Rev Fish Biol Fisheries (2021) 31:843-877
https://doi.org/10.1007/s11160-021-09664-w

)

Check for
updates

REVIEWS

The ten steps to responsible Inland fisheries in practice:
reflections from diverse regional case studies around

the globe

Steven J. Cooke

- Elizabeth Nyboer - Abigail Bennett - Abigail J. Lynch -

Dana M. Infante - Ian G. Cowx * T. Douglas Beard Jr. - Devin Bartley -

Craig P. Paukert - Andrea J. Reid « Simon Funge-Smith - Edith Gondwe -
Emmanuel Kaunda * John D. Koehn - Nicholas J. Souter - Gretchen L. Stokes *
Leandro Castello - Nancy J. Leonard - Christian Skov * Sgren Berg *

William W. Taylor

Received: 29 April 2020/ Accepted: 28 May 2021 /Published online: 15 July 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Abstract Inland fisheries make substantial contri-
butions to food security and livelihoods locally,
regionally, and globally but their conservation and
management have been largely overlooked by policy
makers. In an effort to remedy this limited recognition,
a cross-sectoral community of scientists, practitioners,
and policy makers from around the world convened a
high-level meeting in 2015 at the Food and
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Agriculture Organization of the United Nations head-
quarters in Rome, Italy to develop recommendations
for sustainable inland fisheries management. This
meeting resulted in the production of the Rome
Declaration, outlining ten key steps needed to achieve
responsible inland fisheries. When the Ten Steps were
conceived, they were framed in a global context
because inland fisheries around the world face similar
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challenges, and it was hoped that these large-scale and
ambitious steps would draw the attention of regional
or international bodies for greater investment in their
proper management. Most inland fisheries, however,
are managed at a local (often community, watershed,
or waterbody) scale with the “on-the-ground” prac-
titioners, managers, assessment biologists, and stew-
ardship officers responsible for achieving the promise
of the Ten Steps. Here, we reflect on the relevance of
the Ten Steps to practitioners using six regional case
studies from around the globe (North America, South
America, Europe, Asia, Australia, and Africa) to
identify the extent to which existing efforts align with
the Ten Steps and where there are opportunities to do
more. Learning what is effective from local/regional
actions should better inform a more global “action
plan” and provide tangible guidance for implementa-
tion recognizing that global guidance needs to be
informed by and acted upon by local practitioners. We
conclude by considering the common challenges,
synergies, and other emergent properties that arise
from these case studies, and use these as a path
forward to advancing responsible management of
inland fisheries through the Rome Declaration. Of
particular importance is the need to balance the high-
level aspirational goals of the Ten Steps with the local
cultural, socio-economic, and institutional realities
that ultimately influence how humans interact with
fisheries resources and aquatic ecosystems. This
assessment provides valuable information on how to
refine and implement the Ten Steps recognizing that
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success will require coordinated efforts among on-the-
ground practitioners, scientists, stakeholders, rightsh-
olders and international decision makers.

Keywords Inland fisheries - Sustainable fisheries -
Freshwater fisheries - Fisheries management

Introduction

The lakes, rivers, and wetlands of the world are home
to diverse assemblages of inland fishes and other
aquatic organisms that generate a multitude of
ecosystem services. Inland fisheries support liveli-
hoods, provide a source of nutrition, maintain cultural
connections, and create leisure opportunities for
millions of people across the globe (Holmlund and
Hammer 1999; Lynch et al. 2016). Indeed, inland
fisheries are an essential source of income and food
security for some of the most impoverished peoples on
Earth, with 90% of inland fisheries production occur-
ring in Africa and Asia (FAO 2019) and 43% in low-
income food-deficit countries (LIFDCs) (Funge-Smith
and Bennett 2019). In these regions, inland fisheries
provide an essential source of macro- and micronutri-
ents needed for survival and childhood development
(Dugan et al. 2010; Youn et al. 2014). Inland fisheries
also offer important livelihood opportunities (Smith
et al. 2005), employing at least 17 million fishers and 8
million post-harvest workers, more than half of the
latter being women (Funge-Smith and Bennett 2019).

However, the contributions of inland fisheries as
both natural benefits and goods/services tend to be
overlooked at all scales (e.g., from regional to global;
Welcomme et al. 2010; Beard et al. 2011). There are
several reasons why this is the case. First, the
economic value of inland fisheries is difficult to
quantify given that inland fisheries are highly dis-
persed, with products that are rarely exported, and
often sold through informal markets or bartered
through non-traditional food supply chains (Wel-
comme 2011). As such, the Food and Agriculture
Organization of the United Nations (FAO) has strug-
gled to accurately quantify the global inland fisheries
harvest, a key metric needed for recognition and
respect of the importance of these fishes and their
fisheries in policy making. Although progress in this
area has been made, inadequacies in the data reporting
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are still prevalent (Welcomme 2011; Bartley et al.
2015; Fluet-Chouinard et al. 2018; Funge-Smith
2018). Given these challenges, estimates vary greatly;
global inland fisheries harvest may be more than 50%
higher than the 11.6 million tonnes reported to FAO in
2017 (Fluet-Chouinard et al. 2018; Ainsworth et al.
2018; Deines et al. 2017). Second, inland water
resources provide multiple ecosystem services essen-
tial to the health and well being of nearby and distant
human communities, including potable supply, hydro-
power, irrigation, and aggregate mining (Beard et al.
2011; Cooke et al. 2016b; Baumgartner et al. 2019).
Such services have historically taken precedence over
fisheries in policy decisions related to water resource
use and development. Relatedly, inland waters are
threatened (Vorosmarty et al. 2010; Reid et al. 2019)
and their biodiversity is in decline (FAO 2019; Funge-
Smith 2018; Harrison et al. 2018), which is likely to
degrade healthy and productive fish populations and
fisheries. Although overfishing can occur in inland
waters (e.g., Allen et al. 2005; Irvine et al. 2019), many
of the threats to inland fish and fisheries are external to
the fisheries sector (Beard et al. 2011). Raising
awareness of the contribution of these fisheries to
local, regional, and global economies is necessary for
highlighting common challenges faced in these sys-
tems (Lynch et al. 2016). Pinpointing local successes
in their management, together with developing con-
sistent and globally cohesive reporting and manage-
ment procedures can improve fishery productivity and
enhance the livelihoods of human communities that
depend on inland fishes for income and food security.

A number of recent efforts have raised the profile of
inland fisheries on regional and global stages to ensure
their appropriate valuation and management. Various
initiatives undertaken by FAO and collaborators (see
Beard et al. 2011) provided the foundation for the first
UN conference on global inland fisheries (co-spon-
sored by Michigan State University, USA), which was
held at the FAO headquarters in Rome in 2015, and
was titled “Freshwater, Fish and the Future: Cross
Sectoral Approaches to Sustain Livelihoods, Food
Security, and Aquatic Ecosystems” (Taylor et al.
2016). The conference brought together a diverse
community of > 200 scientists, practitioners, resource
managers, and policy makers from around the world.
Delegates took part in interactive discussions, panels,
and workshops to identify issues specific to inland
fisheries, highlight threats to sustainable use, and

synthesize needs for sustainable approaches to inland
fisheries management (Beard et al. 2016). The
conference resulted in proceedings outlining key
findings and recommendations that emerged from
these discussions (i.e., Taylor et al. 2016; Cooke et al.
2016b), as well as a policy advisory document entitled
“The Rome Declaration: Ten steps to responsible
inland fisheries” (FAO and MSU 2016). The Rome
Declaration contains ten key recommendations (here-
after referred to as the Ten Steps) that serve as a call-
to-action for those working within inland fisheries to
improve assessment, valuation, and governance of
freshwater ecosystems and the fisheries they support
(Table 1; Cooke et al. 2016b).

A recent perspective article (Lynch et al. 2020a)
revealed mixed progress towards achieving the Ten
Steps. When the Ten Steps were conceived, they were
framed in a global context given the similar challenges
faced by inland fisheries around the world. Like other
voluntary guidance conceived at a global level, there is
a considerable challenge to translate broad objectives
and recommendations into concrete and context-
specific improvements for countries, communities,
fisheries and ecosystems. For example, the FAO
Voluntary Guidelines for Securing Sustainable
Small-Scale Fisheries in the Context of Food Security
and Poverty Eradication (FAO 2015) have been
followed by a series of efforts toward awareness-
raising, stakeholder empowerment, action at the
science-policy interface, and implementation support
(Jentoft 2014; Jentoft et al. 2017; http://www.fao.org/
voluntary-guidelines-small-scale-fisheries/
implementation/en/). The Ten Steps must follow a
similar path in order to see initial efforts expand and
develop into meaningful outcomes.

The Ten Steps are global and ambitious, because
they are aimed at attracting the attention of regional or
international bodies and influential groups, including
policy makers, to drive initiatives for their implemen-
tation. However, most inland fisheries are managed by
local practitioners, managers, resource biologists, and
stewardship officers working within administrations
that operate at the community, watershed, and/or
waterbody scale. Thus the global guidance needs
actions by local practitioners to collectively achieve
the promise of these high-level Ten Steps. As fisheries
and aquatic professionals move towards implementa-
tion of the Ten Steps, it is necessary to explore how
existing regional actions align with the Ten Steps to

@ Springer


http://www.fao.org/voluntary-guidelines-small-scale-fisheries/implementation/en/
http://www.fao.org/voluntary-guidelines-small-scale-fisheries/implementation/en/
http://www.fao.org/voluntary-guidelines-small-scale-fisheries/implementation/en/

846

Rev Fish Biol Fisheries (2021) 31:843-877

Table 1 Summary of the goals and recommendations of the Ten Steps derived from the Rome Declaration

The Ten Steps

Brief description and recommendations from the Rome Declaration

1 Improve the assessment of biological production to
enable science-based management

2 Correctly value inland aquatic ecosystems

3 Promote the nutritional value of inland fisheries

4 Develop and improve science-based approaches to
fishery management

5  Improve communication among freshwater users

6 Improve governance, especially for shared
waterbodies

7  Develop collaborative cross-sectoral integration in
development agendas

8  Respect equity and rights of stakeholders

9  Make aquaculture an important ally

10 Develop an action plan for global inland fisheries

Goal: Remedy the lack of accurate / complete information on biological production from
inland fisheries

Recommendations: Develop standardized assessment methods; develop novel and cost-
effective data collection approaches; incorporate inland fisheries into agricultural
statistical surveys; increase capacity of resource officers on the ground; establish
minimum / practical data collection protocols

Goal: Improve economic and social valuation of healthy inland aquatic ecosystems

Recommendations: Recognize, respect, and support traditional customs, rights and
ecological knowledge; assess ecosystem services for their contribution to ecosystem
health and societal wellbeing; value ecosystem services along the entire value chain

Goal: Fully appreciate the contribution of inland fisheries to food security, especially for
children in the developing world

Recommendations: Maintain/improve accessibility of fish in areas of traditionally high
fish consumption; establish water management plans that prioritize nutrient-rich aquatic
products

Goal: Promote better sharing of data and information about inland fisheries to support the
assessment-management cycle

Recommendations: Tmplement an ecosystem-based approach to inland fisheries; support
governance arrangements and improve compliance with management regulations; if
reducing fishing capacity is necessary, establish social safeguards/alternative livelihood
options

Goal: Share information on the importance of inland fisheries with policy-makers,
stakeholders, and the general public to promote political protection of these resources

Recommendations: Disseminate information about inland fish, fishers, and fisheries;
engage other users of freshwater resources to address conflicts among sectors

Goal: Establish governance structures that are harmonized across national, international
and transboundary jurisdictions

Recommendations: Establish river/lake basin-wide authorities that strengthen the capacity
of existing institutions; incorporate trans-boundary decisions into national government
policy

Goal: Collaborate with non-fishery water resource users to ensure inland fisheries are not
overlooked in management decisions, and to find mutually beneficial outcomes across
water sectors

Recommendations: Promote cross-sectoral discussions that consider inland fisheries
equitably; strengthen platforms for multi-stakeholder decision-making; incorporate into
2015 SDGs

Goal: Recognize the diverse livelihood practices of Indigenous people, inland fishers, and
fish workers and ensure all groups’ rights to access fishery resources

Recommendations: Protect the cultural heritage of Indigenous peoples; ratify and
implement human rights instruments

Goal: Use aquaculture wisely to complement capture fisheries through stocking, provision
of alternative livelihoods, and providing food security, but avoiding introduction of
invasive species, genes and diseases to natural populations, causing pollution, and
restricting access to traditional fishing grounds

Recommendations: Adopt an ecosystem-based approach to aquaculture management;

promote synergies among fisheries, stock enhancement, and aquaculture; regulate use of
non-native species in aquaculture

Goal: Bring together the above steps to ensure sustainability and responsible use of inland
fisheries and aquatic resources for future generations
Recommendations: Involve the international community, governments, civil society

organizations, Indigenous peoples, industry, and all freshwater resource use sectors in
the conversation
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identify challenges and opportunities. Here, we reflect
on the alignment of existing efforts with the Ten Steps
using various regional case studies from around the
globe (Fig. 1). From these case studies we also
identify tangible actions needed to implement the
Ten Steps from a local perspective and address
deficiencies/needs for full implementation at the
global scale. This reflective bottom-up approach is
necessary to develop a more effective global “action
plan”—something called for by Lynch et al. (2020a)
and which will likely require refinement of the Ten
Steps. We conclude by considering where there are
consistent challenges, synergies, and other lessons that
arise from the case studies as a path forward to
advancing responsible inland fisheries through the
Rome Declaration at the local, regional, national, and
global level.

