbers through its grassroots organizational structure, made up

of 20 statewide districts consolidated into four regional bodies. This

grassroots strategy of political influence is accompanied by other strate-

gies of overt political influence such as lobbying offices in Washington,

DC, and Lansing, MI, as well as mounting court challenges and assisting

in policy implementation. Notably, MUCC was an influential amicus in

the Supreme Court battles of the 1980s. In Michigan v. United States, MUCC

and the Michigan Department of Natural Resources (MDNR) took Native

American tribes to court to contest their use of gill nets, which MUCC

considered to be environmentally harmful as well as unfair to its mem-

bers (Folland interview with Schroeder 2003). In addition to this political

15 Great Lakes focused NGOs, like Great Lakes United (GLU), also perform the

role of NGOs frequently connected to global ad hoc conferences, namely as

consciousness-raisers. In 1986, 4 years after its founding, GLU held more than a

dozen hearings around the Great Lakes to make people aware of the Great Lakes

Quality Agreement and the IJC, to which periodic reports were to be submitted.

Not only were the hearings well attended, but attention to and participation in

the IJC’s biennial meetings increased dramatically. More recently (in June 2003),

GLU issued a Green Book, or citizens’ guide, to actions that can be taken to

restore the Great Lakes–St. Lawrence River ecosystem (GLU 2003).
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‘‘hard power’’ of grassroots mobilization, direct lobbying, and court

challenges, MUCC also employs more subtle strategies to influence fish-

eries policy. For example, it hires scientific experts to act as liaisons

between their sportfishing lay members and MDNR. This allows mem-

bers to articulate their concerns to a proxy, who because of his or her

expert knowledge is able to speak the same – in the words of one such

expert – ‘‘biologist language’’ as MDNR officials and thus through such

intellectual credibility gains entrée into the policy-making process

(Folland interview with Schroeder 2003). The success of MUCC in this

regard, as well as other NGOs to be considered, squares nicely with

empirical research that attempts to explain the rise in influence of

global NGOs, as for example, Arts finds regarding global NGO influence

on the Biodiversity and Climate Conventions (Arts 1998:257–260).

MUCC, therefore, like many NGOs at the global level, trades in

multiple currencies of influence, from political capital to intellectual

capital. Its success in doing so, and its doing so ahead of the global

governance curve, has been precipitated by the same material changes

to the local political context that caused the normative shift and antici-

pation of the ecosystem approach in Michigan fisheries – that is, the

effective collapse of Michigan’s commercial fishery and its replace-

ment by a recreation focused one in the 1960s and 1970s (Dobson

et al. 2002). As the recreational fishery expanded, grassroots-based

anglers, sportfishers and conservationists came to have more influence

over fisheries policy than they did when Michigan’s fishery was man-

aged as a faltering commercial one. Nevertheless, the very rise and

emergence of NGOs and their influence in the case of Michigan fish-

eries have also, paradoxically, led to a decrease in MUCC influence.

MUCC in the 1960s and 1970s commanded perhaps as many as 137 000

members; today membership is substantially lower. Though this is a

multivariate phenomenon (Schroeder interview 2003), one key reason

for the dwindling numbers is a proliferation of NGOs in the Michigan

arena. As greater numbers of conservationist NGOs have entered the

fold, from Trout Unlimited to the Charter Boat Association16 to the

Steelheaders17 and others, MUCC has had to compete for members.

16 The Michigan Charter Boat Association (MCBA) is an educational NGO, focused

on educating its members about issues affecting the charter industry.
17 The Michigan Steelhead and Salmon Fishermen’s Association (MSSFA), often

simply referred to as Michigan Steelheaders, or simply Steelheaders, is an educa-

tional and advocacy NGO, aimed at promoting sportfishing in the Great Lakes

and their tributary streams and rivers and the wise management of anadromous
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A broad-based NGO such as MUCC finds it tough to compete in the face

of a proliferation of specialized NGOs which are often believed better

able to advance the goals of clienteles concerned with specific agendas

or issue areas. Such NGOs are perceived as more legitimate lobbyists.

Such a perception has been long understood as the most essential

variable in explaining lobbyists’ influence (Cohen 1959).

Trout Unlimited (TU) is another significant Michigan-based NGO

which embodies the trend in global governance toward the emergence

and increased influence of non-state actors. TU, like MUCC, has deep

roots, and anticipated this trend in global governance. TU has been

helping to shape Michigan fishery policy for more than four decades.

Also as in the case of MUCC, TU combines the political capital of its

grassroots mobilization of 125 000 volunteers and 500 chapters nation-

wide (Trout Unlimited 2002a), lobbying efforts in Washington and legal

expertise with intellectual capital. TU collects and disseminates scienti-

fic knowledge in the spirit of a true ‘‘epistemic community’’ toward the

end of developing and recommending policies that are, in the words

of TU’s first president, ‘‘substantially correct, both morally and

biologically’’ (Trout Unlimited 2002a). TU is a more specialized NGO

than MUCC, seeking the conservation of trout and salmon fisheries

specifically. Ironically, this species-specific mandate led to TU’s first

successful policy to change its ‘‘put-and-take’’ policy of trout stocking

and start managing for wild trout along the lines of a ‘‘healthy habitat’’ –

or in other words – an ecosystem approach (Trout Unlimited 2002b).

Here again we see the interrelatedness of the collapse of the commercial

fishery, its replacement with a recreational focus, a shift in norms

toward a respect for biodiversity, and the value of an ecosystem

approach as well as the concomitant, perhaps resultant, perhaps causa-

tional, rise of NGOs.

That is not the end of TU’s story, however, but merely its begin-

ning. TU’s success in Michigan policy-making in 1963 created a

spillover effect, catalyzing the creation of TU chapters in Illinois,

Wisconsin, New York, and Pennsylvania. By 1965 it had won its first

national campaign in stopping the construction of the decidedly trout-

unfriendly Reichle dam in Montana (Trout Unlimited 2002a). Again, it

is interesting to note that in seeking policies to conserve a type of fish –

salmonids – TU in turn advocates policies that manage for a healthy

ecosystem at large. That is, single-species management and ecosystem

trout and salmon and the waters they inhabit. (For a comparison of Steelheaders

and MUCC, see Zuverink interview in Chiarappa and Szylvian [2003].)
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management are not dichotomous, as is often asserted, but inter-

dependent. This is especially so in the case of trout. Trout and salmon

species ‘‘are often viewed as indicators of overall environmental

health’’ (Trout Unlimited 2002b) because of their pronounced sensitiv-

ity to environmental change. Insights such as this reflect the scientific

knowledge and moral authority that have led to TU’s intellectual

credibility and influence over fisheries policy, underscoring that

this NGO often performs roles identified with more prototypical epis-

temic communities. It is noteworthy that TU and Great Lakes United

(GLU) were virtually the only NGOs at the September 1998 meeting

of the Lake Michigan Lakewide Stocking Conference that argued for

ecosystem restoration (i.e., against the stocking of non-native game

fish from hatcheries) as a necessary precondition for real improvement

to the Great Lakes aquatic ecosystem. In addition to launching an

educational program publicizing this controversial position – one sub-

sequently identified with GLU but only a minority of TU members –

they launched a comprehensive review of current hatchery/stocking

practices, bringing together specialists from state, federal, and

academic institutions from both the United States and Canada

(Frank 1998).

T R A N S P A R E N C Y I N G L O B A L G O V E R N A N C E A N D I N T H E

G R E A T L A K E S A N D M I C H I G A N F I S H E R I E S M A N A G E M E N T

Another hallmark of the trend toward global governance, and a logical

extension of the increased numbers and influence of NGOs, is the

increased openness, accountability, transparency, and responsiveness

of policy-making structures to non-state, including substate actors.18

Though there are still limitations on NGO access to the United Nations

(UN), including to UN-sponsored global conferences, the trend toward

greater access is obvious (Willetts 1996; Schechter 2001). Even the

World Bank and International Monetary Fund (IMF) have not proven

immune to calls for greater transparency and accountability. Their

responsiveness, although certainly not adequate for all, is evident to

18 On the relationship between public participation and transparency, see Wiser

(2001). Note also that there is a growing literature that speaks to the seeming

paradox of an increased transparency of key state and intergovernmental organ-

ization actors in the global policy-making process, at least resulting in part from

pressure from NGOs, most of which suffer from lack of transparency and

accountability themselves (see, for example, Nelson 1995).

Great Lakes fisheries as a bellwether of global governance 319



anyone looking at their websites. For example, IMF loan agreements,

heretofore secret, are now regularly posted on the fund’s Website

(Scholte and Schnabel 2002). Furthermore, students of global governance

are increasingly monitoring the work of Transparency International, an

NGO aimed at making the actions of multinational corporations more

transparent and accountable (Galtung 2000). Again, the case of Michigan

fisheries and fisheries policy-making is reflective if not anticipatory of

this trend in the study and practice of global governance.

Michigan fisheries’ policy-making structures were not always

open or accountable to outside actors or stakeholders, however.19 In

the decades preceding the collapse of Michigan’s commercial fishery,

policy-making bodies were much more closed to the participation of

stakeholders, including non-state grassroots pressure groups. However,

as with many of the phenomena in Michigan fisheries policy-making

that anticipated or reflected trends in global governance, here, too, the

shift from a commercially stocked fishery to a recreationally stocked

fishery was concomitant with an increased openness of policy-making

authorities to outside actors. For example, in the mid 1980s, when

salmon stocks were collapsing, the MDNR set up lake advisory councils

(Ferreri et al. 1999). These councils opened political space in the fisheries

policy arena by allowing the MDNR to receive input from interested

publics as well as other agencies to shape the direction of fisheries

management (Ferreri et al. 1999). This trend in incorporating of stake-

holders and opening up the process has continued vis-à-vis MDNR hear-

ings. The cold water regulations hearings held by the MDNR during the

1990s, for example, are noted for their incorporation of stakeholder

input (Folland interview with Taylor 2003).

This increased openness of fisheries policy-making structures to

pressure groups and stakeholders, however, is not limited to MDNR

hearings or lake advisory committees, although these remain crucial

as the states, the province of Ontario and the tribes retain primary

management authority on the Great Lakes. The GLFC’s processes are

important, as well, because beginning in the late 1970s, the provincial

and state jurisdictions asked the commission to facilitate the

19 This is not, however, to suggest that issues of transparency are absent from the

Michigan context. There have been accusations, for example, that the newest

Tribal Fishing Consent Agreement was negotiated in secrecy. ‘‘When the consent

agreement was announced, many felt deprived of an opportunity to make com-

ments and considered on whose behalf the state was negotiating during the

talks.’’ Concerns focused on how tribal gill net fishing related to the interests

of recreational fishing (Great Lakes Conservation Task Force 2002:72–3).
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multijurisdictional management of the lakes; the tribes joined much

more recently. And GLFC processes have been and are increasingly

accessible to external actors. This accessibility includes the lake

committees, which supplement individual jurisdictions’ processes for

receiving and considering public input. Through the annual meetings

of lake committees – open to the public and attended by commercial

and recreational interest groups (Dobson et al. 2002) – stakeholders and

pressure groups offer input and seek to influence policy. Lake commit-

tees constitute the ‘‘action arm’’ of the aforementioned 1981 Joint

Strategic Plan (GLFC n.d.). One of the four strategies enshrined in the

Joint Strategic Plan is accountability and this strategy combined with

another of the four – the ecosystem approach – augurs well for the

inclusion of non-state actors and stakeholders in the policy process.

Perhaps unsurprisingly, the normative shift from single-species

management to the ecosystem approach – an inherently more holistic

approach to management – has resulted in an increased premium on

the involvement of non-state actors. Dobson et al. (2002) have cogently

related this latter phenomenon to the implementation of the eco-

system approach pursuant to the 1978 GLWQA.

Trends toward increased openness of policy-making processes

regarding GLFC continued in recent years. Indeed, it is telling that, to

its twin mandates of Great Lakes ecosystem management and integrated

management of sea lamprey, the Commission has added a third in its

strategic vision: institutional/stakeholder partnerships (GLFC 2001). As a

third pillar to its raison d’être, GLFC seeks ‘‘strengthened and broadened

partnerships’’ not only among fish management agencies and environ-

mental agencies but also non-agency stakeholders. Toward that end, the

GLFC strategic vision seeks to increase travel funds to commission

advisors who act as liaisons to GLFC stakeholders and interest groups.

The commission will also seek to establish a communications frame-

work to help implement the Joint Strategic Plan by facilitating commu-

nication between agencies and non-agency stakeholders (GLFC 2001).

More generally, O’Gorman and Stewart (1999) make a persuasive

case that the resolution of future conflicts, like those over alewife

management in the Great Lakes and between recreational fishing

objectives and those whose objectives include restarting indigenous

fish species, requires better ecosystem management ‘‘mechanisms

for integrating scientific knowledge [‘epistemic communities’ in the

language of students of global governance], public consultation and

decision making’’ (O’Gorman and Stewart 1999). The key question, how-

ever, is whether the evolving form of governance in the Great Lakes in
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general, and Michigan in particular, is up to the task. Though mechan-

isms exist for integrating scientific knowledge and for seeking public

input, the vital question is whether the evolving governance structure

effectively and appropriately balances those two necessary and desirable

inputs in a way that results in optimal and legitimate decision-making.

S O V E R E I G N T Y I N G L O B A L G O V E R N A N C E A N D G R E A T L A K E S

F I S H E R I E S

The changing nature of sovereignty in the international system has

been seized upon as a major trend characterizing global governance

and globalization in general. On the one hand, there is an increased

diffusion of sovereignty as states have increasingly devolved authority

and traditional state competencies to the substate level, a phenomenon

connected with the notion of federalism and, more recently, subsidiar-

ity. On the other hand, states have ceded sovereignty not only below

but also above vis-à-vis political integration, or a ‘‘pooling’’ of sover-

eignty, with the European Union and the World Trade Organization

being the most prominent examples. Again, both these phenomena

have had long-standing precedents in Great Lakes and Michigan fish-

eries and fisheries policy-making.

In one sense, the Michigan fisheries policy-making process has

always been the beneficiary of devolved sovereignty, if not actually

subsidiarity, given the nature of the U.S. federal structure in which it

is embedded.20 That is, owing to Article X of the U.S. Constitution,

sovereignty vis-à-vis fisheries policy is inherently devolved because

it is counted among the ‘‘reserved powers’’ of state governments

(Dochoda 1999). Though Article X is indeed qualified by the supremacy

of federal law over state law and sovereignty ceded through inter-

national and tribal treaties, the prerogative to regulate the management

and exploitation of fish stocks rests chiefly with state governments.21

20 Interestingly, Born and Stairs (2002) credit the recently expanded devolution of

decision-making and fiscal responsibility to federal decentralization and budget

cutting. To the extent that these are contributing factors, they would be sugges-

tive of the consequences of neo-liberal trends in the global political economy.
21 Francis offers a fascinating parallel story relating to Great Lakes environmental

protection policy. He writes of both the devolution of authority from the federal

governments of the United States and Canada and from governments to non-

state actors. He credits much of this to a serious underestimation by both the U.S.

and Canadian governments of ‘‘the strength of public concern about the lakes

and public support for environmental measures’’ (Francis 1990:199–200).
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If the nature of Michigan (and Canadian)22 fisheries existing in

a federal framework inherently devolves authority, the nature of

Michigan fisheries existing within the context of a shared resource

such as the Great Lakes implies a pooling of sovereignty as well. That

Michigan fisheries include the Great Lakes inherently embeds it in a

system of multijurisdictional as well as ecological interdependence. To

be sure, it must share this resource with two federal governments,

seven other states, a Canadian province, two intergovernmental organ-

izations (the IJC and GLFC), and a number of tribal arrangements, not to

mention countless municipal authorities and sundry aforementioned

NGOs (Ferreri et al. 1999). If the absence of all these management

authorities would lead to certain environmental stress, the presence

of these myriad authorities certainly leads to a degree of what has been

termed ‘‘jurisdictional stress’’ (Ferreri et al. 1999).

This jurisdictional stress is both the product of and has sought to

be ameliorated by coordinated management and shared sovereignty.

For example, efforts at coordinated fisheries management in the Great

Lakes go back far before the vogue for neo-liberal institutionalism or

shared sovereignty. There were countless efforts to create an inter-

national institution for the management of Great Lakes fisheries.

Among these were a stillborn attempt to create a ‘‘joint board between

Canada and the United States’’ in 1893, an aborted treaty agreement for

coordinated management between the United States and Great Britain

for fisheries in U.S. and Canadian waters in 1908 (it was terminated in

1915 because of the failure of the U.S. Congress to approve the regula-

tions), and the Convention Between the United States of America

and Canada for the Development, Protection and Conservation of the

Fisheries of the Great Lakes which was dead in the water in 1946

because of opposition in the U.S. Congress to transferring regulatory

authority from the states to an international body (Dochada 1999; GLFC

2000). Thus, despite consistent efforts from 1893 to 1954, an inter-

national body for the coordinated management of the Great Lakes

failed, primarily because of ‘‘an unwillingness of the states and the

province to cede . . . authority to the U.S. or Canadian federal govern-

ments or to an international commission’’ (GLFC 2000) (though the IJC,

established by the Boundary Waters Treaty of 1909, has significantly

affected Great Lakes fisheries – not least of all through the

22 As Dochoda (1999:94) notes, ‘‘Canadian federal laws take precedence over pro-

vincial laws for the Great Lakes fishery where these are in conflict, but only to the

extent necessary to protect the fishery.’’
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encouragement of a ban on phosphates – its focus was never explicitly

on fisheries).23 Therefore, when the 1954 Canada–U.S. Convention on

Great Lakes Fisheries finally created an international body, the Great

Lakes Fishery Commission, it should not be surprising that the

Commission was circumscribed in its charge. That is, the GLFC was

limited to a ‘‘study and advise’’ mandate (including, however, the

important role in facilitating, funding, publishing, and disseminating

fisheries research), recommendatory powers and regulatory powers

only in the management of the invasive sea lamprey. It is the only

U.S.–Canadian fishery commission without regulatory authority, pri-

marily because of the ‘‘vehement opposition raised by the vested

American interests – particularly by spokesmen of the Ohio commercial

fishermen’’ (Dochoda 1999). Indeed, it is because of rather than in spite

of such limited power that this Commission has succeeded where count-

less other attempts failed. As Margaret Dochoda puts it: ‘‘In retrospect it

was perhaps the absence of regulatory authority in the Great Lakes

Fishery Commission that allowed states to be comfortable in using its

binational forum’’ (Dochoda 1999).

The relative success of the commission in this regard is signifi-

cant. It testifies to the logic of functionalism, that strategy for regional

integration that was at play at the same time across the Atlantic in

the European Coal and Steel Community (ECSC). In both cases, both the

GLFC and the ECSC give succor to the functionalist theories and prac-

tice of political integration of Jean Monnet, Robert Schumann, and

David Mitrany, who maintained that the best way to integrate intract-

able policies is to start with narrow, relatively non-controversial issue

areas (Cram 2001). GLFC has not led to the supranational regional

integration of a continent in the way the ECSC has, but it has, none-

theless, engendered its own spillover effects. Its narrow mandate

widened with the 1981 Joint Strategic Plan, encouraging closer coordi-

nation between management agencies and a paradigm shift toward an

ecosystem-based approach.

S U B S I D I A R I T Y : A C O N T E S T E D C O N C E P T I N G L O B A L

G O V E R N A N C E A N D G R E A T L A K E S F I S H E R I E S M A N A G E M E N T

The United Nations, the European Union (EU), the IJC, and the GLFC

are working on the same problem: how to bring about the best and

most legitimate policy decisions in a world of overlapping and

23 For an account of its role in the phosphates ban issue, see Munton (1980).
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competing governance claims. All agree that this requires more pub-

lic participation than anticipated when their constitutive documents

were written, and that decisions require deference to knowledgeable

individuals, including scientists as well as those most likely to be

affected by the policies. All also agree that though subsidiarity max-

imizes participation, accountability, and transparency, there are trade-

offs in time and, often, ease of coordination across jurisdictional

lines. The authors of the proposed EU Constitution punted on this

issue; early drafts of the Constitution worked hard to concretize

subsidiarity (e.g., defining what sorts of issues should be handled in

what decision-making forums), but the final document almost entirely

avoided the issue.

The IJC for years wrestled with arguments that it had overdone

subsidiarity or at least public input into water management decision-

making. Indeed, it has been argued that the 1987 amendment of the

1978 GLWQA transferring some of the responsibilities previously con-

ferred on the IJC back to the contracting parties, that is, the federal

governments of the United States and Canada, was a consequence of

widely shared frustration about the IJC’s inability to act. The jury is still

out on the effectiveness of this measure (Great Lakes Conservation Task

Force 2002), but a couple of things are clear that are relevant to the

ongoing debates in Europe, at the EU and relating to the Great Lakes.

Manno’s study (1994) of the 1987 revision process found

that ‘‘when governments undertake public participation and public

consultative activities, they often do so in a manner that suggest[s]

government’s responsibility to strike a balance between competing

stakeholder interests, as though all stakeholder interests were of equal

value and each had equal power, ability, and motivation to articulate

and defend its interests . . . Yet stakeholder rights and interests are

multidimensional and power is not equally distributed, nor are costs

and benefits’’ (Manno 1994). More generally, it seems that though it may

not be clear whether subsidiarity results in optimal decisions, policy-

makers recognize that the locus of decision-making matters. In addition,

some empirical evidence suggests that stakeholders have also come to

understand that the level and the arena of decision-making significantly

affect fisheries policies and, especially, priorities among competing

goals.24 Though policy participants and policy analysts of Great Lakes

fisheries management do not seem to have solved the challenges pre-

sented by advocates of subsidiarity in multijurisdictional environments,

24 See, for example, Tables 1 and 3 in Born and Stairs (2002).
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it seems that those involved in constitution writing in Europe would

have done well to have paid some heed to the experience of those on

the other side of the Atlantic.

C O N C L U S I O N S

Though the global governance regime of fisheries worldwide may

not speak directly to the experience of Great Lakes and Michigan

fisheries or fisheries policy-making, a global governance approach to

conceptualizing Great Lakes and Michigan fisheries is not analytically

bankrupt. The phenomena that have come to characterize global

governance – crystallization of emergent norms; the rise of NGOs;

increased openness, accountability, and transparency of policy pro-

cesses; a trend toward diffused and shared sovereignty; and debates

over the proper level of decision-making – have been well articulated

in Michigan and Great Lakes fisheries and, in many instances, actually

foreshadowed by Michigan and Great Lakes fisheries.

Why have Great Lakes and Michigan fisheries embodied or fore-

shadowed a global governance approach? For the most part, these

changes in norms, policies, and policy processes stem from responses

to the degradation and overexploitation of the environment which

led ultimately to a collapse of the commercial fishery and a shift

toward a recreational one. Only in recent years has attention been

paid to collapsing and overexploited global fish stocks, and thus a

global governance approach appealed to. A realization of degradation

and overexploitation in Michigan fisheries and the Great Lakes

occurred decades earlier. Moreover, Michigan fisheries vis-à-vis the

Great Lakes have always been predisposed to the efficacy of a global

governance approach, given Michigan’s place within a federal context

on the one hand and the context of an inherently shared and multi-

jurisdictional resource in the Great Lakes on the other. Thus it seems

past time for global governance scholars to pay attention to the case of

Great Lakes fisheries and fisheries management and for those studying

the Great Lakes to apply the insights of global governance approaches.
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Begg, D., Crémer, J., Danthine, J. -P. et al. 1993. Making Sense of Subsidiarity: How
Much Centralization for Europe? Monitoring European Integration, CEPR Annual
Report No. 4. London: Centre for Economic Policy Research.

Born, S. M. and Stairs, G. S. 2002. An Assessment of State Planning for Coldwater
Fisheries Management in the United States. Trout Unlimited. Available online
at: www.tu.org

Bowman, M. 1996. The nature, development and philosophical foundations of
the biodiversity concept in international law. In International Law and the
Conservation of Biodiversity, eds. M. Bowman and C. Redgwell. London: Kluwer
Law International, pp. 5–49.

Bratspies, R. 2001. Finessing King Neptune: fisheries managements and the limits
of international law. Harvard Environmental Law Journal 25: 213–258.

Brown, R., Ebner, M., and Gorenflo, T. 1999. Great Lakes commercial fisheries:
historical overview and prognosis for the future. In Great Lakes Fisheries Policy
and Management: A Binational Perspective, eds. C. P. Ferreri and W. W. Taylor.
East Lansing, MI: Michigan State University Press, pp. 361–362.
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D E A N B A V I N G T O N A N D J A M E S K A Y

14

Ecosystem-based insights on northwest
Atlantic fisheries in an age of globalization

F I S H E R I E S S Y S T E M S I N A N A G E O F G L O B A L I Z A T I O N : T H E N E E D

F O R N E W H E U R I S T I C S T O C O P E W I T H C O M P L E X I T Y

In an age of consolidated vertically integrated seafood corporations,

industrial capture and culture fisheries, declining wild fish populations,

shifting government policies, and unpredictable biophysical changes

operating on scales ranging from local to planetary, the complexity

and uncertainty of fisheries systems have never been greater. In the

face of global stock collapses, budgetary restraints, and extreme over-

fishing of species thought to be managed effectively, national fisheries

managers are increasingly left to cope with and adapt to failures rather

than taking a confident proactive stance toward fisheries under their

managerial control (Ludwig et al. 1993; Thompson and Trisoglio 1997;

Finlayson and McCay 1998; Ludwig 2001; Bavington 2002; McCay 2002).

Human expropriation of up to 35 percent of marine primary productiv-

ity is overwhelmingly driven by the capitalist mode of production with

its focus on capital accumulation and profitability through the genera-

tion of exchange value. Economic growth continues to be achieved in

marine fisheries by adopting advanced industrial technologies in har-

vesting, maintaining government subsidies, and expanding demand for

marine biomass in global markets. The aim is fulfilling the desires of

wealthy consumers for wild, cultured, and terrestrial animal products

(Pauly and Christensen 1995; Naylor et al. 2000; Pauly et al. 2001).1 The

global fisheries situation at local, regional, national, and transnational

scales raises troublingecologicalandequity issuescentral tosustainability,

1 Wild seafood is removed from oceans for direct human consumption as well as

use in aquaculture and terrestrial industrial farming through reduction fisheries

to produce fishmeal for animal feeds and fertilizers.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



and involves interconnected biophysical, social, and political complexity

(Caddy and Regier 2002; Barange 2003; Bavington et al. 2004).

As in previous decades with smaller freshwater fisheries,

attempts to address the complexity within fisheries management in

the open ocean have revolved around calls to move from single species

to ecosystem-based management with an emphasis on modeling a

wider number of variables beyond commercially relevant fish popula-

tions, and integrating a wider diversity of knowledge outside traditional

fisheries biology and economics, such as the experiential knowledge

of fishers, interdisciplinary science, and the concerns of environmental-

ists (Neis 1992; Pitcher et al. 1998; Neis et al. 1999; Neis and Felt 2000;

Charles 2001; DFO 2002a; McCay 2002; Berkes 2003; Busch et al. 2003;

FAO 2003a, b; Garcia et al. 2003; Latour et al. 2003) (see Table 14.1).

The need to address irreducible uncertainty with respect to scien-

tific knowledge (Kay and Schneider 1994), regime shifts (Steele 1998;

Scheffer et al. 2001), fishing down theory (Pauly et al. 1998; Caddy

and Garibaldi 2000), hierarchical nesting from the local to the global

across system types and temporal scales (Boyle et al. 2002), and the

democratic inclusion of a range of knowledge types and forms of stake-

holder participation in the management process (Neis and Felt 2000;

McCay 2002) has raised continuing challenges for the implementation

of ecosystem-based fisheries management (FRCC 1997; Link 2002; Garcia

et al. 2003). Challenges facing fisheries managers include a complex array

of interconnected biophysical, socioeconomic, legal, and political systems

flowing from a diverse set of historical circumstances, and operating at a

variety of spatial and temporal scales. For example, the weak interpreta-

tion and application of the precautionary principle (Garcia 1994; FAO

1995; DFO 2002b) by fisheries regulatory agencies has permitted eco-

nomic globalization, corporate interests, and technological innovations

to outpace and overcome efforts at sustainable fisheries use and control.2

2 The precautionary principle has been adopted by a number of international and

national fisheries management organizations, but has mainly been implemented

as the precautionary ap proach (DFO 2001, 2002b). The precautionary pri nc i ple places

the burden of proof on development proponents to prove that any harm resulting

from their operations will be reversible; the precautionary approach places the burden

of proof on regulators to show that restrictions on marine development will not

irrevocably or unnecessarily harm the economy. The precautionary principle implies a

deontological ethical framework that places strict limits on economic development;

the shift in language toward precautionary approaches subtly promotes a permissive

utilitarian ethical stance focused on maximizing the greatest good for the greatest

number of economic actors (VanDeVeer and Pierce 1998; Coward et al. 2000).
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The task of monitoring, managing, and governing these systems pre-

sents enormous challenges that require innovative ways of thinking and

acting. In recent years, ecosystem-based approaches of various types

have been presented as alternatives to single-species models which –

despite their many identified failings – continue to influence how mon-

itoring and management are perceived and implemented in fisheries

systems throughout the world (FRCC 1997; Caddy 1999; Caddy and

Cochrane 2001; Caddy and Regier 2002; Link 2002; Pauly et al. 2002;

Barange 2003; Garcia et al. 2003).

This chapter presents an adaptive ecosystem-based approach that

represents fisheries systems as self-organizing, holarchic, open (SOHO)

systems as a way to characterize the complexity of globalized fisheries

systems and begin to help frame what can be done at this moment in

history. Building on the work of others in the field of ecosystem-based

fisheries management, the chapter argues that SOHO systems require

new approaches to monitoring, management, and governance that dif-

fer from and improve upon approaches flowing from the single-species

perspective. The chapter begins with a brief description of the SOHO

systems heuristic and complex systems theory in general, and proceeds

to explore the implications of these perspectives for the monitoring and

management of globalized fisheries systems. The case of the collapsed

northern cod fishery in Newfoundland and Labrador, Canada, is used

to provide both a concrete illustration of the benefits offered and

challenges posed by the SOHO ecosystem approach, and to raise larger

questions surrounding the human–marine relationship.

C O P I N G W I T H C O M P L E X I T Y : T H E S E L F - O R G A N I Z I N G

H O L A R C H I C O P E N (S O H O ) S Y S T E M S H E U R I S T I C

Self-organizing holarchic open (SOHO) systems models are complex

systems heuristics used to help understand and deal with complexity

and sustainability issues (Kay et al. 1999; Boyle et al. 2002) (Fig. 14.1).

SOHO systems descriptions are useful in situations that involve high

levels of uncertainty, and conflict, and large decision stakes (Ravetz

1999).3 SOHO systems understanding builds on the tradition of

3 Many have argued that these situations call for a new type of science that moves

beyond the expert-based reductionist science of the Enlightenment and the mod-

ern period. Ravetz and Funtowicz (1999) have proposed ‘‘post-normal science’’

(PNS) for situations that lie outside the controlled environments of the laboratory,

situations where stakes are high, certainty is low, and the need for ‘‘extended
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CONTEXT

Physical environment

flows

Exergy (energy)
Materials
Information

SELF-ORGANIZING SYSTEM

DISSIPATIVE
PROCESS

DISSIPATIVE
STRUCTURE

Figure 14.1 The above diagram represents a conceptual model for self-

organizing systems as dissipative process/structures. ‘‘Self-organizing

dissipative processes emerge whenever sufficient exergy is available to

support them. Dissipative processes restructure the available raw

materials in order to dissipate the exergy. Through catalysis, the

information present enables and promotes some processes to the

disadvantage of others. The physical environment will favor certain

processes. The interplay of these factors defines the context for (i.e.,

constraints) the set of processes which may emerge. Once a dissipative

process emerges and becomes established it manifests itself as a

structure. These structures provide a new context, nested within which

new processes can emerge, which in turn beget new structures, nested

within which . . . Thus a SOHO system emerges, a nested constellation of

self-organizing dissipative process/structures organized about a

particular set of sources of exergy, materials and information, embedded

in a physical environment’’ (Kay et al. 1999:724). In a marine ecological

setting, examples of structures could include individuals of a particular

species, stocks of fish or breeding populations, coral, eelgrass, etc. The

ecological processes would take in reproduction, metabolism, primary

productivity, etc. The context would be determined by the available set of

nutrients and energy sources in the physical environment, and the

information would consist of the biodiversity (Kay et al. 1999).

facts’’ and an ‘‘extended peer community,’’ beyond that of narrow disciplinary

scientific expertise, demand a focus on the quality of the scientific process as

opposed to the singular expert drive for universal Truth (Ravetz and Funtowitcz

1999). As an applied science involving high levels of uncertainty surrounding

measurements, large decision stakes for the communities involved, and conflicts

around how to proceed, fisheries science and management seem to be good

candidates for the post-normal science approach.
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Bertalanffy’s general systems theory (1950) and Koestler’s notion of

holons and holarchy (1978),4 with an emphasis on nested hierarchy

theory, self-organization, and the openness of social and ecological

systems to energy, materials, and information (Kay et al. 1999).5

Applied to fisheries, SOHO systems models focus attention on the

hierarchical nature of fisheries systems by considering issues of

scale (temporal and spatial), system type (physical, biological, societal),

and the bounding and nesting of fishing activities within these

systems. Additionally, SOHO systems models draw attention to

the dissipative structures and processes that can evolve in marine

ecosystems out of specific physical environments that provide high-

quality energy (exergy), material, and information permitting the

emergence of self-organization (Kay and Schneider 1994; Kay et al.

1999) (Fig. 14.1).6

From the nested hierarchical perspective of SOHO systems

modeling, marine ecosystems provide the context for the emergence

of complex societal fishing systems, or fishing societies, which exhibit

self-organizing dissipative structures and processes contingent on the

extraction of structure or biomass from the marine ecological system.

In addition to framing the nested hierarchical nature of fishing activ-

ities, SOHO systems models focus attention on the feedbacks that exist

between fishing activities, ecological structure, and the physical envir-

onmental context out of which both ecological and societal self-orga-

nizing systems emerge (Kay et al. 1999).

SOHO fisheries systems can exist in a number of stable states

around attractors7 (sometimes referred to as ecological regimes) and

can resist movement away from them (Kay et al. 1999). This resistance

to change is accomplished by feedback loops in the SOHO system that

4 A holon is a whole/part entity or system that exists contextually in a nested

network of other holons forming a holarchy (Kay et al. 1999).
5 The hierarchical nature of complex systems requires that they be studied from

different types of perspectives and at different scales. With SOHO systems

descriptions there is never only one correct perspective; rather a diversity of

views is required for understanding (Boyle et al. 2002).
6 High-quality energy is referred to as exergy and is a reflection of how organized or

useful energy is in its ability to do work (see Kay 1991; Kay and Schneider 1992;

Kay et al. 1999).
7 ‘‘A SOHO system exhibits a set of behaviors that are coherent and organized,

within limits. The nexus of this organization at any given time is referred to as an

attractor’’ (Kay et al. 1999:725).
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serve to maintain the system’s current state, but when critical thresh-

olds are breached and the SOHO system moves beyond the domain

of an attractor, system change tends to be erratic and catastrophic,

flipping from one regime/attractor into a new one (Holling and Meffe

1996; Kay and Regier 1999; Kay et al. 1999; Boyle et al. 2002). Flips in

aquatic systems have been observed in Lake Erie involving a benthic

and pelagic attractor (Regier and Kay 1996; Kay and Regier 1999)

and regime shifts have been postulated for marine systems, including

changes from ground fish to crustacean regimes driven by modifica-

tions in water temperature and salinity in the northwest Atlantic off

Newfoundland and Labrador, Canada (Rose 2003), and others through-

out the world’s oceans (Steele 1998; Scheffer et al. 2001). The precise

time when flips occur, the domain-space of the new attractor, and

the exact state that the system will change into are generally not

predictable (Kay et al. 1999). This is so because in any given SOHO

fishery system, often several are possible. The state that the system

arrives in is a function of its history, and there is never a universally

‘‘correct’’ state for a system to be in, in spite of the fact that specific

groups of people will prefer certain system states (Kay et al. 1999; Boyle

et al. 2002; Wilson 2002). For example, cod fishers in Newfoundland

and Labrador prefer ground fish regimes with healthy stocks of cape-

lin, and other cod prey, and low numbers of cod predators such as harp

seals; crab and shrimp harvesters depend on crustacean regimes with

appropriate environmental and trophic dynamics to maintain their

fishery (Gray 2000; Wilson 2002). The preferences of fishers and other

marine stakeholders for particular marine regimes or attractors will be

mediated by their values, perspectives, linkages to other systems, his-

torical attachments, understanding, interests, and a multitude of other

factors. For instance, market demand can influence how fish harvest-

ers and processors interpret marine regime shifts. The direction of the

regime change relative to trophic levels and biodiversity might alter

how marine biologists interpret new system states, perceiving them

either as signs of ecological recovery or further evidence of fishing

down sequences (Pauly et al. 1998; Pauly and MacLean 2003;

Bavington et al. 2004).

The SOHO systems model represents a unique understanding of

the complexity of fisheries systems and suggests a different role for

science, monitoring, management, governance, and the quest for sus-

tainability. It removes the idea of an objective, context-free assessment

of changes in fisheries systems, and focuses on the importance of who is

making monitoring and management decisions and what is motivating

338 Dean Bavington and James Kay



their preferences and perspectives. The hierarchical nature of SOHO

fisheries systems must be understood through a consideration of issues

involving system scale and type, and the bounding and nesting of the

system, which inevitably involve identifying important processes,

structures, feedbacks, and contexts (Boyle et al. 2002). What constitutes

an important process, structure, feedback, or context will be character-

ized by the position of the fishery system observer and can never

capture everything – ‘‘importance’’ will always involve values and

interests that require multiple observers to capture a diversity of per-

spectives on the SOHO fishery system (Kay et al. 1999). In addition,

though possibilities of future system states can be offered, exact pre-

dictions of fishery system dynamics are not possible when fisheries

systems are understood with SOHO systems models. This is because

self-organizing systems display ‘‘middle number’’ behavior (Fig. 14.2)

that can be described and understood by exploring possible attractors

accessible to the system, the feedbacks that may maintain the system at

the attractors, the external influences that could define the context for a

specific attractor (or regime), and the conditions under which flips

between attractors (or regimes) are likely (Kay and Foster 1999; Kay

et al. 1999; Boyle et al. 2002). In the middle number systems that

COMPLEXITY

Organized simplicity
(Newtonian mechanics)
Small number systems
Tool: calculus
(deterministic rules)
Linearity and equilibrium
analysis/machines
Direct control

Unorganized complexity (aggregates)
Large number systems (linear and equilibrium thermodynamics)
Tool: statistics (probabilistic rules)
Order out of chaos or complexity (take the average of behavior)
Parts are similar and interact in just a few ways
Statistical control

Organized complexity (SOHO systems)
Middle number systems (Neither over-  nor under-connected)
Tool: post-normal science (complex systems rules)
Too many parts for deterministic analysis,
not enough for probabilistic analysis
Many parts with diverse ways of interacting
Non-linear thermodynamics and dynamic self-organization
Limited control/coping and adapting

*

* There are strong economic and political
  incentives under global capitalism  to
  conceptualize medium number systems
  as large or small number systems.

R

A

N

D

O

M

N

E

S

S

Figure 14.2 Large, middle, and small number systems. (Source: adapted

from Kay and Foster 1999 and Weinberg 1975.)
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characterize most of the environmental and social issues associated

with marine fisheries today, the assumptions of large number systems,

where statistics can be applied, and of small number systems, where

deterministic mathematical methods such as calculus can be used, are

of limited applicability (Fig. 14.2).

Fisheries issues exhibit complex nested system dynamics that

contain too many diverse elements for deterministic analysis and not

enough elements of identical and average type to apply statistics

(Weinberg 1975; Kay and Foster 1999). They involve citizens who, as

long as they are allowed political freedom to deliberate on fisheries

issues, defy deterministic explanation and exhibit non-linear dynamics

and adaptive self-organization. The decision stakes surrounding

fisheries issues are often extremely high, with associated levels of

uncertainty that move beyond the scope of normal science

(Funtowitz and Ravetz 1993). Typical managerial responses to fisheries

systems involve attempts to absorb complexity and uncertainty – prob-

lems are recast as being amenable to direct or statistical control

(Ludwig et al. 1993; Torgerson 1999). Strong socioeconomic actors and

institutionalized attractors seek certainty in fisheries systems to allow

for profit maximization, planning, and management over the short

term. The demand for stability and certainty in fisheries systems

tends to displace fishery problems from the messy middle number

sphere into more controllable and economically useful articulations

(Bella 1997). The practice of displacing complexity and uncertainty in

the short term, however, can perversely lead to increasing overall

uncertainty and complexity in fisheries systems over the long term

(Bella 1997).

The application of the SOHO systems model to fisheries provides

an example of an ecosystem approach that raises different questions,

data needs, monitoring requirements, and managerial outlook from

those offered by the reductive single-species approach (Slocombe 1993,

1998; Kay et al. 1999; Link 2002; Busch et al. 2003). Framing fisheries

systems as self-organizing, holarchic, and open focuses attention on

situations that are irreducibly complex and requires participatory

approaches toward a much broader range of monitoring, management,

and governance techniques (Jessop 1997, 2002). It is appropriate to

refer to globalized fishery systems as complex, as opposed to compli-

cated, because they involve many types of interacting systems (societal,

biological, physical) displaying non-linear dynamics, and operating at a

variety of temporal and spatial scales with multiple possible attractors

and self-organizing regimes, and irreducible uncertainties associated
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with their observation and a variety of legitimate perspectives on their

description (Table 14.2).8

SOHO systems descriptions allow managers and interested stake-

holders to ask a series of new questions that go beyond the tradi-

tional focus on annual single-species stock assessments, total allowable

Table 14.2 Properties of complex systems to keep in mind when thinking

about SOHO fisheries system descriptions

Non-linear Behave as a whole, as fishery systems. Cannot be

understood by taking them apart into pieces that can

be added or multiplied together in a linear fashion.

Hierarchical Are holarchically nested. The fishery system is nested

within a system and is made up of other systems. The

‘‘control’’ exercised by a holon of a specific level

always involves a balance of internal or self-control

and external, shared, reciprocating controls

involving other holons in a mutual causal way that

transcends the old selfish–altruistic polarizing

designations. Such nesting cannot be understood by

focusing on one hierarchical level (holon) alone.

Understanding comes from multiple perspectives of

various types and scales.

Internal causality Non-Newtonian: not a mechanism but rather is self-

organizing. Characterized by goals, positive and

negative feedback, autocatalysis, emergent

properties and surprise.

Window of vitality SOHO systems must have enough complexity but not

too much. There is a range within which self-

organization can occur. Complex systems strive for

optimum, not minimum or maximum conditions.

Non-equilibrium/

dynamic stability

(far from

equilibrium)

Equilibrium points may not exist for the fishery system,

but fishery systems may be characterized by

dynamic flux and change within the constraints

imposed by the physical environmental context.

8 ‘‘If a system – despite the fact that it may consist of a huge number of components –

can be given a complete description in terms of its individual constituents, such a

system is merely complicated. Things like jumbo jets or computers are compli-

cated. In a complex system, on the other hand, the interaction among constituents

of the system and the interaction between the system and its environment, are of

such a nature that the system as a whole cannot be fully understood simply by

analyzing its components. Moreover, these relationships are not fixed, but shift

and change, often as a result of self-organization’’ (Cilliers 1998: viii).
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catch (TAC) levels, and quota allocation in fisheries science monitoring

and management. The new questions focus on the ecological and

physical contexts within which fishing takes place and the feedbacks

within and between societal systems, ecological systems, and the phy-

sical environmental context (Table 14.3, Fig. 14.3).

Table 14.2 (cont.)

Multiple steady states/

regimes

There is not necessarily a unique preferred system state

in a given fishery. Multiple attractors can be possible

in a fishery, and the current system state may be as

much a function of historical accidents as anything

else. For example, regime shifts in fishery systems

may be a result of the combination of particular

fishing pressures, changes in the physical context

(such as ocean currents, water temperature, and

salinity), and shifting ecological structures and

dynamics. There may be multiple regimes, which

are valued differently by various actors in the

system.

Catastrophic behavior The norm.

Bifurcations: moments of unpredictable

behavior.

Flips: sudden, discontinuous, rapid change.

Holling four-box cycle/shifting steady-state

mosaic with exploitation, conservation,

release and reorganization stages.

Chaotic behavior Our ability to predict and forecast fishery systems is

always limited. For example, with weather forecasts,

the limit is between 5 and 10 days regardless of how

sophisticated the computers are or how much

information is available, because of the sensitivity to

measurement conditions and unavoidable

measurement errors. Stock assessments, therefore,

cannot be used for anything like future predictions

over multiple years, and we need to establish safe

biological limits with reference to particular regimes

or attractors rather than precise total allowable catch

(TAC) levels.

Source: Adapted from Kay et al. (1999:727), Boyle et al. (2001), Gunderson and

Holling (2002), and Ottino 2004.
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Table 14.3 Questions that flow from the SOHO systems heuristic applied

to fisheries

(1) What are the elements (structures and processes) of the societal fishing

system that you wish to maintain?

(2) What is the ecological context necessary to maintain the processes and

structures of the societal fishing system (Fig. 14.3A)?

(3) What are the ecological structures and processes that provide the context

for the societal fishing system?

(4) What is the physical environmental context necessary to maintain the

processes and structures of the ecological system (Fig. 14.3D)?

(5) What structural changes does the societal fishing system make to the

ecological system (Fig. 14.3B)?

(6) How does the societal system alter the physical environmental context

(Fig. 14.3C)?

