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Foreword

Fisheries and Agquaculture Department, Food and Agriculture Organization
of the United Nations

The Food and Agriculture Organization of the United Nations (FAO) has a long tradition of pro-
moting responsible fisheries throughout the world; 2015 marked the 20th anniversary of the
FAO Code of Conduct for Responsible Fisheries. The code is a landmark of international coop-
eration and agreed set of guidelines and principles to help develop, manage, and conserve the
world’s fishery resources for the benefit of present and future generations. However, more is
needed, especially for the world’s inland fishery resources and the habitats that support them.
The FAO and our global partners are facing numerous challenges in regards to inland aquatic
ecosystems and their fishery resources.

Probably the most significant challenge is the competition for freshwater resources. Currently,
about 9% of the freshwater from rivers, lakes, and groundwater is withdrawn for human use. Sev-
enty percent of this water is abstracted or diverted for agriculture, industry takes another 20%, and
domestic uses account for another 10%. These withdrawals have significantly degraded the aquatic
habitat and fishery resources. However, agriculture is a key player in global efforts to reduce hunger
and poverty. Fisheries and agriculture need to become closer partners. Fisheries are often called a
“nonconsumptive” use of water. This is not exactly true. If you manage a river for fish, you may lose
or reduce the use of that water for hydroelectricity or irrigation. The fishery sector needs to com-
municate win-win situations where people can have fish and irrigated agriculture and electricity.
Happily, there are examples, and these need to be communicated more broadly.

Dealing with the multiple users of freshwater is essentially a governance issue. However,
international and national efforts to fully integrate inland fisheries into the broader governance
and development agenda have not been overly successful. Important publications and processes
have given much more attention to domestic uses of water, to marine and coastal issues, or to
agriculture production over inland fishery production. The FAO and partners are now striving to
help bring all food producing sectors together in a synergistic manner.

A necessary component to support governance is adequate information. More than half of
the catch from inland waters is not reported to species—we do not know how much and we do
not know what is being captured. The FAO has a special strategy for improving information on
status and trends of capture fisheries to increase the knowledge base.

However, inland fisheries are more than metric tons harvested; what this harvest contrib-
utes to nutrition and livelihoods is the important factor. Fish provide significant and affordable
protein, minerals, and micronutrients to millions of people in developing areas. A small, fresh-
water fish from the Mekong River about the size of an index finger can provide a child’s daily
requirement of iron and zinc; similar small indigenous species of fish are a valuable component
of people’s diet and culture around the world.

The health of our planet, our own health, and future food security depend on how we treat
aquatic ecosystems. To provide wider ecosystem stewardship and improved governance of the
sector, FAO is advancing the Blue Growth Initiative as a coherent framework for the sustainable
and socioeconomic management of our aquatic resources. Although there is a strong framework
for fisheries and aquaculture already in place with the FAO Code of Conduct for Responsible Fish-
eries, the challenge is to provide incentives and adequate resources to adapt and implement this
framework at local, national, and regional levels in order to secure political commitment and
governance reform.

ix



X FOREWORD: FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS

The proceedings and recommendation of the global conference, Freshwater, Fish and the
Future, will contribute substantially to this global initiative and the core work of FAO and other
United Nations agencies. The partnership between FAO and Michigan State University, formal-
ized at the conference, will help to further promote the principles of responsible fisheries and
blue growth. The Fisheries and Aquaculture Department of FAO is pleased to be a partner in this
endeavor and offer the information in this book to those charged with developing, managing, and
conserving the world’s inland fishery resources.

Arni Mathiesen

Assistant Director-General

Food and Agriculture Organization of the United Nations
Fisheries and Aquaculture Department



Foreword
Michigan State University

Inland fisheries have long been a quiet but vital component of food and economic security around
the world. Yet the voices of those most dependent on inland fisheries often are drowned out by
louder, more powerful interests competing for aquatic resources for use in agriculture, energy,
and economic development.

We believe that inland fisheries and aquaculture have a great capacity not just to sustain
poor and disadvantaged communities around the world, but to elevate them. That is why I was
pleased to be in Rome in 2015 to help open the global conference on inland fisheries. This confer-
ence brought together experts from various sectors from more than 40 nations, including a large
number of early career scientists and women (40% female speakers), because the challenges
facing inland fisheries require new cross-sectoral approaches and the involvement of all stake-
holders in freshwater resources.

We need to elevate the profile of inland fisheries and aquaculture in global discussions on
food and economic security and on sustainable land development and water management. Based
upon the thought-provoking presentations and discussions at the Rome conference, a set of rec-
ommendations—10 steps to responsible inland fisheries—were developed that we hope will
provide the foundation for a new international approach to ensuring that the true value of inland
fisheries is recognized in resource allocation decisions.

Back home in Michigan, we are acutely aware of the fragility of freshwater fisheries. Our
waters have suffered greatly from pollution, overfishing, and the introduction of invasive species.
Our experience in restoring the Great Lakes across boundaries and borders provides a great ex-
ample of the power of international partnerships and cooperation.

Beyond the conference, Michigan State University (MSU) and the Food and Agriculture Or-
ganization of the United Nations (FAO) are strengthening our relationship through joint studies
linking societal well-being and food security to the quality and quantity of freshwater habitats
and local fish populations. On behalf of FAO and MSU, Arni Mathiesen and I signed a memoran-
dum of understanding to collaborate on inland fisheries educational programs. This includes re-
source mobilization, capacity building and training, new faculty, internships, fellowships, visiting
scholars, and sharing and disseminating information while advocating for our common goals.

Inland fisheries represent an important component of a growing, global blue growth econo-
my. This conference proceedings serves as a roadmap demonstrating how to assess the world’s
inland fisheries and freshwater resources and how to optimize and protect them.

Lou Anna K. Simon, Ph.D.

President
Michigan State University
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Preface

The purpose of this book, and the global conference (www.inlandfisheries.org), is to elevate the
significance of freshwater fisheries throughout the world so that fishery managers and the peo-
ple that depend on freshwater fisheries will have a voice when policymakers make decisions that
impact their viability and productivity. All too often, inland fisheries are not appropriately valued
as to their critical role in food security, and worse yet, they are not even considered when policy-
makers decide on the use, allocation, and alteration of freshwater resources in their communities
and nations. When governments decide to build dams for power generation and flood control,
the impacts on the nearby local communities and on the freshwater ecosystems are too often not
considered or, if considered, not valued appropriately. Much of this is due to the fisheries com-
munity not being able to provide accurate assessments of the fisheries or the needed economic
metrics that allow for decision makers to make informed decisions as to overall costs and ben-
efits of their decisions related to the use of their freshwater resources. In addition, the oftentimes
multijurisdictional nature of freshwater systems further complicates decision making given the
differing priorities of the various governments that control the water and allied fish habitats that
provide the basis for the productivity of local and regional fisheries. The information in this book
highlights the importance of freshwater fish, their habitats, and their fisheries to society. The
intent of this book is to describe the current state of the knowledge and future information needs
that will allow for fisheries sustainability, which in turn directly or indirectly provides for the
health, well-being, and prosperity of human communities throughout the world.

It has been a distinct pleasure to interact with such dedicated and innovative fisheries and
water professionals and allied policymakers to enhance the visibility and importance of fresh-
water fisheries to the world. In particular, the phenomenal cooperation between Michigan State
University and the Food and Agriculture Organization of the United Nations (FAO) is particularly
noteworthy, as without each other’s support, a project of this magnitude could not have hap-
pened. At Michigan State University (MSU), the unfailing encouragement and support of Presi-
dent Lou Anna K Simon was critical in mobilizing the resources to not only design and implement
this ambitious program, but to design a future memorandum of understanding with FAO (see
www.inlandfisheries.org) that should enable others to continue the momentum that this con-
ference and book established. The FAO has realized that developing and managing the world’s
freshwater ecosystems for improved food security and poverty alleviation is a task no one orga-
nization can accomplish on its own. Partnerships will be essential in meeting the United Nations’
sustainable development goals, as well as fulfilling the mandate of FAO. Mr Arni Mathiesen, As-
sistant Director-General of FAO Fisheries and Aquaculture Department, was aware of the impor-
tance of raising the profile of freshwater fisheries throughout the world and, like MSU President
Simon, gave full support to the conference. We also had tremendous support from the American
Fisheries Society and, in particular, Beth Beard, who designed the needed communication prod-
ucts that provided and continues to provide essential information in a user-friendly format for
all to access via the Web interface. Additional support was provided by the Australian Centre for
International Agriculture Research and the Great Lakes Fishery Commission.

No project is ever accomplished without many people providing innovative ideas and just
plain hard work in making things happen. There are numerous people from around the world
that were instrumental in making the conference and this book a success. In particular, we must
acknowledge the steering committee that worked diligently to ensure that this ambitious confer-
ence would occur and provided the platform that was needed to improve our understanding of
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Xiv PREFACE

the state of the global fisheries resources and the informational needs that allows for their future
sustainability. These include those people that were members of the organizing committee and
the steering committee and the panel chairs, who are listed at the end of this preface. It is with
deep gratitude that we acknowledge the efforts of Drs. Christopher Goddard and Nancy Leonard
for their lead on facilitating the editorial process of this book. Each spent numerous hours work-
ing constructively with the authors to make this book as complete and representative as possible.
Additionally, Dr. Leonard spent four months working on assignment at FAO, where she helped
with the myriad details related to this conference, which were essential to its successful execu-
tion and future value. Her adept people skills and intimate knowledge of multistake holder, mul-
tijurisdictional fisheries, and aquatic resource management provided essential ingredients for
the success of the global conference and this book. Bill would like to thank his colleagues in the
American Fisheries Society, in particular the Past Presidents’ Council, his colleagues at Michigan
State University, and his current and former graduate students who have inspired him through-
out his career to dream big and act bigger to improve the state of the world’s freshwater fisheries
and their habitats. Last, no person is an island unto themselves, and without the unfailing belief,
love, and support of Bill's wife, Evelyn, and his English springer spaniel, Teddy, this project would
never have been completed. Devin would like to gratefully acknowledge the support of colleagues
throughout the world and at FAO (especially Robin Welcomme, the former chief of the Inland
Water Resources and Aquaculture Service at FAO), who gave up their valuable time to make the
conference a success. The conference would not have been possible at FAO headquarters without
the daily administrative and logistic support of Ms. Cristiana Fusconi and the enthusiasm of Mr.
Felix Marttin. It is our hope that we have contributed to enhancing the visibility and value of the
global freshwater fisheries resources, and through these efforts, freshwater fishes remain an ever
present feature of the aquatic landscape and a highly valued component of human civilization.
For we believe as fish go, so go humans!

William W. Taylor
Devin M. Bartley
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The Rome Declaration: Ten Steps to
Responsible Inland Fisheries?

Step 1: Improve the Assessment of Biological Production to Enable
Science-Based Management

Accurate and complete information about fishery production from inland waters is lacking at local,
national and global levels. Governments often lack the resources or capacity to collect such infor-
mation due to the diverse and dispersed nature of many inland fisheries. There is much scope for
developing and refining biological assessment tools to facilitate science-based management.

Implementation recommendations

e Develop, promote and support standardized methods for the assessment of inland fisheries
harvest and aquaculture production including: data collection (including traditional [catch
effort monitoring] and novel approaches such as household and government statistical sur-
veys), database management, data sharing, and reporting that
o Reflect diversity of fisheries, fishing methods, ecosystem types and local cultural context,

and enable intra- and cross-sectoral comparisons;
o Include commercial, artisanal small scale, subsistence, and recreational fisheries; and
o Include as far as possible the contribution of illegal, unreported, and unregulated fishing.

e Support the development of novel approaches to collect inland fishery data, e.g., remote
sensing of habitat types and population densities linked to fish production models.

e Incorporate inland fisheries and aquaculture into ongoing agricultural statistical surveys to
facilitate comparisons, and integrate information to support cross-sectoral decision-making.

e Increase support for efforts to improve capacity of fishery resource officers to collect infor-
mation on the sector.

e Establish a minimum set of data requirements that would be practical for countries to collect
and that would allow cross-sectoral comparisons.

Step 2: Correctly Value Inland Aquatic Ecosystems

The true economic and social values of healthy, productive inland aquatic ecosystems are of-
ten overlooked, underestimated and not taken into account in decision-making related to land
and water use. Economic and social assessment is often difficult and valuation often limited. In
most cases, especially in the developing world, inland fisheries are part of the informal or local
economy, so their economic impact is not accurately measured in official government statistics.

Implementation recommendations

¢ Apply the principles of the Voluntary Guidelines for “Securing Sustainable Small-scale Fish
eries” in inland fisheries and in so doing, recognize, respect, and support governance rooted
in traditional customs, rights, and ecological knowledge.

! Food and Agriculture Organization of the United Nations and Michigan State University. 2016. The
Rome declaration: 10 steps to responsible inland fisheries. Food and Agriculture Organization of the
United Nations, Rome and Michigan State University, East Lansing.
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xviii THE ROME DECLARATION

¢ Promote and support the adoption of approaches that include assessment of the ecosystem
services provided by inland aquatic ecosystems to value their contribution to ecosystem
health and societal wellbeing.

¢ Ecosystem services should be valued along the entire value chain.

Step 3: Promote the Nutritional Value of Inland Fisheries

The relative contribution of inland fisheries to food security and nutrition is higher in poor food-
insecure regions of the world than in many developed countries that have alternate sources of
food. Good nutrition is especially critical in early childhood development (i.e., the first 1,000
days). Loss of inland fishery production will undermine food security, especially in children, in
these areas and put further pressure on other food producing sectors.

Implementation recommendations

e Maintain or improve the accessibility/availability of nutrient-rich fish in areas with tradi-
tionally high fish consumption and/or high levels of under-nourishment and malnourish-
ment by ensuring fair and equitable access regimes.

e Establish fishery and water management plans that include maintenance of an adequate and
diverse supply of nutrient rich aquatic products.

Step 4: Develop and Improve Science-Based Approaches to Fishery
Management

Many inland waterbodies do not have fishery or resource management arrangements that can ade-
quately address sustainable use of resources. Where management arrangements exist, compliance
and enforcement are often minimal or non-existent. This may result in excessive fishing pressure,
decreased catch per unit effort, and conflicts between fishers, as well as changes in the productiv-
ity of fishery resources. In some areas, reductions in fishing capacity will be required. To facilitate
fishery management, it will be important to improve access to and promote better sharing of data
and information about inland fisheries supporting the assessment-management cycle.

Implementation recommendations

¢ Implement an Ecosystem Approach to Inland Fisheries.

e Support effective governmental, communal/co-operative, or rights-based governance ar-
rangements and improve compliance with fishery management regulations.

¢ Modify or establish fishery and resource management arrangements to protect the produc-
tive capacity of inland waters and the livelihoods of communities dependent on the resource.

¢ Where reducing fishing capacity is called for, establish appropriate social safeguards and
provision of alternative livelihoods for people leaving the fishery sector.

Step 5: Improve Communication among Freshwater Users

Information on the importance of the inland fishery and aquaculture sectors is often not shared
with or accessed by policy-makers, stakeholders and the general public, thereby making it dif-
ficult to generate political will to protect inland fishery resources and the people that depend on
them. Moreover, many misconceptions exist on the needs and desires of fishing communities.

Implementation recommendations

e Building from the “Small-Scale Fisheries Guidelines” and other relevant instruments, use ap
propriate and accessible communication channels to disseminate information about inland
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fish, fishers and fisheries to raise awareness of inland fisheries’ values and issues, to alter
human behavior, and influence relevant policy and management.

¢ The fisheries sector should engage other users of freshwater resources and participate in
national and international fora that address freshwater resource issues, conflicts and syner-
gies.

e The fisheries sector should invite other users of freshwaters to participate in fisheries fora.

Step 6: Improve Governance, Especially for Shared Waterbodies

Many national, international and transboundary inland waterbodies do not have a governance
structure that holistically addresses the use and development of the water and its fishery re-
sources. This often results in decisions made in one area adversely affecting aquatic resources,
food security, and livelihoods in another.

Implementation recommendations

e Establish governance institutions (e.g., river or lake basin authorities) or expand and
strengthen the mandate and capacity of existing institutions to address inland fisheries
needs in the decision making processes.

e Commit to incorporating internationally agreed decisions on shared water bodies within na-
tional government policies.

Step 7: Develop Collaborative Approaches to Cross-Sectoral
Integration in Development Agendas

Water-resource development and management discussions very often marginalize or overlook
inland fisheries. Therefore, trade-offs between economically and socially important water-re-
source sectors and ecosystem services from inland water systems often ignore inland fisheries
and fishers. Development goals based on common needs, e.g., clean water and flood control, can
yield mutually beneficial outcomes across water-resource sectors.

Implementation recommendations

¢ Promote cross-sectoral discussions about the trade-offs and synergies of inland water devel-
opment and management options that consider the inland fishery sector a partner in re-
source development in an equitable manner.

¢ Identify and strengthen platforms and legal frameworks for multistakeholder-based deci-
sion-making and management.

¢ Incorporate inland fish and fisheries into the post-2015 sustainabilitydevelopment goals on
water issues and include all ecosystem services provided by inland aquatic ecosystems.

Step 8: Respect Equity and Rights of Stakeholders

Lack of recognition of the cultural values, beliefs, knowledge, social organization, and diverse
livelihood practices of indigenous people, inland fishers, fishworkers, and their communities has
often resulted in policies that exclude these groups and increase their vulnerability to changes
affecting their fisheries. This exclusion deprives these groups of important sources of food as well
as cultural and economic connections to inland aquatic ecosystems.

Implementation recommendations

e  Protect the cultural heritage of indigenous people and their connections to the environment.
e Ratify and implement the Indigenous and Tribal Peoples Convention of 1989 (ILO-160, as
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well as the Universal Declaration of Indigenous Peoples and other International human
rights instruments.

Step 9: Make Aquaculture an Important Ally

Aquaculture is the fastest-growing food production sector and an important component in many
poverty alleviation and food security programmes. It can complement capture fisheries, e.g.,
through stocking programmes, by providing alternative livelihoods for fishers leaving the cap-
ture fisheries sector, and by providing alternative food resources. It can also negatively affect cap-
ture fisheries, e.g.,, introduction of invasive species and diseases, through competition for water
resources, pollution, and access restrictions to traditional fishing grounds.

Implementation recommendations

e Adopt an ecosystem approach to fisheries and aquaculture management10.

e Recognize the common need for healthy and productive aquatic ecosystems and promote
synergies and manage tradeoffs among fisheries, stock enhancement, and aquaculture.

¢ Regulate and manage the use of non-native species in aquaculture development.

Step 10: Develop an Action Plan for Global Inland Fisheries

Without immediate action, the food security, livelihoods and societal wellbeing currently pro-
vided by healthy inland aquatic ecosystems will be jeopardized, risking social, economic, and
political conflict and injustice.

Implementation recommendations

e Develop an action plan based on the above steps to ensure the sustainability and responsible
use of inland fisheries and aquatic resources for future generations.

¢ The action plan should involve the international community, governments, Civil Society Or-
ganizations, indigenous peoples groups, and private industry, and include all sectors using
freshwater aquatic resources.
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Inland fish and fisheries provide food security,
livelihoods, cultural and religious identity, rec-
reation, and a source of income for millions of
people globally (Welcomme et al. 2010; Lynch
et al. 2016, this volume). Human connections
to fish and fishing have existed for millennia
on inland waters systems as diverse as the Me-
kong River (Voeun 2004) to the glacial lakes of
the northern United States (Bogue 2000). Given
* Corresponding author: dbeard@usgs.gov

the long-term importance of inland fisheries to
societies, the lack of attention given to maintain-
ing their sustainability during development of
management policies and allocation decisions
for inland water resources is alarming yet all too
common. Further, globally, even the most basic
information about inland fisheries is generally
lacking, such as basic life history of important
food fishes, total harvest and production, total
contribution to employment and livelihoods,
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and contribution of inland fish to nutrition
and human well-being (Welcomme et al. 2010;
Beard et al. 2011). When in-depth analyses
are attempted, the numbers reported often
underestimate the true contribution of inland
fisheries to society (Baran et al. 2007; Hortle
2007; Bartley et al. 2015). Increased pressure
on inland waters to support multiple uses,
such as the proposed damming of the Mekong
River system for hydropower (Ziv et al. 2012),
the diversion of water for municipal and agri-
culture use in California (Tanaka et al. 2006),
and the conversion of forests to agriculture in
the Amazon basin (Davidson et al. 2012), cre-
ates numerous challenges for inland fisheries
management. The development of improved
and integrated approaches (e.g., integrated
water resources management; Hooper 2003;
Grigg 2008) to understand the important role
of inland fisheries to society and provide bet-
ter governance mechanisms that cross politi-
cal and sectoral boundaries will be important
to ensure inland fisheries sustainability.
Inland fisheries are defined by Welcomme
et al. (2010) to include the exploitation of fish
from waters inland of the coastline. Inland fish-
eries range from the small-scale, local artisanal
fisheries that are commonly found in the devel-
oping nations to the high-technology and recre-
ational fisheries commonly found in the indus-
trialized nations (Welcomme et al. 2010). The
geographic scale of inland fisheries can range
from small ponds and reservoirs to the world’s
largest rivers and lake systems. Threats to in-
land fisheries include unsustainable harvest
(Allan et al. 2005; Post et al. 2002), but unlike
large-scale, marine commercial fisheries, the
majority of threats are external to the fisher-
ies sector and threaten the broader integrity of
the hydroecological systems that sustain fish-
eries (Cooke et al. 2014). Inland waters are im-
pacted and threatened by multiple activities,
including the development of hydroelectric
power, agriculture and irrigation, municipal
water use, mining and other resource extrac-
tion processes, navigation, and the modifica-
tion of riparian corridors to support human
activity (Dudgeon et al. 2006; Vérosmarty et al.
2010; Beard et al. 2011). Consequently, the de-
velopment and implementation of policies and

strategies for the management of inland wa-
ters that do not consider all freshwater-based
sectors are often detrimental to fish and fisher-
ies. With a lack of reliable data about the status
of fish populations, harvest, and the economic
value of inland fisheries, it is often difficult for
inland fishery managers to engage effectively
in the decisions about water use (Beard et al.
2011). If inland fisheries are to be sustainable
into the future, the engagement of policymak-
ers and decision makers across all sectors reli-
ant on freshwater will be necessary.

Given the need to develop sustainable
approaches to inland fisheries management,
bringing together a cross-sectoral community
to identify and discuss issues specific to inland
waters is important to engage and incorporate
fisheries in water resource management deci-
sions. To build this cross-sectoral community,
the Food and Agriculture Organization of the
United Nations (FAO) partnered with Michigan
State University (MSU) to bring those work-
ing on global inland fisheries together with
stakeholders from other inland water sectors
for a global conference on inland fisheries
titled Freshwater, Fish and the Future: Cross-
Sectoral Approaches to Sustain Livelihoods,
Food Security, and Aquatic Ecosystems. The
ultimate goal of this conference was to iden-
tify science and management challenges to as-
sure that inland fisheries become part of the
decision-making framework regarding use of
inland water. In January 2015, 205 scientists,
managers, and others from 48 countries repre-
senting the global community interested in in-
land fisheries and the inland water sector met
in Rome at FAO headquarters. The conference,
sponsored by MSU and FAO, was structured to
ensure global representation and interaction
between the sectors reliant on freshwater by
uniting participants among four thematic pan-
els: biological assessment, social and economic
assessment, drivers and synergies, and policy
and governance. This partnership facilitated
global cross-sectoral discussion about the sta-
tus and value of inland fisheries. The outcomes
of this discussion were to identify the science,
management, and governance challenges to
assure that inland fisheries become part of the
inland waters decision-making framework.
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The biological assessment thematic panel
(see papers in Biological Assessment Theme)
focused on identifying traditional and novel
approaches and methods that could improve
biological production assessment, that are
scalable and effective, and that are feasible for
implementation in both developed and devel-
oping nations. Furthermore, a variety of bio-
logical assessment tools that are flexible and
robust need to be developed and validated for
gathering and analyzing the needed data. For
example, are there novel approaches that can
be developed, such as remote-sensing-based
approaches for estimating inland water pro-
ductivity and fisheries harvest? Given that
aquatic habitats are the foundation of healthy
and productive fisheries, it may also be in-
formative to develop proxies for productivity
based on environmental metrics. Additionally,
what are the best ways to track fisheries har-
vest in the recreational, commercial, and sub-
sistence fishery sectors? Is there a meaningful
role for household surveys or fisher log books
to assist in providing some of the missing and
essential data? Do the same assessment tech-
niques that work in rivers work in lakes? Is it
possible to standardize the minimum set of
information collected to allow for comparison
across jurisdictions and inform broader com-
parisons? To be truly effective, however, as-
sessment information about fish and fisheries
must be informative in fishery and other sec-
tors’ planning and decision making.

The social and economic assessment
thematic panel focused on improving under-
standing of the economic and societal value
of inland fisheries. The goal of this panel
(see papers in Economic and Social Assess-
ment Theme) was to explore and develop
new approaches to determine the monetary
and nonmonetary value of freshwater fish-
eries, including their importance to human
health and nutrition, personal well-being,
and societal prosperity. Better assessing and
conveying the value of fisheries is expected
to elevate understanding about the role of in-
land fisheries in individual well-being and so-
cietal prosperity and stability. The increased
understanding of the value of these fisheries
will help provide a common metric for evalu-

ating alternative uses of these resources and
habitats. The panel focused the discussion on
developing methods that would value inland
fisheries appropriately, using either tradition-
al market-based approaches or nonmarket-
based alternatives. Additionally, the panel ex-
plored the important role of fish in nutrition
and emphasized a need to better incorporate
this role into discussions about inland fish-
eries. Finally, the panel investigated methods
and approaches to integrate and respect the
rights of stakeholders, ensure that gender-eq-
uity considerations are included in policy and
management decisions on water and fisheries
governance, and ensure that water allocation
discussions incorporate the frequently disen-
franchised local community, many of whom
are involved in fishing-related activities on
a part-time or occasional basis and are thus
overlooked even in programs targeted direct-
ly at those involved in the fisheries.

The drivers and synergies thematic panel
(see papers in Drivers and Synergies Theme)
focused on the identification of multiple sec-
tors relying on inland waters, such as indus-
trial and human use, tourism, recreation,
navigation, hydropower, and irrigation and
how use of inland waters by these sectors
can either influence the sustainability or be
synergistic with inland fisheries. To ensure
long-term sustainability of inland fisheries,
the management of sustainable freshwater
systems requires making informed choices
emphasizing those services that will provide
sustainable benefits for humans while main-
taining well-functioning ecological systems.
Given that many sectors reliant on inland wa-
ters focus on a singular service and operate
independently with no consideration of other
inland water sector operations, the develop-
ment of meaningful communication oppor-
tunities and approaches across sectors that
emphasize a common language, valuation
scheme, and understanding will help ensure
that trade-offs are properly incorporated in
final decisions about water allocation. A cre-
ation of approaches that allow the develop-
ment of goals based on common needs, such as
improved water quality, can lead to mutually
beneficial outcomes across water-use sectors.
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The inclusion of all sectors relying on fresh-
water in governance and management frame-
works, and in decision-making processes influ-
encing freshwater use and allocation, should
help ensure informed decision making.

The policy and governance thematic panel
(see papers in Policy and Governance Theme)
focused on the identification of approaches
and methods to ensure that inland fisheries
are fully integrated into freshwater decision-
making frameworks. Approaches that link in-
land fisheries management goals and science
directly with the needs of policymakers will
assist strategic decision making in better un-
derstanding the costs and benefits of their de-
cisions, inform adaptive management, enhance
environmental justice, and result in enhanced
enforceable regulations for more sustainable
management of inland fisheries. Given that in-
land waters are interconnected and cross mul-
tiple political boundaries, using approaches
that encourage cross-boundary discussions
about the use of inland waters and its impact
on fisheries production is important to avoid
negative consequences to the food security of
people that are distant from where the water is
used for other human uses. To this end, there is
a need to better understand the opportunities
and constraints to cross-sectoral and cross-ju-
risdictional governance approaches and devel-
opment of methods to assure that governance
decisions take into account the contribution
inland fisheries make to food security, human
well-being, and ecosystem productivity at the
local, regional, national, and global levels.

Modification of the world’s waterways has
occurred for millennia, with well-documented
impacts on fish and fisheries and the impact
on food security of local people. In almost all
instances, these modifications were made with
little knowledge or regard to the impacts to not
only the fish and fishery, but also the people
who rely on them (Lynch et al. 2016). With
some of the globe’s most food-insecure human
populations dependent on inland fisheries for
nutrition and livelihoods (Smith et al. 2005),
coupled with the cultural attachment of many
of the world’s people to fisheries (e.g., indig-
enous peoples, recreational anglers), develop-
ment of more holistic approaches to ensure the

sustainability of inland waters, fish, and fisher-
ies is necessary.

During this conference, the global inland
fishery community identified multiple needs
and science gaps that must be addressed if
there is any hope of rehabilitating, maintain-
ing, or enhancing inland fisheries. A confer-
ence, however well organized and attended,
does not necessarily lead to action. Investment
in the science and management approaches
will be necessary to advance understanding of
the critical role of inland fisheries to sustain
inland fisheries for future generations. With
the current threats and modifications to some
of the world’s greatest rivers and the resul-
tant impacts projected to their inland fish and
fisheries, understanding and conveying the
critical role of these fisheries to human society
and food security is essential to avoid future
losses. The global inland fisheries community
and their partners should continue the discus-
sion at the appropriate venues and ensure that
the critical roles inland fisheries play are high-
lighted during discussions about the food-wa-
ter-energy nexus. Strikingly, inland fisheries
were notably absent in the recent revision of
the United Nation’s sustainable development
goals (no mention under the water goal or the
marine fisheries goal; https://sustainablede-
velopment.un.org/?menu = 1300).

This book is organized to reflect the for-
mat of the global conference. The Plenary Talks
section presents the talks that were given dur-
ing the plenary sessions of the conference. This
section is followed by four sections mirroring
the four conference themes: biological assess-
ment, economic and social assessment, driv-
ers and synergies, and policy and governance.
Each of these themes begins with a review
paper that summarizes the background infor-
mation and the challenges associated with the
theme and explores the topics that informed
the recommendations developed from the
conference. A number of key scientific papers
and case studies relevant to each theme are
also included. The Conclusion summarizes the
key recommendations arising from the global
conference, called “The Rome Declaration: Ten
Steps to Responsible Inland Fisheries,” and de-
tails a call for action.
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Inland Fisheries: Past, Present, and Future

RosiN WELCOMME™!
Long Barn, Stoke by Clare, Suffolk CO10 8HJ, UK

This address is intended to set a back-
ground to the conference on freshwater, fish,
and the future by examining the nature of in-
land fisheries and how we reached our present
state of knowledge and offering possible direc-
tions for the future.

In 2012, records submitted to the Food
and Agriculture Organization of the United Na-
tions (FAO) by member countries show that
inland fish catches reached 11,630,680 met-
ric tons after a more or less linear growth of
3.6% per year since 1950. Most of this catch
came from Asia (68%); 23% came from Africa,
and the rest from the other continents. Even
within the various continents, yields were very
strongly distributed by country. For instance
in Asia, 90% of the catch came from only eight
countries, whereas in Africa, 18 countries con-
tributed 90% of the catch (Welcomme 2011).
Nevertheless, inland fisheries continue to play
an important role in the livelihoods and food
security of large numbers of people in all coun-
tries of the world. For example, it has been
estimated that more than 56 million people
were directly involved in inland fisheries in
the developing world in 2009 (BNP 2009). Par-
ticipation by recreational fishers is more dif-
ficult to assess, but recreational fisheries have
been estimated to involve 118 million people
in North America, Europe, and Oceania (Ar-
linghaus et al. 2015) and be worth £1 x 10° in
UK household incomes for 37,000 household
jobs (Mawle and Peirson 2009), €25 x 10° in
Europe (European Anglers Alliance and Euro-
pean Fishing Tackle Trade Association, presen-

* Corresponding author: welcomme@btinternet.
com

! Former chief of Inland Fishery Resources and
Aquaculture Service, Food and Agriculture Orga-
nization of the United Nations.

tation in the European Parliament 25 March
2004), Can$8.3 x 10° in Canada (Fisheries and
Oceans Canada 2010), and US$34 x 10°/year
expenditures, retail sales, and license fees
(U.S. Fish & Wildlife Service 2011). In addi-
tion, the fishery for ornamental species was
valued at US$1.5 x 10° for both marine and
inland species in 1998.

In the beginning, fishing must have been
relatively simple. Inland fisheries have been a
significant source of food from very early on
in history, as attested by the variety of hooks,
harpoons, and fish remains that shows up
regularly in prehistoric sites. Many early riv-
er-based civilizations show fishing as a major
activity, and traditional controls on the fishery
are probably as old as fishing itself. More for-
mally, China had fisheries regulation as early
as the beginning of Western Zhou Dynasty
(about 11th century B.C.) when the emperor
listed protection of fishery resources as an im-
portant national policy (Qiu 1982). In Europe,
the increased pressure on fishing through the
ages has been reflected in a series of edicts that
limited effort. As early as Etruscan times, a bas-
relief of a sturgeon was mounted on the walls
of the fish landing sites in Rome, allegedly to
indicate the minimum size for sale. In England,
in 1,000 A.D., Aelfric (Watkins, no date) writes
of the fisherman who reported catching “eels,
pike, minnows and dace, trout, lamprey and
any other species that swim in the rivers, like
sprats.” He stated that he cannot catch as much
as he could sell in the town and shows a great
reluctance to go to the sea to fish. Indeed, at
this time, Edward the Confessor was obliged
to issue an edict for the removal of fish weirs
in the Thames and its tributaries as they were
hindering river transport. Somewhat later,
King Henry the First died, reputedly of a surfeit
of lampreys, showing the importance of fish in
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court life. Measures to control fisheries in the
Thames even appeared in early versions of the
Magna Carta. In the 1600s, Colbert, minister
to Louis IV of France, was obliged to regulate
the minimum sizes of fish being caught in the
Loire and the Seine because of the intensity of
demand.

These attempts at legislation demonstrate
an early appreciation of the impacts of heavy
fishing on fish stocks, and until relatively re-
cently, knowledge did not advance much be-
yond that. Systematic investigations of inland
fisheries began in North America and Europe
towards the end of the 19th century, when
sporting interest in salmonids, mainly Atlantic
Salmon Salmo salar and trouts, caused a surge
in studies on the behavior of the species and
development of techniques for stocking and
improvement of their habitats. At about that
time too, interest in the fisheries of the lower
Danube (Antipa 1910), the Rhine (Lauterborn
1918), and the Illinois River (Richardson 1921)
were expressed in publications that were pre-
cursors of work yet to come. For example, An-
tipa’s seminal work on the floodplain fisher-
ies of the lower Danube in Romania already
described many of the features of floodplain
fisheries that were to be verified in the 1970s.

The deteriorating condition of northern
temperate inland waters increasingly caused
concern following the industrial revolution.
So poor was the condition of many rivers that
they were judged to be fishless in the 1950s. In
response, some government legislation regu-
lating inland fisheries began to be introduced
in the mid-19th century. A number of institutes
were founded to study the processes regulating
inland fish and fisheries—the Research Insti-
tute of Fish Culture and Hydrobiology (Czech
Republic) and the Department of Fisheries and
Oceans (Canada) in 1921, the Freshwater Bio-
logical Association in 1929, the University of
Michigan in 1930, the Central Inland Fisheries
Research Institute (India) in 1947, the Istituto
Nacional de Pesquisas Amazonicas (Brazil) in
1952, the Inland Fisheries Institute in Olstyn
(Poland) in 1951, and the Instituto Nacional de
Limnologia (Argentina) in 1962.

The expansion of European populations
into the tropics from the mid-1800s onwards

sparked a growing interest in the fauna and
flora of these regions. The fascination with
strange and exotic life forms accompanied the
early explorers and a series of museums ap-
peared across Europe and North America to
deal with the wealth of material arriving from
Africa, Asia, and Latin America. The Musée Na-
tional in Paris, The Natural History Museum in
London, the Royal Museum for Central Africa
at Tervuren, and the Smithsonian Institute in
the United States all amassed large collections
of type specimens described by a series of not-
ed taxonomists, including Boulenger, Valenci-
ennes, Geoffrey Saint-Hillaire, and Richardson
in the late 1800s, a trend that persisted until
the late 1960s with workers such as Daget,
Greenwood, Whitehead, and Trewavas. This
phase tended to be purely descriptive of species
with little attention being paid to their behav-
ior, biology, or ecology. New species continue
to be found and described, especially from the
larger tropical systems, and the importance of
correctly identifying the animals forming part
of our fisheries has not diminished with time.
Unfortunately, taxonomy is unfashionable now,
the major museums have been transformed
into houses of entertainment, and there is a
sad lack of competent taxonomists.

The earliest systematic study of a tropical
inland fishery was carried out on Lake Victo-
ria in the 1920s. The fishery for Singidia Tila-
pia Tilapia (now Oreochromis) esculentus was
growing fast in the north of the lake, and the
mean sizes of fish caught were dropping. Mi-
chael Graham (1929) investigated the causes
for this and, by applying the emerging disci-
pline of marine stock assessment, concluded
that the stocks were overfished. He also rec-
ommended the establishment of a research
institute for the East African Great Lakes. This
recommendation was endorsed by Barton
Worthington following his 1936 visit to the
East African Great Lakes (Worthington and
Ricardo 1936). As a result, the Joint Fisheries
Research Organisation was founded in what
is now Malawi and Zambia in 1950, followed
by the East African Freshwater Fisheries Re-
search Organization, Jinja, Uganda, in 1947.
The Belgians had also founded a research in-
stitute at Uvira on Lake Tanganyika, and the
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French on the Niger River at Mopti, Mali at
about the same time.

The concentration on limnology through
these early research years resulted in an in-
creased understanding of the functioning of
lakes summarized by Hutchinson (1957) in A
Treatise on Limnology, and this drew attention
to the processes of eutrophication that soon
came to assume significance as one of the main
human impacts on lacustrine systems. Little
was known as to the functioning of large riv-
ers at this time. Indeed, these were not con-
sidered appropriate for detailed research due
to the great difficulties with sampling and the
opinion that each river was different and gen-
eralization impossible. At this time, too, river
channels and river lakes were thought to be
distinct, mainly due to the highly modified na-
ture of most temperate systems and the lack of
knowledge of tropical systems.

The tools available for research were still
primitive or lacking (slide rules and hand-op-
erated calculators were still the order of the
day), statistics had yet to emerge as a domi-
nant force in the interpretation of data, and
communication with libraries and other aca-
demics was slow and unreliable. As a result,
most studies were purely descriptive natural
history. The north temperate countries had
mainly concentrated on salmonids and the in-
creasingly apparent problems with water pol-
lution and recreational fisheries. In the tropics,
awareness was emerging about the importance
of inland waters for the provision of food. As a
consequence, research and management de-
veloped very differently in the temperate coun-
tries and the tropics. In the temperate zones,
the focus of research and management was in-
creasingly on water quality. Rivers and lakes in
the developed world had been highly modified
by the 1970s, leaving little of the original struc-
ture and trophic state. Fishing for food had
generally declined, although Eastern Europe
continued to have some important food fish-
eries. Furthermore, large-scale changes in the
nature of aquatic systems were taking place
elsewhere. The world was about to embark
on two decades of concentrated dam building
with a proliferation of reservoirs and modifica-
tion of the structure and flood regimes of the

rivers below them. Fish faunas, too, were being
modified with major transfers of useful species
around the globe for recreation, aquaculture,
and, in some cases, capture fisheries.

