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Executive Summary

"What makes a nver so
restiul to people Is that
t doesn't have any
doubt - 1t Is sure to get
where it Is going, and
t doesn't want to go
anywhere else.”

Perhaps there was a time when that was true, but no longer.
Even the greatest of the world’s rivers can no longer be assured
of reaching the sea unhindered. These days the Rio Grande/Rio
Bravo River, on the border of the U.S. and Mexico, often fails

to reach the Gulf of Mexico, its strength sapped by dams and
irrigation works diverting water to farmers’ fields and city water
supplies. The Indus, the Nile, the Murray-Darling, the Colorado,
these are but a few of the once mighty rivers that now struggle
to touch the ocean.

In fact, water extraction is only one of the daunting challenges
that a river faces as it makes its way to its terminus. Dams

and channelization destroy habitats, cut rivers off from their
floodplains, and alter the natural ebb and flow on which a river’s
plants and animals depend. Invasive species crowd rivers’
banks, drive out their native fishes, and choke their courses.
Pollution fouls their waters, sometimes turning life-giving rivers
into threats to human health. And climate change threatens to
alter all the rules that rivers have lived by for thousands of years.

Why is this important? Because endangered rivers threaten the
livelihoods of people. Rivers basins are the way nature gathers
and delivers water for human use. These ecosystems provide
electricity generation, transport, recreation and tourism, and
valuable but often unaccounted flood and drought regulation,
sediment and nutrient retention, and habitat for diverse fauna
and flora. Freshwater biodiversity is an important source of
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food, income, and livelihood, particularly to rural communities

in deve|oping countries. Studies have estimated the economic Houseboat at the banks of a heavily polluted Yangtze River, near Three

Gorges Dam. Hubei Province, China.
value of river basins in the billions of dollars (Schuyt 2005). g



WWH has selected the "top ten” major rivers that, in our
view, either a) already suffer most grievously under the weight
of these threats or b) are bracing for the heaviest impacts.

The primary objective of this report is to illustrate the most
menacing threats to the world’s great river basins, in order to
encourage dialogue, provoke debate, and urge governments
and other stakeholders to take action before it is too late. To do
this, WWF has selected the “top ten” major rivers that, in our
view, either a) already suffer most grievously under the weight
of these threats or b) are bracing for the heaviest impacts.
Thus, there are some rivers on the list that are so damaged that
without serious restoration efforts they could be lost, and others
that are relatively intact, but face massive degradation unless
action is taken now to conserve them.

Surveying the results of eight international assessments, such
as the Millennium Assessment ‘Wetlands and Water’ Synthesis
Report that compiles the work of more than 2,000 authors and
reviewers, WWF assessed the six most important threats based
on their known impact on roughly 225 river basins. These are
dams and infrastructure, excessive water extraction, climate
change, invasive species, over-fishing, and pollution.

We provide this overview of the most serious threats to river
basins to highlight those globally important watersheds at
greatest risk, and to stress the importance of integrated river
basin management solutions. Focusing analysis on watersheds
with high ecological importance and those affecting large human
populations, with a view to continental representation, the ten
most endangered rivers emerge as: the Salween, La Plata,
Danube, Rio Grande, Ganges, Murray-Darling, Indus, Nile,
Yangtze and Mekong.

Executive
Summary

Summary of Threats

River basin Corresponding Threat
Salween - Nu Infrastructure - Dams
Danube Infrastructure - Navigation
La Plata Infrastructure - Dams and Navigation
Rio Grande - Rio Bravo Water Over-extraction
Ganges Water Over-extraction
Indus Climate Change

Nile-Lake Victoria
Murray-Darling
Mekong - Lancang
Yangtze
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Climate Change
Invasive Species
Over-fishing
Pollution

China Energy hydropower station Taipingyi, damming the Min River.

Sichuan Province, China.



Introduction

Human civilization was born on a river bank. For thousands of
years, the relationship was a relatively benign one. However,

in the last 50 years, we have altered ecosystems more rapidly
and extensively than in any other period in history (Millennium
Ecosystem Assessment (MA) 2005). Rapid population growth,
economic development and industrialization have led to the
unprecedented transformation of freshwater ecosystems and
consequent biodiversity loss (Convention on Biological Diversity
(CBD) 2005; MA 2005). Today, 41% of the world’s population
lives in river basins under water stress (CBD 2005).

Freshwater ecosystems are the rivers, streams, lakes, ponds,
groundwater, cave water, springs, floodplains, and wetlands
(bogs, marshes, and swamps) that provide water for drinking,
sanitation, agriculture, transport, electricity generation and
recreation (CBD 2005; MA 2005a). They provide valuable but
often unaccounted for flood, drought, nutrient and sediment
regulation (CBD2005; MA 2005a). Freshwater systems are also
habitat for diverse fauna and flora which provide an important
source of food and fiber that sustain incomes and livelihoods,
particularly for rural communities in developing countries
(CBD2005; MA 2005a).