STRUCTURE 

STRUCTURE

Physical env ironment
Flows:
  Exerg y (energ y)
  Materials
    Inform ation

ECOLOGICAL SYSTEM

PROCESS
SOCIETAL SYSTEM

PROCESS

A

B

C

CONTEXT

D

Figure 14.3 SOHO systems model. This model is used to illustrate

Newfoundland and Labrador fishing dynamics by focusing on the

physical environmental context (D), the self-organizing structures and

processes of the ecological and societal systems, feedbacks between them

(B and C), and the transfer of ecological structure (biomass) into the

societal system (A).
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S O C I O E C O L O G I C A L S O H O D E S C R I P T I O N O F T H E

N E W F O U N D L A N D A N D L A B R A D O R C O D F I S H E R Y : F R O M C O D

A B U N D A N C E A N D C O L L A P S E T O T H E C R U S T A C E A N R E G I M E

In 1992, the northern cod (Gadus morhua) fishery off the northeast coast

of Newfoundland and Labrador, Canada (North Atlantic Fisheries

Organization [NAFO] divisions 2J3KL), was placed under moratorium

after being fished to commercial extinction (Fig. 14.4).

Up until the moratorium, the northern cod fishery had been

commercially exploited since the 1500s and was recognized as the

richest ground fishery in the world, with total landings of more than

100 million tonnes of codfish up to 1992 (Kurlansky 1997; Rose 2003).

Half of the 100 million tonnes of codfish was slowly captured over the

400-year period from 1500 to 1900 using preindustrial technology in

the absence of scientific fisheries management; the other half was

rapidly removed between 1900 and 1992 as fishing became both indus-

trialized and increasingly managed. The convergence of high-tech

bottom-trawlers from more than 20 nations targeting spawning aggre-

gations of cod on offshore banks occurred as fisheries management

matured into an applied science. In the period since World War II,

fisheries science, along with other resource management sciences,

focused on the efficient control of single-species population growth

and productivity in the context of pressure to maximize profitability

(Smith 1994; Hutchings and Myers 1995; Holm 1996). Northern cod

fisheries management was initially implemented in the 1950s through

the application of single-species population models and total allowable

catch quota allocations among nations, administered through the

International Commission for the Northwest Atlantic Fisheries

(ICNAF), the North Atlantic Fisheries Organization (NAFO), and later,

when coastal jurisdiction was extended out to 200 miles (320 km) in

1977, the Canadian Department of Fisheries and Oceans (DFO) (Lear

and Parsons 1993; Hutchings et al. 2002).

Northern cod had been massively overfished when Canada

nationalized the fishery within the 200-mile (320-km) limit in 1977

(Lear and Parsons 1993). The DFO implemented what was recognized

at the time as a world-class single-species scientific monitoring and

management system with the stated goal of rebuilding and conserving

offshore cod stocks (Hutchings et al. 2002; McCay 2002). By the early

1980s, the DFO and the offshore fishing industry were confident that

cod populations had been rebuilt or were well on their way to recovery.

Fisheries management quotas were increased to give Canadian fishing
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companies access to the nationalized fish stocks (Lear and Parsons

1993; Rose 2003). However, inshore cod fishers complained of declin-

ing catches during this same period, doubting the confident scientific

advice voiced by DFO managers and the self-interested opinions of the

offshore fleet (Keats et al. 1986; Neis and Felt 2000; Hutchings et al. 2002;

Bavington et al. 2004). In spite of several expert-based cod-fisheries

reports and inquires into the state of the cod-fishing industry and

scientific stock assessments throughout the 1980s and early 1990s
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Figure 14.4 The northwestern Atlantic Ocean off Newfoundland

and Labrador, Canada, illustrating NAFO fisheries management

divisions 2GHJ3KL. The northern cod stocks are generally referred

to as those stocks encompassing NAFO divisions 2J3KL.

Northwest Atlantic fisheries in an age of globalization 345



(Kirby 1983; Keats et al. 1986; Harris 1989; Finlayson 1994), quotas for

northern cod remained high up until 1992, when the Canadian off-

shore trawler fleet was unable to find cod to catch on the offshore

banks and a stock collapse crisis was declared (Steele et al. 1992;

Walters and Maguire 1996). The resulting cod-fishing moratorium led

to the largest single lay-off in Canadian history, massive social disrup-

tion in rural Newfoundland and Labrador, and billions of dollars of

emergency federal assistance for unemployed cod-fishery workers

(Millich 1999; Bavington 2001; Rice et al. 2003; Bavington et al. 2004).

The collapse of the northern cod has become a classic case of the

perils associated with single-species fisheries management (Finlayson

and McCay 1998; Newell and Ommer 1999). A belief that fishing mor-

tality was the only relevant variable determining stock size and the

associated assumptions that environmental variables remained rela-

tively constant and favorable to cod population growth and that fishing

did not significantly alter the natural growth rates and productive

dynamics of cod populations permitted managerial confidence that

controlling fishing effort would allow for accurate quantitative predic-

tions of stock structure and ultimately the realization of recovery and

conservation goals (Rice et al. 2003; Rose 2003). Based on the assump-

tions of single-species fisheries management, the initial cod population

growth estimates claimed that cod would recover quickly (within 2 to 5

years) with the cessation of directed commercial fishing (Rice et al. 2003;

Rose 2003; Bavington et al. 2004). This optimistic belief in rapid recovery

was based on the assumption that ecological, environmental, and beha-

vioral conditions associated with cod productivity had not significantly

altered since the original rebuilding effort in the late 1970s, and that

legal bycatch, illegal fishing, and scientific survey fisheries were incon-

sequential for rebuilding the cod population (Rice et al. 2003; Rose 2003).

After more than a decade since the moratorium, single-species

management assumptions applied to the northern cod appear to have

been overly optimistic and simplistic. Since 1992, fisheries scientists

have found that cod have failed to recover across their range, and their

spawning biomass has been all but eliminated – reduced by 99.9 percent

of its historic maximum (Hutchings 2004). Other ground fish stocks

have also collapsed, resulting in the complete closure of the cod fishery

and the scientific recommendation that northern cod be listed as an

endangered species (COSEWIC 2003). Increasingly, fisheries scientists

argue that regional-scale regime shifts and fishing down sequences

have occurred in the northwestern Atlantic as higher trophic level

ground fish species decline and jellyfish, scavenger species (e.g.,
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sculpins), crustacean populations (e.g. snow crab [Chionocetes opilio] and

northern shrimp [Pandalus borealis]) expand (Pauly and Maclean 2003;

Rose 2003). The fishing industry, the provincial Department of

Fisheries and Aquaculture (DFA) and rural development boards are

responding to these regime shifts by focusing harvesting effort on

crustaceans (northern shrimp and snow crab) and developing harvest-

ing strategies for under-utilized species such as sea urchins, jellyfish,

and sculpins (Curtis 2002; Harte 2002).

The collapse of the Newfoundland and Labrador northern cod

fishery provides a good case study to apply the SOHO systems model to

work through some of the structural changes that have occurred in

biophysical and socioeconomic systems, and the energy, material, and

informational flows and feedbacks that currently exist within and

among them. In addition to building a more realistic picture of the

dynamics of exploited fish populations (Busch et al. 2003), a SOHO

socioecological systems model of the Newfoundland and Labrador fish-

ery helps to highlight the interconnections that exist between social

and ecological systems and their nested contexts (Bavington and Kay

2003). The SOHO systems model provides a way to understand and

integrate the multiple sociological and ecological perspectives on

what has happened in the Newfoundland and Labrador fishery since

the cod moratorium in 1992, especially the reasons why cod stocks

have failed to recover as predicted and the context for socioecological

interventions and actions at this moment in history.

T R A N S F E R R I N G M A R I N E E C O L O G I C A L S T R U C T U R E (B I O M A S S )

I N T O T H E S O C I E T A L S Y S T E M O F N E W F O U N D L A N D

A N D L A B R A D O R

The socioeconomic and cultural system of Newfoundland and Labrador

is extremely dependent on extracting marine ecological structure

through fishing (Fig. 14.3A). The cod fishery was the reason for

European interest in the island, and England, France, Spain, and the

Basques vied for colonial control of the rich fishing grounds from

the time of European ‘‘discovery’’ in 1497 (Innis 1954). Approximately

100 million tonnes of codfish were removed from the marine ecologi-

cal system from 1500 to 1992 (Rose 2003).9

9 Other species were also harvested, and by the turn of the twentieth century, some

were extirpated by overharvesting, including the great auk, marine mammals,

sea birds, and others (Pauly and Maclean 2003; Rose 2003).
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In the SOHO systems model of the Newfoundland and Labrador

fishery (represented in Fig. 14.3), the arrow marked A represents the

movement of ecological structure (codfish) into the societal system.

The abundance of codfish was predicated on favorable ecological struc-

tures and processes making up a ground fish dominated regime with

capelin forming a critical prey source for cod. Half of the ecological

structure (cod biomass) was fished seasonally over a 400-year period

from 1500 to 1900 using pre-industrial fishing technology, primarily

single baited hooks on hand lines. With industrialization and changes

in fishing and processing technologies, the remaining 50 percent of the

100 million tonnes of codfish were rapidly removed between 1900 and

1992, with year-round fishing activities taking place on the offshore

banks, often during spawning or on pre-spawning aggregations (Steele

et al. 1992; Rose 2003), and reduction, bait, and roe fisheries targeting

squid, capelin, and other prey species of cod. Industrialization led to a

spatial and temporal scaling-up of the fishery and initiated a fishing

down trajectory (Pauly and Maclean 2003; Bavington et al. 2004).

Industrialization of the fishery was also associated with

Newfoundland and Labrador joining Canada in 1949 and a general

modernization of the societal system. This modernization altered

social processes and structures, shifting the peasant–fisher–merchant

society, based on the household production of dried salt cod, into a

modern market society with wage labor and factory production of

frozen seafood products in fish plants (Polanyi 1957; Wright 2001;

Ommer 2002).

Since 1993, the species composition and the annual biomass of

landings extracted from the ecological system have changed dramati-

cally, and this has had profound effects on the processes and structures

of the societal system (Bavington et al. 2004). The overall biomass of

landings in the Newfoundland and Labrador fishery has been cut

roughly in half compared with average landings in the last decades of

the pre-1992 period, and the main composition of the landings has

shifted from ground fish (northern cod) to crustaceans (northern

shrimp and snow crab). Counter-intuitively, from the perspective of

fishing down theory, the high market value of the lower trophic level

crustaceans (mainly snow crab) has resulted in an extremely profitable

fishery, exceeding the historic cod fishery to become the most profit-

able in Newfoundland and Labrador’s history. The shift from a ground

fishery to one focused on crustaceans has altered the structure of the

fishing industry, rural fishing communities, and the societal processes

that rely on and help to sustain it (Neis et al. 2001).
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The crustacean fishery involves fewer people, and with fewer

fishers capturing a higher-value product, wealth has become increas-

ingly concentrated within fishing communities and regions of the

province where crab and licenses to catch and process them are plenti-

ful and those areas where they are scarce (Bavington et al. 2004).

Processor profit margins and market demand for crab have allowed

some fishers to finance expensive upgrades on their boats (increasing

the overall fishing capacity of the fleet) through ‘‘trust’’ agreements

with fish processors, who gain guaranteed access to the profitable crab

resource without having to compete with other processing companies

(FFAW 2004). This change has undermined the DFO’s fleet separation

policy and encouraged corporate vertical integration of the industry by

allowing processors to obtain proxy ownership of crab licenses that are

supposedly held by small, owner-operated harvesting enterprises

(FFAW 2004). In addition, fewer processing jobs are associated with

crustaceans, and the market preference for unprocessed snow crab-in-

the-shell has led to a disproportionate impact on women, who are the

main workers in the processing sector (Neis et al. 2001; Bavington et al.

2004). Processing workers have also been exposed to new occupational

hazards, such as crab asthma, associated with handling large amounts

of crab (Neis et al. 2001). The reassignment of shrimp quotas to the

province of Prince Edward Island in recent years may also be contribut-

ing to an increase in the number of seasonal migrant plant workers from

rural Newfoundland going to that province. The change in landings has

also resulted in fishers having to travel longer distances to catch their

quota and pressure to expand fishing effort and the size of boats, result-

ing in a greater number of marine accidents (Wiseman et al. 2001).

Since 1993, corporate fish processing companies such as

Fisheries Products International (FPI) have begun to source their pro-

duct globally rather than locally. They focus on value-added processing

that combines wild seafood caught off Newfoundland and Labrador

with other seafood sourced internationally from both wild and cul-

tured fisheries (Rowe 2004). FPI, one of the largest seafood corporations

in North America, operates plants in Newfoundland which import

farmed salmon from Chile, cod from the Barents Sea, and farmed

tilapia from the United States for use in value-added products destined

mainly for sale to large restaurant chains in the United States (Rowe

2004). FPI also sells premium value-added brands such as President’s

ChoiceTM and CostcoTM in Canada (Rowe 2004). The switch to value-

added processing resulted in FPI becoming profitable in the midst of

the cod moratorium after years of financial trouble and government
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subsidies, and effectively decoupled the corporation from dependence

on raw material captured or cultivated in Newfoundland and Labrador.

The company’s delinkage from local raw material dependence and

reliance on the U.S. market have exposed the corporation, and

the fishing industry in general, to risks associated with American

currency fluctuations. A strong U.S. dollar increases export profits

and demand for Newfoundland and Labrador crab, shrimp, and other

processed seafood products; a falling U.S. dollar has the opposite effect

(Rowe 2004).

Changes in price and market demand (crustaceans are worth

more and give higher profit margins per pound than ground fish) and

the relative abundance of crustaceans compared with ground fish

species in Newfoundland and Labrador’s ecological system have

resulted in complex dynamics within the post-1992 Newfoundland

and Labrador societal fishing system. The gradual replacement of the

resilient, pre-modern, low-profit inshore cod-fishing society with a

highly profitable, less resilient, modern, crustacean-based market

society raises questions of social and ecological sustainability. The

present societal system is extremely reliant on harvesting a low-

trophic-level species (snow crab vs. northern cod), employing relatively

few fishers and processing workers (whose corporate employers are

tied into a global capitalist economic system heavily dependent on

continuing U.S. consumer demand), high crab prices, and the abun-

dance of snow crab in the ecosystem.10 The present Newfoundland and

Labrador fishery requires an exploration of the feedbacks that exist

between the societal system, the ecosystem, and the broader physical

environmental context to gain a better understanding of the vulner-

abilities and options for intervention and action available at this point

in history.

F E E D B A C K S F R O M T H E S O C I E T A L T O T H E

E C O L O G I C A L S Y S T E M

Feedback loops represented in Fig. 14.3B can help to frame understand-

ing of fisheries systems as complex socioecosystems, and draw atten-

tion to interactions between societal, ecological, and physical systems.

The SOHO systems model represented in Fig. 14.3 draws attention to

10 There are signs that snow crab populations are declining as fishing effort has

increased in recent years, and quotas have been cut in some areas, most notably

off the southeast coast of Labrador (Bavington et al. 2004).
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the ecological and physical systems that form the contexts for societal

fishing systems and the relationships that exist among all three.

When we are trying to understand relationships in the

Newfoundland and Labrador fishery, it is important to consider not

only the transfer of ecological structure used by the societal system

(Fig. 14.3A) but also the overall impact that fishing activities have on

ecological systems. Arrow B in Fig. 14.3 can be used to represent the

total amount of ecological structures (species) removed from the eco-

logical system or killed through fishing practices.

The total amount of species killed will exceed those used by the

societal system because ecological structure (overall biomass and spe-

cies composition) can be disturbed or destroyed through bycatch, dis-

cards, and high grading with impacts on marine mammals, fish,

seabirds, and other marine species critical for ecological integrity and

health. Ongoing fisheries deploying non-selective gear types have

resulted in high levels of cod bycatch and some intentional targeting

of cod bycatch up to legal landing limits (Rice et al. 2003; Winsor 2004).

Even noise produced by sonar, boat engines, and seismic testing can

affect fish behavior and, potentially, population dynamics and broader

ecological structures (Popper 2003; Rowe and Hutchings 2004). Shifts

to crustacean fisheries, especially the shrimp fishery, have been asso-

ciated with higher levels of bycatch due to the trawling gear used.

Recent studies of the crab fishery have shown high mortality rates

associated with throwing back juvenile crabs that are caught in pots

and pulled to the surface. The high mortality is thought to be due to

damage inflicted to crabs during handling and increased predation

pressures after release (Grant 2004). Structural changes to marine eco-

systems induced by fishing gear such as otter trawls have resulted in

claims from crab fishers that shrimp trawling damages the bodies of

snow crabs, leading to increased incidence of diseases and physical harm

to legs and the carapace. Many more structural changes could be high-

lighted in relation to fishing and other human activities conducted in

the marine environment; the SOHO ecosystem approach helps to pro-

vide a conceptual framework to think through these structural changes

and the feedback loops from the societal system that co-produces them.

Structural changes in the ecological system feed back into ecolo-

gical processes, causing alterations that in turn feed back into ecologi-

cal structures, often in unpredictable ways. Thinking through these

feedbacks (Fig. 14.3B) and facilitating the participation of a group of

diverse stakeholders with knowledge of them, can help managers

integrate knowledge from a diversity of observers, identify knowledge
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gaps, and assess the overall impact of harvesting technologies critical

for the application of the precautionary principle in fisheries manage-

ment (FAO 1995; DFO 2001, 2002b; Garcia et al. 2003).

In addition to feedbacks from fishing activities, the SOHO sys-

tems model (Fig. 14.3) can be used to think through the connections

between other societal activities and ecological systems. For example,

exploratory seismic testing for petroleum resources and oil pollution at

sea can cause increased mortality of larval fish, changes in the behavior

of marine organisms, seabird kills, and additional interactions that

alter ecological structures and processes. These changes in the ecologi-

cal system ultimately loop back to influence what ecological structures

are available for societal fishing systems (Fig. 14.3A), and the changes

induced in ecological systems can affect societal systems that are spa-

tially and temporally separated from the societal system that initiated

the activity. The spatial and temporal separation of feedbacks

(Fig. 14.3B) from the changes induced in the ecological structure avail-

able for a specific societal fishing system (Fig. 14.3A) are especially

relevant to think through as capitalist economies become more glob-

ally integrated, industrial aquaculture expands, and human systems

enhance their feedbacks onto the physical environmental context over

increasing spatial and temporal scales (Fig. 14.3C).

F E E D B A C K S F R O M T H E S O C I E T A L S Y S T E M T O T H E P H Y S I C A L

E N V I R O N M E N T A L C O N T E X T

Feedback C in Fig. 14.3 can be used to think through the relationships

between activities in the societal system and the physical environment.

The physical environmental context shapes the self-organization that

is expressed in ecological processes and structures by determining

the available energy, material, and information (Kay et al. 1999).

Temperature changes (especially those associated with the North

Atlantic Oscillation, the Labrador Current, and the Gulf Stream), rela-

tive amounts of precipitation, salinity, nutrients, genetic information,

and introductions of ice and freshwater runoff into marine ecosystems

can influence spawning success, recruitment, migration, and other

behavioral attributes of species that are of direct interest to the societal

system and those that form important indirect trophic interactions

with commercially relevant species. Human activities in the societal

system can feed back onto the physical environment (Fig. 14.3C) that

comprises the context for a particular ecological system, and changes

in the physical environment can cascade to affect ecological structures
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available to the societal system, leading to changes in societal struc-

tures and processes (Steele 1998; Kay and Regier 1999; Scheffer et al.

2001). High levels of uncertainty and complexity will be associated

with the identification and prediction of these feedbacks, but the

SOHO systems model (Fig. 14.3) helps to produce an integrative picture

or narrative of the general trends, possible relationships, cascades, and

results of current feedbacks and interrelationships.

Feedback loops from the societal system to the physical environ-

ment (Fig. 14.3C) alter the context for the whole marine ecological

system. These feedbacks may include human-induced climate change,

damming projects that influence the amount and temperature of fresh

water, and the number of nutrients entering the marine ecosystem,11

along with many others, such as intensive industrial aquaculture, which

can introduce (or remove, in the case of bivalves) large amounts of

energy and materials (nutrients, therapeutics and other chemicals

used on the farm) and non-native behaviors and genetic information

through escapees (Bavington 2000, 2001; Pauly et al. 2001). Fishing prac-

tices can also feed back to influence the physical environment and,

therefore, the ecological context. Structural changes induced by fishing

gear types, such as otter trawls, disturb ocean habitat (Watling and Norse

1998) and have recently resulted in legal action against the government

of Canada by environmental groups focused on the risks to fish habitat

associated with this type of deleterious feedback (Winsor 2004).

Many more perspectives on the interactions between and inter-

nal dynamics of the physical context, ecological system, and societal

systems (Fig. 14.3) of the Newfoundland and Labrador fishery could be

offered.12 The SOHO systems model places the context, various sys-

tems, and their feedbacks into a hierarchy of holons to conceptualize

the scalar dynamics that exist in complex SOHO fishing systems.

Figure 14.3 illustrates a model that helps identify and think through

feedback loops, but it does not illustrate the hierarchy of spatial and

temporal scales that are involved in socioecological systems. It is cru-

cial that we consider scale and cross-scale issues when thinking about

globalized fishery systems (Kay et al. 1999; Boyle et al. 2002). Dams, for

11 For example, the Churchill Falls hydroelectric dam in Labrador may have nutri-

ent, water temperature, and salinity effects on Groswater Bay in Labrador.
12 The perspectives that have been offered in this chapter reflect the knowledge,

interests, values, and beliefs of the authors, and though we have tried to include

a diversity of views, SOHO systems theory points to the need to involve a

diversity of actors to complete the systems narratives and emphasizes the con-

tingent and partial nature of all system descriptions.
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example, alter the physical context of entire regions and require large-

scale societal resources to construct and maintain. Aquaculture sites

tend to alter contexts more locally, but industrial aquaculture opera-

tions can exhibit cross-scale feedbacks when farms draw on fishmeal,

therapeutics, and terrestrial agricultural products from around the

world (Naylor et al. 2000; Bavington 2001; Pauly et al. 2001). The atten-

tion to nested scalar relations can be used to explore the differences

between inshore and offshore fisheries that target fish at different life

stages and often from different populations (bay stocks vs. offshore

stocks, for example) (Hutchings et al. 2002). Debt, global trade rules,

and food safety standards originating in societal systems (institutional

structures) at various scales can feed back to influence where fishing

and aquaculture activities take place and the practices they employ.

These feedbacks ultimately loop back into ecological structures and the

physical environmental context.

Ultimately, one needs to think feedbacks through from the global

to the local spatial scale, including the varying temporal rates that

are operating. Failure to do this can lead to simplistic explanations and

understanding of fishing dynamics, monitoring, management, and

governance activities that can result in overconfident scientific assess-

ments and naive policy prescriptions, as illustrated in the case of the

collapse of the Newfoundland and Labrador northern cod fishery.

E C O S Y S T E M - B A S E D F I S H E R I E S M A N A G E M E N T : A N O P E N

A N D C O N T E S T E D F U T U R E

Global stock collapses, the complexity of marine fishery systems, and the

failure of single-species management all demand a radical rethinking of

human relationships with the sea. The SOHO systems heuristic helps to

change how we think about fisheries systems to reflect lessons learned

from complexity science, ecosystem approaches, and the many failures

of single-species fisheries management. Under the SOHO systems

approach, fisheries monitoring shifts from a narrow focus on experts

obtaining single-species population information to permit accurate

stock assessments and TAC levels to a much broader range of indicators

of ecological health and integrity that are defined through negotiation

with interested stakeholders.13 From this new perspective, fisheries

13 It is important to note that the terms ‘‘health’’ and ‘‘integrity’’ have a diversity of

definitions and do not have an agreed operational meaning in ecosystem-based

fisheries management (Garcia et al. 2003).
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management changes from the confident control of commercial fish

populations for powerful economic interests to a more humble focus

on coping with and adapting to ecological systems while attempting to

facilitate the control of anthropogenic feedbacks that produce unsus-

tainable ecological and environmental contexts for a broad range of

human activities and marine species (Larkin 1988; Thompson and

Trisoglio 1997; Coward et al. 2000; Bavington 2002).

If the SOHO systems approach and other ecosystem approaches

to fisheries management are to be implemented successfully, many

political, economic, ethical, and institutional barriers will have to be

challenged and removed, or avoided. For instance, the shift in emphasis

from managing wild fish populations to managing people and their

institutions under ecosystem-based fisheries management frameworks

is ironically occurring at a time when human control over domesti-

cated fish is expanding, and state regulatory institutions are being

rationalized and downsized in many countries. The industrial domes-

tication of profitable carnivorous fish such as steelhead, salmon, and

cod on the controlled environments of fish farms is perhaps the only

context where the simplifying assumptions of single-species fisheries

management are currently applied with relative impunity. However,

though single-species management for maximum production may pro-

duce profits on the controlled, confined contexts of industrial fish

farms, the global expansion of industrial aquaculture and other

ocean-based industrial activities increases the complexity, uncertainty,

and challenges associated with fisheries management while exacerbat-

ing food security and sovereignty challenges (Bavington 2000, 2001).

Furthermore, government attention and rhetorical support for various

types of ecosystem-based fisheries management is occurring at a time

when fisheries management institutions are experiencing intense

pressure to cut back on their expenses and offload responsibility and

costs onto industry user groups, voluntary organizations, and local

forms of government. Neo-liberal political logic associated with eco-

nomic globalization favors individual responsibility, public–private

partnerships, and the market as the trusted mechanisms to implement

ecosystem-based fisheries management. In the present political climate,

entrepreneurial fishers are increasingly expected to help fund and par-

ticipate in scientific data gathering, monitoring and management activ-

ities. Though these initiatives have the potential to bring stakeholders

together to learn from past managerial mistakes and antagonisms, the

emphasis on cost-cutting and shifting responsibility from state agencies

to fishers runs the risk of passing on immense responsibilities without
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the necessary resources to implement effective ecosystem-based fish-

eries management. Institutional change and support, along with a shift

in how science and the economy are perceived and ultimately function,

will be crucial to the successful implementation of ecosystem-based

fisheries management (Rogers 1995; Garcia et al. 2003).

Additionally, two vastly different responses to ecosystem-based

fisheries management are vying for support. One is aimed at assimilating

‘‘the ecosystem approach, like the precautionary approach, within the

existing methodology of fisheries science . . . The second response is to

abandon the existing methodology of fisheries science, and, ceasing to

try to measure fish stocks quantitatively, instead seek to monitor indica-

tors of ecosystem health’’ (Gray 2002:3). Neo-liberal reform versions of

ecosystem-based fisheries management continue to entrench the control-

oriented managerial status quo with an emphasis on developing new

quantitative models with layers of complexity that include all relevant

processes and structures that promise to enable managers to predict

ecosystems and eventually control them (Gray 2002). Radical interpreta-

tions of ecosystem-based fisheries management, such as those suggested

by the SOHO systems heuristic, call for fundamental changes in how we

understand what science and management can deliver to managers

and include a strong emphasis on institutional change, sustainability

principles, and democratic deliberation rather than further development

of managerial technique. At this moment in history, it appears that

the ideology of neo-liberal governance is encouraging reform inter-

pretations of the ecosystem approach. As long as modern economic and

technological imperatives are allowed to unproblematically dictate

human–marine relationships, it appears unlikely that ecosystem-based

fisheries management will be any more successful than the single-

species approach. Successful ecosystem-based fisheries management

will have to ‘‘make the structures and processes of modern life sufficiently

problematic’’ rather than promoting their expansion (Rogers 1995:142).

The failure of single-species fisheries management and the rise of

globalized economies and neo-liberal regulation theories are resulting

in increased calls to treat fishers as if they were entrepreneurial farm-

ers, promoting the vision of a privatized ocean full of tradable goods

and services ‘‘sustainably’’ allocated through the invisible hand of

the market (Bavington et al. 2004). The ocean ‘‘is a resource that must

be preserved and harvested,’’ The Economist magazine proclaims. ‘‘To

enhance its uses, the water must become ever more like the land,

with owners, laws and limits. Fishermen must behave more like

ranchers than hunters’’ (Carr 1998:S3).
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Rather than looking to the invisible hand of the market for magical

solutions, the challenge of fisheries management requires difficult

choices and decisions by all coastal and marine citizens. The SOHO

ecosystem approach to fisheries management offers an alternative way

of understanding fisheries systems. The approach, however, is embedded

within conceptual, political, economic, and ethical contexts that affect

how people will understand and implement it. The meaning, application,

and impact of the SOHO systems approach will be influenced by these

nested contexts and the ecosocial systems in which they are embedded. It

is our hope that the radical challenges posed by complexity science and

the ecosystem approach will be seriously engaged with and motivate

normative action, as opposed to reformed versions of the managerial

status quo, the tragic outcome of which is so starkly illustrated in the

story of Newfoundland and Labrador’s northern cod fisheries.
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P . V I N C E N T H E G A R T Y

15

‘‘Fishy’’ food laws

I N T R O D U C T I O N

‘‘Fishy’’ is defined in dictionaries as: ‘‘of, like or full of fish; dubious,

open to suspicion and unsafe.’’ The word ‘‘fishy’’ in the title of this

chapter was chosen deliberately to convey two important elements of

food laws and regulations. The first part of the chapter deals with some

current regulatory issues in the international trading of fish and fish-

ery products. The latter part of the chapter deals with some food

regulations that come, in the opinion of this author, under the slang

usage of the word ‘‘fishy.’’ Some of these regulations cover fish oils and

omega-3 fatty acids.

Food laws and regulations at the national and international levels

have five distinct but interrelated objectives:

* protect public health

* inform the consumer

* ensure fair trade practices

* protect against fraud

* protect the environment.

The discussion here deals mainly with the first three objectives

listed. It must be emphasized that these topics are not independent

entities – they are closely interrelated. For example, food poisoning

from unsafe fish or fishery products results in negative attitudes

among some consumers and a resultant reduction in fish trade.

Likewise, when a national regulatory agency rejects local or imported

fish as unsafe for human consumption, it gives needed protection to

consumers. These rejections also have an impact on the fish trade, and

perhaps on environmental issues, as well as protecting the consumer

from the fraudulent sale of fish that could be unsafe, misbranded, or

mislabeled or any combination of these factors (see Tables 15.1–15.3).

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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F I S H R E G U L A T I O N S T O P R O T E C T P U B L I C H E A L T H

Fish exports/imports

Documentation from many countries demonstrates that food safety is

a major public health issue. All food categories, including seafood,

contribute to the problems caused by unsafe food. Data from the

United States (Table 15.1) indicate that seafood caused the most out-

breaks of food poisoning during the period from 1990 to 2003 (Center

for Science in the Public Interest 2004). However, the same study shows

that seafood caused fewer cases of illness than did produce, poultry,

beef, eggs, and multi-ingredient foods.

The safety of fish and fishery products in the United States is

determined by the Food and Drug Administration (FDA). Details of the

reasons for rejection of unsafe domestically produced and imported

fish are available (FDA 2004a, b). Seafood rejected by the FDA accounted

for 11 percent of total food rejections over a 1-year period between

2001 and 2002. ‘‘Filthy’’ and Salmonella were the reasons most often

Table 15.1 Food poisoning outbreaks and cases of illness in the United States,

1990–2003

Food Number of outbreaks Cases of illness

Seafood 723 8 071

Produce 432 25 823

Poultry 354 11 894

Beef 343 10 872

Eggs 309 10 750

Multi-ingredient foods 601 18 006

Source: Center for Science in the Public Interest (2004).

Table 15.2 U.S. Food and Drug Administration refusals of imported seafood,

July 2001–June 2002

Number refused Number of seafood import refusals by reason

Total Seafood Filthy Salmonella Listeria Histamine Poison Other

15 522 1684 817 427 49 27 37 436

Source: FAO (2003).
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Table 15.3 U.S. Food and Drug Administration violations for detaining

fishery/seafood products, 2001

Violation code

Number

violations

Percent of all

violations

Number of

countries

Total violations 6405 100 86

Adulteration 5356 84

Salmonella 1832 29 36

Filthy 1460 23 62

No process 683 11 54

Insanitary 351 6 25

Needs acid/Needs FCEa 336 5 42

Poisonous 231 4 38

Listeria 170 3 11

Histamine 123 2 11

Unsafe color 41 0.6 14

Insanitary manufacturing, processing, or packaging

Manufacture insanitary 130 2 27

Misbranding

Nutrition label 200 3 33

Lacks firm 140 2.2 32

Usual name 136 2.1 28

List ingredients 87 1.4 29

Lacks n/cb 84 1.3 25

False 70 1.1 13

No English 47 0.7 21

Labeling 46 0.7 21

Sulfite label 40 0.6 4

All other violations 64 1.0 35

a It appears the manufacturer is not registered as a low acid canned food or

acidified food manufacturer pursuant to 21 CFR 108.25 (c) (1) or 108.35 (c) (1).

FCE, Food Canning Establishment number.
b The article is in packaged form and appears not to have a label containing an

accurate statement of the quantity or the contents in terms of weight, measure,

or numerical count, and no variations or exemptions have been prescribed by

regulations (FDA 2004b).

Source: Economic Research Service, USDA (2003).
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cited for rejection of seafood (Table 15.2). ‘‘Filthy’’ is defined by the FDA

as: ‘‘the article appears to consist in whole or in part of a filthy, putrid,

or decomposed substance or to be otherwise unfit for food.’’

A different perspective on fish and fishery products rejected by

the FDA is seen in Table 15.3. Adulteration accounted for 84 percent of

the rejections. The number of exporting countries who had fish

rejected by the FDA is extensive. Similar statistics are produced by

the European Union (EU) (Table 15.4). The greatest number of rejec-

tions or detentions of imported seafood was for microbial and

chemicals/residues violations of EU regulations. In summary, fish and

fishery products are important components in the international trade

in food; some of these products do not meet regulatory safety require-

ments. These violations of the regulations can be attributed broadly to

two categories – filthy/unsafe products and ignorance of regulations.

Those in the latter category may be producing safe fish and fishery

products but are ignorant of the branding and labeling requirements of

the importing country (Tables 15.3 and 15.4). These companies need

education programs so as to avoid further detentions.

The United States, EU, and some other large fish-importing coun-

tries send food safety and regulatory experts to fish-exporting coun-

tries to ensure improved regulatory compliance. The resulting report

Table 15.4 European Union rejection/detention of imported seafood

(totals for January 1999–June 2002)

Cause of detention/rejection

Number of detentions/

rejections

Microbial 208

Chemicals/residues 220

Parasites 32

Others 42

Labeling 20

Sanitary certificate 5

Shelf-life 4

Interrupted cold chain 2

Insects 5

Import prohibited 1

Mixing of fish species 1

Uncertified establishment packaging 2

Not specified 2

Source: FAO (2003).
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consists of an evaluation of the regulatory controls dealing with the

safety of fish and fishery products. The following information is typical

of the investigation, conclusions, and recommendations in the result-

ing report, published on the EU Website. A mission to Saudi Arabia

assessed the conditions of production of fishery products intended for

export to the EU (European Commission 2003). The mission visited the

Competent Authority (CA) offices at the central, regional, and local levels,

laboratories, aquaculture shrimp farms, food processing establishments,

and a fish feed mill. The main findings covered the structure and com-

petencies of the CA, standards used by the CA to export fishery products

to the EU, CA performance, laboratory services, and food safety controls.

The report ends with conclusions and recommendations for the

implementation of regulations dealing with the safety of fishery pro-

ducts. This is the general format in these country reports; there may be

additional issues such as pesticide residues, etc. Complete details on

the countries visited and the findings related to fishery products are

available by searching the EU Website (European Commission 2007).

Regulatory difficulties for developing countries

Some developing countries including Bangladesh, Thailand, India,

Vietnam, and Indonesia are large exporters of fishery products

(Allshouse et al. 2003).

Increased difficulty faced by developing countries in meeting

international standards for food safety is a recurring theme at inter-

national regulatory meetings, including Codex Alimentarius. Specific

details on the difficulties in meeting regulatory costs are given by Cato

and Lima dos Santos (2000) for the Bangladesh frozen shrimp proces-

sing sector. These include higher costs for implementing Hazard

Analysis and Critical Control Points (HACCP). The cost of maintaining

a HACCP plan in Bangladesh ranged from $0.0148 to $0.0408 per

pound, or from 0.31 to 0.85 percent of the 1997 price received.

Comparable figures for the United States were $0.0009 per pound.

In general, regulatory problems for developing countries were

investigated by the FAO Committee on World Food Security (FAO 1999).

The following issues were considered for the whole food system but

apply equally well for the fishery industry:

* Food systems are complex. In developing countries, they are also

highly fragmented and predominated by small producers. Large

quantities of food pass through the many food handlers and
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middlemen involved in the food production, processing, and

storage and distribution chain, and control is difficult. There is a

significant risk of exposing food to contamination

or adulteration.

* National food control strategy. This lays down the role of

government agencies, various sectors of the economy, and

consumers in dealing with new or emerging issues in food safety.

This is non-existent in some developing countries.

* Food legislation. Food legislation in many developing countries is

outdated and in need of review.

* Food control service. A national food control service consists of

a food inspectorate, laboratories and analysts, and managers and

supervisors. Again, many developing countries are unable to

attain high standards in these areas because of costs and lack of

adequately trained employees.

* Compliance policies. This is an official statement or group of

statements that establishes specific or general limits to which

products, processes, or conditions must comply and be in

accordance with relevant laws and regulations.

* Infrastructure development. This requires money and resources that

many developing countries do not have. Infrastructure includes

adequate refrigeration, packaging, storage, and distribution

facilities.

Assistance has been given to some developing countries that are major

fish exporters. A good example is the assistance given to the South

Pacific region to meet new fish import regulations (FAO 1998). This

assistance included a needs assessment and collection of existing

legislation, the drafting of a model law, the preparation of HACCP

plans, and a regional workshop on the implementation of quality

assurance.

In summary, considerable challenges face some fish-exporting

developing countries in meeting regulatory requirements.

Hazard Analysis and Critical Control Points applied

to seafood

Seafood HACCP is a science-based system of preventive controls for

food safety that commercial seafood processors develop and operate to

identify potential problems and keep them from occurring. The FDA

HACCP program was designed to increase the margin of safety for U.S.
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consumers and to reduce those illnesses that do occur to the lowest

possible levels (FDA 2002). The seafood HACCP program has raised the

standard for compliance much higher than it had been for the seafood

industry. Now a seafood processor must have a system in place that

consists of several complex elements that collectively make it unlikely

that contamination will occur. (Detailed information on seafood HACCP

regulations in the United States is available [FDA 2001a].)

Implementation of a HACCP program, including seafood HACCP,

involves seven procedures (FDA 2001b):

* analyze hazards

* identify critical control points

* establish preventive measures with critical limits for each

control point

* establish procedures to monitor the critical control points

* establish corrective actions to be taken when

monitoring shows that a critical limit has not been met

* establish procedures to verify that the system is

working properly

* establish effective record-keeping to document the

HACCP system.

Developing countries account for almost 50 percent of global fish

exports. Yet the cost and complexity of implementing HACCP pro-

grams make it difficult for some developing countries to meet inter-

national food safety standards and to compete on the international fish

market (Cato 1998).

Risk analysis

Risk analysis comprises three interrelated components: risk assess-

ment, risk management, and risk communication. Risk assessment is

divided into hazard identification, hazard characterization, exposure

assessment, and risk characterization. Risk management is divided

into risk evaluation, option assessment, option implementation, and

monitoring and review.

Risk analysis is applied regularly in assessing the safety of

food, including fish and fishery products. It is now considered an

integral part of the decision-making process of Codex Alimentarius

(WHO 2004). A document titled Draft Working Principles for Risk

Analysis for Application in the Framework of Codex Alimentarius gives a good
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overview of risk analysis (Codex Alimentarius 2003). A joint FAO/WHO

Expert Consultation on the Application of Risk Analysis to Food

Standards Issues (FAO/WHO 1995) recognized the increased scientific,

legal, and political demands being made on standards, guidelines,

and other recommendations elaborated by Codex. In a response to

these increasing demands, it was considered essential to have a greater

application of risk assessment in the Codex decision-making process.

In fish, Tables 15.2, 15.3, and 15.5 indicate that Salmonella is a

significant risk. Details on the conduct of a microbiological risk assess-

ment should be useful for all engaged in the fish production, proces-

sing, and distribution chain (Codex Alimentarius 1999).

F I S H R E G U L A T I O N S T O I N F O R M C O N S U M E R S

The important topic of fish regulations to inform consumers is given

only a cursory examination here because of lack of space. Two ex-

amples from Europe are worth noting.

The EU has established common rules concerning fish products

and the health and safety of consumers. Within the EU the member

states are responsible for ensuring that food manufacturers and traders

comply with these rules. There are increased efforts also to inform

consumers on food safety issues related to fish products (European

Commission 1998).

The second example is of new fish regulations to inform English

consumers. This is achieved by the Fish Labelling (England) Regulations

2003 (Food Standards Agency 2003). Certain fish products must, when

sold to the consumer, be labeled with the following information:

* the commercial designation of the species (i.e., an agreed

common name for the species of fish)

Table 15.5 U.S. FDA violations for Salmonella by seafood product, 2001

Seafood product Percent violations

Shrimp and prawns 58

Lobster, tilapia, milkfish, oysters, squid, catfish, eel 23

Other 19

Source: Allshouse et al. (2003).
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* the production method (i.e., whether caught at sea, caught in

inland waters, or farmed)

* the catch area (i.e., whether the ocean area or, in the case of

freshwater fish, the country in which it was caught or farmed).

Business sectors affected by the Fish Labelling (England) Regulations

2003 include:

* retailers

* fish product manufacturers (including those making

prepacked branded products)

* fishmongers, market stalls, etc.

* wholesale fish suppliers

* fish auctions, trawlers, etc.

Catering establishments are not affected by the new labeling

requirements because the requirements do not apply to fish products

that are processed in some way (e.g., by cooking) or that are served with

accompanying ingredients (e.g., sauce, salad, etc.).

The Department for the Environment, Food and Rural Affairs

(DEFRA) in the United Kingdom estimated that U.K. consumers spent

more than £2 billion on fish in 2000. The anticipated costs of the new

labeling legislation represent about 0.1 percent of the revenue earned

from selling fish to consumers.

F I S H R E G U L A T I O N S T O E N S U R E F A I R T R A D E P R A C T I C E S

The information in Tables 15.2, 15.3, and 15.4 demonstrates the impact

of national regulations on ensuring that imported fish and fishery

products are safe for human consumption. It is important that the

laws and regulations are equitable and transparent.

Most countries in the Organisation for Economic Co-operation

and Development (OECD) apply HACCP systems. The enforcement of

hygiene and sanitary requirements takes place through point inspec-

tion, through dedicated/licensed importers, or through systems of

approval of establishments (Schmidt 2003). There is a growing aware-

ness of traceability as an important regulatory element in all aspects of

the food industry. In discussing traceability as applied to seafood,

Schmidt (2000) defines ‘‘traceability’’ as the procedure or process

through which products or services are traced en route from the sup-

plier to the demander (end or intermediary consumer) and the record-

ing of this track of events. The route from the supplier to the demander
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is often referred to as the chain of custody. Verification at each stage

whenever the product or service is being handed over along the chain

of custody is a way to trace the product or service. It also provides a

means of ensuring that what comes out at the end of the process

corresponds to what was put into the chain. All parts of the chain of

custody, from the fisher to the consumer of fish, must have a stake in

the outcome of introducing tracing systems. If not, tracing will not

achieve its full potential, and cheating will continue. Implementing

traceability may involve a great deal of education and reasoning to help

ensure that all fisheries stakeholders have an interest in such systems

and play by the rules (Schmidt 2000).

There are several ways to manage quality and safety of food.

These are listed below (complete details are presented in FAO [2003]):

* good hygienic practices (GHP) / good manufacturing practices

(GMP) or sanitation operating procedures (SSOP) or prerequisite

programs

* Hazard Analysis Critical Control Points (HACCP)

* quality control (QC)

* quality assurance (QA) / quality management (QM) – ISO

standards

* quality systems

* total quality management.

The list of official standards for fish and fishery products developed

by Codex Alimentarius (2004) is a useful reference point. Details of

standards for various fish products that are fresh, canned, quick-frozen,

salted, dried, smoked, minced, and battered and/or breaded are available.

They include also guidelines on the levels of methylmercury in fish and

the sensory evaluation of fish and shellfish in laboratories.

Reports from meetings of the Codex Committee on Fish and Fishery

Products are useful reference points in noting developments in regula-

tory issues. The most recent meeting included a draft code of practice

for fish and fishery products (aquaculture and quick-frozen coated fish

products). This includes a useful section on definitions, on aquaculture

production, and on the processing of quick-frozen coated fish products.

Other sections of this report deal with a proposed draft code of practice

for fish and fishery products and a proposed draft standard for smoked

fish (Codex Committee on Fish and Fishery Products 2003).

These resources provide useful reference points in ensuring fair

trade practices in fish and fishery products. They are all accessible on

the Internet.
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S O M E ‘ ‘ F I S H Y ’ ’ F O O D L A W S

A disclaimer is necessary for this section: the slang version of the word

‘‘fishy’’ is applied solely on this author’s assessment of the following

regulations.

Fish oils, omega-3 fatty acids, and the Dietary Supplement

Health and Education Act of 1994

Fish oils and omega-3 fatty acid supplements (some are from fish) in

the United States come under the Dietary Supplement Health and

Education Act of 1994 (FDA 1994, 1995). It is commonly referred to as

DSHEA (pronounced ‘‘D’Shay’’). This act deregulated dietary supple-

ments and reduced the FDA’s regulatory authority over both supple-

ments and conventional foods. With DSHEA the Congress gave the

American consumer the ‘‘freedom to choose’’ dietary supplements.

This was in response to a well-organized campaign by the dietary

supplement industry. It is considered by many to be, at best, a faulty

piece of legislation (Barrett 2000).

DSHEA has provisions that prevent federal regulatory agencies

from acting against the interest of the supplement industry (Nestle

2003). DSHEA extended the legal definition of dietary supplements

beyond vitamin and mineral supplements to include botanical, herbal,

and diet products. A legal ‘‘welcome’’ was thus extended to fish oils,

omega-3 fatty acids derived from fish and other food sources, and

many other supplements. The safety and human health aspects of

this extended group of supplements were less well researched.