Through the 1960s and 1970s, interna-
tional interest centered on the development
and management of the fisheries of the newly
independent countries and their equally newly
created water bodies. Research was conducted
on broad aspects of fish biology, on the suc-
cession of species as reservoirs matured and
on the behavior of fish in rivers. A series of
externally funded international and bilateral
projects focused on fisheries, fish biology, and
ecology. These included both management-ori-
ented activities and academic exercises, such as
the International Biological Programme, which
led to the creation of increasing numbers of
national institutes. These were not confined
to Africa, as internationally and nationally
funded research was also developing rapidly in
Argentina, Brazil, and Colombia. Such research
is continuing and remains the major topic for
published work on inland fish and fisheries,
to date. It is questionable whether the con-
tinuation of basic biological studies is always
the best use of research funds, but it must be
recognized that much of this research is car-
ried out as part of postgraduate studies and, as
such, leads to a growing awareness of the im-
portance of inland aquatic systems in the com-
ing generations of scientists and administra-
tors. The considerable body of work that has
emerged has resulted in detailed knowledge of
fish reproduction, migration, larval drift, feed-
ing, and growth of some species in some sys-
tems and an understanding of the functioning
of some aquatic ecosystems. By extrapolation,
this has created a generalized knowledge base
sufficient for the formulation of conservation
and management programs.

Statistical tools such as frame survey meth-
odologies and improved sampling and analysis
techniques were also developed and expanded.
A number of United Nations-funded projects
executed through FAO investigated the various
reservoirs and some lakes, mainly in Africa,
predicting the possible yield and tracking the
evolution of the fisheries. For example, simple
predictive indices, such as the morphoedaphic
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index were then derived to help plan the fu-
ture fisheries of the new reservoirs and dams.
This work led to a growing appreciation of the
fisheries of tropical systems as synthesized by
Rosemary Lowe-McConnell (1975) and exem-
plified in a number of books and review ar-
ticles on individual systems (see, for example,
Sioli 1984 and Bonetto 1986). There was also
a concerted effort at training personnel from
the individual countries to intensify national
capacity to carry out research and data collec-
tion, and the foundations of fisheries research
institutes in many newly independent nations
date from these times.

The possibilities also opened up for col-
laboration between the individual countries
through FAO working with international insti-
tutions such as the European Inland Fisheries
Advisory Commission, the Committee for In-
land Fisheries of Africa, the Indo-Pacific Fish-
eries Council, and the Comision para la Pesca
Continental Latino Americano whose various
working parties, seminars, and symposia gath-
ered and interpreted the data that were being
generated.

A marriage of temperate zone experience
and data gathered from modified aquatic eco-
systems and data from the relatively unspoiled
systems of the tropics produced a series of
models of ecosystem function. At this time,
descriptions of flow-regulated river floodplain
systems emerged based on synthesis of the var-
ious projects by Lowe-McConnell (1975) and
Welcomme (1979). These considered rivers
as integrated channel-floodplain systems—a
concept long inherent in the French terminol-
ogy of “lit mineur” and “lit majeur.” There were
a series of major international symposia, in-
cluding a highly significant meeting in Seattle
in 1980 and the seminal large river sympo-
sium of 1986 (Dodge 1989), which led to gen-
eralized theories of river function such as the
river continuum concept (Vannote et al. 1980.)
and the flood pulse concept (Junk et al. 1985).
A second large rivers symposium was held in
Pnom Penh, Cambodia in 2003 (Welcomme
and Petr 2004). The corollary to the improved
productivity with increasing area of floodplain
flooded was extended to fish catch, where
strong relationships between flooded area and

the amount of catch in the same or following
years emerged in many systems. This linkage
between fish productivity and flow regime in
rivers has since been extended to river-driven
lakes and reservoirs.

During the 1970s and 1980s, evidence was
accruing of the failure of simple stock dynamic
models in predicting the productivity of multi-
species fisheries and the response to fishing of
the individual species. Some attempts in rivers
and lakes had been made to assess stocks of
individual species, but it became apparent that
the multispecies, multigear fisheries of the trop-
ics did not conform to the concepts of maximum
sustainable yield then being applied to marine
fisheries. Although such calculations might
be valid for individual species, particularly in
the more stable environments of lakes, the re-
sponses of multispecies (and multigear) fish as-
semblages to increasing fishing pressure were
the progressive disappearance of the larger spe-
cies from the fishery and their substitution by
successively smaller species—a process later
named the “fishing-down” process.

Fishing-down, which in inland waters
is not linked to trophic level as some marine
theorists propose, is strictly linked to species
length and has continued to this day when
many Southeast Asian, South Asian, and Afri-
can fisheries are based on only the smallest
species and the 0 and 0+ year-classes. It is as-
sumed that the increasing numbers of fishers
in many inland waters is driving the increase
in effort. The increasing numbers of taxa re-
corded from inland fisheries in most regions
of the world since the 1950s is consistent with
the predictions of the fishing-down model,
although it might also be explained by better
identification and reporting at the taxonomic
level.

The wealth of data from the various proj-
ects and working parties of the international
fishery bodies enabled relationships such as
the number of species per basin area to be es-
tablished for various continents and the yield
from rivers estimated as a function of basin
area and river channel length. Relationships
and models were also developed that showed
the dependency of catches in rivers on the ex-
tent and duration of flooding. These explained
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the considerable year-to-year variations in
river catch and indicated the extent of losses
that occur when flood regimes in rivers are
modified by damming, floodplain drainage,
and water abstractions (see Welcomme 2001
for review).

Similar relationships were also derived for
lakes and reservoirs, but these were far more
complex as yields per unit area are strongly
conditioned by a number of other factors such
as lake depth, richness of the water (conduc-
tivity/total dissolved solids), and size of the
water body. These show that small water bod-
ies are generally much more productive, not
least because they are much more responsive
to heavy stocking. The enhancement of yield
by stocking small natural and artificial water
bodies has become a standard management
tool throughout much of the tropical world.
However, this is often pursued uncritically, and
it is difficult to quantify the cost effectiveness
of many individual fisheries.

By the 1980s, attention was shifting from
biological and ecological aspects of manage-
ment to the social and economic implications
of fisheries. Funding was increasingly with-
drawn by donors from basic biology in favor
of social and political institutions. This led to
attempts at the valuation of the recreational
fisheries in Europe and the documentation of
the importance of inland fisheries in the liveli-
hoods of poorer peoples in the tropics. At the
same time, there was a growing realization of
the general failure to manage inland fisheries
using the centralized and authoritarian sys-
tems that were then widespread, and a trend
to various forms of participatory manage-
ment emerged. There has been increasing ex-
perimentation with forms of comanagement
through collaboration between fishers and
their communities, local and regional govern-
ment agencies, and other stakeholders that
have met with varying degrees of success and
continue to evolve today. These systems of-
ten consist of a mix of traditional and newer
forms of management whereby agreements
are reached on access, catch quotas, permis-
sible gears, and mesh sizes and persist today
as the basis for management of the sector at
the fishery level. However, while individual

fisheries may well be best managed at the lo-
cal level, many functions, such as research and
national and international agreements, remain
the domain of central governments and even
international bodies such as river and lake ba-
sin organizations.

Research, to date, shows the inland fish-
eries sector to be highly diverse. The ecosys-
tems and habitats themselves are divided into
lakes, reservoirs, and rivers, each with a rich
subset of environmental conditions. Fish fau-
nas are extremely diverse, with larger lake and
river systems containing many hundreds, and
in some case thousands, of species of various
size and habit. The fisheries that exploit the
systems range from subsistence through com-
mercial to recreational, each with its own rich
variety of fishing gear and requirements for
management. The objectives of exploitation
are also variable ranging from basic provision
of food through income, taxes by governments,
recreational value, and conservation strate-
gies, many of which may be in conflict. In ad-
dition to fisheries, there is a rapidly increasing
pressure on the waters that support the fish
for a range of other human purposes: power
generation, irrigation, urban water supply,
and industrial uses. Societies are thus dealing
with a highly complex set of natural resources
that needs equally diverse approaches to their
management and conservation.

More recently, and for this reason, it has
become increasingly apparent that much of
inland fisheries management is subject to ac-
tivities in economic sectors outside fisheries.
For example, the intensive dam building of
the latter half of the 20th century led to sub-
stantial modification of flow regimes and the
nature and structure of downstream lakes
and rivers. This trend has been reinforced by
increasing abstraction of water for irrigated
agriculture, which takes up to 70% of the flow
of some rivers. Low flows also exacerbate the
pollution and eutrophication of water bodies
downstream. So far, several large lakes have
disappeared due to these developments—the
Sea of Azov being one and Lake Chad another,
although in the latter case, the general drying
out of the Sahelian area may also have played
arole. Far from improving, this situation is de-
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teriorating further as new dams are proposed
for supposedly green power. The general im-
pression is that each sector seeks to maximize
its own financial and social yield without con-
sidering any impacts on other users. Indeed,
it is extremely difficult for a diffuse social and
economic system such as inland fisheries to
compete financially or politically with presti-
gious mega-projects such as the gigantic dams
now being proposed for the Mekong, Congo,
and Amazon rivers. Furthermore, legal obli-
gations may prohibit some sectors from maxi-
mizing their profits. Cross-sectorial planning,
whereby the yields from all users are adjusted
so as to maximize the total goods generated
by any particular system, is extremely uncom-
mon. The difficulty of finding such papers
for submission to this conference is a case in
point.

Cross-sectorial planning implies a growing
emphasis on management of the landscape as a
whole. In the case of fisheries, this ecosystem-
based management has involved watershed or
basin management planning at governmental
and international levels in support of fisheries
in both tropical and temperate countries. Plan-
ning at this level often depends on efforts to
value the fisheries concerned using concepts
such as ecosystem services. It also depends
on a much more holistic understanding of
processes at basin level using the ecosystems
approach rather than the species- or habitat-
centered approaches of earlier management
strategies. This involves the careful conserva-
tion of the range of habitats required for suc-
cessful completion of their life histories by the
various guilds of fish inhabiting the system and
the conservation of the migratory pathways be-
tween them. This level of management is based
on the establishment of agreements on essen-
tial aspects of the aquatic environment, often
involving allocation of water between the fish-
ery and other users of the resource. One mech-
anism has been the setting up of conservation
areas in some river basins to preserve essen-
tial aspects of the system, often through formal
mechanisms such as Ramsar, which recognized
fish as a conservation target in 1996. Adequate
conservation of such areas often requires re-
habilitation of already damaged systems to re-

store their form and function. Methodologies
for channel and floodplain rehabilitation have
been developed and are being applied, with
particular attention being paid to alternative
structures to facilitate fish passage through
dammed rivers. Other preoccupations have
been attempts to ensure that adequate water
supplies are available for the fish assemblages
by establishing agreed-upon environmental
flows. These are aimed at protecting the aquat-
ic environment from increasing abstractions
of water for agriculture, industry, and human
consumption, and control of flows for power
generation is coupled with a more general
concern on the impacts of dams. Research in
support of river fish conservation now concen-
trates on major behaviors such as migration or
larval drift, which are especially impacted by
variations in flow. While environmental flow
criteria have been developed and applied in
many smaller temperate systems, the larger
rivers of the tropics have proved more difficult.
Here, the timing and magnitude of flows is cru-
cial to the migration and reproduction of many
species, and such events as failure to flood the
floodplain at the right time of year may result
in the loss of entire year classes of affected spe-
cies. Equally important is the drive to maintain
good quality water in rivers and lakes. The
fishlessness of European rivers in the 1950s
has been corrected by concerted efforts culmi-
nating in the European Water Framework Di-
rective. Nevertheless, water quality continues
to be poor in many other parts of the world,
and mechanisms are needed to restore chemi-
cal health to affected systems for the health of
both humans and aquatic organisms (Interna-
tional Decade for Action—Water for Life, www.
un.org/waterforlifedecade/quality.shtml).
Unfortunately, the past 15 years have seen
a lapse in attention to inland fisheries, particu-
larly in the tropics, and a concentration on the
rapidly growing aquaculture sector. Isolated
centers, such as the Mekong River Commis-
sion, Lake Victoria Fisheries Organization, and
the Institutes concerned with the Brazilian
Amazon, have continued to do good work, fur-
ther documenting the concepts developed in
the 1980s. More generally, the withdrawal of
funding from basic biological research in favor
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of human resources led to the inability of many
countries to collect adequate data about their
inland fisheries. The effects of lack of funding
have accrued during a period of years, giving
uncertainty as to the actual magnitude of the
catch worldwide. Certainly, it is difficult to ac-
count for the continuing growth of inland fish
catches since 1950. Is this a true increase? Is it
based, as some would have it, on better fish sta-
tistics? Is it the result of data inflation for po-
litical reasons? Is it because of better technolo-
gies with stocking? Or is it some combination
of these reasons? Furthermore, there are many
intermediate technologies, ranging from wild
capture fisheries through stocking, removal
of predators, and fertilization of ponds to dif-
ferent degrees in the intensification of human
control over the production of fish that make it
very difficult to distinguish where inland cap-
ture becomes aquaculture. This continuum of
practice leads to considerable confusion statis-
tically, and many simple stocked fisheries are
reported as aquaculture. For example, in Cuba,
the not inconsiderable stocked reservoir catch
was considered capture until a few years ago
when it was reassigned to aquaculture. Howev-
er, regardless of designation, stocked fisheries
in natural water bodies are subject to the same
environmental constraints as wild fisheries.
The growth of inland fisheries is especially
difficult to explain in view of the threats from
other sectors, especially increasing demand for
water and environmental degradation. These
adverse trends are likely to get worse as hu-
man population increases further and climate
change destabilizes temperature and precipi-
tation regimes. To some extent, negative pres-
sures may have been counterbalanced by the
increased productivity of fish assemblages as
they are fished down. This means that there
will possibly be an increasing loss of aquatic
biodiversity as larger and more sensitive spe-
cies are eliminated. There also appears to be
an ongoing trend to meet rising demand for a
limited resource by intensifying inland fisher-
ies by stocking. This compensates for declining
production from natural fisheries and increas-
es control over harvests but favors a relatively
narrow selection of species. Enhancement of
fisheries involves substantial changes to the

ownership and access patterns of previously
public resources, a sort of new enclosures.
Despite the lack of information about the cost
effectiveness of such programs, it is to be an-
ticipated that the trend to privatize many open
fisheries will continue and even intensify in
the future. As societies become more affluent,
inland fisheries may progress from food fisher-
ies to recreation and conservation, a trend that
will continue as long as the recreational value
outweighs the food value of catches.

It is clear that while imperfect and subject
to further clarification by more research, the
current knowledge of the biology and ecology
of inland fish and fisheries is sufficient for us
to manage fisheries in a sustainable manner
and to propose solutions to conserve fisher-
ies in the context of other users of water. This
conference aims at focusing that knowledge to
assess the role of inland fisheries in food secu-
rity, identify better methods for managing the
fisheries, and advise on better ways to inte-
grate inland fisheries into the wider patterns
of water use in river and lake basins. Whether
resource managers will be able to apply such
knowledge to grow the fishery sector further
or indeed retain what still exists will depend
on whether or not they can deal successfully
with the challenges of increasing pressure on
aquatic systems in general. It would be sad to
have microwave ovens around the world with
no fish to cook in them. Future trends may
well depend on the development of integrated
social, political, and economic institutions as
world demand for food increases. Growth or
decline will depend on political will by such in-
stitutions to sacrifice part of their possible in-
dividual benefit for the good of the whole, not
only by the fisheries sector, but by all involved
with the use of water.
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Why Water Governance?

As freshwater resources become increasingly
scarce, so does competition for them. With con-
sumption levels at a historical high, much of
current economic development depends on re-
liable and safe access to water. The increasing
cost of accessing water leads to tensions among
different actors, requiring facilitated discus-
sions between competing user groups, between
economic sectors, and even between countries
where freshwater resources span international
boundaries. It has been acknowledged by the in-
ternational community that water crises are, to
a large extent, crises of governance rather than
scarcity (FAO 2014c). Without governance, it
is difficult to manage water resources, to strat-
egize about investments in water-using sectors,
to provide and maintain infrastructure, or to
protect aquatic ecosystems adequately.

Water governance offers a framework for
addressing issues of water scarcity that goes
beyond water management. Water governance
looks at processes, actors, and institutions that
work across sectoral boundaries and with a
broad range of users of water resources and ser-
vices, including agriculture, food, energy, health,
and environment. Governance encompasses the
political, administrative, financial, and social do-
mains of freshwater use, including formal and
informal systems and mechanisms that impact
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the state, quality, and management of water
resources. This multiscale approach is increas-
ingly necessary as current management-only
approaches often do not adequately address
cross-cutting and interlinked issues. As we all
rely on the same and limited resource base, no
sector can operate rationally in isolation.

With increasing scarcity, it is key to rethink
water governance. As current water manage-
ment practices often operate in an almost silo-
like environment, each sector manages its own
intake and outtake with little communication
with other water users. This can strain a system
that is based on the hydrologic cycle—a con-
tinuous movement of water on, above, over, and
under the surface of the planet. Withdrawals of
water from this system are through interactions
with only small parts of this cycle, in the form of
rivers, lakes, seas, oceans, or underground aqui-
fers, but these interactions can modify the cycle.
Through structural and nonstructural semiper-
manent interactions with the water system, hu-
mans can change water flows through building
physical infrastructure for storage and other
flow regulation, which in turn can impact the
entire cycle and the ability of all other water us-
ers to draw on the system.

Competition between freshwater uses

On a global scale, 70% of all withdrawn
freshwater resources is used for agriculture,
followed by industrial uses at 19% and the
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remainder for municipal uses (Comprehen-
sive Assessment of Water Management in Ag-
riculture 2007). This distribution varies from
economy to economy and region to region. Dif-
ferences can also be found between developed
and developing countries, with developed coun-
tries such as the United States showing a much
more diversified water withdrawal portfolio,
with sectors like thermoelectric withdrawing
at the highest rates, followed by irrigation (ag-
riculture) at only 37% (Maupin et al. 2014). In
comparison, developing countries can have ir-
rigation withdrawals as high as 90%.

Freshwater withdrawals are not the only
way humans’ impact on water resources. Fresh-
water systems are increasingly affected by pol-
lution as either the pollutants are discharged
directly into water bodies or water is polluted
during use and then discharged without or in-
sufficient treatment. Most problems related
to water quality are caused by intensive agri-
culture, industrial production, mining, and un-
treated urban runoff and wastewater (WWAP
2015). In the developing world, 90% of all
wastewater is discharged untreated into water
bodies (Corcoran et al. 2010). In industrialized
countries, industry still dumps large amounts of
pollutants and polluted waste into waters every
year (WWAP 2015).

The flow regime changes and pollution
both impact inland freshwater fisheries. In-
teractions with a water body influence the liv-
ing organisms inside of it and this can result in
changes to the ecosystem. While occasionally
these changes can have positive effects on fish
production in certain extensive culture systems
(e.g., through nutrient enrichment), this is more
of an exception than a rule. Increased sedimen-
tation and intensified aquatic plant growth, as
well as encroachment of agriculture into the
margins, have negative consequences on eco-
systems and fish.

Effects on aquatic environments

There are two main water-related issues facing
aquatic ecosystems: (1) the health of aquatic
ecosystems, and (2) the quantity and quality of
surface and groundwater resources. Industri-
alization, urbanization, deforestation, mining,

and agricultural land and water use often cause
degradation of aquatic environments, which is
the greatest threat to inland fish production.
Water use in the form of withdrawals is having
serious effects on lake levels, with a number of
lakes in Asia having already reduced in size due
to abstraction of water for agriculture and other
uses. Expansion and intensification of crop pro-
duction also affects inland fisheries negatively.
Excessive loadings with urban, industrial, and
agricultural wastes can have severe conse-
quences for fisheries as lakes undergo eutrophi-
cation, increased sedimentation, and intensified
aquatic plant growth and experience encroach-
ment of agriculture into their margins, with con-
sequent changes in their ecosystem.

Disputes over uses of water for irrigation
and fisheries are often difficult to resolve due to
different spatial and temporal water needs. This
includes both quality and flow requirements for
sustaining aquatic habitat. Increased aquacul-
ture production may result in increased water
use to maintain water quality.

The Need for Good Governance

Over the past two decades, the changes that im-
pact water resources and, more broadly, natu-
ral resources have accelerated and surpassed
developments of the previous 100 years. As the
world’s population is projected to move toward
more than 9 x 10° by 2050, meeting the demand
for food is to be planned well ahead of time in a
manner that is in harmony with the ecosystems.
The changing context is not only the population
growth, which is a major driver of change for
water resources, but also the changes in con-
sumption patterns: the number of meals eaten
per person, the content of meals, and the meal’s
manufacturing history. Processes have become
more and more dependent on the use of natural
resources, including water resources.

The Food and Agriculture Organization
of the United Nations (FAO) is going through
a strategic renewal in its policy making and
implementation to move from a focus on im-
proving sectoral management to creating gov-
ernance systems that are conducive to imple-
menting better, more comprehensive, and more
inclusive management strategies. These new
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systems will tackle the linkages, boundary con-
ditions, and interfaces between agriculture, wa-
ter, and related key sectors and elements such
as food, land, energy, natural resources, societal
goals, and major drivers of change. This will be
accomplished through addressing issues of ac-
cess, rights, and tenure from the perspective
of sustainability, inclusiveness, and efficiency.
Typically, water governance in river basins is
about the efficient, sustainable, and equitable
allocation and use of water. This requires good
knowledge and understanding of the resource
and its use, the capacity to anticipate changes,
and a dialogue-based, cross-sectoral, and inclu-
sive process to give legitimacy to management
decisions.

Examples of Food and Agriculture
Organization of the United Nations
Initiatives

Cross-sectoral dialogue in the Syr Darya
basin

The dissolution of the Soviet Union resulted
in the breakdown of the basinwide and inte-
grated management system of the Syr Darya
River basin (and, by extension, that of the whole
Aral Sea basin) in central Asia. Prior to this, an
agreement had been reached among the ripar-
ian countries to allocate water resources to both
the upstream and downstream countries. This
provisioned that upstream countries store wa-
ter to provide it to the downstream countries in
summer months for irrigation purposes. This,
however, put a limit to upstream countries to re-
lease and produce hydropower during the win-
ter months. Downstream countries, therefore,
agreed to provide energy subsidies for their
exported oil and gas to the upstream countries
(UNECE 2015).

With the dissolution of the Soviet Union,
downstream countries chose to sell their energy
resources at full price on the international mar-
ketratherthan to continue subsidizing it for their
relatively energy-poor upstream neighbors. The
upstream countries responded by producing
their own energy in form of hydropower, allow-
ing the river to flow even in the winter months.
In the end, floods and water shortages became

more prevalent in downstream countries. This
led to political tensions and issues that could
not be resolved by focusing on agriculture or
energy alone. The end result was a man-made
disaster in form of the shrinking of the Aral Sea
and the degradation of the basin’s ecosystems
and fish populations. As a result, fish stocks of
economic importance either completely disap-
peared, or declined, and in some situations have
been replaced by low-value fish. All of this has
led to very negative impacts on livelihoods and
people’s health (UNECE 2015).

In 2012, the FAO organized a se-
ries of workshops in central Asia together
with the Executive Committee of the In-
ternational Fund for saving the Aral Sea
(EC-IFAS) and the United Nations Regional Cen-
tre for Preventive Diplomacy in Central Asia
(UNRCCA), using an innovative scenario-think-
ing approach. The goal of the workshops was to
encourage a dialogue on the future development
of the Aral Sea basin to which the Syr Darya is
one of the tributaries. The scenario-thinking ap-
proach brings together a broad range of actors
and sectors and fosters mutual understanding
among the participants.

This process continued during the trans-
boundary nexus assessment by the United
Nations Economic Commission for Europe,
the FAO, and the Global Water Partnership,
highlighting once again that the solutions for
the water sector also lie in the energy and ag-
riculture sector. For instance, the agricultural
sector can shift towards more water-efficient
crops (than cotton) and invest in irrigation
modernization and better land management
schemes. The energy sector, which is of strate-
gic importance to the economic development
of countries with hydroelectric production po-
tential, needs to take into account the associ-
ated problems with hydropower expansion for
the river basin (FAO 2014b). This, however, re-
quires dialogue to clarify options and the roles
and responsibilities of different sectors.

Regional water scarcity initiative

The Near East and North Africa are among the
most water-scarce regions in the world. These
regions may be facing the most severe intensi-
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fication of water scarcity in history over the
coming years, with freshwater availability per
capita expected to drop by up to 50% by 2050
while populations are growing and climate
change is reducing freshwater access even
further. Competition increases with increased
scarcity, which requires facilitated debate be-
tween competitors, whether they are sectors,
different user groups, or, in some cases, coun-
tries that share the same scarce water resourc-
es. While the regional water scarcity initiative
(FAO 2014d) provides a good case study for
how difficult it can be to get different sectors
to talk to each other and to agree on a common
way forward, it also shows that there are great
benefits of going through this process as trade-
offs across sectors are identified and potential
synergies are found.

Through a joint water scarcity initiative of
FAO headquarters in Rome and the regional of-
fice in Near East and North Africa, FAO is help-
ing the regional countries to more rationally
manage their water resources. This is being
achieved by establishing better policy formula-
tion, cross-sectoral planning, a dialogue iden-
tifying synergies and putting these to use, and
helping them to manage tradeoffs that exist
between sectors and users.

The regional water scarcity initiative (FAO
2014d) started with a consultative process
with countries and partners to develop a re-
gional collaborative strategy on agriculture
water management and a wide regional part-
nership to support its implementation. The
strategy has seven focus areas:

1. Strategic planning and policies;

2. Strengthening/reforming governance at
all levels;

3. Improving water management efficiency
and productivity in major agricultural sys-
tems and in the food chain;

4. Managing the water supply through reuse
and recycling of unconventional waters;

5. Climate change adaptation;

6. Building sustainability, with a focus on
groundwater, pollution, and soil salinity;
and

7. Benchmarking, monitoring, and reporting
on water-use efficiency and productivity.

The regional water scarcity initiative (FAO
2014d) offers decision makers a platform to
discuss the interlinkages between water and
food security. This requires a clear under-
standing of the opportunities and trade-offs
in managing water for agricultural produc-
tion—in conjunction with other sectors.

Water tenure

While competition for water and other re-
sources is growing, mechanisms to reflect val-
ues under scarcity and enhance efficiency of
use are generally lacking. Farmers’ water use
rights are often informal and not protected by
law or registered formally. In 2012, the Com-
mittee for Food Security endorsed the Volun-
tary Guidelines on the Responsible Governance
of Tenure of Land, Fisheries and Forests (VGGT;
FAO 2012). These provide a set of principles
and practices that help countries establish
laws and policies that better govern land, fish-
eries, and forests tenure rights. At the time of
negotiating the VGGT, it was decided not to
include water, on the understanding that the
complexities of water management and the
implications for the establishment of water
tenure rights required further reflection. Wa-
ter is referred to in the preface of the VGGT,
where it is acknowledged that “the responsi-
ble governance of tenure of land, fisheries and
forests is inextricably linked with access to
and management of other natural resources,
such as water and mineral resources.”

Building on these voluntary guidelines,
the concept of water tenure can be a useful
tool to extend the debate beyond water rights
and administration to understand linkages
with land tenure, resource-use efficiency, and
food security. The FAO plans to contribute to
existing guidelines and more substantially
incorporate the tenure issues into the water
governance aspect more prominently and
completely.

Irrigation governance

Worldwide, irrigated agriculture is promoted
as a means to increase production and to pro-
vide better livelihoods for farmers. For this to
happen, it is necessary to shift away from the
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business-as-usual approach and towards more
forward-looking, participatory, and effective
governance of the irrigation sector. Irrigation
modernization plays a large role in promot-
ing such a shift, adapting to changing user
demands and varying biophysical and climate
conditions.

The FAO’s work on irrigation moderniza-
tion aims to support countries in increasing
water productivity in irrigated agriculture as a
central solution to the water scarcity problem.
Effective water governance requires an assess-
ment of the costs and benefits of increasing
water productivity for farmers’ livelihoods,
food security, economic returns, and poten-
tial water savings. The FAO provides, among
other things, substantial advisory services to
the member states in irrigated agriculture and
governance of irrigation.

Most irrigation systems consist of water
storage, major and distribution canals, and
drainage canals. In particular, water storage is
and will increasingly be an important means
to enhance resilience to climate change (Tur-
ral et al. 2001). Per capita water storage ca-
pacity is still very low in many countries,
particularly in Sub-Saharan Africa. In devel-
oping countries especially, there are many
old irrigation systems that have been built for
command of very large areas and are not effi-
cient or even operational under the changing
conditions. A lot of countries build artificial
storage through structural measures such as
dams and reservoirs, but the same objective
can also be achieved through natural storage
such as aquifers, soil moisture, and natural
wetlands, depending on the specific circum-
stances. There is a range of storage options
available: above and below the ground, small
and large, serving different needs and differ-
ent groups of people, behaving differently un-
der climate change scenarios, and requiring
different levels of investment and operation
and maintenance (Renault et al. 2013).

Most importantly, these water storage
options provide an opportunity for different
water users to work together. There are oppor-
tunities to work with fisheries on natural wet-
lands or constructed wetlands in reservoirs.
Generally, irrigation reservoirs have inherently

unstable water levels that interfere with the
basic biological functions of fish. There are also
risks of water pollution through agricultural
runoff. In many cases, indigenous fish stocks
have declined.

A cross-sectoral perspective on reservoirs
can help us identify management measures—
such as the construction of wetland conditions
in reservoirs—that will offer solutions for food
production, fisheries, biodiversity, and much
more. These constructed wetlands can hold
water during dry seasons, creating smaller
reservoirs that can create local fish ponds
(FAO 2000). It shows that it is possible to look
at ways of sustainable use making sure that
different interests will be met now and in the
future.

Governance of water for pollution control
and water quality management

Water quality is another global challenge
closely linked with crop and livestock produc-
tion and fisheries. Water quality governance is
a complex subject, often not existing at all or
lacking in strength or fundamental require-
ments, making it prone to corruption. In part-
nerships with stakeholders, particularly Unit-
ed Nations Environment Programme (UNEP)
and the World Health Organization, FAO’s work
on water quality governance is focused on the
development of tools (e.g., tailored quality
standards, treatment and recycling guidelines,
environmental impact assessment, measure-
ment, and monitoring,) and on strengthening
regulations and institutional reforms for water
quality management and pollution control.
One recent program is the governance of
water quality in terms of pollution control and
the health sector in the form of water borne
diseases. The current implementation coun-
tries have been designated as Peru and Nepal.
The program is designed to develop a multi-
disciplinary monitoring and reporting tool to
measure and analyze the linkage of different
water quality and food safety parameters and
the epidemiology of diseases. This is impor-
tant in a country like Nepal, which suffers from
the dumping of waste in rivers, excessive use
of pesticides and agrochemicals, and water-
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borne diseases such as intestinal worms and
typhoid, and Peru, which faces major water
quality challenges from mining, agriculture,
and untreated wastewater.

The monitoring tool will look at

e where effluents of agriculture pollu-
tion cause disease in humans—for ex-
ample, through drinking water or through
accumulation in foods (e.g., heavy metals,
pesticides, and fertilizer residues);

e where waterborne diseases from agricul-
tural water use prevail; and

e where polluted water is used for irrigation
to grow food.

As a result, we will be able to

e analyze the nature of hot spots,

e map the cause of the pollution and diseas-
es outbreaks, and

e make wise investment decisions and take
targeted action to mitigate and eliminate
health risk factors.

Aquaculture—A Future Challenge

Asia has the greatest freshwater aquaculture
production in relation to land area and water
surface area. In Africa and Latin America, there
is potential for growth of freshwater aquacul-
ture production, but it is becoming more re-
stricted due to urban development and high
competition for land and water resources. Fish
production in the coastal and offshore marine
environment offers alternative and new oppor-
tunities for aquaculture and for the supply of
world food fish when freshwater and land be-
come scarcer (FAO 2014a).

In Conclusion: Cross-Sectoral
Governance in Practice

The FAO will continue emphasizing the im-
portance of water for food security and nutri-
tion, as well as the sustainable management of
natural resources for food and livelihoods in
the international water debate at all relevant
levels. This will be done through strategic part-
nerships with international institutions and
stakeholder groups, and by taking advantage of
prominent fora where key decisions are made

or influenced. While there is still a lot more
awareness needed for cross-sectoral work in
sustainable food and agriculture and natural
resource management, the knowledge base
is expanding with more awareness and more
demand on both sides from the civil society
as well as the involved sectors. We now know
a lot more about interactions and interlink-
ages, how decisions in one sector can impact
another sector or the natural resource base at
large. Analytical tools are more available now!
and we have evidence of engagement across
sectors, particularly the private sector where
cross-sectoral implications especially involv-
ing the use of natural resources are much bet-
ter understood through the economic and im-
age-related impacts Flammini et al. 2013).

But there is still a lot of work to be done in
the respective sectors. Policies to a large extent
are still formulated in a compartmental manner,
and national governments’ work in planning
and implementation is sometimes coordinated
more vertically than across sectors. Policy for-
mulation remains fragmented and not very
conducive to cross-sectoral collaboration. While
there is a common vision and perceived need for
all parties to come together, government plan-
ning systems still remain in their sectoralized
compartments. The FAO’s new strategic frame-
work is all about collaboration across sectors
and we certainly hope to be able to have more
concrete results of the collaboration between
water and fisheries within FAO and beyond.
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Introduction

The Columbia basin is on the West Coast of
North America, draining into the Pacific Ocean.
Approximately 85% of the basin lies within the
United States, primarily in the states of Oregon,
Washington, Idaho, and Montana, with the re-
mainder in British Columbia, Canada. The river
system is comprised of two major rivers: the
Columbia and Snake. Columbia Lake and the
adjoining Columbia Wetlands form the head-
waters of the Columbia River in British Colum-
bia. The headwaters of the Snake River are in
Yellowstone National Park in Wyoming.

The Columbia River system is the life-
blood of all the tribes and First Nations found
along its entire length. Since time immemorial,
the water, salmon, game, roots, and berries of
our homeland—the sacred first foods—have
sustained our health, spirit, and cultures. So
fundamental was this connection that when
the Yakama, Umatilla, Warm Springs, and Nez
Perce tribes entered into treaties with the
United States in 1855, they specifically includ-
ed language to ensure that they could continue
to fish, hunt, and gather their first foods. (See
the Columbia River Inter-Tribal Fish Commis-
sion’s Web site, www.critfc.org, for the full text
of each member tribe’s 1855 treaty.) They un-
derstood that the connection of their people to
these resources must be maintained if there
was any hope in preserving their unique cul-
tures and values. When they entered into these
treaties, their primary concern was access to
these plentiful natural resources. At the time of
treaty signing, returning salmon populations
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were, on average, an estimated 17 million an-
nually (NWPPC 1986), with returns in some
years estimated to be as high as 34 million fish.
They had no way of knowing that in less than
150 years, salmon would be facing the threat
of extinction.

In their treaties, these four tribes ceded
a collective 66,591 mi? (172,470 km?) of their
lands to the United States, agreeing to live on
reservations. The current tribal reservation
lands make up a small percentage of the tribes’
traditional homelands (Figure 1). However,
they all retained limited rights to these ceded
lands, including reserving the right to fish,
hunt, and gather at all their historical usual
and accustomed areas.

Ecosystem Impacts in the
Columbia Basin

Human impacts on the Columbia basin have
dramatically altered the entire ecosystem
since the signing of the treaties. Increased hu-
man population, dam construction, unregulat-
ed harvest, and substantial habitat modifica-
tions drastically reduced salmon populations.
Annual salmon runs today average fewer than
2 million fish—about one-tenth of what they
were, on average, historically (NWPPC 1986).
Much of this decline occurred before major
dam construction, which began in the 1930s
and continued into the 1970s.

These dams destroyed salmon spawning
grounds, created inhospitable water environ-
ments, and delayed salmon smolt out-migra-
tion. Many of these dams have fish ladders,
allowing adult salmon to swim upstream to
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Figure 1.—The Columbia River basin. Areas historically inaccessible to anadromous fish due to
natural passage blockages are indicated in light gray. Areas rendered inaccessible to anadromous fish
due to human activity are indicated in dark gray.

spawning grounds, but several dams were con- The ecosystem is impacted by all of the
structed without these structures, preventing dams in the region. However, two dams in
salmon, sturgeon, and lamprey from returning particular dealt major blows to tribal culture.
to large sections of the Columbia River basin. In 1940, the reservoir that rose behind Grand
(See Figure 1 for areas rendered inaccessible Coulee Dam flooded Kettle Falls, the site of a
to salmon due to hydropower development.) major upriver tribal fishery. This scenario was
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repeated on a grander scale in 1957 when The
Dalles Dam was completed. Four and one-half
hours after closing the floodgates on that dam,
the magnificent Celilo Falls was silenced and
what was once the largest salmon fishery in
North America was erased, taking with it the
significant tribal trading center based on a
salmon economy that had developed at this lo-
cation. For many tribal elders, this loss is still
an unhealed wound to their hearts and spirits.
The tribes remain hopeful that one day these
dams will be removed and the roar of these
majestic falls will echo once more.

Exercising Tribal Fishing Rights

Tribes within the United States have a unique
relationship with the federal government.
Tribes are sovereigns and considered domes-
tic dependent nations. Significant case law has
developed during the past century and a half.
Much of this case law was possible because the
tribes are recognized in Article 1, Section 8,
Clause 3 of the U.S. Constitution in 1789:

[Tlo regulate Commerce with foreign
Nations, and among the several States,
and with the Indian Tribes.

Through a review of the negotiation notes
that lead to their treaties with the United
States, it is obvious that the U.S. negotiators
recognized the importance of salmon and first
foods to the tribes. Article 3 of the U.S. treaty
with the Yakama Nation in 1855 states

the right of taking fish at all usual and
accustomed places, in common with the
citizens of the Territory, and of erecting
temporary buildings for curing them:
together with the privilege of hunting,
gathering roots and berries. (Similar
language for treaties with Umatilla, Nez
Perce, and Warm Springs tribes.)

Through the treaties, the tribes reserved
these rights to the first foods, including salm-
on. These treaties remain legal contracts with
the United States and they must be honored.

Despite the treaties, the states began in-
fringing on the tribes’ treaty fishing rights
as the salmon decline continued to worsen.
States began attempting to close tribal fish-

eries in the 1960s, claiming it was being done
for resource protection, even though nontribal
fishers were still allowed to fish. Frustrated
tribal fishers decided to flout state laws aimed
at preventing them from fishing, citing the fish-
ing rights specifically reserved in their treaties
with the United States. This was a time of great
turmoil; at times, the fishers were even forced
to arm themselves for protection while fishing.
Eventually the impasse led to the tribal treaty
fishing right being challenged in federal court,
which resulted in two major court rulings. In the
United States v. Oregon (1969) ruling, the court
affirmed that the treaties entitled the Yakama,
Umatilla, Nez Perce, and Umatilla tribes to a
fair share of Columbia River fish runs. The rul-
ing also limited the power of the state of Oregon
to regulate treaty Indian fisheries. In the United
States v. Washington (1974) case, the court rul-
ing defined “fair share” as 50% of the harvest-
able surplus and reaffirmed tribal management
authority. Both of these cases were eventually
affirmed by the U.S. Supreme Court.

