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CAROLA SCHOUTEN
Minister of Agriculture, Nature and Food
Quality, The Netherlands

“What kind of world do we want to leave to
those who come after us, to children who are
now growing up?”. Pope Francis asked this in
2015, in his encyclical on the environment. It’'s a
question that comes to mind now, as we discuss
the issue of fish migration. Healthy fish stocks
are important to us all. They are a crucial part
of the food chain and also show us the state of
the oceans. It is our common responsibility to
keep fish stocks healthy, for the environment and
future generations. If we can build a world where
mankind and migratory fish can both thrive, |
believe we are on the right track.

Protecting fish migration highways is something
authorities cannot do on their own. Many migratory
routes cross national borders and pass through
regional waters, like the rivers Rhine, Meuse,
Scheldt and Ems. So we need to work together
to reconnect fragmented river ecosystems, in
European policies like the Habitats Directive
(Natura 2000) and the Eel Directive.

| am proud that Dutch hydraulic engineers are
developing new concepts like ‘building with nature’.
In recent decades, natural processes have been the
starting point for the design and implementation of
waterworks. Dutch Water Authorities have invested

heavily to improve connectivity for migratory
fish. This has led to outstanding innovative
projects like the Fish Migration River, which will
allow fish to pass between the lJsselmeer and
the Wadden Sea through the Afsluitdijk, yet also
safeguards freshwater supplies. We are eager to
share these positive trends with our colleagues
around the world, which is why | am pleased by
the contributions of Dutch experts in this book.
Let’s make every effort to ensure that underwater
species are preserved for the wellbeing of the
environment and of future generations. Let’s
connect!

GEERT-JAN TEN BRINK
President of the Regional Water Authority
Hunze en Aa’s, The Netherlands

As a regional water authority, we attach much
value to clean and healthy waters in our
management area. A healthy ecology must
include fish populations of good quality and
composition, however, this is not currently the
case everywhere. This is often because of the
presence of bottlenecks that constrain the
free migration of fish. To address this we are
constantly busy together with other interested
parties, including our provinces, nature trustees,
regional water authorities and the Angling
Federation of Groningen and Drenthe in seeking
solutions.



| am proud of what we, as the regional water
authority, have achieved with our regional
partners since 2000. Of the 130 bottleneck
points identified, 100 have now been provided
with fish migration facilities. | am convinced that
we have only been able to achieve this success
through collaboration. Collaboration is not only
applicable at regional and national level, but also
internationally, after all, fish do not follow country
borders! Through the creation and monitoring
of fish migration facilities, much knowledge
and skill has been built up and we would like to
share this internationally in the new “From Sea
to Source 2.0” project. A renewed step towards
barrier-free fish mobility and the recognition of the
importance thereof for ecology and environment
is truly important if we are to achieve our targets
for the environment.

JEREMY WADE
Host of River Monsters and former biology
teacher, United Kingdom

Over just the last few human generations, big
fish have become increasingly hard to find. As
water-dependent creatures ourselves, we should
all be concerned about this because most of
these fish are apex predators, and as such they
are indicators of the overall health of our rivers.
Normally it's assumed that this decline is a simple
result of over-fishing, but a closer look reveals

a more complex picture. Many fish, we now
know, make epic underwater journeys, to reach
feeding grounds and breeding grounds, or they
used to, until we prevented them from doing so,
through our engineering of their environment.
Originally, our disruption of their lives was through
ignorance, but we no longer have that excuse. For
the sake of our fish, and our rivers, and ultimately
ourselves, it’s time to help the fish swim free.

ZEB HOGAN
Host of Monster Fish, National Geographic
Wild, USA

From Sea to Source is a practical guidebook
with a simple premise - that healthy connected
rivers are fundamental to human existence.
Designed to share the challenges and successes
of experts working around the world, it combines
local perspectives for global impact. From
Sea to Source is part of an urgently needed
movement to develop a global network of
informed scientists and citizens. It is a first step
to a deeper understanding of the important
connection between water, people, and aquatic
life that is borne from our shared experiences.
From Sea to Source can help turn the tide against
unsustainable practices and toward a common
goal: living rivers full of fish.



JACKIE KING
Institute for Water Studies, University of the
Western Cape, South Africa

More than 3,000 hydropower dams are planned
or being built on rivers. Multiple dams are planned
for the world’s great river basins, including the
Amazon, Zambezi, Mekong, Salween, Indus,

Yangtze, Okavango and Brahmaputra. This
scale of development is threatening the diversity
and resilience of whole river systems, altering
or stopping the flow of water, sediments and
biota, crossing national boundaries, affecting
politics, causing human conflict, and leading
to hydropower no longer being seen as ‘green
energy’.

Most of the dams are in developing countries
where rivers great and small provide water, food
and lifestyle support to hundreds of millions of
people. | would like to see much better basin-
wide planning before dams are built or even
contemplated, with a major focus on how river
systems and their dependent social structures
would be affected. | commend this book for
helping to create awareness of what can be lost
as well as gained as dams are built and what can
be done to reverse the losses - but remember that
it costs much more to fix than to care for in the
first place and some things will not be fixable -
they will have disappeared forever.

ARJAN BERKHUYSEN

Director World Fish Migration Foundation,
The Netherlands

Our organisation was launched because we felt
that the many people working on great projects
deserved more support. All over the world we see
people working with passion and commitment
to save and bring back migratory fish. Some are
doing so because they love rivers, while others
love to fish and others just like to be surprised
by the wonders of living nature underwater.
Many of them have managed to set up inspiring
projects, such as dam removals and construction
of innovative fish ladders. Many others are on
the verge of doing so. | think they show that a
future in which man lives in harmony with nature
is possible.

By connecting these people, we believe we
give their work and aspirations a boost, from
local scales to global initiatives. Migratory fish
connect us to the rivers and seas! We want to
give migratory fish the freedom to migrate to fulfil
their life cycle, for the benefit of all. That's why
we promote the concept of free-flowing rivers. We
must remove old and obsolete dams and weirs,
build the best available fish passage solutions
and ensure 'wise' hydropower planning.

Every two years we celebrate the World Fish
Migration Day and the achievements of committed
people who have opened more and more rivers.
We believe that by working together we can make
the difference.




This poster was made
especially for World Fish
Migration Day.

It highlights iconic migratory
fish species, their importance
and the challenges around
the globe. The full version

of this poster can be
downloaded in different
languages at
www.swimway.org

© World Fish Migration
Foundation in cooperation
with Jeroen Helmer.
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In 2012 our team proudly published the first
global edition of our book “From Sea to Source”.
This was a work intended to inform, educate and
inspire those who wanted to know much more
about how to meet the challenges that lie behind
restoration of fish migration in rivers around
the world. Whether the challenge is simply to
increase access to spawning habitats through
connectivity improvements for salmon, or to
maintain the livelihoods for hundreds of millions
of people dependent upon fish and fisheries in
the great rivers of Asia, Africa and South America,
we hoped our book would help to achieve these
goals.

That book was very well received and we were
delighted with the good reviews. This inspired
us to move on. An important result was the
establishment of the World Fish Migration
Foundation in 2014 through which we now
continue to share experiences and encourage the
opening of rivers around the world for wildlife and
the people who depend on them.

Since the development of the World Fish Mi-
gration Foundation, many initiatives have been
launched that promote a new vision: Connecting
Fish, Rivers and People. The International Fish
Passage Conference was held in The Nether-
lands in 2015, and World Fish Migration Day has
been launched even more successfully around
the globe. Together with our partners and col-
laborators we introduced millions of people from
around the world to the urgent need for recog-
nition of the value of migratory fish and healthy
rivers. Flourishing populations of migratory fish
are a wonderful indicator of environmental quality.
Ultimately our ambition is to contribute in a posi-
tive way to making a better world and a positive
difference for migratory fish, nature and humans
on local and global levels by inspiring new initia-
tives for and with people all around the world.

With the release of the 2018 ‘From Sea to Source
2.0’ we show how rivers are a critical natural re-
source that sustain us all and support livelihoods,
health and wellbeing. Approximately 40% of all
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fish species in the world reside in freshwater eco-
systems, contributing economic and ecological
benefits and value. Not only are there at least a
quarter of a billion people who depend on fresh-
water fish as their primary food source, but the re-
lated fishing industry is a vital economic resource,
worth $90 billion annually in the USA alone. There
is also a cultural aspect to fish populations and
fisheries which has often been overlooked. People
in many regions are rightly proud of their fishery
traditions and they have a clear stake in restoring
and protecting fish and their natural habitats.

Apart from the 15,000 freshwater fish species
known to migrate in some way during their life
cycle, there are over 1,100 iconic long-distance
migratory fish that depend on free-flowing rivers
to thrive. Among these are the great salmon runs
of Alaska, the critically endangered sturgeon
of Asia, the predatory tigerfish of Africa, the
largest freshwater catfish of the Mekong, the
highly migratory dorado in the Amazon and
the wonderful ayu of Japan. Working together
with international fish experts we have included
details in this book on some of these key iconic
migratory fish species and other less well-known
fish from around the world in the hopes that this
can be used to draw much-needed attention to
these species and the pressures they face.

It is crucial that migratory fish can fulfil their
entire lifecycle without the danger, delays and
disturbance caused by migration barriers.
For most species a barrier-free river system
is sufficient, but many other salmonids, eels
and lampreys also need free migration out into
estuaries and oceans to fulfil their entire lifecycle.

As you will see, the threats to these habitats are
well documented. At least half of all the flow in
the rivers of the world is artificially manipulated or
fragmented, and our resource of truly wild free-
flowing rivers is now more threatened than ever.
Only 64 of the 177 rivers, longer than 1,000 km,
are free-flowing and yet there are proposals for
more than 3,500 new large dams in Asia, Africa
and South America.



In recent decades the upward trend of fragmenta-
tion, industrialisation, overfishing, climate change,
water quality deterioration, and other threats have
motivated people around the world to seek to
improve the situation for migratory fish. River
managers, NGO’s, practitioners, researchers,
authorities and other key groups are deeply con-
cerned and starting to take action to address
what is estimated to be a 40% decline in global
migratory fish populations, part of an on-going
negative trend seen over the last 40 years. An
international fish migration community is grow-
ing, and has recognised the potential for a new
era of opportunity to address pressures on mi-
gratory fish around the world. By reading this
book, you should probably join this community
too! We have learned to recognize the greater
value of migrating fish and free-flowing rivers,
and now investment to safeguard fish migration
is becoming a growth sector. We are starting to
see the first positive trends in fish populations in
some parts of the world where action has been
taken.

In this book we explain some of the inspiring
work around the globe that people are doing
to improve the status of migratory fish. This
ranges from small local awareness campaigns by
enthusiastic communities, to large multi-million
euro restoration projects. A wide range of work to
improve fish migration is presented:

* Increasingly, river managers and NGO’s are
recognising that many disused obstacles -
dams, weirs and culverts - can be removed to
open rivers. We have seen the dam removal
initiative grow by leaps and bounds in the
USA where more than 1,400 dams have been
removed. And now, with the launch of ‘Dam
Removal Europe’, the movement gains pace
and spreads. Across many European countries
it is estimated that there are thousands of
potential dam removal projects that will restore
substantial portions of rivers;

More and more fishways are being installed to
help fish pass barriers that can’t be removed.
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One of the largest fish migration projects ever
- the Fish Migration River project on the lower
Rhine has been approved in Europe at a cost
of 50 million euros. A big solution for a big
problem, with the goal of restoring the great and
crucial Rhine Swimway routes;

There is increasing recognition of both the
opportunity, but also the need to monitor the
performance of fishways. In this way their
performance can be demonstrated to all, but it is
also important to learn lessons to improve future
projects. Monitoring at restoration sites is showing
that the eturning runs of sea-run fish, especially
the river herring, are growing much faster and by
much larger amounts than expected. Rivers can
be restored more quickly than many ecosystems
when constraints are lifted;

There is an on-going revolution in managing fish
migration at the river basin scale. The scope has
become increasingly inclusive: incorporating
entire migration routes within management
plans and policies, multiple barriers assessed
together, and collaborating with diverse
partners to develop improved measures and
monitoring, together with local communities
and stakeholders. Cooperation has resulted
in hundreds of kilometres of local river habitat
restoration;

International experts are increasingly sharing
their knowledge and the challenges faced,
and helping each other through expert
meetings and webinars. The brainstorming of
new and innovative ideas for the sustainable
management of river systems, for example the
‘Hydro-by-Design’ approaches, can be very
effective and achieve wonderful results;

Engaging and communicating with society about
migratory fish improves overall perceptions.
Influencing policy is a key objective in many
projects. Citizen science projects, visitor centres,
and communication campaigns that shine a
light on special fish have become more common
and effective strategies to engage and inspire;



* There are many examples of effective mecha-
nisms used to engage, educate and activate
citizens and stakeholders. On a global scale,
thousands of organisations celebrate World
Fish Migration Day every other year to create
awareness and attract public attention. In 2016
over 70 million people were engaged in World
Fish Migration Day.

Inspiring stories are presented in this book along
with hard lessons learned and great successes
from nearly every continent. We present new case
studies about people and their projects to restore
our iconic fish species and the free-flowing rivers
that support them. Examples are presented of
the wide range of initiatives underway around the
world, and information given that will be helpful
to both beginners and experts alike. In this way
we hope that students, practitioners, scientists,
decision makers, and politicians can all make use
of this book.

We have worked with many fish migration experts
who have generously given their time, thoughts
and experience so that we may share these with
our audience around the world. Through our
contributors we are able to present information
and examples from around the world and we
thank all of them for their invaluable support!
They may each be contacted through their
addresses presented at the back of the book.
We would like to offer special thanks to our good
colleagues and friends, Laura Wildman and Olle
Calles who have made significant contributions
throughout.
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We hope that more and more people, organ-
isations and governments around the world are
inspired by this work. Our ambition is to bring
the global vision of ‘connecting fish, rivers and
people’ to a growing audience and to encour-
age the 'Change Makers' of our world. These
change makers are people who are enthusiastic
and driven to pursue efforts to conserve and pro-
tect migratory fish. By working together we can
develop much-needed global policy, technology,
and appreciation needed to protect and restore
fish migration routes.

Most sincerely, the authors,

Peter Gough

Kerry Brink

Joshua Royte

Peter Paul Schollema
Herman Wanningen
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This is the second edition of a global reference
book on the protection and restoration of
migratory fish worldwide. It is a follow up to
the first global “From Sea to Source Guidance”
(published in 2012), which was written in order
to inspire decision makers and others working
to reverse the global trend of declining
migratory fish stocks around the world. En-
couraged by the success of the first edition
and expanding recent developments in the
field, the World Fish Migration Foundation and
their partners decided to update the version of
6 years ago with new and relevant information
from around the world.

WE SPAWN IN THE
SEA, KOUNG ONES

FLOAT To SHORE AND
SWIM UP RIVERS AND
LAKES To (RoW INTo
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Together with the valued support of our
sponsors and input from numerous fish
migration experts from around the world, this
book is written with the ambition to continue
to promote the field of fish migration on a
global level in order to ensure that migratory
fish stocks are protected and restored for
future generations.

Y ITS THE OTHER
——\_WAY RouNp!




1.1 WHY FRESHWATER MIGRATORY FISH?
We currently know of about 15,000 freshwater fish
species globally. It is likely that all such species
migrate to some extent, between breeding and
feeding areas, in order to complete their life cycles
and to avoid seasonally unfavourable conditions.
Some of these may be very short, whilst others
cover extreme ranges sometimes in excess of
1,000 km. There are estimates of over 1,100 iconic
long-distance migratory fish around the world.
While there has been much global attention given
to fish biodiversity and river conservation, only in
recent decades has fish migration become a topic
of significance around the world. This is because
free migration is of fundamental importance to
fish survival and it is threatened throughout the
world.

Migratory fish have been vital to the wellbeing
of human populations around the world for
thousands of years, as they are a critical food
resource. They are also essential components of
the ecosystem and, because they move between
regions, they are a potent indicator of the
nature and health of our environment. They also

Migration of sockeye salmon heading for spawning grounds
lliamna Lake, Alaska. © Jason Ching.

represent a major commercial and recreational
resource. In the USA, for example, a staggering
$30,4 billion is generated by the recreational
fisheries sector out of a $90 billion estimated total
contribution (Rubin, 2015). Recent figures from
England indicate a total annual figure of £1 billion
generated by the inland fisheries sector (Peirson,
pers. comm.).

Unfortunately, in this new Anthropocene age of
human impact, most fish species are becoming
more threatened by human activities such as the
building of dams, weirs and locks, water extraction,
river embankments, water quality issues, flow
modifications from hydropower dams and, more
recently, climate change issues (Gough, et al.,
2012). As a consequence, many iconic migrating
fish species including salmon, sturgeon and eel
have increasingly become unable to reach their
spawning grounds. Additionally the migrations of
many other fish have also been disrupted causing
substantial declines in the populations of many
migrating fish species all over the world. Many
of these species are now endangered or nearly
extinct (IUCN, 2017).




The issues causing migratory fish declines
have led to extensive research and knowledge
development, particularly for the large bodied,
predatory species or those that have spectacular
spawning runs in developed countries. In this
book, we give a more global overview of mi-
gratory fish and relevant issues they endure. It
is also shown how thousands of people around
the world are working to improve the current
status of migratory fish to restore and protect
their populations for the benefit of all future
generations.

1.2 THE CHALLENGE OF COMMUNICATION

The challenge to restoring functional fish migration
is rarely easy, but nearly always possible. Effective
measures require the synthesis of ecological,
technical and socio-economic matters together
with the very important, but often overlooked,
challenge of effective communication. If those
charged with delivering solutions for migration
are unable to communicate problems and
solutions in a persuasive way, then political and
financial support might not become available.

Working with volunteers

Restoring spawning gravels and habitats for trout
in the Longinoja brook at Helsinki, Finland. The
project started 20 years ago and it is a successful
trout-recovery project working with volunteers.

© Henrik Kettunen.
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Consequently the resolution of fish migration
problems may not be achieved to the extent that
we now know is necessary.