Manufacturers of these supplements were not required to show that

their products were safe before selling them to consumers. The FDA

was required to prove that these products were unsafe before they

could be removed from the market. Thus, DSHEA removed the FDA’s

independent authority to take products off the market.

Barrett (2000) states that the FDA never had enough resources to

deal with the huge amount of deception in the supplement and health

food marketplace. In his opinion, DSHEA has made this situation

worse, and the FDA should drop any pretense of being able to protect

the public. He states that unless the U.S. Congress provides an adequate

law, the FDA cannot protect the public from the deceptive marketing of

what DSHEA calls ‘‘dietary supplements.’’

Fish oils and omega-3 fatty acids from fish and other sources

come under DSHEA. Omega-3 fatty acids have been shown in clinical
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and epidemiological trials to reduce the incidence of cardiovascular

disease (Kris-Etherton et at. 2002). Research does indicate that indivi-

duals at risk for coronary heart disease benefit from the consumption

of marine- and plant-derived omega-3 fatty acids, but the ideal intakes

are at present unclear. The American Heart Association recommends

the inclusion of two servings of fish per week (particularly fatty fish).

This recommendation must be balanced with concerns about environ-

mental pollutants, in particular polychlorinated biphenyls (PCBs) and

methylmercury. Kris-Etherton et al. (2002) state that omega-3 fatty acid

supplements can reduce cardiac events such as death, non-fatal myo-

cardial infarction, and non-fatal stroke, and decrease the progression of

atherosclerosis in coronary patients. But they emphasize that addi-

tional studies are needed to confirm and further define the health

benefits of omega-3 fatty acids and supplements for both primary and

secondary prevention. These recommendations appear to be valid and

appropriate health warnings. Meanwhile, DSHEA allows the American

consumer to use omega-3 fatty acid supplements and fish oils that are

essentially unregulated.

Chloramphenicol and shrimp exports

The following information highlights the difficulties imposed on fish-

exporting countries in the developed world. It illustrates difficulties

created when regulations are initiated arbitrarily and without proper

consultations.

The delegation from Indonesia brought to the attention of the

Thirteenth Session of the FAO/WHO Regional Coordinating Committee

for Asia (Codex Alimentarius 2002:22) problems facing shrimp expor-

ters due to the detection of residues or traces of chloramphenicol. At

issue is the manner in which the regulation for chloramphenicol resi-

dues has become stricter in recent years. This resulted in the imple-

mentation of a zero-tolerance approach by importing countries and

a progressive reduction in the limit of analytical detection. The

Indonesian delegation questioned the scientific basis for imposing a

zero tolerance because neither JECFA (the Joint Expert Committee on

Food Additives) nor the Codex Committee on Food Additives and

Contaminants (CCFAC) had established maximum residue limits for

chloramphenicol, especially in shrimp. Hence, there was an urgent

need to establish maximum residue limits (MRL) for chloramphenicol

in shrimp to avoid such technical barriers to trade. An ironic twist to

this discussion came from the delegation of Indonesia, which stated
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that fish and shellfish caught in the open sea had chloramphenicol at

low levels.

The delegation of Vietnam pointed out that fish-importing coun-

tries had initiated progressive reductions of the limit of analytical

detection for chloramphenicol. These were due to new scientific tech-

niques and equipment in the fish-importing countries. This was done

frequently without giving adequate advice, forewarning, or technical

assistance to exporting countries. Such abrupt changes in analytical

methodology meant that expensive investments in training and in

laboratory equipment in the fish-exporting countries were suddenly

made valueless. The delegation of India stressed that this problem was

not exclusively confined to chloramphenicol in shrimp. It concerned

also other antibiotics and contaminants in other products.

It was pointed out that JECFA had evaluated chloramphenicol on

a number of occasions, concluding on each occasion that no residues of

chloramphenicol in foods are acceptable. Therefore, no MRL could be

established.

Saving two in a billion

The regulatory issue discussed in this section does not concern fish and

fishery products. It is included here as a precautionary example of what

could happen when food safety regulations are changed without full

evaluation of consequences. In other words, the fishery industry

should be on the alert to prevent a similar situation occurring in that

industry.

New, stricter EU standards on aflatoxins were estimated to

reduce the health risk by approximately 1.4 deaths per billion per

year in the EU. But a consequence of imposing a new standard that

might save fewer than two people in a billion was a decrease in African

exports of more than 60 percent ($670 million) compared with regula-

tions based on an international standard (Otsuki and Wilson 2001).

This raises a familiar question: how safe is ‘‘safe’’?

‘‘Fishy wars’’ at the World Trade Organization

In recent years, numerous disputes involving fish and fishery products,

including salmon, sardines, scallops, shrimps, and swordfish, have

been dealt with by the World Trade Organization (WTO) (WTO 2004).

Disagreements over the trade description of fish and fishery products

constituted many of these disputes. For example, a trade description
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dispute brought by Peru against the European Commission involved

essentially a definition of what constituted a sardine. It is not the brief

of this paper to pass critical judgment on the merits of each of these

trade disputes. But it is regrettable that some pressing issues in food

safety that result in trade disputes are not resolved either at the WTO

or elsewhere.

Food safety regulations and transgenic fish

Several reports indicate that genetically modified foods currently on

the market are safe for human consumption. The FAO/WHO Expert

Consultation on Safety Assessment of Foods Derived from Genetically

Modified Animals Including Fish (FAO/WHO 2003) examined several food

safety concerns. These included possible risks of consuming transgenes,

their resulting protein, the potential production of toxins by aquatic

transgenic organisms, changes in the nutritional composition of foods,

activation of viral sequences, and allergenicity of transgenic products. It

was concluded that these risks have been analyzed and the majority

of genetic modifications of foodstuffs will be safe. It was pointed out

that allergenicity poses the greatest potential for risk and harm.

National and regional regulatory systems exist to examine

the safety of genetically modified foods. However, significant differ-

ences in testing methods cause inconsistent outcomes of safety evalua-

tions. The World Health Organization (WHO), FAO, and the Codex

Alimentarius Commission are working on safety assessments of geneti-

cally modified organisms (GMOs) and on international rules on the

handling of genetically modified foods (WHO/WTO 2002).

The above information is reassuring, but it must be emphasized

that the regulation of the safety of transgenic fish presents some

unique difficulties. These difficulties are highlighted by the Pew

Foundation (2003) in its report Future Fish: Issues in Science and Regulation

of Transgenic Fish. It states that only one animal, a genetically modified

fish, is thought likely to come to market in the near future. The report

presents the following cautious assessment of whether transgenic

(genetically modified) fish will be effectively regulated in the United

States.

Legal authority

The report states that it is unclear if the FDA has the comprehensive

legal authority needed to address all the food safety and environmental
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issues associated with transgenic fish. In the United States, the FDA

has jurisdiction over transgenic fish because the biological material

used to transform a genetically modified fish and the product

expressed by the fish’s transformed genetic construct both come

under the legal definition of a ‘‘new animal drug.’’ The FDA has indi-

cated that it will use the same process to regulate transgenic fish that is

now used to review a new animal drug. The Pew Foundation report

concludes that ‘‘it is uncertain whether the FDA interpretation of the

law to include genetic modification as a new animal drug would with-

stand legal challenge’’ (Pew Foundation 2003).

Adequacy of risk management tools

Because transgenic fish are dealt with like a new animal drug, a devel-

oper must prove the safety of a product before it goes to market.

Contrast this with the non-regulation of dietary supplements including

fish oils and omega-3 fatty acids from fish sources (see above). The FDA

can impose the following prior to sale: restrictions in the use of the

product by labels, conditions of use, and post-approval monitoring.

Developers must report also any adverse effects developed post-approval.

If necessary, the FDA can stop the marketing of a product. The Pew

Foundation (2003) report points out if the FDA’s authority to regulate

transgenic fish as a new animal drug is ever challenged successfully

and results in the FDA adopting another approach, then the benefits of

the new animal drug approach may be lost.

Transparency, clarity, and public participation

If consumers have access to and understand the information needed

for new product approval, it will increase consumer confidence in a

new product. However, the FDA’s application and approval process

for the approval of new animal drugs is totally confidential and

closed until the FDA grants approval. This legal requirement protects

trade secrets and confidential business information. What this means

is that consumers cannot have input into the approval process.

Questions from consumers on acceptable risk to human health or to

the environment are excluded. This is seen as a serious limitation to

public acceptance. Contrast this with the open public debates held

in the United States, Europe, and elsewhere on crops derived from

biotechnology.
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Resources and expertise

Some question the FDA’s access to adequate resources and to expertise

to include the necessary environmental assessments on transgenic

fish, and suggest that the Fish and Marine Wildlife Service and the

National Marine Fisheries Service have expertise that the FDA may

lack. Furthermore, resource limitations could hinder the FDA’s ability

to ensure that developers follow any special conditions under which it

approves the use of a product.

Efficiency and coordination

Several U.S. agencies have expertise in food safety and environmental

risks associated with transgenic fish. How these agencies will work

together to create a regulatory system to review transgenic animals

in an effective, efficient, and well-coordinated manner remains unclear

(Pew Foundation 2003). In summary, most countries have much work

to do on the regulation of transgenic fish.

One recent development with potential implications in the com-

mercial development of transgenic fish for human consumption is

the ‘‘Night Pearl’’ zebra fish. The British Broadcasting Corporation

(BBC 2003) reported that ‘‘a Taiwanese company has created this

genetically modified (GM) ornamental fish that glows in the dark.’’

This zebra fish is the first gene-altered pet to go on sale to the public.

A spokesperson for the Aquatic Ornamental Trade Association said that

interfering with the genome was unnecessary and that people did not

want animals to become fashion accessories. Public perception and

input into the development of new regulations is vital these days.

Developments like this one are seen by many as unhelpful in making

the case for the commercialization of transgenic fish for human

consumption.

Despite the heated public debate in Europe and elsewhere, little

formal consideration of the health and safety aspects of GMOs has

occurred in the WTO (WHO/WTO 2002). The most detailed discussions

to date have occurred in the Technical Barriers to Trade Committee,

where labeling of GMOs in various countries is under scrutiny.

Issues related to food safety and GMOs come under the Sanitary and

Phytosanitary Agreement (SPS). A need was expressed for transparency

and for the development of international standards for GMOs (includ-

ing fish). In conclusion, much work still remains to be done in regu-

lating the safety of GMOs.
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C O N C L U S I O N S

In summary, it is in the best interests of all associated with the fisheries

industry to know and apply correct and pertinent food regulations. As a

result, their fishery products will enhance public health, inform the

consumer, ensure fair trade practices especially in incidences of inter-

national trade disputes, give protection against fraud, and, where

applicable, protect the environment.
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The intersection of global trade, social
networks, and fisheries

G L O B A L I Z A T I O N A N D N E T W O R K S

In this chapter, we explore globalization through networks. Of course,

globalization can be described in terms of networks of trade between

countries and as executed by multinational corporations (Breiger 1981;

Chase-Dunn and Grimes 1995; Kim and Shin 2002). And fisheries eco-

systems have long been characterized in terms of networks of predator

and prey relationships between taxon or species (e.g., Cohen et al.

1993; Gaedke 1995; Krause et al. 2003). But here we will explore how

human social networks mediate between global economic exchanges

and the dynamics of aquatic ecosystems. Thus we extend critiques of

the globalization literature for lack of attention to individual agency

(e.g., Schechter 1999:62) by calling attention to the effects of human

relationships in globalization. Ultimately, our focus allows us to inte-

grate theories related to social networks (e.g., social capital) as well as

inform policy and management of and research on fisheries and their

associated ecosystems.

What is globalization?

We define globalization as an increase in the rate of exchange of

resources and information across geographic regions and cultures.

Though communities have been interdependent through trade as

long as people have traversed the oceans, our current awareness of

globalization suggests that we are increasingly globalized – that the

resources and related actions in distant regions of the world have an

unrivaled immediacy in the lives of most people (Harrison 1996; Kim

and Shin 2002; One World 2007). That is, exchanges across vast regions

increasingly are realized more rapidly, occur more frequently, and

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



require fewer middlemen. Furthermore, actions affecting the environ-

ment in one region of the world have increasing implications for those

in locales previously considered distant.

With globalization comes an increased distribution of fished

aquatic species (e.g., cod, salmon, tropical fish). This is attributed to

increased demand associated with population increases and recogni-

tion of aquatic species as a healthy dietary staple or valuable economic

resource or status symbol, and with increased technology for preserv-

ing and shipping that reduces transportation costs. Furthermore,

globalization is associated with increased global trade of non-aquatic

resources which can then affect local aquatic ecosystems.

Globalization has generally been associated with changes in

aquatic ecosystems (Safina 1998). Many have noted that, with globali-

zation, habitats have been destroyed (e.g., the Pacific Northwest: Gilden

1999), exotic species have been introduced (e.g., zebra mussels in the

Great Lakes: Vanderploeg et al. 2002), and fish stocks have been depleted

(e.g., cod: Finlayson and McCay 1998). On the other hand, others argue

that changes in ecosystems are primarily due to increased population,

and that increases in technology and resource-sharing are benefits of

globalization because they facilitate more efficient use of aquatic

resources (Hardin 1968). In some sense, aquatic systems are no different

from land resources, political governance, and other social and biologi-

cal systems affected by global changes in economic landscapes. And yet

our awareness of the link between globalization and aquatic systems is

perhaps pronounced because the ships that transport globalized trade

come in direct contact with the resource – water. For example, tankers

carrying increased oil exports from the Caspian Sea contributing to

globalization served as a vector for zebra mussel invasions that altered

ecosystems in the Great Lakes (e.g., Ricciardi and Rasmussen 1998).

Humans as mediators between global forces

and ecosystems

Critically, the theoretical link between globalization and aquatic eco-

systems is strikingly distant and asocial. It is as though global forces

directly penetrate aquatic ecosystems with little thought regarding how

these processes are mediated by human action (Schechter 1999). Thus

the zebra mussel invasion is attributed to ballast water and changes in

shipping technology and patterns (Ricciardi and Rasmussen 1998), the

decline of the cod industry is attributed to increased competition across

the Atlantic (Finlayson and McCay 1998), and the decline of the habitats

in the Pacific Northwest is attributed to increased demand for salmon
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Formal institutions

Collectiv e v alues and beliefs

Netw orks

Figure 16.1 Mechanisms for coordinating human action to manage

common resources.

and the competition of aquaculture (Finlayson and McCay 1998). In this

asocial view, people at best are merely Homo economicus, rationally react-

ing en masse to global economic forces beyond their control.

The macroeconomic forces described in the preceding paragraph

may well cause some changes in aquatic ecosystems. But even when they

do so, their effects are transmitted, shaped, and mediated by people. How

do the actions of shippers and official monitoring agents contribute

to the zebra mussel invasion of the Great Lakes? In the face of global

competition and demand, why do some salmon fishers of the Pacific

Northwest resort to exploitative fishing techniques such as trawling

(Gilden 1999; Vanderploeg et al. 2002) and cod fishers wipe out the fish-

eries on the North American eastern seaboard while the lobster fishers of

Maine preserve their fisheries and livelihoods (Acheson 1988, 2003)?

The answers lie in human action, exchange, and relationships as

depicted in Fig. 16.1. Some have identified formal political institutions
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that organized societies can implement to control fishing and preserve

fisheries and their ecosystems. For example, the Canadian government

engaged in extensive efforts to involve cod fishers in assessing the fish

stocks and in educating them about the effects of their actions on the

fish stocks (Finlayson and McCay 1998). These formal institutions are

represented by the cylinder that contains human relations in Fig. 16.1.

Others point to collective values and beliefs that govern engagement

with aquatic resources. For example, Maine lobster fishers strongly

agree with and adhere to the required release of gravid female lobsters

or notched females (previously found to be gravid) to lower potential

impact on lobster reproduction and sustainability. Similarly, the hun-

ter’s code of the Chisasibi Cree (of northern Ontario) speaks strongly

against wastage, and tribal leaders discourage overhunting by declar-

ing that it represents a lack of respect for caribou (Berkes 1998).

Such collective values are represented by the ‘‘group thought bubble’’

in Fig. 16.1.

To these human elements we add networks. Granovetter (1985)

argues that economic action is invariably embedded in social relations.

This applies across a range of seemingly economic action, from the

cozy gem trade embedded in Jewish enclaves in New York (Coleman

1988) to provision of financial support from kin and friends (Wellman

and Wortley 1990) to expectedly arm’s-length transactions such as

those of French bankers (Frank and Yasumoto 1998). These networks

are represented by the lines connecting the actors in Fig. 16.1. A key

point here is that networks are ubiquitous, existing wherever a relation

between two actors is possible, and, at the same time, they are not as

tangible as the written documents of formal political institutions or the

aggregate of perceptions defining collective values and beliefs.

If networks are ubiquitous and yet ephemeral, how can we use

the metaphor and idea of networks to understand human action?

A corollary of Granovetter’s thesis is that the underlying structure of

the social network will affect how a social system reacts to external

changes and disturbances (e.g., Frank and Fahrbach 1999). As one

example, internal fragmentation is likely to be exacerbated by an

increased rate of external disturbances. As a particular example, exist-

ing social cleavages, based on location and type of gear (trawling vs.

trolling) among fishers in the Pacific Northwest, were exacerbated by

increased global competition (Gilden 1999). As a second example,

highly centralized networks may effectively diffuse information but

may be susceptible to extreme variability when central actors are

exposed to frequent external changes. Most generally, the social
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structure of any system can be understood as one form of systemic

response to forces that place uneven stress on the members of the

system.

Social embeddedness and globalization

The embeddedness of economic transactions in interpersonal net-

works plays a particularly important role in light of globalization.

When previously local exchange comes to include distant participants,

the market is expanded beyond the realm of the local social network.

As a result, information is critical to new transactions in the market

(Granovetter 1985; Burt 2000). And yet information is particularly

limited because of the distance between the trading parties and the

lack of mediators of information. Furthermore, exchanges between

distant parties may be unstable to the extent that there is not a long

history of exchange and the parties are of different cultures and are

exposed to different economic influences (Krempel and Plumper 2002).

When information is limited and conditions are unstable,

exchange tends to become more embedded in social networks because

others in the network can provide unique and valuable information or

access to resources as a form of insurance in case of catastrophe

(Granovetter 1973; Frank and Yasumoto 1998; Lin 2001). This suggests

a paradox of globalization: globalization implies economic exchange

between geographically, culturally, and socially distant parties, yet

globalization accentuates the extent to which such exchanges are

embedded in interpersonal social networks. This is not to say that

exchange will be concentrated within local communities when exter-

nal opportunities present themselves. Instead how local actors partici-

pate in globalized trade will be contingent on local networks.

The link between globalization and local networks follows

naturally from the recognition that globalization and ecosystems can

be described in network terms. That is, if globalization is a set of inter-

national trade and exchange relationships among countries or corpor-

ate actors, and if an ecosystem encompasses a set of predatory/

competitive relationships among taxa as in a food web, then links

between these two networks must be mediated by a set of actors who

engage in the relationships associated with globalization and who also

interact with the ecosystem. And these actors and their relationships

typically consist of people who extract resources from aquatic ecosys-

tems and then enter them into the system of potentially international

trade. Thus the network approach can bridge the gap between
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ecological and social science (Hollingshead 1940). Pragmatically, the

network approach informs management, for which there is an emer-

ging recognition to understand and engage resource users in their

social contexts (McDonough, et al. 1987; Lee 1993; Holling 1995;

Berkes and Folke 1998; Blumenthal and Jannink 2000; Lal et al. 2001;

Conway et al. 2002).

In the next section, we will explore in theory how small, local,

human networks affect the way in which social systems use and affect

aquatic resources in the face of globalization. We will then present

three case studies that typify some of the processes we describe. We

then present a set of analytic tools that might be applied to study how

social capital is manifest through social networks of fishers. In the

conclusion, we emphasize the need to understand human action in

terms of human social networks and draw implications for fisheries

managers and scientists.

S O C I A L C A P I T A L O F H U M A N N E T W O R K S

We use social capital to explore how resources flow through human

networks. Social capital can be defined as the potential to access

resources through social relations (Bourdieu 1986; Coleman 1988;

Portes 1998; Woolcock 1998; Putnam 2000; Lin 2001).1 Thus a new

lobster fisher may draw on his family’s long-standing presence in the

community to access important information to improve his catch, a

fisher’s wife may draw on her relationship for financial support or

childcare while her husband is at sea (Conway et al. 2002), or a cod

fisher may draw on kinship ties to share gear (Faris 1972).

Though stated at the level of the individual, the manifestation of

social capital has implications for how communities manage common

resources. When members of a community share resources through

social relations, they reduce the need to invest in the infrastructure of

other institutions (e.g., a legal system, formal organizations, and for-

mal markets) that would otherwise be required to facilitate the flow of

1 We are aware that social capital has been defined in multiple ways, from

Coleman’s (1990:303) ‘‘definition by function’’ to Putnam’s (2000:19) link to

‘‘civic virtue.’’ The result is that social capital has become one of the most

ambiguous terms in the social sciences (Portes 1998) and may lose any distinctive

meaning (Hirsh and Levin 1999). Our definition is consistent with the emerging

consensus among sociologists, as typified by definitions offered by Portes (1998:7)

and Lin (1999:30–31).
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resources (Coleman 1990). This is especially important for small fishing

communities that may have limited resources.

Because social capital applies at multiple levels of social organi-

zation (Bourdieu 1986; Coleman 1990; Gabbay and Leenders 1999), it

has important potential for policy and management. On one hand,

social capital attends to the rationality of resource allocations among

individuals. But it also speaks to systemic properties that can facilitate

such allocations. Thus though the theory of social capital has impor-

tant value for basic research, in the last section we will draw on the

social capital paradigm to help managers help members of commu-

nities manage common resources.

Manifestation of social capital also accentuates the value of social

relationships. Thus, when members of a community access resources

through social relations, they come to identify more strongly with

others with whom they have social relationships and, potentially, the

community in which the relationships are embedded (Lawler and Yoon

1998; Frank 2002). In turn, they are more inclined to extract natural

resources with an appreciation for the general value of the resource to

the community. Thus, communities that cultivate social capital may

engage in what Hardin (1968) referred to as ‘‘mutual coercion, mutually

agreed upon’’ action, which can reduce potential tragedies of the com-

mons (Dietz et al. 2003; Pretty 2003).

Nested in their small communities, fishers are very aware of the

functions of social capital, even if they do not call it that by name. For

example, the Scarlet family of merchants was highly successful among

the cod fishers of Cat Harbour because John Scarlet valued the social

obligation of his customers as much as their immediate cash (Faris

1972:122–5). In particular, he would forgo immediate payment for

equipment he lent in exchange for a future favor. This is a critical

practice because the vicissitudes of the fishing industry sometimes

leave fishers low on cash. As a second example, reflecting appreciation

for the role of social capital in protecting the common resource, mem-

bers of lobster gangs who cut the traps of encroaching gangs or indivi-

duals are at minimum condoned by others, who recognize that such

behavior may help sustain the fishery and lobster stock (Acheson 1988).

Because social capital inheres in networks (indeed Burt [2000]

refers to social capital as the ‘‘killer application’’ for social network

analysis), it suggests we pay special attention to the network structures

of the social systems we study. In particular, we will attend to the

tendency for social systems to be made up of cohesive subgroups –

sets of actors who interact frequently with one another.
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Classic sociological theory describes people as establishing pri-

mary affiliations with members of their subunit while uniquely

defining their roles through ties with members of other subunits

(Durkheim 1933; Weber 1947; Simmel 1955; Nadel 1957; Granovetter

1973). Similarly, ecosystems have been conceptualized as divided into a

set of integrated trophic levels or compartments (Bendix and Fisher

1961; May 1973; Cohen et al. 1993), which then mediate the effects of

external perturbance. As examples in human social systems, kinship

relations of cod fishermen are concentrated within crowds (Faris 1972),

and long-standing social relationships among lobster fishermen are

concentrated within gangs (Acheson 1988, 2003). Note, though, that

cohesive subgroups represent the general sociological term defined

exclusively in terms of the pattern of interaction, whereas crowds

and gangs also derive from biological relationships and common land

ownership.

Theories of social capital then suggest that the form of social

capital will vary with distribution of relationships within and between

cohesive subgroups (e.g., Frank and Yasumoto 1998; Lin 2001).

Subgroups in which relationships are concentrated are most helpful

in preventing catastrophic loss when disaster strikes. For example, a

cod fisher caught in a storm is most likely to be rescued by members

of his crowd (Faris 1972), or a lobster fisher who cannot fish because

of personal illness or tragedy is most likely to receive economic help

and emotional support from members of his gang (this may even

include abstinence from fishing for a short period to protect the

market [Acheson 1988]). Critically, social capital operates through the

network – members of the crowd or gang who fail to provide help will

themselves be ostracized. Portes and Sensenbrenner (1993) refer to

social capital that inheres amidst dense social ties within subgroups

as enforceable trust, while others refer to this as bonding social capital

(Gittell and Vidal 1998; Putnam 2000).

In contrast to members of one’s subgroup, members of a social

system who are outside one’s subgroup can provide unique information

or resources that are critical to advancement (Granovetter 1973; Burt

1992; Frank and Yasumoto 1998; Lin 2001). As examples, John Scarlet

expanded his business as a distributor of cod by taking over a store in a

nearby town, thus gaining access to new customers (Faris 1972), and

charter boat captains may communicate with captains not in their

primary information-sharing subgroup to gain access to new informa-

tion or gain favor with members of more successful fishing subgroups

(Mueller 2004). Here, membership in a loose social network ensures
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that the boundary spanner will be treated reasonably fairly and will

make moderate investments in the larger community, a form of social

capital that Portes and Sensenbrenner (1993) describe as reciprocity trans-

actions; the entrepreneur must give as much as he gets, although the

network allows the reciprocity to be delayed over time. This is some-

times referred to as bridging social capital (Gittell and Vidal 1998;

Putnam 2000).

Current theories of social capital suggest that people who have

the most advantage and systems are the most efficient in taking advan-

tage of opportunities and distributing resources when both forms of

social capital are present (Frank and Yasumoto 1998; Gittell and Vidal

1998; Woolcock 1998; Putnam 2000; Lin 2001). Individuals can limit

the effects of catastrophes by drawing on bonding social capital and

can advance themselves by drawing on bridging social capital. At the

system level, core components are sustained through bonding social

capital; integration of the system as a whole is accomplished through

bridging social capital. Thus, systems that contain both types of social

capital have mechanisms for resisting the negative effects of external

disturbances while taking advantage of the positive opportunities

made possible by external change.

The theory of social capital pertains directly to resource flow within

social systems. But for communities of fishers, the resources come

directly from aquatic ecosystems for which there may be global competi-

tion. Furthermore, the resources may well then become part of a global

exchange and are affected by global disturbances. In the next subsection,

we draw on the theories of social capital to explore how human networks

mediate between global exchange and aquatic ecosystems.

M E D I A T I O N B E T W E E N G L O B A L E X C H A N G E A N D A Q U A T I C

E C O S Y S T E M S T H R O U G H S O C I A L C A P I T A L

The social capital that inheres in the networks of local fishing commu-

nities mediates between global events and aquatic ecosystems in three

ways. First, the distribution of social capital affects how local fishing

communities react to the increased competition that emerges with glo-

balization. Second, the distribution of social capital affects how local

fishers engage in exchange with members of the global marketplace.

Third, the distribution of social capital shapes how fishers relate to

a general increase in external disturbances – such as changes in

climate, other economic conditions, or the rise in ecological concerns –

generated by globalization. Below we characterize each of these
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mediating mechanisms through case studies. Importantly, the case

studies feature a range of communities in size, technology, economic

development, and aquatic environments. The critical feature in each of

these studies is how these other factors may affect social networks and

social capital, which then mediates between global events and aquatic

ecosystems.

Globalization and increased competition

To describe how existing social structures affect the reaction of local

communities to increased competition, we contrast the experiences of

cod and lobster fishers on the eastern Atlantic seaboard of North

America. The following is based on Mayo and O’Brien (2000) for the

Northeast Fisheries Science Center. A key feature of the Atlantic cod

(Gadus morhua), is its range and mobility. Atlantic cod that inhabit polar

waters in the summer and autumn migrate to more southerly and

deeper waters in winter and spring, while cod summering in the

Nantucket Shoals region overwinter along the New Jersey coast. Some

cod move considerable distances in search of food or in response to

overcrowding at certain spawning grounds.

In an early example of globalization, improved technology (i.e.,

the factory freeze-trawler) in the 1960s made it possible for boats to

weather the great storms and cold of the North Atlantic and thus to

catch, process, and preserve cod caught off the shores of North America

and distribute it to Europe and the Soviet Union (Finlayson and McCay

1998:316). Increased demand for cod and limited local supplies made

it profitable to do so. Thus, large-scale economic forces induced

competition for cod between North American fishers and the fishers

of the world.

Though the increased competition to supply the market was a

manifestation of globalization, the reaction of the local cod fishers was

an expression of the local social network and institutions (Finlayson

and McCay 1998). Consider the cod fishers of Cat Harbour, Maine, as

one particular example (Faris 1972). Deep social divisions among these

fishers emerged out of historical divisions between the French and the

English and between the Catholic and the Protestant founders of the

communities. These divisions translated into divisions between com-

munities and even within communities between kin-based crowds or

clans defined by proximity of their ‘‘gardens,’’ or plots of land. Even the

ties between members of a crowd or clan frayed when co-owned fishing
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gear was not required to fish. Thus the dense social relations required

for bonding social capital were compromised.

Given their social structure, the cod fishers of Cat Harbour relied

upon an unaffiliated merchant, John Scarlet, to negotiate exchange

(this gave merchants extreme status in the community). Therefore,

the fishers did not have a strong base of social capital on which to

draw to combat global competition (although their cod economy posi-

tioned the merchants to take advantage of a global marketplace).

Instead, the cod fishers generally relied on the Canadian government

to protect the waters against outside forces (Finlayson and McCay 1998:

316–318). In response, the Canadian government enacted a 200-mile

(320-km) zone of exclusive fisheries jurisdiction, which was then

ostensibly supported by the European Community.

The difficulty of relying on the Canadian government to preserve

the common resource was in enforcement and implementation. Partly

because of the mobility of the cod, the boundary waters did not include

all of the home range of the cod. Furthermore, the Canadian govern-

ment did not sustain the interest and resources to ensure implementa-

tion of the boundaries and limits. The result was massive overfishing

by all nations. When that was combined with political and fishery

management miscalculations, the cod stock was depleted (Finlayson

and McCay 1998).

Contrast the case of the cod fishers with that of the lobster fishers

of Maine (Acheson 1988, 2003). The following is adapted from the

summary by Idoine (2004) for the Northeast Fisheries Science Center.

In contrast to cod, American lobsters have limited mobility and are

concentrated in rocky areas where shelter is readily available, although

occasional high densities occur in mud substrates suitable for burrowing.

Because of their limited range, the principal fishing gear used

to catch lobsters is the trap. Lobsters are also taken as bycatch with

otter trawls. Before 1950, lobsters were taken offshore primarily

as incidental trawl catches in demersal fisheries. Reported offshore lob-

ster landings increased dramatically from about 400 tonnes during the

1950s to an average of more than 2000 tonnes in the 1960s. In 1969,

technological advances permitted the introduction of trap fishing

to deeper offshore areas, which helped to increase landings (trap land-

ings increased from 50 tonnes in 1969 to 2900 tonnes in 1972).

Total landings were steady from 1977 to 1986 (�17 600 tonnes/year).

In the 1990s, with improved distribution and markets, the land-

ings increased to approximately 32 000 tonne/year with a slight

decline in 1992–93. Thus far, the lobster fishers have not experienced
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the drop-off in catches indicative of overfishing that the cod fishers

have seen.

The question that arises is why the lobster fishers did not experi-

ence the same declines in their target species as the cod fishers. Though

the answer is complex, involving a range of factors, one critical factor

resides in the social relations of the lobster fishers (Acheson 1988, 2003).

The social relations of Maine lobster fishers were extremely concen-

trated within harbor-based gangs. To defy the gang was to risk ostraciza-

tion, a serious sanction because a fisher’s success often depended on

local and long-held fishing knowledge. Furthermore, because the gangs

were defined by long-standing social and kin-based relationships,

ostracization affected one’s social standing in the community as well as

one’s standard of living.

The gangs drew on their social relationships to aggressively protect

their territories. If a fisher placed traps in a harbor perceived to be the

territory of a rival gang, the rival gang members would either first warn

the intruder (verbally or by notching the traps) or, most likely, sabotage

the perceived intruder’s traps (e.g., cutting them, placing debris in them).

The social structure of the gang was critical to perpetrating the sabotage.

It often took several members to challenge a potential intruder, and all

members of the gang were complicit in not revealing who sabotaged the

traps. Although there were temptations to ‘‘free-ride’’ by not challenging

rival fishers, ultimately the gangs were able to sustain territorial control.

The gangs ultimately drew on the social capital accumulated

through establishing the territorial system of control to impose

harbor-based trap and take limits lower than any externally imposed

limits. Those who exceeded the limits were socially ostracized, leaving

them to face the dangers of fishing and the vicissitudes of the market

on their own. In fact, the formal authorities relied upon the sanction-

ing power of the gangs to impose legal limits once they were passed

(Acheson 2003). Thus, the lobster fishers had strong stocks of social

capital based on their gangs and well-defined norms of sabotaging

outside competition to compete with fishers from other regions.

Interestingly, there are no legal restrictions to lobster fishing for

people outside of the United States. It is possible for non-citizens to

obtain commercial lobster fishing licenses as long as they are residents

of Maine.2 But just like the members of any outside gang, any lobster

2 Personal communication, Helen Holt, supervisor of licensing, Department of

Marine Resources, Licensing Office, Maine.
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fisher outside the community or not following the socially accepted

entry into the lobster fishing industry (i.e., having a Maine ancestry,

working full time, involvement in the community, etc.) risked sabotage

to his traps if he placed them in waters perceived to be the territory of a

gang. Thus, though there are no formal or legal barriers to becoming a

lobster fisher, the social capital among existing lobster fishers limits

external entry into the harbor communities, ultimately giving long-

standing members of the communities a competitive advantage.

Our emphasis on the effects of differences in social structures

between the lobster and cod fishers on overfishing is perhaps too

simplistic. The cod fishers did have their kinship-based crowds,

which fishers drew on to limit losses in face of catastrophe and, there-

fore, potentially could have drawn on to resist overfishing. And social

capital among the lobster fishermen was not uniformly strong – there

were sometimes disagreements among the lobster fishers within a

harbor that could have undermined the social restrictions on overfish-

ing. Furthermore, Acheson argues that multiple factors contributed to

the setting of trap limits (which were indicative of constraint through

social structure): political entrepreneurs had to mobilize a following to

win a distributional conflict against those who wanted to fish a large

amount of gear; and a gang was inclined to enforce only territory that

included a large amount of exclusive fishing area (Acheson 2003:75;

Acheson and Gardner 2004). Acheson also notes that lobster gear is easy

to monitor because lobsters are located closer inland than cod (10 to 15

miles [15 to 25 km] for lobster; cod can exceed the 200-mile [320-km]

limit), and territories are more meaningful to the lobster fishers because

lobsters are relatively sedentary compared with cod and, thus, have

smaller home ranges (McCay 2001). Finally, the lobster fishery is less

vulnerable to global competition because of the difficulties of shipping

live lobster, although this has recently changed with increased fishing of

lobsters in Mexico (Los Angeles Times 2002) and the advent of new pro-

cesses for freezing and shipping lobster (Richardson 2003).

To further support our case that social capital does indeed

operate to mediate the effects of globalization on aquatic resources,

we consider a second comparison between the lobster fishers of Maine

and fishers of the western Atlantic spiny lobster (Panulirus argus) of the

Turks and Caicos Islands (TCI). We do not use the TCI comparison as our

primary comparison because less is known about the TCI fishers than

about either the cod or Maine lobster fishers.

Although entry into the TCI fishery by nationals (‘‘belongers’’)

is currently classified as open-access, Haitians, Dominicans, and other
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‘‘non-belongers’’ are not allowed to fish commercially unless a belonger

is aboard the fishing vessel with them at all times. Thus, the social model

would seem to be similar to that of the gangs of Maine lobster fishers.

But there is a general lack of enforcement of illegal fishing activities,

and foreign poaching vessels correctly perceive this lack of enforcement

and use it to their advantage. Though there is strong community pres-

sure to enforce the law, the illegal activities continue. Critically, it

appears that the TCI belongers are not able to garner social capital to

sanction those who violate the rule. Thus, those who ride with non-

belongers go unpunished, and few limits on catch rates are enforced.

The comparison of the Maine and spiny lobster fishers supports

our emphasis on the importance of differences in social capital that

ultimately affect how the Maine lobster and Atlantic cod fisheries were

managed. For example, the U.S. government was able to draw on the

social capital and norms of the lobster fishers to enforce harbor-based

limits, whereas such an approach was considered but never imple-

mented for cod fishers (Office of Technology Assessment 1977:321;

Finlayson and McCay 1998). The lobster fishers also accepted limita-

tions on their catch (e.g., the V-notch used to identify and limit the

taking of fecund female lobsters) because they knew it would be

imposed evenly and benefit the lobster fisher community in general

(Acheson et al. 1998:400). In contrast, cod fishers ultimately accepted

no such limit, likely because they recognized that such a limit could

not be uniformly enforced and thus those who complied would be

yielding their catch to other fishers.

Even with lobster communities, the distribution of social capital

differentiates island based perimeter communities from harbor based

nucleated communities (Acheson et al. 1998:79). Though all use the

same equipment and fish in the same industry, the social networks of

the island communities are denser than those of the harbor commu-

nities (owing, perhaps, to a sense of shared fate or what Portes and

Sensenbrenner [1993] called ‘‘bounded solidarity’’), and correspond-

ingly, the ability to enforce sanctions to protect territories is greater

in the perimeter defended areas (Acheson 2003:75).

It is impossible to say for sure whether the cod stock would have

been preserved had the cod fishers traditionally relied on a more

extensive and cohesive social network drawn from community mem-

bership to enforce fishing practices. But it is clear that the limits and

laws of the fishery needed to be enforced on the micro level within

small groups, and that greater stores of social capital deriving from

stable social networks could have facilitated enforcement.
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Though the lobster and cod fishers are just two of many types of

fisheries and communities, in combination they represent a large

population of fishers (e.g., McCay 2001), because general concerns

regarding overfishing are ubiquitous (Pauly et al. 1998). But even the

particulars of the lobster and cod fishers represent those of other fish-

ing industries. The factory trawler is just one example of a technology

that helped globalize a fishing industry (see Berkes and Folke 1998).

The cooperation between lobster fishers and state government to

enforce harvest limits is similar to that of some salmon fishers and

Pacific Coast communities who have cooperated to restrict the

amount, especially of young salmon, that are fished (Gilden 1999).

The kin-based social structures of the cod fishers are similar to those

used in Indian villages to preserve sacred tree groves (Gadgil et al. 1998),

and the divisions that occurred within the cod and lobster fishers were

similar to those experienced by the salmon fishers of the Pacific

Northwest (Gilden 1999). Therefore, we believe the comparative analy-

sis of the cod and lobster fisher networks and behaviors generally

provides insight into how social structures of fishers mediate between

global competition and the aquatic ecosystem.

We have characterized lobster and cod fishers as exposed to com-

petition through globalization due to changes in transport, shipping,

and communications. But improvements in technology have also

increased the market opportunities for these fishers, in essence contri-

buting to globalized competition experiences by others. The advent of

the factory freeze-trawler in the 1930s enabled cod fishers to transport

their catch throughout the world, while a new deep-freeze process has

made it easier for lobster fishers to distribute their product across North

America and overseas (Richardson 2003). In fact, more than half of the

lobster catch within U.S. waters now is shipped outside the United States

(Richardson 2003).3

Though lobster and cod fishers have expanded their market

share by using technology to distribute and sell their products globally,

these market effects of globalization are less pronounced for them

than for others because the lobster and cod fishers have strong regional

and national markets. Furthermore, the distribution to these markets

is accomplished through well-established institutionalized channels

3 Characteristically opportunistic, the lobster fishers of Maine are now integrating

consumers into their community by tagging lobsters and having consumers

record where a lobster was eaten and learn about the fisher who caught the

lobster (Zezima 2003).
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that differentiate little within local markets. That is, exchanges

between wholesalers and distributors and fishers are not influenced

strongly by personal social relationships and can more generally be

considered to be market based. In contrast, in the next subsection we

describe the distribution of ornamental fish and invertebrates from

coral reefs, which has been dramatically altered by market opportu-

nities that emerged with globalization.

Globalization and increased market opportunities

Currently, ornamental fish and invertebrates are collected on coral

reefs generally within developing nations such as Indonesia, the

Philippines, Kenya, the Maldives, and regions such as the Caribbean.

These organisms are exported to wealthy nations such as the United

States, European countries, and Japan, where they, depending on species,

are placed into aquariums or eaten as a symbol of status (in Asian

countries) (Wood 2001). The aquarium trade began in the early twen-

tieth century, but the demand for ornamental fish increased in the

1950s with the expansion of the airline industry, and this demand has

increased greatly in the past decade (Wood 2001). As mediated by

human social networks that we will describe, this increase in demand

has contributed to the degradation of the coral reef system, such as

death of non-target species and loss of coral (Rubec et al. 2000), and

altered the dynamics of the oceanic ecosystem, such as disrupting

carbon cycling (McClanahan et al. 2002).4

As in other fish industries, fishers have responded to increased

market demand for ornamental fish by using more aggressive,

unselective fishing techniques. Historically, fishers who collected fish

on coral reefs used cyanide. The cyanide immobilizes all of the fish in

the area. Then collectors retrieve only the immobilized fish and inver-

tebrates that are valuable to the aquarium trade (Rubec et al. 2000;

Wood 2001). The collected fish are immediately placed in water with-

out cyanide, which allows them to recover.

Though ornamental fishers use cyanide to be more expedient

in the short run, the use of cyanide affects/harms the local ecosystem

and its biota and is thus inefficient in the long run (Berkes and Folke

1998). Uncollected fish and invertebrates often die from overexposure

4 Although coral reefs have been able to sustain themselves across a long geological

time-frame, coral reefs are undergoing major declines worldwide (Hughes et al.

2003).
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to cyanide (Rubec et al. 2000; Wood 2001), and cyanide impairs the

photosynthetic process of zooxanthellae, the symbiotic algae of

coral (Rubec et al. 2000). Additionally, because of its efficiency at stun-

ning organisms, ornamental collectors using cyanide are vastly more

able to overfish an ecosystem. For example, 25 percent of the species

caught in the Maldives for the aquarium trade were either over-

exploited or close to overexploitation (Edwards and Shepherd 1992).

The macroeconomic description is thus: through improved trans-

portation and communication, globalization has generated a dramatic

increase in exports for small coral-reef fishing communities, which has

encouraged overfishing using non-selective harvest techniques that

harm the ecosystem.

The description of the macroeconomic processes in the previous

paragraph treats the members of the local fishing communities

as interchangeable and members of the international community

merely as ‘‘foreign’’ relative to the local community. Instead, there

are several layers of variable and interacting networks that bring fish

and invertebrates from their natural environment on the coral reef

to an aquarium in a home. The basic layers are: collectors, who catch

the animals on the coral reefs; exporters, who package and transport

the animals to the affluent countries; dealers, who sell the animals

at shops; and hobbyists, who buy the animals for their aquariums

(Wood 2001).

As is natural in a chain of exchange, the actors along the chain

are fairly segregated – hobbyists know only a few dealers, dealers know

only a few exporters, etc. But the most critical disjuncture occurs

between the collectors and exporters. Middlemen mediate between

collectors and exporters, and in the process, they become key drivers

in the economics of the ornamental fish trade (Christie and White

1997; Wood 2001). As the middlemen take their profit, they lower the

price a collector receives for his animals. Furthermore, collectors often

become heavily indebted to the middlemen, who act as creditors

(Anonymous 1998), although collectors can have higher incomes

than the other fisher folk within a community (Christie and White

1997). Collectors then resort to cyanide to reduce their immediate debt,

with the cyanide often provided by the middleman (Anonymous 1998;

Rubec et al. 2000; Wood 2001). Thus it is through the middleman that

increased market demand may ultimately result in degradation of

coral-reef ecosystems.

Market forces can also enforce positive environmental behaviors.

A dealer whose shipment experiences higher mortality because the
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collector(s) used cyanide may stop buying from a given exporter and

may tell other dealers to do the same (see Raub and Weesie [1990] for

the effect of reputation in continued exchange). This pressure can be

translated down to the collectors, although further research is needed

to determine the sensitivity of the price of ornamental fish.

Supplementing market forces to use environmentally friendly

techniques are various forms of social capital. Hobbyists who per-

ceive themselves embedded in a large global community may choose

to pay extra money for animals caught with non-lethal, highly selec-

tive methods. This is facilitated by the Marine Aquarium Council

(MAC), which certifies chains of custody from ‘‘reef to retail,’’

enabling consumers to identify and reward responsible businesses

through their purchase of certified marine aquarium organisms, i.e.,

‘‘those that were collected, handled and transported in a sustainable

manner’’ (USAID Philippines 2006). Furthermore, the Marine Aquarium

Council works to improve conservation at all the levels of trade

(Holthus 1999), especially in the collector network by providing

training in using nets (Wood 2001). Finally, exporters can facilitate

conservation by establishing ties with collectors, bypassing the

middlemen and their attendant economic pressures, by offering a

stable method of transportation from the small village of the collector

to the major city of the exporter.

It is worth considering how ornamental fishers might draw on

the social capital within their local communities to limit catch rates

and make their aquatic resources more resilient like the communities

described by Berkes and Folke (1998) and Burger et al. (2001). But

critically, collectors are often an ethnic minority or marginal to their

communities (Christie et al. 1994; Anonymous 1998; Wood 2001).

Collectors are also likely to be immigrants into their community

(Edwards and Shepherd 1992; Christie and White 1997).