Formation of the Columbia River
Inter-Tribal Fish Commission

Armed with court rulings that reaffirmed
their right to fish and manage the fishery re-
source, the four Columbia River treaty tribes
united forces to address the significant decline
of salmon returns. Together, they formed the
Columbia River Inter-Tribal Fish Commission
(CRITFC) in 1977 to coordinate their manage-
ment activities and restoration efforts. Since
then, these tribes have become leaders in ac-
complishing their stated goal to “put fish back
in the rivers and protect the watersheds where
fish live” They participate in interstate agree-
ments and international treaties controlling
salmon harvest and water management. These
tribes are also successfully rebuilding natu-
rally spawning salmon populations, restoring
habitat, and protecting the water flowing in the
rivers. Initially focusing on salmon and steel-
head, CRITFC’s efforts have since expanded to
include Pacific Lamprey Entosphenus tridenta-
tus and White Sturgeon Acipenser transmon-
tanus, the two other anadromous fish species
found in the Columbia basin.
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Northwest Power Act

The hydroelectric dams on the Columbia River
have one of the largest impacts on salmon and
steelhead (anadromous Rainbow Trout On-
corhynchus mykiss) in the basin. Recognizing
this, the tribes were part of the coalition that
worked to pass the Pacific Northwest Electric
Power Planning and Conservation Act in 1980.
This act addresses the impact of hydroelectric
dams on fish and wildlife. The act established
the Northwest Power and Conservation Coun-
cil (two representatives from Oregon, Wash-
ington, Idaho, and Montana) and directed the
council to adopt a regional energy conserva-
tion and electric power plan and a program to
protect, mitigate, and enhance fish and wildlife
on the Columbia River and its tributaries. The
act also set forth provisions that the Bonneville
Power Administration must follow in selling
power, acquiring resources, implementing en-
ergy conservation measures, and setting rates
for the sale and disposition of electric energy.

Among other things, the act is intended to
ensure the Pacific Northwest of an adequate,
efficient, economical, and reliable power sup-
ply; provide for the participation and consul-
tation of the Pacific Northwest states, local
governments, consumers, customers, users of
the Columbia River system (including federal
and state fish and wildlife agencies and Indian
tribes), and the public; develop regional plans
and programs related to energy conserva-
tion and renewable energy sources; facilitate
the planning of the region’s power system;
and provide improved environmental quality.
Concurrent with these actions, the act also re-
quires planning and action to protect, mitigate,
and enhance the fish and wildlife resources of
the Columbia River and its tributaries, particu-
larly for the anadromous fish, including their
related spawning grounds and habitat.

Wy-Kan-Ush-Mi Wa-Kish-Wit

Several salmon populations were listed as en-
dangered or threatened under the Endangered
Species Act, beginning in the early 1990s. Due
to years of frustration at federal inaction to
develop required recovery plans to address

salmon survival at all life stages, the tribes
developed their own plan to rebuild fish pop-
ulations. The plan is called Wy-Kan-Ush-Mi
Wa-Kish-Wit (Spirit of the Salmon). Wy-Kan-
Ush-Mi Wa-Kish-Wit is a restoration plan de-
veloped through CRITFC by the four member
tribes in 1995 (CRITFC 1995; http://plan.
critfc.org/vol-1). The plan was updated in
2014 (CRITFC 2014; http://plan.critfc.org).

To date, this is the only plan that addresses
the full lifecycle of the anadromous fish species
for the entire Columbia River basin. The plan
seeks to halt the salmon decline and sets spe-
cific numeric goals for full recovery of Colum-
bia basin salmon, steelhead, Pacific lamprey
Entosphenus tridentatus, and White Sturgeon
Acipenser transmontanus. It has a goal of dou-
bling the 1995 salmon runs by the year 2020.
The plan provides for the full recovery of anad-
romous fish to the rivers and streams that
support the historical, cultural, and economic
practices of the tribes within seven human
generations. The seven-generation goal is a
common theme for tribes that guides decision-
making processes to meet the needs of the next
seven generations of their people.

In 2012, the tribes declared that the salm-
on decline had been reversed. Much work re-
mains to achieve the doubling goal, but recent
salmon returns have been as high as 2.5 million
fish, which is a significant improvement. The
goals for lamprey and sturgeon are similar: the
tribes want to halt the population declines and
restore populations to fishable populations
throughout their historical spawning range.

Using Hatcheries to Restore
Salmon Populations

The ceded lands of the CRITFC member tribes
are in the middle of the Columbia basin, begin-
ning above Bonneville Dam. For this reason,
tribal interests are focused on fish populations
that are destined to return above that dam.
The states and federal agencies established a
substantial number of salmon hatcheries pri-
or to 1980 to mitigate for salmon mortalities
caused by dams. Unfortunately, the states and
federal agencies focused most of that hatchery
production in the lower Columbia River below
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Bonneville Dam, where large, nontribal recre-
ational and commercial fisheries would ben-
efit. As a result, the hatchery mitigation ben-
efit accrued primarily in the nontribal fishery
and not the tribal fishery. Since the 1980s, the
tribes have sought hatchery reform practices
by moving the release locations above tribal
fishery locations to facilitate tribal harvest as
the salmon return to their natal spawning ar-
eas. Over time, the situation regarding location
of hatcheries and release of hatchery fish have
improved to better address the losses above
Bonneville Dam, but a vast inequity of hatchery
mitigation still exists.

There are two types of hatchery programs
currently in use in the Columbia basin: conven-
tional harvest augmentation, and supplementa-
tion programs. Conventional harvest augmen-
tation programs operate to mitigate for lost
production associated with development of the
hydropower system. Most hatcheries upstream
of Bonneville Dam continue to fulfill this role
and support the Zone 6 tribal fishery located
between Bonneville and McNary dams.

Supplementation programs are intended
to use biologically appropriate fish (e.g., fish
whose origin is from the host natal stream)
in a hatchery environment to rebuild natural
spawning populations. The reason for this ap-
proach is that abundance levels of natural pop-
ulations throughout the interior basin are too
depressed to provide significant tribal harvest
and in many cases are so low that the long-term
sustainability of the populations is threatened.
Since the 1980s, the tribes have advocated for
hatchery-based supplementation programs to
help rebuild natural populations. Unlike con-
ventional harvest augmentation hatchery pro-
grams, supplementation hatcheries use adults
captured in-river as broodstock, including a
portion that are of natural origin. Their proge-
ny is reared in a hatchery but are released into
natural spawning areas to imprint. When they
migrate to spawn, they will return to these ar-
eas instead of the hatchery, thus supplement-
ing the naturally spawning population. In most
cases, this does not require new hatchery con-
struction, but reform of existing hatchery pro-
grams to provide a hatchery fish product for
a different purpose. The tribes now manage

or comanage, with federal and state partners,
several supplementation hatchery programs in
the interior basin.

The increasing role of tribes in hatchery
management is controversial in the Columbia
basin. Opponents challenged the scientific in-
tegrity of the tribal programs, especially as
related to the supplementation hatcheries.
The tribes met this challenge successfully.
According to a study of the Nez Perce Tribe’s
Johnson Creek Artificial Propagation Enhance-
ment Project (Hess et al. 2012), researchers
found that with biologically appropriate fish,
hatchery-reared salmon that spawned with
wild salmon had the same reproductive suc-
cess as salmon left to spawn in the wild. The
study focused on a population of summer
Chinook Salmon Oncorhynchus tshawytscha
whose natal stream is located in central Ida-
ho, almost 700 mi (1,100 km) upstream of
the Pacific Ocean. The results of the Johnson
Creek artificial propagation study refute a
commonly held misconception and some pre-
vious research suggesting that interbreeding
of hatchery-reared fish with wild fish will al-
ways decrease productivity and fitness of the
wild populations. In fact, the Johnson Creek
research demonstrates how supplementation
programs are able to increase populations and
minimize impacts to wild fish populations. The
tribal approach to hatchery management is to
use these facilities as a tool to rebuild naturally
spawning populations: wild salmon nurseries,
as described in the supplementation recom-
mendation of the Wy-Kan-Ush-Mi Wa-Kish-Wit
2014 update (CRITFC 2014). The tribes have
shown success in many locations in the Co-
lumbia River basin for spring and fall Chinook
Salmon, and Coho Salmon O. kisutch. Most no-
tably, the success of fall Chinook in the Snake
River basin has brought the population from
the brink of extinction with only 78 wild fish
past Lower Granite Dam in 1990 to more than
60,000 fall Chinook in 2014, half of which were
natural-origin fish.

The tribes have shown that supplemen-
tation hatcheries can be a powerful tool for
restoring naturally spawning populations, in
particular to tributaries where the usual and
accustomed tribal fisheries are protected un-
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der the treaties of 1855. The tribes’ motiva-
tion is to restore fish populations to historical
levels, which is a benefit for all fisheries, tribal
and nontribal alike.

Water Quality and Tribal Fish
Consumption

When the tribes signed the treaties in 1855,
they never envisioned that water quality
would become so degraded, nor that consump-
tion of contaminated fish would be an issue.
At the time of treaty signing, tribal members
drank directly from the Columbia River. To-
day, a host of contaminants in the river makes
this unadvisable and even dangerous. The fish,
however, do not have a choice when it comes to
the water; they must swim in the river. By do-
ing so, the fish are exposed to and absorb these
contaminants. The state governments set fish
consumption recommendations based on the
amount of contaminants found in the fish. In
the past, these rates were based on the amount
of fish the average citizen consumes and did
not account for the higher levels consumed by
tribal members. A CRITFC study completed in
1994 concluded that tribal members consume
an average of 6-11 times more fish than the
general public. The results of a U.S. Environ-
mental Protection Agency fish contaminant
survey, completed in cooperation with CRITFC,
showed that 92 priority pollutants were de-
tected in resident and anadromous fish tissue
collected from 24 different tribal fishing sites
on the Columbia River (USEPA 2002). Con-
taminants measured in these fish included
polychlorinated biphenyls, dioxins, furans,
arsenic, mercury, and dichlorodiphenyldichlo-
roethylene, a toxic breakdown product of the
pesticide dichlorodiphenyltrichloroethane. As
aresult, the tribes raised a substantial concern
that state water quality standards were not
sufficiently protective for the tribal community
that still subsisted on large numbers of salmon
in their diet.

In 2011, Oregon adopted water quality
standards based on the tribal fish consump-
tion rate of 175 g/d, the fish consumption
levels documented in the CRITFC survey. Cur-
rently, water quality standards for Washington

and Idaho are 6.5 g/d and tribal fish consump-
tion rates are at the center of debates related
to revising these standards. Washington and
Idaho are in the process of revising water qual-
ity standards and hopefully will better protect
tribal consumers. In 2012, the U.S. Environ-
mental Protection Agency disapproved Idaho’s
request to use an updated fish consumption
rate of 17.5 g/d because it was not protective
of tribal consumers. If water quality standards
for either state do not provide adequate pro-
tection for tribal subsistence populations, then
the federal government will need to step in and
promulgate water quality standards to protect
the tribal members.

When the tribes signed the treaties in 1855,
contaminated fish were not part of the deal.
Large-scale pollution is a result of both federal
and nonfederal actions. The damming of the
Columbia basin has exacerbated this problem.
Despite these concerns, tribal members con-
tinue to consume large amounts of fish for sub-
sistence purposes. Salmon are a healthy food
source and must be protected for human con-
sumption. In 2013, CRITFC’s chairman submit-
ted letters to the region’s governors advocating
for stricter water quality standards based on the
higher tribal fish consumption rates. He stated,
“The tribes believe that the long-term solution
to this problem isn’t keeping people from eating
contaminated fish, it's keeping fish from being
contaminated in the first place.”

Climate Change

Climate change impacts threaten tribal first
food resources, culture, ways of life, and treaty
rights. Considerable efforts have been made
in the Columbia basin to develop strategies
to protect and restore populations of salmon,
lamprey, and other imperiled coldwater fish,
but most of these efforts have generally not
addressed climate change. Climate change is
expected to significantly alter the ecology and
economy of the Pacific Northwest during the
21st century. Rising air temperatures are ex-
pected to decrease snowfall and increase rain-
fall during the winter months, leading to shifts
in the timing and quantity of runoff, including
increased flooding during the winter when wa-



USING TRIBAL FISHING RIGHTS TO RESTORE SALMON POPULATIONS 29

ter is already in ample supply and decreased
flows during the summer when water demands
are high. These changes will have significant
impacts for freshwater fisheries, hydropower
production, and water supply for agriculture
and municipal uses.

The impacts from climate change will
affect salmon in a number of ways. Some ex-
amples include alteration of salmon migra-
tion patterns, degradation of salmon spawn-
ing and rearing grounds, and an increase of
predators and aquatic contaminants. If not
addressed, all of these factors could lead to
salmon extinction.

During the past 50 years, tribes have
made incredible strides in the federal courts
toward protection of environmental and cul-
tural resources. There are more and more op-
portunities for the tribes to participate and
integrate traditional knowledge in regional
and international forums addressing climate
change issues.

Columbia River Treaty

The Columbia River Treaty between the United
States and Canada governs hydropower and
flood control on the 1,200-mi (1,900 km) Co-
lumbia River. The current treaty, implemented
in 1964, does not consider the needs of fish, a
healthy river, or the tribes’ treaty fishing rights
and cultural resources that are now recog-
nized and fully protected under modern laws.
The tribes were not consulted during the ini-
tial negotiation of the Columbia River Treaty.
As a result, the treaty fails to include tribes or
tribal interests. The impacts of the Columbia
River Treaty on the tribes’ cultural and natural
resources multiplied the already disastrous ef-
fects that had resulted from the decision by the
United States to dam the Columbia River in the
1930s.

In 1944, the United States and Canada be-
gan investigations with a broad charge for a
mutually beneficial and collaborative treaty,
examining not only power generation and flood
control coordination, but also including ecosys-
tem needs and other joint uses of the river. This
broad scope was narrowed after a major flood in
1948 that caused damage in communities along

the river from the mouth at Astoria, Oregon all
the way to Trail, British Columbia. The flood
completely destroyed Vanport, Oregon, the sec-
ond-largest city in the state. The loss of life and
property spurred the two countries to prioritize
an international water treaty that focused solely
on coordinated hydropower and flood control
operations. The ecosystem and other interests
were relegated to each nation’s domestic pro-
cesses. The treaty required the construction of
Duncan, Arrow, and Mica dams in Canada and
allowed the United States to build Libby Dam in
Montana, creating more than 20 million acre-
feet (24.7 x 10° m®) of new storage. Under the
treaty, the United States paid Canada US$64.4
million to provide 8.95 million acre-feet (11 x
10° m?) of storage in Canada for flood control
in the lower Columbia, but it is only guaranteed
through 2024. The United States returns to Can-
ada half of the downstream power benefits the
new Canadian storage produces in the United
States. The United States purchased the first 30
years of this power, called the “Canadian Entitle-
ment,” for $254 million. The United States began
returning the Canadian Entitlement to Canada
in 1998. This annual return of power is now val-
ued at $250-350 million per year.

The United States and Canada negotiated
the Columbia River Treaty to last at least 60
years (2024). After that date, either party may
choose to terminate it, but they must provide
a 10-year notice of their intent to do so. That
10-year window opened in September 2014.
Seeing that date on the horizon, many tribes
in the Columbia basin started taking actions in
2007 to secure seats at the table to contribute
to analyses and participate in the decision-
making process. These efforts have grown into
a coalition of 15 Columbia basin tribes that are
actively working with several federal agencies
and four states to reshape the Columbia River
Treaty to protect and benefit tribal culture
and resources. The coalition of 15 tribes also
coordinates with 17 First Nations in Canada
to provide information on fish passage and
ecosystem needs to inform all sovereigns and
stakeholders in the basin.

The tribes’ participation in the Columbia
River Treaty 2014-2024 review is critical for
protecting tribal rights and interests, including
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improving ecosystem functions and ensuring
favorable conditions for other tribal resources.
The tribes also seek representation on the U.S.
negotiating team if changes to the Columbia
River Treaty are discussed with Canada. The
tribes gained the agreement of the United
States to regard ecosystem function as co-
equal with flood control and power produc-
tion during the treaty review and to include
measures to restore and preserve tribal re-
sources and culture. Tribal interests were
included in the U.S. Entity Regional Recom-
mendation on the Future of the Columbia River
Treaty After 2024 (U.S. Entity for the Colum-
bia River Treaty 2013) submitted to the U.S.
Department of State in December 2013. The
U.S. Department of State retains the authority
to renegotiate international treaties but did
use the regional recommendation as a key re-
source during its national interests determi-
nation regarding the future of the treaty. The
regional recommendation is unique in that it
includes the broad consensus of 11 federal
agencies, four states, 15 tribes, the power sec-
tor, water users, environmental groups, and
others. The U.S. Department of State indicated
early in the review process that the ability to
reach a regional consensus would govern its
decision about whether or not to renegotiate
the Columbia River Treaty.

Flood Risks and Benefits

Historically, salmon smolts traveled to the
ocean during the freshet that occurred as the
winter snowpack melted. This natural pattern
was dramatically changed by the implemen-
tation of the Columbia River Treaty, with its
specific goal of reducing the size of this annual
event. The dams and careful reservoir control
called for in the treaty reduced the annual
freshet from an average of about 500,000 ft3/s
(14,160 m3/s) to an average of about 275,000
ft3/s (7,790 m3/s). The operation of the treaty
dams shifted much of the river’s flow to occur
during the fall and winter months for down-
stream power generation benefits, a time
when salmon smolts were not able to take ad-
vantage of it. The treaty and the dams it autho-
rized have changed the entire ecosystem and

eliminated all the benefits that river flooding
provide.

Floods are a natural and beneficial char-
acteristic of river systems. Flooding is viewed
negatively because people have moved into
the floodplain, thus putting themselves into
harm’s way. As dams lowered the likelihood of
major flooding, more and more people moved
into the historical floodplain. This, in turn, in-
creased the demand for even stricter water
control to protect floodplain property. Howev-
er, even with all of the reservoir storage capac-
ity in the Columbia basin, it is still impossible
to perfectly control flooding in the floodplain.
Additionally, this demand for perfectly predict-
able and constant river flows is in opposition
to the ecosystem’s need for flooding. The Co-
lumbia basin tribes do not believe this is an
either/or situation and are confident that the
needs of major flood prevention can be bal-
anced with the seasonal increases in flows re-
quired by salmon and for ecosystem functions.
A public discussion is needed to discuss how
best to modernize our approach to regional
flood-risk management. Regardless of whether
or not the Columbia River Treaty is renegoti-
ated, a public review of flood-risk management
is required because the Columbia River Treaty
does not go away in 2024. Without interven-
tion to modernize the treaty, the flood-control
provisions become automatically worse in the
United States, putting extreme operational
demands on U.S. facilities and increasing the
burden on the tribes’ resources and healthy
ecosystem function. With climate change also
a significant consideration, the United States
has strong motivation to modernize flood-risk
management.

A primary objective of the Columbia River
Treaty is to keep Portland from being flooded.
Ironically, the United States and Canada agreed
to accomplish this objective under the treaty by
flooding vast sections of the Columbia basin in
Canada. Lands that were never underwater are
now flooded by reservoirs for a substantial por-
tion of every year, with some becoming mud
flats and then dust bowls as the water is drawn
down for power generation. These dams and
many other dams in the Columbia basin accom-
plished flood control by creating permanent
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floods behind these dams, which destroyed
towns, economies, indigenous communities,
and the ecosystem. It is important to note that
progress came at a great cost, and mitigation for
these costs has not come close to the sacrifices
of the region. Now is the time to begin a discus-
sion about whether these were good decisions
and whether these actions can be reversed. The
review of the Columbia River Treaty has provid-
ed a backdrop for these discussions.

Restoring Fish Passage to
Historic Locations

Since the late 1800s, governments and private
interests in the United States and Canada have
constructed more than 1,000 dams in the more
than 160,000 mi? (414,400 km?) of the Colum-
bia basin that were historically accessible to
anadromous fish. Many Columbia basin dams
completely block fish passage into the water-
shed’s upper reaches. Dams obstruct passage
of salmon and other anadromous fish between
spawning and rearing habitat and the Pacific
Ocean. Where fish passage was not provided,
extirpation of the upstream population was
the result. Dams and other water resource de-
velopments made more than 55%, or nearly
100,000 mi? (259,000 km?), of the historical
spawning and rearing habitat inaccessible to
salmon, lamprey, and sturgeon.

Extensive work throughout tributary wa-
tersheds has restored passage to more than
15,000 mi? (38,850 km?) of this habitat. The
remainder, about 80,000 mi? (207,200 km?),
is still blocked. The largest blockages occur in
the upper Columbia River at Chief Joseph and
Grand Coulee dams and in the Snake River at
the Hells Canyon Complex. Construction of
Grand Coulee Dam eliminated approximately
1,100 mi (1,770 km) of spawning habitat and
extirpated the largest number of known anad-
romous populations relative to other projects.

On the Snake River, the construction of the
three-dam Hells Canyon Complex in the 1950s
and 1960s blocked nearly 2,000 mi (3,200 km)
of anadromous fish habitat. Additional spawn-
ing habitat was lost following construction of
other main-stem and tributary dams. In total,

more than 30% of the habitat originally avail-
able to salmon in the Snake River basin has
been lost. The extent of fishing by native peo-
ples also measures the magnitude of damage.
Above the four lower Snake River dams, for
example, tribal fishers are presently harvest-
ing salmon at less than 1% of precontact levels
while Pacific Lamprey are not harvested due to
extremely low adult returns.

Downstream of the Chief Joseph, Grand
Coulee, and Hells Canyon Complex dams, other
dams block salmon and lamprey habitat in vir-
tually all the tributaries. Small hydroelectric
dams and irrigation diversion dams dot the
landscape, excluding or impeding passage to
spawning and rearing habitat above. Forestry
practices and poorly designed roads and cul-
verts create additional blockages to an unde-
terminable number of tributary streams and
habitat miles.

Initiated in large part by the Columbia
River Treaty review process, the Columbia
basin tribes and First Nations cohosted both
a technical workshop and a major conference
on restoring fish passage in 2014. Based upon
the information shared during the techni-
cal workshop and the Future of Our Salmon
Conference, it is clear that fish passage can
be restored above the Chief Joseph and Grand
Coulee dams and into the spawning grounds
in Canada. With these findings, the Columbia
basin tribes and First Nations released a joint
report on restoring historical fish passage in
January 2015.

Many tribes and First Nations have been
without salmon for decades—a major blow to
their cultures and relationship with the Cre-
ator. Now is the time to right this wrong and
restore fish passage to historical locations.

Tribal Communities Displaced by
Dam Construction

The US. Army Corps of Engineers (USACE)
built four dams on the main-stem Columbia
River that inundated the four treaty tribes’
usual and accustomed fishing places and fish-
ing villages along that stretch of river. This in-
undation also impacted nontribal communities
located along the river. To mitigate for the im-
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pacton tribal communities, Congress designat-
ed federal lands as mitigation in the River and
Harbor Act of 1945 (Public Law 79-14) and, in
1988, directed the USACE to acquire private
lands and construct the needed infrastructure
for this purpose in Title IV of the Southern Cal-
ifornia Indian Land Transfer Act (Public Law
100-581).

Most of the nontribal communities af-
fected by the inundation have received com-
pensation or relocation assistance. Indeed,
many nontribal communities were relocated
with federal funding and support almost im-
mediately after the dams were constructed.
The most recent nontribal community to be
relocated was North Bonneville, which was re-
located in 1978 due to the construction of the
second powerhouse at Bonneville Dam.

Most of the tribal community along the
Columbia River, however, is still waiting for
relocation assistance since the USACE con-
structed Bonneville Dam in 1938, The Dalles
Dam in 1957, and John Day Dam in 1971. Be-
tween 1996 and 2011, the USACE purchased
private land for tribal use to provide tribal
fishers access to their usual and accustomed
fishing areas. The USACE constructed infra-
structure at these sites for camping, fishing
access, and ancillary fishing facilities. The
federal government still has an outstanding
and ongoing obligation to analyze and under-
take remediation and mitigation projects for
loss of tribal homes and access to usual and
accustomed lands. This obligation includes
infrastructure development for the cultural,
social, environmental, religious, and tradi-
tional practices lost to the tribes because of
federal hydroelectric development of the
river. Federal development of the Columbia
River hydropower system has resulted in per-
sistent poverty and unhealthy and unsafe liv-
ing conditions for tribal members living along
the river. Currently, the most urgent need is
for housing and supporting infrastructure.
The unfair treatment of the tribal community
has garnered the attention of numerous news
outlets in recent years. The U.S. Congress
needs to authorize and appropriate adequate
resources to the USACE to complete the relo-
cation assistance. This has yet to occur.

River Damming on a Global Scale

On a global scale, clearly there is no relief be-
yond Earth. The large-scale damming of riv-
ers around the planet has and will continue to
cause great harm to the earth’s ecosystem. This,
in turn, will damage food sources in the ocean
and in our rivers, damage local economies, and
cause substantial impacts to indigenous com-
munities that may not enjoy the same legal pro-
tections that nonindigenous communities enjoy.
There is still much to learn about the global rela-
tionship of inland waters and the ocean. What is
known, however, is that there will be consider-
able damage from major dam building that will
have irreversible effects.

Conclusions

The U.S. Constitution protects tribal rights. The
tribes’ treaties with the United States have not
only protected the tribal fishing rights, they
have provided crucial legal leverage that is
helping drive current salmon recovery efforts.
As such, tribal litigation was a powerful tool to
address the needs of salmon and tribal fisher-
ies. Litigation will continue to be a powerful
tool. However, public and private partnerships
are often stronger than litigation when used to
achieve successful salmon rebuilding programs
and meet other public policy objectives.

Despite many daunting challenges, the
tribes never strayed from their mission to pro-
tect salmon. Remarkably, the salmon decline
has been reversed. The tribal work has only be-
gun, but the success of tribal efforts will benefit
future generations, tribal and nontribal alike.

Tribal ecological knowledge has guided
the development of the member tribes’ and
CRITFC’s science programs. A key element of
this traditional wisdom is the view that people
are a part of the ecosystem (e.g., deep tribal
connection to first foods). Changes to the eco-
system also affect humans. People are not out-
side of the ecosystem, nor does the ecosystem
exist solely for human use. Humans would all
be better off if they viewed themselves as a
part of the ecosystem. If more people realized
this, there would be much better decisions
where the environment is concerned.
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Ecosystem-based governance is key to our
success as Earth’s inhabitants, including con-
tributions by indigenous communities to the
decision-making process. We owe this to our
future generations.
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The Challenge: The
One-Thousand-Day Window of
Opportunity to Improve Nutrition

How can freshwater fish contribute to improved
diets and nutrition in food insecure popula-
tions with people who are either undernour-
ished or at risk of becoming undernourished?
With a focus on the nutritional problems typi-
cally affecting food-insecure populations, there
may be ways to increase the contribution from
freshwater fish resources to alleviate these nu-
tritional problems for better health. Linking
primary food production—mainly focusing on
agriculture but equally relevant for fisheries—
to the nutritional problems in food insecure
populations is being investigated within the
framework of nutrition-sensitive agriculture
(Jaenicke and Virchow 2013). Food systems
are being investigated for possible ways to be
reshaped in order to narrow the gap between
the food supplied and the required nutrients
needed for a more balanced diet in vulnerable
populations (Pandya-Lorch and Fan 2014).

What are the global nutritional problems
of concern? Good nutrition is needed for all
throughout life, but the consequences of poor
nutrition is particularly critical in early life
during the 1,000-d period from conception
through pregnancy and the first 2 years of a
child’s life (Bogard et al. 2015). Infants and
young children are also particularly vulner-
able to not being able to fulfil their nutritional
requirements due to the relatively high physi-
ological demands for energy and nutrients for
rapid growth and development and limited
stomach capacity.
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Growth in infants and young children is
assessed by comparing the individual’s growth
with growth standard curves for healthy chil-
dren. Poor nutrition in early life can either oc-
cur as acute energy deficiency leading to low
weight (wasting) and/or chronic deficiency of
nutrients and energy over a long time leading
to chronic undernutrition manifested as stunt-
ing (shortness). While wasting is immediately
life-threatening, shortness may not appear
critical. However, stunting is documented to
be associated with many health implications,
including impaired physical and cognitive de-
velopment (Victora et al. 2008) and increased
risk of mortality (Black et al. 2013). Out of the
more than 6 million children who die annually
before the age of 5 years, the death of 3 million
(44%) children are related to undernutrition,
and of these, 1 million children die from com-
plications that are linked to the fact that they
were stunted as a result of poor nutrition and
living conditions throughout their short lives
(Black et al. 2013).

Although there is some encouraging
progress in reducing global undernutrition,
including stunting, the number of stunted
children was 165 million in 2011 (Black et
al. 2013), an unacceptable level. The present
rate of reduction is far too slow to eliminate
stunting as a public health problem within a
reasonable time. With the present progress in
improving nutrition, the number of stunted
children in 2025 is predicted to remain high,
estimated to 127 million (IFPRI 2014). Tar-
geted efforts to improving access to nutritious
foods and diets during the 1,000-d period are
crucial to reduce undernutrition in food-inse-
cure populations.
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The Role of Fish in the
Food Basket

Fish is a nutritious food source that adds high-
quality protein, fat with beneficial fatty acids,
bioavailable vitamins, and minerals, as well
as diversity and palatability, to the diet. Defi-
ciencies of specific nutrients such as vitamin
A, iron, zinc, and iodine are well-documented
public health problems in food-insecure popu-
lations (Black et al. 2013; IFPRI 2014), and the
importance of a diverse diet with contributions
of animal-source foods (fish, meat, milk, and
eggs) for prevention of undernutrition is also
evident (Arimond and Ruel 2004; Allen 2012).
Fish in the diet can contribute to diversity and
most of the nutrients commonly scarce or de-
ficient in diets.

What role does freshwater fish play
in populations now affected by undernu-
trition, and how can freshwater (fisher-
ies resources contribute to speeding up
global progress in alleviating undernutrition?
The role of fish and seafood, including fresh-
water fish, was reviewed for any indications
of whether countries with high availability of
fish were less affected by stunting in children.
Seafood supply data at the national level were
extracted from Food and Agriculture Organiza-
tion of the United Nations (FAO) statistical da-
tabases (FAO 2014) for selected countries with
a range of high to low supplies of fish (3-65 g

fish/person/d), and also having a gradient of
prevalence of child stunting (10-41% of chil-
dren <5 years of age stunted; Table 1; FAO
2014; WHO 2015). There are no indications
that a higher average per capita fish supply at
the national level prevents stunting in children.
This does not support a conclusion that fish is
not important for nutrition in these countries,
but indicates that securing a high fish supply
at the national level does not necessarily lead
to better nutrition. The relative contribution of
fish to diets is not reflected in the fish supply
data. The importance of fish relative to other
foods varies between countries. For example,
in Bangladesh, more than half of the dietary
animal protein available for the population
comes from freshwater fish. This share of pro-
tein supplied from freshwater fish is higher
than in any other country. The nutritional situ-
ation in Bangladesh is poor and more than
40% of children are stunted, caused by other
dietary factors than fish intake as well as non-
dietary factors such as poor water, sanitation,
and hygiene.

National supply data for average per
capita availability of freshwater fish covers
large variations in consumption of fish be-
tween socioeconomic, ethnic, and age popula-
tion groups. Dietary surveys in food-insecure
populations with access to freshwater fish
resources show that fish is often consumed
daily or several times per week, even in poor

Table 1.—Supply of total seafood, including marine and freshwater fish and other aquatic animals
(FAO 2014) and the prevalence of stunting among children less than 5 years of age (WHO 2015) in

selected countries.

National total seafood supply
(freshwater fish supply)?

Stunting prevalance among children
under 5 years of age

Country g/person/d (%)
Ghana 65 (7) 28
Indonesia 49 (11) 36
Vietnam 44 (17) 23
China 38 (23) 10
Bangladesh 26 (23) 41
Mexico 21 (2) 16
South Africa 14 (0,2) 24
India 9 (6) 48
Bolivia 3(1) 27

2 National total seafood supply including marine and freshwater fish and other aquatic animals.
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households (Roos et al. 2003). However, even
though fish is consumed very frequently, the
portion sizes can be too small to have nutri-
tional significance. For example, in Cambo-
dia, children’s diets contained portion sizes
of fish as low as 3 g, just a teaspoon (Skau et
al. 2014). If a meal contains only few grams of
fish—for example, dried fish added to a mixed
dish to add flavor—or a few small-sized fish
are shared among many family members, the
nutritional contribution is not sufficient to
have an impact on health.

Inland Fisheries Can Contribute
to Improve Dietary Quality and
Improve Nutrition

Freshwater fish is a highly nutritious food
source and has the potential to contribute
much more to reducing the problems of chron-
ic undernutrition and stunting. What actions
can release this potential and transfer into im-
proved nutrition?

The International Food Policy Research
Institute (IFPRI) analyzed scenarios for the
impact of investing in health and nutrition
interventions for reduction of stunting to ei-
ther 15% or less than 10% among children
less than 5 years of age in 116 developing
countries by 2015 (IFPRI 2014). The analyzes
showed that along with basic health interven-
tions such as improving access to safe water
and sanitation, a key to reducing stunting is
to improve the quality of the diet through a
higher intake of nonstaple foods (Table 2). As
stunting in children is the result of poor live-
lihoods, including poor diets, access to clean

water and basic sanitation, as well as girls’
schooling, are needed to reduce the risk of
stunting. The IFPRI scenario analyzes showed
that to achieve a reduction of stunting to less
than 10% in 2025, 98% of all households
need to have access to clean water and school-
ing for girls, and access to improved sanita-
tion, mainly toilets, also needs to be drasti-
cally improved and be available in 9 out of 10
households. Diets also need to be improved to
achieve a significant reduction in child stunt-
ing. Total food intake (dietary energy) needs
to increase by around 10%, from an average
of 2,686 kcal/person/d to around 2,900 kcal/
person/d. However, this increase in average
dietary energy intake should mainly be con-
tributed by nutritious nonstaple foods, not
from more carbohydrate from rice, wheat, or
maize. A contribution of 54% of energy from
nutritious nonstaple foods is necessary in or-
der to reach the more ambitious scenario of
reducing stunting to less than 10%. Having
more fish in the diet is an important contri-
bution to nutritious nonstaple foods and im-
proved dietary quality.

Targeted actions through programs and
policies should support freshwater fish re-
sources playing a larger role in improving di-
ets of women and young children and thereby
reducing stunting, which can have a positive
impact on reducing child mortality.

Nutritional Quality of Fish

Fish provides high-quality protein and im-
portant fatty acids, vitamins, and minerals.
Fatty acid composition is of specific interest

Table 2.—Some determinants identified for successful reduction in stunting in 116 developing

countries by 2025 (IFPRI 2014).

2010 situation:
stunting rate

Reduce stunting
rate to 15%

Reduce stunting
rate to <10%

Determinants 29.2% by 2025 by 2025
Access to improved water source (%) 86 98 98
Access to improved sanitation facility (%) 56 75 90
Female secondary school enrollment (%) 67 98 98
Dietary energy supply per capita (kcals/d) 2,686 2,905 2,930
Share of dietary energy supply from

nonstaple food (%) 43 48 54
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as aquatic organisms are good sources of es-
sential n-3 and n-6 fatty acids and also pro-
vide the valuable long-chain polyunsaturated
fatty acids (LCPUFA) docosahexaenoic acid
(22:6n-3), and eicosapentaenoic acid (20:5n-
3). Growth retardation is one of many physi-
ological consequences of deficient intakes of
n-3 and n-6 fatty acids and one factor in the
complexity of stunting. Long-chain polyunsat-
urated fatty acids are specifically important
for brain development and thereby cogni-
tive performance (Lauritzen et al. 2001). All
fish contain essential fatty acids, but not all
fish species are equally good sources of n-3
fatty acids and LCPUFAs. Coldwater fish spe-
cies tend to have a higher content of LCPUFAs
compared to the warmwater fish (Michaelsen
etal. 2011).

The recommended intake of the essen-
tial n-3 fatty acid (linolenic acid, 18:3 n-3) in
young children is 0.4-0.6% of the dietary en-
ergy (%E), and 4-6%E for essential n-6 fatty
acid (linoleic acid, 18:2 n-6) (Michaelsen et al.
2011). There are little data available on actual
intakes of essential fatty acids in populations.
In Figure 1, the %E supplies of n-3 (A) and
n-6 (B) from foods in 10 selected countries
are shown as function of the economic status
of the countries expressed as gross domestic
product. The countries represent a wealth
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gradient from low- to middle-income coun-
tries. Data are extracted from FAQ'’s statistical
database (FAO 2014). The ranges for the rec-
ommended intakes of n-3 and n-6 fatty acids
in children are marked in Figure 1 to indicate
whether the countries may be atrisk of having
deficient supplies of n-3 and n-6 fatty acids.
People in the poorest countries are particu-
larly at risk of being deficient in essential fatty
acids. Bangladesh has the lowest n-6 supply
among the selected countries due to a very
low total fat supply. However, the n-3 supply
in Bangladesh is less critical and above other
poor countries because of the relatively good
supply of fish. While n-6 fatty acids are of-
ten supplied by plant sources, animal-source
foods, particularly fish, are important—but
not the only—contributors of n-3 fatty acid.
The food supply data originating from the FAO
statistical database is associated with uncer-
tainties, but do provide an important indica-
tion that the supply of essential n-3 fatty acids
are likely to be critically low in many popu-
lations. Children and women are particularly
vulnerable and, therefore, benefit most from
consumption of fish, including from freshwa-
ter sources (Michaelsen et al. 2011).

In addition to protein and fat, fish also
supplies vitamins and minerals. There is con-
siderable variation in the contents of different
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Figure 1.—Supply of (A) n-3 and (B) n-6 fatty acids from the national food supply in selected

countries with variable economic situation (gross domestic product). The range for recommended
dietary intake for infants and young children expressed as percent of dietary energy intake (%E) is
shown.
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vitamins and minerals among species, and
an important factor is which parts of the fish
are actually eaten. Cultural perceptions and
individual preferences are determinants for
which parts of a fish, for example the head, are
considered edible. Studies in Bangladesh and
Cambodia showed a large variation in vitamin
A content among small indigenous fish spe-
cies (Roos et al. 2002, 2007a), with a single
species, Mola Amblypharyngodon mola hav-
ing levels 100 times higher than other species
from the same freshwater environment. Al-
most all the vitamin A in Mola is located in the
eyes or the viscera —specifically the liver—of
the fish. Therefore, an important determinant
for the dietary value of Mola is whether the
head, as well as the viscera, are considered
to be edible (Roos et al. 2002). Compared to
large fish species, for example carp produced
in aquaculture and for which only the fillets
were eaten, the small indigenous fish species,
which were eaten whole, were a very impor-
tant source of vitamin A.

Small fish were also an important source
of calcium because unlike the larger fish, the
bones of most of the small fish species were
eaten. Based on a household study in Bangla-
desh and the analyzed contents of calcium in
whole, raw fish, Roos et al. (2003) developed a
correction factor to estimate the content of cal-
cium in the edible parts of different fish species
based on whether the bones were consumed
or not. For large fish, the bones were reported
never to be eaten and, therefore, the dietary
contribution from these fish species would
be insignificant. The small fish with soft thin
bones such as Mola and Chanda Parambassis
baculis, on the other hand, were an excellent
source of calcium because more than 90% of
the bones were eaten. For other species, the
contribution to calcium intake was reduced,
though still valuable, because the bones were
only partially consumed. Small fish species in
general have higher contents of iron and zinc
than large fish species (Roos et al. 2007b). In
Bangladesh, small fish species are among the
most important sources of essential vitamins
and minerals in many poor households, al-
though the quantity of consumption is too low
to avoid deficiencies.

How Can the Consumption of Fish
by Women and Children Increase?