We acknowledge that an implicit assumption of this
paper is that for fisheries management to be “success-
ful,” the case studies used should align well with the
Ten Steps. In reality, some steps (or recommenda-
tions) are not relevant to all scenarios (or case studies).
We also acknowledge that the Ten Steps have only
been available for ~ 5 years at the time that we wrote
this article so there has been limited time for uptake.
As such, the case studies we present here are

coincident with the Ten Steps but not modeled after
them. That does not diminish the value of this case
study approach but rather reflects the reality that many
fisheries practitioners were involved in developing the
Ten Steps giving them high applicability for regional
implementation. There is much that can be learned
from reflecting on bottom-up examples of where the
Ten Steps (or parts thereof) are already being oper-
ationalized in an effort to consider how the Rome
Declaration and its Ten Steps can be shared and
embraced broadly.

Case studies

Six case studies were selected, based on expert opinion
and local experience of the coauthors, to span a
diversity of internal and external issues affecting
inland fisheries and to include representation from
Africa, Asia, Australia, Europe, North America, and
South America (See Fig. 1). Each case study com-
prises four sections, viz. (A) a brief summary of the
fishery (e.g., scope, scale, characteristics), (B) a
commentary on the extent to which existing efforts
align with the Ten Steps or where they could be
applied directly or indirectly (elaborated in Table 2, 3,
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Fig. 1 Map illustrating the location of the focal case studies (stars) included in this paper
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4, 5, 6 and 7; herein called Past Applications),
(C) insights into successes and challenges in applying
the tenets of the Ten Steps with the goal of informing
activities in other regions, and (D) a description of
what is needed to achieve the Ten Steps locally (i.e.,
Future Possibilities). Within each case study, we
identify when a statement or idea is relevant to a
specific step (or steps) for sections B, C, and D.
Although we refer to the Ten Steps for the purpose of
these bottom-up case studies, we exclude Step 10 (i.e.,
develop an action plan for global inland fisheries) in
that it is an inherently global initiative. However, we
discuss Step 10 at the end of the paper given that these
bottom-up case studies have the potential to inform
aspects of a global action plan that could be relevant
for on-the-ground practitioners at all levels of gover-
nance. Not all case studies include references to all of
the Ten Steps given the inherent regional variation in
issues that extends throughout the selected case
studies.

Lake Malawi fisheries in Malawi, Africa
Fishery overview

Lake Malawi is the 3rd largest lake in Africa and the
9th largest in the world, supporting nearly 14% of the
world’s freshwater fish species, over 90% of which are
endemic (Wilson and Primack 2019; Weyl et al. 2010;
Lyons et al. 2015). Lake Malawi is shared by three
countries (Malawi, Tanzania, and Mozambique);
however, the highest fishing effort and most catch
data originate in Malawi (Weyl et al. 2010) so the
information presented here refers primarily to the ~
60% of the lake that is under Malawian jurisdiction.
The lake is an important source of animal protein and
livelihoods for local fishing communities (Banda et al.
2005) and provides water for irrigation and hydro-
electricity. Small-scale fisheries in Malawi account for
over 90% of the annual production (GoM 2018) using
both traditional and relatively modern gears and
watercraft (FAO 2005). The large-scale commercial
fishery operates in the southern part of the lake, and
consists of trawl vessels, purse seine and lift nets,
targeting mostly tilapiine species and species of
haplochromine cichlids, including groups locally

@ Springer

known as Ndunduma, Chisawasawa, and Utaka
(FAO 2005). Although overall capture fishery pro-
duction from Lake Malawi has been increasing, the
highly economically valuable Chambo fishery (con-
sisting of a group of tilapia species including Ore-
ochromis lidole, O. squamipinis and O. karongae) has
declined in recent decades (Banda et al. 2005; GoM
2018; Irvine et al. 2019). Currently, less valuable
small pelagic species of the Cyprinidae family,
primarily Lake Malawi sardine (Engraulicypris sar-
della), constitute over 50% of the total catch (GoM
2018).

Past applications (See Table 2)

Lake Malawi fisheries in Malawi (both small- and
large-scale) have been co-managed using a Participa-
tory Fisheries Management (PFM) approach (Nunan
2015) in which democratically elected Beach Village
Committees (BVC) represent fishers and residents of a
beach/village in collaboration with the Department of
Fisheries of the Government of Malawi (Njaya 2018;
Hara 2011; Steps 6,8). Although the governments of
Tanzania and Mozambique also use co-management
approaches in fisheries governance (Weyl et al. 2010;
Nunan et al. 2015), there is currently no inter-
governmental fishery body established to formally
discuss, develop, and manage aquatic resources in
Lake Malawi (Step 6). The fisheries are governed in
Malawi using the Ecosystem Approach to Fisheries
and Aquaculture (EAFA) management plan (Njaya
2018), which seeks to develop and manage fishery
resources in a holistic and participatory manner (Step
7). Nevertheless, the management approaches have
not curbed overfishing, nor use of illegal gears (Njaya
2018; Limuwa et al. 2018). The lack of consistent
stock assessment studies (Step 1) and limited analysis
of fish value chains and valuation of fish resources
(Step 2) undermines policy development, including
setting national priorities, forming alternative policy
options, and implementing effective freshwater
ecosystems management programs (Hoggarth et al.
2006; Makwinja et al. 2019). High post-harvest losses
persist, necessitating the development of nutrition-
sensitive fisheries programs (Makawa et al. 2019;
Step 3).
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Table 2 The Ten Steps in practice: Lake Malawi Fisheries in Malawi, Africa

The steps

Past applications

Future possibilities

1. Improve the assessment of
biological production to enable
science-based management

2. Correctly value inland aquatic
ecosystems

3. Promote the nutritional value
of inland fisheries

4. Develop and improve science-
based approaches to fishery
management

5. Improve communication
among freshwater users

Due to limited resources, assessment of fish stocks in
the Malawi section of Lake Malawi fishery are
undertaken sporadically, the last being more than a
decade ago. Additionally, recent assessments have
been confined to a small part of the lake. Assessments
have mostly been supported through projects, such as
the USAID funded FISH project that supported the
recent Chambo stock assessment in southern Lake
Malawi

The Lake Malawi fishery is not accurately valued
(Makwinja et al 2019). Value of the inland systems is
only based on beach prices for the landed fish (GoM
2018). No assessments are undertaken further to that.
However, as noted by Mussa et al (2017), failure to
account for other forms of value including that
generated by informal trade underestimates the
purported value of the fishery. There are currently no
mechanisms to record informal fish trade data

Recognition of the role that fish plays in diets of
Malawi is widely accepted (GoM 2018; Kurien et al.
2013; Nagoli et al. 2010). Attempts to increase the
nutritional value of fish products through improved
processing methods, such as solar driers and modern
smoking, continue to be promoted (Makawa et al
2019), albeit with low adoption (Chiwaula et al
2019). Postharvest losses (quantity and quality)
continue to persist, with limited quantifications and
classifications of the various types of losses
(Chiwaula et al 2019)

Consumption of small fish, which are rich in important
nutrients, has also not been widely popularized

Academic institutions in the country, led by Lilongwe
University of Agriculture and Natural Resources
(LUANAR), Fisheries Research Unit and others, have
attempted to enhance human capacity for science-
based approaches. However, low student enrollment
in stock assessment and modelling studies have
slowed this progress

Efforts have been made to establish networks and
working groups to facilitate information flow among
stakeholders (Department of Fisheries, Academia,
NGOs, Fisheries associations and other related
departments). In 2018, LUANAR and the Malawi
Fisheries Department (Government of Malawi) co-
hosted the Pan African Fisheries Association
(PAFFAG6), which attracted > 300 national and
international delegates

Malawi also hosts the annual Malawi Fisheries Forum
where scientists and other stakeholders present work
being undertaken to enhance communication within
the country. However, more consistent
communication is crucial. An upcoming initiative to
enhance information on fish biodiversity and related
scientific research is currently underway where
LUANAR seeks to establish a data portal to be
supported by the Jacob Richard Schramm (JRS)
Foundation

Establish frequent and consistent stock assessment
surveys which would play a critical role in zoning
fishing areas for the fishery for both small and large
scale fishers. The data would also be used to
determine the number of fishing licenses to be issued
to commercial fishers on the lake

Investigate ways in which assessments can become cost
effective using modern tools, such as satellite
imaging and Geographic Information Systems

Adapt methodologies that efficiently measure value of
aquatic ecosystems and services including the landed
amount of fish by conducting disaggregated market
analysis and adopting a multi-stakeholder approach
with key departments such as the Malawi Revenue
Authority to estimate informal trade values

Adapt successful fish value-added products from the
globe (e.g., fish-based chutney (designed for pregnant
and lactating women) and a fish powder (designed for
infants of complementary feeding age) developed in
Bangladesh; complementary food (food using small
dried fish) which was well accepted by mothers and
children in Kenya; and small indigenous fish which
were identified as an affordable alternative to milk to
improve the nutritional quality of complementary
foods in Cambodia (Bogard et al. 2015; Konyole
et al. 2012; Skau et al. 2015

Improve the value chains (e.g., to reduce fish waste and
loss). In particular, fish drying operations using open-
air drying racks experience high waste/loss during
rainy seasons when fish spoil after becoming wet

Develop approaches and training that focus on
scientific methods of conducting assessments as well
as addressing overfishing of exploited and
endangered species. Embrace global partnerships and
scientific exchanges to enhance science-based
approaches

Improve communication among users through
establishment of formal communication channels and
structures among stakeholders for improved
harmonization of fisheries management plans

@ Springer
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Table 2 continued

The steps

Past applications

Future possibilities

6. Improve governance,
especially for shared
waterbodies

7. Develop collaborative
approaches to cross-sectoral
integration in development
agendas

8. Respect equity and rights of
stakeholders

9. Make aquaculture an important
ally

There continue to be challenges in the management of
Lake Malawi fishery despite the current Participatory
Fisheries Management (PFM) and Ecosystem
Approach to Fisheries and Aquaculture (EAFA) that
are currently being implemented (Njaya 2018). An
integrated watershed management plan could
potentially play an important role in ensuring that the
fishery is conserved and sustained — something that is
currently missing (Leon, 2003). There have been
several projects and programs to improve governance
of the fishery sector in Malawi, especially through
NGO-supported projects. Challenges continue to
persist in terms of adherence to the 2-month closed
season, both among small scale and commercial
fishers

Transboundary governance arrangements for Lake
Malawi between Malawi and Tanzania have to date
not been resolved

The EAFA approach was used in the Chambo
restoration strategy by FAO, albeit with limited
success as stocks have still continued to decline
despite the management framework (Njaya, 2018).
There is hence a need to improve the current
approaches to attain broader goals of management
and sustainability

There have been calls for equal treatment between
small scale fishers and commercial fishers, with small
scale fishers demanding that commercial fishers be
subjected to closed season restrictions to ensure they
also play a role in the conservation measures of the
fishing bodies

Aquaculture has the potential to supplement dwindling
fisheries production, contribute to increased per
capita fish consumption and support fishing
communities (Limuwa et al, 2018). The revised
Fisheries and Aquaculture Policy provides the legal
framework for ensuring that aquaculture is
incorporated as part of fisheries management plans
(GoM, 2016). However, production has remained low
at < 5000 MT per annum

Challenges remain in accessing quality seed fish and
feed continues to be imported from Zambia instead of
being produced within Malawi. Limited success of
previous programs is attributed to inadequate
investments that are required to transform the sector
(Limuwa et al, 2018). Potential for increasing output
from the sector could be achieved through programs
such as the African Development Bank “Sustainable
Fisheries, Aquaculture Development and Watershed
Management” (AFDB project) which will strengthen
fish farmers and aquaculture institutions

Improve governance capacity of the sector through
development of localized fisheries management plans

Improve transboundary governance of the fishery by
adopting integrated watershed management plans
(Chidammodzi and Muhandiki 2015; Leon 2003;
AFDB 2019). The framework proposed by Leon
(2003) advocates for water quality improvement of
Lake Malawi through connecting a watershed model,
hydrodynamic model and water quality box model.
Operationalization of this model could offer
increased pathways for improving the fishery

Implement large-scale management approaches that
could result in more meaningful outcomes for the
fishery. As one example, the AFDB project is funding
a 5-year project on “Sustainable Fisheries,
Aquaculture Development and Watershed
Management” with an outcome of improving
watershed management areas in fishing communities

Use ecosystem-based management to better address
drivers of unsustainability and the new commitments
to ecosystem-scale sustainability (Cowan 2012)

Establish protocols and guidelines on the roles and
involvement of stakeholders in fisheries management
plans. Engage in efforts to seek equity for different
components of the fisheries sector

Harness opportunities of improving farmed species by
advancing work on genetic improvement programs. It
is also necessary that investments in affordable but
quality feed development be advanced to simulate the
positive impacts that have been evidenced in the
Zambia aquaculture sector provided that there are no
negative effects on the wild capture sector

Successes and challenges

The EAFA management plan corresponds to the Ten
Steps by increasing capacity for science-based man-
agement (Step 4) and improving governance with
communities taking the centre stage (Step 6). Having a
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single comprehensive plan allows for all actors to be
engaged and to work together towards common goals.