Because collectors typically are not embedded in long-standing

social networks such as are the fishers of the New England seaboard,

they have difficulty generating the social capital necessary to refrain

from overfishing to preserve the common ecosystem. For example, on

San Salvador Island within the Philippines, those who fish for food are

the majority, while those who collect fishes and invertebrates for the

aquarium trade are the minority and come from the Visayan region

(Christie et al. 1994). Collectors’ lack of social integration then restricts

their social capital for two key types of actions. First, the collectors

do not have the social capital to enforce restrictions on one another,

and thus some use cyanide in spite of the potential threat to the
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ecosystem.5 Second, because the collectors are not well embedded in the

local community, members of the community assigned the transgres-

sions of the few to the whole and thus did not fully address the needs of

the collectors when setting up and protecting the boundaries and reg-

ulations for protected areas of the coastal region (Christie et al. 1994;

Christie and White 1997). Although the collectors of aquarium fish have

accepted and follow the regulations of the community, this lack of

concern over their livelihood has further alienated them from the com-

munity (Christie and White 1997). (Outside international organizations

also have come to the aid of these collectors by helping them form their

own association to police the collectors who violate the regulations and

explore alternative options for income).

The fragmented social capital among the collectors of orna-

mental fish also limits the potential for community management

or co-management of resources among collectors, government agen-

cies, and other members of the community (Christie and White 1997;

Burger et al. 2001; Acheson 2003). Co-management includes training on

sustainable methods of collection, such as net collection; enforcing

regulations within the community and on outsiders who come within

the resource boundaries; scientifically monitoring the resource; and par-

ticipating in managing the resource (Christie et al. 1994; Christie and

White 1997; Wood 2001). As an example of how co-management draws

on social capital in contrast to more authoritative management

techniques, consider the fact that the government of the Philippines

was able to effectively regulate the aquarium trade in the Maldives with

a quota system on exported animals. But when research suggested that

there should be quotas on specific species to prevent overfishing (Edwards

and Shepherd 1992), the government did not have the funds or manpower

to enforce these regulations (Wood 2001). And it could not turn to local,

informal enforcement because of the sparse social networks and lack of

social capital among the collectors.

Though the evidence for collectors of ornamental fish does not

permit exact description, the example of the coral reefs suggests how

the distribution of social capital of small fishing communities mediates

between the network of the global market and the network of an

ecosystem (e.g., McClanahan et al. 2002). In the next subsection, we

address how the distribution of social capital matters even when the

5 In contrast, it is almost impossible to imagine a few lobster fishers drastically

exceeding the trap limit without social consequence.
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local network does not mediate directly between a global force and the

local ecosystem.

Globalization and increased disturbances

Some aspects of globalization directly affect ecosystems, unmediated

by human behavior. The most prominent of these is global warming,

which affects water temperatures (Walker and Steffen 1997). In turn,

water temperatures alter ecosystem dynamics, affecting everything

from the reduction of the symbiotic algae in the coral reefs (coral

bleaching) to the reproductive success of the Maine lobster (Acheson

2003). Though generated by human behavior, these effects of globali-

zation are conveyed directly by the most common and ubiquitous of

natural resources. This challenges the central thesis of this chapter

because the effects of globalization are not directly conveyed by

human social networks.

But human social networks affect how local communities

respond to changes in the environment produced by globalization.

Long-standing sociological theory argues that the more unstable the

environment, the more complex the social structure generated to

accomplish desired goals (Woodward 1965). Classically, this complex-

ity can be accomplished through a refined division of labor which is

then coordinated by a central bureaucracy (Durkheim 1933; Weber

1958). For example, schools that face rapid external changes in com-

puter technology and student composition often create more elaborate

divisions of labor, such as technology teachers or special education

teachers (Zhao and Frank 2003).

More recently sociologists have identified complex networks for

sharing information or resources as critical to systemic responses to

changes in the environment (Abrahamson and Rosenkopf 1997; Frank

and Fahrbach 1999). When conditions are unstable, people need new

and varied information to accomplish their tasks efficiently. Because

each human has a limited capacity to acquire and manage such infor-

mation, humans rely on coordinated activity and social networks when

tasks are complex and changing. Continuing the example, schools may

respond to changes in computer technology or student composition

not just with the introduction of new specialties and correspond-

ing training but also by attending to how these specialized teachers

coordinate with other teachers in their schools. Again, this returns us

to the value of social capital – those who can access information and

resources through their social networks will be better able to respond
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to external disturbances (Berkes and Folke 1998; Palsson 1998; Burt

2000; Frank et al. 2004).

Though the extant sociological literature typically focuses on

well-defined formal organizations or firms such as a post office

(Weber 1958) or school (Frank et al. 2004), there are examples in use

of natural resources that are consistent with the theory regarding the

importance of social capital in helping social systems react to change.

Iceland increased interaction between policy-makers and commercial

fishers to gauge changing fishing stocks via an annual trawling rally

(Palsson 1998:59). As an example in wildlife management, the Chisasibi

Cree elders coordinated a response to a decline in caribou by sharing

stories of earlier declines. These stories reinforced the communal ties

because they emphasized that members of the community shared a

common fate. Furthermore, the elders symbolically and absolutely

represented the kinship ties within the community. Members of the

Chisasibi Cree then drew on the social ties to enforce restrictions and

curtail exploitive hunting practices (see Sporrong 1998).

If one human response to instability is to coordinate action, then

social capital becomes more salient in the turbulent times brought on

by globalization. Just as an isolated teacher can be a good teacher

(Hargreaves 1993) when conditions are stable, an isolated fisher can

be effective when stocks and conditions are stable. This is because one

who is isolated but experienced can draw on personal experience to

solve most problems. But when conditions change, people seek new

information and need to coordinate action (Frank and Fahrbach 1999).

This will increase the importance of social capital – for example, as has

been manifest in the hunting and fishing practices of many small, local

cultures indigenous to North America.

We have made the argument that the distribution of social capital

within a community affects how a community uses its natural resources

in light of globalization. Then in the discussion we will argue that

managers and researchers should attend to explicit network processes.

As a bridge, in the next section we describe tools for graphically

representing the structure of networks from which social capital emerges

and for modeling the manifestation and benefits of social capital.

A P P L I C A T I O N S O F S O C I A L N E T W O R K T O O L S T O S T U D Y

S O C I A L C A P I T A L

The networks of the cod, lobster, and ornamental fishers in our case

studies were essentially inferred. Cod fishers were expected to interact
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according to kinship and land ownership, lobster fishers were inferred

to interact by gangs associated with their fishing port, and collectors of

ornamental fish were generally described as disconnected from those

who fished for subsistence food on the coral reef. There is no evidence

to suggest that the inferences in these cases are incorrect, and the

manifestations of social capital are certainly consistent with the infer-

ences. But in other instances, network structure may not neatly align

with geographic region or kinship, especially as global forces enter

local communities. Thus we call upon researchers and managers to

gather direct social network data (e.g., who talks to whom, who fishes

with whom). This type of data has been used to study everything from

electrical wiring rooms (Roethlisberger and Dickson 1941) to bankers

(Stovel et al. 1996; Frank and Yasumoto 1998; Uzzi 1999) to tailors

(Kapferer 1973) to teachers (Bidwell and Yasumoto 1999; Frank et al.

2004) to charter boat fishers (Mueller 2004).

Given our discussion of the distribution of social capital within

and between cohesive subgroups, one could use explicit network data

to identify subgroups and then link subgroup membership to the dis-

tribution of social capital. For example, Frank and Yasumoto (1998)

identified cohesive subgroups based on friendships among the French

financial elite. After using simulation to establish that the friendships

were concentrated within subgroup boundaries at a rate that was

unlikely to have occurred by chance alone, they embedded the bound-

aries in a sociogram (see Fig. 16.2). In this sociogram, each number

indicates a member of the French financial elite (those who ran major

public or private financial institutions), lines indicate a friendship

between two people, and the circles represent subgroup boundaries.

These subgroups substitute for the kinship boundaries assumed for the

cod fishers or the geographic boundaries assumed for the lobster fishers.

Distance between actors and subgroups are indicative of friendship

strength, with shorter distances representing denser sets of friendships.

Frank and Yasumoto then showed that resource allocations

varied with the subgroup boundaries. First, hostile actions, such as a

corporate takeover, almost never occurred within subgroups, indicat-

ing that trust could be enforced via the dense friendships within sub-

groups. Second, supportive actions, as an example of reciprocity

transactions, were more likely to occur amidst the sparse ties between

subgroups. Frank and Yasumoto reasoned that members of the French

financial elite supported others outside their subgroups because they

already had social capital within their subgroups via enforceable trust –

the dense social ties within subgroups increased the likelihood that
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anyone who betrayed the trust of a subgroup member would be sanc-

tioned, socially and otherwise, by the group as a whole. Thus, members

of the French financial elite seek to engender new obligations and

access new information and resources by helping those outside their

subgroups.

The sociological forces affecting the French financial elite may

seem far removed from those forces experienced by those who rely on

natural resources for their livelihood. And yet both types of economies
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Figure 16.2 Crystallized sociogram: friendships among the French

financial elite. Solid line within subgroups, dotted lines between. Scale¼
maximum weight / (density of exchange), expanded by 6 within

subgroups. Party affiliation: Soc, Socialist; Cen, Central; Rgt, Right; Non,

none/unknown. R, member of Résistance de socialisme; E, attended Ecole

nationale d’administration (ENA); T, employed in the Treasury;

B, employed in the banking industry; G, employed in the Grande Banque.
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are generated by allocation and movement of what are potentially com-

mon resources, be they natural or fiscal. In fact, the allegorical ‘‘tragedy

of the commons’’ generated as community members use public grazing

land solely for their own good (Hardin 1968) could as easily apply as

members of the French financial elite indirectly raid and manipulate the

financial coffers of France with potential costs to the French economy.

Beyond the sociological phenomenon, the underlying theory of

subgroups and graphical representation of social structure as in

Fig. 16.2 have potential application to other systems. For example,

Krause et al. (2003) used the same techniques to identify and represent

food webs as compartments. Their analysis ultimately can inform how

systems react to external disturbances depending on the entry point of

the disturbance relative to the subgroup boundaries. The loss of a

species that is a core member of a subgroup or a bridger between

subgroups may have a more profound impact than the loss of a species

that is only a peripheral member of one subgroup. For example, in a

simulation exercise, two species core to their compartments and two

species peripheral to their compartments were hypothetically

removed from a food web of Lake Michigan. The loss of the core species

had a larger impact on the overall structure of the food web and the

structure of the compartment in which the core species was a member

than the loss of the peripheral species did on the overall food web or

their membership compartment (Krause et al. 2004).

To formalize the graphical representations, one could evaluate

specific components of the theory of social capital using models

incorporating network relations among humans. The key to this is to

build network effects into standard regression type models used by

social scientists and others (Doreian 2000). This moves network analy-

sis past mere metaphor (Burt 2000) and allows network effects to be

estimated controlling for, and compared with, alternative effects asso-

ciated with individuals or formal organizations (Duke 1993; Frank

1998; Doreian 2000).

Focusing on the effect of social relations on an individual out-

come, one could specify the competitive advantage an individual gained

by accessing resources through social relations. For example, in a system

such as the cod fishers network, define kinii
0 to take a value of 1 if i and i0

are kin, 0 otherwise. Next, define geari
0 to represent the extent to which

i0 controls gear that might help a fisher be more successful. The term

Pn
i¼1

kinii0 geari0 then represents the total gear that a fisher could poten-

tially access through kin, and the advantage that fishers gain as a result
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of accessing gear through kin is represented by �1 in the following

model:6

catch ratei ¼ �0 þ �1

Xn

i¼1

ðkinii0 Þ � ðgeari0 Þ : (16:1)

This model, known as a network effects model (Marsden and Friedkin

1994), can be generalized to include other types of social relations (e.g.,

members of a harbor gang) or resources (e.g., knowledge of lobsters).

Furthermore, one can, of course, include other covariates in the model,

such as the expertise of a fisher, equipment he owns, etc. Thus the

model can generally be used to estimate the competitive advantage of

social capital relative to the advantages of other characteristics (Burt

2000; Doreian 2000).

Researchers may also seek to model network relations as an out-

come. For example, following social capital theory, one might model

who allocates resources to whom to understand the factors that affect

the flow of social capital in a system. In particular, define informsii0 to

take a value of 1 if fisher i0 provides information to fisher i, 0 otherwise.

Then we can specify the effect of kinship on the likelihood that a fisher

provides information to another as in the following logit model

(Wasserman and Pattison 1996):

log
p informsii0 ¼ 1½ �

1� p informsii0 ¼ 1½ �

� �
¼ �0 þ �1kinii0 : (16:2)

Thus a large value of �1 would indicate that kin are more likely to

provide information than non-kin. One can also add terms indicating

the degree of similarity between i and i0 on some characteristic, such

as expertise, or seniority. These are known as homophily effects

(Festinger et al. 1950; Homans 1950; Blau 1977; Feld 1981). Thus models

such as (16.2) can be used to understand the factors that affect the rate

and direction of flow of resources in a system, ultimately helping social

scientists understand how resources come to be distributed in a system.

This can help managers plan programs and anticipate how information,

gear, etc. will diffuse among members of a community, which we

address more in the discussion.7

6 This model of influence can be estimated with the SAS program found at http://

www.msu.edu/~kenfrank/software.htm
7 Note that dependencies inherent in social network data pose important chal-

lenges for estimation of the parameters in models such as (16.2). We discuss

these in the Appendix.
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D I S C U S S I O N

In this chapter, we have employed the theory of social capital to under-

stand how human social networks mediate between the international

exchange networks of globalization and aquatic ecosystems. When

people can access resources through social relations, the network of

relations affects how resources are extracted from aquatic ecosystems

and how they are distributed across the globe. Thus social capital helps

us understand how some fishers can limit the catch of others by

threatening ostracization from the social network, and how entrepre-

neurial fishers and middlemen can draw on social relations to sell

aquatic species globally.

As we focus on how resources are distributed through social

networks, we must recognize that relationships are not uniformly

distributed through a social system. Most systems are made up of

integrated regions of highly concentrated relationships, such as the

harbor gangs of lobster fishers or the kin-based crowds of cod fishers.

Correspondingly, social capital has multiple forms, such as bridging

and bonding, and is unevenly distributed across systems.

Individuals who have social capital can gain advantage over their

competitors who may be less able to react to external changes (Burt

2000). Thus the merchant John Scarlet built his business through good

standing within his local community and then expanded through new

relations in a second community (Faris 1972). Similarly, coral-reef

fishers have found new markets by building exchange relationships

with middlemen who have access to the aquarium trade.

Some emphasize the advantages of social capital for the indivi-

dual. But because social capital facilitates the flow of resources without

reliance on more formal institutions, the distribution of social capital

within a community can affect how members of the community man-

age their common resources. When there is adequate bonding social

capital, members of a community need not resort to drastic, environ-

mentally damaging behavior when faced with catastrophe under the

stress of global competition. For example, the lobster fishers rely on

the bonding social capital of their gangs to avoid overfishing. Bridging

social capital helps members of neighboring communities manage

their proximal resources, a proximity that is accentuated by globali-

zation. For example, members of a small community in Bula, Fiji, drew

on their social ties outside of the village to learn more about what

damaged their coral reef and to coordinate action to preserve it

(Coralfilm 2003).
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Social capital, by definition, pertains to the resources actors can

informally access through social relations. We recognize that those

members of a community who have more formal authority or are

perceived to be more legitimate than others may have more influence

on communal action. But because globalization simultaneously

increases the complexity of challenges to local communities and the

exposure of general community members to external challenges, we

anticipate that the capacity of those who have influence through

formal authority, detached from networks, to make and implement

effective decisions will be diminished. We also predict that globaliza-

tion will make it necessary for effective decision-makers to engage in

networks of their local communities. Furthermore, decision-makers

must rely on networks to coordinate with those far removed from

their immediate locales but whose actions may affect the local natural

resource. Thus we anticipate that globalization will raise the demands

on the networks of fisheries managers (see Dowding 2004), increasing

the social transaction costs to ensure sustainable resource manage-

ment. Indeed, reference to this phenomenon is already emerging in

the governances and fisheries management literature, to which we

turn in the next subsections.

Implications for governance

A key question is whether merely a more complex and dense network

within existing communities can sustain the coordination necessary to

respond to globalization. The existence of non-governmental organiza-

tions (NGOs) that have interests in issues affecting individuals and

communities provides an example of a dense network within an exist-

ing community or between communities that can respond at local,

regional, national, and global scales to the influences of globalization.

Non-governmental organizations foster the formation of a dense

subnetwork by providing a framework through which people with

common concerns and interests can be brought together via global

communication and transportation systems. They therefore facilitate

the coordination of responses, creating a stronger, unified political

voice at targeted levels of governance.

Non-governmental organizations have also served as a catalyst by

which societal members attempt to influence governmental actors in

relationship to issues related to fish, their environments, and fishing.

But when external disturbances are increasingly initiated and moder-

ated by people outside the community, perhaps the best communal
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response is to expand the network to coordinate with those who

influence the availability of resources. Moreover, the composition of

the networks may need to change to include government employees,

environmentalists, politicians, and scientists (Dowding 2004). For

example, the Marine Aquarium Council was formed to promote a

sustainable fishery of aquarium organisms by certifying those organ-

isms that are collected according to the goals of the council (Holthus

1999). This council is described as a global network made up of repre-

sentatives from the aquarium industry, hobbyists, conservation organ-

izations, government agencies, and public aquariums (Holthus 1999).

Thus the increased rate of external disturbances may demand an exten-

sion of the relevant network needed for coordination, constituting a

secondary effect of globalization (Dietz et al. 2003). This can ultimately

lead to state and international coordination, such as the 1992 United

Nations Framework Convention on Climate Change (part of the 1992

Rio Conventions) (United Nations 1992) or the 1997 Kyoto Protocol to

the United Nations Framework Convention on Climate Change (United

Nations 1997).

Implications for managers

Managing a fishery now requires much more than knowledge of the

biological systems and manipulation of a select number of species in

those systems. Managers must be aware of the multiple stakeholders

who will be affected by and then can influence policy and action.

Recognizing the human element, many have called for increased com-

munication, awareness, and interaction between managers, policy-

makers, and stakeholders (McDonough et al. 1987; Lee 1993; Holling

1995; Berkes and Folke 1998; Blumenthal and Jannink 2000; Lal et al.

2001; Conway et al. 2002).

Here we extend this focus on the human element by calling

attention to the underlying human networks. Rarely are groups as

monolithic as outsiders perceive them to be (Freeman 1992). Thus

when fishery managers interact with commercial fishers, they must

be aware that there may be multiple groups of fishers and that to

interact with one set is not to interact with all. Interaction with only

a small group may lead to unintended consequences, potentially pit-

ting one group against another with negative implications for the

environment (Portes 2000). For example, coordinating policy with

only one lobster gang would favor that gang over others and thus

could intensify existing rivalries. Similarly, management decisions
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regarding coral reefs focused on the collectors do not attend to the

economic pressures and social context in which the collectors operate

and thus may merely exacerbate social cleavages between collectors

and other members of their communities.

Even within the small communities in our case studies, there are

discernible subgroups in the social structure. Correspondingly, social

capital takes various forms and is not uniformly distributed through-

out the system. This is accentuated when we consider the multiple

stakeholders who can affect an ecosystem or who draw resources from

an ecosystem (Gilden 1999; Lynch 2001). Stakeholders may organize by

demographic region, industry, economic interdependency, etc., and

managers must be aware of these networks as managers seek to engage

the broader community in resource management.

We expect that an analysis of networks will be most important

when trying to govern or constrain naturally competitive behavior.8

For example, if the most economically advantageous fishing tech-

nique, trawling, were not the most harmful, then there might be little

need to regulate the behavior (Gilden 1999). Correspondingly, policy-

makers could anticipate and accept that fishers would slowly adopt

trawling as they gained access to the relevant knowledge and equip-

ment. But because trawling is harmful to the environment or the fish

population, we as a society may seek to regulate this behavior. And

critical to implementing any regulation is to be aware of cleavages and

even distrust among subsets of fishers. Therefore fishers cannot be

appealed to as a single group, and they may have little underlying

social structure on which to draw to self-regulate. Correspondingly,

managers will have to engage each subgroup separately and will have

to ensure that regulations are being enforced in economically equiva-

lent ways.

An appreciation for network structure and the distribution of

social capital is consistent with arguments that fisheries management

strategies are best when tailored to the local social structure. For

example, the U.S. federal government’s strategy of localized enforce-

ment of lobster trap limits drew on the extensive bonding social capital

of the lobster fishers deriving from the well-marked social systems of

the gangs. Absent such social structure and social capital, a similar

enforcement strategy may not be successful. Thus government use

of localized enforcement was limited on the coral reefs and failed

8 Here, we assume that environmental norms and external actors either do not

change or are not influential in light of economic pressures.
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with the cod fishery. Where network structures are sparse, enforce-

ment strategies based on market forces (e.g., individual transferable

quotas: Burger et al. 2001; McCay 2001; Dietz et al. 2003) may be more

effectively implemented.

Implications for research

The tensions we describe in our case studies reflect how the social

structures of small communities mediate between competing demands

of economic competition and ecological concern. Coral-reef fishers

must choose between cyanide for immediate economic gain or tech-

niques that are less destructive, but less economically beneficial in the

short run. Similarly, the lobster and cod fishers must balance their

immediate catch against degradation of the supply. Generally, indivi-

duals acting in their self-interest may choose the short-term economic

benefit, calculating that they could fish in other areas should the

current area become overfished.

Individuals embedded in the social structure of a community

may be more likely to recognize that relocation will harm many mem-

bers of the community and may compromise the social structure. Thus

they have more of an interest in preserving the local resource for the

long term. Though the tensions between economic competition and

ecological concern are not new (Hardin 1968), they are exacerbated by

globalization, which increases market pressures and opportunities

while simultaneously heightening awareness of shared environments.

Therefore, the demand on local communities to balance these tensions

is increasing. Correspondingly, we argue that the classic tools of tech-

nology and policy used to negotiate competing tensions need to be

augmented with more sophisticated ways of thinking about the inter-

face between human and ecological networks. In particular, research-

ers need to attend to the causes and consequences of social relations

among fishers as well as to the dynamics of food webs and the form-

ation of legislation. Such knowledge could help managers understand

how to develop and implement policy as well as inform policy-makers

of possible unintended social consequences of their actions.

In fact, there has already been some interest in the link between

human networks and ecology (McDonough et al. 1987; Maiolo and

Johnson 1992; Gaedke 1995; Holling 1995; Lee 1999; Stepp et al. 2003).

Though these have been important and valuable efforts, much of the

literature reads as an attempt to apply generically the tools and meta-

phors of network analysis to study human social networks as they
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relate to ecology. As an extension, our theory of social capital draws

explicitly on the social relations of humans to understand how

resources flow without reliance on formal institutions. This should

help researchers develop specific hypotheses beyond theoretical char-

acterizations of whole systems as networks (e.g., Steins 2001). For

example, researchers may hypothesize and test whether members of

tightly knit social groups will provide extensive support to one another

and be more inclined to cooperate to preserve a resource than mem-

bers of loosely knit social groups.

The linkages between human networks and ecological net-

works could be extended by examining natural capital within ecological

networks using similar methods to study social capital in human

networks. Natural capital can be defined as the ‘‘soil and atmospheric

structure, plant and animal biomass, etc., that, taken together, forms

the basis of all ecosystems’’ (Akerman 2003). In the same way that social

capital is defined as accessing resources through social relationships in

humans, we can think of natural capital as accessing resources through

the ecological relationships in a network. Correspondingly, the quan-

titative methods for identifying social capital and its effects through

the processes of a human network may help with the quantification of

natural capital (Akerman [2003] notes that there are important chal-

lenges to the quantification of natural capital). By better understanding

the role of natural capital within ecological networks, we believe that

human networks can begin to interact with ecological networks more

effectively and efficiently.

We can draw on the rich history of the study of networks in

ecosystems (e.g., Hannon 1973) to inform the types of studies of

human networks advocated here. First, calls by those who study food

webs for comprehensive, disaggregated data (Cohen et al. 1993; Gaedke

1995) should be applied to human social systems as well. The more

information we have about exactly who interacts with whom, the more

we will be able to understand how, where, and why resources flow in

social systems. Network researchers in other domains, such as among

bankers or teachers, are increasingly approaching this ideal (Uzzi 1996,

1999; Frank and Yasumoto 1998; Frank et al. 2004). Second, long-

standing ecological theory suggests that ecosystems are more robust

to external disturbances when made up of compartments (May 1973;

McCann et al. 1998; Jordan and Molnar 1999; Krause et al. 2003). The

theory of resilience and efficiency informs the presence and value of

the social equivalent to compartments, cohesive subgroups. Third,

those who study ecological systems are recognized as expert in

Global trade, social networks, and fisheries 415



characterizing both the internal dynamics of such complex systems

as well as how such systems react to external disturbances through

intrasystem interactions (e.g., Zimmerman et al. 2003). These same

principles could be used to explore the internal dynamics of human

systems and how human systems react to external disturbances, for

example, by exploring how different sets of fishers increase or decrease

their interactions under economic scarcity.

Like many applications of networks and related theories, our

approach in this chapter is necessarily interdisciplinary (cf. Pickett

et al. 1999; Heemskerk et al. 2003; Wali et al. 2003). Descriptions of

global trade are generated by economists, terms of global trade and

regulation are studied by political scientists and lawyers, and aquatic

ecosystems are studied by ecologists. Sandwiched between these is a

sociological understanding of the resources that flow through people’s

networks and how those resources affect action. The sociological

approach has proven critical to understanding exchange and resource

sharing between people that cannot be completely reduced to purely

economic terms (Granovetter 1985), and thus we believe it will be

fruitful when applied to fishers and fisheries managers. Some would

say the macroeconomic forces eventually drive all change. Others

might argue that change can be navigated primarily through greater

understanding of the ecosystem and how to manipulate it. But if

fisheries managers ultimately must engage and rely on human action,

then fisheries researchers must increase their understanding of the

networks in which those actions are embedded.
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Appendix: Estimation of social network models

One’s first inclination to estimate social network models such as in

(16.2) might be to use maximum likelihood techniques such as those

that are available to estimate the parameters in standard logit models

(e.g., Agresti 1984). But it is difficult to define the likelihood for the data

given the parameters in model (16.2) because the observations are not

independent. For example, the relation between i and i0 is not indepen-

dent of the relation between i0 and i.

There are currently two new approaches for accounting for

dependencies in social network models such as (16.2). First, the p*

approach, developed by Frank and Strauss (Frank and Strauss 1986;

Strauss and Ikeda 1990) and described by Wasserman and Pattison

(1996) shows that estimates from the standard logit model as in (16.2)

can be described as based on a pseudo-likelihood if one conditions on

key relations between other pairs in the network. That is, an explicit set

of covariates is entered into the model to control for structural depen-

dencies. For example, whether i0 informs i might be a function of the

number of informants they have in common, the tendency of i0 to

inform others, etc. In a key point, Strauss and Ikeda argue that a

Markov assumption implies that one need only account for relations

that involve either i or i0 – the ‘‘stars’’ around the actors involved

(although this has been extended to account for less direct ties defining

neighborhoods [Pattison and Robbins 2002]).

In another estimation alternative, one can account for the nesting

of pairs within nominators (i) and nominees (i0) using an application of

multilevel models with cross-nested effects (Lazega and Van Duijn 1997;

Baerveldt et al. 2004; Hoff 2005). These are called p2 models because they

estimate and control for the variances of actors’ tendencies to send and

receive nominations. One advantage of the p2 approach over p* is that

effects of people can be modeled and tested at a separate level than those

of the pair, without attributing most effects to characteristics of the net-

work structure as represented by the p* covariates. Frank (2002) applied

this type of p2 model to estimate the extent to which teachers were more

likely to help close colleagues than other members of their schools.
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Fishing for consumers: market-driven
factors affecting the sustainability
of the fish and seafood supply chain

I N T R O D U C T I O N

The fish and seafood industry successfully satisfies the annual con-

sumption demands of millions of consumers worldwide. The industry’s

ability to continue this record of success is open to question. Rising

incomes and trends in consumer tastes and preferences indicate a

potentially dramatic increase in future demand; the future supply

side of the industry equation is far more uncertain. The realities of

fish and seafood production and the resulting threat to wild stocks of

fish and seafood species will require careful management to assure

both a sustainable supply of wild catch and sustainable growth in

aquaculture to meet demand.

The uncertainty regarding the survival and renewal of wild

stocks of fish and shellfish and their habitat is especially challenging.

The fish and seafood industry shares similar characteristics with other

industries – e.g., mining or timber – utilizing renewable resources.

Some species can be readily managed with more sustainable practices;

others, such as long-living, late-maturing fish, may not be renewable in

our lifetime. The tremendous growth in aquaculture attests to its

potential to counterbalance declines in wild harvest. Aquaculture,

however, has its own sustainability issues that also need to be resolved,

including water quality concerns, invasive species release, disease, use

of biotechnology, and drug use for enhanced growth or control of

disease.

Even if the industry responds with sustainable management

practices, consumers or those who supply consumers may or may

not be willing to pay for the change. The grocery retail and hospitality

industries directly respond to consumer demands daily. In general,
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Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



these retailers’ knowledge of and relationship with consumers

can allow them to predict demand and then coordinate with other

supply-chain members (distributors, processors, wild harvesters,

and aquaculture producers) to successfully balance demand with

supply. The retailers also have the potential to utilize price, product

differentiation, and marketing communication to reach and influence

consumers about fish and seafood products that have been produced

with sustainable methods, e.g., restaurant menu labeling of any

sustainability certification recognized. In turn, they could signal the

other supply-chain participants of consumers’ demand for fish and

seafood products sustainably produced. A question that remains

open is whether the current supply chain is adequately coordinated

to assure an effective balance of basic demand and supply, let alone

communicate additional signals about consumer concerns for

sustainability.

These introductory remarks lay the foundation for the topic of

this chapter – an exploration of the interrelationships between con-

sumer demand, the fisheries supply chain, and sustainability. The

chapter is organized accordingly. First, we examine general trends

and influences on consumer demand for fish and seafood. Second, we

look at the various economic actors in the fish and seafood supply

chain. Issues of sustainability and the interaction with consumer

demand and supply-chain functioning follow in the third major sec-

tion. Marine stewardship, eco-labeling and certification, government

policy, and the role of aquaculture are also dealt with in this section.

Finally, key conclusions are presented, along with the need for more

extensive research to support the resolution of concerns and incom-

plete knowledge.

To the extent possible, this chapter is written from a global

perspective. However, the available information about U.S. consumers,

markets, and supply-chain participants is far more extensive than it

is for many other places in the world. Although the developing regions

of the world are mentioned, the authors’ knowledge base about fish

and seafood demand, supply, and sustainability in these regions is

limited. Much work remains to be done in the research arena to under-

stand fully the impacts on these developing regions of the issues

discussed. The U.S. experience is thus used as a case study because of

the existing information base and its parallels with much of what

occurs in other parts of the developed world. Where the U.S. experi-

ence diverges, the authors have attempted to point out any known

distinctions.
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C O N S U M E R D E M A N D

The place to begin a discussion of fish and seafood sustainability is with

demand, its likely growth, and the factors that will drive that growth. If

demand is expected to drop or even stabilize, sustainability may be less

of an issue going forward. However, just the opposite is likely – i.e.,

demand will likely continue strong growth.

Globally, human consumption of fish and seafood doubled in

volume to over 90 million tonnes from the early 1970s to the late

1990s (FAO 1997:24–27). This represents a compound growth rate of

about 2.8 percent per year. Again based on FAO data, for the 5 years

ending in 2001, the growth rate per year was about 2.45 percent with

total consumption just under 100 million tonnes. At this rate, 2010

consumption could easily reach 124 million tonnes. When this number

is added to non-food uses of approximately 30 million tonnes (in which

growth is relatively flat), total world demand would be predicted to

reach 154 million tonnes in 2010. This section discusses reasons why

this growth rate would be expected to continue, if not accelerate.

Factors affecting demand in the U.S. and the developed

world

The factors affecting U.S. demand are generally reflective of those in

many other developed world countries, although the specifics – e.g., value

of demand, total weight consumed, and rank of varieties preferred –

do vary by nation. Using U.S. demand as a proxy for the developed

world allows for useful expanded treatment of the analysis of demand.

Several broad observations help frame the discussion of con-

sumption and demand patterns. In the United States, fish and seafood

consumption was valued at $17.7 billion in 2002 and amounted

to approximately 15 pounds (7 kg) per person. According to Mintel

(2002a), 89 percent of the U.S. population consumes fish and seafood,

compared with 96 percent for poultry, 93 percent for beef, and

84 percent for pork. Thus, fish and seafood are less frequently consumed

than the two primary meat sources of protein. The top ten most popu-

lar fish and seafood items make up almost 90 percent of all seafood

consumption in the United States. These items (listed in order by annual

weight consumed per capita) are shrimp, tuna, salmon, Alaska pollock,

catfish, cod, crabs, clams, flatfish, and tilapia (NMFS 2004). Given this

concentration on a relatively few species, consumption trends probably

heighten the sustainability issues for these species. The majority of
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consumption is either fresh or frozen (67 percent), canned seafood is

on a downward trend at 28 percent, with cured at 5 percent. Consumers

exhibit strong preference for fresh fish and seafood at both restaurants

and retail, probably because of the increased perception of quality with

fresh product (Bisaillon-Cary and Meser 2004). This preference is also

consistent with general consumer preference for freshness across

many produce and protein food categories.

Factors shaping fish and seafood demand include income, age,

geographical location, taste, eating away from home, convenience and

experience with preparation, dietary and health trends, and quality

perceptions. Environmental consciousness, certification, labeling, and

origin of fish are also important factors, but they are included in the

sustainability discussion later in the chapter.

Income

In general, higher income allows the consumer to purchase more basic

staple foods until a point is reached where more appealing non-staple

foods such as meat protein are preferred. Typically, households in

developed nations with the highest incomes are most likely to choose

seafood. Consumption is aligned with middle to older age groups who

have more disposable income and a greater interest in a healthier

lifestyle. Additionally, higher-income consumers tend to eat out

more, which means their higher-cost fish and seafood are often con-

sumed as fresh prepared in a restaurant. According to Mintel’s findings

(2002a), those with lower incomes who like fish or seafood still eat it

but less often, and select less expensive fish and seafood options than

those with the highest incomes. As incomes rise and more middle-

income consumers emerge in the developing nations of the world,

the income effect would likely be strongly positive on demand there

as well as in the developed world.

Age

As age increases, so does attention to diet and health. Accordingly,

Mintel (2002a) surveys reveal that consumers in their twenties say

that lack of preparation time and skill both limit their consumption

of fresh and frozen seafood. Consumers under the age of 35 are the

least likely to choose seafood over other meat options. In the same

survey, the ‘‘baby boom’’ generation households (consumers aged 40 to

58 in 2004) are most likely to consume seafood, while retiree
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households were identified as the least likely of any group to choose

fresh or frozen products, probably because of preparation capability.

Overall, increasing age tends to correlate with increasing consumption

of fish and seafood. The aging of the developed world’s population will

likely increase the rate of growth in fish and seafood demand.

Geographical location

Respondents in the U.S. South are the most likely to choose seafood or

fish over any meat other than poultry. This is likely a result of the

abundant availability of fresh fish from the Gulf of Mexico and the

Atlantic Ocean as well as availability of the established catfish aqua-

culture industry (Mintel 2002a). Seafood available in Florida, Louisiana,

and the Carolinas will be fresh and somewhat less expensive than

seafood at inland locations that incur shipping and refrigeration

costs. The northeastern, southern, and western household regions

were more likely to use fresh fish, probably because of the large num-

ber of fisheries and small fishing operations along coastlines.

Households in the north central region were the only ones more likely

to use frozen fish than fresh, which points to limited availability and

higher prices in their region (Mintel 2002a). Geographic areas with

inland coastlines, such as the Great Lakes, and along ocean coastlines

allow for extensive wild fishing which somewhat skews actual fish

consumption for the region. It would be expected globally that near-

ness to coasts and inland fisheries would have positive upward pres-

sure on seafood demand. However, well-developed processing and

distribution for fish and seafood products probably tend to offset the

distance disadvantage in developed countries.

Taste trends

A National Fisheries Institute study found growing preference for

broiled, baked, and grilled fish and seafood with sauces and seasonings,

and less for fried fish and seafood items (Mintel 2002a). Increasing

diversity of available fish and serving suggestions contribute to a

more diverse diet. For example, sushi and sashimi bars are increasingly

popular with Americans and consumers in other developed countries.

In line with these trends, fish and seafood are being selected for menus

by more hospitality entities, including campus contractors, medical

centers, and retirement communities. Aquaculture, less expensive

imports, and higher-quality frozen and highly processed products
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make it possible to increase fish and seafood presence on menus every-

where. Food service operators offer cost-effective dishes supplied not

only to the hospitality industry but at an increasing rate to super-

markets. Contrary to what consumers say about preferring fresh pro-

ducts, many food operators increasingly use frozen, value-added, and

convenience seafood products. Such products include thaw-and-bake

gourmet appetizers, consistently sized meaty fillets for grilling or

broiling, stuffed fish roulades, and fish croquettes. New methods of

marinating and brining make products look and taste desirable while

meeting low-cost objectives (Silver 2003). The bottom line is that taste

preference, coupled with evolution in product form, favors increased

demand for fish and seafood.

Eating away from home

With the strong eating-out trend in the United States, it comes as no

surprise that 40 percent of all meals are eaten away from home. Fish

and seafood meals are even more likely to be eaten outside the home.

This trend favorably supports growth of the hospitality industry, which

already satisfies over 70 percent of all fish and seafood demand in the

United States (Mintel 2002a). Though 25 percent of respondents con-

sume seafood two to three times a week (either at home or away from

home), 20 percent consume seafood at restaurants at least once a week.

Almost one-third of respondents ordered seafood at a restaurant once a

month, and one-fifth twice a month (Mintel 2002b). Consumers gener-

ally prefer a full-service restaurant for variety and quality reasons, and

their consumption is often driven by situational and emotional factors

such as celebration of special occasions. Growth in fish and seafood

consumption is thus further reinforced by the growing trend to con-

sume food outside the home.

Convenience and experience with preparation

The trend toward eating out is strong, but home meals are also chan-

ging. Meals prepared at home consist of fewer dishes and take less time

to prepare. In addition to this broad trend, many consumers are reluc-

tant to deal with raw fish and seafood at home because of food safety

issues and lack of knowledge in proper preparation. Despite these

concerns, Simmons surveys published in Mintel (2002a) reveal that

consumers still greatly favor fresh fish over frozen. In dollar sales,

fresh fish has nearly 80 percent of the total market. Though sales of
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shelf-stable seafood are decreasing, canned tuna is still very popular

and present in 90 percent of all households.

As fish processors and retailers increase efforts to address con-

sumer concerns, the segments involving frozen and refrigerated pre-

seasoned fish and seafood are expected to grow more quickly than

other segments of the fish and seafood market. In 2002, frozen and

refrigerated segments were small in comparison with the general fresh

seafood market, but Mintel (2002b) estimates that, by 2010, they could

together equal 20 percent or more as consumers who are time-pressed

and avoiding delicate cooking choices will find seafood to be easier and

quicker to prepare than they thought and less expensive. In other

words, even though consumers prefer freshness, some will substitute

convenience for freshness in home preparation. Again, evolution in

product forms for home use favors increasing demand.

Dietary, health, and quality perceptions

Current trends in diet, health claims, and safety scares together shape

consumer preferences for seafood. Diets low in carbohydrates and rich

in protein and beneficial omega-3 fats encourage fish and seafood

consumption. A National Fisheries Institute survey revealed health,

diet, and calorie content as important reasons for fish and seafood

consumption and that nine out of ten respondents perceived fish and

seafood as healthier than beef and pork (Mintel 2002a). Physicians and

medical organizations such as the American Heart Association have

actively promoted fish and seafood as an integral part of a healthy

lifestyle. Mintel (2002a) predicts that ‘‘baby boomers’’ reaching their

fifties and sixties will further increase consumption of seafood. Nearly

three out of four respondents agree on seafood’s positioning as a

healthy meal choice.

Countering these positive messages about fish and seafood in

one’s diet, the news media regularly bring attention to issues such as

contamination with heavy metals, polychlorinated biphenyls (PCBs),

antibiotic residue and bacteria content, and soon to be commercialized

genetically modified organism (GMO) fish products. These conflicting

claims about the health benefits and risks of fish and seafood consump-

tion may be a source of confusion for consumers, and thereby limit

demand growth. As evidence of the confusion, Mintel (2004) found that

28 percent of consumers surveyed think that fish and seafood are most

likely to be tainted in comparison with other meats, and 15 percent

have cut back on the amount of fish eaten because of concerns about
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mercury levels. On the other hand, 42 percent have increased the

amount of fish and seafood consumed because they have heard about

the health benefits of these products. In balance, if safety concerns can

be managed by suppliers, the general health trends greatly favor

increased demand.

Factors affecting developing world demand

Fish and seafood already represent an important source of protein for the

developing world as a whole. Developing populations derive 20 percent

of their overall protein intake from the category, which it delivers to only

13 percent in developed populations (Delgado et al. 2003.). Given that

proximity to supply (coastal and inland waterway regions) is especially

crucial to the developing world, those countries that have access to fish

and seafood probably gain even more than 20 percent of their protein

from this source and less well-endowed nations fall below this level.

Generally speaking, successful development efforts would be expected

to spur fish and seafood demand even further. Increasing population

generally, rising incomes, development of food processing and distribu-

tion industries and channels, and the likely shifting of consumer prefer-

ences in favor of processed and protein rich foods all favor expansion of

fish and seafood demand. Much research remains to be done to track and

to understand how developing population demand will specifically

change in the fish and seafood arena. However, the general trends

would all argue for expanding, not contracting, consumption.

Conclusions about consumer demand

In the developing world, population and income growth are fueling

significant increases in demand for fish and seafood as a protein

source. In the developed world, trends in diet and health, convenience,

income, age, and taste preference favor increased demand for fish and

seafood products even as the population remains relatively stable. The

lone concerns arise from consumers’ lack of preparation knowledge

for home consumption, broad safety concerns about fish and seafood

contamination, and environmental concerns related to what fish are

consumed. In total, the consumer demand picture suggests that past

compound growth rates in excess of 2.5 percent per year are likely to

continue and might even accelerate. If there are limits to this demand

growth rate, they will probably come from the supply side and not from

the preferences of consumers.
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F I S H A N D S E A F O O D S U P P L Y

Given the demand analysis, two issues appear particularly relevant to

the ultimate discussion of fisheries sustainability. First, what are the

expectations for growth in supply? Demand pressures could be large-

ly mitigated if supply growth can keep pace. Second, what is the

nature of the fish and seafood supply chain and its ability to transmit

signals about demand? If the supply chain is not well coordinated

from the consumer backward to basic inputs, then demand signals

may not get transmitted properly, most especially signals that might

provide the basis for consumer-responsive strategies supporting sus-

tainability. Possible consumer-responsive strategies are discussed in

the following section. The analysis, then, needs to address questions of

what signals now travel through the supply chain and to be based on

what each participant in the chain needs for economic survival and

business health.

Expected growth in supply

Global harvest of wild fish stock declined slightly from 93.5 million

tonnes in 1996 to 91.3 million tonnes in 2001. In the same period,

aquaculture rose from 26.7 million tonnes to 37.5 million tonnes

(FAO 1997). Only about 70 percent of the world’s harvest of fish and

fishery products is consumed as food; the rest is either discarded as

bycatch, lost because of perishability, or processed for alternative use

such as aquaculture and pet feed. Fish and shellfish products represent

about 16 percent of the animal protein supply and 6 percent of total

global protein supply. World trade in seafood is estimated at more

than $100 billion per year. The major markets are those of Japan, the

United States, and the European Union, which depend on imports for

30 to 60 percent of their consumption (Aquaculture Production

Technology 2006).

Global production is projected to rise by an average 1.5 percent

annually through 2020. Two-thirds of this growth will come from

aquaculture, raising the share of aquaculture in total output from

30 percent to about 40 percent. Developing countries, led by China,

now provide 70 percent of global production and will be respon-

sible for the majority of the growth of supply (Delgado et al. 2003).

The disparity between the supply growth projection of 1.5 percent

and the projected demand growth rate of 2.5 percent estimated in

the prior section already signals challenges for fish and seafood

432 H. Christopher Peterson and Karl Fronc



sustainability. These challenges are analyzed in the following section

of the chapter.

The U.S. supply situation mostly mirrors that of the world. The

United States is the world’s fifth largest seafood harvester (NOAA/NMFS

1998). In 2003, the total commercial catch was 9.4 billion pounds

(4.26� 109 kg), down from 9.6 billion pounds (4.35� 109 kg) in 1996

(Johnson 2002). Total U.S. aquaculture production grew most signifi-

cantly between 1982 and 1992. Since then, the total U.S. aquaculture

annual increase in production has slowed, and total U.S. aquaculture

production was 898 million pounds (4.07� 108 kg) in 1998 (Western

Regional Aquaculture Center 1998). Aquaculture has expanded stead-

ily, with a farm gate value of $751.1 million in 1994 and $978 million in

1998 (Tiu n.d.). Aquaculture production in the United States was mixed

for 2002, with catfish production up 33 million pounds (1.50� 107 kg)

(to 630 million pounds [2.87� 108 kg]) and trout, tilapia, and salmon

declining (Johnson 2002); U.S. aquaculture has 4000 farms engaged in

production and accounts for approximately 18 0000 jobs (Tiu n.d.). As

in the broader global situation, U.S. supply growth will likely have to

come from increases in aquaculture or imports if projected demand is

to be met.