Availability and accessibility of fish to poor
households are important to secure higher in-
takes. However, access alone is not enough to
secure intake in women and young children,
especially during the critical 1,000 d. There are
economic and other barriers to fish consump-
tion, even when available from capture or lo-
cal markets, for example, cultural beliefs about
when to introduce fish in children’s diet and
a mother’s fear of bones getting stuck in the
throat of the child (Skau et al. 2014). A general
constraint to feeding of infants and young chil-
dren is that caregivers lack time to prepare nu-
tritious complementary foods during the criti-
cal transition from breastfeeding to semisolid
foods at 6 months of age, when special baby
foods are needed (FAO 2015).

One approach to change dietary habits and
promote higher consumption of fish is through
nutrition education, for example, training, in-
formation campaigns, and cooking demonstra-
tions. Dissemination of dietary guidelines to
the population or specific populations groups
is used, for example, in most western coun-
tries. Dietary guidelines include recommenda-
tions about frequency (eat fish twice a week)
and/or quantity (eat 200 g fish per week) of
fish consumption. Some countries also have
recommendations for limiting the intake of fat-
ty, predatory fish species such as tuna during
pregnancy because of the risk of exposure to
environmental toxins. Nutritional campaigns
have variable impact on actual behavior and
have the largest impact in privileged popula-
tions groups, whereas households with fewer
resources are harder to reach, due to lack of
schooling, poor health, and often stressful
living conditions, which makes adoption of
dietary advice difficult. Nutrition education
programs in combination with other interven-
tions, such as extension of agricultural prac-
tices, have been investigated and evaluated
for impact on nutritional status in developing
countries (Berti et al. 2004; Kerr et al. 2011).
Overall, nutrition education can change dietary
habits in some populations, but the chances for
success are highest when combined with food
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production interventions that can make the
recommended nutritious food more available,
and thereby the adoption of dietary recom-
mendations easier.

In view of the modest success of substan-
tially reducing undernutrition with present
efforts, the need for more targeted interven-
tions to increase intake of nutritious foods has
emerged. Stunting can begin early. Therefore,
it is critical to provide sufficient nutrition to
women and children during the 1,000 d. Con-
sequently, increased focus is on the potential
of providing nutritious food supplements to be
distributed in targeted programs or through,
for example, social marketing to reach women
and children when they are most at risk of be-
ing undernourished (de Pee and Bloem 2009).
Food aid products developed for children usu-
ally contain milk powder to improve nutrition-
al quality. However, fish can nutritionally sub-
stitute milk, and research has been initiated to
develop processed food aid products based on
fish instead of milk. Such products can be pro-
duced locally in the countries or regions where
fish are abundant (Kuong et al. 2013; Skau et
al. 2015).

Food aid products for food distribution in
food insecure populations are widely used by
the World Food Programme (WFP), the United
Nations Children’s Emergency Fund (UNICEF),
and many other organizations. There are basi-
cally two types of foods, fortified blended foods
(FBF) and lipid-based pastes, also known as
ready-to-use-therapeutic foods (RUTF) (de Pee
and Bloem 2009). Multiple studies over the past
20 years have shown that RUTFs are very ef-
ficient in treating severe malnutrition (Briend
et al. 2015) while FBF products can be used to
prevent vulnerable children from becoming se-
verely malnourished. A key goal is to develop
the best products at the lowest price, prefer-
ably with local food ingredients to meet cultural
preferences, as well as to create jobs and benefit
local economies (Bogard et al. 2015). At pres-
ent, most products used by WFP, UNICEF, and
national governments are produced and distrib-
uted by few global manufactures.

In the search for the optimal composition
of FBF and RUTF food supplements for infants
and young children, adding a proportion of

milk powder to plant-based products has a
positive impact on child growth (Michaelsen
et al. 2009). However, milk is expensive and as
the use of supplementary food products is pro-
jected to expand, reliance on a single food item
with a high and fluctuating price is a severe
limitation. Therefore, the possibility for using
fish as a nutritionally suitable alternative to
milk in such products, while, at the same time,
being acceptable for consumption, is now be-
ing investigated.

In Cambodia, the nutritional impact of
using small, indigenous fish in a rice-based,
processed porridge (instant baby food) was
investigated in the WinFood project (Skau et
al. 2015). Two local, fish-based products were
developed compared to two standard products
used by WFP in food aid programs, of which
one WFP product contained milk powder. One
WinFood product was made with two fish spe-
cies (Mekong Flying Barb Esomus longima-
nus and Paralaubuca typus; total 12% of dry
weight) specifically selected for high contents
of micronutrients. In addition, a small amount
(2% of dry weight) of an edible spider com-
monly consumed in Cambodia and found to
have high zinc content was added to this Win-
Food product. The other WinFood product was
made with mixed small fish species selected
for high local availability and low price. This
product was added to a mix of micronutrient
fortificant similar to the micronutrients added
to WFP standard products.

The foods were tested in a randomized tri-
al in infants who were fed the foods every day
for 9 months. The WFP product with milk pow-
der and the WinFood product containing small
powdered fish and extra micronutrients were
able to prevent the onset of stunting during the
first 6 months of the study. The study showed
that length growth in children was supported
equally well by the fish and milk powder prod-
ucts (Skau et al. 2014, 2015). The food supple-
ments were not able to completely prevent
children from being undernourished; however,
the nutritional status of these children was
better than the overall national level. The food
products only provided a proportion of the diet
to the children who were also getting breast-
milk and other foods. The complete diet was
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analyzed using linear programming to evalu-
ate whether it could meet the nutrition re-
quirements of the children (Skau et al. 2014).
The linear programming modelling indicated
that even a daily nutritious food supplement
like the WinFood products was not sufficient
to fully compensate for the general poor diet,
but in combination with general nutrition
education, the provision of processed foods
with fish and additional micronutrients can
make a significant contribution to improve
poor nutrition in infants and young children.
Small powdered fish were found to be an af-
fordable alternative to milk powder, which is
promising for the future use of small freshwa-
ter fish in the production of local food supple-
ments. This is highly relevant in Cambodia
where milk is expensive and consumption is
low while freshwater fish is seasonally avail-
able and an appreciated food, but the quantity
of fish consumed in the daily diet is too low to
prevent undernutrition.

Based on the WinFood results and the
collaboration established between nutrition
research at the University of Copenhagen, the
fisheries research team in Cambodia at The De-
partment of Fisheries Post-Harvest Technolo-
gies and Quality Control, and the Institute de
Recherché pour le Développment, Montpellier,
France, a new lipid-based product with small
fish is now being developed for testing in treat-
ment of severely undernourished children
(Sigh 2016).

Also, in Bangladesh, the production of pro-
cessed products with small fish for improved
nutrition during the 1,000 d has being inves-
tigated (Bogard et al. 2015). WorldFish in
Dhaka has developed a processed fish product
for children with 15% small fish (dry weight)
and a fish chutney supplement for pregnant
and lactating women with 37% small fish (fi-
nal product). These products are well accept-
ed and can be produced locally, making small
freshwater fish, often traded at a low price in
peak season, into a high-quality product that
can support a consistent higher intake of fish
during the 1,000 d. The aim of making these
products available is to increase the amount
of fish consumed in the target groups of preg-
nant and lactating women and young children,

in a population with a habit of frequent con-
sumption of fish but in far too small quantity
to significantly impact health and reduce risk
of stunting.

Freshwater Fish in the Food
Basket in the Future

The examples of processing small freshwater
fish into quality products presented here are
only one approach to enhancing fish consump-
tion. There are other opportunities to be ex-
plored so that more of the fish available from
freshwater resources can be channeled into
the diets of the nutritionally most vulnerable,
thereby improving diets and reducing stunting.
The approaches to improving the contribution
from freshwater fish to better nutrition should
be explored jointly by the inland fisheries sec-
tor and the nutrition sector. The opportunities
to be considered include

e  Utilization: Most inland fish (>90%) land-
ed already goes to human consumption
(Welcomme et al. 2010), and unlike ma-
rine catches, there is little room for in-
creasing the amount for human consump-
tion. However, on a local basis, there can
be ways to ensure better utilization, for ex-
ample, reducing postharvest losses, espe-
cially of small fish.

e Availability: Improved management of
inland fisheries may improve availability of
freshwater fish for food-insecure popula-
tions. Small fish are nutritionally advanta-
geous compared to large fish, and manage-
ment targeting availability of small-sized
fish can improve the nutritional contribu-
tion from freshwater fish in the food basket.

¢ Consumption: Consumption of fish can be
low even when fish supply is available. Nu-
trition education could be integrated into
fisheries programs, targeting food-inse-
cure populations to raise awareness of the
importance of fish for women in the repro-
ductive age and children.

e Linking nutrition and fisheries in the value
chain from catch to consumption: Col-
laboration between inland fisheries and
nutrition sectors can be strengthened to
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ensure fish availability and consumption
for all, but in particular during the 1,000-d
window of opportunity to prevent chronic
undernutrition. Through partnerships
between the fisheries and nutrition sectors
throughout the value chain, freshwater
fish can be made available for increased
consumption, fresh or in processed prod-
ucts, with the aim of increasing the amount
of fish consumed. Thus, the benefit of the
highly nutritional qualities of fish can be
enhanced and contribute to alleviating un-
dernutrition.
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Abstract.—The assessment process is fundamental to ensuring that inland fisher-
ies are managed sustainably and valued appropriately so that they can support liveli-
hoods, contribute to food security, and generate other ecosystem services. To that end,
a global group of leaders in inland fishery assessment convened to generate a list of
recommendations and specific actions for improving assessment of inland fisheries.
Recommendations included the needs to assess the global contribution of inland fish-
eries to food security, develop and implement rigorous approaches to evaluate various
inland fishery management actions, develop and implement creative approaches to
improve the assessment of illegal fishing activities, and improve statistical data for
unreported and unregulated catches in inland waters. The group also identified a need
to develop standardized and defensible methods of biological assessment of inland
fish and fisheries that include data collection, database management, and data shar-
ing and reporting to reflect diverse ecosystem types. Moreover, it was recommended
that assessment be designed to better inform inland fishery management and other
sector planning and decision making at the appropriate scales (e.g., integrated wa-
ter resource management) through stakeholder engagement, valuation of fisheries
outputs, and identification of policy alternatives with consideration of trade-offs. The
inherent diversity of inland fisheries in terms of ecological, socioeconomic, and gover-
nance attributes was recognized throughout the process of developing the suggested
actions, including how such attributes combine to provide fisheries-specific contexts
for management. Using appropriate and accessible communication channels is criti-
cal to more effectively package, present, and transfer information that raises aware-
ness about inland fisheries values and issues; alter human behavior; and influence
relevant policy and management actions. Creating mechanisms to facilitate dialogue
among the diverse range of stakeholders is equally important. Improved assessment
techniques should play a fundamental role in supporting sustainable inland fisheries
management and contributing to food security and livelihoods, while also maintaining
or improving ecological integrity.

Introduction

Inland fisheries are diverse, spanning a range
of sectors (e.g., commercial, recreational, and
subsistence) and occurring in very different
ecosystems around the globe (e.g., through
the ice of frozen lakes in Scandinavia to small

forest streams in the United States and the
vast floodplain systems of the Mekong basin;
Welcomme 2011). Although often cast in the
shadow of global marine fisheries, inland fish-
eries are increasingly recognized for their con-
tributions to food security, livelihoods, human
well-being, and the economies of many coun-
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tries (Lynch et al. 2016). The United Nations
Food and Agricultural Organization (FAO) fish-
ery statistics estimate that 10 million metric
tons of freshwater fish are harvested per year,
although it is acknowledged that the actual
harvest is probably much greater due to unre-
ported and unregulated fisheries (Welcomme
et al. 2010). In addition, billions of individual
fish are captured and released by anglers in the
recreational sector (Cooke and Cowx 2004).
Ensuring that inland fisheries are managed
to provide ecosystem services that benefit
humans while also maintaining biodiversity
and ecosystem integrity is crucial, particularly
given the many external influences (e.g., hy-
dropower development, irrigation, pollution,
and climate change) that impact both aquatic
ecosystems (Dudgeon et al. 2006; Vorosmarty
etal. 2010) and the fisheries that they support
(Welcomme et al. 2010; Beard et al. 2011).
Fishery planning needs to be well informed
about all aspects of the resource: the status of
fish populations; the nature of existing fisher-
ies; and the social, environmental, and eco-
nomic issues that shape resource use (McCaf-
ferty et al. 2012). This planning should also be
integrated with planning for other, sometimes
competing, aquatic ecosystem services (e.g.,
irrigation, hydropower, and drinking water).
Traditionally, fishery management focused pri-
marily on fishing activity and the target popu-
lations, but it is now widely recognized that
because fisheries and other uses of aquatic re-
sources have direct impacts on the ecosystem,
all users need to be managed in an ecosystem
context (Beard et al. 2011). Ecosystem man-
agement has been defined as “the application
of ecological, economic, and social information,
options and constraints to achieve desired so-
cial benefits within a defined geographic area
and over a specified period” (Lackey 1999).
This definition implies that the management
of different resource uses should be intercon-
nected rather than separate processes that
have potentially conflicting objectives and
overlapping data needs and require a common
decision framework. As such, ecosystem man-
agement is “a management philosophy that
focuses on desired states rather than system
outputs” (Cortner and Moote 1994). This focus

on desired states offers a foundation for com-
paring impacts and, therefore, net benefits of
different uses of aquatic resources.

Fishery assessment is fundamental to ef-
fective planning and management. Assessment
activities in the fishery management cycle are
focused on three key questions. Fishery po-
tential—how big could the fishery be? Fish-
ery use—how big is the fishery currently?
Fishery impacts—how is the fishery impact-
ing the target populations and the supporting
ecosystem? In some jurisdictions, assessment
techniques are well developed, with extensive
capacity to undertake biological assessment,
synthesize data, and use them to inform the
fishery management cycle, not unlike an adap-
tive management approach (Walters 2007)
wherein continuous monitoring informs future
management options. Nevertheless challenges
still remain, including limited fiscal and human
resources and the inherent difficulties with as-
sessing fisheries in some waters (e.g., remote
locations, complex habitats, and high flows). In
some jurisdictions, little capacity or financial re-
sources exist to undertake fishery assessments,
or there are inadequate supportive governance
structures (e.g, institutions, policy frameworks)
to incorporate such information into fisheries
management. Without information about local
fish stocks and production, it is impossible to
manage fisheries effectively or value them ad-
equately so that their importance at local and
global scales is appropriately acknowledged.

Given the important role of assessment
in ensuring that inland fisheries are managed
sustainably in an ecosystem context and in
raising awareness about the scale, scope, and
value of inland fisheries, the authors convened
a meeting of world leaders in fisheries as-
sessment as part of the global conference on
inland fisheries held at FAO in Rome in Janu-
ary of 2015. Prior to the meeting, the authors
reviewed available literature to generate ques-
tions and identify issues or challenges related
to assessment of inland fisheries that served
as the basis for discussion. Approximately 50
people from many sectors around the globe
attended the session and provided input that
developed recommendations and possible
implementation mechanisms to direct a future
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research agenda. That information is summa-
rized here as a vision for the future of inland
fisheries in which assessment would be more
effective in enabling sustainable management
and, therefore, contributing to food security
and livelihoods while also maintaining or im-
proving ecological integrity.

The 10 priority recommendations gener-
ated by attendees were developed as a series
of proposed actions and separated into two
themes: six recommendations focus directly
on proposed actions to improve assessment
of inland fisheries worldwide while four rec-
ommendations propose actions and consid-
erations to support these improvements (Fig-
ure 1). The recommendations are presented

in a logical progression of steps, though the
authors recognize that the diversity of inland
fishery governance structures and the various
spatial scales at which assessments occur sug-
gest that this progression may not be universal
and that suitable actors for addressing each
recommendation may also vary among fisher-
ies and jurisdictions.

Assessment Recommendations

(1) Recognize the large number and high
diversity of small inland fisheries

Context.—Much of the world’s inland fish-
eries catch comes from a large number of small
lakes, streams, and wetlands that are charac-

Figure 1.—The 10 priority recommendations derived by attendees of the fisheries assessment
symposium as part of the Global Conference on Inland Fisheries held at the Food and Agriculture
Organization of the United Nations in Rome in January of 2015. The recommendations are separated
into two overarching themes: recommendations for improving inland fishery assessments, and rec-
ommendations for supporting these improvements. Each category has been listed in descending order

as a logical progression.
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terized by great diversity in natural ecological
conditions (Bachman et al. 1996; Soranno et
al. 2010), anthropogenic habitat modifications
(Khoa et al. 2005; Vorosmarty et al. 2010),
fishing pressure (Post and Parkinson 2012),
socioeconomic attributes of fishers (Smith et
al. 2005), and governance arrangements (Al-
meida et al. 2009; Snell et al. 2013). All of these
factors affect realized fisheries outcomes, man-
agement options, and the outcomes that can
potentially be achieved: one-size-fits-all man-
agement is unlikely to be a good policy (Car-
penter and Brock 2004; Castello et al. 2011;
Post and Parkinson 2012).
Recommendation.—Recognize and ac-
count for the inherent diversity of inland fish-
eries (in terms of ecological, socioeconomic,
and governance attributes) in assessment pro-
cesses and in providing management advice.
Proposed actions.—There is a need for de-
velopment of assessment methods that sup-
port differentiated management appropriate
to local conditions. This requires, first, a quali-
tative appreciation of how different attributes
vary among fisheries and how they interact
at local levels to drive outcomes and manage-
ment options for specific fisheries (Carpenter
and Brock 2004; Lorenzen 2008). It requires,
second, methods for assessing outcomes and
management options for individual fisheries.
Two alternative, but not mutually exclusive,
approaches may be taken to this end. One ap-
proach is to develop simple assessment tools
(and methods for employing them) that may
be used locally, possibly by nonscientists (the
“barefoot ecologist” approach, Prince 2003). A
suite of fisheries assessment methods for data-
poor stocks are also now available (Carruthers
et al. 2014). Another approach is through use
of empirical models. Empirical studies explore
the statistical relationships between fisheries
response variables (e.g., harvest, abundance)
and explanatory variables such as fishing ef-
fort, primary productivity, or the presence-
absence of anthropogenic habitat modifica-
tions and provide models of fish production
and potential yield. Information from multiple
fisheries can be combined to capitalize on the
variability between them and derive empirical
models. Empirical models have been used to

describe how fishery yield or fish abundance
responds to variation in environmental factors
(Ryder et al. 1974; Bachman et al. 1996), an-
thropogenic habitat modifications (Pretty et al.
2003; Khoa et al. 2005), fishing effort (Loren-
zen et al. 2006), and fisheries management ar-
rangements (Almeida et al. 2009).

(2) Expand the range of tools for fishery
assessment

Context.—Technological innovation, cre-
ativity, and need have resulted in numerous
options for expanding the traditional fishery
assessment toolbox. For example, surveys and
mobile technologies can tap into the collec-
tive experience and wisdom of inland fishers.
Survey data can be collected from fish markets
(Nasir and Khalid 2013), from landing sites
(Abobi et al. 2014), government statistics (e.g.,
household surveys; [FReDI 2013), and by mail
or phone (Dorow and Arlinghaus 2011). An-
glers can also voluntarily report information
through paper diaries (Cooke et al. 2000), Web
sites (Muller and Taylor 2013; Martin et al.
2014), or mobile technologies (Papenfuss et al.
2015). Recent advances in stable isotope tech-
niques allow for inference of fish habitat asso-
ciations and diet from the microchemistry of
calcified structures (Pouilly et al. 2014). Simi-
larly, environmental DNA (eDNA) can be used
to assess species presence-absence (Lodge et
al. 2012) and perhaps biomass (Takahara et al.
2012) and hydroacoustics used to assess abun-
dance, distribution, and behavior (Getabu et al.
2003). Finally, the inland fishery management
toolbox can be expanded via remote sensing at
local and regional scales. Examples of remote
sensing at the local scale include unmanned
vehicles (Davis et al. 1997; Jensen et al. 2014),
stationary cameras (Sunger et al. 2012), and
receiver and sensor arrays (Hall 2007). Remote
sensing of inland fish and fisheries at regional
scales can be either direct (e.g., satellite image-
based harvest estimates; Al-Abdulrazzak and
Pauly 2014) or indirect (e.g., satellite-derived
estimates of chlorophyll a, geographic informa-
tion system-based correlates of fish productiv-
ity; Fisher 2013; Leshtetal. 2013). These novel
approaches to data collection address many of
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the challenges associated with the assessment
of inland fisheries in that they tend to be non-
invasive, rapid, and appropriate for systems
or resources that are difficult to sample or for
which the capacity for sampling is limited (es-
pecially over broad temporal or spatial scales).
The contribution of a range of data from such
methods provides multiple sources of informa-
tion by which the accuracy of fisheries assess-
ments can be rapidly improved.
Recommendation.—Expand the range of
tools for assessment through the incorpora-
tion, validation, and standardization of new
and integrated sampling methods (e.g., stake-
holder and local ecological knowledge, house-
hold surveys, mobile technologies, microchem-
istry, eDNA, hydroacoustics, remote sensing,
and geographic information systems).
Proposed actions.—Researchers and man-
agers should conduct experiments and pilot
studies aimed at advancing and refining these
tools and determining their strengths, weak-
nesses, benefits, and limitations for use in in-
land fishery assessment. For example, signifi-
cant advances in eDNA are required before this
tool can be used to estimate abundance (Lodge
et al. 2012), and hydroacoustic techniques are
currently constrained by environmental and
morphological considerations such as turbu-
lence and substrate type (Lucas and Baras
2000; Maxwell 2007). Validation of these tools
through careful observation and comparison
against contemporary tools will show the ex-
tent to which data are precise and unbiased
for a given set of conditions and procedures.
Comparison will show the extent to which a
novel tool complements or is an alternative to
a contemporary tool. Mobile technologies are
one example in that they are effectively angler
diaries in digital format. While angler diaries
(whether contemporary or digital) cannot re-
place formal surveys due to nonrandom and
unreliable participation (Cooke et al. 2000),
reasonable agreement between data from a
popular recreational fishing application and
both mail and creel surveys (see Martin et al.
2014; also Papenfuss et al. 2015) suggests
that widespread use via proper incentives
(e.g., information, feedback, and community)
can largely overcome participation issues. Fi-

nally, managers and researchers should be en-
couraged to publish their findings to develop
standards for inland fishery assessment meth-
odology. Communication will encourage col-
laboration and innovation (while discouraging
duplication), and the novelty of many of these
emerging tools is a rare opportunity to coordi-
nate and standardize both efforts and methods
across diverse inland fisheries.

(3) Standardize methods of assessment of
inland fish and fisheries

Context.—Standardization of industrial
processes, languages, measurements, and data
collection techniques has been essential for
world progress (Nesmith 1985; Bonar et al.
2009). Routine data collection and assessment
techniques have been commonly standardized
in many scientific professions, including medi-
cine (Beers and Berkow 1999), meteorology
(Lockhart2003; Schiesl 2003), geology (Assaad
et al. 2004), and water chemistry (Eaton et al.
2005). Standardizing the assessment of inland
fish and fisheries (i.e., collection and reporting
of fisheries data using a few similar methods)
offers many advantages as well (Bonar and Hu-
bert 2002; Bonar et al. 2009). These include a
much improved ability to compare data across
regions or time, thus meeting needs for larger
regional or global scale assessments necessary
for setting broad-scale regulations, identifying
effects of global climate change, and evaluating
adequacy of global food supplies. Standardiza-
tion can also vastly improve communication
across political boundaries and control bias as-
sociated with different sampling (e.g., netting,
electrofishing, and hydroacoustics) and data
reporting techniques. When fishery biologists
have used standard assessment techniques,
benefits have been striking. For example,
Homer Swingle (1950, 1956) developed early
standard techniques to study fish populations
in southeastern U.S. ponds. The information
Swingle obtained using these standard tech-
niques was instrumental in understanding
basic biology of fishes and how to successfully
manage them for food and sport and was used
by organizations worldwide to improve fish
production (Byrd 1973). If the data collection
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methods were not standardized, cross-site or
-time analyses would require calibration and
would always contain significant uncertainty.
Recommendation.—Further develop stan-
dardized and defensible methods of biologi-
cal assessment of inland fish and fisheries that
include data collection, sharing, and reporting
to reflect diverse ecosystem types and enable
intra- and cross-sectoral comparisons.
Proposed actions.—Techniques to effec-
tively sample freshwater fishes have existed for
centuries. However, getting people to change
the techniques that they are currently using
to adopt a standard is challenging, often be-
cause of potential interference with long-term
data sets, political rivalry among agencies and
countries, and tradition (Bonar and Hubert
2002). Integrating social with biological sci-
ence is essential to standardization (see Bonar
and Fraidenburg 2010). Developing standard
methods and encouraging compliance with
standardized procedures requires clear state-
ments of the advantages of using standardized
methods; development of standards within the
authority of widely respected groups that tran-
scend political boundaries, such as the World
Fisheries Congress, the American Fisheries
Society, the European Committee for Standard-
ization, or the International Organization for
Standardization; inclusion of many varied par-
ties in standards development; and, depending
on the situation, either requiring or not requir-
ing methods to be adopted. These techniques
are currently being used to develop standards
for increasingly larger regions. For example,
the American Fisheries Society recently rec-
ommended standard techniques for sampling
North American freshwater fish populations,
an ongoing process involving 284 biologists
from more than 100 North American organiza-
tions (Bonar et al. 2009). The European com-
munity has a continuing program to develop
fish sampling standards involving many Euro-
pean countries (e.g.,, CEN 2003; CEN 2005; and
others). Standardization on even larger, global
scales has been discussed—an increasingly
important issue with advances in worldwide
communication and global threats to freshwa-
ter fisheries. For situations in which methods
standardization is not possible among areas,

gear calibration and comparison techniques
allow gear types to be compared (e.g., Peter-
son and Paukert 2009) or ground-truthed for
comparison. However, reducing the number
of situations in which conversion factors must
be applied improves comparison and commu-
nication. Finally, recognition that widespread
standardization is not an immediate outcome
of developing standard procedures is impor-
tant. Adoption of standard procedures often
takes time and requires continued effort. Even
small movement toward standardization,
however, improves communication and data
analysis. Therefore, patience and persistence
are necessary attributes to those who wish to
standardize.

(4) Improve estimation and reporting of
relevant inland fishery statistics

Context.—Reliable estimates of inland
fishery production, consumption of inland
fishery products, participation in fishing, and
other relevant indicators are important to
support adequate valuation of inland fisher-
ies and consideration in sectoral and inter-
sectoral policies. The development of rel-
evant and comparable indicators, however,
is in itself challenging, given the diversity of
the fishery sector and the products that it
provides (e.g., fish that are traded, consumed
for subsistence or exchanged through social
networks, recreational fishing opportunities
that need not involve any harvest; Smith et al.
2005). Moreover, the diffuse and widely dis-
tributed nature of most inland fisheries and
associated landing locations and markets of-
ten precludes the use of the reporting systems
commonly used in marine commercial fisher-
ies. Carefully designed sampling schemes are
rarely used, the exceptions being large water
bodies such as reservoirs and commercial
fishing concessions. As a result, reliable and
relevant inland fisheries statistics are often
absent. Consequently, inland fisheries remain
poorly reported or even ignored in national
statistics and in considerations of food se-
curity. A systematic undervaluation of the
contribution of inland fisheries may extend
throughout the value chain.
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Recommendation.—Improve the estima-
tion and reporting of reliable and relevant in-
land fisheries statistics through methods that
account for the diversity of products provided
by the fishery sector and its diffuse and distrib-
uted nature.

Proposed action.—A reform of systems for
estimating and reporting inland fisheries sta-
tistics is long overdue. Reforming reporting
systems in a coordinated manner at the local,
national, and international levels would great-
ly strengthen the global statistics provided by
FAO. Due to the diversity and diffuse nature
of inland fisheries, development of effective
data collection systems requires a good under-
standing of fisheries and the products that they
provide. In addition to catch reporting systems
covering major landing sites or markets, a va-
riety of approaches have been used to improve
estimates of catches, fishing effort, and other
indicators. Household surveys can be used to
provide valuable data when a substantial share
of the catch is neither marketed nor landed at
defined landing sites (e.g., for subsistence fish-
eries; FAO 2014) and are potentially useful for
gathering assessment data. Data generated
from household surveys may include estimat-
ing food consumption, household income,
and food production decisions, contribution
of fisheries products to livelihoods, time, and
capital investment in fishing activities (Bea-
man and Dillon 2012). It is also possible to
collect detailed data suitable for use in fisher-
ies assessments from household surveys, for
example on catches from different water bod-
ies or habitats, species composition, seasonal
change in catch composition, and use of fishing
gears (Khoa et al. 2005; Hortle 2007; Almeida
etal. 2009).

(5) Evaluate the effectiveness and impacts
of inland fisheries enhancements through
assessment

Context.—Active enhancement of inland
fisheries through stocking or habitat modifica-
tions is widespread. For example, in the United
States, state fisheries management agencies
release more than 1.7 x 10° hatchery-reared
fish of more than 100 species and stocks an-

nually, and state agencies expend 21% of their
budgets on practical enhancement activities
(Ross and Loomis 1999; Halverson 2008). In
China, state and private entities operate fish-
eries enhancements in more than 80% of the
country’s vast acreage of reservoirs, yielding
more than 2.5 million metric tons of fish annu-
ally (Li 1999; Miao 2009). Rural people in the
tropics implement a plethora of fisheries en-
hancement measures in public, communal, or
private water bodies (Welcomme and Bartley
1998; Amilhat et al. 2009). Fisheries enhance-
ments combine elements of capture fisheries
and aquaculture and are subject to specific
management considerations. Enhancements
can be effective in increasing fisheries yields or
opportunities for recreational fishing and wid-
er socioeconomic benefits, provided that con-
ditions are conducive and the enhancement
measures well designed. In practice, however,
many enhancements are likely to be ineffective
and some have caused demonstrated ecologi-
cal damage (Cowx 1994; Lorenzen et al. 2012).
Unfortunately, the extent of inland fisheries en-
hancements, their contribution to catches and
other fishery performance measures, and their
ecological impacts are poorly documented and
evaluated.

Recommendation.—Quantify the contri-
bution that enhancement measures such as
stocking or habitat modifications make to in-
land fisheries production and assess where
and when such active measures can contribute
positively to management outcomes and when
they should be avoided.

Proposed actions.—Collection of data to
quantify the contribution of enhancements
to inland fisheries harvest and other fisheries
performance metrics should be encouraged
as an integral part of the assessment process.
Separate recording of catches derived from
enhancements in fisheries statistics is a first
step, even though this is neither straightfor-
ward nor sufficient to assess net contributions
(Klinger et al. 2012). Scientific knowledge and
assessment tools have matured to the extent
that they can be used in an effective and timely
manner to improve emerging and established
enhancements. Continued progress in the as-
sessment and management of enhancements
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will likely require interdisciplinary studies
that combine theory development with experi-
mental tests of key assumptions and long-term
manipulative experiments (Lorenzen 2014).
The authors further encourage the develop-
ment of validated and standardized methods
for reforming enhancements (Cowx 1994; Lo-
renzen et al. 2010).

(6) Synthesize global inland fisheries status
and drivers

Context.—The global harvest of inland fish-
eries reported to FAO has slowly increased by
about 0.15 metric tons per year since 1950—
11.6 million metric tons in 2012. This is in
stark contrast to the global harvest of marine
fisheries that plateaued around 80 million met-
ric tons in 1990 (FAO 2014). Although these
data indicate that inland fisheries currently
comprise only 11-12% of the global harvest,
some have speculated that the inland fisher-
ies harvest is markedly underestimated, owing
to inadequate resources to sufficiently record
catches; the exclusion of subsistence, artisanal,
and recreational harvest; or deliberate mis-
representation of reported landings (Cooke
and Cowx 2004; Allan et al. 2005; Welcomme
etal. 2010; Beard et al. 2011). FAO argues that
“inland waters remains the most difficult sub-
sector for which to obtain reliable capture pro-
duction statistics” and states that catches may
even be overestimated in some years given the
high level of interannual variation reported by
some countries (FAO 2014). Therefore, scien-
tists unanimously agree on the probable in-
accuracy of the reported harvest from inland
fisheries at the global scale. Beard et al. (2011)
argued that a less-biased global estimate could
lead to greater investment in the management
and restoration of inland fisheries as the sector
faces increasing competition with hydropower,
irrigated agriculture, and transportation for
the use of freshwater.

Recommendation.—Improve global mod-
els for estimating inland fish production
through regional or subregional validation,
standardization of sampling approaches, and
consideration of more potential explanatory
factors (e.g., climate, latitude, catchment and

water body characteristics, migratory status of
species).

Proposed actions.—Simple models that
predict inland fish production based on lake
size alone suggest that sustainable production
could be as high as 90 million metric tons (Wel-
comme 2011). Although Welcomme (2011) ac-
knowledged that as a “crude” estimate, it sug-
gests that more refined attempts to estimate
global inland fish production were possible. To
this end, the development of multiple model-
ing approaches is encouraged. For example, at
the subcontinent or regional scales at which
inland fisheries production is more reliably
monitored, scientists could develop standard-
ized methods to measure relatively simple in
situ characteristics of water bodies (e.g., Secchi
disk depth for lakes, mean discharge for river
systems, mean surface water temperature,
and mean chlorophyll a). These data could
be used to develop predictive models, with
separate ones likely to be needed for rivers
and lakes (e.g.,, Welcomme and Hagborg 1977;
Schlesinger and Regier 1982). Other models
to predict fish production could be developed
that rely on remotely sensed data (e.g., atmo-
spheric climate, surface water temperature,
chlorophyll a, land cover in the catchment,
water basin morphometry, human population
density, or other economic development in-
dicators) available from satellite imagery or
geographical information system data layers.
These models could be global in scope or as
broad as reliable inland fish production data
permit. Ideally, these remotely sensed models
would be validated with the regional models
that use in situ measurements. Finally, special
research focus should be allocated towards the
continents of Asia and Africa, where, in 2012,
13 countries comprised nearly 75% of the
global inland fishery harvest (FAO 2014). Ap-
plying these complementary methods within
these productive regions would yield multiple
benefits. First, it could identify key drivers (i.e.,
land use, productivity, and human population
characteristics) of inland fisheries harvest and
potentially provide a sense of how a chang-
ing ecosystem could affect inland fisheries.
Second, given that both Asia and Africa pos-
sess a wide diversity of lakes and rivers, these
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methods could begin to reveal the relative con-
tribution of these water body types to inland
fisheries production. Finally, a more accurate
estimate of inland fishery production on these
continents would greatly improve the accuracy
of the global estimate.

Supporting Recommendations

(1) Manage fisheries based on scientific
evidence

Context.—There is growing recognition
that resource management actions tend to be
based on intuition or past experiences of the
manager (i.e., faith-based fisheries; Pullin et
al. 2004; Hilborn 2006), even when credible
evidence has been synthesized and suggests a
different approach (Walsh et al. 2015). There
have been calls for the environmental and con-
servation world to draw upon techniques used
in the medical realm to synthesize information
such that decisions are based on objective sci-
entific evidence (Pullin and Knight 2001). Sys-
tematic reviews (which incorporate meta-anal-
ysis) ensure accessibility of the best available
evidence and should yield a more efficient and
unbiased platform for decision making (Pul-
lin and Stewart 2006), such that environmen-
tal managers do more good than harm (Pullin
and Knight 2009). Meta-analyses are already
used in aquatic science (e.g., Smokorowski and
Pratt 2007; Chapman et al. 2014) but tend to
be done with less rigor than a formal, system-
atic review. Indeed, broad consultation, peer
review of the science, and use of systematic
reviews to facilitate evidence-based conserva-
tion and management are essential, yet lack-
ing, despite a receptive scientific community
and the existence of frameworks for doing so
(i.e., Pullin and Stewart 2006).

Recommendation.—Develop and imple-
ment rigorous approaches to evaluate vari-
ous inland fisheries management actions to
provide the evidence base to support manage-
ment, mitigation, compensation, and restora-
tion and enhancement activities

Proposed actions.—To move away from a
faith-based approach to fishery management,
anumber of specific actions are recommended.

For example, resource management agencies
could incorporate large-scale management
experiments that use a before-after-control-
impact or adaptive management approach to
evaluate the effectiveness of their actions. The
fishery management community should con-
duct systematic reviews (Pullin and Knight
2001) on common management interventions
relevant to inland fisheries (e.g., is fish pas-
sage effective at maintaining and restoring
river connectivity, and if so, under what con-
ditions? Do freshwater protected areas benefit
fish populations outside of the protected area
such that they are a viable management strat-
egy? Do voluntary regulations embraced by
fishers work as well as those that are dictated
and enforced by regulators?). Finally, fishery
managers need to rethink the basis for their
various management decisions and use an ev-
idence-based approach over simply following
intuition or tradition. Doing so will ensure that
limited resources are deployed and utilized ap-
propriately and that management actions will
be more likely to produce the beneficial out-
comes they were designed to achieve.

(2) Communicate inland fisheries status,
threats, and management and policies

Context.—The public is generally unaware
of the benefits derived from inland fish and
fisheries (Lynch et al. 2016) and their current
status as the most imperiled group of animals
worldwide (Strayer and Dudgeon 2010). This
lack of awareness suggests that effective com-
munication and engagement models are not
being successfully implemented by fisheries
professionals or their agencies. Increasingly,
researchers are becoming aware of the need to
garner public support for research and conser-
vation initiatives (Cooke et al. 2013a). Infor-
mation gathered from local fishers and experts
has been used to guide research efforts to suc-
cess and improved socioeconomic outcomes
(Johannes and Neis 2007; Hind 2015). There
are also numerous instances of research and
conservation activities that have been made
successful as a result of the participation of
citizen scientists, fishers, and others who con-
tribute time, personal finances, and expertise
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to support such endeavors (Granek et al. 2008;
Fairclough et al. 2014). The success or failure
of conservation efforts has been largely deter-
mined by stakeholder support in some cases
(Jentoft et al. 2012; Sawchuk et al. 2015).

Yet, though it should be considered an es-
sential part of the process, the outcomes of re-
search projects or conservation initiatives are
not widely communicated to interested stake-
holders (Hulme 2014; Young et al. 2014). To
encourage a broader understanding of the is-
sues currently facing inland fish and fisheries,
positive relationships, and ongoing support
for proposed solutions, fisheries profession-
als should adopt strategies for communicating
more effectively with the general public (Cooke
et al. 2013a). Ultimately, a more engaged and
better informed populace is more likely to have
a positive effect on evidence-driven policy de-
velopment (Cooke et al. 2013a; Young et al.
2014).

Recommendation.—Develop acommunica-
tions plan that uses appropriate and accessible
communication channels to more effectively
package, present, and transfer information on
inland fisheries to a range of target audiences
so as to raise awareness of inland fisheries val-
ues and issues, impact human behavior, and in-
fluence relevant policy and management

Proposed actions.—Improvements in fish-
eries science engagement should first be ad-
dressed by developing strategies for effective
communication, including the identification of
barriers to public engagement (see Cooke et
al. 2013a) and suitable methods for overcom-
ing these barriers. Effective methods of com-
munication will vary among target audiences,
among regions, and even at the fishery scale,
suggesting that strategies should not attempt
a one-size-fits-all model for communication,
but be based on stakeholder research, fisher
knowledge, and other fishery-specific informa-
tion (Hind 2015). For example, some regions
may be more likely to use cell phone technol-
ogy (applications) than others, but may be
limited by technological differences (i.e., many
African regions have extensive access to cell
phones but not smartphones and are, thereby,
limited to what applications may be used; Brat-
ton 2013). Second, training in communications

for researchers should be considered an insti-
tutional priority, and funding bodies should
consider incorporating standards for evaluat-
ing outreach efforts and quality to support this
need. Information about outreach and knowl-
edge transfer is not generally included as a
mandatory part of training, nor has this need
for improved communication and engagement
been incorporated into institutional standards
(Cvitanovic et al. 2015).