It also addresses the common failure of ‘top-down’
management by considering a wide range of stake-
holder perspectives, including local communities, and
therefore presents the potential to balance the
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competing objectives of resource sustainability, food
security, and economic development (Step 7). The
PFM approach has shown similar potential of positive
impacts, but there is need for adequate funding to
ensure that BVCs are empowered to carry out
necessary functions (e.g., enforcement, monitoring)
and to oversee both small and large-scale fisheries.
Investment requirements to advance some of the steps
can also be achieved by harnessing multilateral
programs, such as the USAID and African Develop-
ment Bank funded programs currently being imple-
mented in the country. Other challenges include issues
with equity between small- and large-scale fisheries.

Future possibilities (See Table 2)

For Lake Malawi fisheries, achieving the Ten Steps
will require shifts in investment priorities by govern-
ments, increased intergovernmental action to establish
a fishery management body on the lake (that considers
transboundary issues), improved stakeholder engage-
ment (Steps 5, 6), and increased research and stock
assessment effort (Step 1), with the latter being
addressed by projects funded in partnership by various
development organizations. There is also opportunity
to explore alternative management schemes including
a zonal approach. A recent study identified fisheries as
one of the top value chains with pathways of achieving
poverty reduction, economic growth, and nutrition
security in the country (Benfica et al. 2017; Steps 2,3),
which is likely to encourage increasing investment in
the sector. Wider engagement of the non-fishery
sectors is needed to demonstrate the economic and
social value of the Lake’s fisheries (Step 7). For
example, plans for crop development call for a
doubling of production which would require with-
drawing more water from the Lake. This increase in
agriculture will surely negatively impact the health
and productivity of current Lake Malawi fisheries and
the local communities that depend on these fisheries
for food, livelihoods and societal well-being. The
aquaculture sector in and around Lake Malawi
remains underdeveloped, with challenges in availabil-
ity of quality and affordable input materials, such as
feed (Limuwa et al. 2018). However, the number of
fish farmers has increased recently, and continued
focus on aquaculture extension services may enable
growth in this sector (Step 9) (FAO, 2020).

Fisheries of the Murray-Darling Basin of Australia
Fishery overview

The Murray-Darling Basin (MDB) covers 1.1 million
km? in semi-arid, south-eastern Australia. Native fish
populations have suffered significant declines as a
result of alterations to habitat, flow reductions, and
invasive species, among other drivers, with popula-
tions estimated at less than 10% of pre-European
settlement levels (Murray-Darling Basin Commission
2004; Murray-Darling Basin Authority 2020). Local
extinctions have occurred (Lintermans 2007), and
previously economically important commercial inland
fisheries for Murray cod (Maccullochella peelii) and
golden perch (Macquaria ambigua) have collapsed
and closed (Rowland 2005; Reid et al. 1997). Native
fishes have important nutritional, social, and cultural
values for Indigenous peoples and European settlers,
although reliance on these fishes for nutritional
resources has declined over time (Rowland 2005;
Ginns 2012). Currently, native species fisheries are
primarily recreational and provide an important pas-
time, especially in rural areas where they make major
economic contributions to regional tourism (Henry
and Lyle 2003; Ernst and Young 2011).

Past applications (See Table 3)

The MDB is Australia’s ‘food bowl’ with extensive
irrigated agriculture (Meyer 2005). It is now one of the
world’s most regulated river systems (Nilsson et al.
2005), and infrastructure, flow regulation, and habitat
modification are cited as major reasons for declines in
native fishes and watershed integrity (Murray-Darling
Basin Commission 2004; Davies et al. 2010, 2012).
Hence, significant conflicts occur around the use of
water for irrigation versus the need for water for
fisheries and the environment (Koehn 2015; Step 7).
Concerns regarding over-allocation of water to various
sectors including agriculture and hydropower devel-
opment (Lester et al. 2011) have been highlighted by
the 1997-2010 ‘millennium drought’ (Murphy and
Timbal 2008), climate change predictions (CSIRO
2008), and the regular occurrence of fish kills (King
et al. 2012; Baumgartner and Finlayson 2019),
emphasizing the need for cross-sectoral cooperation
on water management (Step 7).
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Table 3 The Ten Steps in Practice: Fisheries of the Murray Darling Basin of Australia

The steps

Past applications

Future possibilities

1. Improve the assessment of
biological production to
enable science-based
management

2. Correctly value inland aquatic
ecosystems

3. Promote the nutritional value
of inland fisheries

4. Develop and improve science-
based approaches to fishery
management

5. Improve communication
among freshwater users

6. Improve governance,
especially for shared
waterbodies

7. Develop collaborative
approaches to cross-sectoral
integration in development
agendas

8. Respect equity and rights of
stakeholders

9. Make aquaculture an
important ally

Regular assessment of river condition is
undertaken through the Sustainable Rivers
Audit (SRA) (and subsequent surveys; Davies
et al. 2010, 2012) but while this does provide
CPUE data there is no true assessment of
fishery production

Only basic economic valuations have been
conducted for recreational fishing (Ernst and
Young 2011). No assessments for
biodiversity, Indigenous values, or tourism

Not really applicable, but recreational take
(Henry and Lyle 2003) does contribute to
nutrition as does cultural take that is known to
occur in some areas

Existing data (SRA and angler catches) has not
been fully utilised and comprehensively
analysed to provide an assessment of a Total
Allowable Catch (TAC) limit. Adaptive
feedback loops to management are limited

Integrated communication between stakeholder
agencies (e.g., water, natural resource
management (NRM), fisheries) and from
agencies to their user groups is somewhat
piecemeal and not very effective in a holistic
management sense

Multi-jurisdictional (includes State, territory
and National governments and some
agencies) governance structures exist for
water infrastructure and delivery but are less
coordinated for water rules and auditing use,
and limited for natural resource management
(i.e., State fisheries and NRM agencies;
Koehn 2015)

Formal, inter-jurisdictional committees exist
for irrigation and water but are limited, non-
formal and non-equal for fisheries, cultural
and environmental interests

Irrigation currently drives most management
such that many other stakeholders are not
engaged in the process

Provides some native species for re-stocking.
This is currently undertaken by State
agencies, within their jurisdictional
boundaries. Currently included in some
fishery and recovery plans but this is mainly
for larger, recreational species. This needs to
expand to other threatened species for their
recovery (Murray-Darling Basin Authority
2020)

Include cultural values, recreational take,
illegal take, capture efficiencies, and
improved data analysis to provide more
effective population estimates and trends,
with feedback to management. Production
must be linked to flows in this highly
variable, semi-arid environment

Conduct a full economic valuation of the
ecosystem, the fishery and other stakeholder
values, especially to local communities in
order to enable comparative assessments

Include subsistence and cultural take as explicit
values of the fishery

Improve surveys (see Step I above, including
measure of angler take), data analysis, and the
incorporation of predictive modelling with
adaptive feedback loops into fishery
management to provide a TAC. Link
environment and river conditions (e.g., flows)
to fishery production

Include recreational fishers, and conservation,
cultural, and social stakeholders. Develop a
knowledge transfer and communication
strategy from agencies to all user groups that
covers all values

Include all voices and values (see above) on an
equal basis within governance frameworks
that engage State agencies, Indigenous
representatives and other stakeholder groups

Establish multi-disciplinary and multi-
jurisdictional governance frameworks for
fishery, environmental and other non-water
values. This includes multi-jurisdictional
environmental watering plans and their
impacts on these other non-irrigation values

Increase recognition of other values. Need to
ensure that adequate water is allocated for
non-irrigation values

Formally incorporate quality control of
stocking procedures through licensing
arrangements. Warrants coordination between
States to provide a Basin-wide perspective. A
valuable component of recreational fishery
and threatened species management; this
needs to include smaller, forgotten, non-
recreational species
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Successes and challenges

A Murray-Darling Basin Plan (Murray-Darling Basin
Authority 2010, 2011) has proven to be politically
controversial, being both expensive and difficult to
implement (Koehn 2015; Murray-Darling Basin
Authority 2010, 2011). It involves changing existing,
long-entrenched views regarding unfettered access to
water for irrigation, whilst largely ignoring other
values such as socio-economic benefits (recreational
fishing, tourism), biodiversity and conservation (in-
cluding threatened species) and the cultural impor-
tance to Indigenous nations (Noble et al. 2016). It
would be much more beneficial to incorporate all
values (i.e., cultural, social, recreational, economic,
biodiversity, conservation, agriculture, irrigation) as
foundations of a more inclusive and sustainable
management model which would better align with
the Ten Steps (especially Step 6,7). While economic
data for agricultural production are relatively easy to
obtain, this is not so for other important sectors that
rely on an intact MDB such as recreation and tourism
(Koehn 2015). Initial assessments of the economic
contribution of recreational angling to the MDB have
indicated that they are up to AUS$1.7 billion annually
(Ernst and Young 2011). It is anticipated that this
value would increase substantially with the imple-
mentation of the Basin Plan (Colquhoun 2015; Step 2).
The multi-jurisdictional framework of both the Basin
Plan and the Native Fish Strategy (NFS) (Koehn and
Lintermans 2012; Murray-Darling Basin Commission
2004) provide powerful governance structures that can
effectively incorporate the views of all stakeholders.
Strategies are needed to ensure that these views are
transferred meaningfully to the political decision
makers so that the diversity of voices in the MDB
are heard when developing management strategies for
the MDB (Steps 5, 6).

Future possibilities (See Table 3)

The Murray-Darling Basin Plan was developed to
reduce the consumptive use of water and thereby
provide additional water for environmental benefits
such as fish (Murray-Darling Basin Authority
2010, 2011; Step 7). In addition to water allocation,
a range of other threats to the MDB fish and fisheries
were also identified that needed to be addressed for
sustainable fisheries (e.g., barriers to movement, water

quality, habitat condition, non-native species) (Koehn
and Lintermans 2012; Baumgartner et al. 2019).
Additionally, the NFS (no longer funded; Koehn
et al. 2014), provides a more holistic approach,
incorporating environmental flow and other actions
to address multiple objectives (Murray-Darling Basin
Commission 2004; Steps 5, 7). It also harnessed
significant community support and engendered coop-
eration across jurisdictions, adding voices of other
stakeholders, including Indigenous peoples and recre-
ational fishers (Koehn and Lintermans 2012; Step 8).
There is also need for ongoing fisheries assessments
(Steps 1, 4) to inform management actions and allow
for refinements.