The threats to freshwater ecosystems are immense. More

than 20% of the world’s 10,000 freshwater species have
become extinct, threatened or endangered in recent decades
(CBD2005). Freshwater environments tend to have the highest
proportion of species threatened with extinction (MA 2005).
Now, the use of capture fisheries and freshwater is well

beyond levels that can be sustained at current, much less

future demands (MA 2005). Physical alteration, habitat loss

and degradation, water extraction, over-exploitation, pollution
and the introduction of invasive species threaten the planet’s
freshwater ecosystems and their associated biological resources
(MA 2005; CBD 2005). Although there is increasing concern

for the maintenance of freshwater biodiversity and the goods
and services it provides, the demand for water itself is rapidly
increasing as well (United Nations Educational Scientific and
Cultural Organization (UNESCOQO) 2003, CBD 2005). Thus there is
an ever increasing need and urgency for improved management
of freshwater ecosystems.
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WWEF'’s Living Planet Index 2004 graph shows decline in
freshwater species’ populations

Our review is not an exhaustive description of all threats to
freshwater systems, nor, in light of insufficient data, does it
provide a fully quantitative analysis to mount a purely objective
case for the most threatened rivers. Instead, it captures the
diverse social, hydrological, climatic and biological factors
which threaten the integrity of major watersheds. Drawing from
published literature and field expertise, this report offers WWF’s
view in 2007 of the most severe threats to the world’s rivers,
and based on this information, our judgment on the top ten
endangered rivers.

We asked three questions: a) what are the key pressures on
and drivers of change in freshwater ecosystems, b) what
are the most illustrative examples of these threats, and

c) what recommendations or solutions can we pose to
address these threats?

In answering the first question, we summarized the findings of
eight wide-ranging and authoritative global assessments' and
identified the threats mentioned with the greatest frequency.
The six threats that stood out are: water infrastructure (including
dams), over-extraction of water, climate change, invasive
species, over-fishing and pollution.

'CBD 2001; CBD 2003; Loh et al. 1998; Loh (ed) 2000; Loh (ed) 2002; MA 2005a;
MA 2005b; Oki et al. 2004; Postel & Richter 2003; Vorosmarty et al. 2004; UN 2002;
WWEF 2005j.
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Presently, 41% of the world's population
Ives In river basins under water stress
(CBD 2005),

In answering the second question, we looked for ten river basins
which best illustrate these threats. We focused on permanent
rivers in primary watersheds, as defined in the “Watersheds

of the World” publication (Revenga et al. 1998). We selected
watersheds which:

1) Are in or contain regions of high ecological importance, as
identified in WWF’s Global 200 ecoregion analysis, based
on the literature on freshwater fish species richness and
endemism, endangered charismatic species, and migratory
bird areas.

2) Face a high degree of threat from (and are depended on by)
large human populations.

3) Provide continental representation, and depict the nuances of
these threats to ecosystems.

We considered threats to biodiversity and services which intact
ecosystems provide to people according to the Millennium
Ecosystem Assessment, using the links provided by Alcamo et
al. 2003, Duraiappah 2002, and Daily 1997. We selected rivers
suffering from existing threats and those which are relatively
intact but under imminent danger from emerging threats. It is
important to note that most river basins suffer from multiple
threats (for example, almost all river basins are threatened or will
be threatened by over-extraction) that often compound each
other, but in this report we concentrate on ten basins which are
the best example of each threat.

Finally, we suggest some key solutions for better management
in these basins. We end by summarizing the six threats and the
ten basins representing these threats, and provide take-home
recommendations under the framework of integrated river basin
management.
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Lock gates at Gabcikovo Dam on the Danube River, Slovakia.



Infrastructure

The Salween (Asia), the Danube (Europe)

and the La Plata (South America)

The Salween faces
heavy threat from
damming, the Danube
from navigation
infrastructure, and

La Plata from both.
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0ld ship wreck and fishermen on the Danube at Giurgiu, Romania.

Globally, free-flowing rivers, particularly
those moving over a distance of more
than 1,000 Km are increasingly rare.
Only 21 (12%) of the world’s 177 longest
rivers run freely from source to sea, and
the Salween is the last large free-flowing
river in SE Asia (Goichot 2006). We know
that free-flowing rivers provide water
purification, sediment flux transportation
and deposition, coastal and coral reef
support, and cultural and aesthetic
services which benefit people (Syvitsky,
Vorosmarty, Kettner and Green 2005

in Goichot 2006; WWF 2006). Still, our
understanding of nutrient and sediment
services from free-flowing rivers over
long distances and the contributions they
make to the global ecosystem is limited.
Free flowing rivers have immense value
scientifically and are a phenomenon that
we are on the brink of losing without fully
understanding (Goichot 2006).

Though often hailed as a key to
economic growth, particularly in the
developing world, the benefits that
dams provide, such as hydropower,
often do not exceed the negative social
and environmental impacts. Dams
frequently transport their benefits, such

as electricity, income and water, out

of the basin? (Nilsson et al. 2005) and
have displaced an estimated 40-80
million people worldwide (WCD 2000).
Dam construction often prevents

many migratory fish (an important

food resource in many parts of the
world) from reaching spawning and
feeding grounds, changes the seasonal
flow patterns afterward, and traps
sediment in reservoirs to the detriment
of downstream habitat, delta lands and
nutrient regimes® (WWF 2004).

Considering development alternatives
to damming and water navigation
infrastructure such as ecotourism and
rail transport is the first step.
Implementing the recommendations

of the World Commission on Dams will
help equitably develop the economic
benefits of river basins while preserving
communities, traditional livelihoods,
ecosystems, and biodiversity.

2In northern Canada, the demand for benefits
transported out of basin continues to motivate dam
construction in areas already heavily affected by dams
(Nilsson et al. 2005).