(3) Engage stakeholders in management
processes

Context.—Dialogue between fishery pro-
fessionals and stakeholders has traditionally
been unidirectional, for example, with research
outcomes translated to policy or management
initiatives and instituted as a top-down mecha-
nism (Stohr et al. 2014). However, the need
for improved dialogue with stakeholders has
become recognized within the scientific and
fisheries management communities and, with
it, the need for that dialogue to be meaningful,
such that it allows for development of trusting
partnerships and ongoing relationships (Reed
et al. 2014; Sawchuk et al. 2015). The term
“two-way dialogue” refers to a more open com-
munication process in which stakeholders can
provide information, perspectives, and views
on key issues to researchers, managers, and
policymakers.

Resource research and management needs
to be viewed as a symbiotic exercise in which
local experts and stakeholders provide scien-
tists with locally relevant details and commu-
nity context, while scientists and management
provide local communities with the expertise
required to address that context (Kettle et al.
2014). Improved two-way dialogue also pro-
vides additional opportunities for education,
which has been shown to increase the effec-
tiveness of voluntary adherence to regulations
in some sectors (i.e., in recreational fisheries;
Cooke et al. 2013b). Moreover, encouraging
voluntary adherence to regulations and im-
proving access to education (e.g., best prac-
tices for fishers) greatly reduces the need for
enforcement and cumbersome regulatory pro-
cesses (Grafton 2005; Cooke et al. 2013b).
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Recommendation.—Create mechanisms
to facilitate dialogue between and among di-
verse stakeholders internal and external to
the sector.

Proposed actions.—Prior to any inland
fisheries management action, key stakehold-
ers should be identified (see Aanesen et al.
2014 for a detailed discussion about stake-
holder types and identification processes) and
adequate consultation mechanisms should be
instituted and followed. Consultation serves to
build more positive relationships and increase
the likelihood of adherence to voluntary regu-
lations (Cochrane 2001). Further, the consulta-
tion process can be used to develop balanced
stakeholder networks to address any issues of
equity among stakeholders (Grafton 2005).

During research or management process-
es (including assessment), dialogue points
should be built into management and research
timelines such that communication occurs at
frequent and regular intervals (Ratner and
Smith 2014). Not only does formalizing the
dialogue process support efforts to increase
procedural transparency, but it can also serve
as a check and balance function for monitor-
ing the effectiveness of the process (Ratner and
Smith 2014). In cases where conflict situations
are a concern, dialogue should be facilitated
by experienced intermediaries (Johnson and
Griffith 2010). Finally, it is crucial to maintain
ongoing two-way dialogue and partnerships
with stakeholders. Thus, efforts to maintain
two-way dialogue should include the devel-
opment of partnerships with local fisheries
groups, nongovernmental organizations, and
other appropriate partners (Aanesen et al.
2014).

The Way Forward—Science to
Support Action: Managing
Fisheries within Broad Ecosystem
and Sociopolitical Contexts
It is now widely recognized that fisheries must
be managed in a broad context—one that rec-
ognizes the influence and dependency of fish-

ing activities on the ecosystems that support
them; on other uses of aquatic resources; and

on the socioeconomic, governance, and policy
contexts that shape fishery resource use (Mc-
Cafferty et al. 2012). Inland fisheries are par-
ticularly affected by other sectors that place
demands on freshwater resources (biodiver-
sity conservation, agriculture, industry, mining,
and urban development), but also by impacts
within catchments (forestry, sedimentation)
and increasingly by climate change. To operate
within this complex and shifting milieu, fisher-
ies science, management, and policy need to be
fully integrated with these wider sectors and
their decision support frameworks. Fishery as-
sessments that produce complex models and
harvest predictions must be able to present
such information in language and formats that
inform fishery activities but are also accessible
to the different sectors engaged in land and
water management and policy.

Assessments should inform inland fish-
ery management as well as other sector plan-
ning and decision making (e.g., environmental
flows, integrated water resource management)
at appropriate scales (e.g, river basin, bio-
climatic region, and jurisdiction) through
stakeholder engagement; valuation of ecosys-
tem services, including fisheries outputs; and
evaluation of policy alternatives with consider-
ation of trade-offs. The recommendations pri-
oritized by the symposium attendees and the
thought leaders involved with this paper serve
to provide a globally informed template for
pursuing improved assessment and manage-
ment of inland fisheries. These changes would
be further supported by the broader recom-
mendations prioritized by the group (support-
ing recommendations) that will help to ensure
that the assessment and management compo-
nents of contemporary resource management
are integrated. It is our collective hope that the
changes and improvements recommended for
the assessment process provide practitioners
with the forward-looking ideas and tools nec-
essary to generate sustainable inland fisheries.
If implemented, these recommendations have
the potential to shape science-based manage-
ment at regional and global scales. Failure to
do so will further retard our collective ability
to sustainably manage inland fisheries not only
in terms of sector-based threats like overhar-
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vest, but also in terms of external threats such
as habitat alteration and water taking, which
are permanently altering the fishery produc-
tion of inland waters.

Acknowledgments

This paper represents an output from the In-
land Fisheries Conference held in Rome in
January 2015. We thank the many participants
and organizers. Support for this paper was
provided by Michigan State University, the UN
FAO, Carleton University, the Natural Sciences
and Engineering Research Council of Canada,
and the Canada Research Chairs Program. We
also thank three anonymous referees for pro-
viding candid and thoughtful comments on the
manuscript.

References

Aanesen, M., C. W. Armstrong, H. ]. Bloomfield,
and C. Réckmann, C. 2014. What does stake-
holder involvement mean for fisheries man-
agement? Ecology and Society 19(4):35.

Abobi, S. M., Alhassan, E. H., Abarike, D. E., Am-
pofo-Yehoah, A., Atindana, S, and D. N.
Akongyuure. 2014. Species composition and
abundance of freshwater fishes from the
lower reaches of the White Volta at Yapei,
Ghana. Journal of Biodiversity and Environ-
mental Sciences 4(4):1-5.

Al-Abdulrazzak, D., and D. Pauly. 2014. Managing
fisheries from space: Google Earth improves
estimates of distant fish catches. ICES Jour-
nal of Marine Science 71:450-454.

Allan, ]. D,, R. Abell, Z. E. B. Hogan, C. Revenga, B.
W. Taylor, R. L. Welcomme, and K. Winemiller.
2005. Overfishing of inland waters. BioSci-
ence 55:1041-1051.

Almeida, 0., K. Lorenzen, and D. G. McGrath. 2009.
Fishing agreements in the lower Amazon: for
gain and restraint. Fisheries Management
and Ecology 16:61-67.

Amilhat, E., K. Lorenzen, E. ]. Morales, A. Yaku-
pitiyage, and D. C. Little. 2009. Fisheries pro-
duction in Southeast Asian farmer managed
aquatic systems (FMAS) I. Characterization
of systems. Aquaculture 296:219-226.

Assaad, F, P. E. LaMoreaux, and O. H. Hughes,
2004. Field methods for geologists and hy-
drologists. Springer-Verlag, New York.

Bachman, R. W, B. L. Jones, D. D. Fox, M. Hoyer,
L. A. Bull, and D. E. Canfield. 1996. Relations
between trophic state indicators and fish
in Florida (USA) lakes. Canadian Journal of
Fisheries and Aquatic Sciences 53:842-855.

Beaman, L., and A. Dillon. 2012. Do household
definitions matter in survey design? Re-
sults from a randomized survey experiment
in Mali. Journal of Development Economics
98:124-135.

Beard, T. D, Jr, R. Arlinghaus, S. J. Cooke, P. B. Mc-
Intyre, S. De Silva, D. Bartley, and I. G. Cowx.
2011. Ecosystem approach to inland fish-
eries; research needs and implementation
strategies. Philosophical Transactions of the
Royal Society B 7:481-483.

Beers, I. H., and R. Berkow, editors. 1999. The Mer-
ck manual, 17th edition. Merck Research Lab-
oratories, Whitehouse Station, New Jersey.

Bonar; S. A, and M. E. Fraidenburg. 2010. Commu-
nications techniques for fisheries scientists.
Pages 157-184 in W. A. Hubert and M. C.
Quist, editors. Inland fisheries management
in North America, 3rd edition. American
Fisheries Society, Bethesda, Maryland.

Bonar, S. A, and W. A. Hubert. 2002. Standard
sampling of inland fish: benefits, challenges,
and a call for action. Fisheries 27(3):10-16.

Bonar, S. A, W. A. Hubert, and D. W. Willis. 2009.
Standard methods for sampling North Amer-
ican freshwater fishes. American Fisheries
Society, Bethesda, Maryland.

Bratton, M. 2013. Briefing: citizens and cell
phones in Africa. African Affairs 112:304-
319.

Byrd, I. B. 1973. Homer Scott Swingle, 1902-1973.
Wildlife Society Bulletin 1(3):157-159.
Carpenter, S. R., and W. A. Brock. 2004. Spatial
complexity, resilience, and policy diversity:
fishing on lake-rich landscapes. Ecology
and Society [online serial] 9(1):8. Available:
http://www.ecologyandsociety.org/vol9/

iss1/art8/. (March 2016).

Carruthers, T. R, A. E. Punt, C. J. Walters, A. Mac-
Call, M. K. McAllister, E. ]J. Dick, and ]. Cope.
2014. Evaluating methods for setting catch
limits in data-limited fisheries. Fisheries Re-
search 153:48-68.

Castello, L., D. G. McGrath, and P. S. Beck. 2011.
Resource sustainability in small-scale fisher-
ies in the lower Amazon floodplains. Fisher-
ies Research 110:356-364.



58 COOKE ET AL.

CEN (European Committee for Standardization).
2003. EN 14011:2003 (E). Water quality—
sampling fish with electricity. Management
Centre, Brussels, Belgium.

CEN (European Committee for Standardization).
2005. EN 14757:2005 (E). Water quality—
sampling of fish with multi-mesh gillnets.
Management Centre, Brussels, Belgium.

Chapman, J. M., C. L. Proulx, M. A. N. Veilleux, C.
Levert, S. Bliss, M-E. André, N. W. R. Lapointe,
and S. J. Cooke. 2014. Clear as mud: a me-
ta-analysis on the effects of sedimentation
on freshwater fish and the effectiveness of
sediment control measures. Water Research
56:190-202.

Cochrane, K. 2001. Reconciling sustainability,
economic efficiency and equity in fisheries:
the one that got away? Fish and Fisheries
1:3-21.

Cooke, S.].,and I. G. Cowx. 2004. The role of recre-
ational fishing in the global fish crisis. BioSci-
ence 54:857-859.

Cooke, S. J., W. I. Dunlop, D. Macclennan, and G.
Power. 2000. Applications and characteris-
tics of angler diary programmes in Ontario,
Canada. Fisheries Management and Ecology
7:473-487.

Cooke, S. ], N. W. R. Lapointe, E. G. Martins, J. D.
Thiem, G. D. Raby, M. K. Taylor, T. D. Beard,
and I. G. Cowx. 2013a. Failure to engage the
public in issues related to inland fishes and
fisheries: strategies for building public and
political will to promote meaningful con-
servation. Journal of Fish Biology 83:997-
1018.

Cooke, S. ], C. D. Suski, R. Arlinghaus, and A. ].
Danylchuk. 2013b. Voluntary institutions
and behaviours as alternatives to formal
regulations in recreational fisheries manage-
ment. Fish and Fisheries 14:439-457.

Cortner, H. J.,, and M. A. Moote. 1994. Trends and
issues in land and water resources manage-
ment: setting the agenda for change. Envi-
ronmental Management 18(2):167-173.

Cowgx, I. G. 1994. Stocking strategies. Fisheries
Management and Ecology 1:15-31.

Cvitanovic, C., A. ]. Hobday, L. van Kerkhoff, and
N. A. Marshall. 2015. Overcoming barriers to
knowledge exchange for adaptive resource
management; the perspectives of Australian
marine scientists. Marine Policy 52:38-44.

Davis, C. L., L. M. Carl, and D. O. Evans. 1997. Use

of a remotely operated vehicle to study habi-
tat and population density of juvenile Lake
Trout. Transactions of the American Fisher-
ies Society 126:871-875.

Dorow, M., and R. Arlinghaus. 2011. A telephone-
diary-mail approach to survey recreational
fisheries on large geographic scales, with
a note on annual landings estimates by an-
glers in northern Germany. Pages 319-344
in T. D. Beard, Jr, R. Arlinghaus, and S. G. Sut-
ton, editors. The angler in the environment:
social, economic, and biological, and ethical
dimensions. Proceedings of the fifth world
recreational fishing conference. American
Fisheries Society, Symposium 75, Bethesda,
Maryland.

Dudgeon, D., A. H. Arthington, M. O. Gessner, Z.
. Kawabata, D. J. Knowler, C. Lévéque, R. J.
Naiman, A. H. Prieur-Richard, D. Soto, M. L. J.
Stiassny, and C. A. Sullivan. 2006. Freshwater
biodiversity: importance, threats, status and
conservation challenges. Biological Reviews
81(2):163-182.

Eaton, A. A, L. S. Clescerl, E. W. Rice and A. E.
Greenberg. 2005. Standard methods for the
examination of water and wastewater, 21st
edition. Jointly published by the American
Public Health Association, Washington, D.C;
American Water Works Association, Denver,
Colorado; and Water Environment Federa-
tion, Alexandria, Virginia.

Fairclough, D. V, J. I. Brown, B. ]. Carlish, B. M.
Crisafulli, and I. S. Keay. 2014. Breathing life
into fisheries stock assessments with citizen
science. Scientific Reports [online serial]
4:7249.DOI: 10.1038/srep07249.

FAO (Food and Agriculture Organization of the
United Nations). 2014. The state of world
fisheries and aquaculture: opportunities and
challenges. FAO, Rome.

Fisher, W. 2013. Current issues, status and appli-
cations of GIS to inland fisheries. Pages 269-
296 in G. ]. Meaden and ]. Aguilar-Manjarrez,
editors. Advances in geographic information
systems and remote sensing for fisheries and
aquaculture. FAO (Food and Agriculture Or-
ganization of the United Nations) Fisheries
and Aquaculture Technical Paper 552.

Getabu, A., Tumwebaze, R, and D. N. MacLen-
nan. 2003. Spatial distribution and temporal
changes in the fish populations of Lake Victo-
ria. Aquatic Living Resources 16(3):159-165.



ASSESSMENT OF INLAND FISHERIES 59

Grafton, R. Q. 2005. Social capital and fisheries
governance. Ocean and Coastal Management
48:753-766.

Granek, E. F, E. M. Madin, M. A. Brown, W. Figuei-
ra, D. S. Cameron, Z. Hogan, G. Kristianson, P.
de Villiers, ]. E. Williams, J. Post, and S. Zahn.
2008. Engaging recreational fishers in man-
agement and conservation: global case stud-
ies. Conservation Biology 22:1125-1134.

Hall, G. G. 2007. Remote environmental sensor ar-
ray system. Doctoral thesis. Queen’s Univer-
sity, Kingston, Ontario.

Halverson, M. A. 2008. Stocking trends: a quanti-
tative review of governmental fish stocking
in the United States, 1931 to 2004. Fisheries
33(2):69-75.

Hilborn, R. 2006. Faith-based fisheries. Fisheries
31:554-555.

Hind, E. ]. 2015. A review of the past, the pres-
ent, and the future of fishers’ knowledge
research: a challenge to established fisher-
ies science. ICES Journal of Marine Science
72:341-358.

Hortle, K. G. 2007. Consumption and the yield of
fish and other aquatic animals from the low-
er Mekong basin. Mekong River Commission,
MRC Technical Paper No. 16, Vientiane, Laos.

Hulme, P. E. 2014. EDITORIAL: Bridging the
knowing-doing gap: know-who, know-what,
know-why, know-how and know-when. Jour-
nal of Applied Ecology 51:1131-1136.

[FReDI (Inland Fisheries Research and Develop-
ment Institute). 2013. Food and nutrition
security vulnerability to mainstream hydro-
power dam development in Cambodia: im-
pacts of mainstream dams on fish yield and
consumption in Cambodia. IFReDI, Phnom
Penh, Cambodia.

Jensen, A. M., Geller, D. K., and Y. Chen. 2014. Mon-
te Carlo simulation analysis of tagged fish
radio tracking performance by swarming
unmanned aerial vehicles in fractional order
potential fields. Journal of Intelligent and Ro-
botic Systems 74:287-307.

Jentoft, S., ]. J. Pascuel-Fernandez, R. De La Cruz
Modino, M. Gonzalez-Ramallal, and R. Chuen-
pagdee. 2012. What stakeholders think
about marine protected areas: case studies
from Spain. Human Ecology 40:185-197.

Johannes, R. E., and B. Neis. 2007. The value of
anecdote. Pages 35-58 in N. Naggan, B. Neis,
and L. G. Baird, editors. Fishers’ knowledge in

fisheries science and management. UNESCO
Publishing, Paris.

Johnson, J. C., and D. C. Griffith. 2010. Finding com-
mon ground in the commons: intracultural
variation in users’ conceptions of coastal fish-
eries issues. Society and Natural Resources:
An International Journal 23:837-855.

Kettle, N. P, K. Dow, S. Tuler, T. Webler, J. White-
head, and K. M. Miller. 2014. Integrating
scientific and local knowledge to inform
risk-based management approaches for cli-
mate adaptation. Climate Risk Management
4:17-31.

Khoa, S. N, K. Lorenzen, C. Garaway, B. Chamsingh,
D.]. Siebert, and M. Randone. 2005. Impacts
of irrigation on fisheries in rain-fed rice-
farming landscapes. Journal of Applied Ecol-
ogy 42:892-900.

Klinger, D. H., M. Turnipseed, ]J. L. Anderson, E.
Asche, L. B. Crowder, A. G. Guttormsen, B. S.
Halpern, M. 1. O’Connor, R. Sagarin, K. A. Sel-
koe, G. G. Shester, M. D. Smith, and P. Tyed-
mers. 2012. Moving beyond the fished or
farmed dichotomy. Marine Policy 38:369-
374.

Lackey, R. T. 1999. Salmon policy: science, society,
restoration, and reality. Environmental Sci-
ence and Policy 2:369-379.

Lesht B. M., R. P. Barbiero, and G. J]. Warren. 2013.
A band-ratio algorithm for retrieving open-
lake chlorophyll values from satellite obser-
vations of the Great Lakes. Journal of Great
Lakes Research 39:138-152.

Li, J. 1999. An appraisal of factors constraining
the success of fish stock enhancement pro-
grammes. Fisheries Management and Ecol-
ogy 6:161-169.

Lockhart, T. J. 2003. Atmospheric measurements.
Pages 691-720 in T. D. Potter, and B. R. Col-
man, editors. Handbook of weather, climate,
and water: dynamics, climate, physical me-
teorology, weather systems, and measure-
ments. Wiley, Hoboken, New Jersey.

Lodge, D. M., C. R. Turner, C. L. Jerde, M. A. Barnes,
L. Chadderton, S. P. Egan, ]. L. Feder, A. R. Ma-
hon, and M. E. Pfrender. 2012. Conservation
in a cup of water: estimating biodiversity and
population abundance from environmental
DNA. Molecular Ecology 21:2555-2558.

Lorenzen, K. 2008. Understanding and managing
enhancement fisheries systems. Reviews in
Fisheries Science 16:10-23.



60 COOKE ET AL.

Lorenzen, K. 2014. Understanding and manag-
ing enhancements: why fisheries scien-
tists should care. Journal of Fish Biology
85:1807-1829.

Lorenzen, K., 0. Almeida, R. Arthur, C. Garaway,
and S. N. Khoa. 2006. Aggregated yield and
fishing effort in multispecies fisheries: an
empirical analysis. Canadian Journal of Fish-
eries and Aquatic Sciences 63:1334-1343.

Lorenzen, K., M. C. M. Beveridge, and M. Mangel.
2012. Cultured fish: integrative biology and
management of domestication and inter-
actions with wild fish. Biological Reviews
87:639-660.

Lorenzen, K., K. M. Leber, and H. L. Blankenship.
2010. Responsible approach to marine stock
enhancement: an update. Reviews in Fisher-
ies Science 18:189-210.

Lucas, M. C.,, and E. Baras. 2000. Methods for
studying spatial behaviour of freshwater
fishes in the natural environment. Fish and
Fisheries 1:283-316.

Lynch, A.]., S.]. Cooke, A. M. Deines, S. D. Bower, D.
B. Bunnell, I. G. Cowx, V. M. Nguyen, ]. Nohner,
K. Phouthavong, B. Riley, M. W. Rogers, W. W.
Taylor, W. Woelmer, S.-]. Youn, and T. D. Beard,
Jr. 2016. The neglected social, economic, and
environmental importance of inland fishes
and fisheries. Environmental Reviews, doi:
10.1139/er-2015-0064.

Martin, D. R,, C. ]. Chizinski, K. M. Eskridge, and K.
L. Pope. 2014. Using posts to an online social
network to assess fishing effort. Fisheries
Research 157:24-27.

Maxwell, S. L. 2007. Hydroacoustics: rivers. Pages
133-152 in D. H. Johnson, B. M. Shier, J. S.
O’Neal, J. A. Knutzen, X. Augerot, T. A. O’Neill,
and T. N. Pearsons, editors. Salmonid field
protocols handbook: techniques for assess-
ing status and trends in salmon and trout
populations. American Fisheries Society,
Bethesda, Maryland.

McCafferty, J. R, B. R. Ellender, O. L. FE. Weyl, and
P. J. Britz. 2012. The use of water resources
for inland fisheries in South Africa. Water SA
38:327-344.

Miao, W. M. 2009. Development of reservoir fish-
eries in China. Pages 3-15in S. S. de Silva and
U. S. Armasinghe, editors. Status of reservoir
fisheries in five Asian countries. Network of
Aquaculture Centres in Asia-Pacific, Mono-
graph No. 2, Bangkok, Thailand.

Muller, R. G., and R. G. Taylor. 2013. The 2013 stock
assessment update of Common Snook, Centro-
pomus undecimalis. Florida Fish and Wildlife
Conservation Commission, St. Petersburg.

Nasir, N. A. N, and S. A. R. Khalid. 2013. A statistic
survey of marine and freshwater fish catch in
Basrah, Iraq 1990-2011. Arab Gulf Journal of
Scientific Research 31:1-9.

Nesmith, A. 1985. A long arduous march toward
standardization. Smithsonian 15(12):176-
194.

Papenfuss, J. T, N. Phelps, D. Fulton, and P. A. Ven-
turelli. 2015. Smartphones reveal angler be-
havior: a case-study of a popular mobile fish-
ing application in Alberta, Canada. Fisheries
40:318-327.

Peterson, ]. T, and C. P. Paukert. 2009. Converting
nonstandard fish sampling data to standard-
ized data. Pages 195-215 in S. A. Bonar, W.
A. Hubert, and D. W. Willis, editors. Standard
methods for sampling North American fresh-
water fishes. American Fisheries Society,
Bethesda, Maryland.

Post, J. R, and E. A. Parkinson. 2012. Temporal
and spatial patterns of angler effort across
lake districts and policy options to sustain
recreational fisheries. Canadian Journal of
Fisheries and Aquatic Sciences 69:321-329.

Pouilly, M., D. Point, F. Sondag, M. Henry, and R.
V. Santos. 2014. Geographical origin of Ama-
zonian freshwater fishes fingerprinted by
87Sr/86Sr ratios on fish otoliths and scales.
Environmental Science and Technology
48:8980-8987.

Pretty, J. L., S. S. C. Harrison, D. ]J. Shepherd, C.
Smith, A. G. Hildrew, and R. D. Hey. 2003.
River rehabilitation and fish populations:
assessing the benefit of instream structures.
Journal of Applied Ecology 40:251-265.

Prince, J. D. 2003. The barefoot ecologist goes
fishing. Fish and Fisheries 4:359-371.

Pullin, A. S., and T. M. Knight. 2001. Effectiveness
in conservation practice: pointers from med-
icine and public health. Conservation Biology
15:50-54.

Pullin, A. S, and T. M. Knight. 2009. Doing more
good than harm: building an evidence-base
for conservation and environmental manage-
ment. Biological Conservation 142:931-934.

Pullin, A. S., T. M. Knight, D. A. Stone, and K. Char-
man. 2004. Do conservation managers use
scientific evidence to support their decision-



ASSESSMENT OF INLAND FISHERIES 61

making? Biological Conservation 119:245-
252.

Pullin, A. S., and G. B. Stewart. 2006. Guidelines
for systematic review in conservation and
environmental management. Conservation
Biology 20:1647-1656.

Ratner, B. D., and W. E. Smith. 2014. Collaborating
for resilience: a practitioner’s guide. World-
Fish Center, Penang, Malaysia.

Reed, M. S,, L. C. Stringer, L. Fazey, A. C. Evely, and
J. H. J. Kruijsen. 2014. Five principles for the
practice of knowledge exchange in environ-
mental management. Journal of environmen-
tal management 146:337-345.

Ross, M. R, and D. K. Loomis. 1999. State manage-
ment of freshwater fisheries resources: its
organizational structure, funding, and pro-
grammatic emphases. Fisheries 24:8-14.

Ryder, R. A, S. R. Kerr, K. H. Loftus, and H. A. Regi-
er. 1974. Morphoedaphic index, a fish yield
estimator—review and evaluation. Journal
of the Fisheries Research Board of Canada
31:663-688.

Sawchuk, J. H., A. H. Beaudreau, D. Tonnes, and D.
Fluharty. 2015. Using stakeholder engage-
ment to inform endangered species man-
agement and improve conservation. Marine
Policy 54:98-107.

Schiesl, J. W. 2003. Instrument development. Pag-
es 691-720 in T. D. Potter, and B. R. Colman,
editors. Handbook of weather, climate, and
water: dynamics, climate, physical meteorol-
ogy, weather systems, and measurements.
Wiley, Hoboken, New Jersey.

Schlesinger, D. A., and H. A. Regier. 1982. Climat-
ic and morphoedaphic indices of fish yields
from natural lakes. Transactions of the
American Fisheries Society 111(2):141-
150.

Smith, L. E. D,, S. Nguyen Khoa, and K. Lorenzen.
2005. Livelihood functions of inland fisher-
ies: policy implications in developing coun-
tries. Water Policy 7:359-383.

Smokorowski, K. E., and T. C. Pratt. 2007. Effect
of a change in physical structure and cover
on fish and fish habitat in freshwater ecosys-
tems—a review and meta-analysis. Environ-
mental Reviews 15:15-41.

Snell, M,, K. P. Bell, and J. Leahy. 2013. Local in-
stitutions and lake management. Lakes and
Reservoirs: Research and Management
18:35-44.

Soranno, P. A, K. S. Cheruvelil, K. E. Webster,
M. T. Bremigan, T. Wagner, and C. A. Stow.
2010. Using landscape limnology to classify
freshwater ecosystems for multi-ecosystem
management and conservation. BioScience
60:440-454.

Stohr, C., C. Lundholm, B. Crona, and I. Chabay.
2014. Stakeholder participation and sus-
tainable fisheries: an integrative framework
for assessing adaptive comanagement pro-
cesses. Ecology and Society [online serial]
19(3):14.

Strayer, D. L., and D. Dudgeon. 2010. Freshwater
biodiversity conservation: recent progress
and future challenges. Journal of the North
American Benthological Society 29:344-
358.

Sunger, N,, S. S. Teske, S. Nappier, and C. N. Haas.
2012. Recreational use assessment of water-
based activities, using time-lapse construc-
tion cameras. Journal of Exposure Science
and Environmental Epidemiology 22:281-
290.

Swingle, H. S. 1950. Relationships and dynam-
ics of balanced and unbalanced fish popula-
tions. Alabama Agricultural Experiment Sta-
tion of the Alabama Polytechnical Institute,
Bulletin 274, Auburn.

Swingle, H. S. 1956. Appraisal of methods of fish
population study—part IV: determination of
balance in farm ponds. Transactions of the
North American Wildlife Conference 21:298-
322.

Takahara, T, T. Minamoto, H. Yamanaka, H. Doi,
and Z. 1. Kawabata. 2012. Estimation of fish
biomass using environmental DNA. PLoS
(Public Library of Science) One [online se-
rial] 7(4):e35868. DOI: 10.1371/journal.
pone.0035868

Vorosmarty, C. ., P. B. McIntyre, M. O. Gessner, D.
Dudgeon, A. Prusevich, P. Green, S. Glidden,
S. E. Bunn, C. A. Sullivan, C. Reidy Liermann,
and P. M. Davies. 2010. Global threats to hu-
man water security and river biodiversity.
Nature 467:555-561.

Walsh, J. C,, L. V. Dicks, and W.]. Sutherland. 2015.
The effect of scientific evidence on conserva-
tion practitioners’ management decisions.
Conservation Biology 29:88-98.

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



62 COOKE ET AL.

Welcomme, R. L. 2011. An overview of global Welcomme, R. L., and D. Hagborg. 1977. Towards

catch statistics for inland fish. ICES Journal a model of a floodplain fish population and
of Marine Science 68:1751-1756. its fishery. Environmental Biology of Fishes
Welcomme, R. L., and D. M. Bartley. 1998. Current 2(1):7-24.
approaches to the enhancement of fisheries. Young, ]J. C., K. A. Waylen, S. Sarkki, S. Albon, I.
Fisheries Management and Ecology 5:351- Bainbridge, E. Balian, and A. Watt. 2014. Im-
382. proving the science-policy dialogue to meet
Welcomme, R. L., . G. Cowx, D. Coates, C. Béné, the challenges of biodiversity conservation:
S. Funge-Smith, A. Halls, and K. Lorenzen. having conversations rather than talking at
2010. Inland capture fisheries. Philosophi- one-another. Biodiversity and Conservation
cal Transactions of the Royal Society B 23:387-404.

365:2881-2896.



A Global Estimate of Theoretical Annual Inland
Capture Fisheries Harvest

Davip LymER*, FELIX MARTTIN, GERD MARMULLA, AND DEVIN M. BARTLEY
Food and Agriculture Organization of the United Nations
Fisheries and Aquaculture Department
Viale delle Terme di Caracalla, Rome 00153, Italy

Abstract.—To better reflect the true value of inland capture fisheries in the in-
ternational discourse, we provide a new estimate of theoretical annual fisheries har-
vest from inland waters per continent and type of aquatic habitat. The estimate is
based on an assessment of recent estimates of global inland aquatic habitat areas
and average yield measurements from these habitats.

We estimate the global theoretical annual inland fisheries harvest to be approx-
imately 72 million metric tons. Our estimates of harvest by continent are on average
6.5 times higher than the official catch data submitted to the Food and Agriculture
Organization of the United Nations. Reasons for the higher values in this study are
discussed and include the use of improved estimates of global freshwater surface
area and yield estimates from a wide variety of water bodies. Improved estimates of
the theoretical harvest from inland water capture fisheries would greatly increase
the visibility and the importance of the sector and help ensure its proper consider-

ation in policies addressing livelihoods and food security.

Introduction

Freshwater capture fisheries (harvest from
wild stocks in inland waters) provide income
and nutrition for hundreds of millions of peo-
ple worldwide (FAO 2014c) and are depen-
dent on functioning freshwater ecosystems.
The major external threats to freshwater fish-
eries are degradation and loss of freshwater
ecosystems (Welcomme 2011a) as well as
loss of access to those ecosystems. Destruc-
tive and unsustainable fishing practices fur-
ther threaten inland fisheries (Allen et al.
2005), and in many cases, individual species
are overexploited. Inland capture fisheries
are especially important in landlocked coun-
tries in the developing world where they pro-
vide an important source of animal protein
(Lucas and Marmulla 2000). Countries with
significant coastlines (e.g., Kenya, Tanzania,
Bangladesh, Cambodia, and Nigeria) are also

* Corresponding author: david.lymer@fao.org
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highly dependent on large inland systems for
their fish supply (UNEP 2010).

Africa and Asia together accounted for
more than 91.6% (23.3 and 68.4%, respec-
tively) of the reported inland fish harvest
worldwide in 2012 (FAO 2014a). Since report-
ing started in 1950, there has been a steady
increase in reported inland capture fisheries
harvest, with the current level of annual har-
vest being approximately 11.6 million metric
tons (FAO 20144, 2014c).

The official reported inland water surface
area in the world totals 4.6 million km? (FAO
2014b). Globally, this water surface area would
correspond to a yield of 25 kg/ha/year or 1.7
kg/person. However, both the inland water
surface area estimates of 4.6 million km? and
the 2012 reported inland capture harvest of
11.6 million metric tons have some concerns
attached to them. For the reported inland wa-
ter areas, this estimate is based on water areas
reported by only 67% of the world countries,
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indicating that this estimate must underrepre-
sent the actual inland water area (FAO 2014b).
Furthermore, the value of inland capture fisher-
ies is not sufficiently recognized and frequently
underestimated, especially in terms of subsis-
tence fisheries in developing countries (Mills et
al. 2011). Moreover, recreational fisheries are
seldom included in official catch data (Cooke
and Cowx 2004). Hence, both officially reported
inland water areas and inland capture fisheries
harvest figures are likely to be underreported.

Globally, freshwater is a very strategic re-
source because of its multiple and important
uses (e.g., drinking water, hydroelectric gen-
eration, and irrigation). This results in high
pressure from different freshwater sectors and
users, which will most likely increase with a
growing population that is estimated to reach
9.6 x 10° in 2050 (UN 2013). The increasing
pressure on water resources will put more
stress on the inland capture fisheries sector. It,
therefore, becomes increasingly important to
provide a better estimate of potential harvest
from inland capture fisheries and to achieve
a better understanding of its importance for
food supply and food security. Improving this
estimate will also benefit policymakers who
rely on this information to make informed de-
cisions about water management.

To better reflect the value of inland cap-
ture fisheries, we have extended the idea of
Welcomme (2011b), who estimated harvest
based on the relationship between lake size
and harvest. To this end, we provide further es-
timates on the theoretical annual harvest from
inland capture fisheries per continent and type
of aquatic habitat, based on recent estimates
of global inland aquatic habitat areas (Lehner
and Doll 2004; Downing 2009) and habitat-
and continent-specific fisheries yield data. The
intention of this exercise is not to provide the
exact potential global harvest for inland cap-
ture fisheries, but rather to estimate the poten-
tial levels of global and regional yields to serve
as a basis for further more detailed studies.

Method

A global assessment of area of five different
aquatic habitats (AqH) was constructed that in-

cluded permanent lakes, reservoirs, rivers (in-
cluding streams), floodplains (including fresh-
water marches), and other wetlands (including
rice fields). The area value (Area, global) for the
habitats was determined as the average values
from the assessments of Downing (2009) and
Lehner and D61l (2004). Swamp forest, flooded
forest, bogs, fens, mires, intermittent wetlands,
and lakes were grouped together as other wet-
lands. The following nonfreshwater aquatic
habitats were excluded from the analysis as har-
vest from these systems would not be reported
as derived from inland capture fisheries: coastal
wetland, pans, and brackish/saline wetlands
(De Graafetal. 2015). The distribution of aquat-
ic habitats per continent (Area Aqi continent) WS
calculated using the distribution assessment
from Tables 4 and 5 of Lehner and D61l (2004).

To obtain a measure of the mean annual
fish yield (kg/ha/year) per continent and per
aquatic habitat type (Yield A continens)» data were
collected from (1) the literature, and (2) a Food
and Agriculture Organization of the United Na-
tions database (FAO 1997). The latest data
were used where there were duplicate mea-
sures from the same water body. The compiled
data set of fish yield from 793 specific water
body areas organized by continent and the five
aquatic habitat types was further processed in
Statistica 12 (StatSoft, Tulsa, Oklahoma) where
outliers where removed until a two-tailed nor-
mal distribution was obtained. Thereafter, the
mean annual yield and the 95% confidence in-
terval per continent and aquatic habitat were
calculated for the remaining data (i.e., 697 spe-
cific water bodies).

For 11 aquatic habitats in continents
where yield data were missing, the yield was
estimated using two different approaches. The
following seven aquatic habitats were estimat-
ed from the most similar habitat and continent
in terms of latitude and average temperature.

1' YieldRiver N America = YieldRiver Europe

2. YieldOther wetlands S America = Average (YieldOther
wetlands Asia’ YieldOther wetlands Africa)

3. Yield,, . ... = Average (Yield, ., Yield
River S America

4' YieldReservoirs Oceania = AVerage (YieldReservoirs Asia’
Yield Yield

Reservoirs Africa’ Reservoirs S America:
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5. Yieldy, . ... = Average (Yield,, ., Yield
River Africa’ YieldRiver S America)

6' YieldFloodplain Oceania = Average (YieldFloodplain Asia’
YieldFloodplain Africa’ YieldFloodplain S America:

7. YieldOther wetlands Oceania = Average (YieldOther wet-
lands Asia’ YieldOther wetlands Africa)

Four aquatic habitats where there were no
similar habitat data (i.e., temperate data) were
estimated by applying a 0.1 factor to the habi-
tat corresponding to the average data for tropi-
cal systems as follows:

1. Yield, dplain N America = 0.1 x Ave.rage (Yield
Floodplain Asia’ YleldFloodplain Africa’ YleldFloodplain S
Arr_lerica .

2. Yield =0.1 x Average (Yield

Other wetlands N America

YleldOther wetlands Africa)

=0.1x AVerage (YieldFlood-

Other wetlands Asia’

3. Yield

Flood_plain Europe .
plain Asia’ YleldFloodplain Africa’ YleldFloodplainSAmerECa
4. Yield ), otonds purope = 0-1 X Average (Yield

Yield

Other wetlands Asia’ Other wetlands Africa)

The total annual harvest (TFH) from the
areas assessed was obtained by multiplying
the obtained yields (YieldAqH continene 1€@N and
95% mean confidence level) by the aquatic
habitat type area (Area

TFH = Yield

‘AgH continent

AqH continent) )

X
Are aAqH continent

As a comparison to TFH, we calculated (1)
global fish biomass (FB ), (2) fish produc-
tion (FPGlobal] in lakes, reservoirs and rivers, and
(3) the theoretical global fish yield from lakes
based on net primary production (TFY,,,). The
global fish biomass (FB_ ) and global fish
production (FP_ ) for lakes, reservoirs and
rivers was derived from the global mean fish
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biomass (mean FB, , ) and mean fish produc-
tion (mean FPGlobal) for lakes, reservoirs, and
rivers from values in the literature and multi-
plied by the corresponding global area (AreaAqH
Table 1).

The theoretical global fish harvest from
lakes based on net primary production (TFHL
wp) Was calculated from the average global val-
ue for lakes of 266 g C/m?/year (Lewis 2011)
net primary production (NPP) and converted
to fish harvest (Downing et al. 1990) and mul-
tiplied with the global area of lakes (Area,

global”

global] :

TFHL,,.= Area

NPP Lakes global x 0.1

x log,,(0.600 + 0.575 log,,NPP)

Results

The total global area for the five different
aquatic habitats that could sustain inland cap-
ture fisheries was assessed to be 10,404,450
km? (Table 1). Globally, we determined that the
water surface area is composed of 30.7% lakes,
2.8% reservoirs, 4.2% rivers and streams,
30.9% floodplains and freshwater marsh, and
31.4% other types of wetlands. The distribu-
tion of different aquatic habitats per continent
is presented in Table 1.