1.3 GLOBAL VISION

Thousands of people around the world are
all working toward a common vision of free-
flowing rivers full of fish for the benefit of all!
Indeed, for many years, researchers, managers,
governments, but also our increasingly motivated
public, have been working to improve the situation
for migratory fish by developing fishways,
removing dams, rehabilitating rivers and exploring
other solutions. In hundreds of publications and
reports, experts have not only been highlighting
data gaps and improved knowledge requirements,
but also how important communication and
collaboration is among various sectors.

To facilitate communication, and provide a global
platform for others to work towards a common
vision, the “Swimway” approach has been deve-
loped by the World Fish Migration Foundation and
their partners. The Swimway is an overarching
framework, initially inspired by Birdlife’s Flyway
programmes, which works on the ground to save
threatened migratory species and to integrate
this with research, conservation, policy work as
well as network development and collaborations
across flyways (BirldLife, 2017).

The Swimway approach (Figure 1.1) is to promote
understanding and recognition of migratory
problems in the areas that fish species use to
fulfil their lifecycle. The area needed may vary for
different species; e.g. a European eel will travel
for thousands of kilometres whilst the small three
spined stickleback migrates over short distances
between freshwater areas close to the coast
and estuaries. We call these areas “Swimway
routes”. For many species the Swimway routes
are limited to the freshwater section, estuary and
coastal zone of river systems.

From a management perspective River Basin
Approach plays an important role in restoring
habitat and fish migration measures. This ter-



Figure 1.1
Schematic overview of the Swimway approach.

Productive
rivers full

of fish

minology is also well-known in the world of river
management organisations. It is an important
reason why we still use the River Basin Approach
as an important section of this book.

Using the Swimway approach is a great way to
promote projects and activities that connect
people, exchange knowledge, create awareness
and develop close collaborations that will
ultimately lead to open, free-flowing rivers for
migratory fish. This approach is intended to bring
people and projects together on a regional level
and provide the opportunity to have an impact on
policies from local to global.

1.4 GOALS OF THIS BOOK

As was the case in the first edition of the “From
Sea to Source - International Guidance”, this book
seeks to be inspirational, easy to read, attractive,
but above all - effective. Our target audience is
the wide range of people who are professionally
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involved in solving fish migration problems, but
also those who are just interested in the subject. It
is written in such a way that only basic knowledge
of fish migratory behaviour is needed for it to be a
helpful guidance. After reading through this book
policy makers, water managers, ecologists and
environmental engineers from all over the world
should feel inspired to consider, address and re-
energize prioritised fish migration measures from
a river basin and swimway perspective. We cover
a wide range of challenges and diverse solutions
from around the world because we feel that we can
always learn from other people’s experiences. We
are motivated by learning about the substantial
energy devoted to resolving fish migration from
nearly every continent of the world, and the
success stories that are increasingly emerging.

Although the guidance is written to give an up-to-
date overview of fish migration topics worldwide,
it cannot of course aspire to be comprehensive.



Instead we highlight the growing importance
of fish migration in environmental planning.
In addition we draw on references to existing
policy (and suggest perhaps the need for some
new ones), while considering economic drivers,
examples and restoration experiences from great
projects accomplished around the world.

The main goal of this book is for us all to learn
from examples of projects from countries around
the world. Although precise circumstances clearly
vary widely, and the species in question are very
diverse, the main challenges and solutions are
often familiar. The many case studies are included
to help in a very practical way, but mostly to
inform and inspire.

1.5 HOW TO USE THIS BOOK

We use the Swimway approach as a practical way
to integrate communication processes such as
knowledge exchange, networking, collaboration,
creating awareness, activating citizens, capacity

building and education within the Swimway
routes (Figure 1.1). This concept brings together
and integrates all topics related to fish migration.
In this book, each of these topics identified in the
Swimway approach are detailed and illustrated
with appropriate practical examples.

Fish migration specialists from all over the
world have written about their challenges and
successes. Through their examples they show
how fish populations can be improved through the
restoration of river connectivity. These examples
also provide a platform to share information to
a wider audience, beyond the practitioners and
local stakeholders and communities. In each
chapter a number of examples of projects and fish
species descriptions are provided to demonstrate
solutions for fish migration challenges from each
continent! We hope the general and fish species
examples we’ve selected in this edition highlight
a diversity of problems and current solutions that
can be easily shared and inspire more good work.

Visualisation of the Rhine Swimway Routes. In the Rhine there are 16 migratory fish species, including
the European Atlantic sturgeon. This drawing was made to highlight these iconic fish species and their
migratory routes, as part of the "Droomfonds Haringvliet" project. © Jeroen Helmer.
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Grizzly bear hunting for migrating
sockeye salmon, lliamna Lake,
Alaska. © Jason Ching.

—

29



Rivers are an integral part of functional
landscapes. They play a critical role in
providing pathways that allow the transport
of energy, materials and organisms.They
can act as filters and provide a diversity of
habitats for a wide range of aquatic plants and
organisms. Also providing critical resources
for terrestrial organisms (Speed, et al., 2016).
They are dynamic and continuously changing
and interacting along their length, width and
through their depths.

Look! A RIVER
RUNNING Free!

PERFELT FoR
OUR HONEYMooN/

They are the lifeblood of the world and form
a crucial resource for billions of people and
economies. Understanding the importance of
free-flowing rivers for both migratory fish as
well as societal needs is essential to motivate
thoughtful management of natural resources
in and around rivers around the world.




2.1 FREE-FLOWING RIVERS

Rivers are among the most diverse and
productive ecosystems on the planet. Although
they only represent less than 1 percent of the
earth’s surface, nearly half of all fish species
can be found in river ecosystems and millions
of people depend on food produced within
these ecosystems (Opperman, et al., 2015).
Natural and free-flowing rivers, in particular

offer considerable value. These are defined as
any river that flows undisturbed from its source
to its mouth without encountering any dams,
weirs or physical barriers (WWF, 2006). Such
free-flowing ecosystems are known to provide
multiple social, economic and conservation
benefits including provisioning services,
regulatory services, and cultural and supporting
services (Table 2.1). In addition to these services,

Table 2.1 Key functions of free-flowing rivers (WWF, 2006)

Provisional services Regulatory services

Cultural & economic Supporting services

services

Providing ecosystems and Free-flowing rivers play an
human communities food important part in global
and water water cycle

Providing much of the
world’s transportation

Water purification

Provides freshwater
necessary for drinking,
hygiene

Flood mitigation: healthy
floodplains reduce risk of
floods and drought which
are likely to increase with
climate change

Pollution control by
transporting and removal
of pollutants and excess
nutrients

Fish and fishery products
as an important food
supply especially in
developing countries:
people depend on fish
populations that require
natural conditions to breed
and thrive

Floodplain agriculture
dependent on flowing
river to bring nutrients,
sediment and water

Sediment deposition in
coastal wetlands and
marshes protecting
against storm surges and
rising sea levels

Biodiversity: high con-
nectivity rivers are among
the most ecologically
important habitats that are
home to vulnerable spe-
cies and high diversity of
fish species

Balancing nutrients in soils

Recreational Value

Offering business
opportunities including
rafting, fly-fishing and
wildlife watching
Spiritual and religious
value for people

Carrying sediment
downstream to nourish
floodplains, deltas, and
near-shore marine habitats

Providing range of
habitats, flow and
temperature regimes, and
food webs that sustain
iconic migratory fish and
other species

Maintaining floodplains

Habitat provisioning:
connecting all functions
and services with natural
habitats provided by free-
flowing rivers
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Saving a rare, undammed major
U.S. Atlantic River: The Delaware

Author:
Organisation:

John Waldman
Queens College, City
University of New York

Country: United States of America

INTRODUCTION

At this time, few of the world’s large rivers are
substantially unmodified by humankind. The
Delaware is no exception, but it does have
one distinctive characteristic for a major
watercourse in the Northeastern U.S., its
main stem is not now and, has never been,
dammed. Not coincidentally, its anadromous
fishes are showing strong recoveries from
other impairments.

The Delaware River begins with its East and
West Branches in New York’s Catskill Mountains,
gathering in a single channel and winding
between the borders of New York, Pennsylvania,
and New Jersey, before feeding into its great
estuary, situated between New Jersey and
Delaware. Though still free-flowing, the river’s
main stem barely survived a highly contentious
plan to dam it.

The Delaware once supported by far the largest
population of Atlantic sturgeon in the USA, but
it crashed in the 1890s because of overfishing
impelled by an international caviar craze (Secor
& Waldman, 1999). The river’s populations of
American shad and, especially striped bass,
declined dramatically in the mid-1900s, largely
due to industrial and sewage pollution in its
lower reaches that was so profound (especially in
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warmer months when oxygen levels fell) that the
river was said to have in effect, an impassable
“chemical dam.”

ACTIONS UNDERTAKEN

The “Tocks Island Dam” proposed in 1965 by
the U.S. Army Corps of Engineers would have
created a 37-mile long reservoir between New
Jersey and Pennsylvania, thereby preventing
several anadromous fishes from reaching their
spawning grounds. Strong resistance helped
defeat the project (Waldman, 2013). This
included from activists who illegally occupied
portions of the land in question and formed the
Delaware Valley Conservation Association, and
from a series of enlightened politicians who had
ongoing environmental and financial concerns.

Long before Tocks Island Dam controversy, the
river’s Atlantic sturgeon fishery ended quickly
following near total depletion of the stock circa
1900. However, severe water quality impairments
continued unabated for decades at the head of
the estuary near Trenton, New Jersey, which
affected all of the river’s migratory fishes. It
was not until 1972, with the passage of the
federal Clean Water Act that the Delaware River
and many other urbanized watersheds began
their recoveries from gross levels of pollution
(Weisberg et al., 1996).



DELAWARE RIVER AT PHILADELPHIA, 1928
© Municipal Archives of Philadelphia.

OUTCOMES

Today, after some 100 years of uncertainty as
to whether even a relict stock persisted, the
Delaware’s Atlantic sturgeon is demonstrating
a strong recovery (Wirgin et al., 2007).
Additionally, the Delaware’s population of
the federally endangered shortnose sturgeon

RESEACH IN THE DELAWARE RIVER
Pulling in seine net at Lambertville Shad Festival.
© Hunterdon County Democrat.
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remains robust. The striped bass population
of the river has shown steady growth
since the 1980s and is now contributing to
coastal fisheries (Waldman & Wirgin, 1994).
The Delaware’s American shad population
currently is among the healthiest on the East
Coast. And sea lamprey continue to favor this
watershed.

LESSONS LEARNED

The anadromous fish of the Delaware River
benefited from one action not taken and another
taken. To flourish, migratory fish require both
unfettered access to their spawning grounds
and adequate water quality. Along the American
Eastern Seaboard most rivers have only one
of these-adequate water quality-but their
migratory fish populations remain hindered in
their movements by one or more dams.

Avoidance of construction of a mainstem dam
on the Delaware together with the river’s return
to cleaner waters was a forceful combination in
unleashing the river’s native ecology, including a
recent renaissance of its migratory fishes.




Sambor Dam and the Sekong-
Mekong-Tonle Sap Corridor

Authors:
Organisation:
of Nevada, Reno

Country: Cambodia

Zeb Hogan & Teresa Campbell
Global Water Center, University

THE KHONE FALLS IN THE MEKONG RIVER
© Zeb Hogan.

INTRODUCTION

The Mekong Basin in Southeast Asia has nearly
900 recorded species of fish (Ziv et al., 2012),
many with complex migrations between diverse
habitats (Baird and Flaherty, 2004). Hydropower
development over the last decade has eliminated
many migration routes for Mekong fishes (Stone,
2016). One of the last major undammed corridors
between distinct and critical fish habitats is the
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Sekong-Mekong-Tonle Sap corridor through
Cambodia, Lao PDR, and Vietnam.

The Sekong River, the last major undammed
tributary of the Mekong, begins in the central
highlands of Vietnam and ends in the Cambodian
lowlands, flowing through diverse habitats that
promote high fish diversity (Meynell, 2014). The
Sekong has 213 recorded fish species, including
15 endemic and 64 migratory, 18 of which are
believed to migrate from the Tonle Sap River to
the Khone Falls in southern Lao PDR (Baran et al.,
2013). The mainstream Mekong River in Cambodia
has deep pools that are important dry season
refuge habitat and possibly spawning habitat for
large, migratory fish (Poulsen et al., 2002).

The Tonle Sap Basin is globally renowned for
its biodiversity, boasting 328 recorded fish
species (Ziv et al., 2012), and sustains a critically
important fishery for Cambodia. Its floodplains
are essential spawning and rearing habitat for
many migratory species (Campbell et al., 2006).
Available evidence suggests major migrations
occur between Tonle Sap Lake, the Tonle Sap
River, the Cambodian Mekong, and the Sekong
River. The Sambor Dam planned for construction
on the mainstem Mekong in Cambodia would



sever connectivity between these critical
habitats and lead to sedimentation of pools and
alteration of the flood pulse, possibly eliminating
whole populations of migratory fish and severely
affecting non-migratory species (Lee and

Scurrah, 2009).

In response to the increased hydropower threat
to fisheries sustainability, numerous studies
have been launched to better understand fish
migrations and habitat requirements and inform
decision makers of true ecological and eco-
nomic costs of dams. Scientists, environmen-
tal agencies, and concerned stakeholders are
pushing for revised power concepts and effec-
tive mitigation techniques for fish passage and
flood control (Stone, 2016).

Although the Mekong River Commission re-
commended a 10-year moratorium on mainstem
dams in 2010, and study results unanimously

predict poor outcomes for migratory fish (which
comprise 71% of Lower Mekong fisheries (Bar-
low et al., 2008), two mainstem dams are now
under construction in Lao PDR and 9 (including
Sambor) are planned for Lao PDR and Cambo-
dia (Barlow, 2016). Numerous tributary dams are
planned, under construction, or completed (Ziv
et al., 2012). Mitigation measures are sometimes
ignored or are unlikely to be effective for many
migratory species (e.g. Baran et al., 2011).

The predicted detrimental impacts caused by
dams to Lower Mekong nations’ fisheries, food
security, and economies have not been enough
to deter building or ensure proper design and
operation of dams. Improved international
infrastructure to enactand enforce environmental

protections is required. An approach to dam
building that considers hydropower needs with
environmental and social impacts is crucial
to achieving improved siting, operations, and
mitigation for dams like Sambor (Barlow, 2016).




Table 2.2 Free-flowing rivers around the world (WWF, 2006)

Continent Number of free-flowing Longest free-flowing Length (km)
rivers >1000 km river (river basin)

Africa 8 Kasai (Congo) 2153

Asia 22 Lena 4410

Europe Pechora (Northern Dvina) 1809

North America Mackenzie 5472

South America 20 Amazon 6516

free-flowing rivers are crucial for the survival of
migratory fish. Research has shown that free-
flowing rivers provide a range of habitats, flow
and temperature regimes, and food webs that
sustain iconic migratory fish and other species.
These all differ depending on the species and the
nature of river systems around the world. This has
presented problems in managing river systems,
especially in regions where knowledge about
the behavior of migratory fish and responses to
changes in free-flowing river systems is largely
unknown. In Africa there are hundreds of fish
species that are considered migratory, but only
a small percentage of studies have detailed
quantitative data to support understanding of
their migratory habits and dependence on free-
flowing river systems. As a result it is more
challenging for managers to present adequate
management and mitigation plans specific for the
region and species.

Free-flowing rivers are also critical for supporting
the livelihoods of rural populations in many
developing areas. For instance in productive
floodplains and deltas that are driven by free-
flowing rivers, people are able to harvest millions
of tons of fish (Opperman, et al., 2015). It has
been estimated that approximately 14-32 million
tons of fish harvested from river-floodplain
ecosystems provide enough food for around
225-550 million people on a fish-dominated
diet. People also take advantage of the annual
floods within the floodplains and deltas for flood-
recession agriculture and the nutrients that are
transported for maintaining wild capture harvests.
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Despite the natural benefits enjoyed by mankind
over millennia, our growing population and
associated industrialization has placed great
demands on our rivers. Over the years the
number of free-flowing rivers has become few
and far between. There has been an inexorable
rise in the development of impoundments to
meet water, energy and transport needs and to
control and regulate natural flows. According
to Grill, et al. (2015), 48% of the total volume of
rivers around the globe is moderately to severely
impacted by artificial flow regulation and/or
fragmentation. These impacts on free-flowing
rivers severely affect the migratory patterns of fish
and damaging their habitats. See Chapter 3 for
more detailed insights into the effects.

In recent years World Wildlife Fund, McGill
University, and partners have been developing
a methodology using global datasets to identify
such rivers around the world (Michele Thieme,
2018 pers. comms.). This will be published in
2018. In 2006 a preliminary review was conducted
on 177 rivers longer than 1,000 km: only 64 (less
than 40%) of those remained free-flowing and
many were threatened by proposals for new
dams.

Most of the remaining free-flowing rivers were
actually tributaries of even larger rivers: 20% were
tributaries of the Amazon, while another 20%
were rivers of the far north and east of Russia
(WWEF, 2006). Only one long river in Europe (the
Pechora, rising in the Ural Mountains and flowing
to the Barents Sea) remained largely unmodified.



The threats to these few remaining rivers has led
to a call to governments to safeguard them. WWF
reported that the remaining free-flowing rivers
are ecologically essential, acting as bio-reserves
for important natural and cultural resources, and
provide key services for people. These rivers
perhaps serve as a testament to humankind’s
restraint, and moral responsibility to future
generations. We recommend that this position be
urgently reviewed by global leaders if these great
rivers are to be preserved for the future.

More detailed studies of smaller rivers show that
free-flowing rivers are increasingly rare features
in local landscapes around the world. In South
Africa, only 62 free-flowing rivers have been
identified, of which only 25 are longer than 100
km (Nel, et al., 2011). In the USA, the Nationwide
River Inventory (NRI) listed 3,400 free-flowing
segments of rivers that are believed to possess

one or more “outstandingly remarkable natural or
cultural value” (National Parks Service, 2011).

2.2 RIVERS AROUND THE WORLD

Rivers around the world are incredibly diverse
with a wide variety of natural features, differing
greatly in size, geology, slope, base flow, climate,
temperature, chemistry, discharge, floodplains,
biological diversity (Tockner, et al., 2009; Cushing,
et al., 2006; Welcomme, 1985).