Fisheries of the Tonle Sap Lake of Southeast Asia
Fishery overview

Tonle Sap located in Cambodia is the largest lake in
Southeast Asia. This lake has a unique reverse flow
system; during the monsoon wet season, it floods by up
to 9 m depth which results in a six-fold increase in
surface area (Kummu 2003), providing important
habitat to approximately 300 species of fish. These
species can be broadly characterised as those that
migrate long distances throughout the Mekong River
system, those which migrate short distances into local
tributaries, and those which are local floodplain
residents (Valbo-Jgrgensen et al. 2009). The fishes
are harvested by hundreds of different types of fishing
gears exploiting the different life history strategies and
habitat use of the fishes (Deap et al. 2003). Around one
million people live on or around the Tonle Sap Lake,
most of whom are dependent upon the fishery for their
livelihoods and nutrition. Average annual fish pro-
duction for the Tonle Sap Lake and its floodplain has
been estimated to be approximately 350,000 tonnes
(Mekong River Commission 2018).

Past applications (See Table 4)

Following the disbandment of the traditional lot
licencing system in 2012, the Tonle Sap fishery is
now essentially unregulated and indiscriminate (Rat-
ner et al. 2014). Although the lot system was replaced
with community management, this, along with gov-
ernment enforcement of fisheries law, has proven
ineffective at a broad scale due to challenges with
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Table 4 The Ten Steps in Practice: Fisheries of Tonle Sap Lake of Southeast Asia

The steps

Past applications

Future possibilities

1. Improve the assessment of
biological production to enable
science-based management

2. Correctly value inland aquatic
ecosystems

3. Promote the nutritional value
of inland fisheries

4. Develop and improve science-
based approaches to fishery
management

5. Improve communication
among freshwater users

Considerable effort has been expended in
expanding fish catch monitoring on the Tonle Sap
lake, particularly focussing on measuring the
daily and weekly catch of artisanal fishers.
Longer-term datasets have also been extensively
analysed, revealing new insights into the structure
and dynamics of the Tonle Sap fishery. However,
this effort is largely reliant on foreign funding

Various attempts have been made to estimate the
economic value of the Tonle Sap lake fishery,
whilst a consolidated assessment of its ecosystem
services has not yet been made. However, when
held up against other development activities (e.g.,
hydropower development) the economic, social
and cultural values of the Tonle Sap fishery, and
that of the Mekong as a whole, have been
drastically undervalued in the decision-making
process (e.g., Intralawan et al. 2018)

Fish are a vital source of nutrition in Cambodia
(Vilain et al. 2016) and 37% of Cambodian’s total
protein and iron intake comes from fish (IFReDI
2012). Considerable work has gone into
promoting the nutritional value of fish in
Cambodia. Much of this has focussed on
community level education programmes to ensure
that people get the most nutritional value out of
the fish they catch and consume

The Tonle Sap is a largely unregulated
indiscriminate fishery. Whilst moves have been
made to give control of the fisheries resources to
local people with a government led ‘deep
fisheries reform’ in 2012 (Cooperman et al.
2012), most communities lack the technical,
management, financial, and enforcement capacity
to manage their own community fisheries

The importance of the Tonle Sap Lake fishery is
recognised both in the published literature and by
the Cambodian Government Fisheries
Administration (e.g., IFREDI 2012). Its
importance is frequently highlighted by the
Mekong River Commission (MRC) such as
through the Catch and Culture newsletter, and the
voluntary Mekong Fish Network. However,
among the lake’s fishing communities the impact
of flooded forest destruction and degradation in
causing declining fish catches is often
underappreciated, as most people attribute the
declines to overfishing and the impacts of
upstream hydropower development (Eyler 2019).
This reveals a lack of communication of current
scientific knowledge to local communities

Scale up current efforts more broadly across the
Tonle Sap system. Embrace new approaches such
as eDNA and bioacoustics monitoring for
supplementing current fisheries-dependent
monitoring efforts. Secure sustainable funding to
support the required broad scale biological
assessment

The ecosystem services provided by the Tonle Sap
lake and its local catchment are currently being
assessed using the Freshwater Health Index
framework (Vollmer et al. 2018). Measure future
changes against this assessment; use it to gain
insight into services that are difficult to measure
due to data gaps and to identify services that are
under stress

Ensure that relevant government bodies are aware
of the immense nutritional value of inland
fisheries resources. Relatedly, further expand
community education programmes, which are
largely led by NGOs, to improve Cambodians’
knowledge of fish as a nutritious source of food
and increase the value they place on the Tonle
Sap Lake fishery

A variety of NGOs, in collaboration with the
Cambodian Government Fisheries
Administration, are working to develop the
capacity of Community Fisheries (CFis).
Encourage long-term commitments of at least
five years to build each CFis financial and human
resources capacity so that they can effectively
monitor their fishery and its resource base (e.g.,
flooded forest extent and condition)

Invest in more efforts to disseminate relevant
information to the lake’s fishing communities in
locally relevant and understandable formats. Due
to low levels of literacy within fishing
communities information is best delivered as flip
chart or slide show presentations during
community movie nights, backed up by simple
infographic sheets with limited text in the Khmer
and Vietnamese languages. A board game that
simulates fishing activity and rewards sustainable
practices has also proven useful. The opportunity
also exists for communities to collect their own
data through recording their daily fish catch. The
rapid collection and collation of these data are
becoming more feasible due to advances in
digital technology. Importantly, it enables
communities to understand trends in fish catch
and inform government agencies of their local
experience and needs
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Table 4 continued

The steps

Past applications

Future possibilities

6. Improve governance,
especially for shared
waterbodies

7. Develop collaborative
approaches to cross-sectoral
integration in development
agendas

8. Respect equity and rights of

stakeholders

9. Make aquaculture an
important ally

Within the Tonle Sap, CFis manage local fisheries
resources. The Cambodian Government’s Tonle
Sap Authority (TSA) coordinates the
management, conservation, and development of
the Tonle Sap Lake region. And the Cambodian
National Mekong Committee (CNMC) plays a
secretarial role in coordinating the management,
study, conservation, and development of water
resources in the Cambodia Mekong River Basin.
Regionally, the Tonle Sap lake is covered under
the 1995 Mekong Agreement

Despite the extensive efforts of the Mekong River
Commission and others to determine the impact
of hydropower development on ecosystem
services—and inland fisheries in particular
(ICEM 2010; Intralawan et al. 2018; MRC
2018)—the value and integrity of the Tonle Sap
Lake fishery has been consistently traded-off in
favour of dam construction

Clearance of the Tonle Sap flooded forest for
agriculture, both by small holders and more
powerful outsiders is seemingly undertaken either
in ignorance or disregard of the forests value to
the fishery (cf Eyler 2019)

Fishing communities who live on the Tonle Sap
Lake are economically marginalized. Most are
landless and have few livelihood options outside
of fishing. The Tonle Sap Lake is an open access
resource which many non-residents visit to fish
(often using illegal methods) and exploit the
flooded forest. This presents a management
challenge to under-resourced CFis

Aquaculture on the Tonle Sap lake is minimal
compared to the wild capture fishery. However,
the impact of current aquaculture practices on the
Tonle Sap lake fishery are generally negative.
Siamese crocodiles are grown in pens on the lake
and are fed wild-caught fish and water snakes
which have suffered population declines (Brooks
et al 2007, 2010). The popular, although illegal,
aquaculture fish, snakehead, is a voracious
consumer of wild-caught fish. Large volumes of
wild-caught fish are exported to the Mekong delta
in Viet Nam to feed Pangasias aquaculture. Yet,
poor practices often result in large volumes of
fish spoiling in transit

Improve capacity and increase resourcing for
governance systems that are effective and
inclusive. Use the transboundary impact of dams
to provide an impetus for more transboundary
cooperation. Ensure that China is involved in the
development of the Lancang-Mekong
Cooperation (LMC) sub-regional mechanism to
improve transboundary cooperation, although
there are grounds for scepticism as to whether
this mechanism can improve environmental
conditions (Biba 2018)

Continue to support existing institutions, such as
the MRC, TSA and CNMC, to promote cross
sectional discussions. These institutions, and
potentially with the LMC, should continue to
promote the value of inland fisheries in both the
discussion of new dam developments, and also
present the need to modify existing dam
operations to provide environmental flows

Expand the successful Fisheries Coordination
Team mechanism, which brings together fishing
communities and district and provincial
government officials to address fisheries issues, to
all six provinces bordering the lake

Engage in efforts to educate relevant actors about
the role of land use activities on fish and fisheries

Improve the capacity of CFis to manage their own
natural resources; this will improve both their
connection to the lake and the respect with which
this relationship is treated. For example, CFis can
be strengthened by improving their human
capacity, which will improve governance;
increasing their financial capacity, which allows
greater patrolling of community protected areas;
and increasing government engagement through
the Fisheries Coordination Team mechanism
which will improve both management and
fisheries law enforcement

Investigate and implement methods to reduce the
impact of current aquaculture practices on the
Tonle Sap’s wild fishery. Aquaculture is seen as a
solution to the continued decline in the Tonle
Sap’s wild caught fishery and is likely to expand.
It is essential that future aquaculture
developments be managed as part of an
ecosystem-based approach. Obtain better data on
how fish in Tonle Sap are either used directly for
food or used as material for feeding fish in
aquaculture and their relative environmental
impacts (i.e., which one is better/worse from
different perspectives)
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implementation (i.e., a failure of Step 6). The resulting
lack of a sustainable management program has
impacted the fishery by reducing the catch of medium-
to large-bodied species and increasing the catch of
small-bodied species. Overall, the latter has compen-
sated for the former with overall catch biomass
remaining stable (Ngor et al. 2018). However, the
ecological integrity of Tonle Sap is threatened by
continued effects of heavy fishing, increasing degra-
dation of the lake and its flooded forest ecosystems,
upstream hydropower development that alters the
lake’s flooding regime and blocks migratory path-
ways, and stressors related to climate change (empha-
sizing need for Step 7).

Successes and challenges

The ability of local communities to understand and
manage their own fisheries resources has been demon-
strated in some cases (Step 6), albeit at a small scale.
More broadly, however, fisheries declines have still
been noted. A range of international and local NGOs
have been working with Community Fisheries (CFis)
and the Cambodian government Fisheries Adminis-
tration to improve their management capacity given
that current efforts could benefit from improvements
(Step 4). These efforts should focus on improving
governance, such as assisting with the development
and implementation of management plans, conducting
community patrols, and undertaking quantitatively
reliable fish and wildlife monitoring programs to
inform management (Step 1) and allow for better
valuation (especially nutritional value; Step 3). This
bottom-up approach can influence the two crucial
needs identified above. By conducting patrols and
reporting illegal activities to local authorities, some
communities have observed increased compliance.
Similarly, the establishment of Fisheries Coordination
Teams, an initiative of local NGO ANKO and
Conservation International (CI), has successfully
brought together community fishery representatives
and local authorities to collaboratively solve fisheries
issues (Step 5), such as illegal activity within com-
munity fisheries. To address the need for funding, CI
established US$ 5000 CFis mini-trust funds. CFis use
the investment interest (~ US$ 350 per year) to
partially fund their activities. This has been successful
in attracting additional co-financing from both the
government and the villagers themselves, but it is
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unclear if this funding is sustainable. Whilst these
activities, along with a range of other community
development and conservation programs implemented
by NGOs, have proven successful to date, they have, to
our knowledge, been implemented in less than 100 of
the lake’s 1200 villages.

Future possibilities (See Table 4)

As detailed in Cambodia’s draft Strategic Plan for
Fisheries Conservation and Management 2019-2028,
the two crucial elements needed for sustainable
management of Cambodia’s fisheries are the political
will to enforce compliance and sufficient funding for
regulation and management. Significant scaling up of
NGO-led efforts to support and improve community-
based fisheries management (Step 6) may assist with
achieving the Ten Steps. Currently, few CFis, includ-
ing even those that have received NGO support, are
self-sufficient; yet, under the current governance
regime, community management is a vital component
of sustainably managing the fishery. Dealing with the
major changes in the fishery that have only just begun
to emerge as a result of climate change, agricultural
intensification, and hydropower development
(Mekong River Commission 2018), which present
significant challenges to the sustainable fisheries
productivity of the Tonle Sap ecosystem (Step 7).
Initiatives to tackle these difficulties are being devel-
oped by the Joint Environmental Monitoring pro-
gramme established by the Mekong River
Commission, which is making some progress towards
alignment with Step 7 (Mekong River Commission,
2018). Responsible aquaculture (Step 9) may serve as
a means of reducing pressure on wild fisheries.