The supply chain

The fish and seafood supply chain (Fig. 17.1) extends from consumers

back to basic resource providers. Retailers, both grocery and hospital-

ity, are the suppliers to end consumers. Retailers are supplied by

various types of processors and distributors who are, in turn, supplied

by harvesters of wild catch and producers of aquaculture. Harvesters

rely heavily on fishing rights and vessel ownership; aquaculture pro-

ducers depend on inputs of water, land, and equipment. Starting from

the retail end, we will describe each major set of participants in the

supply chain with an emphasis on what motivates the economic beha-

vior of each and what signals each appears to send to the remainder of

the chain. Little research has been done to document the nature of the

fish and seafood supply chain in either developed or developing

nations. This analysis relies on the U.S. supply chain as a representative

case. It parallels the supply chains found in most developed economies.

The basic elements of the chain are also similar to those found in the

developing world. The major difference is likely to be less product

diversity (species and product form) because of limited technology for

packaging, storage, and distribution in the developing context.
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Retailers: grocery

Fish and seafood products move through two distinct channels to end

consumers: commercial retail stores, including super- and hypermarkets,

local fish markets, and other specialty retail outlets; and commercial/

non-commercial hospitality entities, including fast-food restaurants and

full-service restaurants – e.g., casual or fine dining – and institutional

providers, both public and private – e.g., schools, prisons, and medical

care facilities. The first of these channels is most often referred to as the

grocery channel, and it is analyzed first.

Total retail grocery sales of all fish and seafood in the United States

are predicted to increase 25 percent from 2002 to 2007 (Mintel 2002a).

Products move through grocery retailers in four product forms: fresh,

frozen, refrigerated, and shelf-stable.

Fresh fish will continue to dominate the market, growing at a

slightly faster rate – 26 percent – than the total retail market for fish

and seafood. Retail prices for fresh fish will have a great impact on the

overall value of the market and its actual growth rate. Some super-

markets have already sought to cut costs in the category by eliminating

or reducing service at the seafood counter (Mintel 2002a).

Growth will be even higher for sales of frozen and refrigerated

products. These products will be particularly attractive to consumers

seeking convenience through new packaging designs, fully prepared

and seasoned products, and other high-value attributes (Mintel 2002a).

More specifically, total retail sales of frozen fish and seafood are pre-

dicted to grow 45 percent from 2002 to 2007. Frozen products that

incorporate cooking instructions and nutritional information in their

packaging should appeal to health-conscious consumers as well as

Input
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Figure 17.1 Fish and seafood supply chain.
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those with limited cooking skills or time (Mintel 2002a). Likewise, total

retail sales of refrigerated fish and seafood are predicted to grow rapidly,

up 36 percent from 2002 to 2007. Supermarket chains will gradually

shift away from full-service seafood departments and toward items that

are delivered to the store prepackaged or packaged on site and placed

in self-service coolers. These products can offer the convenience of

individual packaging and preseasoning, allowing the consumer to pre-

pare a healthy meal quickly (Mintel 2002a).

Total retail sales of shelf-stable/canned fish and seafood are pre-

dicted to remain constant (Mintel 2002a). This segment consists mainly

of canned tuna, which will likely lose sales as a wider variety of frozen

and refrigerated fish becomes available.

The retail grocery channel is increasingly dominated by a few

large chains. Consistency in supply, quality, and price are critical to

supplier success in serving this channel. Each chain attempts to differ-

entiate its offerings to consumers, in part through private labels that

serve to create the chain’s own brand image. In addition, these chains

prefer to handle their own distribution functions, purchasing as near

to directly from primary supply as possible.

Generally, grocery retailers track consumer trends quite closely

and attempt to respond to their particular customer needs as a matter

of business strategy. As a result, the signals that they send to their

processors and distributors tend to focus on these needs. Consistency

in supply, quality, and price are most often at the heart of these signals.

Sustainability of supply will likely be part of the quality signals if it

serves a chain’s strategy to differentiate itself from competition. For

example, Whole Foods, with its primary strategic emphasis on organic

and wellness attributes for its products, would be far more likely to

signal sustainability as an attribute for supply than a general grocery

retailer.

Retailers: hospitality

The hospitality channel for fish and seafood retail is particularly impor-

tant – it delivers over 70 percent of all fish and seafood in the United

States. By the definition of Huffman (2003) and Smet (2003), the hospi-

tality industry is made up of businesses that practice the act of being

hospitable, such as lodging, food service, travel and tourism, meeting

and convention planning, and institutional catering (including govern-

ment, prisons, charities, schools, and hospitals). Various hospitality

retailers are taking different approaches toward their product offerings.
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An emphasis on a varied menu and an attempt to attract a

younger demographic characterize the efforts of the leading fast-food

seafood restaurants in reviving a stagnant segment. Common reasons for

less frequent consumption of seafood in quick-service restaurants

include limited preparation options, concerns regarding freshness,

and a preference for burgers and chicken when eating fast food. Most

fast-food restaurants have expanded menus to the point that a consumer

can find more than one type of fare, satisfying the varying needs of a

group of people and making it unnecessary for a customer to leave a fish

restaurant because he or she wanted something else (Mintel 2002b).

Consumers tend to opt for seafood at full-service restaurants for

variety and quality (Mills 2001). Though common seafood choices

such as salmon and tuna remain popular center-of-the-plate options,

today’s hospitality consumers may choose from new trendy dishes

based on common fish prepared in new ways or dishes consisting of

less common fish and seafood species. For example, restaurant chains,

such as O’Charley’s, have introduced new limited-time seafood promo-

tions such as Cajun gumbo made with blue crabmeat, barbecue shrimp

sautéed in chipotle barbecue sauce, and yellowfin tuna steak. Chevy’s

Mexican Restaurants is testing new seafood options, including a

ceviche appetizer made with orange roughy and an ahi tuna entrée. If

successful, these items will be incorporated into the chain’s menu

nationwide. Salads showcasing seafood as the main protein are also

gaining in popularity (Silver 2003).

Bars and restaurants are adding raw fish (sushi and sashimi) to

their menus thanks to the perception that these are trendy and a

healthful alternative to such staples as potatoes and pizza. Some cam-

pus contractors, including Philadelphia-based Aramark, are adopting a

national strategy to make sushi available to their campus accounts

(Silver 2003).

For some non-commercial operations (such as medical centers), sim-

ple seafood items are enough to update the menu plan. Seafood is also

in increasing demand at retirement homes. The Guest Services

Corporation, whose food service operations are found in several pres-

tigious facilities, relies strongly on farm-raised catfish because of its

neutral flavor and easy incorporation into about any kind of cuisine

(Silver 2003).

Some seafood is becoming more economical for the non-

commercial operator (e.g., hospitals, prisons, colleges) to purchase

because of the availability of significantly cheaper Asian imports.

Shrimp owes its popularity also to aquaculture and higher yields that
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have resulted in more favorable market prices and better product

consistency. Now shrimp can be found through the entire retail and

hospitality industry (Silver 2003).

Many operators use frozen, value-added, and convenience sea-

food products to round out their seafood selections. Advanced methods

of processing, both at sea and in large facilities located a short distance

offshore, have led to improved fresh frozen seafood products. Not only

are these items relatively inexpensive, they are also available year

round and can be used in a variety of menu applications. Marinated

and brined fresh frozen fish has entered hospitality kitchens. Besides

improved taste and texture variables, convenience is the key factor for

restaurants’ adoption to save labor costs (Silver 2003).

Across its various outlets, the hospitality industry in the devel-

oped world has thus found a way of increasing per capita consumption

of fish and seafood by offering greater variety of species, flavors, and

preparation styles. Indeed, improved harvesting and sustainable fish-

ing practices, the growth of aquaculture, and higher-quality frozen and

value-added products make it easier than ever to include fish and

seafood of all forms on restaurant menus (Silver 2003).

Chefs are often the source of information educating their sup-

pliers about sustainable seafood issues. Careful selection of seafood

suppliers allows chefs to respond to the growing demand for seafood

by offering menu items that taste good and are more sensible for the

environment (Seafood Choices Alliance 2002a). Examples of such sus-

tainable seafood choices include Pacific albacore/tombo tuna, catfish,

Alaska halibut, Alaska salmon, and mahi-mahi. According to a Seafood

Choices Alliance nationwide study, 62 percent of restaurants would

like to find and buy from environmentally responsible suppliers,

60 percent of seafood retailers agree, 46 percent of chefs and 34 percent

of retailers would look for fish with little to no bycatch, 41 percent of

chefs and 29 percent of retailers would look for non-overfished fish. In

return, wholesalers confirmed they would be willing to supply to meet

those preferences and needs (Seafood Choices Alliance 2002b).

At the same time, retailers try to make it easier for consumers

to eat more fish and seafood. The result has been increased cross-

fertilization between restaurant and retail operations, derived in large

part from vendors that ship to both restaurants and food stores. In fact,

seafood suppliers often develop a product for food service operations

and then modify the more popular items for retail (Silver 2003).

As with grocery retailers, hospitality retailers also track consu-

mer trends closely to vary menus and attract their customer base. The
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signals that they send to suppliers are first about consistency in supply,

quality, and price – all parallel signals to the grocers. For those retail

organizations that rely on chefs for critical menu decisions or that seek

key sources of differentiation beyond these basics, additional attri-

butes can and do matter. This influence has already been noted. In

these instances, signals about sustainability as a supply attribute would

more likely be sent to processors and distributors.

Processing and distribution

Processing and distribution run the gamut of firm types and sizes

from small local processors to large branded seafood manufacturers.

In branded seafood, dominant processor/manufacturers include

StarKist, Bumble Bee, Chicken of the Sea, Gorton, and Aurora Foods.

Branded seafood consists mostly of shelf-stable and frozen products.

The growing market for private label products is supplied by many of

the brand name manufacturers, but 44 percent of private label sales in

2001 came from small, likely regional manufacturers (Mintel 2002a).

Expansion of supermarkets and independent distributors utiliz-

ing alliances and contractual agreements with suppliers is changing

relationships in the supply chain. In the past, large seafood processing

and marketing companies used control over assets such as distribution

systems and marketing as a competitive advantage while influencing

markets through pull and push marketing strategies such as, respec-

tively, consumer media advertising and trade promotion. Currently,

the consistency in quality, freshness, and quantity demanded

encourages direct coordination between supermarkets and primary

processors, bypassing other links. This mutually beneficial relation-

ship, however, causes dependency on limited suppliers, somewhat

decreases the retailers’ bargaining market power, and benefits proces-

sors with higher margins. For suppliers, this implies the need for

balancing processing on demand, so much dependent on uncertain

fish stock harvest, and the ability to add desired value (Trondsen 1997).

Processors are motivated to utilize economies of scale, lower cost

through location selection, and differentiate product based on retailer

demands to increase their relevance to retail customers, either in

grocery or in hospitality. Cost containment strategies include, among

others, horizontal cooperation and integration of firms, and use of low-

cost plants abroad (Trondsen 1997). Quality and consistency enhance-

ment strategies include controlling supply from several harvesters and

locating near harvest to provide the freshest possible quality product.
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However, advantages from strategies that favor proximity to buyer/

consumer markets must be weighed against potential high trans-

portation costs and quality loss during transit. To fulfill agreements

with buyers, processors decrease uncertainty by managing harvest

stock inventory through upstream coordination with fisheries

(Trondsen 1997).

Given the fragmented nature of much of the processor/distribu-

tor link in the supply chain, signals from retailers are often seen as

being about broad issues that allow economies in operation – ability to

deliver needed volume, consistency, general quality, and price.

Sustainability attributes may often be lost unless the processor/distri-

butor is using these attributes as a critical element of differentiation or

serves a retailer who uses this strategy in its promotion to consumers.

Harvesters and producers

This segment of the supply chain is highly fragmented, with many and

varied competitors. For wild catch, harvesters include fishing com-

panies that range in size from fishing fleets to one fishing rig (Mintel

2002a). In aquaculture, numerous farm producers exist, ranging from

multiple acres and species to a single-tank, one-species operation. The

vast majority of supply does move through processors, but some com-

panies, such as Fresh Choice Seafood, are attempting to market direct

to consumers through the Internet and direct delivery channels.

Harvester or aquaculture producers are typically selling for

offered price with few opportunities to differentiate themselves from

one another. As a result, they must manage for efficiency and mini-

mize the production risks that they face. Harvesters in particular

are exposed to some significant production uncertainties caused by

natural fish stock fluctuations and weather. Harvesters can pursue fish

stock management practices designed to save and regrow fish popula-

tions. Improving management of wild fisheries in both quantity and

quality can be achieved and overfishing reduced through such strate-

gies as bycatch reducing devices, modern harvesting, and satellite

sensing and vessel tracking technologies. However, these means

alone cannot solve production and sustainability issues without policy

changes fishery access rights and incentives for public/private coordi-

nation among user groups and increased responsibility by all users of a

given fishery (Delgado et al. 2003).

Changes in harvesting combined with processing are also emer-

ging. Factory trawlers with on-board facilities process raw fish and
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seafood into high-quality packs. Experiments are under way in which

seasonally available and captured fish and seafood are kept alive

through aquaculture technology until sold (Delgado et al. 2003).

Trufresh of Connecticut began freezing lobsters with a technique it

used for years on salmon. Trufresh is using the technique as part of a

strategy to expand its product line as it launches a retail business on the

Internet. The possibility of lobsters to live after being deep frozen

allows for flexibility in delivery while preserving fresh-like attributes

of lobster (Lindsay 2004).

In contrast to wild harvesters, aquaculture producers are faced

with a different set of constraints (to be discussed in the next section),

even though these constraints result in much the same business beha-

vior driven by the need to minimize cost in response to price pressure

from buyers. The aquaculture producer has some advantages over the

wild harvester. Supply can be more readily expanded in response to

demand, and it can be managed for consistency given the control that

the farm setting allows versus the wild environment. Nonetheless, key

limits exist in this ability to control. More on this point is presented in

the next section.

The predominant signal from the rest of the supply chain that

reaches the harvester or the aquaculture producer is often simply

about price coupled with highly generalized concerns about consis-

tency in supply and quality. Evidence of supply relationships for the

harvester or the aquaculture producer relying on sustainability attri-

butes tends to be anecdotal or driven by regulation – e.g., dolphin-safe

tuna – and is further addressed in the next section.

Conclusions about supply

Globally, aquaculture provides the growth potential for the fish and

seafood industry. Many product categories will likely become domi-

nated by aquaculture supply. Wild harvest has likely peaked, with

many species in limited supply. Comparing the expected 2.5 percent

annual growth rate of demand with the expected 1.5 percent rate for

supply suggests that demand pressure will create more challenges for

fisheries sustainability in the future.

In the supply chain, retailers are the key link for coordinating

market signals about consumer demand. The grocery retail channel

calls for increasing consistency of quantity, quality, and price. The

hospitality industry moves 70 percent of fish and seafood to consumers

and stimulates much of the innovation in product. Retail efforts to
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increase the variety and availability of fish and seafood products will

increase the needed supply volume of preferred species, with addi-

tional demand created for those not traditionally preferred. Brand

manufacturers have some power in the chain but depend on the

retailers’ market signals. Small processors and harvester/producers

are fragmented and will likely respond to signals from the large players

in the chain. Management practices throughout the chain are likely

dominated by price-driven efficiency concerns as well as delivering on

specific consistency demands for quality and quantity. The needs of

retailers for fresh, continuously available, quality product will likely

create more need for tight coordination of the supply chain and inno-

vation in production and processing methods. One implication of the

retailers’ needs is that aquaculture will become more important

because it can produce a more standardized and readily available

product. At best, supply chain signals consistent with sustainability

attributes would seem driven by the particular differentiation

approach of a key retailer rather than travel generally or easily across

the chain. Many of these conclusions about the supply chain must

be made tentatively, given that much of the fish and seafood chain

has not been systematically studied.

S U S T A I N A B I L I T Y

The issues

The case has so far been made that demand for fish and seafood

products will likely continue to expand, perhaps dramatically, in

many parts of the world. On the supply side, wild catch in total is not

likely to grow, meaning that most growth in supply will have to come

from aquaculture. Further, the existing supply chain is largely but

loosely coordinated around generalized signals about consistency in

quantity and quality of supply and about cost efficiency to keep price in

line with buyer and consumer expectations. What impacts will these

key conclusions about supply and demand have on fish and seafood

sustainability?

The Food and Agriculture Organization (FAO) warns that rising

demand puts ever more pressure on threatened stocks of wild fish and

seafood. Most of the global wild fisheries are being exploited. Seventy

percent of the world’s fish stocks are exposed to intensive fishing, and

many stocks are close to collapse; U.S. waters appear to be overfished

and habitat degraded. Though increasing demand for seafood is being
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satisfied by traditional wild stock harvest and aquaculture, both of

these production approaches can be practiced in ways that raise ques-

tions about their sustainability – i.e., meeting today’s needs without

degrading the possibility of meeting future needs (Haland 2002). More

specifically, aquaculture, while preserving wild stock, creates its own

impacts on the environment through changes in land and water use for

alternative activities including recreation, potential water pollution,

spread of diseases, and increased demand for wild fish species used as

feed for farmed fish.

In the light of these threats to sustainability, it is rather alarming

that nearly one-third of wild fish harvest is reduced to oils and feeds for

terrestrial animals, pets, and farmed fish. Moreover, nearly one-quarter

of all wild fish harvested, about 20 million tonnes, is discarded as non-

target species (so called bycatch) (Delgado et al. 2003). Finding alterna-

tive economic uses for bycatch may actually discourage adoption of

technologies and harvest management techniques designed to reduce

this waste. Apart from bycatch, fishing techniques themselves, such as

bottom-trawling, and blast and poison fishing, also contribute to dis-

ruption of whole ecosystems, including seabirds and marine mammals

(Delgado et al. 2003).

Limited capacity to expand wild catch does exist in approxi-

mately one-quarter of the world’s marine wild fisheries located in

the tropics. These areas are not yet fully exploited and can provide

growth opportunities to harvesters with local fishing rights. On the one

hand, this new output is going to be, in many cases, of low quality or

value and thus used to satisfy increasing domestic demand. On the

other hand, when this new output is of high quality or value, it will

likely be exported to wealthy nations. In the developed world where

little opportunity exists for expansion of wild catch, harvesters will

gradually either leave the sector or integrate with aquaculture as the

developed nations establish friendly import regimes and defend their

waters and wild stock from further exploitation (Delgado et al. 2003).

For example, recently popularized orange roughy is being harvested

farther from the shore and deeper than ever before, causing its local

extinction.

The solutions to these sustainability issues will likely take a

number of forms, including government policy intervention and vari-

ous industry strategies that use consumer responsiveness to enhance

sustainability. The possible consumer-responsive strategies are of par-

ticular interest given the themes of this chapter, and they come in two

forms: eco-labeling and aquaculture.
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Government policy

Declines in wild fish and seafood populations may have the perverse

effect of heightening the exploitation of the dwindling resource.

Declining catch results in high prices for what is caught. The higher

prices, coupled with the reduced long-term potential, may in turn limit

the incentives for private firms to invest in innovation, new products,

and environmentally friendly technologies (Trondsen 1997).

Ultimately, government policy intervention will likely be essential if

sustainability is to be achieved in the current economic climate. Such

intervention will likely have to encompass changes in trade policy,

harvest regulations, and fishing rights. Any one of these changes is

complex in its own right to negotiate, implement, and then monitor

compliance. When changes in all three areas must be addressed, the

challenges become ever more daunting to a policy solution.

Just one of many possible examples of the policy issues involved

provides evidence of the challenges. Government subsidies can distort

global trade flows and increase threats to sustainable fisheries in that

subsidies can result in fishing operations taking place when they

would otherwise not be profitable to pursue. As a result, the subsidies

potentially provide incentives to overfish or engage in other unsustain-

able fishing practices. As reported by Mintel (2004), Japan, China, Korea,

Taiwan, and the European Union (EU) provide annual subsidizes of

$15 billion to $20 billion to their commercial fishing fleets. Friends of

Fish – which includes the United States, Australia, Chile, Iceland, New

Zealand, the Philippines, Ecuador, and Peru – has forced negotiations

through the World Trade Organization (WTO) to curtail these subsidies.

The outcome of these negotiations is not yet clear, but the extent

(quantity and value) of fisheries trade involved is highly significant.

Creating policy solutions demands significant public and indus-

try support. For example, most Americans favor international treaties

to protect the oceans and say they are willing to eat less of those fish

and seafood categories threatened by overfishing (McClure 2004).

Seventy-two percent of survey respondents agreed that protecting

oceans is best done globally through treaties. Support for global trea-

ties is critical because policies pursued by individual countries may not

be effective when done alone. Sixty percent said they were willing to

eat less of certain kinds of fish to help improve ocean health. Fifty-six

percent agreed the government should spend money on research to

reduce pollution. On the other hand, only 47 percent favored govern-

ment regulation restricting use of the seashore, and only 46 percent
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supported local efforts to reduce business and economic development

of coastal areas (McClure 2004). Getting public support for a full range of

sustainability policy incentives would thus seem to be problematic.

Industry support will also be questionable unless policy helps support

the needed economic investments and process transitions to move from

current methods of production to more sustainable ones.

Consumer responsiveness: eco-labeling and traceability

certifications

The only alternative to government-mandated solutions is some form

of market-oriented and thus consumer-responsive solution. Such a

solution requires a market or consumer-demand motivation, proper

signaling of the demanded product or service attributes throughout the

supply chain, and a coordinated response by suppliers to deliver the

attributes demanded. The demand motivation for a solution is rela-

tively clear from the prior analysis in the chapter. For example,

American consumers are concerned about the health of their diet and

the health of the environment. More than 100 U.S. fish stocks are

suffering from overfishing. Consumers shopping for seafood caught

or farmed in an environmentally sustainable manner can make a

difference to them personally and to the environmental impact on

fisheries (Environmental Defense 2002). Business strategies for retai-

lers (grocer and hospitality), processors, and harvesters/producers

could potentially be effective in meeting these consumers’ needs.

Eco-labeling is one specific strategy for meeting consumer

demands in this arena. An eco-label becomes the signal around which

the supply chain can be coordinated to deliver the sustainability attri-

bute for the end consumer. Once the label is defined with proper moni-

toring for compliance, each firm in the supply chain can participate in

the harvesting, farming, or processing activities implicit in receiving the

label. A survey by the National Fisheries Institute found that one-third of

consumers are familiar with and support eco-labeling (Mintel 2002a).

The purpose of eco-labeling is to utilize consumer market power to

provide incentives for better management practices of fisheries.

Dolphin-safe tuna is a positive example of a successful management

practice adapted by fisheries to differentiate their product from foreign

competition and to please the growing concern of consumers for wildlife

preservation and non-targeted species (bycatch) disposal.

In addition to environmental issues, consumer food safety con-

cerns have highlighted the importance of traceability and the
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certification of the supply chain that a product has moved through

from catch to plate. Such certification is already well established in the

EU. The MSC certificate on products that move through the chain of the

Marine Stewardship Council (MSC) custody documentations assures

U.S. consumers about the safety, authenticity, and wholesomeness of

the fish and seafood products (Johnson 2002). The MSC certificate has

been the only international seafood label that provides traceability

back to the source. The Alaska salmon fishery was the first one to

earn such a certificate for salmon, and now about 100 Alaska salmon

products are carrying the MSC eco-label. Whole Foods became the first

U.S. retailer to promote the label, and Xantera Parks and Resorts

became the first food service operation promoting eco-labeled Alaska

salmon on its menu. Now Vital Choice Seafoods, Thompson Outfitters,

SeaBear Smokehouse, and others have chain of custody or traceability

certificates (Marine Stewardship Council 2002).

Consumer response to eco-labeling depends on the market cred-

ibility of the entity issuing such a label. Consumers in the United States

tend to trust governmental certificates; in some countries (such

as Denmark), Marine Stewardship Council and World Wide Fund

for Nature certificates are preferred (Pickering et al. 2002); U.S. consu-

mers are found to be less likely to choose a certified product than

Norwegian consumers when on a low budget, when considering

salmon or when female; U.S. consumers who are educated, belong

to environmental organizations, and are facing a high price for a

certified product are more likely to choose certified products than

Norwegians; U.S. consumers with high incomes and environmental

consciousness are equally likely as Norwegians to choose certified

product (Donath 2000).

A study by Roheim and Donath (2003) also found that eco-labeled

fresh seafood is favored over non-labeled even with a price premium.

However, the study does not conclude any intent of consumers to cross

between species and switch from non-labeled favorite fish to less

popular eco-labeled alternatives. This finding may be due to the fact

that taste buds matter more to consumers than eco-labeling, and it

raises a critical question about how far eco-labeling can go to increase

sustainable consumption.

A far weaker form of eco-labeling uses Internet-based lists or

ratings of fish and seafood products that either meet or do not meet

certain sustainability standards. The Audubon Society has established

the Audubon Fish Scale, which makes it easy to distinguish which

seafood choices are abundant, and well managed and have few
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problems associated with fishing methods (Seafood Choices Alliance

2002c). The Seafood Choices Alliance also has established a website

called The Fish List that indicates species (either wild or farmed) in

combination with harvesting/raising practices and rate them ‘‘enjoy’’

or ‘‘avoid’’ (Seafood Choices Alliance 2002d). The impact of such rat-

ings is not clear. Members of either the Audubon Society or the Seafood

Choices Alliance would have strong reason to follow the ratings, but

whether retailers, processors, and harvesters/producers find this

approach compelling or economically viable for supply chain relation-

ships cannot be known without more study.

Country-of-origin labeling (COOL) is another form of traceability

certification. Like the Internet lists just mentioned, COOL is a weaker

form of eco-labeling. The buyer must understand the probable correla-

tion between a particular source country and the likelihood of sustain-

able fishing practices. COOL may be more useful to predict safety

attributes of products than sustainability attributes. The United States

requires COOL for fish and seafood products. In addition, the label must

distinguish between wild catch and farm raised. The EU also requires

COOL for seafood products.

Perhaps the most authoritative work to date from the university

research community on the topic of information economics in the

market for seafood attributes is by Wessells (2002). She presents an

appropriate conceptual framework for studying the issues and reports

on the state of past empirical research on the topic. She concludes the

following:

In the empirical studies discussed above, there is a demand for information

on product quality, seafood safety, environmental friendliness, and even

the name of broker of the individual bluefin tunas sold in Tsukiji market.

The analyses indicate that these attributes are valuable to the consumer,

and they are willing to pay for them. However, demand is subject to the

nature of the attribute. In other words, there are some attributes

consumers may attach value to, and some they may not . . .

Although not included in the list of empirical studies, the supply side of

the market for attributes also exists, but there are no empirical studies to

date examining this portion of the seafood market. We know from the

economic framework that producers may supply attributes and inform

consumers of them only when the private marginal costs are less than the

marginal benefits. (Wessells 2002:161)

In other words, the potential to develop, implement, and succeed

at consumer-responsive strategies that utilize incorporation and
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promotion of sustainability attributes for fish and seafood makes such

strategies appear promising, but little is known about how effective

these strategies are in practice. Most especially, the gap in knowing

how and why the supply chain responds is a critical gap indeed. More

research into this entire area is much needed.

Consumer responsiveness: aquaculture

as the sustainable alternative

As presented through statistics earlier in the chapter, aquaculture has

already become the alternative to wild catch. Its growth rate as a source

of supply has been dramatic. Aquaculture has relieved pressure on

threatened wild stocks while providing a ready source of product

alternatives to meet growing consumer demands. In addition to match-

ing species grown to demand, aquaculture allows for just-in-time

slaughter and processing that heightens consumer responsiveness for

attributes such as freshness. Aquaculture was the fastest growing U.S.

agricultural subsector during the 1980s, with a 265 percent increase in

production (Chopak 1992). Aquaculture is currently the fastest growing

method of food production in the world (Haland 2002).

Aquaculture’s growth will be further enhanced by the rising

prices for the dwindling supply of wild catch. Wild fish and seafood

are very likely to be more costly than other food products. In this

economic environment, wild harvesters should focus on maximizing

the long-term value of the wild catch, while aquaculture producers

focus on meeting the demand growth that would otherwise go unful-

filled. Because of the production economics and harvest regulations, in

the long run the competition between wild catch and aquaculture

could lead to wild stock recovery. Tighter coordination of production

could even develop between the wild harvest and aquaculture through

joint production strategies, e.g., hold previously harvested wild catch

in aquaculture facilities until ready for sale.

As more types of fish become farmed and regulatory standards

are further developed, the total supply of fish and seafood will become

more readily available and stable. As a result, prices may not fluctuate

quite as wildly as in the past, though it will probably be after 2010

before aquaculture has enough dominance as a portion of supply to

make prices more easily predicted. As seafood prices begin to stabilize,

a wider variety of products becomes available, and food safety is

assured, consumers will grow comfortable purchasing products that

Fishing for consumers 447



they may have seen as luxury items before but now accept as occasional

dinner options at home (Mintel 2002b).

Two limits apply to the role that aquaculture might play in fish

and seafood sustainability. The first limit is consumer acceptance of

farmed fish versus wild catch. If the consumer has a strong preference

for wild caught, aquaculture will have much less impact on the sustain-

ability of the wild catch. The results of consumer surveys on consumer

acceptance are mixed. A National Fisheries Survey revealed that

34 percent of respondents disagreed with the statement that no dif-

ference exists between wild and farm-raised salmon, and 45 percent

did not know there is a difference (Mintel 2002a). According to the

same survey, 26 percent preferred naturally caught fish and 25 percent

preferred farm-raised fish. Nearly half agreed that aquaculture is a good

alternative to wild catch; only 4 percent disagreed. More than half did

not know if aquaculture contributes to ocean pollution, and only

20 percent agreed that it does (Johnson 2002). In another survey

(Bureau of Seafood and Aquaculture n.d.), Hispanics strongly preferred

wild (47 percent) over farmed (4 percent) with 31 percent being neutral;

24 percent strongly preferred U.S.-caught and 53 percent did not care

about country of origin. Consumers in the United Kingdom and

Denmark have a general preference for wild-caught over farmed fish

and hold negative attitudes toward farmed fish as being less natural.

This perception hinders willingness to label products as farmed and

alternative names are used (Pickering et al. 2002).

The second limit to aquaculture relates to whether aquaculture is

itself sustainable as a production approach. Expanding aquaculture

will face competition for land and water resources used for other

activities. Increasingly scarce sources of fresh water will make aqua-

culture expansion more challenging. Consumers are also aware of

issues of heavy metals, antibiotic residue, and bacteria content in

aquaculture. For example, some farmed salmon have been shown to

provide ten times more contaminants such as dioxins, PCBs, and other

toxins as wild salmon as a result of differences in diet (Seafood Choices

Alliance 2002a).

Other constraints include disease, contributions to water and

land pollution, lack of fish feed derived from wild fish, and concerns

over escaped modified or exotic fish. One of the first studies of its kind

tested the ecological impact of modified fish escaping from an aqua-

culture farm. This preliminary study found that all the salmon (wild

and modified) thrived as long as there was enough food to go around,

but faced with food shortages, modified (by growth hormone in this
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case) individuals in the mixed group outcompeted their wild mates

(Schirber 2004).

If aquaculture is to be the sustainable alternative to wild catch,

then its farming methods must prove to be sustainable in their own

right. Selective breeding, appropriate genetic modification, alternative

feeds, farming the most desired yet endangered species, water and

population control, improved feed conversion efficiency, and use of

bycatch will all need to be practiced to assure the sustainability of

aquaculture (Delgado et al. 2003). One might anticipate that an organic

production standard for aquaculture could be readily developed and

used to enhance sustainability. This strategy would also heighten pro-

duct differentiation for fish and seafood so produced.

C O N C L U S I O N S

The interrelationship between fish and seafood demand, supply, and

sustainability is a complex story complete with a number of opportu-

nities and challenges. Trends in consumer demand are clearly positive

for the fish and seafood industry. Globally, demand will rise in the

developing world and in the developed world. Fish and seafood pro-

ducts provide diets with basic protein, very healthful alternatives to

other protein sources, and significant variety. The retail and hospitality

industries, acting out of self-interest, have every incentive to make fish

and seafood products more convenient, tastier, more appealing to

prepare, and more prevalent.

As consumers come to expect consistency, availability, quality,

and reasonable price, more pressure will be put on the fish and seafood

supply chain to be more consumer responsive, with all the implica-

tions for production, processing, and supply chain relationships and

alliances. In fact, with the peaking of wild catch, meeting the demands

of consumers will be increasingly difficult without the presence of a

viable aquaculture industry throughout the world. In response to this

difficulty, incentives may exist to threaten wild catch sustainability

even further, pulling even more volume from the seas or altering local

developing country diets in less favorable directions to support exports

to developed nations. Food safety and pollution concerns may be

heightened as further expansion of supply results in production from

more marginal areas or by more threatening methods.

Government regulation will no doubt be needed to stem some of

the more abusive practices on the production side. However, the very

consumer demand that causes some significant part of the problem may
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be at the heart of the solution. Consumers have desires for healthy, safe,

and environmentally friendly sources of food. Eco-labeling and a sus-

tainable aquaculture can result in enhanced wild populations of fish

and seafood. Market opportunities clearly exist for those firms that

want to pursue either sustainable wild product or sustainably farmed

product. In either case, coordination throughout the supply chain will

be essential to delivering the product that consumers want with the

certifications needed to prove the desired attributes are present. If the

fish and seafood industry goes fishing for its consumers in the most

effective way, then the industry has great potential to find compatibil-

ity between its economic needs and sustainability of wild fisheries.

However, the sustainable outcome desired appears to be only a poten-

tial for now.

This chapter has attempted to collect and synthesize the infor-

mation available to explore its theme. The work of preparing the

chapter has convinced the authors that a need exists for improved

worldwide data collection of fish and seafood statistics as well as a

need for more research in a number of areas. First, the depth and

breadth of markets for product produced in a sustainable manner are

not well known. Many consumers may not be well informed at this

point, and the value trade-off between sustainability attributes and

the price consumers are willing to pay is not well defined. Both need

sound market research. Research into sustainable production prac-

tices for both wild catch and aquaculture must be pursued as a

foundation for creating best practices. Finally, issues of social equity

have not been addressed here. The differential impacts of altering fish

and seafood production and marketing strategies on lower-income

consumers, either in developed nations or in developing ones, are

not well known but should be studied. Generally speaking, the articu-

lation of a comprehensive research agenda and the pursuit of specific

research projects under this agenda are much needed in the area

of consumer-responsive strategies consistent with fish and seafood

sustainability.

References

Aquaculture Production Technology. 2006. World Trade and Future Consumption:
Seafood and Aquaculture Production. Available online at www.aquaculture.co.il/
Markets/markets.html

Bisaillon-Cary, J. and Meser, J.R. 2004. A Seafood Resource Guide for Exports to the E.U.
Portland, ME: Maine International Trade Center. Available online at www.
seafood-norway.com/?obj=123&title=Import%20/%20export%20guide&lang=en

450 H. Christopher Peterson and Karl Fronc



Bureau of Seafood and Aquaculture. n.d. National Market Analysis of Hispanic
Consumer Attitudes towards Seafood and Aquaculture Products. Available online
at www.fl-seafood.com/industry/research_reports.htm

Chopak, C. 1992. What Consumers Want: Advice for Food Fish Growers, MSU
Extension Bulletin No. E-2410. East Lansing, MI: Michigan State University.

Delgado, C., Wada, N., Rosegrant, M., Meijer, S., and Ahmed, M. 2003. Fish to 2020:
Supply and Demand in Changing Global Markets. Washington, DC: International
Food Policy Research Institute (IFPRI) and World Fish Center publication.
Available online at www.ifpri.org/pubs/books/fish2020/oc44front.pdf

Donath, H. 2000. Consumer preferences for eco-labeled seafood in the United
States. Proceedings of the Meeting of the International Institute of Fisheries Economics
and Trade, July 10–14, 2002, Corvallis, OR. Available online at http://
oregonstate.edu/dept/IIFET/2000/papers/donath.pdf

Environmental Defense. 2002. Seafood Selector: A New Interactive Tool. Available
online at www.environmentaldefense.org/article.cfm?contentid=1822

FAO (Food and Agriculture Organization). 1997. The State of World Fisheries and
Aquaculture. Rome: Food and Agriculture Organization of the United
Nations.

Haland, B. 2002. Clean Conscience Consumption of Seafood? Eco-labeling. Oslo: World
Wildlife Fund. Available online at www.wwf.no/pdf/ecolabels_for_seafood.pdf

Huffman, L. 2003. Introduction to Hospitality: Restaurant, Hotel and Institutional
Management. Available online at www.hs.ttu.edu/RHIM2210/html/
introduction/tsld002.htm

Johnson, H. 2002. Market Outlook in the International Fish and Seafood Sector:
Alternative Products/Uses and Food Safety Issues. Available online at
www.salmonfarmers.org/resources/Studies11.pdf

Lindsay, J. 2004. Some frozen lobsters return to life. Associated Press March 14,
2004. Available online at www.xradiograph.com/wp/index.php?p=3

Marine Stewardship Council. 2002. MSC Eco-label Helps Consumers Identify Certified
Wild Alaska Salmon: Traceability. Available online at www.msc.org/html/
ni_108.htm

McClure, R. 2004. Action to save oceans backed. Seattle Post-Intelligencer February
16, 2004. Available online at http://seattlepi.nwsource.com/local/
160810_oceans16.html?searchpagefrom=1&sepercent0Aarchdiff=2

Mills, S. 2001. Let them eat seafood. In Restaurants USA. Available online at
www.restaurant.org/rrusa/magArticle.cfm?ArticleID=15

Mintel. 2002a. Fish and Seafood U.S. Report. Chicago, IL: Mintel International Group.
Mintel. 2002b. Dining out, vol. 1, QSR – U.S. Report. Chicago, IL: Mintel International

Group.
Mintel. 2004. Fish and Seafood U.S. Report. Chicago, IL: Mintel International Group.
NMFS (National Marine Fisheries Service). 2004. Annual Report to Congress on the State

of U.S. Fisheries – 2003. Silver Spring, MD: National Marine Fisheries Service,
U.S. Department of Commerce. Available online at www.nmfs.noaa.gov/sfa/
statusoffisheries/statusostocks03/Report_Text.pdf

NOAA/NMFS (National Oceanic and Atmospheric Administration/National
Marine Fisheries Service). 1998. Ocean Facts on Sustaining Marine Fisheries.
Available online at www.yoto98.noaa.gov/facts/resource.htm

Pickering, H, Jaffry, S., Whitmarsh, D., et al. 2002. Seafood labeling trends.
Proceedings of Aquachallenge Workshop, April 27–30, Beijing. Available online
at www.aquachallenge.org/programme/programme_menu.html

Roheim, C. and Donath, H. 2003. Battle of Taste Buds and Environmental Convictions:
Which One Wins? Kingston, RI: University of Rhode Island. Available online at
www.farmfoundation.org/projects/documents/Roheim.pdf

Fishing for consumers 451



Schirber, M. 2004. GM salmon muscle in on wild fish when food is scarce.
Scientific American. Available online at www.scientificamerican.com/
article.cfm?chanID=sa003&articleID=000A483E-ECB8-10C4-
ACB883414B7F0000

Seafood Choices Alliance. 2002a. Chefs demand a smarter supply. Afishianado,
Seafood Choices Alliance Newsletter. Available online at www.seafoodchoices.
com/resources/afishionado_pdfs/Afishionado%20Fall%202002.pdf

Seafood Choices Alliance. 2002b. Fish market trends to watch: sourcing
ocean-friendly seafood. Afishianado, Seafood Choices Alliance Newsletter.
Available online at www.seafoodchoices.com/resources/afishionado_pdfs/
Afishionado%20Fall%202002.pdf

Seafood Choices Alliance. 2002c. Conservation corner: in-depth profile –
Audubon’s living oceans. Afishianado, Seafood Choices Alliance Newsletter.
Available online at www.seafoodchoices.com/resources/afishionado_pdfs/
Afishionado%20Fall%202002.pdf

Seafood Choices Alliance. 2002d. The Fish List. Available online at
www.seafoodchoices.com

Silver, D. 2003. Food service focus: ocean of options. Food Product Design. Available
online at www.foodproductdesign.com/archive/2003/0703FFOC.html

Smet, T. 2003. The Different Definition(s) of Hospitality and Tourism in Relation to
Economic Studies. Available online at www.timsmet.com/

Tiu, L. n.d. Aquaculture White Paper, Ohio State University Aquaculture Program.
Available online at http://southcenters.osu.edu/aqua/white.htm

Trondsen, T. 1997. Value-added fresh seafood: barriers to growth. Journal of
International Food and Agribusiness Marketing 8(4): 55–78.

Wessells, C. R. 2002. The economics of information: markets for seafood attri-
butes. Marine Resource Economics 17: 153–162.

WRAC (Western Regional Aquaculture Center). 1998. Western Region
Aquaculture Industry Situation and Outlook Report, vol. 6. Available online at
www.fish.washington.edu/wrac/images/PART4.PDF

452 H. Christopher Peterson and Karl Fronc



W I L L I A M K N U D S O N A N D H . C H R I S T O P H E R P E T E R S O N

18

Globalization and worth of fishery
resources in an integrated market-based
system

I N T R O D U C T I O N

Fish and seafood products are a significant part of the global agrifood

sector. Fishery products are an important source of protein, especially

for low-income food-deficit countries (LIFDCs) (FAO 2003a). Further-

more, world trade in fishery products continues to increase. Much of

this trade is north–south, providing an important source of foreign

exchange for low-income countries.

Several developing trends will affect the global fishery industry.

Though capture fisheries (using fishing techniques to harvest wild fish

and seafood products) remain responsible for the majority of fish and

seafood product output, aquaculture is a large and growing part of the

market. One of the factors contributing to the growth of aquaculture is

the growth of supermarkets throughout the world. These markets

require a standard product and a stable supply. Another factor affecting

the seafood industry is the growth of eating away from home. In the

United States, more than half the seafood eaten is consumed in restau-

rants, and restaurants also depend on a consistent product and a stable

supply (Mintel 2002). Aquaculture is well suited to meet these

requirements.

Because it appears unlikely that additional output from capture

fisheries is possible, the potential for increased international trade in

aquaculture products is great provided that the threats facing aqua-

culture can be addressed. As the aquaculture industry matures, it is

increasingly taking on the same characteristics as terrestrial agricul-

ture, with the attendant subsidies and potential trade restrictions

designed to protect domestic producers. This situation presents a

potential threat to increased international trade.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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This chapter will provide a general overview of the world fishery

industry with respect to the capture fish industry. Three major forces

for increased globalization and integration will also be discussed: the

growing role of aquaculture, the globalization of the retailing sector,

and the growing role of international trade. Future trends will also

be discussed.

T H E C A P T U R E F I S H I N D U S T R Y

Production

The capture fish industry remains an important economic activity

throughout the world. Table 18.1 outlines the global level of fish

production from 1996 to 2002. During this period, capture fishery

production ranged from 88.1 million tonnes in 1998 to 96.8 million

tonnes in 2000. Total world production ranged from 118.7 million

tonnes in 1998 to 134.4 million tonnes in 2002. From 1996 to 2002,

capture fishery production increased by 0.9 percent and aquaculture

production increased by 49.6 percent.

These figures include production from China. Excluding China,

total capture output was 77.7 million tonnes in 2002, and total aqua-

culture production was 22.9 million tonnes for a total of 100.6 million

tonnes (FAO 2002b). It is conceded that China is the world’s largest

producer of seafood, but there has been some question about the

accuracy of its statistics (The Economist 2003). It appears that the total

amount of world fishery production may be overstated.

Though capture fish production is flat, and may be at its full

potential level of output (Valdimarsson 1998), it is still the major source

of seafood production. In 2001, it accounted for 70.9 percent of all seafood

production. Inland fisheries accounted for 9.6 percent of capture fishery

production in 2001, and ocean capture accounted for 90.4 percent.

Table 18.1 World fishery production, 1996–2002 (million tonnes)

1996 1997 1998 1999 2000 2001 2002

Total capture 93.7 95.7 88.1 95.0 96.8 94.2 94.6

Total aquaculture 26.7 28.7 30.6 33.4 35.5 37.8 39.8

Total 120.4 124.4 118.7 128.4 132.3 132.0 134.4

Source: FAO (2003a).
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One reason that the capture fish catch has been relatively stable

is the fact that fishers have been substituting less desirable species for

increasingly scarce and more desirable species. For example, shark is

becoming more common as a seafood item as a result of the reduction

in harvests for species such as cod (Seafood Choices 2005). Iceland, a

major seafood-producing country, has also seen an increase in the

harvest of non-traditional species, as Table 18.2 illustrates.

The substitution of non-traditional species for traditional species

brings up two points. First, what was once bycatch (species that were

caught in the process of capturing valuable species and traditionally

thrown away) is increasingly becoming commercially viable. This situa-

tion has the benefit of increasing the efficiency of capture fishing

activities. Second, simply looking at total output may be misleading;

that is, total capture fishery output may be stable, but the population of

the most commercially desirable species may continue to decline. It

has been estimated that 47 percent of the main fish species are fully

utilized (catches at or near their sustainable limits), and another

18 percent are overexploited (catches greater than their sustainable

limits) (FAO 2002a), meaning that the populations of these species will

decline in the future.

Another stabilizing factor in the capture industry is the wide-

spread adoption of the 200-mile (320-km) limit. This limit has allowed

individual nations to control the size and distribution of the fish catch.

This, in turn, has helped maintain the fish catch at more sustainable

levels. However, the development of large fishing vessels capable of

processing fish while at sea is putting pressure on smaller, less efficient

fishers. Fish in those countries that attempt to maintain a traditional

fishing industry will be at a cost disadvantage to those nations that

Table 18.2 Icelandic catches of non-traditional species (tons)

Species 1989 1992 1996

Grenadiers 2 210 808

Starry ray 99 317 1493

Greater silver smelt 8 657 808

Deep-sea rosefish 1374 13 845 52 994

American plaice 565 1468 7027

Dab 2233 3044 7954

Source: Valdimarsson (1998).
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allow their fishers to use the latest technology and fully exploit econo-

mies of scale. Even if the capture fish industry is able to maintain

catches at their current level, fewer people will be employed in the

industry in the future.