In North America, much of the continent drains
into the Mississippi. The largest river on the
continent and the fourth largest in the world,
with a length of 6,275 km and drainage area of
2,980,000 km?. In South America, the rivers in the
west drain from the Andes to the Pacific. They
are short, steep and therefore torrential, while the
rivers to the east have massive catchments that
drain to the Amazon. This is the largest river in

GLOBAL ASSESSMENT OF FREE-FLOWING RIVERS

Michele Thieme, WWF (USA)

INTRODUCTION

Free-flowing rivers are the freshwater equivalent of wilderness areas; however, in many parts
of the world, remaining free-flowing rivers are considered even rarer and more imperilled than
terrestrial wildernesses and pressures on remaining free-flowing rivers threaten to accelerate the
decline of freshwater species in many river systems. No global registry of free-flowing rivers exists
to underpin monitoring of their status over time and to help catalyse protection of those of highest
conservation value.

WHAT DID WE DO?

To address this gap, World Wildlife Fund (WWF) and McGill University are leading an updated
global assessment to identify rivers that remain free-flowing and provide a baseline that will
allow tracking of the connectivity status of rivers over time. The research team also includes
representatives from Kings College London, Umea University, University of Washington, UNESCO-
IHE, University of Nevada-Reno, University of Tubingen, University of Wisconsin, Leibniz Institute
of Freshwater Ecology, The Nature Conservancy and Conservation International. After extensive
deliberations, the team has defined free-flowing rivers as those in which:

Natural aquatic ecosystem functions and services are largely unaffected by changes to fluvial

connectivity allowing an unobstructed exchange of material, species and energy within the river
system and surrounding landscapes. Further specifying that the longitudinal (river channel),
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Rivers of Kruger National Park

in a sea of dams

Authors:
Robin Petersen?

Organisations: 'University of KwaZulu-Natal &
2South African National Parks

Country: South Africa

Within southern Africa, in the Limpopo and
Inkomati River Basins of Mozambique and
South Africa, a large diversity of sub-tropical
fishes occur, which are remnants where the
now Zambezi River flowed south into the
region and out into the Indian Ocean (Skelton,
2001). Within this region, is the world renowned
Kruger National Park (KNP) which forms the
national boundary between South Africa and
Mozambique. This almost two million-hectare
nature reserve is famous for its megafauna and
terrestrial conservation endeavours including the
remaining stronghold of many red data species
(Rogers and Biggs, 1999; Roux et al., 2008).

SABIE RIVER FISH POPULATIONS

Gordon C. O'Brien’, Matthew Burnett' &

The KNP has five major rivers flowing throughitin
an easterly direction. All of these rivers originate
outside of the KNP in South Africa with only a
few small tributaries occurring entirely within
the KNP. Unfortunately, all of these rivers have
been significantly altered by upstream land use
activities including dam developments, which
results in water quality stressors, altered flows,
altered habitats and alien species and diseases
stressors entering the KNP from upstream
(Rogers and Biggs, 1999). In addition, all of these
rivers have been dammed or are planned to be
dammed in the near future resulting in the rivers
within the KNP being referred to as “rivers within

A) Monitoring the fish populations upstream from the Corumana Dam. © Herman Wanningen. B) African
fish eagle with its catch. Rivers in the KNP forms the life veins of the reserve. A diversity of wildlife
depend on these rivers and the resources they provide for their survival. © Herman Wanningen.




a sea of dams” (Nel et al., 2007; Pers. Comm.
Riddell, 2016).

Prior to anthropogenic developments in the
region (<1930s), the KNP Rivers provided
habitats for most of the fish diversity from

the region including many catadromous,
diadromous and potamodromous fishes
(Pienaar, 1968). These migratory fishes

made use of the rivers, estuaries and marine
ecosystems downstream of the KNP and
migrate into the KNP and often upstream of the
KNP (>300 km). With the development of land
and water resource use activities in the region,
the KNP became a refugium for many aquatic
animals (Rogers and Biggs, 1999). This also
provided the surrounding areas with a source
of biodiversity through migrations, contributing
to the resilience of the region (Roux et al., 2008).

With the establishment of the Water Act of South

FIGURE 1

Africa in 1998 the regulations to attain a suitable
balance between the use and protection of water
resources were established. A limitation of this
process includes omitting important, but partly
unknown, ecosystem processes.

River connectivity and its associated processes
is such a requirement that has largely
been omitted from regional water resource
management. An example is the rivers of the
KNP where regional barrier formation has
negatively affected biodiversity and ecosystem
processes that have social and ecological
consequences. The cost-benefit of retrofitting
mitigation measures to physical barriers in
the region is extremely low and threatens the
economic viability of water use activities. Our
unforeseen omission is destined to persist, and
our important fishes of the KNP will remain out
of sight and out of mind in these rivers amongst
a sea of dams.

Inkomati, Olifants, Limpopo and Luvuvhu River Catchments in the Kruger National Park along with the

major dams and weirs. © Robin Peterson.




lateral (floodplain), vertical (groundwater and atmosphere) and temporal components of fluvial
connectivity can be compromised by (a) infrastructure or impoundments in the river channel, along
riparian zones, or in adjacent floodplains; (b) by hydrological alterations of river flow due to water
abstractions or regulation; and (c) by changes to water quality that lead to ecological barrier effects
caused by pollution or alterations in water temperature.

Okna River, Morske Oko Reserve, Slovakia HOW DID IT WORK OUT?

Wild Wonders of Europe, WWF. Best available global datasets have been
© Konrad Wothe. compiled that correspond with pressure
factors that affect different components
of river connectivity and for which global
data were available: (a) river fragmentation;
(b) flow regulation; (c) water consumption;
(d) road construction; and (e) urbanization. For
each pressure factor, proxy indicators were
constructed using global data and combined
into one index of connectivity status. Each
reach of river globally (8.5 million reaches and
12 million km of river) has been evaluated for
its “free-flowing” status based on the level of
disturbance to its connectivity components. A
river must maintain a high level of connectivity along all river reaches from source to outlet (outlet
being defined as intersection with next largest river or the ocean) to be considered “free-flowing”.
The methods have been tested for robustness both at global scale and in several geographies
(Tapajos Basin, Brazil; Uttarakhand State, India; Luangwa River, Zambia). The assessment
methods and results are under scientific review and will be available publicly in the future. For
more information, visit www.worldwildlife.org/pages/free-flowing-rivers.

Free-flowing Vatsna River, Iceland
Containing a natural stock of Atlantic salmon and sea trout. © Wilco de Bruijne.
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the world with a catchment area of about 7 million
km? and an average discharge greater than the
next thirteen longest rivers combined.

In Europe, there are 164 major catchments, of
which 150 are transboundary and cover 17 key
geographical regions.

The rivers in Asia, including Russia, display great
geographical diversity from the arid Tigris and
Euphrates systems in Iran to the humid, tropical
Mekong river flowing through narrow deep gorges
to the Mekong delta and covering an area of
62,520km2.

African rivers provide resources and services
that are a fundamental part of the past, present
and future lives and livelihoods (Sadoff, et al.,
2002). These rivers are also some of the most
variable and volatile due to exceptional variability
in precipitation, resulting in anything from major
flooding to major droughts.

Australia is home to 12 catchment divisions,
including the Murray-Darling catchment in
the south-east of the country as well as the
unique dry inland rivers flowing from the central
regions.

2.3 ECOLOGY OF RIVERS

Rivers are highly complex environments due to
the constantly changing interactions between
physical features, weather, altitude and gradient,
flow regimes, energy shifts, biological interactions
and water quality. The integrity and productivity of
free-flowing river systems depends largely on the
continuity of hydrological processes and nutrient
cycling, as described in the river continuum
concept.

2.3.1 Hydrology

Rivers typically originate in upland areas from
springs and wetlands that coalesce when
there is enough volume to form an intermittent
and/or perennial stream channel. As streams
combine with other tributaries they form larger,
more smoothly flowing and deeper rivers that
commonly meander through lowlands towards
the sea. Topography, geology, and climate are
key factors that influence this. The discharge
of rivers depends on the size of the catchment
and the amount of rainfall that finds its way
into streams. In mountainous areas or northern
latitudes precipitation can fall as snow that may
significantly supplement discharge during the
spring thaw. Seasonal influences on discharge
lead to characteristic patterns of flows in different

FASCINATING DIVERSITY OF RIVERS IN RUSSIA
Dmitrii Pavlov, A.N. Severtsov Institute of Ecology & Evolution, Russian Federation (Russia)

There are 2.5 million rivers, brooks and temporary streams in Russia of which 57 are longer
than 1,000 km. Only 17 of these rivers flow into either seas or large inland lakes, the others are
tributaries of larger rivers. 90% of Russian rivers flow into the Arctic Ocean and the Pacific Ocean,
and 7.5% of rivers flow into the Azov-Black Sea basin and the Caspian Sea basin.

Fourteen large rivers flow through the European part of Russia. The largest river of Europe is the
Volga River, it has a total length of 3,531 km, a catchment area of 1,36 million km?, and an average
annual runoff of 228 km? flowing into the Caspian Sea. Other large rivers of the Caspian Sea basin
are the Ural, Kama, Oka, Belaya, Vyatka. Large rivers of the Azov-Black Sea basin are the Don,
Khoper, Dnieper, Desna, northern Donets. Large rivers of the White Sea basin are the Northern
Dvina, Vychegda. The largest river of the Barents Sea basin is the Pechora River and the largest
river of the Baltic Sea basin is the Western Dvina River.
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The twaite shad Alosa fallax is a migratory fish
found in major rivers and in open waters along
the coasts of the Atlantic (Ireland and Scotland
to Morocco), southern Baltic, North and
Mediterranean Seas. Its conservation status in
the Atlantic bioregion is ‘unfavourable-bad’ and

deteriorating; however, its status is not the same
across the region with cases of improvement
(Belgium and United Kingdom) and deterioration
(France).

A. fallax, along with A. alosa, is one of only two
members of the herring family in the United King-




dom. Spawning A. fallax is at its northern extent on
the Severn Estuary Special Area of Conservation
(SAC) in the UK (Aprahamian et al., 2003). Since the
Industrial Revolution in the mid-19" Century, the
species has declined considerably in abundance
throughout its geographic range (Aprahamian
et al., 2003). lts decline on the Severn has been
attributed to navigation weirs constructed around
1842 (Day, 1890). The weirs at Worcester have
prevented the A. fallax from reaching their historic
spawning grounds, which extended as far as
Welshpool (Salmon Fisheries Commission, 1861)
and the River Vyrnwy (Pennant, 1810) in Wales.

THE SOLUTION

In 2013 a partnership came together to
return the twaite shad to its natural spawning
range by opening up the River Severn and its
tributary the River Teme. In 2016, the Severn
Rivers Trust, Canal & River Trust, Environment
Agency and Natural England secured funding
from the Heritage Lottery Fund and European
Union’s LIFE Nature Programme for a five-year
Unlocking the Severn for LIFE project to improve
fish passage across four weirs on the Severn and
two on the Teme, and as importantly engage the
local community to protect this largely forgotten
species in the region. The partners will use
best practice solutions developed from global
learning including deep vertical slot passes and
bespoke easements that will improve access for
all fish species in the river, focussing on shad.

Surveys undertaken in 2014 show the habitat on
both theserivers, and upstream of the impacts of
the upper most barriers, is suitable for A. fallax
spawning and nursery provision. By 2021, the
project will increase the UK favourable reference
length and therefore the favourable reference
population within the Natura 2000 network by
253 km to 518 km, contributing 61% of the UK’s
A. fallax population.

FUTURE CONSIDERATIONS

Atthetimeofwriting, fourtidalelectricity generating
lagoons are being considered throughout the
Bristol Channel and the lower Severn Estuary
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SAC. This could have significant impacts on the
free movement of all 110 fish species found in
the area including both Alosa species and five
other migratory species. Any proposals would
have to meet EU Habitats Directive obligations
and comply with regulatory frameworks but with
the UK due to leave the European Union in 2019,
the project partners will be working closely with
the relevant UK governmental bodies to ensure
ongoing protection.

FIGURE 1
Location of the Severn Estuary.

Legend
| Sevem EnusryMar Hatwn SAC
—— RWE SR . B

— River Tame




Many of the rivers longer than 1,000 km (43 rivers) flow through the Asian part of Russia. The
longest rivers here are the Ob (5,410 km), Lena (4,400 km), Yenisei (4,102 km) rivers, which flow
into the Arctic Ocean while the Amur River (4,440 km) flows into the Pacific Ocean. The Yenisei
River has the highest river flows (624 km?®/year), making it the fifth largest, by volume, in the world.
At present most rivers are regulated in Russia, both in the European part of the country (the Volga,
Don, Kuban Rivers, etc.) and in Siberia (the Ob, Angara, Yenisei, Amur, Kolyma Rivers, etc.). Whole
series of hydropower projects have been built on many rivers or on their tributaries. These dams
have interrupted the routes of spawning migrations of fishes. It has led to the loss of access to
spawning grounds, thereby destroying millenia-old cycles of reproduction. Only one large river in
Europe, the Pechora River, remains free-flowing.

In Russia, in 2009, water consumption was estimated at 62.5 km®/year (Danilov-Danilyan, 2009).
There are some water intakes the consumption of which can be compared with water discharge of
large rivers. For example, the Mariano-Cheburgolskaya irrigation system, which diverts water from
the Kuban River and supports water consumption of more than 200 m?/s. During downstream
migrations billions of juvenile fish are entrained by these abstracted water currents and enter into
artificial canals where they die.

The regulation and water consumption on many inland water bodies has drastically changed
the ecological conditions of aquatic organisms and led to a sharp decrease in abundance of
commercial fish species (e.g. river basins of the Azov Sea and the Caspian Sea). Some indigenous
fish species were listed in the Red Data Book of the Russian Federation (2001). To protect migratory
fish species various structures facilitating fish passage (fish locks and fish lifts) are used. In order
to improve the fish habitats, different conservation activities are performed and to increase fish
abundance, the natural stocks are supplemented with hatchery stocks.

In these basins, there are large amounts of anadromous juveniles added for the restoration of
migrating fish species such as sturgeon (Acipenser gueldenstaedtii), stellate sturgeon (Acipenser
stellatus), beluga (Huso huso), whitefish (Stenodus leucichthys), Atlantic salmon (Salmo salar),
brown trout (Salmo trutta), etc.

Gore River delta Sand bars in the Lena River
Located in the Komsomolsky Zapovednik Na- Sakha Republic (Yakutia),

ture Reserve. Amur floodplain, Russian Federa- Russian Federation.

tion. © Hartmut Jungius, WWF. © Hartmut Jungius, WWF.
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parts of the river system. Some rivers show
great fluctuations in flow while others, some
fed by groundwater, have an almost constant
flow throughout the year. Some streams show
seasonally predictable flows, while others have
irregular flow patterns. In free-flowing rivers these
fluctuations and flood pulses define the river
ecosystem along with the biological productivity,
biodiversity and ecological succession (Poff, et
al., 1997).

The structure and function of rivers varies
widely between and within continents. In more
arid climates many rivers and streams dry up,
sometimes for a period of months or years
and consequently the fish fauna is limited and
dominated by species that are adapted to
protective migration strategies, and seasonal
colonisation. Dry river channels usually have
relatively unvegetated banks due to the limited
opportunity for establishment of riparian plants
which has implications for input into streams,
shade, and stream channel stability. In contrast,
large and permanent rivers often support a
high riparian and aquatic species diversity. As
a consequence of seasonal pulses of rainfall or
snow melt many rivers develop lateral floodplains
formed outside the normal riverbed. These
floodplains are characterised by a high degree
of lateral movement of water and sediment.
They have corresponding zones of vegetation
and stream channels which many organisms are
adapted to and depend on. Fish often use seasonal
or temporarily inundated areas for foraging,
spawning and nursery areas. Free movement
between these river and floodplain habitats
(lateral migration) is often an important feature
of such habitats and leads to a greater diversity
of species and often larger more productive fish
and other wildlife. Floodplains differ substantially
in size, and today the extent of many has been
profoundly influenced by management, such
as development of roads, dikes and levees for
flood management, and dams controlling flood
periodicity. For example, the largest natural
floodplains in Europe were in the River Danube
catchment, however only fragments of these now
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remain due to human activities over the last more
than 1,000 years.

2.3.2 Nutrient cycling

In free-flowing rivers, nutrients in often shady
headwater sections of the river are largely
dependent on allochthones (external material
falling into streams) energy resources, hydrology
and nutrients. As rivers meander downstream
toward their floodplains, nutrients are transferred
in a trophic spiral, with input from more
tributaries, more sunlight reaching more of the
stream producers, there is more and more life
that supports a larger and more complex food
web. As such, larger rivers systems lower in their
basins require fewer external nutrients and tend
to produce more internal organic material than it
consumes. These processes are highly dependent
on having connectivity and the continuous
transport of material down the river channel from
the source to the deltas. This growing complexity
can be translated into functional feeding groups
of organisms as shown in Figure 2.1.

From a geochemical point of view, migrating fish
can be key in the transport of nutrients within
free-flowing riverine systems (Friedl & Wuest,
2002). Migratory fish transport nutrients with
their bodies from the ocean into the rivers, for
example it has been shown that Pacific salmon
(Onchorhynchus spp.) transport marine-derived
nitrogen (in their faeces, spawning, and dying
adults and juveniles) to rivers where they spawn,
and that riparian growth rates are significantly
enhanced by those nutrient inputs (Helfield &
Naiman, 2001). Ecological studies have revealed
that Pacific salmon provide substantial supporting
and regulating services to coastal, freshwater
and terrestrial ecosystems in the form of nutrient
subsidies and ecosystem engineering (Hocking
& Reynolds, 2011). Most nutrients tend to flow
from the land to the sea, but these studies have
shown how migrating salmon return nutrients
from the open Pacific Ocean to coastal rivers and
terrestrial habitats and the organisms that depend
on these environments. Studies show how Pacific
salmon transport marine-derived nitrogen to



Figure 2.1 River Continuum Concept
Conceptual relationship between stream size and the progressive shift in structural and functional
attributes of lotic communities. (After Vannote et al., 1980).
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rivers where they spawn and that riparian growth
rates are significantly enhanced by the nutrient
input from the decomposing adults. This nutrient
loading shifts the plant communities toward
nutrient-rich species. Helfield & Naiman (2001)
hypothesised that the increased nutrients in the
system also act as a positive feedback for the
subsequent salmon generations. Predicting how
salmon affect terrestrial ecosystems is central to
conservation plans that aim to better integrate
ecosystem values into resource management.