Arapaima fishery of the Brazilian Amazon
Fishery overview

A variety of fish species found within the Brazilian
Amazon support large commercial and artisanal
fisheries that provide food and income for millions
of people (Junk et al. 2007). One fish of cultural and
economic importance is arapaima (Arapaima spp.),
which is traditionally harvested by harpooning when
they surface to breathe air (Verissimo 1895). Their
large sizes (up to 200 kg and 3 m in length) and high
market value stimulated increased fishing pressure
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through the 1950s. Although formal stock assessment
programs did not exist, perceptions of overfishing,
concerns about food security, and failed attempts by
government agencies to manage the fishery in the
1980s (Castello and Stewart 2010; Cavole et al. 2017)
prompted the Catholic Church to begin a grassroots
movement to improve community organization and
management of floodplain lakes and their fisheries
(Lima et al. 1999). As numbers of self-managing
communities increased, a community-science model
for arapaima community-based management (CBM)
was developed by the Mamiraud Sustainable devel-
opment Institute in collaboration with the regional
fisheries agency (IBAMA) for implementation in
protected areas where fishers have exclusive rights
over fish resources. In this CBM model, trained fishers
annually count the numbers of arapaima individuals in
their lakes using a scientifically tested method
(Castello 2004). Population count data are used to
set harvest quotas, which are determined by fishing
communities together with IBAMA (Castello et al.
2009). The effectiveness of this model, as shown by
increases in arapaima populations and fishers’ rev-
enues (Castello et al. 2011b; Petersen et al 2016;
Campos-Silva et al. 2016), has led to its implemen-
tation in some 450 communities in ~ 25% of the
Amazon Basin area. Its success warrants consideration
of similar CBM approaches for other species. The use
of fishers’ knowledge and their involvement in
monitoring to overcome data scarcity, and collabora-
tion of fishing communities with NGOs and govern-
ment agencies, are lessons that could be applied to
other fisheries of the Basin to enhance their future
viability and sustainability.

Past applications (See Table 5)

The development of the CBM model allowed fishers to
assess fish populations (Step 1) and self-regulate
harvest rates (Step 6). Local recognition of the
economic and livelihood value of the arapaima fishery
(Steps 2, 3) has prompted communication and collab-
orative work among stakeholders directly involved in
arapaima fishing and management (Step 5) to sustain-
ably manage stocks (Steps 5, 6). However, although
arapaima populations are being managed in an
increasing number of communities, there has been a
near-complete lack of integration of arapaima CBM
schemes with other fisheries and broader-scale inter-

sectoral activities, stakeholders/rightsholders, and
threats (e.g., hydropower planning and agriculture)
(Step 7). There is also virtually no communication
between arapaima stakeholders and stakeholders from
other sectors (e.g., cattle ranching; Step 5) and few
programs exist to discuss, reconcile conflicts about,
and govern the shared use of water bodies (Crampton
et al. 2004; McGrath et al. 2008). There is an urgent
need to develop and implement multi-sector, region-
wide, community-driven governance structures for
shared management of Amazonian floodplains (Steps
6, 7). This must begin within individual communities,
then be scaled up to increasingly larger jurisdictional
scales. Widespread use of the CBM model across the
Amazon will require improved biological knowledge
of these fish in diverse habitats (Step I), scaled up
cross-sectoral collaboration (Step 7), and enhanced
governance structures at multiple scales (Step 6), from
fishing communities, to regions, to the whole Basin.

Successes and challenges

Conventional approaches to fisheries management
based on collection of fisheries statistics and top-down
rule enforcement often fail in tropical, developing
countries without sufficient governmental capacity to
manage diverse fish populations over large geograph-
ical areas. While CBM comes with unique challenges
(e.g., leadership, patrolling, rule enforcement), the
case of arapaima CBM demonstrates the importance
of active fisher participation and investment for
effective assessment (Step 1) and management (Steps
4, 6) of a tropical, developing country fishery. Fishers
were only able to use their knowledge to develop
sustainable arapaima fisheries because of community
organization work done decades before, highlighting
the importance of building social capital to enable
fisheries management (Step 8). Fishers and their
communities have much to contribute to fisheries
science and management. Their contributions will
accrue when governmental and non-governmental
organizations collaborate with them to promote and
facilitate their roles as integral components of fisheries
management programs (Steps 5, 6, 7). Challenges
remain with aquaculture production of which need to
be overcome to potentially reduce pressure on wild
stocks in some regions (Step 9).
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Table 5 The Ten Steps in Practice: Arapaima Fishery of the Brazilian Amazon

The steps

Past applications

Future possibilities

1. Improve the assessment of
biological production to enable
science-based management

2. Correctly value inland aquatic
ecosystems

3. Promote the nutritional value of

inland fisheries

4. Develop and improve science-
based approaches to fishery
management

5. Improve communication among

freshwater users

A scientifically tested, standardized procedure
exists for population counts. Local fishers use
visual and acoustic cues to count the number of
individual fish at the time of their surfacing
(required for respiration) for 20-min periods in
lakes during the dry season (Castello 2004).
Fishers and associated stakeholders (including
the regional fisheries agency (IBAMA)) then
jointly use the count data to determine
conservative harvest quotas. The current
approach incorporates some biological
assessment (e.g., collection of scales for age-
growth, population responses to management);
however, key gaps include genetic work to
understand the existence and distribution of
species and subspecies, and cross-ecosystem
variability in stock recruitment and age-growth
estimation. Although arapaima populations are
censused in thousands of floodplain lakes by
fishers, region-wide fisheries statistics and
formal stock assessments are lacking

The value of freshwater ecosystems in the
Amazon is widely acknowledged by local
stakeholders; however, regionally there is a
tendency to under-value their economic and
ecological importance relative to terrestrial
forested ecosystems and agro-ecosystems

The nutritional value of fisheries in the Amazon
Basin is undisputed, with mean per capita rates
of fish consumption estimated to be on the order
of 40-94 kg/yr (Isaac and Almeida 2011). As
such, malnutrition is often of low concern.
Little effort has been made to promote arapaima
specifically for its nutritional value outside of
rural fishing communities

Despite the apparent effectiveness of current
practices involved in the arapaima CBM model,
improvements via investments in research
could further promote the sustainability of the
fishery in the region. Gaps include studies of
biological or behavioral variability across
diverse habitat types (e.g..,changes in breathing
behavior, movement) to inform adaptive
management

Communication among stakeholders directly
involved in arapaima fishing occurs at small
scales but is hampered at larger geographical
scales due to relative lack of means of
communication and transport. NGOs and local
protected area personnel promote cross-
community engagement. However, competition
for floodplain resources such as fish, land, and
forests create many inter-sectoral conflicts, and
are addressed via communication in only a few
regions (McGrath et al. 2008)

Combine data from arapaima community-based
management (CBM) schemes with stratified
sampling of unmanaged fisheries to produce a
regional assessment

Conduct comprehensive assessment of the
services and economic value provided by
Amazonian fisheries and the Amazonia
freshwater ecosystem as a whole (Castello et al.
2013) with a focus on cultural and economic
values of fisheries

Prioritize education on the health benefits of wild
fish, particularly in rapidly developing river
communities and urban cities; partner with
NGOs to disseminate information widely and
effectively

Improve understanding of biology and ecology of
the fish and methodological procedures
involved in fishers’ assessments and harvest
quota determinations. Apply emerging
technologies (e.g., GPS tracking, eDNA, drones
for habitat monitoring or monitoring for illegal
fishing) to study arapaima in natural settings
with non-invasive methods

Scale up communication from fishing
communities to state and federal levels (e.g.,
regional fisheries agency, Brazilian Institute of
Environment and Renewable Natural
Resources, and agencies within the Ministry of
the Environment and Ministry of Science and
Technology). Such efforts are complex due to
the remote locations of fishing communities and
limited access to state or federal government
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Table 5 continued

The steps Past applications

Future possibilities

Current management and conservation strategies
include water resources legislation, protected
areas, climate and land use policies, and
environmental licensing of hydroelectric dams,
which together have potential to protect
Amazonian floodplains and their fish
populations

6. Improve governance, especially
for shared waterbodies

In the case of arapaima, fishing communities
report their catches to the governing body for
natural resources (Brazilian Institute of the
Environment and Renewable Natural
Resources) and jointly set harvest quotas

There are no multi-sector, region-wide
governance structures for shared management
of Amazonian floodplains

7. Develop collaborative approaches
to cross-sectoral integration in
development agendas

While the cultural values, beliefs, knowledge,
social organization, and diverse livelihood
practices of Indigenous people, inland fishers
and their communities are relatively well
understood, lack of governance structures for
shared management of Amazonian floodplains
impedes their proper accounting in
management decisions

8. Respect equity and rights of
stakeholders

9. Make aquaculture an important Many of the same characteristics that make

ally arapaima suitable for CBM make them ideal
fishes for aquaculture. This has spurred many
aquaculture initiatives (e.g., lower Amazon,
Santarem) that are increasingly taking over the
market share of artisanal fishers. This market
competition undermines the economic value
that fosters arapaima CBM, thus threatening the
only promising approach to conserve arapaima
fisheries. Thus, current aquaculture practices
cannot be considered an ally of wild arapaima
fisheries management

Develop a conservation framework similar to the

multiple-use zoning framework proposed by
Abell et al. (2007), which integrates various
freshwater ecosystem use strategies occurring
inside and outside protected areas into a whole
basin-management strategy that balances
human uses and ecosystem integrity. Such a
framework is more likely to succeed if it is
developed through collaborative partnerships
involving science institutions, public
management agencies, local communities, and
the private sector (Poff et al. 2003)

Improve governance for arapaima through the

formation of regional sub-committees (e.g.,
Purus River council). Mid-level governance is
necessary to bridge local and federal
governance decisions

Build the bridge between formal state-led

governance mechanisms and customary
approaches to management of inland fisheries.
Build on traditional ecological knowledge and
traditional management approaches. Seek
means to integrate recognition of traditional
management into state-led management
regimes and local governance frameworks.
Cross-link to the guidance of the FAO
Voluntary Guidelines for Securing Sustainable
Small-Scale Fisheries (VGSSF) and the
Voluntary Guidelines on the Responsible
Governance of Tenure of Land, Fisheries, and
Forests (VGGT)

Estimate total aquaculture production of

arapaima in relation to wild-caught harvests and
to understand the extent to which aquaculture
arapaima is captive-bred or simply the product
of wild-caught juveniles grown in tanks. It is
also necessary to identify means to avoid or
conciliate market competition between wild-
caught and aquaculture products. This includes
understanding deflation or decreased market
values in CBM from aquaculture activities and
potential for market diversification to reduce
competition

Future possibilities (See Table 5)

There is a major need to build upon successful
management strategies, such as the arapaima CBM
model, to develop similar strategies for other fisheries
(Step 6) as well as develop a multiple-use zoning
framework in Amazon floodplains. Such a framework
would need to integrate various freshwater ecosystem
use strategies including fisheries into a whole Basin
management strategy that balances human uses and

ecosystem integrity (Castello et al. 2013; Step 7). Such
a framework is more likely to succeed if it is
developed through collaborative partnerships involv-
ing science institutions, public management agencies,
local communities, and the private sector (Poff et al.
2003; emphasizing need for Step 5). The framework
could be operationalized basin-wide under the Ama-
zon Cooperation Treaty, which was signed by all
Amazonian countries, in part to address freshwater
ecosystem issues. Integrating local values and
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knowledge into governance structures would be of
great benefit (Step 8).

Pacific salmon fishery of the Columbia River
of North America

Fishery overview

The Columbia River’s present-day freshwater fishery
consists of treaty-fisheries that are regulated by the
Columbia River treaty Tribes (Confederated Tribes
and Bands of the Yakama Nation, Confederated Tribes
of the Warm Springs Reservation of Oregon, Nez
Perce Tribe, and Confederated Tribes of the Umatilla
Indian Reservation) and non-treaty commercial and
recreational mainstem fisheries focused on anadro-
mous salmonids (Oncorhynchus spp.) and white
sturgeon (Acipenser transmontanus; e.g., Joint Staff
Report 2018). There are also ceremonial and subsis-
tence tribal fisheries in the mainstem and tributaries,
including harvest of Pacific lamprey (Entosphenus
tridentatus; CRITFC et al. 2018). Tributary recre-
ational fishing occurs for anadromous salmonids and
resident fish such as Kokanee (O. nerka) and various
trout species (WDFW 2018). Most of the native fish
species supporting fisheries (e.g., Pacific salmon) have
declined since the early 1900s due to overharvesting,
habitat modification, and development of hydroelec-
tric dams, resulting in some fish being extirpated or
listed under the U.S. Endangered Species Act
(Leonard et al. 2015).