Consumption

Seafood products remain an important source of protein for the

world’s population. Globally, seafood accounted for approximately

16 percent of animal protein intake and likely exceeds 20 percent for

some LIFDCs (FAO 2002a). Seafood has the advantage of being the most

natural source of protein available because wild fish select their own

food (Valdimarsson 1998). Food animals raised in captivity eat what

their owner makes available to them. Table 18.3 shows the world

utilization of seafood products from 1996 to 2001. The figures in this

table include China and, as previously discussed, may be overstated.

This table shows two major aspects of the global fishery industry.

The first is increasing levels of human consumption. Seafood products

used for human consumption increased by 13 percent from 1996 to

2001. This increase can be explained by two factors: increasing

incomes raise the demand for seafood products in industrialized socie-

ties (particularly for restaurant-prepared meals), and increasing world

population increases the demand in developing countries.

Table 18.3 also points out that a fairly large portion of the total

production of fishery products is devoted to non-human consumption.

From 1996 to 2001, the use of seafood products for non-food uses varied

from 26.8 percent in 1996 to 21.3 percent in 1998. This variation in non-

food use is likely due to variations in the anchovy catch (Vannuccini

2003). As a general rule, approximately 25 percent of the world’s fish-

ery catch is used for non-food consumption. The primary non-food use

Table 18.3 World utilization of seafood products 1996–2001 (million tonnes)

Utilization 1996 1997 1998 1999 2000 2001

Human consumption 88.0 90.8 92.7 94.4 96.7 99.4

Non-food uses 32.2 31.7 25.1 32.2 33.7 29.4

Total 120.2 122.5 117.8 126.6 130.4 128.8

Source: FAO (2002a).
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is fishmeal used in terrestrial animal feed and as an aquacultural feed

for species such as salmon and trout.

F O R C E O N E : T H E R O L E O F A Q U A C U L T U R E

The growth of aquaculture

In 2002, aquaculture accounted for 29.6 percent of all fishery produc-

tion. In 1970, aquaculture accounted for only 5.3 percent of all produc-

tion (FAO 2003a). The rate of growth from 1970 to 2000 averaged

8.9 percent per year. During the same time period, capture fisheries

increased by 1.4 percent per year, and terrestrial meat production

increased by 2.8 percent per year (FAO 2003a). Some estimate that aqua-

culture will become the largest source of seafood by 2030; this situation

may already be the case in the United States (The Economist 2003).

Aquaculture has also become a major industry. In 2002, the size

of the industry worldwide was $60 billion. Table 18.4 breaks down the

value of world aquaculture by category. Finfish are the dominant

category, accounting for 59.5 percent of all aquaculture sales.

Crustaceans, particularly shrimp, account for 20.1 percent of all aqua-

culture sales. Shrimp is now the largest seafood species in the U.S. in

dollar terms (Pritchard 2003). Increasingly, U.S. consumers obtain their

shrimp from farm-raised sources, particularly from southern Asian

countries.

A definite differential exists between those nations that use

marine areas for aquaculture production and those that use inland

waterways. Developed nations tend to specialize in marine aqua-

culture; developing countries tend to specialize in inland aquaculture

Table 18.4 Value of aquaculture production 2002

(U.S.$ billions)

Category Value

Finfish 32.0

Mollusks 10.5

Crustaceans 10.8

Others 0.5

Total 53.8

Source: FAO (2003a).
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production (as also does the United States). Table 18.5 gives the top

ten producing nations for both marine and inland aquaculture areas

in 2001. The table shows China’s dominance in both types of aqua-

culture. This dominance holds true even if the Chinese figures

are overstated.

For the most part, major producers of inland fisheries are devel-

oping countries. The most obvious exception is the United States

with its well-developed catfish industry. Furthermore, 93 percent of

finfish aquaculture production in developing countries consists of

omnivorous/herbivorous and filter-feeding fish species (FAO 2003a).

Some groups and organizations believe that this type of aquaculture

is more sustainable and environmentally responsible than the produc-

tion of carnivorous species.

Developed economies are much more involved in marine aqua-

culture. Japan, Norway, Spain, and the United Kingdom are major

producers and consumers of seafood products. Much of inland

aquaculture is carried out by small enterprises, but much of marine

aquaculture is carried out by large firms that use capital-intensive,

labor-saving technologies. Another major difference between devel-

oped and developing countries is the fact that 73.8 percent of total

Table 18.5 Aquaculture fishery production 2002

Marine areas Inland fishing areas

Country

Production

(tonnes) Country

Production

(tonnes)

China 560 404 China 16 370 361

Norway 551 332 India 2 046 234

Chile 479 132 Indonesia 731 979

Japan 268 396 Bangladesh 721 025

United Kingdom 146 930 Vietnam 390 000

Canada 127 621 Philippines 359 322

Greece 63 059 Egypt 340 556

Taiwan 52 880 United States 330 869

Faeroe Islands 50 946 Thailand 295 064

South Korea 48 073 Taiwan 190 013

Total 2 348 773 Total 21 775 423

Share of world total 90.2% Share of world total 94.2%

Source: FAO (2003a).
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aquaculture finfish production in developed countries consists of

carnivorous varieties such as salmon and trout (FAO 2003a). The produc-

tion of this type of species has been criticized for adverse effects on the

environment.

The increased dependence on aquaculture may reduce pressure

on wild fish populations. Increased aquaculture production could put

sufficient downward pressure on prices to render traditional commer-

cial marine fishing inefficient and lead to an eventual restoration of

some species that are currently overfished.

Threats to aquaculture growth

Because of its ability to deliver a consistent level of supply and consist-

ent quality, the retail/supply chain system favors aquaculture. Many

threats to the aquaculture industry may need to be addressed, however.

The first of these is environmental. One issue is the destruction of

habitat from waste and management practices. Shrimp and salmon

farming are frequently cited as industries that have poor environmen-

tal records (The Economist 2003). Another issue is genetically modified

fish escaping into the wild. It is feared that the cross-breeding of

genetically modified fish with wild fish will adversely affect wild fish

stocks. Additional safeguards and improved management techniques

are likely to be required if the industry is to grow, especially in deve-

loped countries that have effective environmental regulations.

Another threat is the possible effects on human health. Many

aquaculturlists use antibiotics as a prophylactic measure to prevent

disease (FAO 2003a). The effects of antibiotic residue are an important

issue that is just beginning to be addressed by the aquacultural com-

munity. Some fear that antibiotic residues will reduce the long-term

effectiveness of these antibiotics. Additional health concerns are poly-

chlorinated biphenyls (PCBs) and other toxins in fish. It appears that

the level of PCBs is higher in farm-raised salmon than in wild salmon

(Hites et al. 2004). However, other researchers believe that the health

benefits of eating salmon outweigh the risks, and that current levels of

contaminants are below levels established by the U.S. Food and Drug

Administration (FDA) and the World Health Organization (WHO)

(Santerre 2004).

A threat related to the environment is the sustainability of raising

carnivorous fish species such as salmon. These fish require more protein

than do herbivorous fish such as catfish and tilapia. This requirement

raises the question of the long-term viability of feed species such as
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anchovies and sardines. However, the issue may be addressed by impro-

ving breeding techniques and so improving feed conversion rates, trans-

ferring fishmeal from hog and poultry feed to fish feed, using bycatch

as fish feed, and increasing use of plant protein as fish feed.

These issues are a source of some debate in the scientific com-

munity. Some environmentalists believe these are serious issues; some

scientists and others believe the dangers are overstated. Effective adop-

tion of technology coupled with improved management techniques

should allow the industry to address most of these threats in a way

that allows the industry to develop. If not, the industry will likely face

further regulation and the increased use of health warnings by various

health and environmental organizations.

The changing structure of aquaculture

There is strong evidence to suggest that aquaculture is beginning to

develop some of the characteristics of terrestrial agriculture. That is,

fewer larger farms are beginning to dominate. The primary reason for

this dominance is the existence of economies of scale. Given that fish

and seafood products are commodities, each producer’s output is a

perfect or nearly perfect substitute for another producer’s. Those

firms that produce at the lowest cost will be successful at the expense

of other firms. Aquaculturalists have control over breeding, feeding,

and size of the fishing stock that capture fishers do not. This control

means that aquaculturalists have the means to reduce their costs. For

example, it has been estimated that the operating costs per kilogram of

salmon in Norway declined by two-thirds in real terms over a 15-year

period (FAO 2002a).

This trend also appears to be true for the U.S. aquaculture indus-

try. Table 18.6 provides the breakdown by sales class for catfish and

trout. Similar figures exist for other types of aquacultural output. It

should be noted that, to be considered a farm by the U.S. Department of

Agriculture, an enterprise must generate at least $1000 in revenues.

In catfish production, the largest 103 farms account for 59 percent

of sales, and those farms that have sales at or above $500 000 account

for 78 percent of all sales. The average sale per farm for those opera-

tions with $1 million or more in sales is $2.6 million. The situation for

trout is similar. Trout farms with more than $500 000 in sales account

for 63 percent of total trout sales.

The trend also exists in the salmon industry. Firms adopting

cost-reducing technologies have increased production, leading to a
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reduction in prices. Smaller firms will likely leave the industry, and

larger firms will continue to consolidate (The Economist 2004).

F O R C E T W O : T H E C H A N G I N G R E T A I L S E C T O R

One industry change that is altering aquaculture and the fishery indus-

try is the increasing penetration of large supermarket chains through-

out the world. The enhanced stability of supply and the consistency of

product that aquaculture provides make stocking seafood products

more desirable to the large supermarket chains that increasingly dom-

inate the food retail industry. These supermarkets tend to buy their

product from large commercial producers (Boselie et al. 2003).

The trend for large supermarket chains is becoming a worldwide

phenomenon. In the United States, Wal-Mart became the largest food

retailer in the space of a few years. The activities of Wal-Mart and

the use of mergers, including purchases of U.S. firms by foreign

firms, are driving this trend toward a national retail market in the

United States (Cotterill 1999). This transformation has already occurred

in Europe, where supermarket concentration is much higher than it is

in the United States. These large food-retailing chains are increasingly

becoming involved in seafood retailing. For example, Costco, a relative

newcomer to seafood retailing, now sells 15 000 tonnes of farm-raised

salmon a year (The Economist 2004).

Though far behind Europe and the United States, food retailing

in Africa, Asia, and Latin America is increasingly affected by large

supermarkets. In Latin America, supermarkets accounted for 50 to 60

percent of food retail sales. In Mexico, Wal-Mart has a 30 percent

market share of all food purchases (Reardon et al. 2003). The level of

retail concentration in Asia varies from country to country. In the more

advanced nations of East Asia, supermarket sales account for approxi-

mately two-thirds of retail packaged and processed food sales. The

figures for the rest of Asia are lower, but the trend is toward an

increasing role of supermarkets (Reardon et al. 2003:1142). According

to a referee who reviewed an earlier draft of this chapter, Tesco Lotus,

Carrefour, and others are beginning to dominate Southeast Asian

food distribution. The trend is similar in Africa, although super-

markets currently play a much smaller role in this continent

(Reardon et al. 2003).

The causes of the growth of supermarket retailing in develop-

ing regions are familiar: increased urbanization, the increase in the

number of women in the workforce, and supermarkets’ ability to sell
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processed products at lower prices. This trend has been coupled with

increased foreign investment from U.S. and European retailers

(Reardon et al. 2003). The ability to produce a consistent product and

a reliable supply allows aquacultural farms and distributors to meet

the requirements established by large food retailers.

The need to provide a reliable supply and a consistent product

also provides an opportunity for aquacultural producers to enhance

their profitability through product differentiation. Aquacultural produ-

cers may be able to earn additional profits if they are able to meet

consumer preferences for taste and other attributes, such as hormone-

free, antibiotic-free, and other food safety and environmental attri-

butes that some consumers prefer and are willing to pay for. Branded

products have now become common in the chicken section of retail

establishments and are becoming increasingly common in the beef

and pork sections as well. It is likely that this trend will spread to the

seafood sections of supermarkets.

F O R C E T H R E E : I N T E R N A T I O N A L T R A D E

Size of international trade

Another aspect of the global integration of the world fish and seafood

industry is the growth of international trade. International trade is an

important aspect of the world’s seafood industry. It is particularly

important for developing countries. In 2001, total trade in fish and

fishery products was approximately $59.4 billion (Vannuccini 2003).

From 1992 to 2001, exports as a percentage of production increased

from 34.1 percent to 38 percent (FAO 2002b). Developing countries

account for 52 percent of all exports, the European Union for 21 percent,

the United States for 6 percent, and others for 22 percent. The European

Union is the major importing region, representing 33 percent of all

imports. The other major importers are Japan, with 26 percent of all

imports, and the United States, with 17 percent. Developing countries

represent 17 percent of all imports (FAO 2003b).

The United States is a good example of the increasing role of

international trade in seafood products. In 2002, the United States

imported $19.7 billion in edible and non-edible fish products. The

United States also exported $11.7 billion in these products in 2002

(Pritchard 2003). The trend of increased seafood imports is likely

to continue. Salmon imports have increased by more than 100 percent,

imports of tilapia have increased by 230 percent, and imports of
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shrimp have increased by 41 percent over the past 5 years (Harvey

2003).

One reason that the role of trade in fish products is increasing is

the relatively high income elasticity of demand for seafood products.

Income elasticity of demand is a measure of change in demand for a

product resulting from a change in income. As incomes and the stan-

dard of living increase, the demand for seafood products increases

faster than the demand for other food products. Over the past 50 years,

per capita consumption of fish has almost doubled (The Economist 2003).

The demand for seafood products will continue to increase as standards

of living increase, especially for popular species such as salmon, shrimp,

tilapia, and cod.

Related to income and the demand for seafood, especially, is the

increase in the number of meals eaten away from home. The trend to

eat more and more meals away from home will likely boost the level of

international trade in seafood products. More than half the money

spent on food in the United States is spent in restaurants. According

to one survey, 70 percent of the amount that U.S. consumers spent on

seafood was spent at restaurants in 2001 (Mintel 2002). Many U.S.

consumers believe that seafood is something to be purchased and

consumed away from home because of the difficulty of cooking sea-

food (Mintel 2002). This trend could spread to other countries as stand-

ards of living increase and two-income households become more

common around the globe.

Trade issues

Though the level of international trade in fish and fishery products has

increased, several things may keep the level of international trade

in seafood from reaching its potential. As previously noted, the aqua-

culture industry is becoming more and more important as a source of

seafood globally. Also, aquaculture production in the developed coun-

tries is increasingly dominated by fewer and larger farm operations.

As commercial aquaculture increasingly resembles commercial agri-

culture, the potential for trade disputes increases.

Fish and fishery products are not covered by the World Trade

Organization (WTO) Agreement on Agriculture; they are covered

by Market Access for Non-Agricultural Products. Currently, import

tariffs on fish products in developed countries are about 4.5 percent.

However, non-tariff barriers and tariffs on processed products continue

to be a source of disagreement (FAO 2003b). Non-tariff barriers and
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tariffs on processed products reduce the amount of international trade

in fish and fishery products. Fish and fishery products are part of the

Doha Round WTO negotiations.

A typical example is illustrated in the growing dispute between

Norway and Great Britian and Ireland in the salmon industry. At the

time this chapter was written, the European Union had agreed to open

an investigation into Norwegian salmon imports into the European

Union at the request of the United Kingdom and Irish governments

(Aftenposten 2004). Large increases in the supply of farm-raised salmon

have put downward pressure on prices, and Norwegian exports have

increased sharply. If the British and Irish are successful, salmon

imports into the European Union (including those from Chile and

the Faeroe Islands as well as Norway) would be curtailed through the

use of quotas. Given the fact that aquaculture is still a developing

industry in many parts of the world, the potential for trade disputes

is relatively high as the industry grows and matures.

C O N C L U S I O N A N D F U T U R E T R E N D S

Though the capture fish and fish product industry is the primary source

of seafood and will continue to be so for the next 10 to 20 or more years,

aquaculture will continue to grow in size and importance. The demand

for seafood continues to increase, and the level of fish and fish products

generated by the capture fish industry is flat. The threats to the aqua-

culture industry, such as threats to the environment and human health

concerns, may slow the growth but probably will not stop it. Improved

genetics and management practices should allow the industry to

address many of these concerns. Furthermore, production of species

such as tilapia and catfish is likely to be as environmentally sound,

if not more so, than the production of terrestrial protein sources.

Another major trend affecting the seafood industry is the altera-

tion of the marketing chain. The fact that supermarkets are in the

ascendancy the world over also improves the relative position of the

aquaculture industry. Supermarkets want a steady stream of product

of a consistent quality. Supermarkets are the dominant food retailer

in North America and Europe and are growing in importance in the rest

of the world. Aquaculture is well suited to meet these requirements,

particularly those producers that are large and those firms that are

vertically integrated.

The income elasticity of demand for seafood is relatively large

compared with that for other food products. As incomes and standards
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of living increase, so will the demand for seafood. This trend will lead to

an increase in the amount of international trade in seafood products,

provided that individual countries and trading blocs do not attempt

to protect their own producers through the use of trade barriers.

Instituting and enforcing trade barriers would hamper trade in seafood

products as is currently the case with agricultural commodities.

The trend towards the domination of aquaculture by fewer and

larger firms will also increase. Although some potential for product

differentiation exists, fish and seafood products are currently sold

as commodities, and those producers that can take advantage of econ-

omies of scale will be successful in the future. This is particularly true

in developed countries. The increased efficiencies derived from aqua-

culture will put downward pressure on the prices of some species. This

downward pressure, in turn, will lead adversely affected fish farmers to

a call for trade protection.
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Can transgenic fish save fisheries?

I N T R O D U C T I O N

Fisheries are in trouble. For decades, there have been warnings that

fish harvests have reached or exceeded sustainable limits and that

collapse of capture fisheries might be imminent. Recent evidence has

overwhelmingly confirmed these dire predictions (Pauly et al. 1997;

Pauly and Maclean 2003). Despite increased fishing effort and more

effective equipment, total catch levels have remained stable or

decreased every year since the mid 1990s (Vannuccini 2003). Dismal

as this total catch statistic might be, it unfortunately paints a decep-

tively rosy picture. Ever-increasing inputs of money and technology are

required to merely tread water – a constant total catch under these

circumstances means a diminished return per unit of fishing effort.

Moreover, looking only at tonnes of fish caught (the typical representa-

tion of total catch) masks the dramatic shifts that have taken place in

the species making up that total catch (Garcia and Newton 1997).

Increasing catches of low-value species (so-called ‘‘trash fish’’) obscures

the decline in almost every high-value demersal fishery and the pro-

found impact that changing fish populations have had on the aquatic

food web.

At the same time that fishers are expending more effort to catch

fewer and less valuable fish, demand for fish is increasing at a rapid

pace. The human population grows year by year, and food security

continues to lag behind. Although Nobel Prize-winning economist

Amartya Sen makes a persuasive argument that distribution issues,

rather than actual food shortages, can explain much human hunger

(Sen 1999), at some level more mouths to feed mean an increased

demand for food. Because fish are a cheap and accessible source of

protein for the Earth’s poorest inhabitants, increasing populations

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



in developing countries put fisheries under pressure. Paralleling this

upsurge in demand from the world’s poor has been an increased

demand from the wealthiest nations, where fish is both a status symbol

and part of a growing shift toward health-based diets. Globalization has

facilitated these trends – the spread of high-tech equipment has meant

that fish can be caught more efficiently, and improved transportation

and trade links permit easier access to the world’s most affluent

markets.

Unfortunately, this increased demand for fish could not have

come at a worse time for the fisheries themselves. Overfishing, a grow-

ing problem for decades, has reached crisis proportions under these

new pressures. In 2002, the United Nations Food and Agriculture

Organization (FAO) reported that 75 percent of the world’s fisheries

were overfished, threatened, or fully exploited (FAO 2002a). Prospects

for expansion or increased production from these already stressed

stocks are indeed slim. Much more likely is the prospect that these

stocks will further decline unless remedial actions are taken to reduce

overfishing.

In this world of downward trends and depressing statistics, aqua-

culture, or fish farming, was heralded as the great hope. Aquaculture

was to relieve pressure on deteriorating wild fish stocks by replacing

capture fisheries with fish farming. This shift to fish husbandry would

allow wild populations to recover because reduced fishing pressures

would mean greater cohort survival and reproduction. At the same

time, aquaculture production could expand almost infinitely to satisfy

the world’s ever-increasing demand for fish.

Nice story. Too bad it did not work out that way. The fastest-

growing sector of aquaculture involves raising carnivorous fish for

Western markets. Even advocates of fish farming concede that these

farmed predators do not find their way to developing or poor countries

but instead grace the tables of the world’s wealthy (The Economist 2003).1

Fish are big business, and in an increasingly globalized market, demand

is measured in dollars, not in hungry mouths. Moreover, aquaculture

1 Official statistics indicate that most aquaculture takes place in China and serves

local needs, but recent evidence suggests that China’s fishery statistics have been

unreliable for at least the past decade (The Economist 2003). As a result, the FAO

now calculates total catch and aquaculture yield without reference to those

numbers (FAO 2002a). Thus figures for carp cultivation, which purport to be

some ten times those for salmon cultivation, are suspect. To avoid being mired

in questionable statistics, this chapter focuses on salmon farming, which grows

fish primarily for the North American market.
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did not develop in a void. The resources now devoted to aquaculture

had competing uses and users. Shifts in allocating these resources have

had profound impacts on marine ecosystems.

The rise of carnivorous fish aquaculture has had significant

negative impacts on wild fisheries and has created a host of other

environmental problems. As a consequence, many of aquaculture’s

most vocal boosters are now promoting transgenic (or genetically

modified) fish as the new and improved great hope – the way to achieve

the earlier promises on which aquaculture has failed to deliver

(Aleström 1996). Unfortunately, aquaculture of transgenic fish has all

of the risks and drawbacks of existing aquaculture practices, plus an

additional layer of hazards created by the genetic modifications being

proposed. In short, transgenic fish will not save aquaculture, and

aquaculture as it is currently practiced cannot save fisheries.

A Q U A C U L T U R E

In the past few decades, aquaculture has contributed an ever-increasing

share of global fish supplies. More than 220 species of finfish and

shellfish are currently farmed around the world (Naylor et al. 2000),

and the business of aquaculture is booming. From 1970 through 2000,

the percentage of global fish production attributable to aquaculture

increased almost nine-fold – from 3.9 percent of total production in

1970 to 27.3 percent in 2000 (FAO 2002a). This amounts to an increase

of 9.2 percent a year since 1970 – much faster growth than capture

fisheries or, indeed, land-based meat production (FAO 2002a). Today,

aquaculture supplies more than one-fourth of all fish that humans eat

(Naylor et al. 2000), with low-income countries most dependent on fish.

Globally, aquaculture is still predominantly small-scale and rural,

producing species low in the food chain that require few or no inputs

or capital investment (over 80 percent of total global finfish production

is cyprinid fishes) (FAO 2002b).

Industrial aquaculture, by contrast, focuses on top-carnivore

species for sale in a globalized fish market. Developing countries pro-

duce mainly omnivorous, herbivorous, and filter-feeding fish species,

developed countries produce mainly higher-value carnivorous fish

species. Although these carnivorous fish represented only 12.7 percent

of total global finfish production by weight in 1999, they accounted for

34.7 percent of total production by value (FAO 2002b). The main fish

species traded internationally are Atlantic and coho salmon, shrimp,

and tuna (Nambiar 1999). Japan is the top importer of fish and fishery
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products, and together with the United States, France, Spain, Germany,

and Italy, accounts for two-thirds of global fish imports (Nambiar 1999).

Not only has this globalized trade in fish shaped fishing behaviors –

resource investment and preferred catch – but it has also channeled

commercial aquaculture toward the high-value carnivorous species

that consumers prefer in affluent societies (Allsopp 1997; Ackefors

1999).2 This preference has fueled an export-driven trend toward farm-

ing of predatory fish such as salmon, one of the most heavily cultivated

fish species (Sandnes and Ervick 1999).

Dwindling wild stocks and high market prices have made salmon

a particularly attractive candidate for aquaculture. By the mid 1980s,

salmon aquaculture production exceeded worldwide harvests of wild

salmon (Anderson 1997), and by the late 1990s, salmon aquaculture

was producing more than 900 000 tonnes of fish per year (Sandnes

and Ervick 1999). The vast majority of the aquaculture enterprises in

developed countries are thus devoted to carnivorous species destined

for the international fish market (FAO 2002a). The U.S. Department of

Commerce has publicly committed itself to building domestic aqua-

culture into a $5-billion industry by 2025 – a five-fold increase from

2001 levels (DOC 1999). On August 5, 2005, the Bush administration

proposed national offshore aquaculture legislation to Congress. If

enacted, this legislation would grant the Secretary of Commerce

broad discretion to issue permits for marine aquaculture in the

3.4 million square miles (8.8 million km2) of the United States exclu-

sive economic zone (EEZ) (Senate Bill 2005). As of 2006, Senate hear-

ings have continued on implementation of the National Offshore

Aquaculture Act of 2005.

In the United States alone, sale of carnivorous aquaculture pro-

ducts, largely salmon, grew from $45 million in 1974 to over $1.1 billion

in 2000 (Price Waterhouse Coopers 2001) and is a e200-million business

in the European Union (Central Statistics Office 2003). Farm-raised

salmon has not only brought down the price to consumers (farmed

salmon typically sells for $4 to $5 per pound [$8 to $10 per kilogram],

as opposed to $15 per pound [$30 per kilogram] for wild salmon) but

2 In developing countries, aquaculture tends to focus on omnivorous/herbivorous

fish or filter-feeding species. Most of that production is consumed domestically and

thus never enters international trade. Though intensive farming of omnivorous/

herbivorous fish raises some of the same issues explored in this chapter, this

discussion will focus on industrial and commercial aquaculture of predatory

species.
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has smoothed out the hithero cyclical availability of the fish (Seattle

Times 2004). Steady supplies are a critical precondition to global trade,

and just as farming has enabled a globalized salmon market, so, too,

the globalized market demands a continuous supply of salmon and,

therefore, continued salmon aquaculture. Neither the increased aqua-

culture production nor the decrease in price seems to have resulted

in reduced fishing effort or lower catches of wild salmon (Naylor et al.

2000). If these trends were to continue, there would be little net envir-

onmental benefit in the form of reduced fishing pressure, a situation

that would undercut one of the primary justifications for significant

public investment in aquaculture. Indeed, as aquaculture production

continues to expand and intensify, both its reliance and its impact

on ocean fisheries are likely to increase. Minimizing aquaculture’s

impacts on wild fisheries will become an ever more pressing concern.

Environmental problems associated

with industrial aquaculture

Unfortunately, raising these carnivorous species in aquaculture

requires large quantities of wild-caught fish for use as feed. Indeed,

the normal input is 2 to 5 kg of wild fish biomass for every kilogram of

these high-market-value species produced (Naylor et al. 2000; Issues

in Ecology 2001; Weber 2003). Inefficient conversion rates mean that

two to five times more food is fed to the farmed fish than is ultimately

produced by aquaculture (Pauly et al. 2003). As a result, 1 tonne of

industrial farmed Atlantic salmon has an ecological footprint approxi-

mately twice that of commercially captured sockeye, chum, or pink

salmon – the aquatic equivalent of ‘‘robbing Peter to pay Paul’’ (Belton

et al. 2004).

Between 1987 and 1997, as global aquaculture production more

than doubled (Vannuccini 2003), the demand for feed exploded. That

feed has to come from somewhere, and, unfortunately, capture fish-

eries are the main source. By 1997, four of the top five and eight of

the top 20 capture species were destined for use as feed for aquaculture

and livestock consumption (Naylor et al. 2000). Rather than sparing

fisheries from further pressures, aquaculture, as currently practiced,

has placed new and damaging stresses on already threatened fisheries.

There is now heavy fishing pressure on small pelagic fish such

as mackerel, anchovies, and sardines, all of which are used as fish

feed. This fishing not only depletes food stocks relied upon by wild

fish, marine mammals, and seabirds but also pits the needs of poor
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developing countries that rely on these pelagics for food against the

U.S. love affair with salmon. Increased aquaculture production thus

intensifies rather than diminishes the pressures that capture fisheries

place on aquatic ecosystems.

Increased fishing pressure is not the only threat that aquaculture

poses to the survival and rehabilitation of threatened fish stocks.

Aquaculture also modifies marine and coastal habitat to the detriment

of wild species. Many wild salmon populations are threatened or en-

dangered and, therefore, fall under the protection of the U.S. Endangered

Species Act (ESA). Among the populations of salmonids that have been

listed as threatened or endangered are populations of Atlantic salmon

(FWS 2000), various populations of coho salmon (NOAA 1996, 1997,

1998), and populations of chinook salmon, sockeye salmon, and steel-

head trout (NMFS 2004). This is not an exhaustive list. For many of these

listed species, habitat protection measures have been required under

the ESA. To the extent that aquaculture affects the habitat of these

listed species, it not only violates the ESA but also further jeopardizes

the already precarious survival of wild populations. The ESA status of

these fish populations may be in flux. In 2001, a federal district court in

Oregon decided that the National Marine Fisheries Service (NMFS) had

inappropriately distinguished between hatchery salmon and wild

salmon when determining their listing status under the ESA (Alsea

Valley Alliance 2001). The court remanded the matter to NMFS for

further action. The Bush administration elected not to appeal this

decision, and an attempt by environmental groups to appeal this deci-

sion was dismissed. In April 2004, the Bush administration announced

that, contrary to the advice of its scientific advisory council, it intended

to count hatchery salmon when calculating wild populations of these

fish for ESA purposes (Harden 2004; Myers 2004). Thus, the future of

ESA protection of these species is unclear as of this writing.

Shrimp farming is notorious for the attendant destruction of

coastal zones, particularly mangrove swamps (Kaiser 2001). This destruc-

tion of mangrove swamps and forests in the United States may have

significant regulatory implications under the wetlands provisions of

the Clean Water Act. Despite the regulatory and statutory regime

intended to protect these ecologically valuable wetlands, mangrove

swamp losses have continued to mount in the United States. Florida,

for example has lost at least 80 percent of its mangroves (Florida

Department of Environmental Protection 2004), and overall U.S. man-

grove losses have been significant (Wilkie and Fortuna 2003). Outside

the United States, mangrove protections are even sketchier.
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The ecological threats from uncontrolled shrimp farming are

well known; the impacts that netpen fisheries have on coastal ecosys-

tems are less appreciated. Many of the farming practices associated

with netpen aquaculture pose significant environmental risks that

directly affect wild species. These risks include displacing wild populat-

ions through escape and outcompetition or interbreeding; creating

reservoirs for parasites and diseases; and introducing organic wastes,

chemicals, and pollutants into the marine environment.

Impacts of escaped fish on wild populations

To be profitable, a fish-farming operation must keep possession of its

fish stocks. Fish farming can be conducted in either land-based or sea-

based facilities, but containment is far more reliable and successful in

land-based facilities. Because sea-based facilities use pens that are vul-

nerable to accidents that can release large numbers of farmed fish, sea

pens pose a much greater risk of escape than do land-based aquaculture

facilities. Despite this serious risk of escape, most aquaculture is con-

ducted in sea pens, which require much smaller initial capital invest-

ments, are less expensive to operate, and are, therefore, much more

profitable. In most jurisdictions, including the United States, aqua-

culture is only lightly regulated, and few if any penalties are imposed

for releases of farmed fish stocks (Naylor et al. 2003). Even the govern-

ment agencies charged with regulating aquaculture describe escapes

as ‘‘routine’’ (CEQ /OSTP 2001). With no regulatory penalties that

might force aquaculture operations to internalize this environmental

cost, escaped fish are generally seen as a cost of doing business.

Containment standards have thus been viewed primarily through a

commercial rather than an environmental lens.

When commercial sea pens fail, an event that happens with

unfortunate frequency, large numbers of farmed fish can escape. It is

virtually impossible to recapture these escaped fish. Most of these

escapes are attributable to storm damage, accidental mechanical

damage from boats and harvesting equipment, predator damage, or

human error and malfeasance (Devlin and Donaldson 1992). Damage

can be difficult to discover and repair. For example, in 2002, a fish farm

in British Columbia discovered its net had ruptured only when com-

mercial fishing boats contacted it after catching hundreds of Atlantic

salmon in one 24-hour period (Morton and Volpe 2002). More than

32 000 Atlantic salmon escaped into the Pacific before the hole could

be repaired. Best management practices can minimize the risks from
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human error (NASCO 2000), but profit concerns mean that few com-

mercial aquaculture operations employ sea pens built to withstand

extreme or unpredictable environmental conditions.

The scope of the resulting escape problem can be staggering. For

example, 170 000 salmon escaped from a Maine salmon farm during

one storm in December 2000 (Atlantic Salmon Federation 2001), and

600 000 from a single incident in the Faeroe Islands (Gardar 2002). In

2002, approximately 2 million Atlantic salmon escaped from sea pens

in the North Atlantic (BBC 2003). More than 1 million Atlantic salmon

have escaped in the Pacific Northwest since 1991 (Alaska Department

of Fish and Game 2001), and a similar number have escaped in Scotland

since 1997 (Aitken 2002). The literature abounds with reports of other

large escapes from sea-pen aquaculture (Seattle Times 1997; McDowell

2002; Reuters 2002). Norway has such a history of mass escapes that

up to 90 percent of the returning salmon populations to some rivers

are farm escapees (Saegrov et al. 1997; Fleming et al. 2000). As startling

as those numbers are, they are likely a significant underestimate of

total escapes because chronic net pen leakage probably permits even

more fish to escape than do these large events (Volpe et al. 2001).

Unlike traditional livestock species, farmed salmon are still very

similar to their wild progenitors, making them better adapted to sur-

vival in the wild. There is a growing body of evidence that these escaped

fish are fully capable of establishing themselves in the environments to

which they have escaped. This phenomenon already poses ecological

risks to native salmon stocks (NRC 2002). Recent studies indicate that

30 to 40 percent of Atlantic salmon caught in the Northern Atlantic

Ocean are of farmed fish origins (Hansen et al. 1993; Jönsson et al. 1996).

In some parts of Norway, fish of farmed origins are the majority of

animals captured (Saegrov et al. 1997). On the east coast of North

America, escaped farm salmon outnumber wild fish by as much as ten

to one in some rivers (Atlantic Salmon Federation 2002). These escapees

can threaten wild populations through competition and interbreeding.

This is a particular concern for a species such as salmon because the

farmed populations outnumber wild populations by orders of magni-

tude. Escapees can, therefore, overwhelm the wild populations. For

this reason, in United States Public Interest Group v. Salmon of Maine, the

U.S. District Court of Maine banned use of non-native salmon hybrids in

Maine waters (USPIRG 2003).3

3 The First Circuit upheld this decision on appeal in August 2003 (United States Public

Interest Group v. Atlantic Salmon of Maine, 339 F.3d 23 [1st Cir. 2003]).
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Farmed fish tend to be more homogeneous than wild popula-

tions. Introgression can, therefore, reduce the genetic variability of

the wild fish populations and thus reduce the population’s ability to

adapt to changed environmental circumstances (Clifford et al. 1998).

Moreover, because they have been bred to human tastes and needs

rather than evolved to successfully occupy ecological niches, escaped

farm fish are frequently less fit overall than are their wild counterparts

(McGinnity et al. 2003; Ocean Studies Board 2004). Although this

reduced fitness translates into reduced breeding success (Fleming

et al. 2000), escaped farm salmon do breed in the wild and do hybridize

with wild fish. Through sheer numbers, farm escapees can swamp the

wild populations even if the farmed fish are at a selective disadvantage.

Similarly, repeated annual escapes, even of small numbers, hinder the

ability of natural selection to purge disadvantageous genes (Fleming

et al. 2000). These effects on the wild population can be significant and

deleterious because the ratio of more fit wild fish to less fit escaped

farmed fish will likely be low. Under such circumstances, significant

modifications of the wild populations and of the ecosystem as a whole

may be unavoidable. Aquaculture can thus reduce fitness and diminish

genetic diversity of wild fish populations because the genetically dis-

tinct escapees will interbreed with wild populations.

Even when escapees have no wild relative with which to cross-

breed, escaped farmed fish can disrupt wild fish populations and,

indeed entire ecosystems, by competing with wild populations for

scarce habitat and food (Fleming et al. 2000). For example, 80 percent

of the farmed salmon in British Columbia are Atlantic salmon Salmo

salar. Rampant escapes from fish farms have given Atlantic salmon the

opportunity to establish naturalized populations in the Pacific

Northwest (McKinnell and Thompson 1997). Free-ranging Atlantic

salmon have been captured in British Columbian waters since the

mid 1980s and have been routinely encountered since the late 1990s

(Volpe et al. 2001). There is clear evidence that Atlantic salmon are

successfully spawning in British Columbian waters and thus have

become an invasive species (Volpe et al. 2000). Because Atlantic salmon

display significant niche overlap with juvenile steelhead–rainbow

trout and Pacific salmon, the escapees are likely to compete with the

native species for food. Many populations of steelhead are already at

high risk (meaning that, over the past decade, population estimates

have been below 20 percent of the long-term average). The escaped

Atlantic salmon, which often have a size-at-age advantage and out-

compete the native species under many conditions, may threaten the
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long-term survival of the native populations. The native wild salmon

populations are already highly threatened, so escaping farmed fish

could jeopardize the survival of these species.

Reservoirs for infection and disease

Aquaculture crowds carnivorous fish into densities not found in the

wild (USPIRG 2003). A typical sea pen can contain anywhere from 5000

to 16 000 fish, and a single farm can stock as many as 250 000 fish

(USPIRG 2003). This crowding facilitates the spread of disease among

the farmed fish. Because the sea pens are open to the environment,

pathogens can be dispersed by tidal currents or from feces and urine of

infected salmon. The population density within a sea pen allows the

amplification of pathogen and parasite loads for subsequent transmis-

sion back to wild populations (Saunders 1991). Farmed fish thus serve

as a reservoir for diseases that can be spread to wild fish (Todd et al.

1997; Tully et al. 1999). For example, sea lice infestations are endemic in

most areas with intensive salmon culture (Watershed Watch 2001).

Salmon farms have been correlated with a more than three-fold

increase in abundance of lice infestations of wild fish (Tully et al.

1999). When salmon farms are situated along salmon migration routes

or in wild salmon habitats, the results can be devastating to already

endangered wild populations. For example, major sea lice infestations

in British Columbia have been correlated with significant decreases in

numbers of fish returning to spawn (Naylor et al. 2003) and are believed

to be responsible for the catastrophic collapse of the wild sea trout

population (Pearson and Black 2001). Bacterial and viral diseases such

as infectious salmon anemia also run rampant in fish farms and can

infect wild populations (Ocean Studies Board 2004).

Introduction of wastes and pollutants

Aquaculture stresses and degrades the marine ecosystem in other ways

as well. Sea pens are open systems, and salmon feces, fish feed, and

other organic wastes are freely discharged into the aquatic environ-

ment. This typically results in excess nitrogen and phosphorus loads in

the immediate vicinity of the sea pens. This nutrient overloading causes

eutrophication problems (De Silva 1999), and underneath every fish pen

is a footprint or ‘‘dead zone’’ – a shadow of oxygen depleted and con-

taminated sediment (Pearson and Black 2001; USPIRG 2003). Nutrient

loading is, of course, a significant and widespread problem attributable
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to many causes in addition to aquaculture. Nevertheless, nutrient load-

ing from aquaculture can have significant local impacts. Proper rotation

and fallow periods can minimize these effects over the long term.

Unfortunately, the industry’s track record with rotation and fallow

periods is not very good (USPIRG 2003). There is even less regulation

of the organic wastes produced from shellfish aquaculture. At least one

federal court has concluded that organic wastes from these operations

were not ‘‘the type of materials the drafters of the Act would classify as

‘pollutants.’’’ The court reasoned that one of the purposes of the Clean

Water Act was ‘‘the protection and propagation of shellfish,’’ and, there-

fore, a large-scale commercial mollusk farm in the Puget Sound did not

produce wastes within the meaning of the act (Association to Protect

Hammersly 2002). By reading the Clean Water Act narrowly (and circu-

larly), the Ninth Circuit exempted an entire aquaculture industry from

environmental scrutiny.

In addition to organic wastes that may or may not be subject to

regulation, fish farms also release a wide range of chemical pollutants,

including pesticides, antifoulants, and antibiotics. The Environmental

Protection Agency (EPA) has only recently begun to consider regulating

these discharges under the Clean Water Act (EPA 2002). In the absence

of regulation, industry has been free to discharge chemical contami-

nants used in aquaculture. The use of parasiticide drugs such as cyper-

methrin to control sea lice infestations is particularly problematic.

Cypermethrin is applied as a bath. That means the parasiticide is

diluted with water and poured directly into a sea pen enclosed in a

tarpaulin. After the treatment, the tarpaulin is removed and the cyper-

methrin is released directly into the surrounding waters (USPIRG 2003).

At least one study has demonstrated that cypermethrin plumes can

persist in marine waters for significant periods of time and can spread

over fairly large distances (Ernst et al. 2001). Because cypermethrin is

highly toxic to many marine organisms, this is a serious concern.

Antifoulants, antibiotics, and dyes are also discharged into the

marine environment from net pen aquaculture. Antifoulants contain-

ing copper are typically used to retard growth of organisms on the sea

pen nets. This copper leaches into the marine environment, where

it can be toxic to wild populations (USPIRG 2003). Antibiotics are

routinely administered to fish through feed based formulations.

Estimates of the quantities of antibiotics used in aquaculture range

from 70 000 (MacMillan 2001) to 433 000 pounds (35 to 215 kg) per year

(Benbrook 2002). Few data are available upon which to build these

estimates of antibiotic use. Across all kinds of animal husbandry, the
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use of antibiotics has become extremely controversial in light of the

potential to create resistant bacteria (Mellon et al. 2001). Some have

suggested that aquaculture practices raise these same concerns

(Benbrook 2002). Because antibiotics are administered to fish in their

feed, which is dispersed in the water, use of antibiotics in aquaculture

directly doses the environment. Resistant bacteria have been identified

not only in the farmed fish, but also in wild fish and the sediment

beneath net pens (Kerry et al. 1994). The development of resistant

bacteria due to antibiotic use in aquaculture may have human health

repercussions (CDC 1999). Interactions between humans, antibiotics,

fish, bacteria, and aquatic environments are still poorly understood,

and conclusions are few and far between (National Aquaculture

Association 2004). What is clear is that the aquaculture industry’s

antibiotic use practices are based on ignorance of likely or possible

environmental or human health effects, not on peer-reviewed experi-

mental evidence that such antibiotic use is safe.

Requiring properly run land-based facilities could go a long

way toward eliminating many of the environmental risks associated

with netpen aquaculture.4 As early as 1990, the U.S. Department of

Agriculture recognized that rigorous design standards, constant moni-

toring systems, and emergency plans would be necessary to prevent

escapes of fish from land-based aquaculture facilities (Federal Register

1990). Unfortunately, the United States has only rudimentary and

ad-hoc standards for land-based aquaculture. A uniform, industry-

wide set of standards would not only encourage compliance with

environmental standards but might also promote environmentally

sound innovation. Weak as these existing land-based environmental

protections are, however, the state of netpen marine aquaculture is

even worse. To date there are few federal or state legal requirements

4 In addition to these environmental risks, there are also a host of human health

concerns swirling around aquaculture. One recent study concluded that farmed

salmon contain significantly higher concentrations of polychlorinated biphenyls

(PCBs), dioxins, and other organic pollutants than wild fish (Hites et al. 2004).

Canthaxanthin and astaxanthin, dyes derived from petroleum by-products, are

used to give farmed salmon flesh the same pink color as wild salmon. Hoffmann-

La Roche provides the SalmoFan – a color chart with assorted shades of pink – to

help salmon farmers create the color they think their customers want. However,

these dyes may cause retinal damage, and their use has been curtailed throughout

the European Union (European Commission 2002). After three class action law-

suits were filed in 2003, most American supermarkets now notify their customers

that farmed salmon contain dyes. The complaints in those lawsuits are available

at www.smithandlowney.com/salmon/complaints/
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that marine net pen aquaculture facilities must meet. The require-

ments that do exist are scattered among the U.S. Department of

Agriculture, the National Marine Fisheries Service, the Food and Drug

Administration, the Environmental Protection Agency, various state

agencies, and the Army Corps of Engineers, virtually ensuring that no

comprehensive or coordinated oversight will occur.

T R A N S G E N I C F I S H

In just over a decade, genetic engineering (genetic modification or

biotechnology) has emerged as a powerful tool for agricultural pro-

duction. By transferring genetic material from organism to organism,

researchers can create wholly new transgenic organisms. The Cartagena

Protocol on Biosafety provides a useful definitional starting point for a

discussion of transgenic organisms (though for purposes of the proto-

col, the equivalent term ‘‘living modified organism’’ is used). Under

the protocol, a living modified organism is ‘‘any living organism that

possesses a novel combination of genetic material obtained through

the use of modern biotechnology’’ (Cartagena Protocol 2000). These

techniques typically include microinjection, electroporation, use of

microprojectiles, and liposome-mediated transformation. For fish, micro-

injection has been the preferred technique, with a success rate of about

10 percent (meaning that out of every 100 eggs injected, about 10 will

integrate and express the transgene). A much smaller percentage

(about 1 percent) of these transgenic individuals will pass the transgene

on to their offspring (Beardmore and Porte 2003).

Although these percentages are comparable to the success rates

for mammalian transformations, fish reproduction mechanisms – they

produce eggs in large quantities, and those eggs develop outside the

fish’s body – make fish a particularly attractive candidate for genetic

modification. The first reports of the application of genetic engineering

to fish appeared in the 1980s (Maclean and Talmar 1984; Zhu et al.

1985). Since then, a burst of genetic modification activity has occurred

in aquaculture research and development. Indeed, by 1990, 13 species

of transgenic fish had been produced in laboratories around the world

(Kapuscinski and Halleman 1991), and in 2003, the FAO reported 23

aquatic transgenic species (Beardmore and Porte 2003). Other aspects

of fish biology, however, have prompted the National Research Council

(NRC) to call for caution (NRC 2002). In particular, the NRC identified

the unresolved containment problems of aquaculture as posing

serious environmental issues and cited the many critical unknowns
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surrounding these genetically modified animals that prevent any

informed judgement about whether or how to proceed with commer-

cialization of transgenic fish. A host of ethical questions also surrounds

use of the technology that should be addressed before large-scale com-

mercial use of transgenic animals or fish is permitted.