2.3.3 Biological zoning
Biological zoning is the characterisation of a
water course into different biological zones,

Migrating pink salmon
While fulfilling their life cycle, migratory species such as salmon transfer nutrients from the ocean to
inland ecosystems. The carcasses of adult salmon provide a significant nutrient source for wildlife such
as bears and for the aquatic and riparian ecosystem as a whole. Migrating pink salmon, Great Bear
Rainforest, British Columbia, Canada. © Steph Morgan, WWF-Canada.

typically based on fish species. The distribution
of fish species in any river varies according to the
physical properties such as flow, bottom substrate,
temperature and depth of the watercourse. Some
fish species are bound to particular river stretches
where the characteristics suit particular stages
of their life history. The names of these species
have been used to label typical reaches of the
streams. For example in Europe, Huet (1949)
describes the distribution of northern European
species on the basis of the slope and width of
any particular reach of the river and named them
“trout”, “grayling”, “barbel” and “bream” zones.
Based on the physical parameter of slope,
but also width and water temperature, stream




Ecology of the Goliath catfish
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FIGURE 1

Distribution area of B. Rousseauxii. Different
catchment locations used during the life-cycle:
orangeisthe nursery area; blue is the feeding area
(juvenile and adults); green is the spawning area.
The star marks the Teotbénio Rapids. Modified
from the illustration drawn by Gabriel de Carvalho
Depra from website: https://revistabioika.org/pt/
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BIOLOGY AND ECOLOGY

The “dourada” Brachyplatystoma rousseauxii
performs the largest known potamodromous
migrations for breeding and feeding (up to 5,786
km;Barthemetal., 2017). Itis widely distributed
in the Amazon Basin including the Andean
tributaries of Bolivia, Colombia, Equador
and Peru. B. rousseauxii is known for its high
economic importance, its exceptional life-
cycle and its large size, reaching 192 cm in
length (Barthem & Goulding 1997). It shows
seasonal reproduction, high fecundity,
external fertilization and absence of parental
care. Dourada is a piscivorous sensorial
predator, feeding mainly on fish living in the
water surface.

LIFE-CYCLE

B. rousseauxii shows a complex life-cycle that is
still non-entirely understood (Batista et al., 2009).
Juveniles are abundant in the Amazon estuary,
in the eastern Amazon, while the mature fish only
occurs in the western Amazon. The fishery catch
consists of mature individuals caught close to
the Andes and occasionally in the upper portion
of the Branco River, in Roraima.




Young fish spend around one or two years
feeding on available resources in the estuary

before they start their upriver migration.
Fisheries data show the upstream movements
of pre-adults and adults in shoals from the
estuary towards the lower Amazon River and the
Central Amazon (including Madeira) between
August and October. Schools of the grown B.
rousseauxii reach the Andes foothills to spawn
throughout the year, but the high density of post-
spawning drift larvae indicates the rainy period
in the Andes as the most important time for
reproduction. Genetic studies of B. rousseauxii
shows divergent results for population
homogeny in the Amazon Basin, and there is a
hypothesis of homing behavior (Batista & Alves-
Gomes, 2006).

HUMAN IMPACTS

B. rousseauxii suffers from the same threats
as other migratory species: overfishing, habitat
destruction, pollution and dam construction.
The growing number of hydroelectric dams in
the Amazon basin blocks its migration routes,
reduces the homerange and prevents completion
of the life cycle (Winemiller et al., 2016). (e.g. the
Teotonio rapids, a place frequented by fisherman
to capture the “dourada” during the upstream
migration, are now under the Santo Antonio
Dam on the Madeira River). The interruption
of downstream migration of juveniles could
affect recruitment success. The species is also
threatened by expected development in the
Andes, adding to dams, headwater deforestation
and mining activity (Barthem et al., 2017).

POSSIBLE SOLUTIONS

Additional studies of the population structure
of B. rousseauxii are urgent to confirm whether
there ishoming behavior. Conservation must take
account of the risk of loss of genetic variability.
The upstream and downstream migration should
also be monitored in order to better understand
the life-cycle.

LOOK TO THE FUTURE
The main actions that can help to keep viable
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populations of the B. rousseauxii are:

+ It is important to keep free from dams all
principal channels of the river and large
tributaries that provide habitats necessary for
the “dourada” to complete its life cycle. This
would also preserve the flood pulse in the
Amazon;

+ The main sources of pollution and habitat
destruction, including mining activities in the
river channel and the agrotoxic contamination
in the headwaters, must be addressed;

+ Increased protection of recruitment areas in
the estuary and spawning areas are essential,
together with careful management of the
fishing.

Finally, the protection of the wide home-range
of *“dourada”, covering several countries,
would also secure the preservation of many
other species in the catchment. B. rousseauxii
therefore represents an important ‘umbrella
species’.

ARTWORK BY ANA LETICIA RAUBER
Modified from a photo by Enrico Richter.
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INTRODUCTION

‘Swimway’ is the term given to a migratory route
used for fish migrating between the source and
sea and even across oceans. The global concept
of Swimway is an active approach to managing
entire habitats for migratory fish species and the
ambition is to promote understanding and re-
cognition of the needs of fish across all regions.
This can be done in practice through the over-
arching framework of Swimway Programmes.
These programmes can vary significantly from
region to region or from species to species, de-
pending on the focus and goals of each discrete
Swimway Programme. In the case of the Swim-
way Wadden Sea Programme, the Swimway
is specifically developed for the cross-border
Wadden Sea region.

In the Wadden Sea, there are about 150 fish
species that contribute an important part of the
ecosystem. Many of these species spend only a
part of their lives in the Wadden Sea, as juveniles
or adults, moving in search of food, spawning
or en route between marine and freshwater
habitats. In the Quality Status Reports (Tulp,
et al., 2017), fish populations are reported to
have steeply declined in recent decades due to
largely unknown reasons. This could be related
to various impacts from climate change, barriers
for migratory fish, lack of estuarine habitats,
freshwater connectivity issues, predation from
seals and cormorants, sand replenishment,
recreational boating, fishing and industrial
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discharges. Relative quantification of these is
lacking due to limited data.

This has highlighted the need for a regional plan
to be developed that will take action to improve
the current ecological status of fish in the region
through a Swimway Programme.

WHAT DID WE DO?

Based on the Quality Status Report in 2010,
Danish, Dutch and German fish experts de-
veloped conservation objectives for fish, called
‘Trilateral Fish Targets’, which were adopted as
part of the revised Wadden Sea Plan in 2010
(Walker, 2015).

At a ministerial conference in 2010 Denmark,
Germany and the Netherlands agreed to advance
and implement these targets. As a first step,
in 2014 the three countries agreed to develop
a trilateral Swimway Wadden Sea programme
2018-2024. This programme involves steps to
operationalize the Fish Targets of the Wadden
Sea Plan 2010 by setting clear courses of action
to guide the implementation of programmes
dedicated to achieving the approved targets.

Since then an Action programme has been
developed with the input from a trilateral
network. This includes a core group of 11 Dutch,
German and Danish organisations as well as a
network of 60 experts working and commited
to Wadden Sea. The purpose of this Action




Programme is to develop a plan to maintain
and improve fish populations in the Wadden
Sea through research, monitoring, fundraising,
communication, and education.

HOW DID IT WORK OUT?

The Swimway Wadden Sea Programme Action
Plan will be launched in 2018, during a Ministerial
meeting, and a 6-year programme will then be
implemented. The goals are to develop projects
within this period and to connect with current
projects toward a common goal of “no human-
induced bottlenecks in the Wadden Sea for
fish populations or their ecosystem function.”
Currently there are many projects, organisations
and managers working toward understanding
the Swimways in the Wadden Sea. For example,
in the Netherlands projects include long-term
fish monitoring programmes, the Dutch Program
Ems Dollard 2050 for restoring the ecological

NOORDPOLDERZIJL

quality of the estuary and the Bokkepollenpolder
rehabilitation project that rehabilitates the salt
marsh with habitat for key fish species. There are
also numerous projects in Denmark and Germany
such as the Danish fishermen citizen science
project and the Masterplan Ems project with Smelt
as target species in Germany. In addition to these
there are numerous projects being developed
such as the Fish Migration River project.

The Swimway Progamme is intended to serve as
an umbrella to connect all these activities and
direct them toward a common vision.

LESSONS LEARNED

The key to success of the Swimway Wadden
Sea Programme is the collaboration with the
many existing or planned activities within
the region. Within the development process
of the action plan it was recognized that

Pumping Station Noordpolderzijl is one of over 30 pumping stations located on the international
Wadden Sea coast. It is equipped with a fish sluice facility to promote the up- and downstream
migration of fish. The main target species at this location are three spined sticklebacks, European eel

and smelt. © Herman Wanningen.




there is already much being done toward Programme and to establish a firm and long-

managing the Swimways of the Wadden Sea. lasting international coalition of partners willing
It is now time to connect these activities to improve the management of fish stocks in the
within an overarching Wadden Sea Swimway Wadden Sea region.

The swimway programme will focus on a set of typical species representing a certain lifestyle in the
Wadden Sea region. This includes the European eel, twaite shad, sea trout, smelt, herring, houting,
sea lamprey and thinlip mullet. © Satellite image: albedo39 Satellitenbildwerkstatt e.K. (image
processing), Brockmann Consult GmbH (scientific consulting), raw data: U.S. Geological Survey. This
satellite image is a product of the Trilateral Wadden Sea Cooperation. Fish drawings © Jeroen Helmer.

WADDEN SEA

WORLD HERITAGE
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Figure 2.2 Number of species of fish present in major river systems
Plotted according to their basin areas: (e ) South America; ( o) Africa; (m) Asia; (« ) Europe; (=) North
America (Source: Welcomme, 1985).
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sections can be further defined by the different reaches. Vannote, et al. (1980) suggested the
species that live in them. lllies (1961) suggested river continuum concept which depicts an
a classification that fits all aquatic fauna and is orderly downstream progression of organisms
based on the physical structures of the riverbed (Figure 2.1). The diversity of species tends to
and the water temperature that prevails during increase within a basin area at all latitudes, and
the year. Running waters are divided into research by Welcomme (1985) indicated that it
brooks (rhitron) and rivers (potamon) and can does so faster as one approaches the tropics
be further divided into upper, middle and lower (Figure 2.2).
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THE LUANGWA RIVER, ONE OF THE LARGEST REMAINING FREE-FLOWING RIVERS IN
SOUTHERN AFRICA
Sililo Agness Musutus (WWF, Zambia)

The Luangwa is a major tributary to the Zambezi River. It was identified within the free-flowing
rivers project as one of the last largest free-flowing rivers in Zambia, and is one of the biggest
unaltered rivers in southern Africa. Its seasonal changes support endemic and endangered
wildlife, vibrant communities, and a growing tourism industry. Not only is it home to one of the
highest concentrations of hippopotamus in Africa, and other wildlife, it supports a large diversity of
aquatic species, including the newly identified endemic killifish species (Notobranchius boklundi)
that exists within the floodplains. Unfortunately, the ecosystem services that the river provides are
now threatened by hydropower development, deforestation and commercial agriculture. The most
imminent challenge is a proposed dam at Ndevu Gorge.

Hippos in the Luangwa River The Luangwa River during dry season
Zambezi River catchment, Africa. Large wildlife ~ The Luangwa River is a largely free-flowing
is often in protected nature reserves, which river in the Zambezi River Catchment, Africa.
provide a management platform for freshwater ~ © Bruce Ellender.

ecosystems. © Bruce Ellender.

The Luangwa is one of many rivers in Zambia that will be mapped within the Zambian inventory
of free-flowing rivers by WWEF. This free-flowing rivers mapping will inform the location of Water
Resource Protection Areas, or wetlands that are particularly important for the country’s future
water security.
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Tigerfish caught in the Sabie River,
South Africa. © Herman Wanningen.



The migration of fish up and down rivers and
streams is a well-known phenomenon and
occurs worldwide. All species of fish migrate
at some time in order to reproduce, feed and/
or find refuge. In this book, the term “fish
migration” is used for seasonal movements,
daily movements and dispersion. It also
includes diadromous migrations that some
species make between the sea and freshwater
river systems.

A thorough understanding of fish biology and
migration forms an important basis to make the
right decisions for the future of fish migrations
in our rivers. The knowledge required covers:
the life histories of species that undertake
migrations, their biology, the reasons why
they migrate, the habitats they migrate to and
from, and the timing of their migrations. In this
chapter an overview of these topics is given.
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3.1 MIGRATORY FISH AND THEIR VALUE

The number of freshwater fish species
currently estimated at 15,000 species, of which a
significant portion is predicted to have migratory
tendencies (Hogan, 2011). It has been estimated
that there are at least 1,100 fish species with clear
migration strategies required for their survival.
A global analysis of the status of freshwater
migratory fish showed a 41 percent decline in
population abundance in the so-called Living
Planet Index (LPI) between 1970 and 2012 (WWF,
2016). This was based on 162 species and 735
populations. Since 2006, there was an increase
in the abundance of freshwater migratory fish,
which may indicate that these populations are
responding positively to strategies and measures
to improve water quality and fish passage (Figure
3.1). This LPI will be updated with new data in
2018 and extended by an additional two years.
This is to assess how this trend is progressing.

is

Migratory fish have played an important role in
human settlement and have been exploited for
several thousands of years as a source of food
(Lucas, et al., 2001). In more recent years, the
ecological and commercial importance of these
species, has led to extensive research and

knowledge development. This is particularly true
for the large-bodied, predatory species and those
that have spectacular spawning runs (Northcote
& Hinch, 2004). Table 3.1 presents a summary of
some of the more noteworthy facts and figures
associated with migratory species.

3.1.1 Ecological value of migratory fish

The benefits of sustainable populations of

migratory fish can be put into three key categories:

1 survival benefits of migratory fish. Migration
brings benefits to fish through better feeding
and breeding opportunities;

2 benefits to the functioning of the entire ecosys-
tem and;

3 benefits to humans, through the exploitation of
fish and the enjoyment of their existence.

A summary by Morais & Daverat (2006) showed
how migratory behaviour inherently creates bene-
fits for the survival of migratory fish species. This
includes optimizing growth by accessing more
productive areas; improving survival by acces-
sing refugia from severe conditions (e.g., drought,
flood, excessively warm or cold water) and preda-
tor avoidance; enhancing reproductive fitness by
improving adult condition and fecundity; acces-

Figure 3.1

Living Planet Index for migratory fish from 1970 to 2012 (WWF, 2016). The LPI from the 2016 report
comprised catadromous, anadromous, potamodromous and amphidromous species as categorised by

GROMS (Global Register of Migratory Species).

o

Index value (1970 = 1)

1970 1980

1990
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Mekong giant catfish

(Pangasianodon gigas)
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INTRODUCTION

Biology

The Mekong giant catfish Pangasianodon gigas
(Chevey, 1930) is endemic to the Mekong River
Basin in Southeast Asia. Historically, P. gigas
occurred throughout large rivers in Vietnam,
Cambodia, Lao PDR, Thailand, and possibly
Burma and southwestern China. Its ecology is
poorly understood, but catch records indicate
it uses a wide range of habitats. Juveniles are
captured in the Mun and Songkhram Rivers,
Thailand and Tonle Sap Lake, Cambodia. Adults
are migratory and are believed to move out of
the Tonle Sap Lake area into deep waters of the

UNLOADING THE DAI NET

One of the primary threats to Mekong giant cat-
fish is fishing activities. Tonle Sap River fihery,
Cambodia. © Zeb Hogan.
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Mekong mainstem at the end of the rainy season
(October-December) and then up to northern
Thailand and Lao PDR to spawn in late May and
early June (Hogan, 2012).

Threats

P. gigas is currently listed as Critically Endan-
gered (IUCN, 2011). Fishing, whether targeted
or as bycatch, has been until recently the most
prominent threat to P. gigas. Habitat alteration
and migration impediments now pose growing
and significant threats. Rapids blasting and port
construction in the Mekong River may disrupt
spawning habitat, and forest clearing around
Tonle Sap Lake will eliminate juvenile rearing
habitat. Dams on Mekong tributaries have al-
ready blocked P. gigas migration routes, but a
new threat-dams on the mainstem-will have se-
vere consequences, possibly leading to extinc-
tion (Hogan, 2012).

SOLUTIONS

A moratorium on targeted fishing for P. gigas
since 2008 has likely reduced mortality of adult
fish. However, neither abundance nor basin-
wide harvest is closely monitored, so it is im-
possible to evaluate the moratorium’s impact.
Formal monitoring of catches is urgently needed
to ensure P. gigas is not subject to targeted
fisheries and to learn about its distribution, life
history, and abundance. P. gigas occurs across
multiple countries with different development
goals, so international cooperation, including a



Caught on the Tonle Sap River. © Zeb Hogan.

basin-wide management plan, is critical to spe-
cies protection. Research is needed to identify
spawning grounds, migratory behavior, and hab-
itat requirements (Hogan, 2012). Development of
an environmental DNA primer specific to P. gi-
gas provides a promising new technique to help
answer these questions (Eva et al., 2016).

The deep-rooted cultural value, IUCN Red List-
ing, and iconic status of P. gigas have already
led to important protective measures (Hogan,
2012). However, the growing human population
and shifting socio-economic status in Southeast
Asia has increased demand for hydropower to
provide energy security in the Mekong River Ba-
sin. P. gigas will likely face more pervasive envi-
ronmental threats, and conservation efforts will
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need to focus on growing impacts from existing
and planned hydropower dams and associated
economic development (MRC, 2017).

Although challenges for P. gigas are expected
to increase, there is hope for species recovery
given the initiation of swift and effective con-
servation actions. Despite its steep decline in
abundance, the available evidence suggests P.
gigas is still widely distributed, most spawning
migrations are intact, all life stages occur in the
wild (Hogan, 2012), and its genetic diversity re-
mains relatively high (Na-Nakorn et al., 2006).
With increased international cooperation, con-
tinued fishing closures, and effective mitigation
techniques, P. gigas has a chance to persist in
the wild.