2The Nu River is important habitat for aquatic

species that thrive in fast-flowing water (Bravard

and Gichot 2005)



Infrastructure

21 Salween, Nujiang or Nu River

i | Basin Characteristics

Length: 2,800 Km (Searin no date)

Basin size: 271,914 Km? (WRI 2003)
Population: 6 million (WRI 2003)

Population density: 22 people/ Km? (WRI 2003)
Key economic activity: fishing and agriculture

Key threats: 16 proposed large dams, ineffective institutions and
governance (WWF 2004). Political instability and ongoing civil war
exacerbate key threats

The Salween river basin is more than twice the size of England, Myanmar
the second largest river basin in southeast Asia* and one of

the last free-flowing international rivers in Asia® (WWF 2005b;
Goichot 20086). Shared by China, Myanmar (formally Burma)
and Thailand, 6 million people live in the Salween watershed
and depend on the river for their livelihoods, dietary protein, and Thailand
nutrient rich food particularly during the dry season (IRN 2004).
The Salween flows from the Tibetan Plateau adjacent to the
Mekong and the Yangtze, in the “Three Parallel Rivers” World
Heritage area, at the epicentre of biodiversity in China® (Kunming
Institute of Botany & University of Bern 2005; IRN 2004). In

the upper Salween'’s Nujiang Prefecture in China, 92% of the
population consists of ethnic and religious minorities (Public
Open Letter 2005). Along the Thai and Myanmar border, there
are over 13 ethnic groups living in traditional communities on the
river’s banks (EarthRights International 2004). Currently, there is

also ample water per person’ (WRI 2003).

The Salween is home to 92 amphibian species, and 143 fish
species of which 47 are found nowhere else in the world;

3 areas support endemic birds (Revenga et al. 1998). The
Salween delta and associated wetlands support populations of

the unique Fishing Cat, the Asian Small-clawed Otter and the (=
© WWF / Marc Goichot
Siamese Crocodile (WWF 2005b). It has the world’s greatest N
diversity of turtles including the Giant Asian Pond Terrapin and One of the first bends of the Salween River as it leaves Tibet to enter Yunnan

) ) i Province in China (PRC).
Bigheaded Turtle (Goichot 2006). On valley walls, terrestrial flora

and fauna are well-maintained in often pristine conditions. The

. 4The Mekong is the largest river basin in southeast Asia F 2005b).
Golden Eye Monkey, Small Panda, Wild Donkey of Dulong and 9 E (e )

Wild Ox still flourish in this basin (Goichot 2006). * The Bramapuita s another.
8 Recognized by UNESCO as a World Heritage Site, the Three Parallel Rivers Region
is one of the richest temperate regions in the world (IRN 2004). The area contains
over 6,000 different plant species, and approximately 50% of China’s animal species
including more than 90 amphibian species, over 140 fish species of which roughly
one third are endemic, and the world’s most diverse turtle community comprised of

10-25 genera (RN 2004; WWF 2005).

723,796 m?/person annually (WRI 2003).



Salween, Nujiang or Nu River

The Threat of Dams on the Salween

Dam construction poses the single
greatest threat to the Salween River.
China plans up to 13 large hydropower
projects in a cascade that would
transform the free-flowing river in upper
basin into a series of channels and
reservoirs (Public Open Letter 2005).

The upper Salween is characterized by
high elevation and deep gorges®, which
give it great potential for hydropower
generation®, but also eliminate

most options for limiting the severe
environmental damage that would ensue
(WWF 2004). Nine of the proposed
dams are located on the main stem, in
national nature reserves, and very close
to the UNESCO World Heritage site
(IRN 2004). China’s Yunnan Provincial
Government is proposing one of the
highest dams in the world'® and China
appears to be progressing without
consultation with the downstream
riparian residents in Myanmar or
Thailand (IRN 2005; IRN 2004).

Myanmar’s government is also planning
or has begun several medium to large
dam projects along the Salween River
(Chiang Mai News 2005). By far the
largest and most advanced project is
the 228m high Tasang Dam'' which
would create a 640 Km? reservoir
flooding the lower sections of three
major tributaries (Bangkok Post 2006;
WWEF 2004; Searin no date). Although
no needs assessments have been
conducted, and the Environmental
Impact Assessments are incomplete,
the detailed design study is underway
(Bangkok Post 2006). Three quarters of
the electricity generated by the Tasang
would be exported to Thailand™, and
this project is part of wider negotiations
for the Greater Mekong Subregion
Power Grid (Ruangdit 2004; WWF

2004; Searin no date). As well, last year,
Thailand and Myanmar resurrected a
proposal to create a 62 Km tunnel along
the Thai-Myanmar border to divert 10%
of the Salween’s flow in Myanmar to the
Bhumibol reservoir in Thailand, 300 Km
away (McCormack 2000).

There are serious questions as to the
safety and economic feasibility of the
proposed dams, and risks to the social
fabric of the basin residents. Although
the slopes surrounding the Salween are
more stable than the Mekong, variations
in water levels and landslides threaten its
banks' and China’s proposed projects
are in a mountainous area which has
frequent earthquakes and landslides
(Bravard & Goichot 2005; Public Open
Letter 2005). China’s hydropower
cascade would also displace 50,000
ethnic minority people (Environmental
News Network (ENN) 2005; IRN 2005).
In Myanmar, dam construction and water
diversion may be particularly devastating
for the indigenous communities because
the military government is notorious

for human rights abuses' (Chiang Mai
News 2005). Further, foreign revenue
from the exported electricity'® flowing
into Myanmar may be expropriated by
the governing junta (Chiang Mai News
2005).