Past applications (See Table 6)

Management, mitigation, and recovery efforts of the
Columbia River’s fisheries and ecosystem are
informed by science-based assessments (e.g., Leonard
etal. 2015; HSRG 2009; ISAB 2018, ISRP 2018; Steps
1, 4). The importance of applying an ecosystem-based
approach to management is recognized both legally
and  scientifically (Northwest ~ Power  Act,
§839b(h)(1)(A)); ISAB 2011; Cosens and Williams
2012), and policy and management decisions fre-
quently consider effects of proposed actions on
multiple species (as opposed to single species
approaches) (Leonard et al. 2015; TMT 2003). Despite
growing collaboration among management entities,
holistic, ecosystem-based management remains chal-
lenging partially due to the complexity of mixed stock
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fisheries, and because the responsibilities of the
different management entities can be ambiguous,
overlapping, and conflicting (Step 7). While ecosys-
tem-based management remains imperfect in practice,
it is the overarching goal in managing Columbia River
fisheries and their habitat (NPCC 2014; Leonard et al.
2015). An important shortcoming in assessments of
the Columbia River fisheries is the paucity of infor-
mation on their economic, cultural (especially for
Indigenous communities), nutritional, and social val-
ues (Step 2), although there are ongoing efforts to
compile this information throughout the Columbia
River Basin (e.g., IFR 1996; WDFW 2011; Flores
et al. 2017). Commitment to regular assessment and
communication of these valuations to stakeholders/
rightsholders (Step 5) and policy makers would garner
support for mitigation efforts and increase investments
in improving fisheries management tools (Step 4).
From a political perspective, there are several inter-
national, federal, state, and tribal legal agreements that
inform governance of water use, hydroelectric dam
operations, and management of fisheries on the
Columbia River. This complexity necessitates consid-
eration of the diversity of values held by the rights
holders (Harrison 2018; PEB 2008; Cosens and
Williams 2012; Step 8), and the implementation of
collaborative approaches (including extensive com-
munication among stakeholders/rightsholders; Step 5)
to achieve sustainable management of these resources
(Woods 2008; Coordinated Assessments 2018; TMT
2003; State of Washington et al. 2018).

Successes and challenges

The construction and operation of hydroelectric dams
on the Columbia River have, along with other factors
(e.g., land use change), significantly impacted native
anadromous and resident fish species (Leonard et al.
2015). Although there have been significant advances
in biological assessments of fish populations following
hydropower construction (Ferguson et al., 2011), more
can be done to assess potential impacts before
development occurs. For example, the development
of the hydroelectric system without accounting for the
value of the Columbia River’s fisheries (USBOR
1938) resulted in negative impacts to fisheries,
economic losses, the violation of cultural and social
values of diverse stakeholders/rightsholders, and the
loss of access to Tribes’ first foods (e.g., IFR 1996;
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Table 6 The Ten Steps in Practice: Pacific Salmon Fishery of the Lower Columbia River of North America

The steps

Past applications

Future possibilities

1. Improve the assessment of
biological production to
enable science-based
management

2. Correctly value inland aquatic
ecosystems

3. Promote the nutritional value
of inland fisheries

4. Develop and improve science-
based approaches to fishery
management

5. Improve communication
among freshwater users

Assessments of freshwater salmon and
steelhead are well developed, using a variety
of assessment approaches and tools including
drones, remote-sensing, genetic tagging,
eDNA, PIT-tag array detection at dams and in
tributaries, and life-stage specific modeling.
Assessments of other freshwater species do
not have the same level of investments but do
benefit from advances from salmon/steelhead
work. Recent focus is on improving the
delivery of data from field to databases and on
coordinating reporting indicators

The importance of fisheries, fish, and their
ecosystem is recognized under the Northwest
Power Act which effectively drives decision-
making to consider both the value of
hydroelectricity and natural resources in the
Columbia River Basin (NPCC 2014).
Assigning a value to these resources to inform
decisions tends to be limited to individual
federal, state, and some tribal agencies
assessing the economic value of fisheries for
their portion of the river or species within
their jurisdiction (e.g., WDFW 2011). The
cultural and social values associated with
these fish species cannot be captured by
economics alone, nor the impacts of declining
access to the Tribes’ first foods; efforts to
measure these are ongoing (e.g., Flores et al.
2017)

Individual federal, state, and tribal agencies
promote fishing and communicate nutritional
value along with food advisory consumption
(e.g., Oregon Health Authority’s Fish and
Shellfish Consumption)

Current fishery management in the Columbia
River are founded in science-based
approaches, utilizing the best available
monitoring technology and adapting as new
information/technology becomes available
(Leonard et al. 2015)

There is an ongoing effort to provide easily
understood information to all interested
parties about the status of habitat, fish, and
fisheries. Federal, states, and Tribes have
been improving online access to their
information in an easily understood and
accessible format leveraging ESRI
dashboards, story maps, infographics, and
social media (e.g., Coordinated Assessments
2018; Yakama Nation Fisheries 2019)

Increase investment in advancing assessments
of resident fish species, white sturgeon, and
Pacific lamprey. Improve and maintain
investments in regional databases for
biological assessment data. Further support
collaborative coordinated assessments that
recognize participants equally (not defer to
the major funding entity) to inform reporting
indicators used in decision-making

Work with the federal, state, and tribal agencies
to regularly summarize the economic benefits
from direct and in-direct use of the Columbia
River fisheries, water, and habitat to provide a
more balanced discussion among water-user
sectors (e.g., hydropower, agriculture)

Achieve a shared understanding and
recognition of the cultural and social values
of fish species and their ecosystems that go
beyond their economic value

Incorporate fisheries and ecosystem services in
the current negotiations of the Columbia
River Treaty between the United States and
Canada that guides cooperative development
and operation of Columbia River water for
flood control and power would contribute to
conveying the value of the ecosystem along
with that of flood risk management and
hydroelectricity (CRS 2019)

Improve access to fish that are safe to consume
by addressing the contaminant sources and
decreasing the need for consumption food
advisory. Broaden support for non-native fish
suppression programs and make these fish
available for human consumption

Advance consideration of climate change
impacts on Columbia River fisheries

Improve the digital capture and transfer of data
from field to regional repositories for
informing decisions, especially for shared
fisheries or fish species listed under the
Endangered Species Act

Improve access to derived fish, habitat, and
fisheries reporting indicators in a format
easily understood by the public; this would
enhance understanding of the role of fisheries
in the Pacific Northwest

Target outreach and education to sectors that
impact freshwater resources (e.g., agriculture,
hydropower) to improve recognition of
fisheries and their ecosystem in their decision
making and identify win-win scenarios
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Table 6 continued

The steps

Past applications

Future possibilities

6. Improve governance,
especially for shared
waterbodies

7. Develop collaborative
approaches to cross-sectoral
integration in development
agendas

Inland fisheries management is well
coordinated within the Columbia River where
jurisdictions overlap. Agreements exist to
guide management activities between federal,
state, and tribal authorities (e.g., United States
v. Oregon, Civil No. 68-513-MO (D. Or.))

Management of water flows through Columbia
River federal dams is coordinated between
federal agencies and federal/state/tribal
fisheries management agencies through the
Columbia River Regional Forum’s Technical
Management Team (TMT 2003)

Collaboration between Washington and
Oregon, USA in their common boundary
along the Columbia River dates back to when
these two states (territories) were created by
Congress in 1853. The need for consistent
fishing regulations to improve fisheries
governance in the Columbia River arose in
the early 1900s leading to Congress ratifying
The Columbia River Fish Compact between
Washington and Oregon in 1918. The 1918
Compact is a public forum that reviews
technical information, considers testimony,
and provides an opportunity to agree on
consistent fishery regulations for the waters
over which these states have concurrent
jurisdictions, which has enhanced
significantly policy coordination, sharing of
technical resources, and enforcement. In
1969, United States v. Oregon Civil N.
68-513 provided regulations for treaty Tribes
under the Columbia River Compact (Wood
2008)

The 1980 Northwest Power Act mandates the
Northeast Power Coordinating Council
(NPCC) to consider the needs of fish and their
habitat while addressing the demand for
affordable hydroelectricity in the Columbia
River Basin (NPCC 2014). At a finer scale,
the Technical Management Team informs in-
season hydroelectric dam operations to
provide flows for migrating fish (TMT 2003).
More broadly, a recent task force established
by the National Oceanic and Atmospheric
Administration (NOAA) to collaboratively
agree upon salmon/steelhead objectives
engages stakeholders from NGOs, Tribes,
states, the navigation sector, ports, ranchers,
fishermen, and others that rely on the
Columbia River for their
livelihoods/operations to discuss feasible
options for achieving the fish objectives
(CBPTF 2019)

Leverage existing interstate compacts and
expand represented managers and other
stakeholders to reflect sectors impacting/
relying on water resources (e.g., agriculture,
hydropower); this would enhance
communication among water sectors to
coordinate governance of water users and
enhance understanding of trade-offs which
would allow for more fully informed decision
making

Expand decision making to be more inclusive
of other water-based sectors and agencies to
provide a more comprehensive approach to
discussing options and trade-offs to benefit
society while more deliberately considering
the needs of fish and their ecosystem
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Table 6 continued

The steps

Past applications

Future possibilities

8. Respect equity and rights of

stakeholder and tribal treaty-
rights

9. Make aquaculture an
important ally

Legal court case decisions, tribal treaty-rights,
and strong lobby groups have provided a
strong voice for the rights of affected
Columbia River Tribes’ rights, commercial
fishing industries, recreational fishers, and
other stakeholders, as well as the mitigation
obligations of hydroelectricity ratepayers and
their rights to affordable electricity, and other
societal water-related rights (e.g., NPCC
2014; CBPTF 2019)

The role of aquaculture science in regard to
stock enhancement (artificial propagation) is
recognized in the Columbia River as an
important ally for supporting declining fish
populations (conservation) and providing
harvest opportunities to support commercial,
recreational, and cultural rights-based fishing
where dams and other factors have resulted in
decreased fish abundance (e.g., NPCC NPCC,
Leonard et al. 2015). Many of the Columbia
River artificial propagation programs are tied
to mitigation obligations, Tribal treaty rights

Improve recognition of fish losses in the upper
portion of the Columbia River and its
tributaries and invest in mitigating for these
losses by investigating options that mitigate
closely for the native fish and fisheries
historically present

Achieve broader understanding of the
importance of these fish to Tribal culture,
ceremony, spiritual tradition, subsistence, and
role in tribal economies, in addition to the
non-tribal economic, social, and cultural
importance of commercial and recreational
fishing. Important to include stakeholders and
rightsholders in decision making

Improve communication of the value of
stocking to the local economy, cultural
identity, and nutrition; this would be
beneficial to balance the information provided
to the public and decision-makers who more
frequently learn about the negative impacts of
stocking programs

and endangered species are intertwined in
Columbia River fishery management (e.g.
United States v. Oregon, Civil No. 68-513-

MO (D. Or.))

Flores et al. 2017). Given the massive costs of the
mitigation investments to address these impacts
(US$16.8 billion from 1981 to 2018; NPCC 2019a),
it would have been more effective to have used an
approach that considered the effects of hydropower
development on fisheries prior to their construction, as
is now outlined in the 1970 National Environmental
Policy Act and 1980 Northwest Power Act. Identify-
ing affected sectors and stakeholders/rightsholders
and including them in the decision-making process
(Steps 5, 6, 8§) may be a way to avoid lengthy and
expensive litigation (e.g., United States v. Oregon
court case, Civil No. 68-513-MO (D. Or.)), which
ultimately undermines the capacity for effective
collaboration among groups (noting that in this case
the legal system provided a strong legal voice for the
affected Indigenous communities). The importance of
advanced planning to minimize impacts is a lesson that
the region (and other regions such as in South America

and Asia where large-scale hydropower development
is underway) continues to act on, as illustrated by
existing agreements to reduce impacts of hydroelectric
dam operations on resident fish (e.g., Montana Oper-
ations at Libby and Hungry Horse Dams) and weekly
in-season water management decisions coordinated by
federal dam operators and fish managers through the
Technical Management Team (TMT 2003). More
recently, the importance of collaboration among
sectors to achieve healthy fisheries is demonstrated
in the multi-year commitment of the Columbia Basin
Partnership Task Force (CBPTF) to collaboratively
develop fish abundance objectives and understand the
trade-offs for impacted water-sectors (CBPTF 2019;
Step 7). Challenges remain with accounting for
climate change in management to ensure long-term
resilience (Step 4).
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Future possibilities (See Table 6)

The Columbia River fisheries’ management approach,
valuation, and inclusion in cross-sectoral decisions
reflects some of the principles of the Ten Steps;
however, further implementation would require an
increased focus on leveraging the role of existing
interstate compacts as a forum for coordinated
ecosystem-based management and cross-sectoral
decision making. A dedicated commitment to produc-
ing, at least biennial, detailed economic analysis of the
Columbia River fisheries and its ecosystem would
support more informed decision-making related to
mitigation efforts (Step 2). Lastly, continued and
enhanced investment in the development and mainte-
nance of regional repositories for reporting accepted
indicators of fisheries status is critical for informing
proper policy and fisheries management decisions.