Unlike domestic farm-based animals, farmed fish easily become

feral and compete with indigenous populations. Because of their novel

characteristics, transgenic escapees could pose even greater threats to

wild populations than do conventional farmed fish. As described

above, the minimal environmental regulations imposed on aquacul-

ture have been wholly unable to successfully resolve the escape prob-

lem, and fish farmers seem to treat escaped fish as a cost of doing

business. Given the increasing demand for fish and the lack of an

adequate regulatory structure, it is perhaps not surprising that, despite

these risks, aquaculture biotechnology research has pressed on full

bore. This expansion will almost certainly result in the escape of

transgenic fish unless immediate steps are taken to prevent such an

occurrence.

The majority of the transgenic fish research and development

efforts to date have focused on improving fish growth rates or effi-

ciency of food conversion (Beardmore and Porte 2003). Creating trans-

genic fish with increased cold tolerance is a second area of significant

research, though to date this research has not been as successful.

Increased growth means reaching marketable size sooner and, there-

fore, reducing overhead costs for fish farmers. Researchers have used

molecular biology techniques to modify at least 14 fish species –

including varieties of carp, trout, salmon, and channel catfish – so they

will grow two to 11 times faster than their non-modified counterparts

(Dunham 2003). Through insertion of additional copies of fish growth

hormone (GH) genes, coupled with mammalian growth promoters,

researchers have been able to accelerate fish growth rates from

10 percent up to a 30-fold increase compared with non-transgenic

fish (Rahman et al. 1998, 2001; Rahman and Maclean 1999). The eco-

nomic attraction of these genetic modifications is obvious.

Increased size in response to GH transgenes varied by species, but

overall those fish strains that had already been subject to extensive

conventional breeding to enhance the desired phenotype showed the

smallest increases (Devlin et al. 2001). Different transgene constructs

also produced different rates of growth (Beardmore and Porte 2003).

For example, use of an all-fish GH gene construct to make transgenic

Atlantic salmon has produced a two-fold increase in the transgenic fish
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growth rate (Du et al. 1992), while use of ocean pout antifreeze promo-

ter and salmon GH cDNA elevated circulating GH levels in coho salmon

up to 40 times the levels found in unmodified fish (Devlin et al. 1994).

This hormonal change equated to a five-to 30-fold increase in weight

after 1 year of growth (Du et al. 1992; Devlin et al. 1994, 1995a, b, 2001).

Under laboratory conditions, this increased growth rate has been

correlated with a significant increased efficiency in feed conversion

(NRC 2002). Thus, if aquaculture of high-trophic level-carnivorous fish

is to continue, transgenic fish might provide a means to reduce the

pressures on wild fish stocks.

Unanswered challenges to regulating transgenic fish

Although the potential upside from applications of molecular biology

to fisheries is enormous, so are the risks. The very factors that make

transgenic fish an attractive commercial prospect might also pose

serious risks once these fish escape into the wild. And the negative

consequences could be devastating. In the mid 1980s, federal policy

declared that biotechnology products would be evaluated under the

same laws and processes used to review products produced without

biotechnology. However, many genetically engineered organisms con-

found conventional regulatory categories, forcing regulators to rely

on increasingly creative interpretations of the existing laws to respond

to sui generis challenges posed by these GMOs. Not only are the lines

of authority for regulating animal biotechnology unclear, but there

are serious questions about the legal and technical capabilities of

the agencies to address potential hazards posed by the technology

(NRC 2002).

In the United States, the Food and Drug Administration (FDA)

claims primary regulatory authority over transgenic animals, includ-

ing fish, by virtue of its new animal drug authority under the Food Drug

and Cosmetics Act (CEQ /OSTP 2001). The relevant provisions define a

new animal drug as ‘‘any drug intended for use in animals other than

man [sic] including any drug intended for use in animal feed’’ (FDCA

2005). The FDA has interpreted this authority to extend to transgenic

fish, reasoning that the transgene and the protein for which it codes

would be new animal drugs. The Food Drug and Cosmetics Act gives the

FDA legal authority to regulate the food safety aspects of these trans-

genic salmon, but the emerging consensus is that the bigger risk is that

transgenic fish will find their way into the wild and pose a significant

environmental threat (NRC 2002).
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The federal government claims that, as part of its safety assess-

ment for a new animal drug, the FDA considers ‘‘environmental effects

that directly or indirectly affect the health of humans or animals.’’

However, the government explicitly concedes that the FDA’s authority

does not extend to all environmental impacts (CEQ /OSTP 2001). The

limits on the FDA’s authority raise real questions about whether the

FDA has enough flexibility and expertise to address the environmental

and ecological issues unique to genetically modified fish.

Although no transgenic fish have yet been grown or marketed in

the United States as food, the first transgenic fish went on sale in the

United States on January 5, 2004. The transgenic ‘‘GloFish1’’ is an

aquarium zebra fish genetically engineered to glow in the dark through

expression of various fluorescent pigments. These fish are currently

available in Taiwan and are, or soon will be, marketed in every state of

the United States except California, where they are banned.5

Despite the federal government’s sweeping claims that the FDA’s

authority to regulate transgenic ornamental fish as well as transgenic

food fish is adequate to prevent environmental harms (CEQ /OSTP

2001), the agency announced in 2003 that it would not regulate

GloFish1. This decision not to regulate rested on a three-sentence

official statement in which the FDA announced that ‘‘because tropical

fish are not used for food purposes, they pose no threat to the food

supply. There is no evidence that these genetically modified fish pose

any more threat to the environment than their unmodified counter-

parts which have been widely sold in the United States’’ (FDA 2003).

This decision was not based on any environmental risk assessment

process, nor did the agency conduct an environmental assessment

under the National Environmental Policy Act (NEPA) and its imple-

menting regulations at 40 CFR Parts 1500–1508 and 10 CFR Part 1021.

Instead, the FDA seems to have merely assumed that transgenic

fish are the ‘‘substantial equivalent’’ of conventional fish. This assump-

tion flies in the face of a significant body of scientific scholarship

detailing the various behavioral and survival differences between con-

5 These fish are marketed under the name ‘‘Night Pearl GloFish1’’ by Taikong

Corporation of Taiwan, www.azoo.com.tw/select.html, and under the name

‘‘GloFish1’’ by Yorktown Technologies in the United States. California law prohi-

bits the import or sale of transgenic fish without a permit or an exemption under

California Code of Regulations Title XIV, Section 671. Yorktown Technologies

requested an exemption which the California Fish and Game Commission denied

on December 3, 2003 (California Fish and Game Commission 2003).
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ventional fish and their genetically altered counterparts. It also ignores

the significant regulatory concerns identified by the NRC (2002) and by

the agency itself when it initially asserted this authority (CEQ /OSTP

2001). A coalition of consumer groups sued the FDA on January 14,

2004, to challenge this decision as a failure to regulate (International

Center for Technology Assessment 2004). The government filed a

motion to dismiss on April 19, 2004, and the litigation is slowly wend-

ing its way through the court system.

The FDA’s decision not to regulate GloFish1 highlights the inade-

quacy of the existing U.S. regulatory structures. Even though release of

these fish into the wild might well have significant ecological impacts,

no federal agency has evaluated these impacts. A transgenic, highly

mobile organism has thus been loosed into the commerce stream with-

out any sense of the likely or possible environmental repercussions.

Neither the FDA nor any other agency has taken steps to satisfy NEPA’s

requirements designed to protect the environment. This failure is

particularly troubling because commercial production of these fish

will inevitably lead to release of some proportion of these fish into

the wild (USGS 2001). Indeed, at least 185 exotic fishes have been

caught in U.S. waters, and 75 of these are known to have established

breeding populations. Over half of these introductions are due to the

release or escape of aquarium fishes (USGS n.d.; Zhuikov 2004). Similar

patterns occur elsewhere (Western Australia Department of Fisheries

2006). There is no reason to assume that these GloFish1 will suffer a

different fate, and it will certainly be impossible to monitor thousands

or millions of households purchasing these fish to ensure proper

confinement. Responsible regulatory oversight must consider this

set of questions before trangenic ornamental fish are sold in the

aquarium trade.

Aqua Bounty’s permit application

The FDA is currently considering an application from Aqua Bounty

Farms6 for what would be the first permit to grow transgenic salmon

commercially for food under the same new animal drug authority it

putatively exercised in deciding not to regulate GloFish1. The Trade

Secrets Act requires that the FDA keep secret all of the investigations

and pre-market notifications that precede the release of a new animal

drug, including whether any such petition exists. In the absence of

6 Now known as Aqua Bounty Technologies, Inc.
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Aqua Bounty’s public disclosure of its application, the Trade Secrets

Act would have prevented any public participation in the FDA decision-

making process, despite explicit NEPA statutory provisions requiring

transparency and public participation in the environmental assess-

ment process. The Trade Secrets Act prevents the FDA from discussing

whether any other applications have been filed for approval of other

transgenic fish. The FDA acknowledges that this duty of secrecy creates

a clear conflict with NEPA – a conflict, moreover, that prevents the

agency from fulfilling its duties under NEPA to ensure a public airing of

significant environmental impacts (CEQ/OSTP 2001). The GloFish1

precedent calls into question both the scope of the FDA’s authority to

consider wholly ecological impacts and its willingness to exert what-

ever authority the agency might possess. There is a significant possi-

bility that important environmental concerns will not find their way

into the regulatory decision-making process, particularly as commer-

cial pressures on the FDA to approve GM fish are mounting. The

populations of wild Atlantic salmon are severely depleted, and farmed

Atlantic salmon are threatening native salmon populations around the

world. Transgenic salmon would pose a new threat to the continued

survival of these wild populations.

Aqua Bounty genetically modifies its salmon by microinjecting a

transgene construct consisting of an ocean pout antifreeze protein

(AFP) promoter linked to the chinook salmon GH cDNA (Fletcher et al.

2000). This transgene construct enables the fish to produce growth

hormone year round rather than only during the spring and summer.

As a result, Aqua Bounty’s transgenic fish grow up to six times faster

than non-transgenic farmed salmon (Stokstad 2002). The company

acknowledges that its transgenic fish pose significant risks for wild

populations and that sea pen aquaculture is associated with negative

environmental consequences (Fletcher et al. 2000). According to the

NRC, Aqua Bounty has requested that the FDA authorize it to sell

transgenic fry to industrial salmon farms that will raise the transgenic

fish in sea cages (NRC 2004). Because of the lack of transparency in the

FDA drug approval process, it is unclear whether Aqua Bounty has

collected and submitted the body of data needed before the FDA can

responsibly assess whether this proposed distribution of transgenic

salmon poses a heightened threat to the fitness of wild salmon popula-

tions (NRC 2002; Pew Initiative on Food and Biotechnology 2003). It is

clear, however that neither Aqua Bounty, nor anyone else for that

matter, has published the relevant information in any peer-reviewed

scientific journals. The catalogue of scientific uncertainties indicates
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that more research is needed on these questions before transgenic fish

can be safely commercialized.

Additional risks posed by aquaculture of transgenic fish

The environmental effects of transgenic fish will to some extent depend

on aquaculture practices. One of the most highly touted economic

benefits of transgenic fish is that they are purported to reach market

weight more rapidly than conventional farmed stock. If farms do not

alter their annual level of production, the local environment would

clearly benefit. The fish would grow for 18 months, rather than 24 to

30, leaving a 6-month to 1-year fallow period in which the sea pen site

could recover. If, however, fish farmers took advantage of the faster

growth to run more fish production cycles, the environmental load on

the site would increase accordingly. Evidence from current aquacul-

ture practices suggests that farmers are already disregarding growing

cycle restrictions and stocking limits imposed to preserve the marine

environment (USPIRG 2003). Thus it seems unrealistic to assume that

those same farmers would use transgenic fish as an opportunity to

decrease environmental impacts rather than to increase profits.

Transgenic fish as invasive species

The possible impact of escaped transgenic fish on wild populations is

probably the greatest science-based concern raised by the new technol-

ogy. We already know from experience with conventional aquaculture

that physical containment measures fail with disturbing frequency. On

the basis of what is currently known about transgenic salmon, it is

impossible to predict adequately the environmental outcomes should

these fish escape or be released to the wild.

Conventional farmed salmon are an environmental nuisance

upon escape. Transgenic fish that escaped into natural ecosystems

could pose a much bigger environmental threat. This danger mainly

arises for those transgenic fish endowed with new genes that improve

fitness traits such as mating success or the ability to withstand harsh

conditions. There is little published information about whether adult

transgenic fish are larger than their conventional counterparts (a vari-

able that tends to relate directly to mating success), but at least one

study has shown that transgenic fish modified to produce higher levels

of GH not only grow more rapidly but also grow larger (de la Fuente

et al. 1999). The establishment of a thriving transgenic fish population
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in an ecosystem where it never existed could crowd out native fish

populations. These dangers are only poorly understood and have yet to

be thoroughly considered by any of the regulatory agencies charged

with protecting and preserving the marine environment. There simply

is not yet enough information to predict when and where transgenic

fish would be likely to become an invasive species.

Trojan gene scenario

Beyond these near-term ecological effects, there are also real concerns

about the effects of transgenic fish interbreeding with wild popula-

tions. A transgenic fish that has a survival advantage in the wild could

outcompete its wild relatives. For example, some experimental evidence

suggests that transgenic coho salmon modified to express high levels of

GH will be able to outcompete wild coho salmon for food (Devlin et al.

1999). Changes in the genetic makeup of well-adapted wild populations

may ultimately affect their abilities to withstand environmental change.

Even if they are not well adapted for survival in the wild, trans-

genic animals may have detrimental impacts on the genetic structure

of wild populations by allowing the introgression of ‘‘exotic’’ genes into

natural gene pools. Of particular concern is the so-called ‘‘Trojan gene’’

effect, whereby transgenic animals that are poorly adapted for survival

in the wild exhibit traits that give them a mating advantage (Muir and

Howard 1999). Many transgenic fish have been modified to generate

faster growth and/or larger size, traits typically associated with male

mating success (Howard et al. 1998). These positive fitness traits are

balanced by other characteristics, such as reduced swimming speed

(Farrell et al. 1997) and aggressive food pursuit ( Jönsson et al. 1996), that

suggest the transgenic fish may have a viability disadvantage. This matrix

of favorable reproductive traits and maladaptive pleiotropic traits raises

concerns that transgenic fish may introduce Trojan genes to their wild

relatives – genes that increase mating success but decrease ultimate

viability. Such genes would reduce the mean fitness of the populations

exposed to them and, in extreme cases, might drive populations to extinc-

tion by reducing the fitness of the progeny of transgenic fish breeding

with wild individuals (Muir and Howard 1999, 2001; Hedrick 2001).

At this point, it is not clear whether GH transgenic fish will

possess either the mating advantage or the viability disadvantage cen-

tral to the Trojan gene scenario. The Trojan gene possibility is largely

based on computer simulations of non-salmonid reproduction and

on extrapolations from behavioral studies. These data are necessarily
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preliminary, but there is evidence that non-transgenic farmed salmon

exhibit characteristics that predispose them to such Trojan gene

effects, such as reduced survival of progeny from matings between

farmed and wild salmon (Fleming et al. 1996, 2000; McGinnity et al.

1997, 2003).

The ultimate physical containment system for growing transgenic

fish of course, would be closed-system land-based facilities. Because

transgenic fish may more efficiently convert feed, it might be economi-

cally feasible to raise these fish in land-based aquaculture facilities.

Requiring that transgenic fish be grown in closed system land-based

facilities might eliminate much of the risk to wild fish associated with

raising transgenic fish.

Biological containment

In a landmark settlement of a Clean Water Act lawsuit brought by a

coalition of public interest organizations, one fish-farming company

agreed to a ban on the company’s growing genetically engineered

salmon strains in Maine (Environmental Law Center 2002; USPIRG

2002). The same plaintiffs brought another federal lawsuit against

other Maine aquaculture companies and obtained an injunction ban-

ning transgenic fish from Maine waters pending further safety research

(USPIRG 2003). In particular, the court ordered that biological contain-

ment mechanisms be explored.

Biological containment can reduce the risks to wild fish from

escapees. In the context of aquaculture, biological containment typi-

cally means raising sterile triploid fish or sterile transgenic fish carry-

ing antifertility genes tailored into their genomes (Aleström et al. 1992;

Donaldson et al. 1993). Sterilization techniques are relatively easy and

inexpensive, but success rates are highly variable. There is an over-

whelming consensus, even among advocates of this technology, that

neither perfect containment nor 100 percent sterilization of transgenic

fish will be possible (Maclean and Laight 2000; Dunham 2003). Given

the huge numbers of fish in commercial aquaculture operations, typi-

cally hundreds of thousands per pen, and the concomitant large num-

bers of escapees, even a small percentage of residually fertile

transgenic fish might be enough to pose a threat of cross-breeding

(Kapuscinski and Brister 2001).

In addition, even effective sterilization will not necessarily neu-

tralize the risks to wild populations. Escaped sterile fish might still

engage in courtship and spawning behavior, disrupting breeding in
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wild populations and decreasing overall reproductive success. Even

without reproducing, waves of escaped sterile fish could also create

ecological disruptions by competing with wild fish. If transgenic fish

have a competitive advantage, wild fish will be overwhelmed as each

sterile escapee cohort is replaced by another equally strong cohort.

Transgenic fish that do not have a competitive advantage would still

stress fragile marine ecosystems through their sheer numbers.

Enhanced ability to transfer disease

Genetic engineering has also focused on increasing resistance of fish

to pathogens (Traxler et al. 1999; Melamed et al. 2002). The possibility

of increased resistance is of obvious commercial interest. However, it

does raise an additional environmental concern. Transgenic fish might

act as reservoirs for diseases and parasites to which they are resistant,

thereby increasing the risk of transferring diseases and/or parasites to

wild populations (Tully et al. 1999). Aquaculture already creates disease

reservoirs, but in conventional aquaculture the nature of this risk is

necessarily limited by the possibility that the disease will kill its host

fish. Creating transgenic fish immune to the disease would increase the

risk dramatically because infected fish could serve as hosts for the

infectious agent without expressing any of the negative manifestations

of the disease. Infected transgenic fish could persist for long periods of

time, thus spreading the infection or disease.

Economic consequences

Biotechnology and transgenic fish are being touted as having the

potential to revolutionize aquaculture. These predictions should be

viewed skeptically. Although direct extrapolations from agronomy to

aquaculture may be suspect, lessons drawn from the marketing of

genetically modified field crops, which have been on the market for

5 years, can be instructive about the direction that any market for

transgenic fish is likely to take. The lessons are not salutary.

Were agricultural biotechnology’s potential oriented toward

meeting the needs of the world’s poor, genetic engineering might

already be a means to provide more and better food for the growing

and undernourished human population while, at the same time,

decreasing agriculture’s devastating ecological impacts. To date,

however, biotechnology has not been directed toward those ends.

Instead, major agricultural conglomerates have used biotechnology
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to consolidate their hold on agricultural markets and have used

patented seeds as a means to further expand their reach (Monsanto

2002; Fernandez-Cornejo 2004). The genetically modified crops cur-

rently on the market (corn, soybean, cotton, and canola) have been

modified to withstand spray with patented herbicides or to endogen-

ously produced pesticidal proteins. These modifications have made

the crops easier and more profitable to grow in Iowa but have offered

little benefit to the world’s poor, and they provide consumers no

nutritional, environmental, or financial benefits.

Over the past decade, globalization has led to tremendous consoli-

dation in the aquaculture industry (Naylor et al. 2003). Large, vertically

integrated conglomerates have created a competitive advantage out of

economies of scale and changes in technology. As a result, a handful

of multinational firms now dominate global aquaculture production.

Given this industry structure, there is little reason to believe that

aquaculture will deviate from the path blazed by biotechnology in

the heavily consolidated agricultural industry. The focus of the devel-

oping aquaculture industry is likely to be on benefits to producers

rather than to consumers or the environment.

Another product of globalization has been expanding intellec-

tual property claims to fish broodstocks. These intellectual property

claims are likely to have significant negative impacts on the poorest

communities – those most in need of the increased fish supplies for

basic survival. These effects will further compound the already skewed

impacts of aquaculture itself, which transforms a common property

and multiuse resource into a privately owned, single-use resource.

C O N C L U S I O N

Aquaculture has not been the panacea it was touted to be. Current

industrial aquaculture practices, which focus on commercially valuable

carnivorous species, have led to decisions based on economic rather

than environmental considerations. Without clear regulation designed

to consciously tie aquaculture development to healthy natural ecosys-

tems, the aquaculture industry is unlikely to develop to its full potential

or continue to supplement ocean fisheries.

Much more can be done to make aquaculture a net environmen-

tal positive rather than an additional drag on vulnerable fish popula-

tions and ecosystems. For that to happen, governments must take the

lead in protecting coastal ecosystems and in requiring responsible

aquaculture practices. First, government policy should encourage
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aquaculture of native herbivorous and omnivorous fish rather than

exotic carnivorous fish. To protect aquatic ecosystems, governments

should regulate sea pens by setting maximum stocking limits to mini-

mize eutrophication and dead zones; prohibiting pesticide use, except

for short-term emergency treatment; and setting stringent waste

management standards to prevent release of toxic substances into the

environment. In addition, there must be rigorous design standards for

pens and cages to reduce the risks of escape.

If public and private interests act jointly to reduce the environ-

mental costs generated by fish farming, present unsustainable trends

can be reversed, and aquaculture can make an increasingly positive

contribution to global fish supplies.

With regard to transgenic fish, too many critical unknowns com-

plicate risk assessment and management decisions. Without more

information, it is not possible to make informed judgments about

whether or how the technology can be safely exploited in an open-

water commercial setting. According to the FAO Code of Conduct for

Responsible Fisheries (FAO 1995), Article 7.5.1, nations should apply

the precautionary approach widely to conservation, management, and

utilization of living resources to protect them and conserve the aquatic

environment. Under the precautionary approach, the absence of ade-

quate scientific information is not a reason for postponing or failing

to take conservation and management measures. Precaution dictates

that any exploitation of transgenic fish be limited to land-based faci-

lities for the foreseeable future.
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20

Contributing to fisheries sustainability
through the adoption of a broader
ethical approach

Fishing is a human right for the many, not for the few.1

I N T R O D U C T I O N

We begin with a background discussion highlighting the global fish-

eries crisis that implies need for expanded application of ethical con-

sideration to fisheries. A general discussion of ethics follows to provide

some context for particular applications to fisheries governance.

We outline principles in law and policy that may reverse the present

fisheries downward spiral. Discussed are the role of science and risk

assessment, the precautionary principle, the public trust doctrine, an

effective female work model, effective commons management, and the

Food and Agriculture Organization (FAO) Code of Conduct for Responsible

Fisheries (FAO 1995). Some recommendations are based on proven

results; others rest on speculation, as one might expect within a regime

of adaptive management. In each instance, we endorse changes in

management behavior on the part of all participants that should result

in sustainable and equitably shared fisheries.

Modern technology, that sometimes useful, sometimes dreadful

set of human inventions, has facilitated the emergence of environmen-

tal crises around the globe. Among all species, we are the one that

has found the most effective ways to escape natural constraints, for a

period of time, by employing technology to satisfy our myriad, insati-

able needs and desires. We know that early humans using simple

techniques such as spears extinguished species in North America and

1 Kurt Christensen, quoted in ‘‘Fisherman seeks to harvest ailing Baltic, gently.’’

New York Times, July 26, 2003, p. A4.

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and

Lois G. Wolfson. Published by Cambridge University Press. # Cambridge University Press 2007.



Australia. But now we have positioned ourselves to extinguish not just

a species here and there, but thousands of species and vast ecosystems

in a very short time-frame. Human activities are driving forces behind

these mostly negative changes, which may be manifested as a cascade

of ecosystem transformations resulting in degraded and unsustainable

fisheries, among many other losses.

The globalization ideology now encompasses the world’s fisheries.

Industrial fishing operations catch and preserve fish for air delivery to a

host of wealthy destinations. For example, diners in East Lansing,

Michigan, may choose Caribbean grouper, Chilean sea bass, Atlantic

salmon, or Pacific tuna from the array of offerings at Mitchell’s Fish

Market. The taste for fish for dining or for feed or a variety of other

purposes has brought about the near demise of many species of impor-

tance to humans. A coalescence of spectacularly efficient fishing equip-

ment and fish processing gear and local fish depletions has resulted in

fishing fleets relentlessly combing the oceans’ both coastal/national and

international commons, leaving waters emptied of valued fish in their

wake, until major commercially significant stocks (and their ecological

associates) have lost health and viability (Ellis 2003; Myers and Worm 2003;

Paul y a nd M aclean 20 03; Pew Oceans Commi ssion 2003; Murphy 1994) .

We also argue that a significant contributor to the global fish-

eries crisis is the dominant economic practice: the currently prevalent

version of state-subsidized capitalism. Though it has spurred technolo-

gical and economic growth, its ethical tenets also result in negative

consequences that are economic (Stiglitz 2002; Chua 2003) but spread

inevitably to the social and ecological domains (O’Connor 1994; Bakan

2004). The history of the decline of the world’s magnificent fisheries

reveals commercialization and profit-taking as driving forces (Bakan

2004). In analyzing the question ‘‘Is capitalism sustainable?’’ O’Connor

(1994) theorizes that it is a system where capitalists withdraw value

and shift the costs to labor and the state. A good specific example is

the story of the cod fisheries. As eloquently described by Kurlansky

(1997), the cod built the early New England economy. Because these

fish were so extraordinarily abundant, it didn’t take humans long to

see and seize the economic potential for a cod industry. History further

shows that surpassing economic growth unfolded, with riches for the

few and dangerous work for fishers viewed as labor inputs. In the end

of the story, this originally rich species was driven to near extirpation

by human exploitation in most of its range (Pauly and Maclean 2003).

Hegemonic capitalism not only drives resource depletion, it also

destroys the sense of community that may be necessary for long-term
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survival and certainly is necessary for peace and harmony to prevail

(Bakan 2004). In fisheries, this is evidenced by the inability of fishers,

managers, and scientists to agree to much-needed fisheries closures

until too late. Another example of the societal damage that can be

inflicted is the increasing gulf between rich and poor in the United

States as compared with more egalitarian institutions and policies in

some other democracies (Smeeding 2004). Indeed, the United States is

becoming more and more like so-called Third World nations in this

respect (Chua 2003).

We may decide to continue to walk this path of environmental

destruction until our own species hits the wall, or we may choose to

change our ways so that our kind and others may continue to live on

this planet for the foreseeable future. We may choose to climb out of

our denial and take individual and collective action based on the

obvious: we cannot continue to expand economic growth and use of

material resources without end. We are the one species with the

knowledge and compassion to make this choice, to preserve ourselves

and other creatures through love and reason (Sanders 1998; Morito

2002). It is in this spirit that we explore in this chapter the case for

intensifying our profession’s commitment to the ethics of steward-

ship of global fisheries. Through our analysis and recommendations,

we hope to contribute to thought and discussion in the fisheries man-

agement literature about these critical issues.

We will begin with a discussion of ethics generally as background

to a consideration of applications to fisheries governance. We outline

the adoption in law and policy of principles that will forward the shift

from the present fisheries downward spiral. Our recommendations

include changes in management behavior that have proven effective

in other situations.

E T H I C S B A C K G R O U N D

We begin by acknowledging that a focus on sustainability implies an

anthropocentric perspective, and our analysis seeks to achieve what

will sustain our species in the long run. (We do not limit our ethics to a

posteriori or consequentialist considerations but also emphasize a

priori or deontic considerations [see below].) As it happens, this sus-

tainability approach will necessarily involve giving high value to other

species, in this case most notably fish, upon which humans depend in a

variety of important ways. It also involves developing knowledge

through various mechanisms such as scientific experimentation and
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shared experience, as joined together in adaptive management, to

create a base of facts and inferences. Further, we need to decide what

should be done with this accumulated knowledge. The ‘‘shoulds’’ are

developed through a human process, because humans have the requi-

site mental capacity to do this, that employs values to develop guidance

about moral thought and action (Morito 2002). Thus systems of ethics

are devised to protect critical human values through norms, policies,

laws, religious doctrines, and so forth, and, ideally, ethics steer human

behavior to desirable practice.

By ‘‘ethics’’ we mean moral principles that are converted into

pragmatic guidelines specifying ‘‘good behavior.’’ Fisheries governance

and participation should be guided by ethical principles that will ulti-

mately result in the continuation of our complex earthly biological

system because we have identified it as a critically important value.

Two large classes of ethical principles come together in a commitment

to sustainability. One class relates to considerations of duty that extend

beyond direct human self-interest and to which we commit before we

act; these may be termed a priori deontic considerations. Another class

relates to considerations that relate to human material interests that

may extend beyond immediate concerns and indefinitely into the

future; these may be termed a posteriori, consequentialist, and/or

utilitarian considerations. In an ecosystem approach, as now com-

monly invoked with respect to fisheries, both deontic and consequen-

tialist considerations are emphasized.

The combined moral principle that undergirds our thinking

in this respect holds that a web of interconnected beings/organisms,

as it has emerged naturally, is a good that should be sustained.

Behaving in ways that facilitate the support and maintenance of a

healthy web of living things across the planet should result in achiev-

ing a dynamic (recognizing dynamism as a key ecological principle)

sustainability over the long term, or as far as we can see. In contrast,

behavior that forecloses future choices is probably a bad thing because

it cuts strings from the web of life. Removing top predators from the

Great Lakes Basin, for example, produces ripples far into the future.

One of the most painful and visible effects of loss of lake trout in Lake

Michigan in the 1960s (from overfishing, exotic sea lamprey predation,

chemical contamination, etc.) was the annual spring mortality of exot-

ic alewife which then accumulated in nauseating drifts on beaches

near Chicago (Loftus and Regier 1972). An example from elsewhere,

the near extinction (through human exploitation) of North American

sea otters in the early 1900s caused the collapse of populations of
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bald eagles and seals. The sea otters eat sea urchins, which if left

unchecked destroy the habitat for seal and eagle prey species (Roush

1989). Thus, we argue for a fisheries ethics to provide general guid-

ance that will need to be interpreted sensitively in many different

contexts. Agreeing with Morito (2002), we hold that all species are

‘‘loci of valuational activity’’ and are ‘‘part of the network of loci that

constitute the moral community.’’ Because of humans’ particular char-

acteristics, they are in position to engage in thinking and rendering

judgments unlike other species (at least, as far as we know). Ethical

decision-making includes democratic and inclusive processes, reliance

on the precautionary principle (see below), and seeking to avoid doing

harm.

A caveat: the intellectual domain of ethics may be delineated

narrowly so as to exclude specifically esthetic and/or spiritual consid-

erations. Here spiritual considerations may include those that may be

termed ‘‘numinous,’’ i.e., referring to a spirit or divinity that may reside

in a special place or object. Our intention is not to marginalize esthetic

and numenic considerations but rather to emphasize ethical considera-

tions that are consistent with widely appreciated esthetic qualities and

deeply felt numinous responsibilities. These, too, are consistent with

an ecosystem approach.

R O L E O F S C I E N C E

Having sketched the relevant ethical framework, we move on to con-

sider the important place held by science and its associated disciplines

in the present era. Unquestionably, good science is a meaningful ingre-

dient in policy development and governance. It is necessary but not

sufficient, however. Its data-based theories may be useful in forecasting

some features of the future, but it sometimes blinds us from seeing the

bigger picture as we become mesmerized by details. With its emphasis

on replicability and objectivity, science has a strong tendency to

exclude from consideration non-quantitative information that, along

with the data gathered and analyzed by scientists, is essential to reach-

ing the understanding needed for decisions. Perspectives from other

cultures that rely on different epistemologies may thus be eliminated

from policy-making (Morito 2002).

A better meta-paradigm, termed an ecosystem approach,

emerged in the Great Lakes Basin several decades ago with strong

leadership by fisheries experts. It has come to be applied elsewhere

with variations appropriate to different contexts, as with respect
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to oceanic fisheries, for which Busch et al. (2003) identify three

dimensions:

* include stakeholders’ perspectives and human goals

* consider the health and vitality of ecosystems into the

indefinite future

* include the larger landscape and connections among other

landscapes.

This broadened vision, if widely employed, should prove beneficial.

We should note that even the very best science may not be

incorporated in decision-making. Indeed, particular scientific findings

are all too often ignored because of political considerations (Cairns

2001), failure to present findings in a user-friendly format, or scientific

arrogance (Dodd 2000). It is not our purpose to provide a detailed

critique of data-driven science here, and we restrict our additional

comments to the following section on risk assessment because it

stands as an example of a helpful tool that may be misused to the

detriment of fisheries governance.

R I S K A S S E S S M E N T : S C I E N C E V S . E T H I C S ?

Overreliance on a posteriori utilitarian ethics and related algorithms,

e.g., as embraced in risk assessment, indirectly contributes to losses of

environmental values and to increased levels of insecurity (O’Brien

2000). We may have entered a period in history where important risks

are unquantifiable (Coxe 2003). This presents a particularly daunting

challenge within the vast, watery commons of our planet. Moreover, in

our rush to exploit, we may have replaced ethics with risk assessment.

In some instances, it provides seeming legitimacy to actions that, when

we scratch beneath the surface, are in fact, based on politics, economics,

or some other non-scientific basis, as a ‘‘scientific’’ cover for the true

ambitions and objectives. In this connection, greater commitment to a

priori deontic or duty-related ethics should help reduce pressure on

stocks, slow habitat destruction, and prevent some exotic introductions.

The future reality of interest to investors implicitly includes

ecological issues like those mentioned in our introduction. Western

governments have been moving toward ‘‘managing’’ environmental

issues, for example, using algorithms of quantified risks for purposes

of prioritizing particular protective and corrective actions. From Coxe’s

perspective, such quantification may become progressively less feas-

ible in our new period of history.
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His notion is not new to well-informed and intelligent experts in

risk assessment. With respect to environmental issues in Western

cultures, Ravetz and others have been documenting a similar notion

for several decades (see Ravetz 1999). In his view, ‘‘Now we face the

paradox that while our knowledge continues to increase exponen-

tially, our relevant ignorance does so, even more rapidly. And this is

ignorance generated by science!’’ In support of that judgment call,

Ravetz (1986) used the issue of nuclear energy. Regier (1988) used the

issue of contaminants in the Great Lakes to illustrate a similar infer-

ence. The increasing difficulty of quantification is yet another indica-

tion of the danger of overreliance on risk assessments (O’Brien 2000).

We describe the risk assessment process to better illustrate

our argument. According to Morito (2002), a risk assessment process

should proceed along the following lines. Construction of a pollutant-

emitting facility on the lake is proposed. The permitting authority

begins to collect information about the degree of threat from the

proposal to human health, to other animals and plants, and to the

ecosystem generally. In addition to other sources of information,

the authority seeks a risk assessment. Science contributes through

expert analyses which, insofar as possible, identify and quantify risks.

In the second stage of a proper risk assessment process, an assessment

is created that brings in social acceptability through consultation with

affected individuals and groups. Unfortunately, in some cases, the out-

come of the first stage may articulate a clarity that ignores the degree

to which components of risks may be unknown or unquantifiable,

and the second stage may rely on expert opinion rather than that of

affected communities and persons. Such risk assessments are inher-

ently flawed and unethical. Those who will be affected must be

involved in making the decision about acceptability of risk. Excluding

them or providing incomplete or incompetent analysis is in direct

conflict with the ethical standards set out earlier. Compounding the

problem, some decision-makers may weigh the risk assessment as the

decisive factor rather than viewing it as an additional source of infor-

mation, giving it more weight that it deserves in view of its inherent

limitations, even under the best circumstances.

With widespread awareness that at least some important envir-

onmental and other risks are unquantifiable and may well remain so,

why are pro-business governments implementing, embracing, and

giving significant weight to quantitative risk assessments in environ-

mental governance processes? This may be part of a strategy of crip-

pling environment-related stewardship within governments because
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‘‘excessive red tape’’ (environmental protection) slows down or, in some

cases, halts economic development. It may also provide a decision-

maker faced with significant uncertainty and overwhelming political

pressure a basis for making a decision or, cynically, a fig leaf of scientis-

tic legitimacy for decisions really made on other, seemingly less publicly

acceptable grounds by a bureaucrat who is expected to act definitively as

a technocrat on issues that may well transcend that person’s technical

competence.

Another way to understand this dilemma is with the help of a

schema by B. Wynne, as cited by Healy (1999), that distinguishes

between various notions related to ‘‘risk.’’ In Wynne’s schema:

Risk – system behavior is known, and outcomes can be

assigned probabilistic distributions.

Uncertainty – important system parameters are known, but

not the probability distributions.

Ignorance – what is not known is not known.

Indeterminacy – causal chains, networks, or processes are

open and thus defy prediction.

Through this framework, we can point out yet another way in which

risk assessment, like cost–benefit analysis, can be used to provide biased,

inaccurate, incomplete information or to reach predetermined ends. In

effect, governmental embrace of a risk assessment approach may result

in duly accredited experts fitting any and all aspects of a problem

that might fall into one of the second and third classes into the first

class, resulting in an assessment that substantially masks its true basis.

So the risk assessment approach, as it is currently being implemented

with respect to environmental issues in the United States and Canada,

may be more political than scientific in essence. To the extent that the

process is scientific it may be more adversarial than objective. We argue

that for the risk assessment tool to provide useful insight and contribute

to a balanced and fair decision, it must be used in a transparent decision-

making process and must not be permitted to dictate outcomes.

The formal legal system as an adversarial process puts great

emphasis on due process in which the rhetoric of contending parties

can be assessed fairly, say, by an expert judge or by a jury of citizen

peers. Conventions that are roughly comparable to formal legal proce-

dures in this respect are coming to be developed with respect to risk

assessment on environmental issues, considered in a broad sense

(Ravetz 1999), resulting in winners and losers and outcomes that may

be less than optimal. While the process works well in the legal system,
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its use in scientific contexts is likely less advisable. Instead, peer review

should remain a central strength of scientific knowledge creation.

We argue that, in the context of infusing science with an ethics

that values creating and maintaining sustainable fisheries, approaches

in discovering and using knowledge needed in the effort should be

chosen to expand perspectives and invite debate rather than settling on

closed and rigid visions of acceptability.

In this context, O’Connor’s (1999) contrasts of the epistemologi-

cal and ethical stances of control-oriented technocrats with reciprocity-

oriented democrats according to the following dualisms strengthen

our point. Within each dualism, the first relates to the control mode

and the second to the reciprocity mode.

* Laplacian reconciliation – all knowledge shall, ideally, be integ-

rated within a single and internally consistent conceptual frame-

work vs. dialogical reconciliation – a diversity of perspectives

and modes of understanding coexist in irreducible plurality.

* The Cartesian epistemology – privileges ‘‘objective’’ description

(leading to universal knowledge) and explanation based on

axiomatic formulations of categories for system description

and behavior vs. the complexity epistemology – postulates an

irreducible plurality of pertinent analytical perspectives for a

situation of enquiry.

* Domination ethic – knowledge is conceived in instrumental

terms, allowing the knowing subject to act upon and control the

interaction with the object; calculation, prediction, and contract-

ual certainty are privileged vs. hospitality ethic – knowledge is

pursued and exploited based on forms of courtesy and dialog;

tolerance of tensions, and admission of (legitimate) antagonisms

that may imply (mortal) combats; dignity is important.

With respect to fisheries and related environmental issues in our

Great Laurentian Basin, there had been a concerted push for several

decades toward reciprocal as opposed to control approaches in govern-

ance programs. During the past decade, however, political strategists

seeking to weaken and shrink formal government institutions to the

advantage of free-enterprise business interests may have seen an

opportunity to subvert effective governance by urging a return to

emphasizing ‘‘sound science’’ but manipulating the science behind

the scenes to achieve desired political ends. The Bush administration’s

refusal to participate in the Kyoto Protocol stands as a good example

of such governance. In that case, it was reported that despite an
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international scientific consensus, the administration insisted that

more research was needed to determine whether climate change was

occurring and, if it was, what caused it. At the same time, findings of

senior Environmental Protection Agency (EPA) scientists that contra-

dicted this position were deleted from a government report. Additional

evidence of such a trend in the U.S. federal bureaucracy is presented by

Urstadt (2003), who documents what may be a flagrant case of such

subversion within the U.S. federal government. He concludes that the

Data Quality Act as an extension of the Paperwork Reduction Act is

intended not to improve data but, through constant contention, to

suppress it, with production of reams of pointless extra paperwork.

We turn now to laying out some approaches that we believe will

address global fisheries crises ethically and pragmatically.

P R E C A U T I O N A R Y P R I N C I P L E

The inclination to discount information that lacks precision or full

coverage, in other words, where uncertainty or ignorance or indeter-

minacy exists, seems at least as common as the proclivity to choose the

explanation and data that lead to the desired outcome in the face of

seemingly overwhelming evidence to the contrary on, say, fish stock

abundance in the North Atlantic (Pauly and Maclean 2003). In a similar

vein, Cairns (2001) opines that human hubris and ‘‘exuberant opti-

mism for economic growth’’ in effect result in denial of ecological

facts. These tendencies demonstrate a dangerous propensity to choose

opportunistic fantasy over disinterested fact and, for example, to cling

to an unrealistic faith in human ability to ‘‘control nature’’ or blind

faith in nature’s ‘‘unlimited’’ fecundity. It is the ‘‘live for today’’ men-

tality of the grasshopper in the parable involving the industrious ant.

This behavior further connects with the economic ‘‘rational man’’ who

always selfishly chooses that action that will most directly benefit him

without regard for how it harms his neighbors, his community, or his

environment (see, e.g., Russell [2001] and Wikipedia [2004]). While

some look to the distance and envision the future and how actions

in the present may shape it, others, who seem to hold a large percen-

tage of the power positions in the corporate sector and government,

wear glasses that see only 12 to 18 months out. Unfortunately, incen-

tives within the political and financial systems cause these individuals

to employ short-term thinking that focuses typically on building

the ‘‘bottom line,’’ in the case of business, and winning re-election, in

the case of government. In the U.S. House of Representatives, the election
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cycle interval is 2 years, so campaigning for the next election begins

the day after an election, and campaigning and fund-raising never end.

Happily for the environment, for water and fisheries, counter-

vailing forces advocate adoption of the precautionary principle as one

way to respond to our knowledge shortcomings so that valuable spe-

cies and ecosystems are not lost. Following the principle dictates

that we make no rush to judgment, no snap decisions where gaps or

fuzziness in knowledge exist. Moreover, it reverses a commonly

employed regulatory approach of responding to problems after they

occur and waiting until the scientific evidence is irrefutable. As greater

and greater numbers of humans have come to recognize more clearly

the fallibility of human knowledge and the knowledge production

system (i.e., science) on virtually every subject, we have moved closer

to accepting the precautionary principle. It is incorporated in the Rio

Declaration (1992), the Treaty of the European Union (EEA 2001) and

FAO policy statements, including the 1995 Code of Conduct for

Responsible Fisheries (see below). The European Community is incor-

porating the precautionary principle in its Common Fisheries Policy

(EC 2004). At this point in our discussion, providing specific, fisheries-

relevant content to the principle will clarify our argument. One useful

definition is found in the Gilchrest–Farr Fisheries Recovery Act (2000):

‘‘exercising additional caution in favor of conservation in any case in

which information is absent, uncertain, unreliable, or inadequate as to

the effects of any existing or proposed action on fish, essential fish

habitat, other marine species, and the marine ecosystem in which a

fishery occurs.’’ Cairns’ (2001) formulation of the precautionary prin-

ciple finds seven themes:

A willingness to take action in advance of formal justification

of proof.

Proportionality of response.

A preparedness to provide ecological space and margins for error.

A recognition of the well-being and interests of non-human

entities.

A shift in the onus of proof onto those who propose change.

A greater concern for impacts on future generations.

A recognition of the need to address ecological debts.

If major political actors such as governments and transnational cor-

porations can be persuaded to fold these themes into policy and action,

the survival rate of species and ecosystems should be significantly

enhanced.
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As appropriate and reasonable as the adoption of a precautionary

approach might seem, acceptance is far from widespread, as evidenced

by the ever-declining quality of many ecosystems due to human activ-

ities. We argue here that increasing evidence of environmental decline

in fish stock quality and abundance should be taken as an alarm bell

telling us that the time has long since come for fishers, fishing industry

companies, fisheries managers, and government, working with the

public, to adopt the precautionary principle as a basic tenet of sustain-

able fisheries governance. Scientific management under ‘‘maximum

sustainable yield’’ (MSY) has proven itself an abysmal failure. As noted

by Francis, we find ourselves in a new situation where the expected

time-frame for feedback from our actions and the pace at which it is

actually occurring no longer match. Feedbacks are no longer immedi-

ate, so that our overfishing actions may not create serious problems

until our grandchildren are starving (Francis 2002). We need better,

surer guiding principles, and the precautionary principle shines as one

with much to offer.

The precautionary principle is not beholden to any particular

philosophy. We could hold that duty to future generations requires

that we assure that our actions do not eliminate fisheries. From a

simplistic utilitarian perspective, it can be instrumental in preserving

the greatest good for the greatest number. Relying again on Francis, it

supports the notion that ‘‘the most important target is the long-term

health of the interaction between nature, the economy, and the legal

system.’’ Closing fishing areas for periods of time, creating marine

protected areas or aquatic reserves, and creating marine conservation

trusts (Bratspies 2003) will reduce short-run fish catch. Continued fish-

ing pressure in many fisheries, however, may produce fish today but is

likely to lead to extirpation or extinction in the near or medium term.