The mean fisheries yield per continent
and aquatic habitat type indicate that the high-
est mean yields from lakes, rivers and streams,
and other wetlands are found in Asia (Table
2). The highest mean yield for reservoirs and
floodplains are found in South America, with
the lowest mean yields found in North America
and Europe.

Table 1.—Distribution of aquatic habitat (AqH) per continent.

Area

AqH continent
(km?)
Area sl globl North South
m? America America  Europe Africa Asia Oceania
Lakes 3,193,000 1,429,422 127,144 224,387 302,235 1,092,572 17,240
Reservoirs 292,000 130,721 11,627 20,520 27,639 99,916 1,577
Rivers 433,250 193,955 17,252 30,446 41,010 148,248 2,339
Floodplain 3,215,000 1,005,367 559,161 91,206 460,939 1,001,859 96,468
Other wetlands 3,271,200 1,022,942 568,935 92,800 468,997 1,019,372 98,154
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Table 2.—Summary of mean inland capture fisheries yields (kg/ha/year) by continent and water

type (YielquH continent:
values from similar habitats and continents have be

)- Where no data was available for aquatic habitat in specific continents (E) average

en used (see Methods). See Table A.1 for additional

information on 95% confidence interval and references.

YielquH continent
North South
America America Europe Africa Asia Oceania
Lakes 2.8 (40) 54.9 (12) 13.0 (30) 73.0 (96) 156.1 (55) 50.1(7)
Reservoirs 37.0 (4) 112.5 (74) 41.3 (8) 81.0 (85) 57.6 (116) 83.7 (E)
Rivers 12.4 (E) 12.4 (44) 39.3(12) 30.7 (E) 48.9 (18) 30.7 (E)
Floodplain, 13.3 (E) 182.1 (6) 13.3 (E) 50.4 (26) 166.6 (52) 1329 (E)
Other wetlands 6.0 (E) 59.8 (E) 6.0 (E) 3.1(4) 116.6 (8) 59.9 (E)

The theoretical average global fisheries har-
vests (TFH,, , ) was estimated at approximately
72 million metric tons (Figure 1A), with a 95%
confidence range of 32,000,000-126,000,000
metric tons. The theoretical fisheries harvest
per continent (TFH_ . ) was approximately:
3.1 million metric tons (North America), 14.4
million metric tons (South America), 0.67 mil-
lion metric tons (Europe), 5.0 million metric
tons (Africa), 46.9 million metric tons (Asia)
and 2.0 million metric tons (Australia and Ocea-
nia) (Figure 1). Theoretical fisheries harvest per
aquatic habitat type (Figure 1B) was greatest in
floodplains (31.9 million metric tons) followed
by lakes (20.7 million metric tons), other wet-

lands (16.7 million metric tons), reservoirs (1.5
million metric tons), and rivers and streams
(1.2 million metric tons).

The global fish biomass (FB,, ) for lakes,
reservoirs and rivers was estimated to be 28.3,
2.6, and 7.6 million metric tons, respectively.
The global fish production (FP_ ) for lakes,
reservoirs, and rivers was estimated to be 22.9,
2.1, and 10.6 million metric tons, respectively
(Figure 2), based on the global mean fish bio-
mass (mean FB, ) and mean fish production
(mean FP_ ) (Table 3). The theoretical fish-
eries harvest based on net primary production
from lakes (TFHL,) was determined to be
31.5 million metric tons.
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Figure 2.—Comparison of estimated global fish biomass (FB, , ) for lakes, reservoirs, and rivers;
fish production (FP_ , ) for lakes, reservoirs, and rivers; theoretical fish harvest (TFH); theoretical
fisheries harvest in lakes based on net primary production (TFHL,,) displayed by aquatic habitat
(AqH: lakes, reservoirs, rivers); and reported figures from the Food and Agriculture Organization of
the United Nations for inland capture fisheries for 2012 (FAO 2012). Error bars are 95% confidence
interval (CI) for FB and FP_ and TFH for TFHA4H,
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Table 3.—Global mean freshwater fish biomass (FB_, , ....) and mean fish production (FP_ 1
in lakes, reservoirs, and rivers with 95% confidence interval (CI). n = number of water bodies.

Global mean FPGlobal mean
(kg/ha) +95% CI (kg/ha/year) +95% CI
Lakes and reservoirs? 88.7 (n=160) 15.1 71.8 (n=23) 41.4
Rivers® 176.0 (n =95) 47.6 244.7 (n=72) 94.2

2 Downing et al. 1990; Randall et al. 1995; Bachmann et al. 1996; Sarvala et al. 1999; Emmerich et al. 2012;
Samarasin et al. 2014.

b Randall et al. 1995; Kwak and Waters 1997; Formigo and Penczak 1999; Mazzoni and Lobo’n-Cervia 2000;
Welcomme 2001.
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Discussion

We estimated the global theoretical harvest
of fish from all inland waters to be 72 million
metric tons. Welcomme (2011b) estimated
the potential harvest from only lakes to be 93
million metric tons using a similar estimate of
global lake area (Downing et al. 2006). We es-
timated total harvest from lakes (TFH, , ) to
be 20.7 million metric tons (Figures 1 and 2).
The difference between the two analyses is due
to the higher yield values used in the Welcom-
me’s (2011b) analysis, especially for smaller
size lakes that are often intensively managed
by stocking, from where the majority of the
harvest in Welcomme’s analysis originated.
Our figure of approximately 5 million
metric tons for theoretical harvest in Africa is
higher than previous estimates. For Africa, as
a whole, it was estimated that the inland wa-
ters had a potential harvest between 1.99 and
3.22 million metric tons (Vanden Bossche and
Bernacsek 1990). This difference is probably
because the total water area used for estima-
tion was lower than the area used in our esti-
mation. In addition, previous work estimated
the potential harvest from African rivers to
be 558,241 metric tons per year (Welcomme
1976). Our estimates from lakes, reservoirs,
and rivers are based on a large collection on
yield data, and hence, our confidence in these
data is high. The level of harvest obtainable in
different aquatic habitats is ultimately based
on the diversity and stocks of wild fish species
(biomass) and their annual productivity (Wel-
comme and Hagborg 1977; Christensen and
Pauly 1993; Welcomme 2001). Our harvest
estimates are compatible with independently
derived estimates of fish biomass and fish pro-
duction (Figure 2). However, the theoretical
harvest assessments for floodplain and other
wetlands are less robust and display large
variation (Figure 1), with the exception of Asia
where fish harvest from floodplains and rice
fields are known to be common and several es-
timates of yield exist (Table 2). The basis for
fish production is mainly primary production
(Welcomme and Hagborg 1977), which is then
either respired or consumed by higher trophic
levels (Christensen and Pauly 1993). Our esti-

mate for TFHL,,, of approximately 31 million
metric tons of fisheries production from lakes
(Figure 2) based on NPP is higher than the 95%
confidence interval of the total fishery harvest
from lakes (TFH,_, ). Hence, our harvest esti-
mate for lakes is reasonable (Christensen and
Pauly 1993) and conservative compared to
earlier global NPP assessments of Huston and
Wolverton (2009) who reported a global NPP
value of 4.3 x 10> g C)/year. Compared to of-
ficial reported inland capture fisheries catches
(FAO 2014a, 2014c), our theoretical fisher-
ies harvest (TFH) is higher for all continents
and aquatic habitats (Figure 2); globally, the
reported catches are 16% of TFH we calcu-
lated. At continent level, the largest differences
(percentage) are found in Australia and Ocea-
nia, South America, and Asia. These differences
could be an indication of low exploitation levels
of the total area for Australia and Oceania. How-
ever, underestimation and underreporting of in-
land catch is a more likely explanation in South
America and Asia (Coates 2002). To reach the
estimated TFH of 72 million metric tons, all wa-
ter bodies would need to be managed for fisher-
ies harvest as this is potential yield.

The total area of aquatic habitat used in
this assessment is more than double the value
of 4,560,204 km? currently used by the Food
and Agriculture Organization of the United
Nations (FAO 2014b) for global assessments
of inland water area. However, the application
of new geographic information systems and
satellite imagery has recently made it possible
to make more accurate estimations of global
water area (Verpoorter et al. 2012). The esti-
mates we derived are in general agreement
with other studies of specific aquatic habitats
(e.g., inland water area in Africa [Jenness et al.
2007], global river area [Downing et al. 2012],
global area of lakes and reservoirs [McDonald
et al. 2012], global lake area [Verpoorter et al.
2014], global rice field area [Halwart and Gup-
ta 2004], and estimates of global inland water
area [MEA 2005; Fluet-Chouinard et al. 2015]).
The global theoretical inland capture fisher-
ies estimate of harvest could be improved by
using satellite imagery to obtain more precise
large-scale area measurements (Verpoorter et
al. 2012; Fluet-Chouinard et al. 2015) and wa-
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ter quality (e.g., chlorophyll a) measurements
(Deines et al. 2015) in fish harvest models.

In conclusion, we have provided an esti-
mate of global theoretical annual inland cap-
ture fisheries harvest that is, on average, 6.5
times higher than the official catch data sub-
mitted to FAO. Thus, the potential monetary
and social value of inland capture fisheries and
their contribution to food security and liveli-
hoods may be much higher than the officially
reported harvest data suggest.
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Appendix A. Inland capture fisheries yields by continent and aquatic habitat

aquatic habitat (Yield

Table A.1.—Summary of mean inland capture fisheries yields (kg/ha/year) by continent and

AqH continent)+ 11 d€T0OtES NUMber of water bodies included, and where no data was

available for aquatic habitat in specific continents (E), average values from similar habitats and conti-
nents have been used (see Method). 95% confidence interval, £95% CI. References for the water bod-
ies included in the analysis (References)

YielquH continent
n Mean  #95% CI References
North America Lakes 40 2.8 0.9 1,2,3,4,5
Reservoirs 4 37.0 36.9 6
Rivers E 12.4 3.5
Floodplain, E 13.3 7.9
Other wetlands E 6.0 5.1
South America Lakes 12 54.9 53.4 3,7
Reservoirs 74 112.5 23 6,7
Rivers 44 12.4 3.5 8,9,10,11,12,13
Floodplain 6 182.1 420.7 7,10, 14,15, 16
Other wetlands E 59.8 50.8
Europe Lakes 30 13.0 3.4 2,3,7,17,18,19
Reservoirs 8 41.3 21.6 6
Rivers 12 39.3 15.9 6,13, 20
Floodplain E 13.3 7.9
Other wetlands E 6.0 5.1
Africa Lakes 96 73.0 14.8 2,3,7,21, 22,23, 24, 25, 26,
27
Reservoirs 85 81.0 14.4 6,7,
Rivers E 30.7 12.4 6,7,28,29, 30,31
Floodplain 26 50.4 17 7,32,33,34,35,36,37, 38,39
Other wetlands 4 3.1 49 7
Asia Lakes 55 156.1 57.3 2,3,4,7,40,41,42,43, 44
Reservoirs 116 57.6 9.4 6,7,45,46,47,48,49, 50, 51,
52,53,54,55,56,57,58
Rivers 18 48.9 21.2 6,7,41,44,46,57,58, 59
Floodplain 52  166.6 38.7 6,7,41,52,58,59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70
Other wetlands 8 116.6 98.7 7,47,61,71,72,73,74,75
Oceania Lakes 7 50.1 21 76
Reservoirs E 83.7 15.6
Rivers E 30.7 12.4
Floodplain E 1329 79.1
Other wetlands E 59.9 50.9
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2. Berka, R.1989. Inland fisheries of the USSR. FAO (Food and Agriculture Organization of the United
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able: http://wldb.ilec.orjp/.
4. Rawson, D. S. 1960. A limnological comparison of twelve large lakes in northern Saskatchewan.
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Abstract.—Understanding the role and value of small-scale fisheries to liveli-
hoods and food security is a key challenge in conserving fishery resources. This is
particularly true for small-scale inland fisheries, one of the most underreported
and undervalued fisheries sectors that also increasingly faces environmental and
societal change. Gender plays a central role in the different ways in which inland
fisheries contribute to food and nutritional security in developing countries. The
role of women in inland fisheries is significant, with millions of women contribut-
ing to dynamic capture fisheries and aquaculture supply chains. The role of women
in inland fisheries, however, is less visible than the role of men and is often over-
looked in policymaking processes. The need for participatory community-based ap-
proaches has been widely recognized in natural resource management literature as
a means to capture people’s perspectives and empower marginalized groups. The
Photovoice method is increasingly used as a participatory tool in health, social, and
environmental research, but has had little adoption in inland fisheries research to
date. The aims of this paper are (1) to review and evaluate the effectiveness of an
emerging participatory method, Photovoice; and (2) to present a modified Photo-
voice method, applicable to the context of small-scale fisheries, to advance under-
standing of gender and socioecological dimensions. We outline the strengths and
limitations of the method and highlight that it can be used as a tool for triangulation
of mixed research methods or independently. We argue that Photovoice, as a par-
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ticipatory tool in fisheries research, has the potential to provide rich, qualitative,
context-specific, untapped sources of knowledge to advance fisheries research and
management. The use of Photovoice in the context of small-scale inland fisheries
and aquaculture research is a timely endeavor given heightened interest to obtain
insights into the previously overlooked aspects of gender and the need for more

policy relevant information.

Introduction

The role of women in the capture fisheries
sector has traditionally been less visible with
a long-standing assumption that the sector
is dominated by men worldwide (Davis and
Nadel-Klein 1992; Williams et al. 2004; Ben-
nett 2005). This incorrect assumption has
been reinforced by the exclusion of women
from registering in the sector in some coun-
tries (HLPE 2014). Women and men, however,
are increasingly viewed as both having an
important role in fisheries and aquaculture
worldwide (Allison and Ellis 2001; FAO 2006,
2012). For instance, a recent study by Mills
et al. (2011) provided the first known esti-
mate of gender characteristics in the capture
fisheries sector worldwide. The authors esti-
mated that 50% of the 120 million fishers em-
ployed in capture fisheries were women, with
the vast majority employed in postharvest ac-
tivities (such as processing and packaging) of
small-scale fisheries in developing countries.
In terms of the aquaculture sector, compara-
ble estimates about gender characteristics to
those for capture fisheries do not exist. How-
ever, entry into aquaculture is known to have
fewer gender barriers than capture fisheries,
resulting in more women actively participat-
ing in diverse aquaculture activities (includ-
ing preharvest, harvest, and postharvest ac-
tivities; Weeratunge et al. 2010; Williams et
al. 2012a).

As a result of limited gender data in fish-
eries and aquaculture, little policy attention
has traditionally been given to the gender di-
mension in these sectors. Nevertheless, there
have been some recent promising attempts to
promote a more holistic view of fisheries and
aquaculture in policy, including greater atten-
tion to gender (FAO 2012, 2015; Williams et al.
2012b). For example, the Food and Agriculture
Organization of the United Nations-led Volun-

tary International Guidelines on Securing Sus-
tainable Small-Scale Fisheries in the Context
of Food Security and Poverty Eradication (FAO
2015) recognizes the important role of gender
in relation to equitable access to resources,
decent work, management voice, and activi-
ties, among others. The expansion of fisheries
policy discourses to include a more holistic ap-
proach to fisheries management is resulting in
an increasing need to include gender in the un-
derstanding of both social (Weeratunge et al.
2010; Williams 2010; Harper et al. 2013; HLPE
2014) and ecological (Kleiber et al. 2015) sys-
tems. For example, a recent review by the High
Level Panel of Experts on Food Security and
Nutrition (HLPE 2014) highlights that gender
can influence the different mechanisms that
determine access to fish and nutrition, both
within the general population (as consumers)
and population groups directly involved along
supply chains (as producers, processors, and
traders). Women can also play a dominant role
in prioritizing food for household members
(Quisumbing et al. 1995; Porter 2012) and
have been identified as providing an untapped
potential source of valuable local ecological
knowledge for improved fisheries manage-
ment (Kleiber et al. 2015).

A gap in understanding gender patterns in
fisheries and aquaculture, however, continues
to be widely reported in the literature (FAO
2009, 2014; Béné et al. 2016). More specifi-
cally, a dearth of gender-disaggregated data in
the fisheries and aquaculture sectors exists,
which limits the accurate understanding of
how these sectors function (Geheb et al. 2008;
Harper et al. 2013). A recent review by Kleiber
et al. (2015) highlights that biases in sampling
methods and research have led to significant
gaps in gender-relevant data in small-scale
fisheries. This paper aims to address this in-
formation gap by (1) reviewing and evaluating
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the effectiveness of Photovoice as an emerg-
ing method in community-based participatory
research, and (2) presenting a modified Pho-
tovoice method, applicable to the context of
small-scale fisheries, to advance understand-
ing of gender dimensions and socioecologi-
cal aspects of fisheries and aquaculture. This
review aims to connect thinking about gender
dimensions in fisheries and aquaculture with
respect to (1) the roles and contributions of
women and men, (2) the varying socioeco-
nomic benefits they obtain, (3) the constraints
they experience, and (4) the characteristics of
the fisheries. We argue that Photovoice serves
as a lens to provide a richer understanding of
socioecological dimensions of small-scale fish-
eries and aquaculture.

Photovoice—Addressing the
Need for Gender-Sensitive
Methodological Approaches in
Fisheries

The use of participatory approaches in re-
search have arisen to provide a more in-depth
analysis of the views of local people that could
otherwise not be achieved through standard
social methods such as questionnaire surveys
(Chambers 1992; Pretty et al. 1995; Schreck-
enberg et al. 2010). The application of par-
ticipatory approaches, during the past two
decades, has increased in literature associated
with the management of natural resources.
The drive to include a more participatory ap-
proach to fisheries research has largely arisen
from a number of perspectives, including the
move towards interactive governance and par-
ticipation in fisheries management, as well as
the importance of collaborative learning in
small-scale fisheries (Wiber et al. 2009; Kold-
ing et al. 2014; FAO 2015).

Participatory research is described as hav-
ing considerable, yet often unrealized, poten-
tial in advancing fisheries research globally
(Wiber et al. 2009). In fisheries literature, a
range of participatory methodologies have
been implemented that have been classified
into four models as described by Hoefnagel et
al. (2006):

1. Deference model—requiring the role of
fishers as research assistants (e.g., Tiche-
ler et al. 1998);

2. Experience-based knowledge model—em-
phasizing fishers’ observations as a sup-
plement to research-based knowledge
(e.g., Wilson et al. 2006);

3. Competing constructions model—under-
standing differences in stakeholder objec-
tives leading to biases in presenting knowl-
edge (e.g, Finlayson. 1994); and

4. Community science model—promoting
collaborative fisheries science through in-
corporation of models 1-3 with effective
communication.

Hoefnagel et al. (2006) suggests that
the ideal method for participatory fisheries
research is the community science model of
interaction, which provides a more collabora-
tive and holistic approach to the development
of research by scientists and fishers. Although
a range of qualitative and quantitative meth-
ods have been applied in fisheries and aqua-
culture research, flexible and creative tools
have been called for to (1) capture the com-
plexity of context specific factors (Harper et
al. 2013; Kleiber et al. 2015), (2) produce pol-
icy relevant results (Wiber et al. 2004), and
(3) integrate the views and realities of fishers
within the management process (Krause et al.
2015).

One innovative community-based par-
ticipatory research method that has been in-
creasingly reported in the literature as having
the potential to offer considerable promise
for use with marginalized, often neglected, il-
literate populations is the Photovoice process
(hereafter referred to as Photovoice). Photo-
voice is a unique form of community-based
participatory research founded on the prin-
ciples of feminist theory, constructivism, and
documentary photography. The originators,
Wang and Burris (1997:369), describe Photo-
voice as a process by which “people can iden-
tify, represent and enhance their community
through a specific photographic technique.”
The Photovoice process involves providing
participants with the opportunity to take pho-
tographs of a particular community issue that
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are then used to facilitate participants’ criti-
cal reflections. Throughout the process, par-
ticipants have control over what they docu-
ment, what conclusions to report, and how to
catalyze change in their communities (Wang
and Burris 1997). The Photovoice process
typically comprises several stages, including
recruitment and training, photography as-
signment, group or individual selection and
discussion of photographs, coding of themes
from the photographs, and a final phase to
create research outputs (Wang et al. 1997;
Castleden et al. 2008). The theoretical prin-
ciples underpin the overarching goals of Pho-
tovoice, which are “(1) to enable people to re-
cord and reflect their community’s strengths
and concerns; (2) to promote critical discus-
sion and knowledge about important com-
munity issues through large and small group
discussions of photographs; and (3) to reach
policymakers” (Wang and Burris 1997). At its
center, Photovoice seeks to make community
needs more visible and to empower illiterate
participants to advocate for changes at the in-
dividual, community, and policy levels (Wang
and Burris 1997). As a participatory method,
Photovoice offers considerable promise for
use in working with vulnerable, uneducated,
and marginalized populations, such as wom-
en in the fisheries sector, due to its flexibility
in design and use of photography as a means
of language. Photovoice uses the means of
photography to capture community issues
and interests through a research process di-
rected towards equal sharing of research de-
cisions and empowerment of participants.
The participatory method has proven to be
successful in capturing complex context spe-
cific issues, as well as producing high-quality,
richer, and policy-relevant research (Bennett
and Dearden 2013; Kong et al. 2015). Further-
more, by facilitating closer participant-re-
searcher interactions, Photovoice provides a
promising tool in meeting the desired commu-
nity science model of interaction in participa-
tory fisheries research. Last, Photovoice may
be effective in gathering sensitive gender in-
formation, which, as highlighted by Williams
et al. (2012a), is best achieved by gathering
data about “gender roles and contributions...

within their context and characterized with
respect to economic, social and individual as-
sets and people’s needs.”

Review of Photovoice in Natural
Resources Studies

A comprehensive overview of the application
of Photovoice in public health and related dis-
ciplines can be found in the work by Hergen-
rather et al. (2009) and Catalani and Minkler
(2010). Given the increasing application of
Photovoice within the field of natural resource
management, a comprehensive literature re-
view was carried out to evaluate the use of
Photovoice within this broad area of research.
The literature review included the search
terms “Photovoice,” “Photo-voice,” and “Photo
voice” in two main search engine domains:
Science Direct and Web of Knowledge. The
initial search using these key words resulted
in 113 peer-reviewed articles. After review-
ing all abstracts and removing those that did
not lie within natural resource management
literature, a total of 10 studies were identified
for evaluation (Bosak 2008; Castleden et al.
2008; Baldwin and Chandler 2010; Beh 2011;
Tanjasiri et al. 2011; Berbés-Blazquez 2012;
Bennett and Dearden 2013; Bisung et al. 2015;
Crabtree and Braun 2015; Kong et al. 2015).
From this evaluation and building on work by
Palibroda et al. (2009), a summary of the ad-
vantages and limitations of applying the Pho-
tovoice method was drawn (see Table 1). The
use of Photovoice in fisheries and aquaculture
research has, to our knowledge, only been ap-
plied to a small number of studies, with only
one reported study carried out in a develop-
ing country and no reported studies within the
context of small-scale or inland fisheries (Ben-
nett and Dearden 2013).

Overall, the evaluation reveals growing
recognition that Photovoice provides a power-
ful tool in addressing complex social-ecological
issues and in capturing unique perspectives of
marginalized populations in diverse settings
(Berbés-Blazquez 2012; Bennett and Dearden
2013; Kong et al. 2015). In addition, a few stud-
ies highlight that Photovoice generated more
enriched data and opportunities for mutual
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Table 1.—Summary of advantages and limitations associated with the Photovoice methodology.
(Adapted from Palibroda et al. 2009).

Actor(s) Advantages Limitations
Participants Develop skills in reflecting on and The time committment may be taxing for
understanding community functioning. some individuals, particularly if the
Accessibility and ease of use of cameras, project continues over several weeks.
particularly for vulnerable people (e.g., The novelty of cameras by inexperienced
elderly, illiterate, women). participants may result in the capturing
Have improved self-esteem from skill of nonrelated project photographs.
building, competently taking The participants might have trouble
photographs, and participation. presenting complex or abstract ideas
Participate in decision-making and through their photographs.
problem-solving skills, collaboration, The close examination of an issue of
and consensus through group concern can cause negative feelings.
process.
The opportunity for participant views to
be integrated into decision-making
processes.
Researcher/ The active participation of community Time and budget can be a concern.
facilitator members as coresearchers provides a The loss of, or damage to, cameras is a
level of expertise and knowing that possible risk.
would otherwise not be accessible. Photovoice adopts a snapshot approach
Photovoice creates a flexible and can lead to omission of community
power-sharing form of research that issues or interests.
differs from traditional research A wide range of researcher skills is
methods. necessary to complete the Photovoice
“A picture is worth a thousand words.” process. For some researchers,
Photovoice provides richer, varied, and community work may be a new and
unpredictable data over and above unfamiliar experience.
traditional research methods. The dissemination of outputs to policy
Photovoice emphasizes empowerment makers requires time and careful
and offers a nonoppressive way of planning.
engaging marginalized individuals and
groups to gather their own research
information.
Community The opportunity for community growth The actual outcomes of the Photovoice

and improvement, based on the
activities of participants.

When community members gain an
increased understanding and
awareness of community strengths
and struggles, they are better equipped
to get involved and work towards
change.

activities may not be as significant as
expected by community members.
Influencing policy change requires
long-term periods for effective
monitoring and evaluation

learning between researcher and participant

than traditional research methods such as semi-

structured interviews, and it is a valuable tool
for triangulation of mixed methods (Baldwin

and Chandler 2010; Bennett and Dearden 2013;
Kong et al. 2015).

Modified Photovoice

Methodology for Fisheries and

Aquaculture Research

Participatory research tools must be adaptable
to a community’s particular circumstances and
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context. It is not surprising, therefore, to find
that during the previous decade, Photovoice
has evolved into a more flexible participatory
methodology from Wang and Burris’s (1997)
original static description. As evident from
the review presented here, Photovoice has
increasingly been modified and applied to fit
a diverse set of cultures, research topics, and
geographical contexts (Castleden et al. 2008;
Bennett and Dearden et al. 2013).

Although many successful modifications of
the Photovoice method exist, the development
of an improved version of the Photovoice pro-
cess was deemed necessary within this review
to address: (1) inherent challenges in partici-
patory small-scale fisheries research, and (2)
limitations reported with applying Photovoice.

Standard stages involved in the Photovoice
process were modified based on standard
steps from Wang and Burris (1997) and on
best practices of steps taken from studies (see
Appendix A). Taking into account these modi-
fications and steps suggested by other studies
(Castleden et al. 2008; Bennett and Dearden
2013), an improved eight-step Photovoice pro-
cess was developed, as described below.

1. Community connection and consulta-
tion—building trust;

2. Planning—funding, logistics, ethics.

3. Recruitment and group training session—
participant identification, introduction,
camera distribution, and instructions;

4. Photography assignment and camera col-
lection—periodic check-in on participants,
camera collection, and development;

5. Discussion of photographs through indi-
vidual interviews—development of narra-
tives through critical reflection on images;

6. Data analysis—coding of main topics and
themes;

7. Group discussion—verification of key
messages, identification of dissemination
activities, and evaluation of the Photovoice
experience; and

8. Dissemination—communication of out
comes to targeted audiences.

Changes were made to the recruitment,
training session, interview format, length of

study, photography assignment, and evalua-
tion stages. The changes address limitations
outlined in Table 1.

The modified process serves as a flex-
ible tool for application within the context of
small-scale fisheries, and to be adaptable to fit
the particular needs, budget, and timescale of
a research project. Box 1 outlines in detail the
steps and proposes questions that aim to un-
derstand socioecological aspects of small-scale
fisheries through a gender approach.

Conclusion

Photovoice has increasingly been modified
and applied to fit a diverse set of cultures, re-
search topics, and geographical contexts (Cas-
tleden et al. 2008; Bennett and Dearden et al.
2013). Limitations have been reported that
are deemed manageable, and the strength
of Photovoice as a participatory tool provid-
ing rich qualitative and context specific data
has been highlighted by several studies. A
modified version of Photovoice is presented,
which addresses limitations, builds on Wang
and Burris (1997) and best practices applied
and can be taken forward in the context of
small-scale fisheries in a gender-sensitive ap-
proach. Through the lens of photography, the
method serves to portray context specific re-
al-life imagery of community issues through
the unique perspectives of participants over
and above what other traditional methods can
capture (Bennett and Dearden 2013; Kong et
al. 2015). In addition, the Photovoice process
allows marginalized peoples to become em-
powered and more able to advocate for change
at the individual, community, and policy lev-
els (Wang et al. 1998). This paper describes a
modified and flexible Photovoice method ap-
plicable to understanding rich context-specif-
ic social and ecological information in diverse
small-scale fisheries contexts. This improved
Photovoice method, applicable to small-scale
fisheries, contributes to the growing meth-
odological literature in fishery research and
provides a timely endeavor to advancing wid-
er social-ecological understandings of small-
scale and inland sectors.
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Box 1. Step-by-Step Guide to the Photovoice Methodology

Stage 1. Community connection and consultation: This stage requires sufficient time
and effort to establish rapport and build trust with fishers to retain high quality par-
ticipant participation and overcome dilemmas inherent in fisher-researcher relations.
Prolonged immersion in the field, collaboration with local experts, and transparent com-
munication with community members are recommended.

Stage 2. Planning a Photovoice project: The following considerations, in addition to
generic project planning prerequisites, should be addressed:

1. Budget: When working in often remote fishing communities, additional travel costs
to and from case study sites, risks of camera theft or damage, and transport to an
identified photograph development store should be factored into project costs.

2. Logistics and administration: The development of consent forms, transport arrange-
ments, and identification of where to develop photographs need to be arranged ear-
ly on in the project.

3. Equipment: Funding might be a deciding factor regarding the selection of camera for
the project. Low-cost disposable cameras that are waterproof are recommended,
particularly given the defined cap of images making data and costs more manageable.

4. Ethical approval should be obtained from a competent organisation/institution and
full consent must be obtained from participants.

Stage 3. Recruitment and training: Participants should be recruited via a training work-
shop. As a rule of thumb, Wang and Burris (1997) recommend to recruit a group of 7 to
10 people to participate in the Photovoice method via a combination of snowball and pur-
posive sampling. Purposive sampling is a form of nonprobability sampling that allows for
the selection of individuals based upon a variety of criteria determined by the research
study of interest. Snowball sampling is a nonprobability sampling process that is used to
identify research subjects through an initial contact who suggests possible participants for
the study. A mix of male and female participants should be recruited to allow for effective
gender analysis. Once participants have agreed to participate in the study, a group train-
ing session (estimated 2 h) should be organised and cover (1) research aims, timeline,
and benefits of participation; (2) ethical considerations in research using photography; (3)
safety concerns; (4) technical instructions regarding how to use the disposable cameras;
and (5) details of the camera assignment. Informed consent should be obtained from all
participants, verbally via use of a Dictaphone or in writing. In the context of small-scale
fisheries, training may be facilitated by a translator, and in these situations, it is recom-
mended that guidance be provided to the translator in advance of the workshop. Instruc-
tions should be presented orally and/or with visual aids such as a leaflet to help guide po-
tential illiterate or vulnerable older/younger participants. A dummy camera can be used
to help instruct participants on how to use the camera. At the end of the training session,
each participant should be given a camera with a unique tag ID for data ownership control.
The camera assignment stage is flexible and participants should be asked to take pictures
in accordance with questions that reflect the aims of the project. Within the context of this
review, the following questions were proposed for the context of small-scale fisheries to
obtain deeper insights into the fisheries socioecological aspects:

Box continues




84

SIMMANCE ET AL.

Box 1. Continued

1. What activities do you carry out in relation to fish farming or capture fisheries?
2. What benefits do you receive from fish farming or capture fisheries?
3. What challenges do you experience in fish farming or capture fisheries?

Stage 4. Photography assignment and collection: Participants are to be left with one
camera each for a recommended period of 1 week. During this time, researchers should
periodically check in on participants to ensure that cameras have not been stolen or
damaged and that participants are content with the task (either via telephone or face to
face). After 1 week, cameras should be collected and developed at a local photography
store.

Stage 5. Discuss photographs through individual interviews: After the photographs
have been printed, in-depth individual interviews should be conducted to learn the nar-
ratives behind photographs. Interviews should be recorded with permission for further
analysis and to allow cross-checking of narratives. During discussions, printed photo-
graphs should be displayed and a subset of the most important pictures should be se-
lected by the participant in accordance with each of the three research questions posed.
A variety of techniques can then be used to elicit responses to questions about the pho-
tographs and to learn the narratives behind the photographs (Palibrodo et al. 2009).
Researchers can choose a technique that best fits their project. Within the context of this
review, a modified version of Wang et al’s (1998) mnemonic SHOWED line of question-
ing was developed as follows:

1. What is in the picture?

2. Why did you take the picture?

3. Why did you select this picture over the others?

4. What would you like to tell to others with this picture?

5. Why would it be important to give this message to others?

6. Is there any other information you were unable to capture during the exercise that you
would like to share?

The length of the interview will be subject to group size and it is recommended that the
researcher sets aside a minimum of 3 hours.

Stage 6. Data analysis: Transcript data obtained from individual interviews can be ana-
lysed in a similar way to other qualitative data, via codifying, and exploring, formulating,
and interpreting themes. To minimize the time required from participants and expenses
incurred from site visits, this review recommends analysis to be carried out by the re-
searcher and later verified by participants in stage 7.

Stage 7. Presentation of findings and discussion of outcomes: The aims of the final
group session should be to (1) share narratives and verify key messages, (2) discuss dis-
semination activities, and (3) capture group perspective on the Photovoice experience.
The group interviews should be recorded with permission to assist further analysis. This
stage is flexible and should be tailored to meet goals of a given project.

Box continues
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Box 1. Continued

Stage 8. Dissemination: Many projects have included an action phase to share their
photographs and findings via the development of books, exhibitions, targeted work-
shops or forums for broader community and policy awareness. This emphasis on in-
volving policymakers and broader community activities has been a part of Wang et al.’s
(1997) recommendations for best practices. This stage is flexible and should be driven
by outcomes from stage 7, as well as the goals of a given project.
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Abstract.—The biological assessment of inland waters using ecological criteria
is becoming more important due to the need to evaluate and monitor aquatic en-
vironments that are under heavy environmental stress. Turkey has been trying to
develop a model to understand its inland waters in terms of the European Water
Framework Directive’s (WFD) European fish index (EFI). The EFI is derived from
assessment of five biological elements. The EFI is inappropriate for the conditions in
Turkish inland waters; thus, the present study developed a fish-based index of biotic
integrity for Turkey (FIBI-TR) as a suggestion. To assess the adequacy of the FIBI-TR,
this study gathers field data in two selected basins in 2013 and 2014 according to
WEFD criteria for biological elements and physicochemical parameters, simultane-
ously. The FIBI-TR was then compared to the scores derived from the WFD score,
which was a cumulative score for all related biological elements, and with other fre-
quently used indices such as the Water Pollution Control Directive and trophic state
index. Based on these data, the FIBI-TR seems to be congruent with cumulative WFD
scores. However, the FIBI-TR does not agree with other indices based on physico-
chemical parameters. Detailed research is needed if WFD is to be adapted for Turkey
through FIBI-TR.

Introduction

Turkey has been implementing the Water
Framework Directive (WFD) as part of a pro-
cess to apply the European Union’s directives
for eventual membership. First attempts in
implementing this directive go back to 2002
when a preliminary project was conducted
in cooperation with Netherlands, France, and

* Corresponding author: sedatyerli@gmail.com
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Spain. Since then, monitoring of several ba-
sins had been completed while many projects
supported by the Republic of Turkey Ministry
of Forestry and Water Affairs, General Direc-
torate of Water Management are still ongoing
(Alka 2013a,2013b; Cinar 2013a, 2013b; Artek
2015a,2015b, 2015c¢; Segal 2015a, 2015b).
Assessment of the ecological status of
inland waters consists of five biological ele-
ments: fish, benthic invertebrates, phytoplank-
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ton, phytobenthos, and macrophytes. Among
these, fish fauna assessment is relatively easy
(sampling, identification, etc.) and is highly in-
dicative of any ecological degradation. For this
purpose, a European fish index (EFI) was devel-
oped as an output of the Fame and EFI+ proj-
ects (Fame Consortium 2004; EFI+ Consortium
2009). It is impossible for Turkey to implement
EFI, which is shared by several European coun-
tries, because it is not a partner of the FAME
project and the related ecoregion is not defined.
In order to develop a regional index, a typology
of the water resources was defined and its fau-
nal composition is under investigation.

The aim of this study is to develop a
fish-based index of biotic integrity for Tur-
key (FIBI-TR), with metrics based on Karr
(1981), and to evaluate its assessment capa-
bility. For this purpose, calculated FIBI-TR
scores are first compared with the cumula-
tive WFD score acquired by assessment of the
five biological elements. All related biological
elements (macroinvertebrates, fish, phyto-
plankton, phytobenthos, and macrophytes)
were assessed for each locality and a final
WEFD score was determined according to the
“one-out, all-out” principle and the arithme-
tic mean of the scores of these biological ele-
ments. Second, the FIBI-TR score is compared
with other frequently used indices, such as

Figure 1.—Selected basins for the sampling.

the Water Pollution Control Directive water
quality classes (WPCD 2004) and the trophic
state index (Carlson 1977) in order to demon-
strate their similarities and differences.

Methods

Field studies were conducted in May 2013 for
the Akarcay basin (AB) and in May 2014 for the
Kiicik Menderes basin (KM) (Figure 1). Sam-
pling of biological elements was conducted si-
multaneously with that of the physicochemical
parameters of the water column (Alka 2013a;
Segal 2015a).

Fish sampling was conducted according
to WFD criteria, using electrofishing in rivers
(CEN 2003a) and with multi-mesh gill nets
in lakes (CEN 2003b). In lake sampling, some
minor adjustments were made based on the
European Standard EN 14757. These adjust-
ments reduce the number of multi-mesh gill
nets in order to avoid pressure on protected
species, using larger mesh sizes (70, 90, and
110 mm) for catching large water column spe-
cies and using fyke nets for catching the large
benthic fish species, which were unable to be
caught with multi-mesh nets according to EN
14962 (CEN 2003c; Smejkal et al. 2015).

Ten sampling localities were selected
where there was enough preexisting data
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about the fish fauna. Anthropogenic effects and
reference conditions were taken into account
while selecting the localities.

The FIBI-TR developed is a multimetric in-
dex based on reference condition criteria and
was calculated as described by Karr (1981),
Karr et al. (1986), and Kestemont and Goffaux
(2002). Thirteen metrics were defined and
each was given points from 1 (worst ecological
condition) to 5 (best ecological condition). The
FIBI-TR metrics and their expected impacts are
summarized in Table 1.

All metric scores are summed into cumula-
tive FIBI-TR score by locality. These scores and
their corresponding ecological statuses are
given in Table 2. For comparison with other in-
dices, FIBI-TR scores are classified from 1 (bad
ecological status) to 5 (corresponding to a very
good ecological status).

Four parameters thatare related to the tro-
phic state of the water column (dissolved oxy-
gen, pH, total phosphorus, and total nitrogen)
were selected from Water Pollution Control
Directorate (WPCD) water quality classes, and
sampling stations were classified according to
the values given in Table 3. Values range from
1 to 4, with class 1 representing the best wa-
ter quality and class 4 representing the worst.
Sampling localities were classified according
to the “one-out, all-out” principle (i.e., the wa-

ter body’s final ecological status is determined
by the worst scored biological element) for
comparison with WFED scores.