Lake fisheries of Denmark
Fishery overview

Fisheries in freshwater lakes in Denmark have under-
gone drastic changes since the 1950s from being
mainly small-scale, commercial fisheries (today only
performed in < 10 lakes) to recreational fisheries,
which are dominated by the angling sector (Skov et al.
2019). Key targeted species are piscivores including
northern pike (Esox lucius), European perch (Perca
fluviatilis), and pikeperch (Sander lucioperca).
Angling in most public lakes is open access apart
from the mandatory state angling license. In privately
owned lakes, which cover 75% of the total lake area in
Denmark (Sgndergaard et al. 1999), a fee must
typically be paid to the owner as well. Often, only
angling from boats is possible due to local nature
protection rules (i.e., ban on walking in the littoral
zone to protect submerged macrophytes and nesting
birds) and landowner rights (i.e., no trespassing on
private land). All fisheries are regulated by the
national Fisheries Act (Jacobsen et al. 2004) but it is
worth noting that social norms and pressures also play
an important role in regulating behaviour.

Past applications (See Table 7)

Sustainable management of fisheries is stated as a
primary goal of the Fisheries Act in Denmark and
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aligns with the conservation and improvement of
aquatic environments, typically under obligation to the
European Union Water Framework Directive (EU
WED). Despite this, basic knowledge on fish popula-
tion structure and production is limited for most
Danish lakes (Step 1). Data on aquaculture production
are collected and catches for the few remaining
commercial fisheries are recorded; however, there
are no data collected systematically on the prevalence
or frequency of angling, and updated knowledge on
the socioeconomic value of recreational lake fisheries
is lacking. Management aims to be science-based
(even though data are often incomplete; Step 4),
promote communication among users (Step 5), and
respect rights of stakeholders (Step 8). The rights of
landowners are especially strong; ownership of land is
guaranteed in the constitution, and the Fisheries Act
stipulates that fishing rights cannot be separated from
land ownership. Thus, some of the Ten Steps (e.g.,
Steps 5, 8, 9) are relatively well established in
management of Danish lake fisheries while the others
are not fully met at present.

Successes and challenges

There are some examples where existing activities
align with the Ten Steps. For example, the Danish
Fisheries Act has a strong focus on sustainability,
stating: “The purpose of the Act is to ensure a
sustainable basis for commercial fisheries and possi-
bility for recreational fishing, through management
that ensures the protection and enhancement of living
resources in salt and fresh water, as well as the
protection of other animal and plant life” [Ministry of
Environment and Food (2019a), author’s translation].
In addition, management of inland waters focuses on
habitat restoration (as opposed to stocking), empha-
sizing a recognition of foundational ecological prin-
ciples, but also aligning with the EU WFD. Moreover,
the development of aquaculture facilities that reduce
environmental impact (e.g., recirculation systems,
purification of runoff, fewer escapees) is progressing
rapidly (Step 9). Collectively, these regulatory frame-
works and strategies provide a foundation of principles
needed to achieve healthy and productive ecosystems
and fisheries. There is also evidence that the commu-
nication paths between research and management are
relatively easy to navigate and integrate science into
policy decisions (Koed et al. 2020). Finally, EU WFD
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Table 7 The Ten Steps in Practice: Lake Fisheries of Denmark

The steps Past applications

Future possibilities

Estimates of catch per unit effort (CPUE) based
assessment of number, biomass, and
planktivore/piscivore ratio have been
obtained from a few selected lakes for
environmental quality management purposes
(EU Water Framework Directive (WFD)
implementation). Otherwise, there has been
no catch/effort monitoring of fisheries

1. Improve the assessment of
biological production to
enable science-based
management

2. Correctly value inland aquatic
ecosystems

A general assessment of the economic and
societal value of Danish angling (all fisheries
— marine and freshwater combined) was
performed in 2010. However, no specific
assessment of the economic and social value
of single or multiple lakes has ever been
conducted

3. Promote the nutritional value
of inland fisheries

There is no promotion of the nutritional value
of inland fisheries. This is likely because of
Denmark’s long coastline and proximity to
the sea as well as habitual and traditional
mechanisms of Danish people to eat
dominantly marine fish. Moreover, catch-and-
release angling has grown in popularity
among anglers, implying an orientation
towards recreation rather than consumption.
An exception is European eel (Anguilla
anguilla), which is both currently and
traditionally popular to eat fried or smoked.
However, due to the drastic population
declines of the European eel, its commercial
and nutritional importance is rapidly
declining

Current regulation of lake fisheries is a mix of
rules enforced for biological reasons (i.e.,
science based) and rules enforced for cultural
(historic) or social reasons (e.g., to distribute
the resource)

4. Develop and improve science-
based approaches to fishery
management

Partly based on research showing low success
of fish stocking, using this technique as a
management tool in lakes is less important
than it was previously

5. Improve communication
among freshwater user

Implementation of the EU WFD has promoted
the formation of so-called regional advisory
(municipality level) water councils in 2013.
These comprise representatives of all NGO
user associations like anglers, farmers, and
ornithologists, and have the opportunity to
give input to the WFD implementation
process. The water councils have facilitated
and improved communication among these
stakeholders

Implement a combination of CPUE based
assessment and catch/effort monitoring.
Currently an app-based angler catch log
system (Venturelli et al. 2017) is being tested
and evaluated, and could potentially be added
as a supplement to traditional catch/effort
monitoring in the future

Conduct economic impact analyses and/or site
choice studies focused on freshwater systems
(e.g. Hunt et al. 2019)

Currently not applicable to Danish lakes for
several reasons. For example, it is
debatable whether actions in this context
would be in accordance with nature
protection objectives (e.g. EU WFD
implementation), especially when it comes to
harvest of predatory fish. Moreover, the
biomass of freshwater fish that could be
harvested in Danish lakes is relatively small
compared to the market for fish products

Collect site-specific data on fish populations
and catch/effort monitoring to secure a
stronger science-based approach for local
waters

Build management structure to implement the
use of data reported and to secure sufficient
reporting by anglers

Maintain the water council structure beyond the
WEFD implementation period (ends 2027) and
expand the duty of the councils to also cover
fisheries management
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Table 7 continued

The steps

Past applications

Future possibilities

6. Improve governance,
especially for shared
waterbodies

7. Develop collaborative
approaches to cross-sectoral
integration in development
agendas

8. Respect equity and rights of

stakeholders

9. Make aquaculture an
important ally

Fisheries management in Denmark is governed
at the national level only. Environmental
management of lakes is shared between
national and municipality levels and focused
on EU WFD implementation. Water bodies
shared between two or more municipalities
cooperate on EU WFD issues. However,
communication between the management
bodies of fisheries and management bodies of
the environment is scarce

Historically, inland fisheries in lakes have
tended to be marginalised in water resource
development. However, exceptions exist
where water use development has benefitted
lake fisheries, albeit unintentionally (e.g.,
irrigation using surface water is not allowed;
this rule promotes natural water level
fluctuations that benefits lake fish
reproduction). Industrial development plans
in the vicinity of lakes are in most cases
hindered by the Nature Protection Act
(Ministry of Environment and Food 2019b).
Recently, several shallow lakes have been
established to increase denitrification, which
can create new lake fisheries but inflict a
negative impact on diadromous fish species
passing the new lake (Schwinn et al. 2019)

Fishing rights in Denmark are typically owned
by the nearest landowner, unless the state or
municipality is in charge of a lake. Fishing
rights owned by landowners cannot be sold
without the adjacent land, and fishing rights
cannot be taken from the landowner without
full compensation. Thus, the right is
fundamental and solid. However, regulation
of fisheries enforced by national authorities
can affect how the right can be executed

Other rights (to sail, swim etc.) are not
constituted by law and can be regulated or
removed without compensation

Although there is no aquaculture directly in
Danish lakes, aquaculture is an important
business in Denmark with rainbow trout
(Oncorhynchus mykiss) being the most
important species produced. The trend in
fisheries management is to focus on habitat
restoration rather than compensatory
stockings. Hence, producing fish (e.g., brown
trout, salmon, and eels) for stocking
programmes is a small and diminishing part
of this industry

Integrate management of environment and
fisheries including active stakeholder
involvement in the management process, e.g.,
through the water councils described under
step 5

In addition, specific action plans could improve
implementation of step 6

Nature conservation issues due to international
obligations (like the EU WFD) will most
likely continue to be superior to other ways of
using lakes in Denmark including inland
fisheries

However, due to cultural and societal agendas,
it is often promoted to regulate water level
fluctuations in lakes, especially in lakes near
urban areas. Emphasizing the importance of
not only restoring water clarity during lake
restoration but also restoring natural
hydraulic variability would greatly benefit
target species like pike and perch in lake
fisheries

Consider if the cultural heritage of different
fishing sectors should be maintained during
the present period where there is emphasis on
expanding angling at the expense of small-
scale inland commercial fisheries

Promote the present trend of applying
recirculation technology to fish farms to
reduce the need for surface water intake to
fish farms, and also reduce the risk of
increased nutrient load leading to
eutrophication and unintended fish
introductions from farms through escape.
This trend has apparently already improved
the reputation and acceptance of the
aquaculture industry in the inland fisheries
sector
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initiatives linked to Water Councils supports forums
for stakeholder involvement (Steps 5, 6). The EU
WEFD states as its main purpose that by 2027 all
surface waters and groundwater within the European
Union should fulfill the goal of having “good ecolog-
ical quality”. Thus, it is the obligation of all EU
member states to assess the ecological quality of all
surface waters and, if necessary, initiate actions to
fulfill the goal unless the waterbody is classified as
“heavily modified.”

Future possibilities (See Table 7)

The inland fisheries of Denmark require more assess-
ment of the status and trends of fish populations, along
with improved catch and effort monitoring of recre-
ational and commercial fisheries (Step I). Assess-
ments of the human dimension aspects are also
necessary, including updated economic impact and
valuation studies of recreational fisheries (Step 2).
Locally, the lack of robust assessment is a major
hindrance for science-based fisheries management
(Step 4) and, in some cases, cross-sectoral integration
(Step 7). The lack of political engagement can also
explain the absence of a specific action plan.

From global to local—the ten steps in practice

At the global scale, the Ten Steps provide a best-
practice framework for securing sustainable inland
fisheries. By articulating these recommendations in an
accessible document (i.e., the Rome Declaration), it
was hoped that national and local governments could
use this tangible guidance to implement at least some
of the suggested steps. However, to date there have
been no documented initiatives of coordinated efforts
to pro-actively implement the Ten Steps at regional or
national levels. Nonetheless, there are examples of
ongoing initiatives and actions conducted by regional
bodies, governments, and communities that align with
the Ten Steps. Across these case studies, there are
certain elements of the Ten Steps that are commonly
applicable to local management (See Table 8), but, to
date, this has tended to be prior to and often
coincidental with the existence of the Ten Steps,
rather than inspired by them. Moving from ‘coinci-
dental alignment’ to ‘conscious implementation’ will
require global bodies concerned with inland fisheries

to work with regional bodies to promote awareness of
the Ten Steps and support efforts to operationalize
them. Because local managers and practitioners
played an active role in developing the Ten Steps
during the 2015 FAO meeting, it is likely that these
recommendations will be intuitive to practitioners
who have not yet heard of the Ten Steps, and that they
will be highly relevant when applied to a wide variety
of local management problems. It is noteworthy that
none of the case studies presented here engaged in
actions that spanned all the Ten Steps. This is
unsurprising given that inland fisheries are diverse
and disparate, and that application of the Ten Steps
requires specific expertise and resourcing require-
ments. Indeed, given local context varies so much, it is
unreasonable to assume that all of the Steps are
relevant or necessary in all situations/regions. Actions
that align with Steps 2, 7 and 9 have been poorly
implemented relative to others but it is unclear why
that is the case (e.g., is it because of lack of relevance
to a given context, or is it because of a need for
funding, capacity building, or other resources?). This
underscores the importance of down-scaling the Ten
Steps in a way that is relevant to the local context. We
are unaware of any strategic initiatives, at any level
discussed here, that have pro-actively designed actions
to implement the Ten Steps, highlighting the need for
sensitization and awareness raising.