Diversity of migratory fish

A) Releasing a tagged Mekong giant catfish. Mekong River, Cambodia. © Zeb Hogan. B) An estimated
half a million river herring migrate through a fish ladder to spawn in Mystic River, USA. © Beth McBlane
& Patrick Herron. C) Fish heading upstream on the Juruena River, Salto Sdo Sim&o, Mato Grosso-

Amazonian States, Brazil. © Zig Koch / WWF.

o

sing optimal spawning habitats; and recoloniz-
ing previously occupied habitats after temporary
stock extirpation and re-asserting historic range
or expanding into new ranges when suitable con-
ditions develop.

Migratory fish have also been considered as major
ecological drivers that can shape the structure
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and function of ecosystems (Flecker, et al., 2010).
This occurs through provision of benefits through
balancing food webs. For example, the large
bodied migratory fish such as North American
northern pikeminnow (Ptychocheilus oregonensis)
and African tigerfish (Hydrocynus vittatus) play
key roles as predators in the food webs. Many
hypothesize that migratory fish physically modify



the environment, as well as through nutrient
cycling, as important seed dispersal agents and
as the movement of biomass and energy from
both long distance and short distance migrations.

Migratory fish often have strong biodiversity
and cultural values. Despite the relatively
small geographic area covered with freshwater
(less than 1% of the world's water), inland
waters contain 40% of all aquatic species and
biodiversity (Carolsfeld, et al., 2003). In the
Mekong there is very high biodiversity (estimated

between 758 and 1,500 species), a high rate
of endemic species, and a high proportion of
migratory species (Baran, et al, 2007). This
assemblage supports a complex food web that in
turn supports the very large populations of people
that depend on healthy ecosystems.

The cultural value of migratory fish is often
embedded in the history, customs and beliefs
of communities that have a daily dependence
on fish for meals. There is for instance a strong
spiritual, and symbolic relationship between

Table 3.1 Fish facts: some facts and figures about migratory fish

15,000 freshwater fish species

>1,100 migratory fish around
the world

41% decline in migratory fish
populations

11,600 km journey in the
Amazon

48 million people dependent
on migratory fish in the
Mekong

$90 billion fishing industry

244 cm/s swimming speed

50% Alaska’s fish tourism is
from fish tourism

1,571 kg, 4.17 m long

2.7 mlong and 293 kg

125 years old

River herring populations

grew from 100 to nearly 2
million

A significant percentage of freshwater fish species are believed to have
migratory tendencies.

Estimates based on catadromous, potamodromous and amphidromous fish
species from around the world.

Abundance of freshwater fish species have declined by 41% between 1970 and
2012, based on 162 species and 735 populations (WWF, 2016)

Dourada catfish of the genus Brachyplaystoma are known to migrate
thousands of kilometres upstream to complete their life cycle. Specifically,
Brachyplatystoma rousseauxii is reported to have migrated for maximum known
life history migratory cycle of all size classes of approximately 11,600 km.
Millions of people depend on migratory fish as a food source in the lower
Mekong river (Orr, et al., 2012).

Fishing industry in the USA is estimated to be in the billions through commercial
fishing, charter boat companies, manufacturers of fish equipment and more
(Rubin, 2015).

Rainbow trout are one of the fastest swimming freshwater species (Peake, et al.,
1998).

$150 million dollars is from fish tourism and 17% of population is dependent

on subsistence fishing. Fishing activities are part of everyday life for 95% of
population (Macko, et al., 2017).

The largest record of the anadromous beluga sturgeon in the Volga estuary in
1827 (O' Connor, 2017). These species are critically endangered.

The Mekong giant catfish is one of the world’s largest freshwater fish (National
Geographic, 2005).

Wisconsin state Department of Natural Resources tagged a 125-year-old lake
sturgeon (Acipenser fulvescens) in April 2012 (Rose, 2012). The sturgeon was 2m
and 100 kg.

Due to river restoration of over 3,200 km in the Penobscot River the river herring
numbers grew from a few 100 to nearly 2 million.
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migratory fish and the Passamaquoddy tribe,
a tribe of North American Indians in Maine (The
Nature Conservancy, 2016). Clan-names in some
tribes are associated with diadromous fish; Eel
Clan, Salmon Clan, Sturgeon Clan. In other North
American Indian tribes, fish migration is actively
celebrated during the annual salmon harvests
as important ways to pass on traditional values

Social, historical and economic value of migratory fish

A) Fly fishing in Kulik Lake. Bristol Bay, Alaska, United States. © Paul Colangelo/WWF-US. B) A Carvings
depicting mass migration of fish in the Mekong River at Angkor Wat, Cambodia. © Zeb Hogan. C) Fish as
a food source, fish drying at a fish market in the Negombo Lagoon, with estuaries of several small rivers
including the Ja-Ela River, Sri Lanka. © Wilco de Bruijne.

to younger generations. In contrast to this,
some cultures are paradoxical, where there is a
high dependence on fish and yet a low cultural
recognition. Even in these cases where the value
of fish is not actively celebrated, fish are still
embraced and their value expressed in other ways
(Baran, et al., 2007). For example in Cambodia
the value of fish is expressed by the number of




monuments and statues that symbolise fish.
Above all, migratory fish contribute to the natural
diversity of fish assemblages, and the healthy
functioning of rivers around the world.

3.1.2 Economic value of migratory fish

Fish and fish by-products represent one of the
world’s most traded products within the food
sector (FAO, 2016). Table 3.2 shows the annual
consumption of fish around the world. For
inland fisheries specifically, the bulk of harvests
come from developing countries. In 2014, these
countries exported fish products valued at US
$80 billion, which generated revenues higher
than all other major agricultural commodities
combined. In addition to income generation for
developing countries, inland fisheries also play
an important role in employment, food security
and nutrition. The value of fisheries is easy to
monetize directly within the sector, but it also adds
indirectly through industry associated with boat
repairs, fishing gears, processing of products and
transportation and selling of fish.

The fisheries sector provides employment for
some 60 million people in both developed and
developing countries. Evidently the riverine
fishery sector involves a tremendous workforce,
producing food where it is greatly needed.
Many riverine fisheries are located in areas of
increasing local economic development, and
often industrialisation. Both stressors compete
for water resources and can negatively affect
inland water supply and quality impacting aquatic
food webs and fisheries they support (FAO, 2010).

Case studies have shown that some fisheries
have disrupted migration through the removal of
excessively large quantities of fish. This has been
significant in Europe, where harvest of glass eel
fisheries (Spain, Portugal, France and the UK)
and sturgeon fisheries have contributed to the
depletion of their respective stocks among the
influence of broader environmental changes.
Similar excessive levels of exploitation for many
other species, notably salmon, have also had
serious local implications for stock viability.
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Agriculture is responsible in many areas for
draining wetlands, extracting a tremendous
amount of water for irrigation and disrupting
connectivity between rivers and floodplains.
Floodplains are some of the most productive
riverine fish habitats, especially in tropical areas.
More than 40% of the floodplains of Bangladesh
have been modified and impounded for rice
growing, and more than 60% of the water flow
of the Ganges Basin is extracted for irrigation
and other purposes. This has often resulted in
significant societal and economic damage to
previously productive fisheries.

In more developed countries such as the UK and
US, recreational fishing is a major contributor to
the local economy. Recreational fishing is worth
approximately £300 million annually to the UK
economy (more recent studies are suggesting
a significantly higher value), €700 million to the
Dutch economy and more than US $980 million to
the Alaskan economy (Peter Gough, 2017, pers.
comms.). In the USA a staggering $46.1 billion
was generated by the recreational fisheries with
estimates of about 40 million individuals attracted
to fishing (Rubin, 2015; U.S. Fish and Wildlife
Service, 2017). The shift in emphasis in some
countries away from fisheries as a food source to
provide recreation may be followed in developing
countries as their economies develop further.

3.2 CLASSIFICATION OF DIFFERENT FISH
MIGRATIONS

Migration behaviour of fish is typically divided into
potamodromous and diadromous groups. This is
a classification of fish according to their capacity
to live in different habitats at different life stages.

Potamodromous fish species live in freshwater
throughout their lives and migrate locally and
regionally. Their migrations can be lateral from
river to floodplain, or longitudinal from lower river
reaches to small running waters upstream, but
they do not enter the marine environment.

Diadromous species migrate during their life
cycle between saltwater and freshwater habitats,
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INTRODUCTION

Lake Tana, the largest freshwater lake in Ethiopia
(Figure 1) is home to the only intact large cyprinid
Labeobarbus species assemblage in the
country. The main justification for designation

FIGURE 1
Map of Lake Tana.
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of Lake Tana as a Biosphere Reserve in 2015
by UNESCO is the presence of this unique fish
species assemblage.

The catch per unit effort of the migratory riverine
spawning Labeobarbus spp. has drastically
declined (> 90% in biomass) during the last
two decades, from 63 kg/trip in 1993, to 28 kg/
trip in 2001 and then only 6 kg/trip in 2010 (de
Graaf et al., 2006; Dejen et al., 2017). The most
likely explanation for this decline is the negative
impact of the motorised fishery targeting the
spawning aggregations, coupled with irrigation
and dam construction causing destruction of
breeding and nursery habitats in the spawning
rivers. Spawning rivers are disconnected from
the lake during the dry season due to excessive
water abstraction for irrigation and this has
caused juvenile fish mass mortality (Anteneh,
2013).

SOLUTIONS

The spawning behaviors of the species
assemblage of Labeobarbus species (Figure 2)
in Lake Tana (Ethiopia), has been extensively
studied for the past two and half decades. Seven
of the 15 Labeobarbus species described in
the lake are known to migrate more than 60km
upstream into tributary rivers for spawning




during the rainy season (July to October).
According to Palstra et al., (2004), their spawning
migration can be partitioned into three stages:
1) migration from the foraging area in the lake to
the river mouth; 2) upstream migration along the
main river channel; and 3) entering a spawning

tributary. After hatching the juveniles stay
throughout the year in the pools within the rivers
until the onset of the following rainy season
(Anteneh, 2013).

WHAT ARE THE KEY DRIVERS?

The three main species groups targeted
by current fisheries in Lake Tana are the
Labeobarbus spp., Clarias gariepinus (African
catfish) and Oreochromis niloticus (Nile tilapia).
Of these three taxa, the endemic Labeobarbus
spp. are the most vulnerable because of their
annual migration from the lake to the tributary
rivers for spawning (Getahun and Dejen,
2012). The commercial gillnet fishery targeting
Labeobarbus spp. is highly seasonal and mainly
targets the spawning aggregations. More than
50% of the annual catch is obtained in the river
mouths in August and September (de Graaf et
al., 2006).

The Ethiopian government considers the Lake
Tana region a high potential for economic
growth, mainly because of its important water
resources. Hydropower and irrigation dam
construction projects are underway in almost
all tributary rivers of Lake Tana. It is expected
that these dams will impede the migration
of Labeobarbus species (Anteneh, 2013).
Currently, almost all fishers use undersized
stretched mesh size monofilament gillnets.
The fishers strongly prefer monofilament
gillnets since they are two to four times as
efficient as multifilament nets.

The final blow to the lake ecosystem is the
infestation of the shore of Lake Tana by water
hyacinth (Eichhornia crassipes) since 2011. This
noxious weed has expanded quickly and now
covers more than one-third of the shoreline
(Dejen et al., 2017) and it is feared that it will
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potentially choke fish migration. Preliminary
studies showed that juvenile Labeobarbus prefer
shores covered by indigenous macrophytes and
avoid water hyacinth infested areas.

LOOK TO THE FUTURE

To prevent the collapse of the Lake Tana
fishery it is crucial that the existing legislation
and management plan is enforced by the local
government. It is important to reduce the fishing
pressure on the breeding populations, thus,
fishing in the inflowing rivers of Lake Tana and
the river mouths should be closed for fishing
every year from July to October. During dam
construction or the diversion of spawning rivers,
mitigation measures such as the construction of
appropriate and effective fishways or migration
channels must be seriously considered.
Moreover, unregulated and excessive water
pumping by individual farmers from the rivers
need to be seriously evaluated as it damages the
connectivity of functional habitats.

FIGURE 2
The 15 Labeobarbus species (heads) of Lake
Tana. © Martin de Graaf.




Table 3.2 Global contribution of fish

Overview of world fisheries production and utilization. According to these figures from FAO (2016), the
annual fish consumption per capita is steadily growing.

2009 2010 2011 2012 2013 2014
WORLD FISHERIES & AQUACULTURE PRODUCTION
CAPTURE
Inland 10.5 1.3 1.1 11.6 1.7 11.9
Marine 79.7 779 82.6 79.7 81.0 81.5
Total capture 90.2 89.1 93.7 91.3 92.7 93.4
AQUACULTURE
Inland 34.3 36.9 38.6 42.0 44.8 471
Marine 21.4 221 238.2 24.4 25.5 26.7
Total aquaculture 55.7 59.0 61.8 66.5 70.3 73.8
TOTAL (million tonnes) 145.9 148.1 155.5 157.8 162.9 167.2
WORLD FISHERIES & AQUACULTURE UTILIZATION
Human consumption (million tonnes) 123.8 128.1 130.8 136.9 141.5 146.3
Non-food uses (million tonnes) 22.0 20.0 24.7 20.9 21.4 20.9
Population (billions) 6.8 6.9 7.0 74 7.2 7.3
Per capita food fish supply (kg) 1841 18.5 18.6 19.3 19.7 201

either for breeding or feeding purposes. These
species are often used as indicator species
for good environmental and ecological status
of river systems because as obligate migrants
they experience a wide range of conditions and
habitats, from upland streams to lowland rivers,
estuaries and coastal waters.

There are different types of diadromous fish
migrations, including anadromous, catadromous
and amphidromous. Anadromous species,
including the salmons and shads, reproduce in
freshwater and the juveniles migrate to the sea
where they grow to the adult stage. As maturing
adults, they migrate back to freshwater to
reproduce, often homing with great specificity
to the rivers of their birth. The category includes
several estuarine species of marine origin, such
as the clay goby of the Indo-Pacific (Batanga
lebrotonis), which only undertakes limited
migrations upstream. As well as coastal marine
species such as alewife, which sometimes migrate
over long distances, >400 km in some rivers.
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In the temperate flood rivers of Europe, North
America, and Asia, sturgeons (Acipenseridae
spp.), lampreys (Petromyzontiformes), shads
(genus Alosa) and salmonids (Salmonidae) are
the main anadromous fishes. Anadromy is rare in
some parts of the world; in Southern Africa there
are no known anadromous species.

Catadromous species, such as the freshwater
eel, enter freshwater as juveniles where they
grow to maturity prior to their return migration
to saltwater for spawning. There are 16 different
eel species around the globe. Many of them are
rare and found in the tropical regions of Africa
and Asia. Notably there are no catadromous eel
species in most of South America. Eleven eel
species have a noted conservation status, some
of which include the African mottled eel (Anguilla
bengalensis), Philippine mottled eel (Anguilla
luzonensis) and Celebes longfin eel (Anguilla
celebesensis). The species with high commercial
and cultural importance are from the temperate
zones, including Anguilla anguilla (the European



species, which extends its range from Iceland to
North Africa), Anguilla rostrata (the American eel)
and Anguilla japonica (the Japanese eel).

Figure 3.2 demonstrates the catadromous life
cycle of the European eel (European and Ame-
rican eel) and the anadromous life cycle of
Atlantic salmon in the North Atlantic Ocean. Some
anadromous or catadromous species contain
populations which migrate within a restricted
local or regional area, generally because the vital
connections between saltwater and freshwater are
blocked. These so-called landlocked populations
can resume the anadromous or diadromous life
cycle if connections to the sea are restored.

Eels are not the only species that move into
freshwater systems from a marine environment.
There are many species of marine origin that
migrate into the lower reaches of rivers to feed,
for example during the dry season, and then
return to sea during the rains or other seasonal
cues (Welcomme, 1985). Amphidromous species
such as flounder (Platichthys flesus), herring
(Clupea spp.) and the ubiquitous mullet (family
Mugilidae) are marine species that often enter
freshwater, their migration occurring for refuge or
feeding, but not for reproduction.

It should also be noted that not only fish species
rely on free-flowing rivers for life history migrations.

A diversity of other wildlife also migrate as
diverse as manatee's in the Gulf of Mexico and
anadromous shrimp on some Caribbean islands.
For the purposes of this discussion here, fish
migrations will be the focus.

3.3 PURPOSE OF MIGRATION

For most fish species, migration is critical to their
survival. For some it is a significant part of their
reproductive cycle, such as river herring, sturgeon
and eels while for others it may simply be opportu-
nistic for daily feeding and seasonal movements.
Here we describe some of these processes.

3.3.1 Migration to reproduce

Migration for the purposes of reproduction
is generally a seasonal event which forms a
fundamental part of the life cycle strategy of
most fish species. Migration is usually triggered
by seasonal cues in conjunction with maturation,
and is often driven or correlated to environmental
factors including increased flows and water
temperature (Carolsfeld, et al., 2003).

The simultaneous response of all individuals result
in spectacular migratory events as the population
assembles at spawning locations or before sur-
mounting migratory bottlenecks such as water-
falls. Although migrations are often synchronised,
not all movement of fish involves the aggregation
of specimens in high concentrations.

Figure 3.2 Migration patterns
Migration patterns of Atlantic salmon and European eel (figure left) and American eel (figure right)
(www.ec.gc.ca).
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INTRODUCTION

As infrastructures ages or new structures are
proposed, awareness of the importance of fish
passage has gained momentum, most recently
in the Lower Mekong River Watershed of South
East Asia, composed of five nations; Thailand,
Cambodia, Vietham, Lao PDR and Myanmar.
Freshwater fish provide the primary source of
protein for more than 60 million residents of the
Lower Mekong. Much of this resource derives
not from the mainstem of the Mekong River but
from thousands of tributaries and far smaller wa-
terbodies that traverse the region. These water
bodies are increasingly fragmented by weirs,
dikes, dams, road prisms, and associated water
management structures, mostly associated with
agricultural development and local flood control
activities. In a land of tens of thousands of con-
structed barriers, only an estimated 35 fish pas-
sage structures exist across the five nations. As
these nations move forward to address the issue
of fish passage, sharing international knowledge
has never been more important.

WHAT ARE WE DOING?