Infrastructure

81n this region, the ‘Three Parallel Rivers’ flow within less
than 80 Km of one another (Xinhua News Agency 2003).
9 Theoretical hydropower potential is estimated at more
than 100,000 MW (FAO 1999a)

9 Maji Dam at 300 m (IRN 2005).

113,300 MW capacitty, in southern Shan State
(WWEF 2004).

"2 In addition, Myanmar and Thailand have already
agreed to export 1,500 MW to Thailand by 2010
(WWF 2004).

% In fact, there is a relatively large unstable zone in
Bingzhonggluo, on the left bank, in the upper basin.
Several landslides have occurred in the past already
(Bravard & Goichot 2005).

" In conjunction with infrastructure projects due to an
ongoing civil war between Shan and Karen minority
and the ruling military junta. Forced labour, relocation,
rape and murder are common methods of intimidation
under the guise of ‘national development’ (Chiang Mai
News 2005).

5 An estimated 3,500 MW, three times what Myanmar
currently consumes, from the Tasang Dam alone
(Chiang Mai News 2005).

8 According to the 2003 UN Human Development
Report, 40% of Myanmar’s budget is allocated to military
expenditures, 1.3% on education, and 0.3% on health
(Chiang Mai News 2005).



Salween, Nujiang or Nu River

Infrastructure
Responses and WWF Role
The Salween lacks any treaty among
riparian countries and each has different
and conflicting plans for development in
the basin (Yoffe and Ward 1999).
In April 2004, China suspended plans
for the construction of 13 dams on the
Salween (IRN 2005)'". However, the
Environmental Impact Assessments for
the project have not been disclosed to
the public (Public Open Letter 2005).
Thus far, environmental groups within
China opposing dam construction
in the Salween have lobbied
authorities through the media, public
demonstrations, and the distribution
of petitions urging the provincial and
national governments to release studies Se, TN 2 =k
on the dams’ environmental impact and Crystal clear water of a tributary joins the muddy waters of the Salween,
i exhibiting the high hydropower potential of one of the regions last free
allow greater public debate (ENN 2005). flowing rivers.
On August 31, 2005, 61 groups and
99 individuals including Greenpeace
and Friends of Nature, China’s largest
environmental association, signed a Some well-planned dam developments In China, WWF is working with national
petition. This open debate over the for water and energy supply are often authorities to reduce environmental and
Salween River’s fate is testing the justified, but countries should take social impacts of existing and planned
government’s approach after it released advantage of the opportunity to consider dams while increasing economic benefits.
a five-year plan that commits China all options and to only build dams that WWEF calls for further development
to halt environment degradation while minimize environmental impacts and of small scale hydropower along the
pursuing economic growth (ENN 2005). maximize social benefits (WWF 2004). tributaries alone, in combination with
Building dams off the mainstream, the development of tourism. The Salween
Not-for-profit organizations like Earth controlling thermal pollution, and basin has summer temperatures and rich
Rights International are also raising mimicking natural flow patterns (e.g. biota suitable for tourism and compatible
awareness of human rights and higher flows during the wet season) with local labour development within the
environmental issues (Earth Rights can minimize the ecological impact of natural environment. In addition, it
International 2004). In 1999, ‘Salween dams (WWF 2004). In countries where holds the potential for developing the
Watch’ a coalition of organizations concentrated dam development is rapids for high-end white water rafting
based in Chiang Mai, Thailand formed taking place, governments should at (Goichot 20086).
to oppose harmful development projects least implement the guidelines of the
in this basin (Salween Watch 2006). In World Commission on Dams, and
addition, representatives from ethnic assess the cumulative impacts of the
groups in Myanmar have urged dams. In addition, efforts should be
the Thai government to halt dam made to retrofit old dams to reduce
development along the Thai-Myanmar environmental and social impacts while 171n 2008, China invited a panel of
border (Shan Sapawa Environmental increasing economic benefits, such as sclentfic experts 1o comment on

. ) . . the Salween Dam proposal and all
Organization 2006). generating electricity. opposed the dam (RN 2005).



Basin Characteristics

Length: 2,780 Km (ICPDR 2004)

Basin size: 801,463 Km? (ICPDR 2004)
Population: 81 million (ICPDR 2006b)
Population density: 102 people/ Km? (WRI 2003)
Key economic activity: industry, navigation

Key threats: new infrastructure for shipping, 8 proposed large dams,
flood ‘protection” (WWF 2004; ICPDR 2004)

Other threats: pollution, invasive species

The most multinational river basin in the world, the Danube
basin is roughly twice the size of California and its basin covers
part or all of 19 riparian countries: Albania, Austria, Bosnia and
Herzegovina, Bulgaria, Croatia, Czech Republic, Germany,
Hungary, Italy, Macedonia, Moldova, Poland, Romania, Serbia,
Montenegro, Slovakia, Slovenia, Switzerland and Ukraine, of
which eight are EU member states (in italics) and two are EU
accession countries. The river is a principle resource for industry,
agriculture, transport and power generation (Environment for
Europeans 2004). The Danube delta supports both fishing

and tourism (FAO 2000b). Approximately 60 of its 300
tributaries are navigable including the Inn, Morava, Drava,
Tisza, Sava and Prut (ICPDR 20064a). It is home to 47 cities’®,
and passes through four national capitals: Vienna (Austria),
Bratislava (Slovakia), Budapest (Hungary), and Belgrade
(Serbia) (WRI 2003).