Analyses of these case studies revealed that, on a
local scale, there were several common actions that
aligned with some of the Ten Steps. This was the case
for the realms of biological assessment (the foundation
of effective management; Step 1), improved commu-
nication among users (Step 5), and better governance,
particularly through co-management arrangements
(Step 6). The reason that these actions (steps) were
most common across case studies presumably reflects
the fact that in many ways these are the minimal
aspects of any science-based fisheries management
program. For example, biological assessment informs
management which is best achieved through co-
management and communication among stakeholders
and rightsholders which demands established and
effective governance systems. This does not mean that
those are the only actions needed but we argue those
are the Steps that are most widely recognized as
essential. Indeed, for decades these hallmarks of
inland fisheries management have been championed
by organizations such as the FAO with extensive
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Table 8 Extent to which each of the case studies demonstrates how individual Steps have been addressed recognizing that successes
are often due to coincidental alignment of local activities with the Ten Steps

Lake Murray Brazilian | Columbia | Tonle Danish
The Ten Steps Malawi Darling Amazon River Sap Lakes
Basin

Improve the assessment of
1 | biological production to enable
science-based management

Correctly value inland aquatic
2 ecosystems

Promote the nutritional value
3 of inland fisheries

Develop and improve science-
4 based approaches to fishery
management

Improve communication
5 among freshwater users

Improve governance,

6 especially for shared
waterbodies
Develop collaborative cross-
7 sectoral integration in

development agendas

Respect equity and rights of
8 stakeholders

Make aquaculture an important
9 ally

Open (white) boxes indicate negligible progress or alignment, black (filled) boxes indicate significant progress or alignment, and grey
boxes indicate moderate progress or alignment. Step 10 is excluded (i.e., Develop global action plan) given that this is not the task of

individual jurisdictions

capacity building and training related to those Steps.
However, there is a larger suite of approaches that
could be implemented through utilising the global
relevance of the Ten Steps to promote a more cohesive
approach to inland fisheries management at regional,
national and specific-fishery level. For example, the
Ten Steps framework can help promote quantitative
target setting with measurable indicators of progress
toward achieving sustainable, equitable, and socio-
economically valuable fisheries. In many ways, the
Ten Steps ensure that fisheries are managed in ways
that have the greatest potential benefits to a variety of
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actors and outcomes (ranging from food security to
social justice).

Our case studies reveal opportunities where the
implementation of the Ten Steps would be of great
benefit. For example, within the realm of biological
assessment (Step 1), there is evidence of little assess-
ment in Lake Malawi and for the lakes in Denmark,
while in the Tonle Sap there is some promising
progress towards alignment through initiatives such as
the Joint Environmental Monitoring programme
developed by the Mekong River Commission. Beyond
that, quantitative targets and indicators of progress fit
squarely into existing instruments and processes
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related to aquatic biodiversity (e.g., Aichi targets,
Post-2020 biodiversity framework), environmental
and water management (e.g., EU WFD, Murray-
Darling Basin Plan), agricultural best practice (Inter-
national Water Management Institute smallholder
agriculture water management (AWM)), and the
energy sectors (e.g., International Hydropower Asso-
ciation (IHA) guidelines). The identification and
tracking of mutually agreed upon indicators to meet
defined targets, as suggested by Lynch et al. (2020b),
would ensure that inland fish and fisheries are
accounted for and incorporated into broader water
and landscape management frameworks. These indi-
cators can be identified globally and targets applied
locally. What is apparent is that although the Ten Steps
may provide useful guidance, in each case they will
need to be tailored to be implemented locally for
future actions. There is also an assumption that
fisheries management is proactive (i.e., planned), yet
most of the examples that we share here are reactive,
which decreases the likelihood of using frameworks
such as the Ten Steps to help guide management. Any
efforts to incorporate fisheries management into
longer planning cycles and be more engaged and
proactive would be useful strategies (Pauly et al.
2003).

More broadly, a key strategy globally is the
meaningful integration of inland fisheries into existing
international frameworks and initiatives such as the
Sustainable Development Goals, the Convention on
Biological Diversity, and the UN Decade on Ecosys-
tem Restoration. This must extend generalized catch-
all statements of protecting or sustaining freshwater
ecosystems to meaningful actions that could be
applied locally, recognizing that the local capacity
and governance systems vary dramatically among
jurisdictions. Here, we are not advocating that inland
fisheries are treated as separate entities with their own
targets and provisions, but instead that they are
recognised as important components of integrated
food systems, can support sustainable livelihoods and
local economies, and provide leisure and cultural
opportunities, like those derived from marine fisheries
(e.g., SDG 14) and other ecosystem services provided
by freshwater ecosystems (see Lynch et al. 2020b).

From local to global—the Ten Steps in practice

At a local scale, the lessons learned by comparing the
case studies show that, although there is a broad
diversity of issues facing inland fisheries across the
globe, there are commonalities among them that can
allow solutions and initiatives in one location to be
applicable elsewhere in the world. As implementation
and action plans for the Ten Steps are developed,
having success stories to draw upon that demonstrate
how the Steps can be effectively applied in practice
will be important. One of the most obvious areas of
consistency across the diverse case studies is that
human dimensions must be at the center of discussions
on practicing the Ten Steps for responsible fisheries
(Kaplan and McCay 2004; Hilborn 2007). For exam-
ple, the outcomes of the Fisheries and Aquaculture
Management session at the conference entitled Strat-
egy for Conservation and Sustainable Development of
the African Great Lakes Region in a Changing
Climate, held in Entebbe, Uganda (Cowx and Ogutu-
Ohwayo 2019) recognised “...that people are the
problem, and people are the solution. Different sectors
(i.e., activities external to the fisheries sector) a need to
understand the motives, modes of operation, and
reward systems of other spheres of society to maintain
delivery of ecosystem services and help achieve the
SDGs.”

The case study on arapaima management in the
Amazon emphasized the value of community-based
initiatives that involved key stakeholders and rightsh-
olders in governance. Co-management arrangements
are now becoming common practice in the manage-
ment of fish stocks at the local level, but caution is
needed as these systems do not necessarily lead to
desired outcomes of sustainable harvest and manage-
ment of stocks (e.g., the Tonle Sap case study; Obiero
et al. 2015), or they do not function as planned, often
due to financial and personnel instability or changing
values of the different sectors. Of particular impor-
tance is the establishment of appropriate governance
and management structures that help include diverse
values and voices (especially from rightsholders as per
the UN Declaration on the Rights of Indigenous
Peoples) in the overall management framework (i.e.,
the spirit of Step 6 with support from and relevance to
Step 5 and Step 8). This is consistent with an
ecosystem approach and recognizes the influence of
humans on fisheries systems as well as the influence of
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fisheries systems on society at all levels of governance
(Beard et al. 2011).

It was also clear that there is a need to recognise that
all threats that impact specific fisheries will also
influence their ability to implement remedial actions.
As outlined by Welcomme (2001) and Collares-
Pereira and Cowx (2004), fisheries planning must
recognize and account for the threats (e.g., fragmen-
tation, invasive species, pollution, habitat degradation,
water resource development, changing climate) and
include strategies that mitigate them (e.g., fishways,
pollution control measures, alien species manage-
ment, habitat restoration, screening of abstraction
pumps).

Relatedly, an overwhelming theme was the need to
think and act in an integrated and holistic manner (i.e.,
the spirit of Step 4 but also the rationale for developing
an Action Plan—i.e., Step 10). Although some case
studies provide examples of holistic ecosystem-based
approaches (e.g., Lake Malawi, the Columbia River),
challenges or deficiencies were noted in these and
other case studies. Failing to think holistically will
most certainly result in failure to achieve long-term
fisheries management and broader societal or envi-
ronmental objectives. Admittedly, the Ten Steps by
virtue of how they are organized, break down what is
needed into specific steps but in reality, it is the
“whole” (i.e., all Ten Steps) that need to be embraced
to achieve sustainable inland fisheries (recognizing
that there are some systems for which some Steps may
not apply).

We see no need to reinvent the wheel; if a lesson
learned in one fishery can be applied to another, there
is no need (or desire) to stumble through a similar
process to reach the same recommendation when it can
be applied immediately. We can learn how “bright
spots” (Bennett et al. 2016; Krueger et al. 2019;
Jeanson et al. 2021) in inland fisheries management
can be applicable in other contexts to inform global
actions, or, where challenges have arisen and failures
have occurred; this will allow us to tease out the cause
and determine affirmative actions to address the
problem in the target system. Similarly, by acknowl-
edging what is unique about each local context, we can
ensure that management initiatives do not try to “fit a
round peg in a square hole.” For example, the
arapaima example benefits from the fact that the
target species are air breathers so their abundance can
be assessed by counting surfacing events. Most
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biological fisheries assessment, however, requires
more sophisticated methods and technology (Loren-
zen et al. 2017).

Implementation will always have to occur at a local
level, although involvement of higher-level manage-
ment will ensure compliance with national and
international governance frameworks; an understand-
ing of what can be applied from global recommenda-
tions saves management effort that can be put to better
use focusing on specific, local issues. There are
inherent challenges to connect these scales. This will
undoubtedly require community, stakeholder, right-
sholder, and political support at a variety of levels
(Cooke et al. 2013). There may be benefit of engaging
more directly with regional fisheries management
entities (rather than global or local) to help contextu-
alize the Ten Steps given regional variation in culture,
socio-economic conditions, governance, and ecosys-
tem properties. Failure to be proactive and thus be
prepared for unanticipated events puts entire fisheries,
aquatic ecosystems, and human communities at risk.
The local case studies presented here serve to provide
real examples of the consequences of management
challenges and failures and can be used to help
stimulate the international community of global
thinkers and decision makers to engage, given the
manifold impacts of a fisheries collapse on liveli-
hoods, nutritional security, and cultures (Ainsworth
et al. 2018).

Conclusions

The Rome Declaration and its Ten Steps provide a
global framework for promoting responsible inland
fisheries. Although the Declaration is very much a
high-level, global initiative, effective implementation
benefits from direct engagement from on-the-ground
practitioners in its development. It is therefore not
surprising that the case studies explored here revealed
many instances where regional actions (some of which
have been ongoing for decades before the Ten Steps
were developed) align with the Ten Steps. Examining
this suite of diverse case studies shows that, although
there were no instances where regional actions
addressed all the Ten Steps, each case study had
various actions that aligned well with some of the Ten
Steps. We submit that learning from these “successes”
will inspire others to embrace the Ten Steps and
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modifying them as necessary to adjust to practical
implementation will ultimately lead to the “future we
want” (UN 2012) with respect to responsible inland
fisheries, locally and globally. The case studies
presented here both highlight the extent to which
bottom-up actions can help to achieve the Ten Steps
while also emphasizing how the top-down actions and
activities need to align with the reality of practitioners
and stakeholders/rightsholders.

Clearly, there is no single path to achieving
responsible inland fisheries. Rather, it will require
the collective efforts of individuals, organizations, and
governments working locally, regionally, nationally,
and internationally to come together around a common
goal (i.e., sustainable fisheries). This paper provides
insights on how that process can progress, and
complements efforts to ensure that the Ten Steps are
considered when discussing the global state of inland
fisheries management, its success, and failures (Lynch
et al. 2020a). Moreover, there may be a need to revisit
or refine the Ten Steps to address deficiencies
identified here (e.g., the need for more holistic
approaches to assessment and management; the
explicit need for co-management or other participa-
tory frameworks) to enhance their implementation.
Finally, itis evident from all case studies is that there is
a strong need for political awareness and political
ownership of the Ten Steps to encourage explicit
involvement in their implementation at all levels. This
is a pre-requisite for the additional work needed to
enhance awareness about the Ten Steps at the level of
the on-the-ground practitioner. It is also clear that
some of the Ten Steps are less relevant in some
contexts than in others. Thus, there is need for broad
communications and engagement with various levels
of government and fisheries professionals around the
globe. Regional workshops will be needed to build
capacity and operationalize the Ten Steps in a manner
that respects cultural, socio-economic, political, and
ecosystem realities. We submit that the time is right to
embark on development of a Global Action Plan
complete with the development of culturally sensitive
and regionally or locally developed implementation
plans.
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