The U.S. Department of Interior International
Technical Assistance Program (DOI-ITAP) is
currently collaborating with the U.S. Agency for
International Development on the Smart Infra-



structure for the Mekong Program (SIM), which
seeks to provide technical assistance to lower
Mekong nations in addressing the environmental
and social dimensions of infrastructure develop-
ment. Under SIM, the Lower Mekong Fish Pas-
sage Initiative utilizes teams composed of fish
passage experts from the United States Fish
and Wildlife Service and the Australian Center
for International Agricultural Research (ACIAR).
Building upon a decade of success by ACIAR in
Lao PDR, our goal is to replicate and scale up
the catchment-level barrier inventory process
already undertaken in Lao PDR to other Mekong
nations. After completion of an inventory and
prioritization process, we will construct and as-
sess the effectiveness of a series of demonstra-
tion fish passages in each nation.

We hope this project enhances expertise and
awareness of the impact of small scale fish pas-
sage barriers, fish passage design, construc-
tion, and monitoring across the Lower Mekong.
In 2017 the Initiative conducted a planning work-
shop with representatives of the five nations. In
2018 the Initiative conducted training workshops
to train teams from each nation to identify, as-
sess and prioritize fish barriers. Once trained,
the next step will be to identify a watershed in
each nation that, the local team will conduct as-
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sessments and, through analysis, select a bar-
rier to be removed or retrofitted for fish passage
as a demonstration project. The United States
and Australian expert team will work with local
designers and builders to construct and monitor
the project, which the governments can show-
case so that others can learn what fish passage
is and its effectiveness in maintaining sustain-
able fishery populations. It is anticipated that
design and construction will take place by the
end of 2019.

Success in changing opinions of water use to
include fish and the aquatic system depends on
both the realization that water can still be used
for its intended use as well as for sustainable
fisheries and that both are important economi-
cally.



Short distance migration

Short distance migration is also important. In the lower Rhine River, large schools of juvenile fish, mostly
consisting of common roach, migrate from floodplain lakes into a connected channel at dawn and return
to the lake at dusk (Heermann & Borcherding, 2006). A) Common roach and common rudd foraging on
a flood plain pool. © Blik Onder Water. B) Side channels and floodplains of the River Rhine, Ruimte voor
de Rivier programme, Netherlands. © Blik Onder Water.
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Upstream spawning migration is a critical strategy
to maintain optimum distribution of a species
in a flowing water environment. The distance
of migration varies between species, within
populations of the same species, and sometimes
within one population of a species that may
demonstrate fidelity to one specific location within
a river. Some migrations of fish involve distances
of thousands of kilometres and can entail
prolonged residence in different habitat types.
For example, the sockeye salmon (Onchorynchus
nerka) makes an extensive migration of more than
3,000 km up the Yukon River (USA and Canada)
while on the other end of the scale the wholly-
freshwater crucian carp (Carassius carassius) of
Lake Kerkini (Greece) migrates less than 1 km up
the Kerkinitis River to spawn.

In the tropics, the general pattern for reproduc-
tive migration is an upstream spawning migration,
followed by a downstream dispersion of eggs,
larvae and maturing adults into floodplain areas
where growth and maturation occur (Carolsfeld,
et al., 2003).

Downstream spawning migrations are de-
monstrated by catadromous adult fish migra-
ting to their breeding areas in the ocean.
Post-spawning anadromous adults that are
iteroparous (meaning they spawn more than
once, as compared to semelparous like many
salmon and sea lamprey where all the adults
die after spawning), also migrate out to sea.
Freshwater potamodromous species and the
downstream recruitment of juveniles also
migrate downstream.

These downstream migrations have generally
not been studied to the same extent as those
associated with upstream spawning migrations,
but can be equally affected by loss of habitat,
habitat fragmentation by dams (especially
hydropower dams with turbines), discharge
modification, water quality changes and
increased rates of predation in impoundments
(Marmulla, 2001). There is increasing evidence
that the lighting associated with road crossings
and general increased urbanization along rivers
can delay downstream migration.

Figure 3.3 Lateral and longitudinal migration
Schematic illustration of lateral and longitudinal migration between refuge, feeding and spawning
habitats of fish.

Interruption of migration connectivity owing to barriers formed by weirs or dams, ob-
structions of migration can be created also by section with insufficient flow or with high
pollution

Interruption of lateral connectivity with flood plain caused by flood protection dikesor by
heavy-handed river trainings

Fish migration to the side river arms, which usually conserve semi nature character, fish
finds hidi

g place and more suitable flow conditions there

Blind river branches (backwaters) represents parapotamon, it means locations of still water,
therefore they are sought after above all by limnophylous fish species

Migration due to search of stands, for example litophylous fish species searching for gravel
bars fitting for their reproduction

M 1 to the flood plain in phase of flood discharge, especially phythophylous fish spe-
cies searching for spawning areas at flooded meadows

Flowing waters (eupotamon), main rivers and sidearms
Permanent or temporarily still water habitats influenced by flow in river (plesiopotamon) or
without significant interference of flow in river (paleopotamon),

backwaters, oxbow lakes and pools at flood plain

Floodplain meadow, their flooding is important for natural spawning of phythophylous

species of fishes

Floodplain forests
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3.3.2 Additional reasons for migration

In general, food availability, the search for optimal
habitats, refugia and predator avoidance can all
result in small scale daily movements. Sometimes
this can lead to fish swimming large distances,
to resolve food demand, the population size
and availability of food. A general model of fish
behaviour in which fish move between suitable
habitats is illustrated in Figure 3.3.

Fish also undertake movements that could be
classified as migration to escape threatening
environments, often seasonal in nature, including
low river flow and seasonal drying of river
sections, high water temperatures, and low
oxygen concentrations. They may also occur as a

result of human activities such as damming, water
withdrawal for agriculture and transportation,
thermal loading from power plants, waste
treatment and other types of pollution.

These circumstances affect the survival of fish
populations and are perhaps more correctly
classified as ‘dispersion’ when they are in one
general direction verses a regular repeated
journey. Dispersion is more a local phenomenon
than a fundamental population-scale migration.

3.4 TRIGGERS OF MIGRATION

Both internal and external cues interact together
to stimulate fish migration (Lucas, et al., 2001).
Not only are there strong influences by external

Figure 3.4 Internal and external factors stimulating migratory behaviour of fish

(Source: Lucas et al. (2001)).
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factors such as dispersion and displacement,
predator avoidance, prey availability and
seasonal factors, but also internal genetic and
developmental or life history triggers (Figure 3.4).
This interaction between internal and external
factors determines whether a fish will migrate or
not.

Perhaps the most obvious external factor
resulting in fish migration are seasonal (climatic)
cues that influence internal developmental
responses associated with reproduction and
spawning. Larval dispersion of most species
of fish commences immediately after hatch,
which in Europe occurs mainly in late spring and
early summer. Downstream migration as part of
juvenile dispersion mainly takes place during the
night, partly as a predator avoidance response,
but also because in juvenile fish the mechanism
for orientation is not immediately in place (Pavlov,
et al., 2002). Other dispersal movement of adults
depends on various other external factors and
can occur at any time during the year. In salmon,
the seasonal cues are fundamental as they
govern the onset and rate of maturation. Salmon
and many other fish react to additional seasonal
triggers for migration to optimum habitats,
synchronising their arrival in appropriate habitats
at the optimum time for spawning and transitions
from their freshwater to saltwater physiology and
back.

The precision to which they “home” to spawning
habitats can be an important strategy in
maintaining an individual’s genetic fitness
through preservation of adaptations to local
conditions such as a local geography’s seasonal
hydroperiod, temperature regime, or water
chemistry. This internal homing instinct can also
help fish find their way if involuntarily displaced
during flooding. Homing instinct also requires a
more acute sense of kin recognition to ensure
that inbreeding among closely related fish is
minimised.

3.5 MIGRATION TIMING
Spawning and migration events for different
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species occur during distinct periods and at
different times and places depending on the
species, the purpose of migration and relevant
environmental or internal cues (Baran & Borin,
2012). For example, external and internal factors
contribute to the striped bass (Morone saxatilis)
migration each spring and summer north along
the east coast of the USA to feed. When the
temperatures start to drop, the bass move south.
Spring spawning migrations are triggered by
increasing water temperature and salinity change
resulting in bass ascending rivers to spawn.

3.6 FISH MIGRATION ROUTES

As we have seen, the timing of migration depends
on the species of fish and their underlying biology
and evolutionary background. However, migration
is almost always triggered and determined by the
purpose of the migration and the local cues that
drive it. Fish migration routes become established
over the eons and can be very persistent in time.

The remarkable homing instinct of salmon is a
prime example. They spend from 1 to 4 years at
sea dispersing over very large geographic areas
covering thousands of kilometers, often influenced
by seasonal oceanic gyres, as they embark on
the process of sexual maturation triggering their
homeward journey. Using seasonal currents, but
triggered and governed in a way that is still not
fully understood, the salmon approach their home
waters. The remarkable ability to locate their river
of origin appears to use some combination of the
earth’s magnetic field, the chemical smell of their
river and pheromones released by other related
salmon in the river. In more recent years, it has
been suggested that fish imprint on their natal
rivers at an early age enabling them to remember
environmental conditions from the spawning
area. But still today we are not certain about how
these mechanisms work.

Studies have also showed the importance of
sounds that are believed to trigger the upriver
ascent migration in some species including the
Ayu (Plecoglossus altivelis), a fish native to east
Asia (Febrina, et al., 2015).



Living gold In
southern Africa’s rivers!
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The Orange-Senqu River basin is an iconic and Rodgers, 1987). Additional development
southern African watershed that extends over had fragmented the rivers in the basin and the
four countries. Prior to the 1950’s more than half populations of fishes that occur within it (Braune
of the world’s gold had been sourced from the and Rodgers, 1987; O’Brien and De Villiers,
basin resulting in widespread pollution (Braune 2011). Large reach-scale facultative potamodro-
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mous migrations (> 50 km) of yellowfish (Labeo-
barbus aeneus and L. kimberleyensis), our living
gold, occur (Plug and Mitchell, 2008).

Today more than 100 weirs and dams act as
physical barriers to these migrations within the
basin. Interestingly, although yellowfish popula-
tions have declined primarily due to water quality
changes in the basin, the yellowfishes still domi-
nate most of the catchment (De Villiers and EI-
lender, 2008) and thrive within the new impound-
ments and in restricted river reaches of the basin
(Ellender et al., 2009). Where access to suitable
rheophilic habitats, the preferred spawning sites
of the basin occurs, recruitment of yellowfish is
relatively more successful (O’Brien et al., 2013).
Survival of larval, fry and fingerling yellowfish is
however highly variable and affected not only by
habitat condition and availability, but by preda-
tion threats and disturbance associated with ac-
tivities of human communities (O’Brien and De
Villiers, 2011).

An ecological risk assessment demonstrated
that if water resource development in the basin
continues without adequate resource protection
and conservation efforts, viability of the popula-
tions will be threatened. If an attainable balance
between the use and protection of the river is im-
plemented in accordance with existing legisla-
tion, the risk of stressors impacting on the well-
being of the largemouth yellowfish will reduce
to acceptable, low levels. These ecologically
important fishes are also economically valuable
and supports a dedicated angling industry worth
in excess of US$ 11 million per season in the up-
per parts of the basin alone (Brand et al., 2009).

Recently in the lower Orange River, a large
healthy population of largemouth yellowfish (La-
beobarbus kimberleyensis) has been discovered
and a dedicated angling community is planned
to exploit it. Before the fishery is developed,
stakeholders have established a holistic conser-
vation plan for the selected reach of about 50 km
of river. The aim of this plan is to characterise the
largemouth yellowfish resource, its ecosystem
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ORANGE RIVER

Orange River is the longest flowing river in South
Africa and is home to two yellowfish species that
are popular sportfish species. © Gordon O'Brien.

requirements, and evaluate risk associated with
eco-tourism and low impact angling activities on
the wellbeing of the local yellowfish population.
This will result in best practice water resource
protection measures for the benefit of the lar-
gemouth yellowfish, the Orange River and local
communities dependent on the water resources
derived from the river.

With the establishment of a low impact eco-tour-
ism and fly fishing programme on the lower Or-
ange River, the plight of this charismatic fish and
its ecosystem will receive much needed aware-
ness, and the human and financial resources re-
quired to protect it for future generations! We are
in a situation where good management can let
everyone win!



Figure 3.5

Fish migration routes in the lower Mekong

In the Mekong there are strong seasonal
migrations (Poulsen, et al., 2004). Here is an
example of the Cirrhinus spp, formally classified
in the Henicorhynchus genus. These species
are short-lived species that are adapted to cope
with the environmental variability in the Mekong.
Spawning at the beginning of the flood season
and eggs and larvae moving out to floodplains.
During the dry season they move out of the
floodplains and eventually into the deep pools of
the Mekong.

—
Migration during:
Late dry to early
flood season.

Phnom Penh \A

Migration during:
Late flood to early
dry season.

Adult European eel (Anguilla anguilla) that travel
to the Sargasso Sea, close to Bermuda, do not
simply swim the shortest distance. Instead they
travel in a more efficient way, using ocean currents
that begin west of Africa and help to propel them
toward the Sargasso Sea (Aarestrup, et al., 2009).
During the night eels swim in shallow warm
water, and then at dawn they make steep dives
to depths of 1,000 m or more where they remain
for the day before ascending again. It is believed
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that this allows the eels to avoid predators and
delay sexual development in the cooler waters
during the day, while the daily ascent to shallow
warm water may help the eels maintain a higher
metabolism.

Around the world there are many studies that have
mapped the migration routes of a wide range of
fish species. One of the largest fish migrations
occurs in the Mekong River, in Southeast Asia.
Here there are approximately 768 fish species
and 165 are migratory (Baran, 2006). Migrations
routes have been studied and mapped for about
40 species that migrate in distinct zones within
lower, middle and upper Mekong (Poulsen, et
al., 2004). The study summarised the cyclic and
predictable movements for huge numbers of fish
between the annually-inundated floodplains and
dry season refugia (Figure 3.5). Cirrhinus lobatus
and Cirrhinus siamensis, commonly known as
Siamese mud carp, are one of the most abundant
fish in the middle and lower Mekong, comprising
about 50% of the total catch between November
and February.

During the rainy season, they spawn on emerging
floodplains but as the dry season begins they
migrate en-masse from the floodplains into the
Tonlé Sap (a seasonally inundated lake) and to
the Khone Falls, where large numbers enter the
Sesan system. These migrations are strongly
influenced by the full moon and thus migrations
are synchronized to occur just within a short
period of about 5 days.

All migration requires amazing talent, inherited
from their parents, to respond to seasonal and
environmental cues to trigger and manage their
migrations. Whether simply to feeding daily or to
take refuge or to undertake a once-in-a-lifetime
reproductive event. The stability of these driving
mechanisms is not fully understood. If they are
sensitive to human interference, as some fear,
for example with climate change, then future
stability and assurance of these ecosystems
and food security for millions of people is an
uncertainty.



3.7 MIGRATORY FISH AROUND THE WORLD
Carlosfeld et al. (2003) extensively reviewed the
current status of migratory fish around the world.
The following review draws partly on this material,
supported by biogeographic reviews by local
experts.

There is a general theme of stock depletion and
reduction in stock ranges, all due to the influence
of human activities. This summary strongly
supports the necessity of action to ameliorate the
ongoing damage to important and often iconic
and irreplaceable fisheries resources as we seek
to address the threats, including disruption of free
migration between seasonal habitats.

3.7.1 Europe

Perhaps the most well-known migratory fish of
Europe today is the anadromous Atlantic salmon
(Salmo salar). Wild populations of the salmon
persist in northern Europe, Iceland, Greenland,
Canada and the USA where some runs remain
strong, but many are not (www.nasco.int). The
species has vanished from at least 300 rivers in
North-Western Europe, and appear to be about

Atlantic sturgeon (Acipenser sturio)
The Atlantic sturgeon can migrate up rivers for
more than 1000 km without feeding.
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to disappear from Estonia, Portugal, and Poland.
The principal reasons for this decline, and the
decline of many other migratory fish populations
in Europe, include (a) the obstruction of their
migratory pathways into and within rivers; and (b)
degradation and alteration of rivers, and in several
cases in the past, overexploitation in their home-
waters and in distant water marine fisheries. The
mortality of salmon at sea is a critical factor and
is currently at its highest rate since river records
began, and is probably a result of climactic
change in the northern ocean and its effect on the
food web. Norway, Iceland, Ireland, and Scotland
now have, between them, almost 90% of the
worlds known healthy salmon populations.

In some parts of Europe, including Denmark,
Sweden and the British Isles, an anadromous
form of the trout (Salmo trutta), the sea trout or
brown trout, is locally, highly significant for the
sport fisheries it supports. For example, on the
Danish Island Fyn, where sea trout have been
carefully managed in the local rivers over the
past 20 years, a programme of habitat restoration
and weir removal is in place although ongoing
stocking of hatchery fish is needed to maintain
the fishery. As a result, the Island Fyn has seen
an increase in tourist visits and is now one of
the top locations in Europe for sea trout sport
fishing. In Sweden, two thirds of the stocks of
brown trout (Salmo trutta) have become extinct
in Lake Véanern due to migratory obstructions.
In most other countries, sea trout management
includes careful control of exploitation rates
by net and rod fishermen in order to maintain
stock sustainability while natural river function is
restored.

Another commercially significant migratory
species in western Europe is the European
eel (Anguilla anguilla), a catadromous species
that spawns in the Sargasso Sea. Stocks have
declined over the last fifty years and important
mitigation measures on overexploitation are now
implemented on a continental scale through a
European Commission Directive and national
regulatory controls.



The once common Atlantic sturgeon (Acipenser
sturio) is now critically endangered across
Europe. The last population in western Europe is
located in the Garonne River in France. Recent
re-introduction programs have been started in the
Elbe and Rhine rivers in Germany. In May 2012,
WWEF, ARK for Nature and the Dutch Angling
Association released young Atlantic sturgeon into
the Rhine River.

In eastern Europe, the beluga (Huso huso),
Russian sturgeon (Acipenser guldenstaedti),
sevryuga, (Acipenser stellatus), and the sterlet,
Acipenser ruthenus, have all been heavily
exploited for their roe (caviar). In Poland, the
Warta River was dammed, contributing to the
disappearance of the anadromous Vimba bream
(Vimba vimba), while in Russia, dams have
blocked sturgeon spawning migrations. In the
Mediterranean, diadromous fish were present in
the past although most are now extinct and the
population numbers of most others have greatly
decreased. In France and in Spain dams such as
those on the Rhone and Ter Rivers have reduced
access to spawning grounds of shad (Alosa alosa)
and lamprey (P marinus).