Historically, the Danube has been home to seven fish species
found nowhere else in the world, 10 diadramous'® fish including
five sturgeon species, and altogether 103 fish species, which
is more than half of all in Europe (WRI 2003; WWF 2004b). The
basin has 88 freshwater mollusks (with 18 found only in this
basin) over 18 amphibian species and 65 Ramsar wetlands of
international importance (WRI 2003; WWF 2005 - ecoregion).
Today only 6.6% of the basin is protected (WRI 2003). The
Danube delta on the Black Sea is one of Europe’s most
ecologically important areas and is shared 80% by Romania
and 20% by Ukraine (UNESCO 2005)%°.

Infrastructure
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Hydro electric power station on the Danube River, Romania. The construction
of this dam caused a 35 m rise in the water level of the river near the dam.
The old Orsova, the Danube island Ada Kaleh and at least five other villages,
totalling a population of 17,000, had to make way. People were relocated, but
the settlements have been lost forever to the Danube.

'8 Greater than 100,000 people (WRI 2003).

19Fish migrating between freshwater and saltwater.

2ltis the last European refuge to many rare bird species, harbours a centuries old
Letea tropical forest, which is the only place in Europe where climbing ‘lianas’ plants
hang from trees. It is also designated a UNESCO natural World Heritage site. (WWF
2004b; Rus, 2004).



Danube

The Threat of Navigation Infrastructure on the Danube

Inland shipping infrastructure projects
alter natural river function and habitat

in several ways. Navigation projects
involve physical modification such as
water pumping, channelizing, dredging,
and gravel and sand extraction to make
deep, straight and uniformly banked
waterways that partly cut the river

off from its floodplain (Revenga et al.
2000; Baltzer 2004). Vessel operations
also create waves which disturb other
water users. For example, young fish
are directly affected by waves since
their swimming capacity is already low
(Zauner & Schiemer 1994). High traffic
intensity leads to lowered zoobenthos
(animals on the river bed) diversity
(Obrdlik 1995). Lastly, inadvertent species
introductions, spills and ship collisions
pollute and damage aquatic habitats in
acute and chronic ways (Baltzer 2004;
ICPDR 2006¢). Accidental pollution
involves oil and in some cases hazardous
substances including cadmium, lead,
mercury, DDT, lindane and atrazine
(ICPDR 2006c¢).

Navigation infrastructure projects pose

a serious threat to the Danube. A new
report by a Vienna-based consortium
and 13 Danube countries?' identifies
navigation as one of the primary causes
of environmental degradation on the
Danube, stemming from activities that
deepen, dam, or straighten the river
(ICPDR 2004). The most important
navigation threat to the Danube currently
is the European Union’s plan to develop
the Trans-European Networks for
Transport (TEN-T) “Corridor VII” along
the Danube (ICPDR 2006c). This project
aims to ‘remove bottlenecks’ and improve
inland navigation between eastern and
western Europe through the construction
of hydraulic modifications and canals
(European Barge Union 2005; European

Inland Navigation 2004; Commission

of the European Communities 2004).
According to plans, the Danube will

serve as a pan-European transport route
linking the North Sea with the Black Sea
(ICPDR 2006c). Against the Danube
Commission’s (1988) recommendations
that the total depth of free-flowing
conditions should be a minimum of 2.5
m during 343 days per year, dredging will
reach a minimum draught of 2.5 m (hence
a total depth of 2.7 to 2.8 m) during all
days along the entire length of the water
course from the North Sea to the Black
Sea (European Union 2004; Baltzer
2004). Implementing this project would
mean substantial modifications to at least
1,000 Km of the Danube, more than one-
third of its entire length, and significantly
alter the last free-flowing, non-dammed
stretches of the river? (Baltzer 2004;
WWF 2005; WWF 2005a).

The Danube-Oder-Elbe-Canal Plan

is proposed to enable ship passage

from the Baltic to the North Sea, then
southward to the Black Sea (ICPDR
2004; Baltzer 2004). This will indirectly or
directly affect 46,000 ha of 38 protected
areas containing two national parks, six
Ramsar sites, and two biosphere reserves
in five countries Austria, Slovakia, the
Czech Republic, Poland and Germany
(ICPDR 2004; Baltzer 2004)%. Lastly,

in 2004, the Ukraine began dredging

the Bystroye shipping canal that cuts
through the heart of the Danube delta,
destroying migratory bird habitat, altering
the natural water flow in the delta and
damaging breeding areas that support
local fisheries in the Black Sea?* (Baltzer
2004; Rus 2004). Already, the total length
of artificially dredged channels in the
Danube delta is roughly equivalent to

the total length of natural water courses
(1,700 Km) (ICPDR 2006c).

Infrastructure

Drastic changes to the Danube’s
natural flow and surrounding lands to
control floods, generate power, facilitate
agriculture and waterway transport
have already destroyed over 80% of
the watershed’s valuable wetlands,
floodplains and forests (ICPDR Dams
2006; UNDP/GEF 1999). What remains
of the basin’s integrity is under intense
threat from shipping infrastructure
developments.

2'Report is entitied Danube Basin Analysis, WFD Roof
Report 2004.

22TEN-T would remove navigation ‘bottlenecks’ in
Romania and Bulgaria by 2011, complete Danube
River ‘improvement’ between Vilshofen and Straubing
(in Germany) by 2013, and by 2014 and 2015
respectively affect the river from Palkovicovo to
Mohacs as well as the cross-border section from
Vienna to Bratislava (Baltzer 2004).