Trophic state index (TSI; Carlson 1977);
TSI Secchi depth, and TSI total phosphorus
were calculated according to simplified equa-
tions given below (Carlson and Simpson 1996).
Trophic state index values then turned to qual-
ity evaluation values as described by Sulis et al.
2014.

TSI =60-14411n

Secchi depth — Secchi depth

TSI =14.421n

Total phosphorus

+4.15

Total phosphorus

FIBI-TR, WPCD water quality classes, TSI
values, and WFD results were calculated using
the same database.

Results

Results obtained from field studies in the Akar-
cay (Alka 2013a) and Kiiciik Menderes (Segal
2015a) basins are summarized in Table 4.
Water Framework Directive results are given
in the first three columns. The WFD column
represents the status of the locality according
to the “one-out, all-out” principle, whereas the
mean column is the arithmetic mean of values
of all five (or four, depending on sampling site)
biological elements.

Table I.—FIBI-TR (fish-based index of biotic integrity for Turkey) metrics and expected impacts.

With increase in

Category Metric degradation

Species composition 1. Number of native species Expected to decline
2. Percentage of alien species Expected to increase

Tolerance 3. Number of intolerant species Expected to decline
4. Percentage of tolerant species Expected to increase

Habitat diversity 5. Number of species rather than benthic ones Expected to decline
6. Number of benthic species Expected to decline

Breeding habitat diversity 7. Percentage of phythophilic species Expected to increase
8. Percentage of lithophilic species Expected to decline

Trophic state diversity 9. Percentage of omnivorous species
10. Percentage of carnivorous species

Biodiversity indices

Abundance

11. Shannon-Wiener diversity indices

12. Number per unit effort (NPUE; 1,000)
13. Catch per unit effort (CPUE; kg)

Expected to increase
Expected to decline

Expected to decline

Expected to decline
Expected to decline
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Table 2.—FIBI-TR (fish-based index of biotic
integrity for Turkey) scores and Water Frame-
work Directive (WFD) value.

FIBI-TR score WED ecological status
1-13 Bad (1)

14-26 Weak (2)

27-39 Fair (3)

40-53 Good (4)

54-65 Very good (5)

Comparisons between WFD and FIBI-TR
scores were made using the arithmetic mean
of biological elements because when the “one-
out, all-out” principle is applied, single biologi-
cal element can cause the ecological status of
the water body to decrease dramatically. One
example is Streams AB1 and AB3 where the
FIBI-TR suggests a fair (3) status whereas the
WED score suggests a poor (1) ecological situ-
ation. For these localities, the mean value of all
biological elements is classified as weak (2),
although many of the biological elements have
better ecological statuses.

WEFD-mean, which is the mean of all biolog-
ical element index results, and FIBI-TR scores
for two of the lakes are identical, whereas two
of them (Lake ABO1 and Lake KM02) differ by
one degree. Similarly, WFD-mean and FIBI-TR
scores for three of the streams are identical,
whereas Streams AB01, AB03, and AB04 dif-
fer by one degree. FIBI-TR scores for Streams
ABO1 and AB03 suggest a better ecological sta-
tus (fair), whereas the WFD-mean scores rep-
resent a poor status.

Within WPCD, dissolved oxygen and pH
results are not consistent with phosphorus
and nitrogen parameters. However, results
for the latter, total phosphorus (TP) and total
kjeldahl nitrogen (TKN), seem to be consistent

with each other. When we compare these two
parameters (TP and TKN), there are inconsis-
tencies between the WFD and FIBI-TR scores.
Localities like Lake ABO1, Stream KMO01, and
Stream KM02 show similar TP and TKN scores,
indicating bad quality (3-4), whereas their
WEFD and FIBI-TR scores vary from bad quality
to good (1-4).

Trophic state index results for Lake KM1,
Lake KM2, Lake KM3, and Lake AB1 agree
relatively well with FIBI-TR. Trophic state in-
dex assessments appear more reasonable than
WPCD to evaluate these lake ecosystems.

There seem to be some similarities be-
tween WPCD and TSI values. Sample size was
not large enough for a clear statistical evalu-
ation for this assessment; however, the ten-
dency of these indices to support each other
seems promising. As a result, the FIBI-TR de-
veloped seems to be in agreement with the
cumulative WFD score but disagrees with the
TSI and WPCD indices, which are based on
physicochemical parameters. However, as the
database grows, we believe parameters listed
under these indices can be incorporated into
the FIBI-TR.

Discussion

The WFD’s EFI is shared by many countries;
however, due to adaptation problems, some
Mediterranean countries are unable to use it.
Therefore, the index of biotic integrity of Cata-
lonia (IBICAT) has been developed for Catalo-
nia in Spain (Sostoa et al. 2004, cited by Segu-
rado etal. 2014); IBI-Jucar has been developed
for the Jucar River basin in Spain (Aparicio et
al. 2011); two separate indices have been de-
veloped for the Guadiana basin, one for Portu-
gal (Magalhdes et al. 2008) and the other for

Table 3.—Water Pollution Control Directive water quality classes (WPCD 2004).

Water quality class
Parameters 2 3 4
pH 6.5-8.5 6.5-8.5 6.0-9.0 <6.0 to >9.0
Dissolved oxygen (mg/L) 6 3 <3
Total phosphorus (mg/L) 0.02 0.16 0.65 >0.65
Total kjeldahl nitrogen (mg/L) 0.5 1.5 5 >5
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Table 4.—Locality index results (Alka 2013a; Segal 2015a). WFD = Water Framework Directive;
FIBI-TR = fish-based index of biotic integrity for Turkey; DO = dissolved oxygen; TP = total phospho-

rus; TKN = total kjeldahl nitrogen; SD = Secchi depth.

Water Framework
Directive
(1 = bad status,
5 = good status)

Water Pollution

Control Directive
(1 = good status,
4 = bad status)

Trophic state
index
(1 = good status,
5 = bad status

One out,

Locality WFD  Mean® FIBI-TR DO pH TP TKN allout SD TP
Lake KM01 3 3 3 1 12 2 1 2 3 1
Lake KM02 2 3 2 1 1-2 3 2 3 5 3
Lake KM03 1 2 2 1 1-2 3 1 3 3 3
Lake ABO1 2 3 2 1 4 4 3 4 5 5
Stream KM01 1 1 1 2 1-2 4 3 4 - -
Stream KMO02 3 4 4 1 1-2 3 4 4

Stream ABO1 1 2 3 1 4 2 2 4 - -
Stream AB02 2 3 3 1 12 2 3 3 - -
Stream ABO3 1 2 3 2 1-2 3 2 3 - -
Stream AB04 2 3 2 1 3 2 2 3 - -

2 The arithmetic mean of all WFD biological element values.

Spain (Hermoso et al. 2010); and F-IBIP has
been developed for Portugal (INAG and AFN
2012, cited by Segurado et al. 2014). All these
indices have been improved to solve applica-
tion problems of the WFD’s EFI. Implementa-
tion of the EFI in Turkey is also problematic,
experiencing problems similar to those these
in other Mediterranean countries. Turkey has
a high diversity of fish and habitats and a high
number of endemic fish species (Kuru et al.
2014). The EFI+ was developed for 15 Euro-
pean countries (EFI+ Consortium 2009) and
did not consider other countries, and also their
ecoregions, in Europe, such as Turkey.

The WFD can be adapted for Turkey
through FIBI-TR; however, the application of
the FIBI-TR must address some challenges that
are described below along with some possible
solutions.

1. Turkey’s inland water resources vary
greatly in terms of water quality, trophic
status, typology, altitude, climate, ecosys-
tem diversity, and species diversity. A total
of 25 basins, including many subbasins
with different biogeographical histories,
have been identified. A reference condi-
tion criteria needs to be applied separately
for each basin, such as those presented

here for the Akarcay and Kii¢iik Menderes
basins. All the efforts concerning FIBI-TR
need to be followed by a national calibra-
tion process.

Long-term historical data are insufficient
or are not available in many inland water
basins, especially for fish species. The lit-
erature on the fish fauna generally lacks
information on geological position, and
this needs to be determined and digitized.
Because there is no detailed fish distribu-
tion database and bioecological informa-
tion of the fish species is generally lacking,
especially for endemic species, reference
conditions are hypothetical. Bioecologi-
cal information about these species, which
are needed for the metrics, needs to be de-
termined and published as soon as pos-
sible.

Fish, which represent the top level of the
aquatic trophic chain and thus have the
potential of integrative indication of bio-
logical change, also show a wide range of
responses to different impacts. But indi-
vidual and population based responses
of fish to these impacts has still not been
assessed. Thus, in order to determine the
effects of aquatic degradation on the Turk-
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ish fish fauna, studies should include de-
tailed physicochemical parameters.

This research is one of the earliest contri-
butions to the development of a fish-based in-
dex for Turkey and it will need to be improved.
More detailed research is needed to develop a
synthesis and to understand WFD implemen-
tation for Turkey.
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Assessing Inland Fisheries: What Can Be Learned

from Australia’s Murray—Darling Basin?
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Abstract.—The collection and use of data to manage the freshwater fisheries of
Australia’s Murray-Darling basin (MDB) has a poor history of success. While there
was limited assessment data for early subsistence and commercial fisheries, even
after more robust data became available during the 1950s its quality varied across
jurisdictions and was often poorly collated, assessments were not completed, and
the data were underutilized by management. The fishery for Murray Cod Maccullo-
chella peelii is given as an example, where the fishery declined to the point of clo-
sure and then the decline continued to the extent that Murray Cod was listed as a
threatened species and all harvest now only occurs through the recreational fishery.
Lessons from such poor population assessments have not been fully learned, how-
ever, as there remains a paucity of harvest data for this recreational fishery. Without
a proper assessment, a true economic valuation of this fishery has not been made.
As the MDB is Australia’s food bowl, there are competing demands for water use
by agriculture, and without a proper assessment of the worth of the fishery, it is
difficult for Murray Cod to be truly considered in either economic or sociopoliti-
cal discussions. The poor state of MDB rivers and their fish populations (including
Murray Cod) has, however, resulted in political pressure for the development of the
sustainable rivers audit, a common assessment method for riverine environmental
condition monitoring. This audit undertakes standardized sampling for fish and a
range of other variables at a number of fixed and randomly selected sites on a 3-year
rotating basis. While the sustainable rivers audit has provided a range of data indi-
cating that the condition of rivers is generally very poor, these data have yet to be
fully utilized to determine the potential state of the fisheries (such as Murray Cod)
or to set targets for rehabilitation, such as for environmental flows. While, to date,
data analyses have been somewhat restricted by fiscal constraints, more compre-
hensive use of data, together with full fishery valuations, should be seen as the way
forward for improved management.

Introduction

Adequate assessments of data are essential for
science-based fisheries management to inform
management objectives; to maximize outputs,
cost-effectiveness, and the longevity and sus-
tainability of the fishery; and to reduce the risk
of stock collapse. Without adequate assess-
ments, the true value (total, not just economic
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value) of some fisheries may be severely un-
derestimated or, indeed, not recognized at all
(FAO and World Fish Center 2008; Kang et al.
2009). This may compromise the future pros-
pects for fishery stocks, especially when deci-
sions are being made about resource trade-offs
that may affect them, such as water extraction
for irrigation or hydopower (Allan et al. 2005).
The different and disparate nature of inland
fish and fisheries pose many difficulties for
their assessment, with the collection of data
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recognized as particularly difficult for small-
scale fisheries (Andrew et al. 2007). Such as-
sessments are also often exacerbated by a lack
of fiscal resources, particularly in rural areas
and poorer nations (FAO and World Fish Cen-
ter 2008). Proper assessments of inland fisher-
ies, however, are also not always undertaken in
developed nations, where resources are more
plentiful, and the economic value of some com-
mercial and recreational fisheries are also not
always being fully accounted for (Cooke and
Cowx 2006).

This paper provides a case study where
the inadequate collection, analysis, and appli-
cation of fishery assessment data to properly
manage the commercial Murray Cod Maccullo-
chella peelii fishery in the Murray-Darling ba-
sin (MDB), southeastern Australia, ultimately
led to its closure. It suggests a way forward to
manage the recreational fishery for this species
into the future and also provides the example
of a new assessment method for riverine envi-
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ronmental condition monitoring, the sustain-
able rivers audit, which may have applicability
to other river systems.

Background

Australia is the driest inhabited continent
(area 7.6 million km?), with Aboriginal oc-
cupation dating back 60,000 years and Eu-
ropean settlement occurring only 240 years
ago. With a population of 23 million, Australia
is highly urbanized, mostly settled along the
eastern coast (Figure 1); it is governed by a
national and eight state and territory jurisdic-
tions. It is a developed nation with a relatively
high gross domestic product (2013: per capi-
ta Aus$67,100; http://dfat.gov.au/about-aus-
tralia/Pages/about-australia.aspx). The MDB
(Figure 1) occupies about one-seventh of
the continent (more than 1 million km?) and
was settled post-1830s. It contains 2 million
people and has six partner jurisdictional gov-
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Figure 1.—Mabp of the Murray-Darling basin in southeastern Australia.
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ernments. Agriculture occupies 84% of MDB,
contributes 39% of the nation’s agricultural
production with a value of approximately $15
x 10° per annum (2005-2006; ABS 2012) and
accounts for 50% of the nation’s irrigated agri-
cultural water use (2007-2008; Koehn 2015).
The concentration of agricultural develop-
ment, most of which occurred post World War
II (Figure 2) has resulted in significant ecologi-
cal pressure on aquatic systems, with high lev-
els of flow regulation, water abstraction, and
floodplain and riparian modification (Murray-
Darling Basin Commission 2004). This has led
to concerns about overallocation of water (Les-
ter et al. 2011), which were highlighted by the
Millennium Drought (1997-2010; Murphy and
Timbal 2008), which greatly impacted both ir-
rigated agricultural production and environ-
mental assets (Kingsford et al. 2011).

A range of reforms, including the Basin
Plan have been initiated to address the need
for complimentary management of water
across the competing demands of irrigation
and the environment with the aim to allocate
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increased amounts of water to improve river-
ine environments (Murray-Darling Basin Au-
thority 2011). The Basin Plan has proven to be
one of the most controversial reforms of natu-
ral resource management in Australia’s his-
tory, generating high levels of political debate
and public protest from regional irrigators as it
aimed to reduce the consumptive use of water
by up to 4,000 GL/year at an estimated cost of
$3.1 x 10° (Koehn 2015).

The MDB has a limited native fish fauna
of only 44 naturally occurring species (Lint-
ermans 2007), which are impacted by a range
of threats (Cadwallader 1978; Murray-Darling
Basin Commission 2004). Native fish have suf-
fered serious declines, and overall, populations
are estimated to be now at about 10% of their
pre-European settlement levels, with many
localized extinctions, many species of conser-
vation concern, declines in flagship species,
and concerns about declines in recreational
angling success (Koehn and Lintermans 2012).
Definitive assessments of these populations
was difficult, however, as there are few con-

‘ Native commercial fishery closures ‘

‘ Native fish rehabilitation ‘

Key events
1 Water reforms ‘
Major dam
construction National
Indigenous threatened
subsistence World || Declines in species Murray Cod listed
fisheries Warll | native fishes legislation as a threatened
species
/
V/4 [] | 1
Up to 60 000 f 1900 1950 2000 2005 2010 2015
years BP \
Early Inquiry into Collection | Collation | National Pilot
Indigenous explorer | | Murray Cod of market | of recreational assessment
knowledge diaries stocks data market angling survey of
and data recreational
management Sustainable fishery
Rivers Audit value

Types of assessment

Indigenous fisheries

Commercial fishery

Fishery type

Recreational fishery and species conservation

Figure 2.—A timeline for key events, assessments, and management of native fisheries in the
Murray-Darling basin.
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sistent, quantitative data available on species’
population status (e.g., Cadwallader 1977; Cad-
wallader and Gooley 1984). Most assessment
data comes from commercial fishery market
documents, which are only available for a few
species (Kailola et al. 1993) and have a lack of
consistency across species and jurisdictions,
which has greatly hampered the analyses of
population trends and status (e.g., Forsyth et
al. 2013; Ye et al. 2014).

Native fishes of the MDB were harvested
only for subsistence by native Aboriginal tribes
(Dargin 1976) until after the mid-1800s when
more wide-scale commercial fisheries were in-
troduced (Figure 2). These commercial fisher-
ies expanded rapidly, concentrating on a few,
larger species. One of the most popular species
was the large Murray Cod (see Rowland 1989,
2005; Lintermans 2007), which is distributed
throughout most of the MDB. Initially, there
was limited market data for this fishery, but by
the early 1900s there were already concerns
about potentially unsustainable catch rates
(Dakin and Kesteven 1938; Figure 2). Even af-
ter considerable market catch data were avail-
able (1950s), their quality varied across juris-
dictions and they were often poorly collated
and therefore had limited use by management.
Commercial fishery data from the state of New
South Wales showed a rapid decline in Mur-
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ray Cod after 1960 (Figure 3; Reid et al. 1997),
and this fishery was closed in September 2001.
Other jurisdictional fisheries for Murray Cod
were also closed, with all harvest now only
undertaken through the recreational fishery.
The decline of Murray Cod was such that it was
listed nationally as a threatened species (In-
ternational Union for Conservation of Nature
vulnerable category) in 2003 (Department of
the Environment and Heritage). Even today, for
this threatened and important species, limited
utilization of data for management continues,
with a paucity of assessment data for the rec-
reational fishery harvest. In a recent attempt
at stock status assessment, Murray Cod was
deemed to have undefined stock status in all
jurisdictions due to a lack of data (Ye et al.
2014). A true assessment of harvest by the rec-
reational fishery has not been quantified, and
an economic valuation of this fishery has also
not yet been made (Ernst and Young 2011).

The Sustainable Rivers Audit

The decline of the Murray Cod fishery, together
with other environmental factors, highlighted
the poor state of MDB rivers and provided po-
litical pressure for the development of the sus-
tainable rivers audit (SRA). The SRA provides
a dedicated assessment method for environ-
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Figure 3.—Annual catches of Murray Cod from the New South Wales inland commercial fishery
between 1947 and 1984. (Data from New South Wales Fisheries; Reid et al. 1997).
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mental condition monitoring. Previously, any
management assessments were made from
disparate, ad hoc data collections. This audit
undertakes standardized sampling for fish and
the collection of a range of other variables on
a rotating basis (every 3 years; Davies et al.
2012). This fish community sampling includes
all species and is undertaken in rivers (not
lakes or wetlands), using standard methods,
by all jurisdictions across the MDB. This fish
community approach, together with the collec-
tion of other variables, has differences to many
traditional stock assessments. For example,
historical records were used to develop a list
of species that would have been expected to
occur at each sampling site. There were some
challenges to transferring from an ad hoc to a
standardized approach, with considerable re-
sources allocated to consultative workshops,
method development, and training. Sampling
sites are randomly selected in montane, up-
land, slopes, and lowland zones, with the data
being compiled to produce a series of indices
and end of valley scores. Fish sampling meth-
ods include electrofishing (boat; 12 x 90 s on-
time or backpack; 8 x 150 s on-time), and bait
traps (unbaited, unlighted; 90-150 min)
These measures are amalgamated into a
series of fish metrics: expectedness (species
observed: species expected from historical
records); nativeness (natives: aliens), species’
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abundance and biomass, recruitment (index
of juvenile fish indicating recruitment), and an
overall fish index. Data on supplementary vari-
ables, such as water temperature, conductivity,
turbidity, depth, width, and woody habitat, are
also collected (see Davies et al. 2012).

Results from the 2005-2007 sampling
confirmed the concern about the health of riv-
ers in the MDB with 19 of 23 river valleys rated
in “poor” to “extremely poor” ecological condi-
tion (Davies et al. 2010; Figure 4). These data
were collated from sampling undertaken at 487
sites (23 valleys), catching 60,600 fish (4 met-
ric tons). Expected species were only caught at
41% of sites. Similar data were obtained from
the following cycle of sampling (2008-2010;
Davies et al. 2012). Such sampling, however, is
very intensive and had an annual cost of about
$1.2 x 106. While the SRA has provided a range
of data indicating that river conditions, in gen-
eral are very poor, it has yet to be fully utilized
to determine the potential state of the fisheries
such as Murray Cod.

Discussion

Historically, there has been a lack of data col-
lection, collation, analysis, and use to inform
fisheries management in the MDB. This has
contributed to the decline in populations of
Murray Cod, the major commercial and angling
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Figure 4.—Sustainable Rivers Audit fish index scores for the number of river valleys in the Mur-
ray-Darling basin (2005-2007). (From Davies et al. 2010).
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species, to the point where it now has threat-
ened species status and a national recovery
plan has been prepared (National Murray Cod
Recovery Team 2010). The lack of a stock sta-
tus (Ye et al. 2014); recreational fishery har-
vest assessments; especially on a catchment
or regional basis (Henry and Lyle 2003); and
quantitative economic valuations of the fishery
(Ernst and Young 2011) mean that Murray Cod
has largely been ignored in the water-reform
debates for the MDB (Koehn 2015). In separate
analyses, an initial assessment of the econom-
ic contribution of recreational angling to the
MDB suggested likely estimates of $1.35 x 10°
direct expenditure; $357 x 10° added expen-
diture; a $403 x 10° contribution to gross do-
mestic product; and a contribution of 10,950
jobs (Ernst and Young 2011). In addition to
these economic evaluations, the public clearly
realizes that other social and cultural values of
fishes (Ginns 2012) should be recognized as
a way to illustrate benefits of the Basin Plan
(Koehn 2015).

Historically, data have only been available
for a few, large MDB fish species, and consis-
tency in collection, collation, and availability
has been variable across jurisdictions. The in-
stigation of a more comprehensive assessment
of fishes has occurred only after the Murray
Cod fishery had declined. The Sustainable
Rivers Audit provides a comprehensive data
set for the assessment of river condition that
comprises a set of agreed measures, including
fish populations, that has greater scientific
rigor and acceptability among jurisdictions
and their management agencies. While this
type of assessment may differ from true fish-
eries stock assessments, it does provide wide-
spread, consistent data that can be further
mined and added to. For example, data trends
over time (especially long term) will provide
baselines from which the recovery of species
(Koehn et al. 2013) or rehabilitation of the na-
tive fish community (Koehn and Lintermans
2012) can be measured and rehabilitation
targets set. This is especially important for
the provision of environmental flows (Koehn
et al. 2014; Koehn 2015). Additional informa-
tion such as catch detection rates (Lyon et al.
2014) and recreational harvest may be incor-
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porated with SRA data to help more accurately
reflect true population levels. Such assess-
ments can also inform population models that
allow management to be more predictive in
its outlook by testing the potential outcomes
for different management options (Koehn and
Todd 2012).

Despite not having many of the constraints
of small-scale, subsistence fisheries in poor, de-
veloping countries, the example of the Murray
Cod fishery of the MDB also highlights that lack
of proper fisheries assessment data and their
use can also occur in developed nations, to the
great detriment of the fish and fishery. While
the Sustainable Rivers Audit has provided a
comprehensive environmental monitoring pro-
gram, collecting a range of data on river condi-
tions, these data have yet to be fully utilized to
determine the potential state of the fisheries
or to set targets for their rehabilitation (such
as for environmental flows; Koehn et al. 2014;
Koehn 2015). While, to date, data analyses has
been somewhat restricted by fiscal constraints,
further use of the data by a range of agencies, to-
gether with fisheries valuations, should be seen
as the way forward should be utilized to better
manage the fisheries.
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Abstract.—Inland fisheries provide important contributions to human well-be-
ing, but these contributions are often overlooked or undervalued by decision mak-
ers. Consequently, inland fisheries are not adequately considered in either global
fisheries sustainability initiatives—which are generally marine-focused—or in the
use of freshwater resource planning in an era of water crisis. Here we synthesize
the state of knowledge of the contribution of inland freshwater fisheries to human
well-being. To date, there has been no coordinated global valuation of the ecosystem
service contributions of inland fisheries, and it is thus only possible to highlight the
range of services they provide from isolated case studies. Throughout these studies,
human nutrition emerges as a key value, with freshwater fish providing essential
nutrients in countries such as Cambodia and Bangladesh, which are endowed with
productive freshwater fisheries. Inland fisheries also provide livelihoods, income,
economic autonomy, dietary diversity, cultural identity, and social structure to tens
of millions of people around the world. The diversity of fishing methods, conser-
vation strategies, and traditional ways of managing fisheries enriches the human
experience and represents a source of cultural and technical knowledge and human
institutional ingenuity. In this paper, we review what is known about approaches for
assigning values to freshwater fisheries and identify methods to better assess and
communicate those values to decision makers and the public in order to increase
representation of inland fisheries in natural resource decision-making processes.
Most importantly, we focus on the contributions of inland fisheries to food security,
nutrition, community cohesion, and improved livelihoods. This paper also explores
approaches that consider the knowledge and perspective of fishers, fish workers,
other aquatic resource users, and their communities to augment and improve the
knowledge and perspective of scientists and resource managers in better manag-
ing freshwater fisheries resources. We also stress the importance of ensuring that
assessments explicitly consider gender relations and roles in inland fisheries and
fishing-dependent societies. Better recognition and valuation of the economic, nu-
trition, and social benefits that inland fisheries provide to human communities is
an essential step toward better incorporating inland fisheries into future water and
food security policies.

Introduction

The vast majority of global inland fisheries
catch is used for direct human consumption
(Welcomme et al. 2010). These important and
productive food resources, however, are often
negatively impacted because decisions about
the allocation and management of inland wa-
ters often either ignore or do not include an
accurate assessment of the economic, soci-

etal, and cultural values that inland fisheries
contribute to society (Bartley et al 2016, this
volume). This exclusion from decision-making
processes partially occurs because informa-
tion about the valuable contributions of inland
fisheries to economic, social, and individual
well-being is not well documented or effec-
tively communicated, especially to policymak-
ers. Although a few case studies exist (Béné
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and Neiland 2003; Baran et al. 2007; Navy
and Bhattarai 2009), no global assessment of
the value of inland fisheries has yet been con-
ducted. In instances where there is some esti-
mate of the monetary value of these fisheries
(usually in terms of fishing income and prof-
its or license and tax revenues), economic as-
sessments have often ignored the important
contribution of freshwater resources to nu-
trition, health, livelihoods, leisure, individual
and societal well-being, as well as the values
associated with religious and cultural uses of
freshwater resources (UNEP 2010; Welcomme
et al. 2010). This incomplete portrayal of in-
land fisheries contributions lessens their value
and importance to decision makers, especially
those more distant from the local communi-
ties where the fish are captured. The absence
of inland fisheries from the decision-making
process is also partially due to the inaccuracies
and uncertainties surrounding current inland
fisheries assessment and reporting (Cooke et
al. 2016; Lymer et al. 2016a; both this volume).

In assessing the overall values of inland
fisheries, it is essential to focus on both the
ecosystem services (e.g., habitat, freshwater,
fish, and biodiversity) and the flows to the so-
cial and economic sectors (e.g., fishers, proces-
sors, and others involved in inland fisheries)
that are involved in inland fisheries. To en-
sure that each of these components are given
proper consideration when assessing the value
of inland fisheries to human societies, a con-
ceptual framework capable of articulating the
various services provided by inland fisheries
and methods of how to best to assess these
contributions is required. Smith et al. (2013)
suggests a framework for linking general eco-
nomic, social, and ecosystem goods and ser-
vices to human well-being. The framework
has nine domains of well-being: health, social
cohesion, education, safety and security, living
standards, spiritual and cultural fulfillment,
life satisfaction and happiness, leisure time,
and connection to nature. We have adapted
this framework into a fisheries context to illus-
trate its utility in linking the economic, social,
and ecosystem goods and services provided by
inland fish and fisheries to human well-being
(Lynch et al. 2016b; Figure 1).

109

Each of the nine domains of well-being is
important to gain a full understanding of the
role and importance of inland fisheries to eco-
nomic, societal, and environmental well-being,
which combine to describe overall human and
societal well-being. These nine domains relate
to inland fish in many ways:

e In the context of inland fisheries, the do-
main of health focuses on outcomes of per-
sonal well-being, life expectancy and mor-
tality, and physical and mental health con-
ditions from reliance on inland fisheries
for nutrition, including micronutrients
during the first months of life from con-
ception to 24 months.

¢ The domain of social cohesion focuses on
outcomes such as identity, family demo-
graphics, and social norms, stemming
from social network ties among individu-
als and within communities, enhancing
the quality of life for those dependent
upon inland fisheries.

¢ The domain of education focuses on out-
comes derived from formal and informal
education and skills transfer, which en-
hance basic capabilities that lead to the
expansion of other capabilities necessary
for well-being development. In the context
of inland fisheries, education capabilities
are an antecedent to the ability to adjust
effectively to market or technology chang-
es.

¢ The domain of safety and security focuses
on outcomes related to overall freedom
from harm, promoting personal physical
security, national security, and financial
security. In our context, reliance on inland
fisheries can promote financial security,
especially for women or children, by pro-
viding for enhanced livelihoods and in-
come.

e While the domain of living standards is
largely economic in nature, this domain
focuses on outcomes related to income,
living conditions, home ownership, and
household assets accessible as a result of
inland fisheries activities.

e  Cultural values of inland fish or symbolism
related to fish may promote the domain
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Goods and Services that Inland Fisheries Provide
ECONOMIC SOCIAL ECOSYSTEM
Income Human health Ecosystem function
Employment Livelihood Biodiversity
Prosperity Empowerment Food
Consumption Communication Recreation
Production Cultural values and beliefs Aesthetics
Trade Knowledge Habitat/refugia
Finance Gender equity Aquatic indicators
Innovation Financial assistance
Justice
influences
Domains of Well-Being
Health Safety and security Life satisfaction and happiness
Social cohesion Living standards Leisure time
Education Spiritual and cultural fulfillment Connection to nature

used to evaluate

+

Well-Being Elements

Economic well-being

Societal well-being

Environmental well-being

combine to describe

v

Human Well-Being in an
Inland Fisheries Context

Figure 1.—Elements of a framework that link economic, social, and ecosystem goods and services
provided by inland fish and fisheries to human well-being. (Adapted from Smith et al. 2013).

of spiritual and cultural fulfillment, which
focuses on outcomes related to intercon-
nections between one’s self and others
and the environment as a result of access
to religious activities, cultural interests
and identity, and a connection to nature.

e The domain of life satisfaction and hap-
piness focuses on outcomes related to self-

reported happiness and whole-life satis-
faction. Life satisfaction and happiness
with inland fisheries in the developed
world may occur at higher rates than in the
developed world, in part because life satis-
faction tends to plateau in the wealthier,
developed world. Perhaps more appropri-
ate to the developed world than the devel-
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oping world, inland fisheries may be a fo-
cus of pleasurable activities that people
are able to engage in outside of their work
or other responsibilities (e.g., fishing, fish
ing clubs), resulting in outcomes in the do-
main of leisure time.

¢ The domain of connection to nature fo-
cuses on outcomes related to biophilia—
an emotional attachment of human be-
ings to other living organisms (Wilson
1984; Smith et al. 2013). Measures of
biophilia can describe the connection
people have with inland fisheries or their
ecosystem services. In the developing
world, the relationship among humans,
inland fisheries, and their ecosystem ser-
vices may be curvilinear. People in the de-
veloping world likely have strong biophil
ia; as their livelihood dependence on in
land fisheries wanes so too does biophilia,
until individuals rely again on inland fish-
eries for other reasons such as leisure
time.

While the human well-being framework
depicted in Figure 1 may be appropriate for a
global context, it is essential to clarify which
domains are more appropriate for inland fisher-
ies in a developing context than in a developed
context, and vice versa. A holistic framework,
one that incorporates gender roles, power dy-
namics, and political ecology, will be more effec-
tive for valuing, and in the valuation of, inland
fisheries to society. Further, when methods and
metrics are solidified and implemented to val-
ue the social, economic, and ecosystem goods
and services provided by inland fisheries, their
contributions become even more prominent in
society. However, some challenges exist in the
determination of the value of inland fisheries, as
discussed in the next section.

Challenges associated with valuing inland
fisheries

It is difficult to accurately assign a monetary val-
ue to inland fisheries because they are complex,
and geographically diffuse and occur largely
outside formalized markets (Welcomme et al.
2010). Harvest and use (e.g., consumption, rec-
reation, and livelihood) statistics, particularly in

111

the developing world, are often unavailable or
inaccurate (Welcomme 2011). Many areas lack
the infrastructure, labor force, or capital needed
to generate harvest estimates and check the ac-
curacy of existing estimates (Welcomme 2011).
Additionally, because many inland fisheries are
so diffuse, many agencies opt to collect data only
on larger-scale commercial fisheries and report
little or no data on others (e.g, subsistence fish-
eries, recreational fisheries; FAO 2003; Kang
et al. 2009). The livelihood and food security
benefits provided by inland fisheries are also
difficult to measure since many inland fisheries
are subsistence based and thus occur outside of
formal markets, rendering the value of most in-
land fish transactions invisible to normal chan-
nels of data collection on economics (Bartley et
al. 2015). Some methods, such as indirect-use
valuation and the travel-cost method, have been
applied to inland fisheries in the Mekong basin
(Baran etal. 2007) and the Copper River in Alas-
ka (Henderson et al. 1999). In general, however,
very few valuation studies have been done of
subsistence inland fisheries.

Compounding the difficulties of valuing
inland fisheries are the challenges associated
with valuing freshwater ecosystems in gen-
eral and the impact that external drivers (e.g.,
changes in land use, climate change) have on
inland fisheries (Brummett et al. 2013). The
complex interactions of climate, water, and
land use challenge creation of projections of
the impacts that climate change will have on in-
land fish and those who rely on them (Lynch et
al. 2015). Illegal and destructive fishing meth-
ods, coupled with inadequate enforcement of
fishing regulations, complicate assessment of
inland fisheries and further challenge the as-
sessment of actual catches (Allan et al. 2005).
Improved low-cost approaches for estimating
fish harvests and methods to trace flows of
inland fish through ecological and human sys-
tems would help to reveal the largely invisible
values of inland fisheries.

The contribution of inland fisheries to health
and food security

Food and nutrition security is one of the most
important ecosystem goods and services pro-
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vided by inland fisheries, the majority of which
are used for direct human consumption (Youn
et al. 2014). It is generally accepted that direct
consumption of inland fish plays an important
role in the diets of many population groups,
particularly in the developing world (Roos
2016; Funge-Smith 2016; Lymer et al. 2016b;
all this volume). Exploring and supporting this
generalization, however, is very difficult due to
lack of reliable data on direct human consump-
tion, indirect human consumption (e.g, use
of inland fish in animal feeds), and nutrients
present in inland fish (Welcomme 2011; FAO
2014; Bartley et al. 2015).

Freshwater ecosystems and the inland
fisheries they support are diverse and can have
high productivity of fish and other aquatic spe-
cies that feature in people’s diets or can be
sold to support food and livelihood security
(Dudgeon 2000; Kang et al. 2009). This diver-
sity of inland aquatic organisms, especially the
smaller fish species, is an important nutrition
source for human communities. All fish species
are a rich source of animal protein (Beveridge
et al. 2013). Additionally, small fish, which are
eaten whole (bones, organs, and head), con-
tribute essential minerals and vitamins, such
as calcium, phosphorus, zingc, iron, and vitamin
A, to the human diet (Roos et al. 2003). Due to
their size, it is often difficult to consume large
fish whole, and thus, large fish do not provide
these same nutrients. The micronutrients pro-
vided by freshwater fish are often inaccessible
to local communities in other forms, either due
to price or unavailability of substitutable food
sources that contain these nutrients.

Freshwater fish also have been reported to
enhance the bioavailability of micronutrients
from the other foods consumed during the
same meal since nutrients in the fish enhance
bioabsorption of nutrients present in the food
(Tontisirin et al. 2002). Micronutrient contri-
butions from inland fish are especially vital
to economically disadvantaged people as they
tend to suffer disproportionately from micro-
nutrient deficiencies, which have debilitating
effects on human nutrition, health, and sur-
vival, due to decreased access to nutrient-rich
foods (Fischer et al. 1999; Combs and Hassan
2005; Roos et al. 2007). Traditional knowl-
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edge of local communities on the nutritional
and health attributes of many inland-capture
fish species also points toward the great value
given by these communities to inland fish and
people’s desire to ensure the continued use of
these fish as part of their families’ diets and
livelihoods (Roos et al. 2003).

Even though exact data regarding har-
vest, transactions, and consumption of fish
from inland fisheries are scarce, it is generally
accepted that inland fish contribute signifi-
cantly to the consumption of animal-source
foods in rural populations in Africa and Asia,
especially during the peak fish-capture season
(Belton and Thilsted 2014). Fish consump-
tion varies widely across countries, seasons,
and population groups, and there are very
little data for household fish use (e.g., differ-
ent forms of consumption, bartering) beyond
national economic surveys. National data may
mask the critical contribution of inland fish
to the food security of a particular region or
population. Equally important, there is lim-
ited understanding of intra-household food
dynamics regarding the quantity and parts of
the fish that different members of the house-
hold consume. For instance, gender may be
an important aspect influencing consump-
tion of inland fish within a household because
there is evidence from many countries that
females consume smaller portions of fish
and other animal-source foods compared to
males (Béné and Heck 2005; Kawarazuka and
Béné 2010). As a result women, compared to
men, often do not receive the same nutrient
and food benefits from inland fish, which can
exacerbate nutrient deficiencies in women,
particularly pregnant or lactating women.
In some cases, these are real differences due
to cultural factors, where males eat first and
have larger portions; elsewhere, this may be
due to reporting bias in the survey methodol-
ogy (Gittelsohn 1991; Geheb et al. 2008). Real
differences in the amount of fish consumed
would affect household food security and the
nutrients each household member receives
from inland fish.

Another important aspect regarding con-
sumption of fish is people’s access to markets
or other fish sources. Studies in Bangladesh
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show that in communities close to water bod-
ies with productive capture fisheries, only
one-third to one-fourth of fish consumed was
self-caught and the majority of fish consumed
was bought from nearby markets (Hels et
al. 2003), suggesting that local fisheries are
an important source for community food se-
curity. Again, gender and social roles are an
important aspect to consider as the power to
purchase fish, and thus access its nutritional
benefits, may not be realized equally among
different socioeconomic groups and within
households (Béné and Merten 2008; Belton
and Thilsted 2014).

In many areas, women and children take
part in capturing inland fish, and these fish
are generally used for household consump-
tion (Bose et al. 2009). Infants and young
children can also significantly benefit from
consumption of inland fish (Roos 2016).
There is growing recognition of the positive
impact fish, via nutrients found in fish, can
have on growth, development and cognition
in infants and young children (Daniels et al.
2004). Therole of essential fats, especially the
importance of omega-3 fatty acids for brain
development, is well known (Horrocks and
Yeo 1999; He et al. 2004), and some freshwa-
ter fish (e.g., Rainbow Trout Oncorhynchus
mykiss and Common Carp Cyprinus carpio;
Guler etal. 2008; Gogus and Smith 2010) have
high amounts of these nutrients. Studies on
developing fish-based products using small
indigenous species with high micronutrient
content have been conducted in Bangladesh,
Cambodia, and Kenya among pregnant and
lactating women and young children up to 24
months of age (Andersen et al. 2003; Longley
et al. 2014). These studies illustrate the im-
portant benefits that the nutrients in inland
fish provide to these vulnerable groups. The
first 24 months are considered the first 1,000
d of life, a window of opportunity for ensur-
ing optimal child growth and development
that can lead to long-term optimal nutrition,
health, and development for the individual
child and better national and global develop-
ment for society (Roos 2016). However, the
nutrient content of many inland fish species,
even frequently consumed fish species, is not
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well known (Bogard et al. 2015) as nutri-
tional profiles have tended to focus on larger
fish, typically from aquaculture, which may
have different nutrient profiles than wild
fish and fish on lower levels of the food web.
Determining the nutrient content of fish spe-
cies and thus their contribution to nutrition
is an important first step to understanding,
analyzing, and promoting the present and fu-
ture potential of inland fisheries to improve
global food and nutrition security (Roos et al.
2007).