Other migratory species comprise the lampreys,
of which there are two anadromous species
(Petromyzon marinus and Lampetra fluviatilis), and
two species of shad (Alosa alosa and A. fallax). All
of these species migrate to spawn in rivers after
leaving the sea where they grow towards maturity.

Other amphidromous fish migrate from the sea
into many European coastal rivers. Mullet (Mugil
spp., Liza spp.), bass (Dicentrarchus labrax) and
flounder (Platichthys flesus) all make variable
progress into rivers as juveniles or adults to take
advantage feeding habitats there.

3.7.2 Asia

There is an enormous diversity of rivers in Asia,
with five of the ten longest rivers in the world and
habitats of every type represented. In Northeast
Asia, the same Pacific salmon (Onchorynchus
spp.) found in North America occur alongside
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another species, including the cherry salmon
(Onchoryhnchus masou), which occurs only in
Asia. In the South and Southeast of Asia, there is
an enormous number of species demonstrating a
wide range of life history strategies. Most of the
southern floodplain rivers support artisan fisheries
upon which many millions of people depend
for their welfare. The livelihoods of many has
however been damaged by intense pressure from
the human population including the construction
of dams and other structures.

For much of their northern range the salmonids
are relatively unaffected by the pressures of
development, while to the south there is much
greater impact. In excess of 98% of the salmon-
producing rivers of Japan have been impacted by
dams and other modifications and most fisheries
are now dependent on hatchery and ranching
operations to maintain productivity.

In the great rivers of South and Southeast Asia,
such as the Mekong, there are some similarities
in the fish life history strategies to those of fish
in South America and Australia. There are almost
1,000 fish species in the Mekong system, and
many of them migrate to spawn at the onset of
high waters. After eggs hatch the floods carry the
larvae downstream and then juveniles actively
migrate upstream into the floodplain nursery
areas. The Mekong fisheries are partly based on
migrating fish, such as the dai (bag net) fisheries
in Cambodia and the Khone Falls fishery in the
Lao PDR.

Since the 1950’s, nearly 6,000 dams, reservoirs
and irrigation schemes have been built in the
Mekong system alone. In recent years, there
has been a further boom in dam development
on the Mekong, with more than 700 dams being
developed or planned (CGIAR, 2016), most of
which are being built for hydropower or irrigation
services. These dams change the flow patterns
of rivers, fragment the aquatic habitats and
block access for thousands of migratory species
to spawning and nursery areas. Notably, the
Mekong giant catfish (a critically endangered



Mekong giant Catfish (Pangasianodon gigas)

The Mekong giant catfish is the largest freshwater fish in the world and is endemic to the Mekong River.
It migrates huge distances to spawn and can grow up to 300 kg.

species found only in the Mekong River and its
tributaries) is becoming increasingly threatened
by these barriers together with impacts from
overfishing. In the breeding season, they migrate
out of the Tonlé Sap Lake at the end of the rainy
season and are found in the mainstream Mekong
in Cambodia, Thailand and Lao PDR. In northern
Thailand they tend to spawn at the beginning of
the rainy season. The population appears to be
panmictic, thus there is enough interbreeding
between individuals throughout the basin to yield
one apparently genetically uniform population.

In China's East River, a tributary of the Pearl River
(also known as the Guangdong River), Chinese
shad (Macrura reevesii) had virtually disappeared
by 1970, their migrations blocked by dams. On
the Qiantang River, dammed by the Fuchunjiang,
Huanzhen and Xianjiang dams, the shad has
vanished, while the number of other fish species
in the Xianjiang Reservoir fell from 107 to between
66-83 as the dams were developed that blocked
incoming migrations of fish.

In the Yangtze River, populations of two of the
largest species in the Yangtze, the Chinese
sturgeon and Chinese paddlefish, have declined
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sharply in recent years. It is possible that the
Chinese paddlefish may be extinct. The once
famous Yangzte River dolphin was announced
extinct in 2006 (Choi, 2007). The Chinese shad is
also now rare, and the reservoirs and dams have
stopped the migration of other fishes, shrimps
and crabs. Downstream of the Gezhouba Dam
on the Yangtze (Changjiang), fish migrations have
been severely affected. The China Three Gorges
Dam is currently the largest hydropower station
in the world. Important local species including
silver carp  (Hypophthalmichthys  molitrix),
bighead carp (Aristichthys nobilis) and black carp
(Mylopharyngodon piceus) are found in the river
and it is feared that the dam will disturb distinct
genetic stocks of these species.

In Malaysia, on the Perak River, the Chenderoh
Dam has blocked the migration of isok barb
(Probarbus jullieni) contributing to a decline in
their numbers.

The Ganges River or Ganga in India is the most
heavily populated river basin in the world with
over 400 million people in the catchment, many
of whom are dependent on the services of the
river. Two major dams, the Haridwar in the upper
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The aju (Plecoglossus altivelis), also known as
the sweetfish, is a relative of the smelts (order
Osmeriformes) and is native to the Pacific in East
Asia. Ayu populations are distributed between
southern Hokkaido, Japan, and northern Viet-
nam. They are amphidromous fish, spawning on
river gravel in the lower reaches of rivers in the
fall. The juveniles drift downstream as soon as
they hatch, when they are about 10 mm in body
length (BL) and have poor swimming capabili-
ties.

Their downstream migrations takes place at
night in order to avoid ultraviolet rays. Once in
the sea, the fish stay in coastal regions until the
following spring and then, at approximate BL
of 5 to 6 cm, the fry migrate towards the up-
stream reach of the river. Here they continue
to develop, feeding on the algae growing on
stones. Ayu are seasonal migrants attaining a
maximum body size as adults of 10 to 30 cm
BL, the actual maximum size varying depend-
ing on the river environment. The adult fish die
after spawning.

There are also a few landlocked populations of
ayu in Japan. These are found in lakes, such as
Lake Biwa, and in dam reservoirs.

At the beginning of their life cycle, within a few
days after hatching and before their remain-
ing yolk runs out, ayu juveniles must reach the
estuary. However, artificial structures have
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profoundly influenced the downstream migra-
tion of ayu juveniles through decreased flow
velocity through series of reservoirs. In addi-
tion to flow velocity, changes to intake struc-
ture and operation must be considered care-
fully to secure improved survival rate during
downstream migration. Unfortunately, not all
intake gate operations are effective in Japan.
The weak swimming performance of juvenile
ayu means that they cannot easily withstand
strong abstraction flows. Gate operations are
therefore planned to create routes through
reservoirs to maximize safe downstream migra-
tion of the juvenile fish.

Ayu start migrating back to the river at the fry
stage when their bodies are still small. This
means that their swimming performance is
weaker than the better known salmonid species,
even though their swimming physiology in rela-
tion to their body size is equal to or greater than
salmonid species. The upstream migration of
ayu fry is often influenced by artificial structures
in the downstream reaches of rivers. Good fish
passage design can enable these weak swim-
mers to migrate upstream by creating a gentle
flow rather than the stronger flows generally pre-
ferred by salmonid species.

In Japan, ayu is one of the most commercially
important food species. They have also been
used for religious services. For commercial
purposes, ayu fry from other river basins have



Ayu is one of Japan’s most commercially important food species.

been released across Japan. Also, there have
been considerable efforts to maintain local ayu
populations, for example it is now possible to
produce completely farm-raised ayu in each
river basin. Furthermore, there have been major
attempts to conserve the native ayu population
as a symbol of the river environment in many
different rivers in Japan. Now, river restorations
including fish passages are being implemented
to enable ayu to complete their life cycle, mi-
grating from the river to the sea, and to the river
again.
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Taimen (Hucho taimen)

The taimen is the largest salmonid in the world and
the dream catch of every fly fisher. The biggest
Taimen ever caught had a length of 210 cm and
weighed 105 kg.

o

catchment built for irrigation and the Farakka
hydroelectric dam downstream, have profoundly
affected the fauna of 140 fish species and the
indigenous Ganges River dolphin. The widely
distributed species of mahseer (Tor tor, also used
as a generic name for Neolissochilus spp. and
Nagzirithor spp.) migrate to the upper reaches and
tributaries of the rivers, their migrations being
triggered by flooding following the monsoon.
Many of the larger mahseer species are in
severe decline due to pollution, over-fishing and
habitat loss. The anadromous ilish, or hilsa shad
(Tenualosa ilisha) supported important fisheries
but is now seriously affected by dams. For
example, in the Indus, upstream impoundments
affect flow and access and the species is now
nearly extict.

3.7.3 Russia

The Azov-Black Sea basin and the Caspian basin
are located in the European part of Russia. A large
variety of migratory fish live there, belonging to
seven different families:
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- Acipenseridae (Acipenser gueldenstaedtii; A.
stellatus; A. ruthenus; A. sturio; A. nudiventris;
Huso huso);

+ Clupeidae (genus Alosa);

+ Petromyzonidae (Caspiomyson spp.);

- Salmonidae (Salmo trutta);

- Cyprinidae (Vimba spp., Abramis spp., Rutilus
spp., Blicca spp., Cyprinus spp., Pelecus spp.
and others);

« Siluridae (Silurus);

- Percidae (Sander spp.).

Spawning grounds of some anadromous fish
species were largely lost as dams built on the
main rivers completely cut off fish migration
routes. For example, in the Volga River Stenodus
leucichthys and Huso huso lost all access to their
spawning grounds. Overall, dams and poaching
activity are the main stressors that have led to a
reduction of numbers of commercial fish species.

In basins of the Baltic Sea, the Barents Sea
and the White Sea anadromous species of
Salmo salar and Salmo trutta are still widely
distributed. Additionally, in the basin of the
Baltic Sea Lampetra fluviatilis, Anguilla anguilla,
Vimba vimba and Coregonus lavaretus are still
present. Coregonus pidschian, Salvelinus alpinus
and acclimatized populations of Oncorhynchus
gorbuscha (pink salmon) are found in the basins
of the White Sea and the Barents Sea. Stenodus
leucichthys and Lethenteron camtschaticum
are found in the Northern Dvina River and the
Pechora River.

In the Asian part of Russia, Siberia where rivers
flow to the Arctic Ocean, the abundance of
fish species of the family Cyprinidae is sharply
reduced, while the number of fish species from
such families as: Coregonidae (Coregonus
muksun, C. peled, C. autumnalis, C. pidschian,
C. sardinella, Stenodus leucichthys); Salmonidae
(Hucho taimen, Salvelinus alpinus, Brachymystax
lenok); Thymallidae (T. arcticus) and Osmeridae
(Osmerus dentex) are now increasing. Acipenser
baerii and Lethenteron camtschaticum occur in all
the main rivers.



In the east there are populations of burbot Lota
lota, and also moving from the east and reaching
the Lena River the Pacific salmon Oncorhynchus
gorbuscha and O. keta enter the main Siberian
rivers. The main channels of the large Siberian
rivers are not regulated and so the influence of
dams on migration routes of anadromous fishes
here are only seen in the upper more westerly
reaches of these rivers and in their tributaries.

The eastern rivers of Russia, flowing into the
Pacific Ocean, have a very different fauna of
migratory fishes. The main component in terms
of their abundance and biomass is represented
by salmonids (15 species) and, particularly, by the
Pacific salmon of the genus Oncorhynchus (O.
gorbusha, O. keta, O. nerka, O. kisutch, O. masou,
O. tschawytscha, O. mykiss) and the chars (genus
Salvelinus: S. malma and S. leucomaenis). Their
populations successfully reproduce in the local
free-flowing rivers, and in recent years catches
of these fish species have reached 340-540
thousand tons per year.

The most diverse fish fauna in the far eastern
Russia can be found in the Amur River basin with
19 families and 90 species. Among the migratory
fish present here are salmon and sturgeon spe-
cies, Huso dauricus, Acipenser schrenckii, O.
gorbuscha, O. keta, Osmerus dentex, numerous
representatives of Cyprinidae, including repre-
sentatives of the Chinese fish fauna (Ctenopha-
ryngodon della, Hypophthalmichthys molitrix,
Chanodichthys mongolicus, etc.). The main chan-

Atlantic salmon (Salmo salar)

Young Atlantic salmon begin hunting for inverta-
brates within days after hatching, as soon as their
body has absorbed the yolk sac.
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nel of the Amur River is not regulated, in contrast
to its tributaries, and free fish migrations continue
here.

3.7.4 North America

This continent probably has more species of
anadromous fish than any other. The best known
of the migratory fish of North America, are the
salmon species. They are found on both coasts,
but the genus of fish in the Pacific and the Atlantic
are different.

On the Pacific coast, and extending all around the
north Pacific Rim are six species of salmon belong-
ing to the single genus Onchorhynchus, listed pre-
viously for Asian rivers. They range from California
in the south along the whole of the western coast
of the continent, around the coastline of Alaska
and the north of Canada. The Atlantic salmon is a
single species, Salmo salar, which has been in de-
cline for decades. They are most abundant in the
rivers of the Canadian Atlantic coast in the prov-
inces of New Brunswick, Quebec and Labrador. In
the USA, there are some residual stocks, modestly
increasing as a result of stocking and river restora-
tion programmes in the state of Maine.

Both genera of salmon migrate from the sea to
spawn in freshwater rivers where they bury their
eggs in gravel. Other anadromous salmonid
species of the north are the charr (Salvelinus
alpinus) and the Dolly Varden (Salvelinus malma
malma), found in the coastal waters and cold
freshwater rivers of the north, and the cutthroat
trout (Onchorhynchus clarkii). The Arctic cisco
(Coregonus autumnalis), a whitefish, feeds in
the summer in the Arctic regions of Siberia,
Canada and Alaska, and ascends rivers, such as
Canada's Mackenzie River to spawn, remaining
there during the winter.

On the west coast, other anadromous species are
found such as the eulachon (a species of smelt,
Thaleichthys pacificus), the green and white stur-
geons (Atipenser medirostris and A. transmon-
tanus) and the Pacific lamprey (Lampetra triden-
tata). Smelt are found from Northern California to



Migratory fish around the world
A) Russian sturgeon (Acipenser gueldenstaedtii) in the Black Sea near Tendra, Ukraine. © Andrey
Nekrasov/WWEF. B) Sea lamprey caught for a telemetry study to determine the passability of the Afsluitdijk
in the Netherlands. © Ben Giriffioen. C) Release of yellowfish (labeobarbus aeneus) tagged for behavioural
research in Vaal River, South Africa. © Gordon O’Brien.

the eastern Bering Sea. Green sturgeon, which
grow slowly and are highly migratory, exist in the
range from Ensenada in Mexico, to Southeast
Alaska. White sturgeon, or Pacific sturgeon, is the
largest fish found in freshwater in North America,
weighing up to 680 kg, reaching 6 m in length and
living to an age of more than 100 years. These fish
migrate to spawn in the lower reaches of the larg-
est rivers including the Columbia and Fraser. The
Pacific sea lamprey is found from Baja California
to the Bering Sea in Alaska and Asia. They mi-
grate from the river to the ocean to feed, returning
to freshwater a few years later to spawn.
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On the East Coast of North America, migratory
fish species include the Clupeids: alewife (Alosa
pseudoharengus), blueback herring (A. aestiva-
lis), hickory shad (A.mediocris), and American
shad (A. sapidissima). These fish, which enter
rivers to spawn in the spring and early summer,
are unusual as they are iteroparous, demonstrat-
ing a spawning strategy in which they survive
and return to spawnin several consecutive years.
Other diadromous species include striped bass,
the shortnose sturgeon (Acipenser brevirostrum),
rainbow smelt (Osmerus mordax), tomcod (Mi-
crogadus tomcod), sea lamprey (Petromyzon ma-



rinus), sea run brook trout (Salvelinus fontinalis).
Migratory fish, Alabama shad, (A. alabamae) is
restricted to the Gulf of Mexico basin along with
American paddlefish (Polyodon spathula), gulf
sturgeon and stripped bass. There are migratory
fish like Lake sturgeon (Acipensar fulvescens) that
are native to the American Great Lakes and their
tributary streams. The only catadromous species-
found on this coast, the American eel (Anguilla
rostrata), which spawns in the Sargasso Sea, pos-
sibly in the same locations as the European eel.
Atlantic sturgeons (Acipenser oxyrhynchus) are
found from Canada to the Gulf of Mexico.

3.7.5 South America

There are more than 4,000 fish species in South
America, more than any other continent (Hogan,
2011). This consists mostly of small bodied fish,
but the continent is also home to the world’s
largest fish species including the air breathing
arapaima (Arapaima gigas) that migrates laterally
between the river and its floodplains, and the long
distance migratory goliath catfish (Brachyplatys-
toma filamentosum).

According to Carolsfeld (2003) there is a stagge-
ring variety of migratory species in South America,
with a highly diverse range of life histories. The
migrations of salmon and eel in Europe and North
America are very well known, although few outside
South America will have heard of the surubim
(Pseudoplatystoma corruscans), the curimba

Piraiba (Brachyplatystoma filamentosum)

This huge catfish uses barbels to find food in
the murky waters of the Amazon. It eats mainly
fish but stomach contents have been claimed to
contain monkeys as well.
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(Prochilodus lineatus), or the salmon-like dourado
(Salminus basiliensis) species. These iconic fish
of South America are every bit as charismatic as
northern hemisphere salmon and eel.

Other well-known species are the big catfish or
the pimelodids, smooth-skinned fish particularly
prized for their flesh. The spawning migrations
of these and other species begin when the rainy
season starts. Some species migrate upstream to
spawn, while others migrate downstream. Some
spawn in headwaters above the flooded areas of
the Pantanal, the world's largest wetland, while
others release their eggs into the river’s main-stem.

The pacu and tambaqui are generic names for
groups of species within the multiple genera of
characin. Several dozen large species of characin
have impressive life cycles, with some of them
migrating more than a thousand kilometres to
spawn and, unlike the salmon, they do this in
many consecutive years.

The first stage of the reproductive migration of
larger and economically important species, is
often triggered by small forage species leaving
the flood-plain lagoons and migrating into
the main river channel. This interaction is well
known locally in the Paraguay River basin as the
“lufada” and is exploited by seasonal fishermen
along with the annual migration of fish upstream
between October and March, during the so-called
“Piracema”. In some states in Brazil, there are
fishing restrictions put in place in order to prevent
impacts of overfishing during this piracema period.