2*Numerous other portions of this region are included
or being nominated for protection under the EU's Birds
and Habitats Directives in the Natura 2000 Network
(Baltzer 2004).

24The Danube is also the single largest contributor of
pollution in the Black Sea (ICPDR 2006b).



Danube

Infrastructure

Responses and WWF Role

In 1994, ten basin states and the

European Union (EU), signed the Danube
River Protection Convention (DRPC)? to
establish the International Commission

for the Protection of the Danube River
(ICPDR) (ICPDR 2006; Atlas of International
Freshwater Agreements 2003). In its first
ten years of cooperation, the DRPC agreed
to implement the EU Water Framework
Directive, and established a Trans-National
Monitoring Network to monitor and
evaluate water quality (CPDR 2004). It
made little progress, however, in stermming
the pressure to develop navigation projects.
In 2004, the European Commission’s
Director General for the Environment

took charge of the ICPDR. In December
2004, the ICPDR produced the Danube
basin analysis which, for the first time,
provided a basin-wide overview of the
river’s environmental condition (Environment
for Europeans 2004; ICPDR 2004) and
promises to use the report in developing

a plan for its long term protection
(Environment for Europeans 2004).

In 2000 WWF facilitated a heads of state
summit of basin governments. They
pledged to protect and restore 600,000

ha to establish a ‘Lower Danube Green
Corridor’ of restored riparian lands

for nature conservation, water quality
improvement, better flood management,
and development of sustainable livelihoods
for local people. Progress in implementing
this commitment has been slow. It is likely,
however, that had the pledged restoration
been implemented, the floodplains would
have mitigated the 2006 lower Danube
floods by holding and safely releasing the
water. In 2003, WWF completed the official
‘Danube River Basin Public Participation
Strategy’, to contribute towards the
implementation of the EU Water Framework
Directive in the basin (Jones et al. 2003).

Floodplain restoration, watershed
management and flood warning and
evacuation systems allow rivers to
continue to provide natural benefits,

and are much less expensive than

the physically intensive modifications
(WWF 2005€). WWF has also begun

a public consultation process for the
restoration of the river beds of the
Danube tributaries in Bulgaria. Following
meetings between WWF and the Odessa
Oblast Environmental Commission, a
Task Force for “cooperation with the
Partners for Wetlands project in Ukraine”
was initiated and signed by the Odessa
Oblast Governor to implement model
wetland restoration projects. Due partly
to WWF’s efforts, removal of a flood levee
bank restored 750 ha of Tataru Island,
and in spring 2005 a colony of protected
Pygmy Cormorants established on the
island. A coalition of WWF, other NGOs,
Romania and other government partners
also secured the Austrian-Czech-Slovak
trilateral protected area which later
received the Ramsar Convention Award
in 2002 (Jones et al. 2003).

© WWF-Ca_non_/ Anton VORAUER

Dam on the Danube River.

As a result of international pressure
including the European Commission-led,
fact-finding mission (initiated by WWF)
and the change in Ukrainian government,
the construction of the Bystroye Canal
stopped temporarily pending further
environmental, social and economic
impact assessment. In 2005, WWF’s
Danube-Carpathian Programme created
a “black list” of navigation projects along
the Danube proposed by the Trans-
European Networks for Transport (TEN-
T)?6. WWF is lobbying for a Strategic
Environmental Assessment (SEA) and
coordination between the European
Commission’s Directorate of Environment
and Directorate of Transport & Energy on
navigation projects.

2 Formally called the ‘Convention on cooperation for
the protection and sustainable use of the Danube
River' (ICPDR 2006).

2More information can be found in WWHF's position
paper (executive summary) on Danube navigation at:
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Basin Characteristics

Length: 3,740 Km from the longest tributary of the Parana (Comite
Intergubernamental Coordinador 2006) + 290 Km from confluence of the
Uruguay and Parana Rivers (Rela 2001) = 4,030 Km in total il

Basin size: 3 million Km? (Bereciartua and Novillo 2002)
Population: > 100 million (Bereciartua and Novillo 2002)

Population density: 33 people/ Km? (Bereciartua and Novillo
2002, extrapolation)

Key economic activity: agriculture, fishing Argentina

Key threats: new infrastructure and hydrological alterations for shipping
and 27 proposed large dams (WWF 2004)

Other threats: climate change, pollution, over-fishing

Parana

Uruguary

The La Plata basin is the second largest river basin in South
America, crossing five countries: Paraguay, Brazil, Argentina,
Uruguay, and Bolivia (Bereciartua and Novillo 2002). The Rio

de la Plata basin has three main tributaries, the Parana, the
Paraguay and the Uruguay Rivers. The Parana tributary river basin
supplies the Brazilian cities Sao Paolo and Brasilia (Hulme 1999).
Although the Parana basin alone supports 19 large cities of more
than 100,000 people, the per capita water supply per person is
ample® (WRI 2003).

Freshwater biodiversity is rich. There are over 350 fish species
— the third highest among medium sized basins (WRI 2003). Of
these, 85 are found nowhere else in the world (Revenga et al.

© WWF-Canon / Michel GUNTHER

. L \ , Iguacu National Park - Parand River Atlantic Rainforest Parana, Brazil.
2000). This basin is also home to the rare La Plata River Dolphin .