Valuing the contribution of inland fish to
human society

Freshwater ecosystems support a diversity of
livelihoods and cultural values. For instance,
freshwater recreational fisheries in the Unit-
ed States are known to support more than
500,000 jobs generating more than US$30 x
109 in retail sales and contributing more than
$9 x 109 in tax revenues (Southwick Associ-
ates 2012). Inland fisheries also support com-
mercial fishing industries, such as in the Lau-
rentian Great Lakes (Cooke and Murchie 2015)
and the African Great Lakes (Okeyo 2014), and
remain important in some European countries,
despite shifts in dietary preferences and multi-
ple pressures on freshwater use and allocation.
Commercial fishing in France (Boisneau et al.
2016, this volume) was estimated to produce
1,186 metric tons valued at €10,470,000 (EU
2011).

Livelihoods reliant on inland fisheries,
whether recreational or commercial, are also
vulnerable to social, biological, environmental,
and economic changes that can reduce access
to inland fisheries or decrease the productivity
and value of the fishery (Cowx 2015). Because
inland fisheries provide different livelihood
benefits to different people (e.g., fisheries are
not always a livelihood of last resort), policies
regarding inland fisheries need to account for
the different livelihood values that fishers ob-
tain from inland fisheries (Smith et al. 2005).
It is not sufficient to assume that fishers are
a homogenous group and that this allows the
blanket application of policies for manage-
ment, development, or conservation.
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Inland fisheries and their aquatic environ-
ment have essential cultural roles for many
rural (Fregene 2016; Ibengwe and Sobo 2016;
both this volume) and indigenous cultures
(Bartley et al. 2016) that largely rely on tradi-
tional freshwater resources (Clarke Historical
Library, no date). In the Northwest of the Unit-
ed States, more than 40 tribes have very close
cultural and livelihood ties to aquatic resources
(Ruby and Brown 1986). In fact, they refer to
themselves as the “people of the salmon,” and
they honor the salmon as their first indigenous
food gifted to them by the Creator (Columbia
River Inter-Tribal Fish Commission, no date).
The rights of the Pacific Northwest tribes to
fish for salmon are closely guarded by the
tribes. The ongoing struggle by the native peo-
ple of North America to have their tribal fish-
ing rights recognized has also occurred in the
tribal people of South America, specifically the
Amazonian region (Barra 2016, this volume).
It has been widely reported that the rights and
needs of the largely uncontacted tribes of the
Amazon River basin are being ignored during
development and transformation of the river
system by not only corporations, but also by
the governments that are supposed to pro-
tect them (Shukman 2012). The loss of access
to fishing and fishery resources threatens not
only food security, but also cultural traditions
and historical livelihoods sources; it may re-
sult in the long-term loss of cultural identity
and reduce the prospects of maintaining a tra-
ditional community and lifestyle into the fu-
ture, particularly when compounded by other
environmental threats such as large-scale min-
ing (Malm 1990), oil drilling, and government-
driven deforestation (Shukman 2012). Malm
(1990) has shown that runoff from illegal, as
well as legal, mining and drilling operations
releases mercury-based compounds into the
Amazon watershed and river system, which
results in bioaccumulation within the freshwa-
ter fishery resources upon which these tribal
peoples depend (Malm 1990). In summary,
without representation on the local and global
stages, these groups are subjected to health
risks and shorter life spans due to reduced ac-
cess to freshwater fishery resources (McClain
and Naiman 2008; UNPFII 2010).
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Recommendations to Effectively
Communicate the Social and
Economic Value of Inland
Fisheries

Improving our ability to assess and communi-
cate accurately and effectively the social and
economic value of inland fisheries is critical to
ensure both ecosystem and human well-being.
During the 2015 global conference on inland
fisheries, a group of panel experts explicitly
focused on this ongoing challenge. This panel
agreed that an approach, on local and interna-
tional levels, that considers the social and cul-
tural aspects of inland fisheries is needed so that
valuation of inland fisheries effectively includes
the social value of inland fisheries in addition
to their economic values. It is also important to
understand that fishers are not a homogenous
group and thus may vary in regards to the value
they place on various aspects of inland fisheries.
Indeed, while much research and management
effort has been expended on identifying drivers
of change affecting inland fisheries productiv-
ity and sustainability (Lynch et al. 20164, this
volume), comparatively little attention has been
given to understanding the lives of the driven—
the people affected by change. In particular, the
perspectives and lives of those with unequal
social status (e.g., women, small-scale fishers)
need greater incorporation into inland fisher-
ies and natural resource governance. They also
need to be included in decision-making process-
es, as inland fisheries are a key social and eco-
nomic resource for these groups (McGoodwin
2001; FAO 2015). This panel formulated two
main recommendations that are now part of the
“Rome Declaration: Ten Steps to Responsible In-
land Fisheries” (this volume): (1) correctly val-
ue inland aquatic ecosystems, and (2) promote
the nutritional value of inland fisheries. Below,
we expand on these two recommendations and
provide suggestions for moving forward.

Improve systems for fish
valuation—monetary and otherwise

Value methods that incorporate economic val-
ues with sociocultural values need to be used
in order to estimate the contributions of in-
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land fisheries to human health and well-being.
Approaches used elsewhere in the natural re-
sources sector and in the valuing and valuation
of ecosystem services may apply to the inland
fishery sector (Kontoleon and Swanson 2003;
Davidson 2013). Some examples of potential
economic methods that could be applied to in-
land fisheries include shadow pricing, replace-
ment value, and willingness to pay (Smith 1996;
Howarth and Farber 2002), which have been
applied to other natural resources, such as ap-
plying shadow prices to adjust the market value
of stumpage (Huhtala et al. 2003). Assessments
from a public health, social, or ethnographic
perspectives may focus on themes such as un-
derstanding livelihoods, assessing health and
nutritional status, measuring well-being, the
analysis of class and gender dynamics, under-
standing relations of power and accountability,
the functions of governing institutions in fisher-
ies and water-use decisions, and the value of lo-
cal and indigenous knowledge systems regard-
ing management of, and benefits from, inland
fisheries (UNEP 2010).

These methods have rarely been applied
to the inland fisheries context, in part because
of the limited attention these systems have
received to date. Using these methods in the
context of inland fisheries to increase knowl-
edge and awareness regarding the ecosystem
services inland fisheries will provide and gen-
erate both monetary and nonmonetary values
(e.g., cultural, human health and nutrition, and
livelihood) for the appropriate assessment of
the contributions of inland fisheries to human
communities.

In addition to applying existing economic
assessment methods to inland fisheries, frame-
works that are uniquely designed to incorpo-
rate traditional ecological knowledge, sociocul-
tural values attributed to inland fisheries, and
the contributions of inland fisheries to human
ecosystem health and well-being are needed. In
order to do this, new approaches of measuring
social value must be developed. Some current
approaches (e.g., welfare valuation methods,
supply chain analysis) exist, but comprehensive
valuation frameworks that improve quantifica-
tion of use and nonuse values (especially how
to appropriately quantify the importance and
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value of culture and beliefs) of inland fisheries
need to be developed to ensure that important
hidden values are not dismissed or overlooked
in favor of simplified monetary cost-benefit cal-
culations.

Valuation methods, such as comprehensive
impact assessments, should account for posi-
tive and negative spillover effects beyond the
fishery (wider impacts). Assessments should
incorporate both social and environmental
impacts (e.g., social and economic impact as-
sessment) and propose mitigation strategies
where negative impacts are likely to occur. Ad-
ditionally, frameworks that apply across con-
texts (e.g., geographical areas, waterbody type,
and fish species) would help to standardize
values assigned to inland fisheries and enable
comparison of the values of different fisheries.
Such frameworks would also enable freshwater
ecosystems to be weighted according to their
ecological and, by extension economic, benefits.
The most obvious application of this is ensur-
ing that inland fisheries are more effectively
accounted for in broadscale planning of water
management or rural development.

Most importantly, the promotion and adop-
tion of approaches that include valuation of in-
land fisheries along the entire fisheries value
chain (e.g, using participatory value chain anal-
ysis) should be supported to ensure that the real
value of a fishery is captured. Doing so would fa-
cilitate inclusion of social processes that affect
the value and perception of fish. This may also
help explain the price dynamics of inland fisher-
ies products, which can often seem unrelated to
local contexts of supply and demand. The lack of
value chain considerations often results in the
somewhat limited assumption that the whole
value of a fishery lies at the first point of sale,
rather than acknowledging the value addition
and diffusion of economic benefits and nutrition
far from the source of fish. In some cases in Af-
rica and Asia, these value chains extend across
countries and even into neighboring countries.

Communicate and promote the value of
inland fisheries

Improving communication of information to
policymakers, freshwater users, and other



116

stakeholders is equally important in address-
ing research needs and data gaps concerning
the economic, health, and well-being benefits
of inland fisheries. Rendering information
on the value and functions of inland fisheries
in both human and environmental terms in a
form that is understandable to stakeholders is
critical to ensuring continued access and sus-
tainable use of inland fisheries. Promoting un-
derstanding of the real value of inland fisheries
(incorporating economic, social, and ecological
values) is a crucial advocacy need. All too often,
the important contributions of inland fisheries
are overlooked or unknown, making it easy to
roll out policies and management decisions
that can directly compromise the sustainability
of inland fisheries and thereby impact human
health, well-being, and prosperity at the local,
regional, and international levels. To enhance
policy change, it is important to focus on the
points that resonate with policymakers, such
as the economic and social values of inland
fisheries and the contribution of inland fisher-
ies to overall food security, human health, and
well-being. Additionally, awareness of the ben-
efits of inland fisheries must spread beyond
those involved in inland fisheries, requiring
collaboration and communication with audi-
ences outside inland fisheries, in particular
other sectors that utilize freshwater resources.
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Abstract.—Inland fisheries are vital to the livelihoods of some rural peoples and
contribute a major source of protein, especially for vulnerable populations. More-
over, inland fisheries provide a major source of food and food security throughout
the Asian region but are often overlooked in national statistics and in considerations
of food security. Sixty-five percent of the reported global fish catch from inland fish-
eries is produced by 11 countries in the Asian region. Due to the poor quality of
reporting of inland fisheries, there is low confidence in the data, and this prevents
effective analysis at the subnational level. Inland fish, are, therefore, all but invisible
in official fish production figures.

The consumption of fish, however, can be estimated by national household sur-
veys. These surveys are carried out on a regular basis and to a high level of statisti-
cal accuracy and can provide a wealth of information about consumption patterns
and habits. These data can also play a vital role in the development of fisheries and
natural resource policies that may have considerable impact on the most vulnerable
segments of the population.

This paper reports some results based on a regional review of fish and fish
product consumption derived from national household consumption and expendi-
ture surveys. It also explores the implications for the use of this type of national
household consumption and expenditure surveys for improving our understanding
of inland fisheries and fish consumption. The paper concludes by discussing some
of the weaknesses in the use of surveys and how these may be improved to provide
far more effective information in support of understanding inland fisheries and its
role in food security

Inland Fisheries Can Be Significant Asia (So-Jungetal. 2014). Based on the statistics
Contributors to Food Security and reported to the Food and Agriculture Organiza-
i : : tion of the United Nations (FAO 2014a), of the

Nutrition in Parts of Asia 16 countries of the world that produce 81% of

Fish harvested from inland fisheries are a signifi- ~ the world’s inland captured fish, 9 of these coun-
cant source of food and food security throughout tries are in Asia (Figure 1). Eleven Asian coun-
tries produce 65.5% of global fish catch from

* Corresponding author: simon.fungesmith@fao. inland fisheries (Table 1), contributing 19% of
org total reported fish catch for these 11 countries.
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Figure 1.—Map indicating percentage contribution of Asian countries to global inland fishery

catch composition. (Data source: FAO 2014a).

These inland fisheries are present throughout
the large river floodplains, deltas, and rice farm-
ing areas of Asia. The large man-made irrigation
tanks and reservoirs of the region also provide
considerable quantities of fish in some coun-
tries. Inland fish consumption is not confined
to lowland floodplains, as even in mountainous
areas fish are still a prized food in many cultures
in Asia (Needham and Funge-Smith 2015).

Table 1.—Reported inland fishery catches of
top 11 countries in Asia (2012) as a percentage
of reported global production. (Data source: FAO
2014a).

Country Metric tons Percent
China 2,297,839 19.8
India 1,460,456 12.6
Myanmar 1,246,460 10.7
Bangladesh 957,095 8.2
Cambodia 449,000 3.9
Indonesia 393,553 3.4
Thailand 222,500 1.9
Vietnam 203,500 1.7
Philippines 195,804 1.7
Pakistan 120,240 1.0
Sri Lanka 68,950 0.6
Rest of the world 4,014,923 34.5
Total global inland
fishery production 11,630,320

The reported inland capture fishery har-
vests for these 11 Asian countries are rela-
tively significant, although these are often sub-
stantially lower than marine capture fishery
production. Comparisons between inland and
marine capture fisheries and aquaculture may
hide the real importance of inland fisheries at
the subnational level because inland fishery
harvesting is often focused around specific
areas where water resources are most abun-
dant. Areas where freshwater resources are
relatively abundant year round or seasonally
are highly linked to increased rates of fish con-
sumption. This local importance of inland fish-
ing in contributing to access to fish for house-
hold consumption may be discerned to some
extent by looking at the subnational details of
fish consumption, derived from a household
expenditure and consumption survey. For ex-
ample, the fish consumption survey data of
Laos indicates that the highest levels of per
capita fish consumption in Laos occur in prov-
inces along the path of the Mekong River; these
areas have substantial fisheries harvest, have
access to imported fish from Thailand, and also
have cage and pond aquaculture production
(Department of Statistics 2010). The lowest
levels of fish consumption are in upland areas
where fish production from rivers and streams



UNDERSTANDING THE ROLE OF INLAND FISHERIES IN FOOD SECURITY AND NUTRITION

is lower and there is relatively less aquaculture
production (Figure 2.). Inland fishery capture
production is, therefore, often considerably
underestimated (Coates 2002) and the true
importance of inland fisheries maybe dimin-
ished or undervalued in aggregated statistics
at the regional or national level.

Asian Inland Fisheries Are Not
Well Monitored and This Limits
Appropriate Valuation
Despite their importance within some coun-

tries, the harvest from inland fisheries remains
poorly reported or even overlooked in national
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statistics and in considerations of food securi-
ty (FAO 2014b). The ability to understand and
value inland fisheries remains critically linked
to statistical and resource accounting systems.
However, in many countries these systems are
not appropriate for tracking inland fisheries.
The systems for data collection and statistical
analysis are typically weak in many develop-
ing countries, and this is compounded by the
constraints on collecting accurate statistical
data from inland fishery landings (Welcomme
et al. 2010). There is generally limited invest-
ment in data collection and analysis for inland
fisheries. This limited investment is partially
because the cost of data collection is not eas-

Figure 2.—Mabp of Laos showing within-country variations. Lightest shade of gray represents up-
land provinces. (Data source: Department of Statistics 2010).
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ily justified by the revenue generated and fish-
ing activity is rarely organized to a point that
allows simplified data collection. Sampling
schemes are rarely used for estimating inland
fisheries harvest, the exception being large wa-
ter bodies such as reservoirs and commercial
fishing concessions. These large water bodies
may be subject to greater monitoring and taxa-
tion, but this in turn drives underreporting by
fishers. The inadequacy of reported statistics,
coupled with the lack of subnational disaggre-
gation for these data, severely limits meaning-
ful discourse about what inland fisheries con-
tribute to national and local economies, diet,
livelihoods, and ecosystem services (Bartley et
al. 2015).

Consumption Surveys May
Improve Estimates of Inland
Fishery Harvests that Are Made
without a Firm Statistical Basis

In some countries, the complete absence of a
statistical system means that the estimate of
inland fishery harvest is essentially guesswork.
There may be some indicative fisheries moni-
tored, but inherent reporting weaknesses and
the lack of representation of some key inland
fisheries (e.g., rice field fisheries) means that
these data cannot be used to derive an accu-
rate national estimate. Contributing further to
the inaccuracy of these data is the potential to
have incremental increase applied year by year
to the harvest estimates to satisfy government
targets for increased harvest (author’s personal
observation). This can lead to very substantial
accumulated errors during the course of a de-
cade or more. For example, the inland capture
fishery statistics of Myanmar indicate a massive
increase (389%) during a decade (FAO 2014a).
This was perhaps driven by the realization
that historic reports had been greatly under-
estimating harvests from inland fisheries (Fig-
ure 3); however, the annual increase seems to
have become institutionalized. The continuous
increases year by year are too systematic and
show neither natural variation nor interannual
variation, as would be demonstrated in fisheries
that were actually monitored. This lack of varia-
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tion is considered to be a strong indication of
inland fisheries harvests being estimated with-
out validation by Coates (2002)

The use of household consumption survey
data provides one approach for validating the
reported inland fisheries productions. Having
some form of validation would be helpful, es-
pecially in cases where very large changes in
inland capture fishery statistics have been re-
ported and where the inland fishery harvest
statistics are not based on catch collection
data, but on estimates. For example, the house-
hold consumption survey (2011) for Myanmar
indicates that 75% of fish consumed were from
inland or estuarine waters and that the major-
ity of this was sourced from capture fisheries
(Needham and Funge-Smith 2015). This gives
an approximate figure of 750,000 metric tons
for inland capture fisheries and indicates that
the 2013 inland capture fishery statistic of
1,302,970 metric tons (FAO 2014a) may be
now be overestimated by as much as 42%.
This highlights the potential for using statisti-
cally robust consumption surveys as a means
to validate inland capture fishery harvest.

Before being too critical of weak inland
fisheries statistics, it is important to recognize
that that household consumption surveys may
underestimate consumption. Thus, the re-
ported figure for inland capture fisheries may
not be as overestimated as it first appears, but
there is clearly substantial discrepancy that
merits further investigation.

Estimations Based on Indicators
such as Consumption Surveys
Can Radically Change Estimates
of Production

Implementing a new study or relying on alter-
native data to produce a robust new estimate
within a country may result in a massive leap in
thereported estimated production. An example
of how including new data can drastically alter
the reported statistic is Cambodia’s inland cap-
ture fisheries production estimates. Cambo-
dia’s estimate (Figure 4) leapt 205% in 1999,
followed by a second substantial increase of
57% in 2001 (FAO 2014a). The large increase
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Figure 3.—The inland capture fish production (metric tons) of Myanmar (1950-2012) reported to
the Food and Agriculture Organization of the United Nations. (Data source: FAO 2014a).

was unofficially explained as being caused by
inclusion of unmonitored small-scale fisheries
to the estimate. Previous reported estimates
only covered those concessional fisheries that
were monitored. This increase in Cambodia’s
fisheries production reported estimate was
further substantiated as not being excessive by
the findings of two reports published in 2007
and 2013 that relied on consumption survey
data. The 2007 report is a fisheries informa-

tion research project that commenced after
the 1999 and 2001 reported estimates. This
project, undertaken by the Mekong River Com-
mission and the Cambodian Fisheries Admin-
istration, indicated that the Cambodia inland
fishery harvested approximately 587,000 met-
ric tons per year (Hortle 2007). This methodol-
ogy included comparisons with information on
household consumption as a means to estimate
likely production, in the absence of compre-
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Figure 4.—The inland capture fish production of Cambodia reported to Food and Agriculture Or-
ganization of the United Nations (1980-2012). (Data source: FAO 2014a).

hensive inland fishery statistical monitoring.
The 2013 report summarized the findings of
a Cambodian consumption survey conducted
during 2011-2012. This report indicated that
inland fish constituted 71% of the total annual
fish consumption (63 kg per capita per year),
which gives an estimate of inland fishery pro-
duction of 632,000 metric tons (IFReDI 2013).

This production figure estimated from the
reported consumption is higher than the cur-
rently inland capture fishery production figure
reported to the Food and Agriculture Organiza-
tion of the United Nations (FAO). This suggests
that even the current estimates of Cambodian
inland fishery production reported to FAO may
still be underestimated.
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Consumption Surveys May
Explain Large Variations in Inland
Fishery Production Estimates

Countries that have a statistical system for
monitoring inland fisheries will derive an es-
timate of harvest that, depending on how it is
derived, may drift off over time from the actual
level of production. This drifting from the ac-
tual production level is an artifact of the ap-
proach used to derive the estimate. Countries,
therefore, periodically reset the harvest esti-
mate based on a validation methodology. Some
validation methods that have been used in-
clude household consumption surveys, 5-10-
year agricultural/population census, periodic
fishery survey, and fishery sampling programs.
Incidences of periodically reset harvest esti-
mates can be seen when there are occasional
instances of very large annual variations in
the estimate reported by a country. These an-
nual variations are so large that these cannot
be easily explained as natural variability in

70%
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production level resulting from climatic varia-
tions. Occurrences of reset have been noted
in the reported inland fisheries catches for
several countries in Asia by Lymer and Funge-
Smith (2009). An example of where this may
be occurring is in India’s reported inland fish-
ery production (Figure 5). During the period
1950 to 2012, there are 13 instances of an in-
terannual variation of more than 20% and four
instances where the interannual variation is
greater than 40%. This is indicative of where
the reported inland fishery production rises or
decreases by such a substantial amount that
cannot readily be explained by natural envi-
ronmental or biological variability or the level
of fishing activity. This is illustrated by the lack
of coincidence of the large variation years with
reported drought years, where a substantial
decrease in the production might be expected
in the subsequent year. Thus, India, may be ap-
plying a validation method, such as data from
household consumption survey or other meth-
od, to reset its production estimate.
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Figure 5.—Graph of between-year variations in inland fishery production for India (expressed
as percentage change from previous year). Gray circles represent variation of more than 20%. Black
circles represent drought years. (Data source: FAO 2014a).
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Consumption Surveys May
Prevent Inland Fishery Production
from Being Misreported as
Aquaculture Production

The contribution of inland fisheries to di-
ets and local economies may be undervalued
when inland fishery harvests are incorrectly
attributed to aquaculture production. This in-
correct attribution may lead to fish production
from aquaculture being overestimated, the
result being that aquaculture is given unjusti-
fied prominence as the principal source of fish
production in the country. The policy ramifica-
tions of this are that investment and develop-
ment effort may be misdirected into promotion
of aquaculture rather than sustainable man-
agement of inland fisheries.

In Laos, there is relatively good agreement
between the food balance sheets (18.2 kg per
capita per year, 2007) and the consumption
estimate from the fourth Laos expenditure and
consumption (Department of Statistics 2010)
household survey (19.1 kg per capita per year).
This agreement breaks down when the source
of fish is considered. The Lao expenditure and
consumption survey indicates that the inland
capture fishery provides approximately 88% of
the fish consumed. The inland fishery and aqua-
culture statistics reported to FAO, which form
the basis of the food balance sheet estimate, in-
dicate that inland capture fisheries only provide
25% of total national production, with the bulk
of production attributed to aquaculture.

Laos does not have a comprehensive in-
land fishery monitoring system, and even
aquaculture production is an area-based es-
timate. In this example, it appears that inland
fishery harvest is being grossly underestimat-
ed and that aquaculture production estimates
are possibly inflated. The use of household
surveys offers a means to validate the sources
of production and even check the likely level of
production reported. In the case of Lao PDR,
where there are relatively limited imports and
exports, the methodology can be considered to
be reasonably reliable compared with estima-
tions based on production areas and their as-
sumed productivity.

FUNGE-SMITH

Consumption Surveys Have
Limitations

In the examples provided above, consumption
survey data have been used to provide an alter-
native estimate of fish consumption to validate
reported inland fishery harvest. In many cases,
household surveys may provide information
that is not sufficiently detailed to be used to re-
liably estimate inland fishery harvest. Common
reasons for this are as follows:

e Survey questions may not distinguish be-
tween the sources of fish. The surveys
can typically distinguish between fresh-
water and marine fish (on the basis of the
species). In many cases household surveys
cannot distinguish whether the fish con-
sumed was produced from capture fishery
or aquaculture;

e It is difficult to distinguish between con-
sumption of locally caught fish and im-
ports, particularly near borders;

¢ Respondents are often unaware of the
source of the fish they purchase;

¢ Anadromous species (e.g., Hilsa Tenu-
alosa ilisha, Asian Seabass [also known as
Barramundi Perch] Lates calcarifer) and
catadromous species (e.g., mullet, prawns
Macrobrachium spp.) may be caught in
freshwater, brackish-water, and marine
environments, and the location of the fish
at time of capture may not be distin-
guished. This is a particular challenge in
assessing fisheries in the large tropical
river delta areas (e.g., Ayerwaddy, Mekong,
and Bramaputra), as well as inland brack-
ish and freshwater lagoons (e.g., Songhkla
Lake, Hue Lagoon).

Household consumption surveys are
known to have weaknesses associated with
their data collection process, such as follows:

e Surveys rely on recall of consumption and
this may lead to underestimation and
overestimation errors;

e The survey respondent may be quite un-
aware of the consumption of other house-
hold members, and often underreport; and

e Well-structured consumption surveys
record consumption of different forms of
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fish (e.g, fresh, frozen, fillets, canned,
dried, smoked, and sauce) and, unless cor-
rections are made, will underestimate fish
production. To circumvent this, all weights
must be converted to fresh weight equiva-
lents, allowing for losses due to parts not
eaten.

Consumption Surveys Can Reveal
Much about Inland Fisheries in
Cases Where National Monitoring
Systems Are Not in Place or Where
Subnational Detail Is Lacking

Although consumptions surveys cannot deliver
fishery trend data on annual basis, they may in-
dicate long-term trends in the source of produc-
tion and even the species consumed. They can
indicate the differences in consumption habits
of rural and urban populations (Needham and
Funge-Smith 2015).

Consumption surveys offer an insight
into variations in subnational fish consump-
tion and, as a proxy, fish production. The
main value of the consumption survey is to
act as a means of validating estimates of in-
land fishery production in situations where
an effective fishery monitoring system is not
in place. These may also allow a means to es-
timate the hidden production of small-scale,
diffuse household fishing, which may not be
captured in existing statistical monitoring
systems, and act as a means of resetting gross
overestimates or underestimates of fish pro-
duction.

Conclusion

In situations where consumption surveys are
considered to be the best approach to estimate
or validate inland fisheries harvest, improve-
ments could be made by

¢ Undertaking a 4-monthly or quarterly vali-
dation survey to correct for seasonality
variations;

e Structuring the survey to collect data
throughout an annual cycle to reduce re-
call errors by respondents;

e Improving questions to resolve the disag-
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gregation between aquaculture and cap-
ture harvest; and

¢ Including a 5-yearly consumption survey
alongside or in between other national
fishery surveys.

Without improving information about inland
freshwater harvests, the real value and impor-
tance of inland fisheries remains hidden and,
more importantly, greatly undervalued.
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The Value of Tanzania Fisheries and Aquaculture:
Assessment of the Contribution of the Sector to
Gross Domestic Product
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Post Office Box 9152 Dar es Salaam, Tanzania

Abstract.—The socioeconomic importance of the Tanzanian inland water
and small-scale marine fishing industry and aquaculture sector in the country’s
development cannot be understated. With a coastline of 1,450 km? and richly en-
dowed with natural water bodies, the fishing industry plays a fundamental role
in food security, sustainable livelihoods, and poverty reduction. However, the
fishing industry and aquaculture sector’s contribution has been underestimated
in past years; hence, it is not fully recognized as an economic sector that contrib-
utes significantly to the country’s gross domestic product (GDP). The published
value of the fishing industry and aquaculture sector contribution to the GDP is
not reported holistically. The GDP contribution of the fish harvesting sector of
the fishing industry is estimated by the National Bureau of Statistics as part of
the agricultural gross product (AGP), in accordance with the System of Nation-
al Accounts (SNA). The AGP accounts for only the value of the fish harvesting
sector’s activities, whereas the economic contributions of postharvest-related
activities are accounted for under other sectors like manufacturing. This study
focused on providing appropriate information about the overall value of the fish-
ing industry and aquaculture sector. A production approach method was used to
evaluate value-added contributions to the national GDP. The analysis found that
the fishing industry and aquaculture sector’s contribution to the GDP in 2011
was 3.07% as compared to the published GDP of 1.4%. This difference suggests
that the fishing industry and aquaculture sector’s contributions to GDP may
have been underestimated by a factor of 2.2 and indicates that a postharvesting
processing sector plays a significant role in GDP contribution. These findings
provide a different perspective on how to calculate fishing industry and aqua-
culture sector contribution to the GDP from the existing structure of economic
activity classification set by the SNA. To complement this information, the study
also summarizes the contribution of the fish harvesting, postharvest processing
and aquaculture sectors to employment. This study also calls for improved data
collection and information related to the fisheries’ postharvest activities. At the
policy level, there is a need to rethink and prioritize development of the fishing
industry and aquaculture sector in Tanzania.

* Corresponding author: lilyibengwe@gmail.com
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Introduction

Background and overview of the Tanzania
fishing industry

Tanzania lies just south of the equator and cov-
ers an area of about 947,300 km? (CIA 2012).
The country is rich in water resources; about
62,000 km? is covered by various water bod-
ies thatinclude the three largest lakes in Africa,
diverse river systems, numerous wetlands, and
a coastline of 1,424 km long along the western
Indian Ocean (EAF-Nansen Project 2012).

The fishing industry' is economically and
socially significant to the country, and it plays
a fundamental role in food security, sustain-
able livelihoods, and poverty reduction. The
inland and small-scale marine fish harvesting
sectors officially contribute around 1.4-1.6%
of the national gross domestic product (GDP;
Planning Commission 2012; Figure 1). The
fishing industry also contributes about 10%
of the country’s total exports from fish and
fishery products (Ministry of Livestock and
Fisheries Development 2012) and provides

! Fishing industry refers to the fish harvesting
and postharvesting processing sectors.
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about 27% of the total protein intake in the
country (FAO 2007).

Overview of the aquaculture sector in
Tanzania

Aquaculture in Tanzania is a fast-growing sec-
tor that provides national food security and
supports livelihoods for people living along the
coast and inland areas. There are about 17,847
fish farmers in Tanzania, of which 14,750 fish
farmers are involved in freshwater fish farm-
ing and 3,097 in mariculture (Ministry of Live-
stock and Fisheries Development 2012). An-
nual farmed fish production is estimated at
3,628.5 metric tons, which is about 0.98% of
the average annual fish landings.

The decline of capture fisheries harvest
from inland and territorial waters, coupled
with the ever increasing demand for fish, has
created an urgent need to promote aquacul-
ture development in the country (F. A. Sobo,
paper presented at the Workshop on Fisheries
and Aquaculture in Southern Africa: Develop-
ment and Management, 2006). The govern-
ment has developed the National Aquaculture
Development Strategy, which sets the frame-
work for promoting commercial aquaculture
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Figure 1.—Trend of percentage contribution of fish harvesting sector to national gross domestic
product (GDP) from 2001 to 2011 (Planning Commission 2012).
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in Tanzania (Ministry of Livestock and Fisher-
ies Development 2008).

Contribution of the fishing industry and
aquaculture sector to the gross domestic
product

Though not fully recognized as major con-
tributors to the GDP, the fishing industry and
the aquaculture sector are important con-
tributors to many national economies across
African countries. In terms of food security,
revenue generation, and employment derived
from activities related to these sectors, both
the capture fisheries and aquaculture sectors
continue to be of fundamental importance, as
can be seen by the tonnage and value produced
(World Bank 2012).

In Tanzania, the contribution of the fishing
industry and aquaculture sector to GDP is pub-
lished by the National Bureau of Statistics. The
calculation is based on the System of National
Accounts; however, it incorporates only the
GDP of the fish harvesting sector while related
postharvest activities are considered under
the manufacturing section (UN 2008).

The fish harvesting and aquaculture sec-
tors are clearly an important direct source of
employment (FAO 2007). A study by the World
Bank indicated that the contribution to the
GDP created by postharvest activities in some
African countries can be high, making up more
than 50% of the fishing industry’s contribution
to the GDP (World Bank 2012). Therefore, it is
in the interest of the Tanzanian fishing indus-
try to understand the fish harvesting, posthar-
vest processing, and aquaculture sectors’ con-
tribution to the national GDP.

The GDP is the sum of economics of each
sector to the performance of the whole econ-
omy within a country in a year, or a given
period of time (Timmer 1992). A sector can
contribute directly and indirectly to the econ-
omy (Cai et al. 2009). According to National
Accounts: A Practical Introduction (UN 2003),
there are three approaches to calculate GDP
(UN 2003):

e Production approach,
¢ Expenditure approach, and
¢ Costor income approach.
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The most direct and common way to estimate
GDP of the three approaches is the production
approach through estimation of gross added
value (UN 2003).

The present study applied the production
approach to estimate the economic contribu-
tions of fish harvesting (production), posthar-
vest activities, and employment generated by
the sectors. The production approach estimates
the GDP by assessing the gross value added of
each economic activity in the national economy.
Gross value added is an economic measure of
the value of goods and services produced in
an area, industry, or sector of an economy (UN
2003). It measures the increase in income after
the costs of intermediate inputs into the pro-
duction have been deducted.

Significance of the study

There is a knowledge gap in the Tanzania Fish-
eries Development Division regarding the con-
tribution to GDP from the whole value chain of
the fishing industry and aquaculture sector to
the national GDP.

So far, there has never been a study con-
ducted to estimate the whole value chain of the
Tanzanian fishing industry and aquaculture
sector contribution to the national GDP.

This study attempts to fill in critical
knowledge gaps in understanding the fishing
industry’s and aquaculture sector’s economic
importance to the country. The results of this
study should challenge existing perspectives
of the marginality of the fishing industry and
aquaculture sector in developing countries
and should give attention to policy makers to
prioritize development support to the fishing
industry and aquaculture sectors.

The main objective of this study is to pro-
vide appropriate information about the overall
value of the fishing industry and aquaculture
sector.

The specific objectives of the study are

e to provide accurate information about the
contribution of the fishing industry and
aquaculture sectors to the GDP,

e to provide specific information about the
employment generated by the fishing in-
dustry and aquaculture sector, and
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e toimprove fisheries data collection related
to the required components for calculation
of the GDP.

Methods
Data collection

The study was conducted between January and
March 2012. Information was collected from
the fish harvesting, postharvest processing, and
aquaculture sectors and licensing. Information
related to employment for each of these sectors
was also collected and analyzed. The primary
data collection involved direct field observa-
tion, focus groups, and structured interviews
with fishers, fish farmers, and processors. The
interview was distributed across Lake Victoria,
Lake Tanganyika, Lake Nyasa, minor freshwa-
ter bodies, and marine territorial waters. Field
work mainly occurred at the Kirumba fish mar-
ket, Kayenze and Igombe landing sites for Lake
Victoria; Kibirizi and Korongwe landing sites for
Lake Tanganyika; and Ferry fish market, Maso-
ko-pwani and Mikindani landing sites for the
marine water, while information for processing
was obtained from Vic Fish Ltd and Nile Perch
Fisheries Ltd fish-processing plants. The inter-
views were conducted by fisheries officers from
the Tanzania Fisheries Development Division
and the Local Government Authority.

For the fish harvesting and aquaculture sec-
tors’ questionnaire, a total of 120 fishers and fish
farmers were interviewed, and these formed
a representative sample for the study; 44% of
the fishers interviewed were from Lake Victo-
ria, 30% from Lake Tanganyika, and 26% from
marine territorial waters. Information about
the employment provided by the fish harvesting
and aquaculture sectors was also collected.

For postharvest processing and employ-
ment in the postharvest sector sections, 230
processors were interviewed about this sector’s
economic contribution and related employ-
ment. To obtain a representative sample for
the study, respondents were randomly sampled
(gender-representative). About 69 of the pro-
cessor respondents interviewed were from
Lake Victoria, 64 from Lake Tanganyika, 58 from
marine water, and 39 from industrial processing
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plants. The information obtained for each sam-
pled landing site, market, and processing plant
was extrapolated based on the total number of
smoking kilns, drying racks, frying facilities, and
processing plants for industrial processing pro-
vided from frame survey reports.

The licensing section of the questionnaire
gathered information from the Fisheries Annual
Statistics Report 2011 (Ministry of Livestock
and Fisheries Development 2012), specifically
about the total number of licensed fees, which
consisted of a fishing license fee, fishing vessel’s
license fee, and the vessel registration fee.

Primary data collection about the fish har-
vesting, aquaculture, and postharvest process-
ing sectors and licensing and information about
employment was complemented by secondary
data sourced from the Fisheries Annual Sta-
tistics Report 2011 (Ministry of Livestock and
Fisheries Development 2012), and frame survey
reports for Lake Victoria (Ministry of Livestock
and Fisheries Development 2010); Lake Tang-
anyika (Ministry of Livestock and Fisheries De-
velopment 2010); and marine waters (Ministry
of Livestock and Fisheries Development 2009).

The data collected from the fish harvesting,
postharvest processing, and aquaculture sec-
tors and licensing were compiled and analyzed
in Microsoft Excel.

Questionnaire

A standard questionnaire developed by the
Food and Agriculture Organization of the
United Nations (FAO) and the New Partner-
ship for Africa’s Development NEPAD-FAO
Fish Programme (de Graaf and Garibaldi
2014) was used to collect data on the eco-
nomic contribution and employment of the
fishing industry and aquaculture sector. The
questionnaire was divided to address all of
the fishing industry and aquaculture sectors,
and information was gathered from the rel-
evant subsectors (Table 1).

The information gathered for the fish har-
vesting and postharvest processing sectors
and licensing was further organized by fishing
unit. Four classifications were used for the ma-
rine small-scale fisheries and the inland small-
scale fisheries subsectors (Table 2).
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Table 1.—Information collected in the questionnaire was organized by fishing industry and aqua-
culture sectors. The type of information gathered for each sector is summarized below.

No.  Sector Subsector Information type
1 Fish harvesting Inland small-scale fishing Annual landings, production costs (cost of
Marine small-scale fishing purchasing gear, etc.); price of catches at
landing site
Employment Information about employment in this sector
was also gathered.
2 Aquaculture Pond farming tilapia Number of farms, number of ponds per units,
Cage farming tilapia production areas, total annual production,
Pond farming catfish annual production density, average farm gate
Tank farming catfish prices, total gross product value, cost of fish
Others production by production type
Employment Information about employment in this sector
was also gathered.
3 Postharvest Inland small-scale fishing Quantity of fresh fish that goes for three
processing Marine small-scale fishing postharvest processing types: processing by
fishmongers, industrial processed, and
artisanal-local processed. Processed fish may
consist of smoked, dried, salted, gutted with
head on, and gutted with head off.
Employment Information about employment in this sector
was also gathered.
4 Licensing Inland small-scale fishing Number of fishing units by type of fishery,

annual license fees per vessel, and licensing
fees by type of fishery

Assessing the contribution of the fishing
industry’s sectors and aquaculture sector
to the gross domestic product using the
production approach

Assessing gross domestic product by pro-
duction approach.—The GDP was estimated
for each fishing industry’s sectors by using
the production approach using equations

(1)-(5):

Table 2.—Classification of fishing units for the

GDP = GVA + Taxes - Subsidies (1)
GVA = GPV * VAR (2)

GPV = Total landings * Vessel fish price/
(Farm gate fish price for aquaculture) 3)

VAR = (GPV - Production cost)/GPV (4)

Production cost = Sum of all operat