In the Amazon, the largest river basin in the world
(7 million square kilometres), there are two main
groups of migratory fish belonging to Siluriforms
(catfishes) and Characiforms (charcins). The
goliath catfish from the family Pimelodidae
is notably one of the Amazons great channel
and estuarine predators. They are represented
by a paraphyletic group of six extant and one
fossil species of the genus Brachyplatystoma.
Brachyplatystoma spp. in particular are known
to travel thousands of kilometres upstream to
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The Yatorana (Brycon amazonicus) migration
patterns in the Madera river can be summarized
as follows: migration into the flooded forests
during the early flood season, downstream
spawning migration into the Madera river during
the middle of the flood season, return to the
flooded forests after spawning, and massive
dispersive movements in the early dry season
(Goulding, 1979; Lima, 2017).

Jaime Sarmiento’, Soraya Barrera' & Gustavo Rey-Ortiz?

B.amazonicusis widespreadinthe Rio Amazonas
and Rio Orinoco basins. Its distribution in the
Amazon basin encompasses the Madera river
up to its upstream reaches, below 190 m a.s.l.
in Bolivia and Brazil (Lima, 2017; van Damme et
al., 2014).

The Yatorana is among the most important target

The Yatorana (Brycon amazonicus) from Bolivia. © Gustavo Rey Ortiz.




fishes of both recreational and commercial
fisheries in the Amazon basin (Lima, 2017).
At present, the main threat to the species
is the construction of hydroelectric dams in
the Madeira river, which impede migratory
movements of fish towards the spawning
grounds in Bolivia. Consequently, there is a
very high risk of population reduction or even
local or regional extinction (MRE & MMyA 2014).
In addition, the Yatorana is known to be very
sensitive to anthropogenic disturbances such
as the loss of riparian forest, and water pollution
(Lima, 2017).

SOLUTIONS

It is crucial for the Yatorana to pass hydroelectric
dams in order to reach the spawning grounds in
Bolivia. Understanding the efficiency of the fish
passage systems will be crucial for the survival
of this species.

A political decision is essential for the successful
survival of migrant fishes in the Madera river.
The success requires a binational approach
between Bolivia and Brazil. Currently, the
Bolivian government has issued the Sustainable
Fisheries and Aquaculture Law, which promotes
the sustainable use of aquatic resources, along
with conservation policies for the species
involved.

Monitoring the effectiveness of the fish passage
systems in the Madera River dams is already in
progress in Brazil. Likewise, a baseline study
was undertaken in Bolivia to establish the state
of knowledge of the biology and the fisheries of
the species, as a reference for specification of a
national program in order to monitor the impacts
of the Brazilian dams.

WHAT ARE THE KEY DRIVERS?

The main issue for the survival of this species
is the increasing demand for energy and the
dams that are already operating in the Madeira
River. Monitoring the efficiency of passage
systems and the search for alternatives to
ensure optimum passage of the species towards

the spawning areas will be crucial. In addition,
the development of appropriate management
plans for the species in both countries, will be
important for the survival of the Yatorana.

LOOK TO THE FUTURE

Improving efficiency of the passage systems
in the erected dams in the Madera River is
essential. The survival of Yatorana will depend
on the ability of the fish to reach the spawning
areas in the upper Madera river.

Possible measures to achieve the conservation

of Yatorana populations include the following:

+ Increase knowledge about the efficiency of
the fish passage systems;

+ Fisheries management;

+ Reducing impacts, in addition to hydropower
dams, that threaten the survival of the
species.

BRYCON AMAZONICUS
Local fisheries of the Yatorana (Brycon amazoni-
cus) in northern Bolivia. © Gustavo Rey Ortiz.




spawn. They are also known to move downstream
through passive drifting and juveniles have been
shown to actively migrate to enter nursery habitats
in river channels, floodplains and estuaries.

3.7.6 Africa

Two of the largest rivers in the world are in Africa:
the Nile which has also been considered the
longest river in the world and the Congo. The
Congo River is the second only to the Amazon in
terms of size and freshwater species diversity. The
basin covers 4 million km? and provides habitat
for over 1200 fish Species. The Congo River has
the highest species diversity of fishes of any
freshwater system in Africa. Recent studies have
showed that the extremely fast horizontal and
vertical currents in the Lower Congo isolate fish
populations along the river and laterally across it,
thereby promoting diversification of populations
over extremely small distances (Harrison, 2016).

Many other large rivers drain the continent and
together they provide vital resources for the human
population. There is now an unprecedented
pace of proposals for dam development that
marks a significant conflict between economic
development on the one hand, and sustainable
development on the other. This has led to the
formation of the African Rivers Network which
is seeking a new appreciation for equitable and
sustainable development. It is estimated that
many billions of dollars are currently available
for massive projects in most countries in the
continent. For example, the worlds single largest
hydropower project (the Inga Rapids on the
Congo River, with a projected output of 44,000
MW) is proposed in the Democratic Republic of
Congo as part of an overall $ 80 billion African
electricity infrastructure project.

In southern Africa, dams have prevented or
disrupted the migrations of several vulnerable
and rare species. In Lake Kariba on the Zambezi
River several potamodromous species, such as
Labeo altivelis, which migrate upriver to breed,
disappeared from the reservoir in the early 1980’s
because of the lacustrine conditions (Kerimuir,
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1984). In Mali, in the delta of the Niger River,
there are about 130 to 140 species adapted to
seasonal and inter-annual variations in water flow.
The Markala Dam built in 1943 and the Selengue
hydroelectric dam built in 1980 (and renovated in
1996-2001) appear to be rare examples in that
they did not affect reproduction of many fishes,
as spawning areas are located downstream
(Carlsfield, 2003).

In sub-saharan Africa, the Alistiids migrate sea-
sonally from lacustrine environments to upstream
spawning grounds. This includes long distance
migration of Alestes baremoze and Alestes den-
tex (Leveque, 1997). Similar behavioural pat-
terns have been shown in many different regions
throughout Africa from labeo’s, to mormyrids and
catfish (Bowmaker, 1973). Other species known
to actively migrate hundreds of kilometres for rea-
sons other than just spawning include Hydrocy-
nus spp. This is a ferocious predator that actively
searches for optimal feeding grounds, spawning
habitats and water quality.

Lateral migrations onto floodplains are perhaps
one of the most common and clear migrations
in many African river basins. The Zambezi River
has many studies associated with floodplain
migration, including literature on killifish species,
such as the Nothobrachius spp., shown to have the
capacity to migrate and colonise pans (Tweeddle,
et al., 2014). According to various studies, other
lateral migrant species also include the mormyrid
species Marcusenius macrolepidotus, Mormyrus
lacerda, Petrocephalus catostama and Pollimyrus
castelnaui (Van der Waal, 1996; Timberlake, 2000).
As well as other species such as the Hepsetus
cuvieri, Clarias garpiepinus, Schilbe intermedius
and Microlestes acutidens.

Many species of great significance for local
communities must migrate to complete their life
cycle and maintain the population levels required
to sustain exploitation. These include the African
knifefish (Gymnarchus niloticus), Senegal bichir
(Polypterus senegalus) and Peters' elephantnose
fish (Gnathonemus niger), the reproduction



Figure 3.6

Generalised depiction of the main migration routes of Anguilla juveniles in the summer in Southern Africa
as well as the suspected spawning area east of Madagascar (based on Robinet, et al., 2008 and FAQ,

1984). Map © ESRI here, OpenStreetmap.
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of which is linked to access to the floodplain.
Moonfish (Citharinus citharus) and widehead
catfish (Clarotes laticeps), which also use the
floodplain, have suffered reductions since their
upward migrations have been disrupted.

Labeo altivelis, also known as the rednose labeo,
migrate from October to December and spawn
between January and March. African sharptooth
catfish (Clarias gariepinus), a commercially
important predatory catfish, moves upriver during
the rainy season to lay eggs on vegetation in
flooded areas.

Yellowfish species, Labeobarbus spp., are well
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Goliath tigerfish (Hydrocynus goliath)

Tigerfish have interlocking, razor-sharp teeth, and
are extremely aggressive and capable predators
which often hunt in groups. The African tigerfish
is reported to attack and catch birds in flight.
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Country: South Africa

© B. Ellender NRF-SAIAB.

different aquatic habitats from estuaries to
mountain streams up to 1,000 km from the ocean.
African longfin eels remain in freshwaters for up
to 20 years over which time females grow larger

The long-finned eel Anguilla mossambica
(Peters, 1852) is found only in the south-western
Indian Ocean where it migrates up rivers on the
east coast of Africa, Madagascar and the Indian
Ocean islands (Jubb, 1964). Adults inhabit many
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than males attaining lengths of over one meter
and weights of up to 5 kg. The eels are predators
which feed on aquatic insects, crustaceans and



small fishes when older (Jubb, 1964). As is the
case with all Anguillids, this species returns to
the Ocean to reproduce. It is hypothesized that
this species spawns in the Indian Ocean to
the north-east of Madagascar, and west of the
Mascarene Ridge (Réveillac et al., 2009).

Threats

The African longfin eel has only recently entered
the global eel trade with most commercial
harvesting being undertaken in Madagascar.
Interest and harvests for this species are
increasing but data on catch and stock status are
lacking (Jacoby et al., 2015). There are no directed
fisheries for this species on continental Africa
where the main threats are pollution, habitat
destruction, the blocking of migration routes by
the construction of dams and the introduction
of alien parasites such as Pseudodactylogyrus
anguillae (e.g., McHugh et al., 2017).

SOLUTIONS

Data on distribution, relative abundance and
stock status are currently unavailable. Such
assessments are urgently required if countries

ANGUILLA MOSSAMBICA
After Skelton 2001. © NRF-SAIAB.

are to develop proactive policies for effective
conservation and management. Current conser-
vation action, such as the legislative requirement
for the inclusion of fishways in newly constructed
dams in South Africa are however likely to benefit
eel populations.

WHAT ARE THE KEY DRIVERS?

As is the case with other eel species, the African
longfin eel is threatened by overfishing, habitat
alteration, pollution and the introduction of alien
parasites (Jacoby et al., 2015). Better legislation
regarding sustainable fishing, prevention of the
introduction of alien pathogens and maintaining
the integrity and connectivity of aquatic habitats
is required to secure the future of the African
longfin eel.

LOOK TO THE FUTURE

River connectivity is the main issue affecting
this and other migratory fishes in Africa. With
increased advocacy for the inclusion of fish
passages in the construction of dams and with
better water management it is hoped that eel
populations will be maintained.




Table 3.2
The fish group, extent and location of major freshwater migratory fish families around the world based on
information from (Northcote & Hinch, 2004).

Major migratory Number of well-known species General location
fish groups showing migration behaviour
Amphidromous | Anadromy | Catadromy | Potamodromy

Lampreys 9 2 temperate

Sharks, rays 10 subtropical, tropical

Sturgeons 10 3 temperate

Paddlefishes 2 temperate

Gars 2 temperate

Osteoglossids 3 temperate

Tarpons 1 subtropical

Freshwater eels 15 temperate,
subtropical, tropical

Anchovies, shads, 1 22 2 temperate,

herrings, menhaden subtropical, tropical

Milkfish 1 tropical, subtropical

Carps, minnows >33 temperate,
subtropical

Suckers 19 temperate

Loaches 2 temperate,
subtropical

Characins >31 subtropical, tropical

Catfishes 1 11 temperate,
subtropical, tropical

Pikes, mudminnows 1 4 temperate

Smelts (northern) 7 1 temperate

Noodlefishes >1 temperate

Smelts, graylings (southern) 1 1 temperate

Galaxids >3 >1 temperate

Salmonids 1 21 34 temperate,
subtropical

Trout-perches 1 temperate

Cods 1 1 temperate

Mullets 14 temperate,
subtropical

Silversides 1 temperate, tropical

Sticklebacks 3 3 temperate

Cottids 1* temperate

Snooks 2 temperate,
subtropical

Moronid basses 2 1 temperate

Percichthyid perches 1 3 temperate
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Major migratory Number of well-known species General location
fish groups showing migration behaviour
Amphidromous | Anadromy | Catadromy | Potamodromy

Perches 2* 4 temperate

Tigerperches 1 2 subtropical, tropical

Jungleperches >2 tropical

Sandperches 1 temperate,
subtropical

Gobioids >33 1 >1 subtropical, tropical

Flatfishes 2 >3 temperate,
subtropical, tropical

TOTALS >64 >84 >25 >169

* denotes uncertainty

distributed throughout eastern and southern
Africa. This species is a popular fish for
recreational and artisanal fishers. They are known
to migrate upstream during the rainy season to
spawn in the shallow riffles and rapids. They can
travel hundreds of kilometres to find suitable
habitat and are considered as good ecological
indicators and possibly southern Africa’s flagship
species (Impson, et al., 2007).

In general, there is not much known about the
true migratory behaviour of fish species in
Africa. Although some work has been done
on individual species such as Hydrocynus
vittatus (tigerfish) and some Labeobarbus spp.
(O'Brien, et al., 2013; Thorstad, et al., 2001;
Okland, et al., 2000), very little telemetry
and migratory behaviour studies have been
published. This includes an insufficient
knowledge regarding the four long-distance
catadromous eel species in Africa: Anguilla
bengalensis,  Anguilla  bicolor,  Anguilla
mossambica and Anguilla marmorata. These
species all migrate from the Indian Ocean and
enter freshwater systems along the East African
coastline as juveniles to grow to maturity for 10 to
20 years (Matiza & Crafter, 1994)

3.7.7 Australia and New Zealand
In Oceania, the fish diversity is generally low,
dominated by species of marine origin and a
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large number of diadromous species (Hogan,
2011). In New Zealand there are approximately
41 freshwater fish species. Seventeen of these
are diadromous, including catadromous eels and
inanga, anadromous lamprey (threatened Geotria
australis), amphidromous galaxiids and bullies
(several Galaxias spp. and Gobiomorphus spp.),
torrentfish (Cheimarrichthys fosteri), and smelt
(Stokellia anisodon). The Atlantic salmon, chinook
salmon, brook char, sockeye salmon, rainbow
trout and brown trout were introduced and have
since been naturalised in New Zealand Rivers. In
fact, some of the fishways that were built before
the 1980’s in New Zealand were intended for
salmon and trout, and these became valuable for
fisheries (Mallen-Cooper, 1996).

In Australia, the number of freshwater fish is
considerably larger including 300 species. Like
the migratory fish of New Zealand, many of the
coastal regions are dominated by diadromous
species. One of the most iconic of these is the
barramundi (Lates calcarifer), which spawns at
sea. During the high tide, the larvae and eggs are
washed into the mangroves and tidal habitats and
toward the end of the rainy season the juveniles
then migrate upstream into the freshwater rivers
where they remain. Sub-adult barramundi then
undertake a secondary migration upstream
into large riverine habitats, where they remain
until they become sexually active. Barramundi



are an important fish for commercial fisheries,
and is farmed in Australia and Asia. Similarly,
the catadromous striped mullet is a high value
fisheries species in Australia and other regions
around the globe.

Other important migratory species in the tropi-
cal and sub-tropical regions of Australia include
the empire gudgeon (Hypseleotris compressa),
fork-tailed catfish (Neoarius graeffei), fresh-
water sawfish (Pristis microdon), herring (Pota-
malosa richmondia) and long-finned eel (Anguilla
reinhardtii). In the more temperate zones com-
mon native migratory fish species range from
the shortheaded lamprey (Mordacia mordax),
golden perch (Macquaria ambigua), silver perch
(Bidyanus bidyanus), murray cod (Maccullo-
chella peelii), to the Australian bass (Macquaria
novemaculeata), bony herring (Nematalosa ere-
bi), catfish (Tandanus tandanus) and Australia
smelt (Retropinna semoni).

Murray cod (Maccullochella peelii)

The Murray cod is the largest native fresh water
fish in Australia, although the species is called
a cod, it is not related to the marine cod of the
Northern Hemisphere.
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Gloden Perch (Macquaria ambigua)

This Australian freshwater fish species is found
primarily in the Murray-Darling River system.
Golden perch are highly fecund. Females can
produce up to half a million eggs per spawning
event.

The most well-known river system in the
temperate zone is the Murray-Darling, which
drains the majority of south-east Australia and
is the longest river in Australia. In this system,
there are about 46 fish species, many of which
are either potamodromous or diadromous
(Lintermans, 2007). Studies on two of the more
important species in the basin, golden perch
and Murray cod, showed that these species are
severely threatened by instream barriers. For
example, the golden perch migration, which has
a recorded upstream migration of up to 2,500 km
is easily compromised, also because when its
larvae drift downstream they can have up to 95%
mortality on passage through undershot weirs
(Baumgartner, et al., 2006).






Migratory fish populations are threatened
all the world by ever-increasing
anthropogenic activities. Although many
stressors are being tackled in Europe, North
America and Australia, there are many new
emerging challenges in Asia, Africa and South
America.

over

Physical barriers along with other instream
structures that disrupt connectivity, habitat
changes that damage fish production capa-
city, overfishing and the unfolding impact
of climate change are among the major
challenges that migratory fish face. In this
chapter, these threats and their consequences
are considered considered in more detail.
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4.1 IMPACT TO MIGRATORY FISH

Decision makers are often faced with the major
challenges of managing a complex web of natural
interactions coupled with anthropogenic activities
and emerging ambitions for development that
can heavily influence or degrade rivers. In
most literature pertaining to migratory fish, the
dominant threat is associated with physical
instream structures although this is perhaps
simply because the impacts are so immediately
visible. Apart from the direct and indirect effects
of instream barriers, there are numerous other
anthropogenic activities that also have a significant
impact on fish migrations. Harbour activities can
have a significant influence on migrating fish, due
to water extraction from adjacent rivers for dock
supplies and navigation, increased pollutants,
human activity, noise pollutants (Slabbekoorn,
et al., 2010) and collisions with ships and their
propellers can be lethal (Killgore, et al., 2001).
Wherever such generic activities are considered,
then implicit risk becomes obvious.

In general, urbanisation and industrialisation influ-
ences migratory fish through many mechanisms,
ranging from river channel management such as
river re-alignment, removal of riparian vegetation,
and thermal, organic and ch