(Reeves et al. 2003), and the only species of lungfish found in
the Neotropics, Lepidosiren paradoxa (WWF 2005d). La Plata’s
Pantanal wetlands, located mostly in southwest Brazil but also
extending to southeast Bolivia and northern Paraguay, are

the largest freshwater wetland in the world, covering 140,000
Km?, and home to a vast array of wildlife (Bennett & Thorp no
date; Living Lakes Partnership 2005). This biological diversity
encompasses 650 species of birds - including parrots, hawks,
eagles, kites, 260 species of fish, 90 species of reptiles, over
1,600 species of flowering plants, and over 80 species of
mammals - including ocelots, jaguars, and tapirs (Huime 1999;
Living Lakes Partnership 2005). Thousands of permanent and
semi-permanent lakes and ponds supporting the most diverse
floating aquatic plant community in the world cover the Pantanal’s
lowest areas (Por 1995 in WWF 20014a). During the wet season,
this wetland acts as a gigantic natural control mechanism for the

floodwaters of the Paraguay River (Huime 1999).
278,025 m*/person/year (WRI 2003)



La Plata

The Threats of Dams and Navigation Infrastructure on La Plata

The threats from dams and navigation
on the La Plata are intense. For example,
on the Parana River, the Itaipu Dam,

the largest in the world,?® flooded
approximately 100,000 ha of land, and
destroyed significant aquatic habitat
including the Guaira Falls (WWF 2005d).
The basin faces the second greatest
number of planned dams in the world:
27 large dams?®, of which six are under
construction (WWF 2004). In Brazil
alone, total generating power from
hydroelectric stations is poised to reach
a total of 107,307 MW in the next few
decades (FAO 2000). In particular, new
impoundments and water diversions
threaten the Paraguay River’s relatively
pristine headwaters, which comprise the
central artery of the Pantanal wetlands,
and Uruguay River (Bleier 1996; WWF
2005d). The Brazilian, Bolivian and
Paraguayan governments’ plan for the
massive navigation and hydroelectric
dam project, ‘hidrovia’, is proceeding
without an adequate Environment Impact
Assessment (Bennett & Thorpe no date;
WWF 2001a; Istvan 2003). The hidrovia
would dredge and redirect the Paraguay
and Parana Rivers to create a 3,442 Km
long navigation channel at least three
meters (~ten feet) deep between
Caceres, Brazil and the harbour of
Nueva Palmira in Uruguay. This would
provide cargo ships with access to

the interior of Argentina, Bolivia, Brazil,
Paraguay and Uruguay during the dry
season (Bennett & Thorpe no date;
Istvan 2003; Wolf 2004).

The hidrovia threatens to drain and
destroy habitat in the Pantanal by
increasing the drainage capacity of the
river outlet, affect native fish populations,
and expose the river system to invasion
by exotic species through links to rivers
in the Amazon basin (WWF 2004).

This would seriously exacerbate the
impacts from loss of water inflow

due to climate change (Hulme 1999).
According to experts, lowering the level
of the Paraguay River by only 25 cm on
average would increase the frequency

of downstream flooding and increase
erosion during the rainy season, while
also reducing the total flooded area of the
Pantanal during the dry season by 22%%
(Gottgens 2000 in WWF 2004; Bennett &
Thorpe no date).

In addition, the hidrovia would directly
affect local indigenous communities
whose livelihoods depend on the fish
and biological resources of the Pantanal,
particularly in Brazil’s Mato Grosso State
and in riverine communities in Paraguay
(Bennett & Thorpe no date; WWF 2004;
International Development Research
Center (IDRC) 1999). The hidrovia is
intended to facilitate expansion of the
export of soybean, timber, iron ore and
other commodities during the dry season
at the expense of the opportunity for
ecotourism, and local use of resources
(IDRC 1999). It would also increase
access and facilitate further dam
development in the area (WWF 2004).

Infrastructure

% Generating capacity of over 12,000 MW (WWF
2004). The Three Gorges Dam plans will surpass it by
2009, with a capacity of 18,200 MW.

22 Greater than 60m or 100 MW capacity (WWF 2004).
lncreased variability in river flows due to changes in
climate has caused long periods of drought which has
hurt agriculture and hydroelectric energy production in
Brazil (American Association for the Advancement of
Science 2002).



La Plata

Responses and WWF Role

In 1969, all the riparian countries signed
a treaty agreeing to the joint management
of the La Plata basin and requiring open
transportation and communication

along the river and its tributaries (Wolf
2004). The hidrovia project is the largest
development proposed to date, both in
size and scale of possible impacts on the
economy and environment (Wolf 2004).
The proposal is straining the cooperative
processes for management in the La
Plata (Wolf 2004). A decade after hidrovia
was first proposed the supporting
governments, particularly Brazil, backed
away in 1999, but the project has shown
recent signs of revival®'.