What does application of the precautionary principle suggest in this

situation? It prescribes that conservation measures be applied in cir-

cumstances where declines are precipitous and steady, as they are in

many areas currently. Reducing fishing pressure for a period of time

now will give us the opportunity to learn more about species, habitats,

and ecosystems so that guidelines may be developed that will allow

some exploitation but at sustainable levels. Use of the precautionary

principle also would suggest that whatever exploitation system is

devised after a recovery period is allowed for fish stocks, we should

reduce the suggested exploitation level to provide a greater margin of

safety. We have learned that safety margins are needed with dynamic

systems. In this way, we are more likely to be able to sustain a greater
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degree of stability in exploitation level rather than simply driving into

the next crash, necessitating long-term fishing area closures again,

further damaging livelihoods and economies (not to mention risking

the loss of species and habitats).

Integrating the precautionary principle in local, national, regional,

international, and corporate policy will also lead to greater levels of

interdisciplinary collaboration in knowledge production as we attempt

to develop the most complete understanding possible, viewing from

multiple disciplinary perspectives. Increasingly, calls are made for

drawing on collaboration among many disciplines to address conserva-

tion issues. Biological data are useful, but decision-makers need also to

consider history, culture, politics, psychology, law, and other disci-

plines to formulate a properly holistic and successful paradigm

(International Summit on Science and the Precautionary Principle

1998; Ewel 2001; Ehrlich 2002). Members of the Society for

Conservation Biology are launching one such effort. Beginning in

2001, a working group of experts coming from many disciplines

lumped into ‘‘social science’’ formed to better promote focused discus-

sion about cross-disciplinary work. Furthermore, the organization’s

board maintains designated positions for scholars from social science

and the humanities.

P U B L I C T R U S T D O C T R I N E R E V I V A L

An additional valuable support for achieving fisheries sustainability is

the public trust doctrine. Fundamentally rooted in a utilitarian stance,

the public trust doctrine, long buried in law books, is experiencing a

resurrection that could also be drawn upon to conserve fisheries eco-

systems. Codified by Roman emperor Justinian in 529 (Codex Justinianus

529), who stated, ‘‘By the law of nature these things are common to all

mankind, the air, running water, the sea and consequently the shores

of the sea.’’ In less distant history, the public trust doctrine was

embraced by the English (1225, 1647), French (1000), and Spanish

(1200) and carried into their colonies, including the United States,

where it resides as part of the common law of the 50 states. Its use

and significance ebbed and flowed until 1970, when Professor Joseph

Sax, seeking to motivate and strengthen the growing body of environ-

mental protection legislation, moved the public trust doctrine front

and center in his seminal explication in the Michigan Law Review, one of

the country’s most prestigious legal journals (Sax 1970). Historically

looked to primarily by those seeking support for protection of or public
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access to aquatic resources, it has won judicial backing for protecting

watersheds and ecosystems. In 1983, the California Supreme Court

(majority members later recalled for this decision) halted Los Angeles’

plan to drain ecologically rich but non-navigable Mono Lake (California

Supreme Court 1983). Previous decisions had focused on navigable

waters. In essence, the public trust doctrine charges the government

to act as a trustee for the public, to protect the public’s continuing right

to natural resources (if we broaden from the narrow, traditional focus

on navigable waters).

The principle that the people have a right to access and exploit

the commons as well as to expect governmental protection of the

commons, though being challenged currently by privatization (an off-

shoot of capitalism) and other forces, can be found in most if not all

countries. Some with environmental frameworks of recent vintage,

such as Malawi, have enshrined the public trust doctrine in national

constitutions or statutes. Wherever it resides in countries’ legal frame-

works, it adds another important principle to undergird actions to

preserve fisheries or to stand in defense against destructive actions.

Giving full weight to the doctrine would require that countries protect

the interests of the public to healthy and sustainable fisheries over

those of private entrepreneurs or their own revenue enhancement

through the sale of public rights (Illinois Central Railroad v. Illinois

1892). For instance, if the public trust doctrine were the controlling

principle, essential mangrove wetlands would be held a critical public

resource in India which must be protected rather than permitting

private parties to remove them to introduce shrimp aquaculture.

Such a holding rooted in public trust is essential to a variety of fish

species whose young reside in the mangroves during certain life stages.

Though the concept and application of the public trust doctrine

is well known in legal and some other circles, it needs to be promoted

throughout the relevant domains of fisheries management and

science. Its potential power as a tool in the hands of fisheries managers

and the public is such that substantial attention should be devoted to

raising awareness about its existence and force. It seems that common

law concepts fall to the background and typically surface only in infre-

quently read court decisions. Publicizing the law of public trust will

empower the public to demand more long-term vision in management

and will empower managers to withstand the politics of special inter-

ests. Our new fisheries ethics requires that long-term ecosystem integ-

rity and equity steer our governance course for the foreseeable future.

The holism implied in these ethics is also located in the public trust
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doctrine as it encompasses a substantial component of the non-human

environment. Through such decisions government would secure the

public interest in fisheries and plant its flag in the heart of commons

governance over individualistic and fisheries-destroying private profit-

taking.

A W O R D O N C O M M O N S G O V E R N A N C E

The problem of fish stock depletions, extirpations, and extinctions

plays out in areas in which numerous fishers, from the small-scale/

artisanal to the industrial factory trawler fleet, have rights to exploit

stocks. This raises questions about access and governance. The nature

of governance will be briefly explored here, drawing on Dobson et al.

(2002) on managing migratory species in the Great Lakes Basin, espe-

cially Lake Erie.

Processes of allocation of goods and bads among stakeholder

humans and other creatures permeate all of nature and culture and

must be addressed systemically. No technical legal fixes or silver bul-

lets will suffice in specific cases, let alone in generic cases. And no

universalistic systemic solutions to this issue will be found, if reality is

perceived as a complex of evolving living things in a four-dimensional,

nested spatio-temporal mosaic. But a set of partial guidelines to a

balance of rights and responsibilities can perhaps be inferred for

various classes of ecosystemic phenomena. In practice, such guide-

lines depend on both a priori deontological and a posteriori consequen-

tialist ethical principles, as well as on esthetic and numinous or

spiritual considerations. Such considerations are seldom teased apart

in the course of decision-making; instead, a kind of decent pragmatism

subsumes them tacitly. We proceed here in such a pragmatic, if opti-

mistic, way.

With respect to the management of human uses of natural

resources, a simplistic and partial understanding of frequently experi-

enced difficulties was exaggerated as a tragedy of the commons by Hardin

in 1968. Using many historical and contemporary case studies, socio-

ecologists then showed that a tragedy of the commons can occur when a

resource (e.g., harvestable yield of goods, assimilative capacity for bads)

is freely accessible and open to use by anyone. But such extreme open-

ness was not a common occurrence historically in natural/cultural

ecosystems anywhere in the world. The socioecologists corrected

some of the shortcomings of Hardin’s rather generalized description,

etiology, and corrective treatment, and provided cases of a comedy of the
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commons. But the socioecologists’ contributions have been less appeal-

ing to neo-liberal conservatives with an urge to privatize than was

Hardin’s original piece. So a tragedy of Hardin’s tragedy continues as

misinformation or disinformation in some political circles. Ill-

informed privatization may entrain unbearably high transaction

costs, which a private property owner may try to externalize unfairly

to others. Ostrom and others now include consideration of both trage-

dies and comedies in their study of commons-oriented governance

regimes and refer to a balanced approach as drama of the commons

(Ostrom et al. 2002).

In many areas of the planet, natural resource governance now

proceeds as a combination of governments, non-governmental organi-

zations (NGOs), and interested individuals cooperating in some kind

of partnership. Many mechanisms are employed to facilitate this new,

more inclusive and, it is hoped, more successful approach to resource

conservation. Such mechanisms are normally devised and employed

in response to a crisis situation involving a common property/pool

resource.

Countless versions of an implicit common property resource

approach to governance have emerged among humans over thousands

of years. From an ecological perspective, this construct overlaps with

such notions as niche differentiation among organisms of different

species and the complementarity of selfishness and selflessness within

successful selective processes within evolution, etc.

Until recently, the formal studies within this approach to govern-

ance within the common property resource research community seem

to have been limited mostly to small socioecological systems or small

cultural–natural ecosystems in which the immediate users of a com-

mon property resource are empowered to participate actively in the

relevant governance process. In cases where the local cultural–natural

ecosystem is nested and intermeshed within a larger regional one, a

co-management form of common property resource governance

may emerge. Where such co-management forges an explicit link

between local governance and regional or national governance, the

adjective ‘‘cross-scale’’ may be added to the co-management term

(Berkes 2002).

Apparently the common property resource approach has, as yet,

seldom been extended to governance of fisheries in which different

sectors of a fishery place quite different demands on the available

resources, e.g., ceremonial, artisanal, recreational, extensive capture

commercial, and intensive aquaculture commercial fishers. Also, the
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common property resource approach as such may have seldom been

applied to cases of migratory or straddling stocks of fish that are

subject to harvest by a complex of fishers on each side of a jurisdic-

tional boundary that plays a prominent role in the interjurisdictional

governance of the relevant cultural–natural ecosystem, but this situa-

tion is changing.

Through ‘‘stakeholder analysis,’’ the common property resource

approach has been recently extended to governance of fisheries in

which different sectors of a fishery place quite different demands on

the available resources. The International Development Research

Centre in Canada and the International Union for the Conservation of

Nature and Natural Resources have been using such stakeholder ana-

lyses, according to Berkes (2002). With fisheries, direct stakeholders

could include ceremonial, artisanal, recreational, extensive capture

commercial, and intensive aquaculture commercial fishers.

Also according to Berkes (2002), there is a growing literature on

international and global common property resource regimes. But it has

been difficult to apply it to cases of migratory or straddling stocks

of fish because the exclusion and subtractability aspects cannot be

addressed directly. With Oran Young’s (2002) approach to governance

regime formation, interjurisdictional arrangements like co-management

can be crafted to include cross-scale interactions (Ostrom et al. 2002).

The current global fisheries crises necessitate a focus on governance

questions, on how we can better link (and build where needed) local,

regional, national, and international governance institutions to collab-

orate in remediation and conservation to achieve sustainable fish-

eries development. These common property resource approaches are

encompassed within our proposed ethics rooted in collaboration, eco-

system integrity, and equity.

I N F L U E N C E O F G E N D E R : T H E F E M A L E A P P R O A C H

As we seek models, frameworks, and strategies to induce change in

fisheries governance and fishing behavior, we find that women envir-

onmental protection advocates provide a useful example of effective

conservation. Thus, we suggest that a ‘‘female collaborative model’’

should be employed. In brief, women provide diverse role models of

highly effective action, including an ability to target, organize, and act

decisively and successfully in the face of crises. By highlighting the

strengths of women’s efforts in conservation, we do not mean to

demean those of men. We must be honest in revealing our opinion,
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however, that the prevailing impoverished social paradigm of male

dominance has been less effective than one in which women and

men work together in a cross-gender partnership where preconceived

notions do not dictate roles based on gender characteristics, and a

social shift in this direction is occurring (Regier and Kay 2001). One of

the myriad benefits of this shift, at least as demonstrated in human

responses to date, is that women who are educated and valued outside

of the household tend to have much smaller families (Sen 1997).

Among the impacts of this outcome is a smaller human population

that will reduce demand for fish!

Until quite recently, it was assumed that protection of the envir-

onment was primarily a male pursuit. Research on the history of

environmentalism in the United States reveals, however, that women

were deeply involved from its beginning (Gottlieb 1993; Taylor 1997).

Sometimes led by credentialed women, most often conservation cru-

sades were (and are) led by middle- and working-class housewives who

simply came to the task when someone was needed (see, e.g., Joseph

2004). Along with the hundreds of specific environmental protection

campaigns led primarily at the grassroots level, women such as Rachel

Carson and Sandra Steingraber wrote sweeping indictments of busi-

ness and government regulation-as-usual that permitted and even

facilitated enormous environmental destruction. Indeed, Carson (a

scientist and a writer), who wrote first in The Sea around Us (1950) of

the wonder of the world’s ocean ecosystems, is credited with launching

the modern environmental movement in 1962 with her Silent Spring,

which eloquently and cogently detailed the horrific damage caused

by herbicides and pesticides. Living Downstream (Steingraber 1999) con-

tinues the tale with reports of the impacts of ubiquitous and toxic

synthetic chemicals in the United States.

What motivates women’s activism, and why is it often success-

ful? With respect to the first question, many answers have been

offered. To generalize and simplify, it is argued by some scholars that

women have a strong sense of the future as it could and should be lived

through their children (Shiva 1988). They are, in effect, a living embo-

diment of the precautionary principle because they are ready to take

action to preserve a healthy future for their issue. Harkening back to

our earlier discussion on risk assessment, we could say they are typi-

cally highly risk averse. Indeed, attitude surveys generally indicate that

women are most concerned about local environmental degradation

because of concerns about family, while men more often focus concern

on more distant or global issues such as climate change and ozone layer
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depletion (Solomon et al. 1989; Mohai 1992; Stern et al. 1993). Other

scholars suggest that women are inherently closer to nature (which is

frequently depicted as a nurturing mother). Another perspective

argues that, like nature, women are marginalized (‘‘virgin’’ land/

resources and women to be exploited for male purposes) and so stand

with it in solidarity as they might with other oppressed human groups

(indigenous peoples, people of color, the disabled). They were so

directly dependent on nature previously (and still are in developing

countries) that they were driven to act to protect it because they were

protecting their very lives (Shiva 1988; Merchant 1996). Salleh (1994)

argues that it is particularly in moments of crisis that women glimpse

and act on hidden political potentials as a consequence of their current

position ‘‘inside/outside relations of production.’’ This position makes

them more likely and able to see and to act on environmental threats.

To explain the high degree of success of women-led conservation,

we look to the literature that compares women’s and men’s work styles

as averaged statistically and not as exhibited by every individual.

Women tend to be persevering, goal-oriented workers who often

adopt a collaborative, team approach. Their emphasis typically is on

problem-solving rather than personal gain from successful or visible

outcomes (Kanter 1993). This approach causes them to focus on tasks

and to involve all whose interests and expertise are pertinent to the

cause, from the grassroots to the head of state, from affected commu-

nity members to scientists and politicians. Women’s usual strategy is

to consult widely and to try to keep all participants well informed,

resulting in stronger commitment and continuing participation and

trust among team members (Eagly and Johannesen-Schmidt 2001).

Employing broad and continuing consultation is also a political strategy

that demonstrates their political savvy. The success of the Love Canal

campaign led by Lois Gibbs, which concluded in 1978 with President

Jimmy Carter’s order for the government to buy out the residents,

rested on effective politics as much as anything else (Gibbs 1997).

Some biologists contend that male competitive behavior is hardwired,

as is women’s cooperative behavior (Wilson 1975, 1978; Blum 1997).

The female model we propose is part and parcel of the ethical

components set out above that focus on collaboration, inclusiveness,

and respect for others unlike ourselves. It is a model that will best

achieve reduced fishing pressure and fish habitat destruction.

Effective leaders will draw participants from all interested and affected

groups and maintain open lines of communication. Something like

this has happened in recent decades in some of the remedial action
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plans under the Great Lakes Water Quality Agreement of 1978 as

amended in 1987, and in some of the adaptive management processes

under the aegis of the Great Lakes Fisheries Commission, but more is

needed. This approach can also be found embedded in the FAO’s

impressively comprehensive Code of Conduct for Responsible

Fisheries.

F A O C O D E O F C O N D U C T F O R R E S P O N S I B L E F I S H E R I E S

An outgrowth of the Law of the Sea Convention and discussions in Rio

de Janeiro at the 1992 Earth Summit, among others, the 1995 FAO Code

of Conduct for Responsible Fisheries (CCRF) seeks to provide an

all-encompassing policy which, if followed, would likely rehabilitate

fisheries worldwide. Carefully and thoughtfully crafted, it identifies

virtually every imaginable source of fisheries degradation, from the

obvious overfishing to nations’ failure to regulate fishing behavior of

vessels flying their flag to unselective gear and poor monitoring. It is an

admirable effort that has the potential for real impact if the peoples of

the world who are connected in any way with fishing enact it through a

concerted and ethical desire for fisheries equity today as well as in the

future. It recognizes the importance of fishing for human nutrition,

employment, and trade, as well as the need for research and monitor-

ing of fishing activities and aquatic ecosystems. Though voluntary, it

seeks adoption and implementation of its principles and fisheries

management strategies by FAO member and non-member states

alike. In other words, its goal is to achieve adherence to its principles

throughout the fisheries of Planet Earth. It recognizes that, to achieve

the code’s goals, governments must work not only with one another

but also with all organizations in the field, including regional and

global fishing organizations, NGOs, and local fishers. Moreover, the

code specifically states that a ‘‘precautionary approach’’ and the ‘‘best

scientific evidence available’’ should be employed with a view to long

term sustainability of fisheries.

Is the crisis sufficiently apparent within the fishing industry and

its governance and politics that the majority who care about fisheries

will promote and adopt the CCRF? Knowing that, no matter how great

the degradation, some desperate or dastardly individuals and busi-

nesses will continue fishing depleted stocks, destroying habitat, and

introducing exotics, will the concerned majority collaborate with like-

minded local, regional, national, and international bodies to track

down and punish transgressors so that implementation will have a
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chance to work? Bratspies (2003) reminds us that, for this project to

achieve success, voluntary compliance is essential. The combined avail-

able enforcement resources of all nations of the world are insufficient

for enforcement if violation is widespread. Thus, we need a strong

majority of fisheries participants who are knowledgeable and com-

mitted to equity and long-term sustainability of the fisheries.

The important role that voluntary participation must play in

developing sustainable fisheries leads us to consider the fundamental

nature of humans, to speculate on whether, in the fisheries context,

humans are capable of exercising the necessary self-restraint to achieve

sustainability. Fehr and Rockenbach (2003) reported in Nature that

‘‘Altruistic cooperators are willing to cooperate . . . although cheating

would be economically beneficial for them.’’ Seemingly flying in the

face of economics’ ‘‘rational man’’ theory, this conclusion holds even

when the altruism of others will occur not simultaneously with their

own but at some future time. Indeed, Fehr and Rockenbach conclude

that ‘‘altruistic cooperation is an important behavioral force.’’

Concomitantly, their work and research on willingness to adopt

the precautionary principle suggests that willingness to be altruistic or

to abide by this principle will depend to a significant degree on the

amount of trust that exists among the participants. Establishing trust

between collaborators is fundamental to making progress. The transac-

tion costs of political and other interactive processes spiral out of

control in the absence of a sufficient measure of trust among the actors.

The drama of the commons approach (Ostrom et al. 2002) is rooted in trust

between stakeholders. Building a trustworthy governance process is

also embedded in the CCRF, and it calls for processes that are transpar-

ent and timely. High levels of trust between participants and in scien-

tific findings result in a significantly increased willingness to live by

the precautionary principle as well as much more altruistic behavior

(Fehr and Rockenbach 2003).

If this is an accurate assessment of the power of altruism, we may

have a powerful, if unwieldy, force to apply to the global fisheries

crises. According to a 2000 FAO progress report, CCRF implementation

has been steady but slow (Doulman and Willmann 2006). Dissemination,

coordination, and monitoring constitute a massive project that is tak-

ing years to unfold. At the international level, four specific plans of

action have been drafted to spell out in detail practices to address

particular code provisions. Addressed to date are: fishing capacity,

sharks, seabirds, and illegal, unregulated, and unreported fishing

(FAO 2006). Replies to an FAO survey from 69 countries, however,
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indicated that 70 percent of those who should be concerned with the

CCRF didn’t know about it (Doulman and Willmann 2006). This

is clearly not a task for the faint of heart! Diligence and persever-

ance, with an eye to the benefits for global ecosystems and our great-

grandchildren, must stimulate continuing commitment and effort.

Working from the bottom up and the top down, connecting through

the mid-levels of governance as advocated by Dobson et al. (2002) for

Great Lakes Basin fisheries governance, guided by the ecosystem

approach, will create the multilevel interconnected partnerships

needed to conserve fisheries globally.

C O N C L U S I O N

Globally, virtually every important fishery is in trouble. We suggest

that hegemonic and state-subsidized capitalism, dated technology,

‘‘scientific’’ risk assessment, and lack of governance coordination are

at least partially responsible for this environmental disaster. We have

argued that, as ethical beings concerned about the health and viability

of ecosystems the world over, we should adopt responsible behaviors

that are more likely than not to lead to conservation and sustainability

of fisheries. Greater commitment to duty-related ethics as well as long-

term utility-related ethics, in combination with evidence-driven

science, should help reduce pressure on stocks, slow habitat destruc-

tion, and prevent some exotic introductions.

Specifically, we urge that scientific organizations and their mem-

bers should review annual meeting programs and scholarly journal

emphases to make environment and resource ethics a core issue. Our

undergraduate and graduate programs associated with environmental

concerns should contain components that include the study of envir-

onmental ethics. Once more thoroughly infused in education, it should

become a normal part of the concerns taken up in all aspects of natural

resources and fisheries management.

Broadly inclusive processes should be employed at all levels of

governance, from the local to the international and global, to reinvigorate

existing strategies and create and deploy new strategies to conserve our

enormous fisheries wealth so that it sustains us today but is also avail-

able for future generations. Fisheries are critical components of the

web of life. We also believe that fisheries merit continued existence

whether or not they directly benefit humans. Respect for all beings,

even in the absence of evidence of a beneficial role for particular

species, accords with deepening respect among the diversity of Homo
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sapiens and results in greater earthly harmony. It is also a pretty smart

hedge against our limited knowledge!
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21

Globalization and
fisheries: recommendations for policy
and management

I N T R O D U C T I O N

Fisheries have an inherent ecological and sociological nature (Moyle

and Cech 1982), so optimally, fisheries are managed to sustain both

components. Finding this balance becomes increasingly complex in

a globalized world. Specifically, a globalized world is one in which

information, communication, and transportation innovations are

combined with loss of cultural boundaries, as well as aggressive trade

liberalization, growth in transjurisdictional investment, deepening

integration of capital markets, and accelerated speed of capital reloca-

tion (Conca 2001). Globalization makes the scope of complexity for

environmental regulation increasingly ineffective (Friedman 2000).

This book covers the current debate about the effect of globalization

on world fisheries, delivers a review and synthesis of research in the

field, and, most importantly, illustrates how globalization has become

one of the primary drivers influencing the sustainability of the world’s

fisheries resources.

However, global fisheries are also an industry and every industry

can be broken down into its supply chain components. A supply chain

is the sequence of steps, often completed by different firms and loca-

tions, that produce a final good from primary factors. The supply chain

starts with raw materials, continues with production, and ends with

final assembly, distribution, and wholesale (Deardorff 2005). Global

fish production constitutes a supply chain, delivering fish and fish

products or recreation to customers throughout the world (Fig. 21.1).

Because of the complexity of the global fisheries industry, we

believe that it is useful to organize our summary through a supply

chain analysis. This approach allows us to assess the impacts of

Globalization: Effects on Fisheries Resources, ed. William W. Taylor, Michael G. Schechter, and
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globalization on the global fisheries supply chain, and, using infor-

mation provided by the authors of this book’s chapters, identify inter-

vention points for improving fisheries sustainability (Tables 21.1

and 21.2).

G L O B A L I Z A T I O N ’ S E F F E C T S O N T H E F I S H E R I E S S U P P L Y C H A I N

Fisheries supply chain: raw materials

We define ‘‘raw material’’ in the fisheries supply chain as ecosystem

productivity, which is a function of quantity and quality of habitat.

For the purpose of this synthesis, raw material also includes existing

political, economic, technological, and social structures that are cur-

rently in place for harvesting and managing fish and fish products.

Globalization has positively affected the supply chain’s impacts on

fisheries sustainability through global awareness of fish declines and

support of projects to protect and improve these vulnerable stocks.

Globalization has negatively affected the supply chain’s impacts on

fisheries sustainability by facilitating a reduction in marine ecosystem

productivity, while concurrently influencing governments to whole-

sale their fisheries resources to outside commercial operations whose

interests are often not aligned with local fisheries sustainability.

Several chapters detail the positive effects that globalization can

have on the raw materials of the fisheries supply chain. For example,

globalization has allowed for the rapid spread of remediation tech-

niques for aquatic ecosystems through the interchange of important

tools for sampling, analyzing, monitoring, reporting, and enforcing

fisheries regulations while also allowing scientists and managers to

share research information (see Taylor et al., Chapter 1).

In most instances the effects of globalization are not as clear-cut.

More often than not globalization can accelerate the remediation,

as well as decline in fish production. For instance, advances in global

communications, capital transactions, and transportation, while allow-

ing money and materials designated for conservation efforts to move

Raw material: Production: Manufacturer/Distributor: Wholesaler: Customer/Consumer:

Fish production
wild /  farmed

Biological inputs
Political, social,
and economic
infrastructure

Grocery,
hospitality,
and recreational
industries

Processing and
transport industries

Anglers, customers
anyone who uses fish
or fish products

Raw
material

Production
Manufacturing
Distributing

Wholesaler
Customer/
Consumer

Figure 21.1 The fisheries supply chain.
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more freely and quickly (see Vincent et al., Chapter 7), also make it much

easier to conduct business transactions internationally, accelerating and

opening new trade channels for vulnerable fish and fish products (Arbo

and Hersoug 1997; Alder and Watson, Chapter 2).

Globalization also influences economies in developing countries

which are responsible for management of diverse aquatic ecosystems

and fish stocks. For instance, more than three-quarters of World Trade

Organization (WTO) members are developing countries and countries

in transition to market economies. Both the WTO and the International

Monetary Fund are internationally powerful political and economic

entities that encourage countries to move towards a free-market econ-

omy, based on evidence that freer trade equals economic growth

(WTO 2006). Freer trade includes actions such as removal or reduction

of tariffs on imported goods, elimination of restrictions on foreign

investment, increasing exports, decreasing subsidies, opening new

domestic industries, and privatization of state-run industry, all of

which can have tremendous consequences for ecosystem productivity

and fisheries sustainability.

Two examples of these consequences are detailed in the chapter

by Seares et al. (Chapter 3), The first example discusses how reform and

privatization of the electricity sector in some tropical countries rich in

freshwater resources has resulted in an increase in the number of

hydropower dams. Generally dams fragment aquatic habitat and alter

habitat conditions downstream of the dam (Hayes et al., in press). The

second example examines how removal of subsidies is shifting cotton

farming from the United States to developing countries. Cotton is

very vulnerable to pests, requiring multiple yearly applications of

insecticides, herbicides, and defoliants prior to harvest (Seares et al.,

Chapter 3). A shift in cotton production location from the United

States to a developing county results in greater impact to freshwater

ecosystems because environmental regulations in developing countries

are less stringent.

For developing countries, establishing a free-market economy

also generates foreign exchange to supplement the national budget

or service the national debt (Alder and Watson, Chapter 2; Bavington

and Kay, Chapter 14; Peterson and Fronc, Chapter 17; Knudson and

Peterson, Chapter 18). However, developing countries can have a

difficult time capitalizing on fisheries export markets because inter-

national protocols can be impediments, due to the high cost of tech-

nology, facilities or expertise needed to comply with international

regulations, e.g., Hazard Analysis and Critical Control Points (HACCP)
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(see Alder and Watson, Chapter 2; Hegarty, Chapter 15). The fishing

sector can therefore become highly valuable, and, unable to be fully

utilized, encourages the sale of access rights to foreign fishing fleets.

The by-products of this arrangement are potentially destructive

for both of the development goals: the growth and stabilization of the

national economy and the sustainable harvest of the fishery resource

(see Alder and Watson, Chapter 2; Holeck et al., Chapter 6; Ruddle,

Chapter 8; Naylor et al., Chapter 10; Hegarty, Chapter 15; Peterson

and Fronc, Chapter 17; Knudson and Peterson, Chapter 18; Bratspies,

Chapter 19). Rather than working with countries to establish joint

ventures and develop fishing industries within the host country,

developed countries purchase fishing access rights outright, removing

a significant source of long-term economic assets that could help a

developing nation build and stabilize its financial infrastructure.

Most critical for fisheries, commercial industry is extracting a resource

that it has little responsibility or obligation to sustain for the future.

Fisheries supply chain: production

We define the production level for the fisheries supply chain as the

harvest of wild and capture fish stocks. Globalization has affected

production’s impacts on fisheries sustainability negatively by acceler-

ating overfishing through the spread of more efficient fishing technol-

ogies, emphasizing goals that conflict with sustainability and

increasing the market for bycatch. Globalization of production has

impacted fisheries sustainability with mixed results by facilitating

the development of the global aquaculture industry.

Global capture fisheries production has decreased by some

3 million tonnes between 2000 and 2002 and continues to decrease

(FAO 2004). Because of these downtrends, wild capture fisheries can-

not keep expanding in terms of numbers of fishers and vessels, and

the production industry has had to consolidate as opportunities

diminish (FAO 2004). At the same time, globalization is facilitating

the communication and dissemination of inexpensive technologies

for vessels, gear, and navigational equipment that make it possible

for fishing vessels to increase harvest through more effective fishing

gear (Martinez 1995; Alder and Watson, Chapter 2).

The rise of a global economy has sharpened competition and

squeezed profit margins in many industries, so that to be competitive,

a company must sell to the biggest market in order to recompense in

volume for dwindling profit margins. This is exemplified by the
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commercial fishing industry which has seen tremendous consolidation

and vertical integration over the last 20 years (Alder and Watson,

Chapter 2; Pollnac, Chapter 9; Naylor et al., Chapter 10). When com-

panies become vertically integrated the structure of their supply chains

is fundamentally altered. Resources are managed further away from

where they are exploited so companies can shift production to loca-

tions where operational costs are lower. Globalization increases the

speed with which capital can relocate, forcing companies to increase

short-term return on investment in order to retain shareholders. The

combination of these two effects leads to numerous incentives to over-

fish stocks in the short term. However, this is not always the case.

In a few instances, where responsibility is recognized, large- and

small-scale fishers are able work together, decreasing destructive fish-

ing practices such as blasting, poisoning, and overfishing (Pollnac,

Chapter 9; Frank et al., Chapter 16).

Because of these economic pressures, the fisheries supply chain is

currently in crises as many fish stocks including Patagonian toothfish,

tunas, coral-reef fish, whitefish, snapper, orange roughy, and Pacific

salmon are currently being overfished (Alder and Watson, Chapter 2;

Taylor and Leonard, Chapter 12; Bavington and Kay, Chapter 14;

Knudson and Peterson, Chapter 18). Overfishing is a particularly perni-

cious problem because it ultimately diminishes the sustainable prod-

uction of fish for food and recreation, thus limiting the economic

productivity of stocks for years to come, restricting subsistence and

recreational uses, and reducing genetic diversity and ecological resili-

ence (Botsford 1997; Pauly et al. 1998).

Another dangerous consequence of globalization is the increase

in market opportunities that utilize bycatch (Vincent et al., Chapter 7).

Demand for previously unused bycatch has promoted additional

sorting to extract these fishes. This is opening up new markets for

previously unused fish. For instance, new markets have fostered contin-

ued global expansion of trawling for sea horses, because there are new

incentives to promote trawling operations for sea horses into areas

where target fishing would, on its own, be unprofitable (Vincent et al.,

Chapter 7).

Aquaculture is a central component of production along the FSC.

There has been a constant downward trend since 1974 in the propor-

tion of wild fish stocks offering potential for expansion. In contrast

global production from aquaculture continues to grow in terms of both

quantity and its relative contribution to the world’s supply of fish for

direct human consumption (FAO 2004).
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The drawbacks that aquaculture can have on fisheries sustain-

ability are numerous, including water quality concerns, invasive spe-

cies release, disease, use of biotechnology, and drug use for enhanced

growth (Taylor et al., Chapter 1; Alder and Watson, Chapter 2; Rose and

Molloy, Chapter 4; Faisal, Chapter 5; Molnar and Daniels, Chapter 11;

Peterson and Fronc, Chapter 17; Knudson and Peterson, Chapter 18;

Bratspies, Chapter 19). However, globalization via the transfer of inex-

pensive technologies is allowing for the growth of an internationally

significant capture fish industry. This industry, if carefully regulated,

has the potential to provide a source of relatively inexpensive, sustain-

able, and safe protein to an ever-increasing human population, alle-

viate pressure on overfished marine and freshwater fish stocks, and

allow for rehabilitation of diminished, threatened, and endangered

species (Taylor et al., Chapter 1; Alder and Watson, Chapter 2; Molnar

and Daniels, Chapter 11; Taylor and Leonard, Chapter 12; Hegarty,

Chapter 15; Peterson and Fronc, Chapter 17; Knudson and Peterson,

Chapter 18; Bratspies, Chapter 19).

Fisheries supply chain: manufacturing/distributing

The manufacturing component of the fisheries supply chain includes

processors of fish or fish products and the transport–shipping industry.

Globalization of processing and distribution positively impacts fish-

eries sustainably by providing the impetus for seafood safety standards

that seek to minimize seafood waste. Globalization of production has

mixed effects on fisheries sustainability by facilitating the growth of

aquaculture, which has potentially mitigating effects on wild fish

protein supply. Globalization of distribution has negatively impacted

production effects on sustainable fisheries through the role of global

shipping and transportation in accelerating the spread of invasive

species.

At the manufacturing level of the fisheries supply chain, global-

ization is affecting both the fish that are processed, and the processing

itself. For example, as mentioned above, the spread of technology used

in aquaculture facilities is allowing for an increase in farmed fish such

as tilapia, mussels, oysters, and catfish. These fish are now becoming a

staple in the retail industry (Naylor et al., Chapter 10; Molnar and

Daniels, Chapter 11) and can be grown with feed containing little or

no fishmeal, which is a clear advantage over carnivorous mariculture

species that require high amounts of wild caught fish protein (Naylor

et al., Chapter 10; Molnar and Daniels, Chapter 11; Bratspies, Chapter 19).
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By providing the technological infrastructure, political will, and

global customer base, globalization of manufacturing is allowing for

the homogenization of processing standards and standardization of

seafood safety regulations (Hegarty, Chapter 15). When large quantities

of food pass through many waypoints, extending the processing, stor-

age, and distribution chain, control is more difficult. There is a greater

risk of exposing food to contamination (Hegarty, Chapter 15). One

effect of standardization of seafood safety requirements is pressuring

companies to consolidate processing plants, thereby decreasing sea-

food discharge and waste, while allowing for greater utilization of fish

products that otherwise would have had to be discarded.

The global economy has increased demand for and transport of

goods. This demand has and continues to result in the transfer (both

intentional and unintentional) of exotic species from one ecosystem to

another on unprecedented scales. Exotic species are a critical impedi-

ment to sustainability of native species, especially in freshwater envir-

onments (Taylor et al., Chapter 1; Alder and Watson, Chapter 2; Rose

and Molloy, Chapter 4; Holeck et al., Chapter 6; Taylor and Leonard,

Chapter 12; Folland and Schechter, Chapter 13). Exotic species affect

the health and productivity of fisheries and their ecosystems (Faisal,

Chapter 5; Holeck et al., Chapter 6; Folland and Schechter, Chapter 13).

It’s also worth noting that globalization of international trade and

technology is one of the foremost contributors to the increase in the

exploitation of marine ornamental species due to improved ability to

transport these fish alive (Vincent et al., Chapter 7).

Fisheries supply chain: wholesale

The wholesale level of the fisheries supply chain includes the retail

fisheries industries, such as grocery, hospitality, and recreation.

Globalization positively affects the impacts that the wholesale indus-

try has on sustainability by facilitating the growth of the aquaculture,

which is taking pressure off wild-caught fish stocks as well as becom-

ing the leading supplier for the supermarket industry. By driving

seafood labeling regulations, globalization of wholesaling is also

having positive impacts for threatened and endangered fish stocks

because consumers have the choice to consume seafood products

that are sustainably fished. Globalization of wholesaling is having

mixed impacts by facilitating an increase in overall supply and

demand for seafood products, potentially putting pressure on global

fish stocks.
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Growing numbers of consumers are eating out (Peterson and

Fronc, Chapter 17; Knudson and Peterson, Chapter 18). In the United

States, more than half the seafood eaten is consumed in restaurants

(Peterson and Fronc, Chapter 17). This trend to eat more and more

meals away from home is boosting levels in global trade of farmed

seafood products because retail – both grocery and hospitality – calls

for increasing consistency of quantity, quality, and price. Potentially,

because of its stability, aquaculture will supply the bulk of retail sea-

food needs, thereby alleviating some of the burden on wild stocks

(Peterson and Fronc, Chapter 17).

Another substantial impact at the wholesale level of the fisheries

supply chain is an increase in the homogenization of seafood safety

standards. The standards are driving new labeling regulations for retai-

lers in certain countries (Hegarty, Chapter 15). These labels inform

retailers of ‘‘the commercial designation of the species, production

method and catch area’’ (Food Standards Agency 2003). Retailers will

thus be able to inform consumers which fish and seafood products

have been produced with sustainable methods sending feedbacks to

the other supply chain participants notifying them of consumers’

demand for fish and seafood products that are sustainably produced

(Peterson and Fronc, Chapter 17).

However, there is ambiguity to whether the current fisheries

supply chain is adequately synchronized to assure an effective balance

of supply and demand. In fact declines in fish and seafood populations

may have the opposite effect of heightening the exploitation of wild-

catch fisheries in order to keep up with customer demand (Peterson

and Fronc, Chapter 17). Because supply is decreasing while demand is

increasing, there will be incentives to overharvest fisheries even more,

as further expansion of supply results in production from more mar-

ginal areas or by using more damaging methods (Peterson and Fronc,

Chapter 17).

Fisheries supply chain: customer

The customer can be anyone who uses fish or fish products.

Globalization has positive effects on fisheries supply chain consumer

impacts by allowing information to reach customers so they can make

informed choices about their consumption habits. However, globaliza-

tion has negative effects on fisheries supply chain consumer impacts

by increasing the spatial and social distance of transactions, insulating

customers from the direct impacts of their own consumption choices.
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Globalization of communication and information provides the

public with tools to more efficiently organize through the develop-

ment of non-governmental organizations (NGOs) and conservation

groups (Taylor et al., Chapter 1; Taylor and Leonard, Chapter 12;

Bavington and Kay, Chapter 14; Frank et al., Chapter 16; Dobson and

Regier, Chapter 20). Like the retail industry for seafood products, label-

ing is also becoming more common in developed countries for con-

sumers who are concerned with conservation (Hagerty, Chapter 15). In

a globalized world, customers have the unique ability to influence the

fisheries supply chain if they are committed to purchase products that

support healthy environments and freshwater systems (Seares et al.,

Chapter 3; Peterson and Fronc, Chapter 17; Knudson and Peterson,

Chapter 18; Dobson and Regier, Chapter 20).

However, even if the industry can respond with sustainable

management practices, consumers or those who supply consumers

may or may not be willing to pay for the change (Peterson and Fronc,

Chapter 17). This is partly because the global supply chain disrupts the

traditional local feedback mechanisms by increasing the spatial and

social distance between production systems and consumers. In a glo-

balized world both the fishing industry and its customers are no longer

able to see the direct relationship between their own consumption

patterns and corresponding ecological effects, which leads them to sup-

port ecological, social, and economic policies that are unsustainable.

F I S H E R I E S A N D S U S T A I N A B I L I T Y : A M U T U A L C O E X I S T E N C E

Globalization of communication and trade has promoted an expo-

nential increase in the diversity of the world’s markets and provided

multiple entry points for individuals to influence fisheries sustain-

ability. This means that no longer are the only financial titans invest-

ment companies, banks, and governments. Today, everyday, global

citizens can use the Internet to manage and trade their financial

resources in all of the markets of the world. This coalition of customers

is growing, expanding, and becoming a significant arm of power and

change (Friedman 2000). It is this emerging individual power that

guides our final recommendations for governments, managers, indus-

try, and customers as they face the challenge of creating sustainable

fisheries for the future.

This book covers three major consequences of globalization. The

first consequence is a sole international focus on short-term economic

gain that will accelerate the depletion of natural resources. This
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depletion will be exacerbated by insufficient monitoring devices,

ineffective multijurisdictional governance, and poorly defined property

rights (Vincent et al., Chapter 7). The second consequence is that coun-

tries will lower environmental standards to attract investment, leading

to a ‘‘race to the bottom’’ where all regard for environmental issues is

lost in the competition with one another (Martinez 1995). The third

consequence is a perpetuation of our current economic system which

insulates producers and traders from the full environmental costs of

their actions. These costs, such as loss of future production, when

taken into account, would compel companies to adopt sustainable

practices (Daly 1993; Goldsmith 1996).

These arguments encapsulate many of the negative effects of

globalization on fisheries sustainability, and have been discussed at

length throughout the book, with suggestions for prevention and miti-

gation. However, there are three consequences of globalization’s

impacts on the fisheries supply chain that have profound impacts on

societies and environment that require additional discussion. These

are: increasing complexity with greater spatial and social distance

between production and consumption along a given supply chain,

restructuring of the traditional corporation paradigm, and dispersal

of power to the edges of the supply chain (Conca 2001). Understanding

the dynamics associated with these changes will provide fisheries

managers, policy-makers, and customers with potential entry points

for mitigation along the fisheries supply chain.

The first of these consequences is the increase in the dispersion

and complexity along the fisheries supply chain. As an example, it’s not

unlikely for a customer to eat surimi that was caught by a Korean

company, using a fishing vessel constructed in Panama, in Russian

waters, processed in China, and shipped to the United States or

Europe. This is an instance where the global fisheries supply chain

has disrupted any local feedback mechanism that may be in place by

increasing the spatial and social distance between production systems

and consumers. The surimi-eating customer has no idea how his or her

consumption choice affects fisheries sustainability, because those

effects are occurring in Korea, Panama, Russia, and China.

The same case also exemplifies the second consequence. This

consequence is the breakdown of traditional corporation paradigms

known as Fordist. ‘‘Fordism’’ simply refers to the system of mass pro-

duction that was popularized by the Ford Motor Co., and became

popular in industrialized countries after World War II. The term

‘‘post-Fordism’’ refers to shifts from a dominantly Fordist system of
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production to a system that is more decentralized (Conca 2001). As

these companies make the shift towards post-Fordism, they become

little more than roving centralized capital sources. They outsource

production, manufacturing, and distribution to places with the least

restrictive environmental and labor regulations, but at significant

social and environmental cost. In this situation, trade is not only

between input and customer, but occurs at every level along the fish-

eries supply chain, having enormous ramifications for responsibility,

monitoring, and governance structures that are designed to protect

fisheries sustainability.

Does the complexity of the fisheries supply chain and the break-

down of international regulatory systems imply that the future of

world fisheries is hopeless? We believe that it does not. We think

that the greatest potential obstacle to sustainable fisheries, as well

as the greatest potential champion for ecological progress, is the

customer.

Conca (2001) discusses this situation as a dispersal of power to

the edges of the supply chain. In one sense this is a dispersal of power

‘‘from the factory to the board room’’ as multinational corporations

grow and condense. However there is also a great concentration of

power allotted to the individual as customer. Because globalization

has uprooted most of the obstacles that once limited the movement

and reach of people, while concurrently allowing everyday citizens to

be connected to the global market, there is more individual power to

influence markets and states than at any other time in history. For the

manager, policy-maker, or customer who places importance on fish-

eries sustainability, globalization’s real strength lies in its ability to

break down barriers to communication and facilitate the spread and

exchange of ideas, beliefs, and knowledge worldwide.

Short of government-mandated solutions for fisheries sustain-

ability coupled with effective international management and enforce-

ment for transboundary stocks, one solution to address the problem of

increasing fragmentation of the fisheries supply chain and post-Fordist

business models is a market-based, consumer-responsive tactic. Such a

solution requires adequate market or consumer demand motivation,

proper signaling of the demanded product or service attributes

throughout the supply chain, and a coordinated response by suppliers

to deliver the attributes demanded. Eco-labeling is one strategy that

can be used to achieve this goal. The eco-label can become the site at

which the fisheries supply chain can be coordinated to deliver the

sustainability attribute for the customer. The label can list the

542 Tracy L. Kolb and William W. Taylor



monitoring effort, as well as harvesting, farming, or processing activ-

ities associated with the product (Peterson and Fronc, Chapter 17).

Another consumer-responsive strategy is the development of a

Web-based, relational database that allows customers to research

and trace the spatial evolution of the products they purchase. This

product database would inform customers which products were pro-

duced using sustainable methods along the fisheries supply chain.

Customers could then choose to purchase products from companies

that were not in violation of environmental statutes themselves or

were not contracting with companies who were. This database would

allow customers to make the crucial connection with their behaviors

and consumptive effects and those consequences that they don’t

necessarily experience. It is important to note that government or

NGO certification of ecologically fished products, from a publicly

trusted source, is essential for eco-labeling or consumer databases to

be consistent and effective. In this globalized world, technological and

communication infrastructures are in place to facilitate more effective

monitoring and governance for fish stocks than at any other time in

history; a feature which should be utilized to further enhance our

sustainable responses.

We also agree with Lynch et al. (2002) that information and

awareness campaigns from fisheries managers are needed to increase

awareness and public support for global fisheries. This is because, if

sustainable fisheries initiatives are to grow and continue to exist, then

managers must rely on positive attitudes from the public in order to

support their management decisions.

Although there needs to be a component of responsibility at the

customer level, there is also a need for responsibility at the resource

extraction level. Because globalization is causing the fisheries supply

chain to become more fragmented there is an opportunity for the

findings of social networks to take a leading role in sustainable fish-

eries extraction, as evidenced in chapters by both Pollnac (Chapter 9)

and Frank et al. (Chapter 16). In each chapter, members of a community

access resources within the context of their community relationships.

These members identify not only in their relationships to others in

their social networks, but with the community in which networking

takes place. Thus, they are more disposed to extract natural resources

with a responsibility for the value of the resource for the future of the

community.

Eventually, government policy and public sentiment as expressed

by consumer preference must align with the goal of sustainability in
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order to coexist successfully with a globalized economy. Changes in

global trade, harvest regulations, and fishing rights will have to be

made in this context. Ultimately, the world’s fisheries are not just a

business, but a public trust, and only via multilevel governance as

empowered by the world’s citizens can we hope to enforce and regulate

globally shared and common resources for sustainable futures.
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