For the last decade WWF has
concentrated its conservation work in
the La Plata Basin through its Pantanal
Ecoregion Programme in Brazil and
Bolivia and its Atlantic Forests Ecoregion
Programme in Argentina, Brazil and
Paraguay. WWF has been active in the
participation in and/or preparation of
economic, engineering and feasibility
studies related to the hidrovia and

other infrastructure proposals that

would impact the Pantanal wetlands
(Huszar 1999; Halloy 2005). Also in the
Pantanal and the Upper Paraguay river
basin, in both Brazil and Bolivia, WWF
has worked with local stakeholders on
improving protected areas management,
the formation and strengthening of local
organizations, institutional capacity
building, environmental education
programmes, and the promotion of
sustainable productive activities like
organic farming, ecotourism and
community fisheries management. With
help from WWF since 2002, last summer,
the Brazilian State of Mato Grasso do Sul
and all stakeholders of the Miranda river
basin of the Pantanal created the Miranda
river basin Committee which ensures

multiple use of the basin, while protecting
its aquatic biodiversity and water
resources (WWF 2006¢). WWF also
supported socio-economic and biological
studies and a consensus meeting®
which developed the framework for
conservation and development in the
Bolivian Pantanal over the next ten years.
This process led to the creation of two
protected areas® encompassing most of
the Bolivian Pantanal and the remaining
Bolivian lowland dry forest. Through
work with WWEF, Brazil and Argentina

Infrastructure

conducted collaborative research which
led to a joint conservation strategy for
over 1 million ha of contiguous Atlantic
forest, and is an important step towards
cooperative management of the region’s
|lguazu National Parks. Finally, WWF

is seeking to develop representative
protected areas in the Brazilian Pantanal,
through the use of innovative incentives
and policy mechanisms®, and plans

to investigate a range of approaches

to participatory involvement for local
communities and government authorities.
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Aerial view of the Parana River, Parana, Brazil.

1 Argentina and Bolivia are selectively dredging the
Paraguay River, Paraguay's government maintains
interest in the project, and in Brazll, suspicions abound
that large-scale soybean farmers and cattle ranchers
are talking about dredging and straightening river
sections behind closed doors (Istvan 2003).

%?Local indigenous and non-indigenous communities,
private industry (forestry and mining), large landowners
(ranchers), political authorities, international donors and
technical experts all contributed.

3 Otuquis (1 million ha) and Sans Matmas (2.9

million ha).

SWWE-Brazil is encouraging a practice already
implemented in some Brazilian states, where tax
redistribution compensates municipalities that face
restricted land-use due to protected ecosystems and/
or water supply sources.



Water over-
extraction

Water over-extraction
The Rio Grande (USA) and the Ganges (Asia)

© WWEF-Canon/Michéle DEPRAZ

Young boys fishing on the Ganges River. Varanasi, Uttar Pradesh, India.

Although on opposite sides of the globe, the Rio
Grande and the Ganges face very similar problems
from over-extraction for increasing irrigation and

domestic consumption.

Human societies use water for domestic
and industrial consumption, however
two-thirds are appropriated for irrigation
in agriculture (Revenga et al. 1998).
Reducing the flow of river water to the
sea can lead to the intrusion of salt water
into surface water and groundwater,
rendering them undrinkable (Revenga

et al. 1998). Experts predict that water
availability will be one of the major
challenges facing human society and that
the lack of water may be a key factor
limiting development (Revenga et al.
2000).

The total amount of water withdrawn
or extracted from freshwater systems
has risen 35-fold in the past 300 years
(Revenga et al. 1998), and since 1960
has increased by 20% per decade (MA
2005a). Agriculture accounts for 70%
of human water use (MA 2005a). In
addition, around the world, groundwater
is also withdrawn faster than it can be
recharged, depleting a once renewable
resource (Revenga et al. 1998).
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ZX Rio Grande - Rio Bravo

i | Basin Characteristics

Length: 3,033 Km (second longest river in the United States) (Horgan 1991)
Basin size: 607,965 Km? (WRI 2003)

Population: 10 million (WRI 2003)

Key economic activity: agriculture

Key threat: water extraction

Other threats: water infrastructure, salinisation, invasive species

Pecos River
Rio Grande/Bravo

Rio Conchos

The second longest river in the United States, the Rio Grande Mexico

flows from the San Juan Mountains of Colorado, south through
New Mexico. Turning to the southeast, it forms the border
between the United States (Texas) and Mexico for approximately
two thirds of its course, opening into a small sandy delta at the
Gulf of Mexico (United States Geological Service (USGS) no
date; Horgan 1991; Saunders 1996). The basin is more than
30% arid and drains an area greater than the size of California
(WRI 2003; Saunders 1996; Revenga et al. 1998). Through

the stretch from Laredo/Nuevo Laredo to the mouth, the river
constitutes the primary source of drinking water for communities
in both Mexico and the United States (Saunders 1996). Despite
the rapidly growing economy, the basin is one of the poorest
regions in the US, where many live in shanties without access

to running water (WWF 2004d). The basin is facing per capita
water scarcity® (WRI 2003), and by 2025, will likely descend into
further water scarcity®® (Revenga et al. 2000).

The Rio Grande basin is a globally important region for
freshwater biodiversity (Revega et al. 2000). The Rio Grande
supports 121 fish species, 69 of which are found nowhere else
on the planet. There are three areas supporting endemic bird
species as well as a very high level of mollusk diversity (Revenga
et al. 1998; WRI 2003; Grommbridge & Jenkins 1998).

© WWEF-Canon/Edward PARKER

The Rio Conchos is the main source of irrigation water for crops (cotton & alfalfa)
grown in the state of Chihuahua, Chihuahuan Desert, Mexico.

%621 m¥/person/year (Revenga et al. 1998).
% ess than 500 m®/person/year (Revenga et al. 2000).
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il Threat of Water Extraction

A high level of water extraction for
agriculture and increasing domestic use
threatens the Rio Grande. Most of the
major tributaries and many of the lesser
ones support substantial agricultural
production (Saunders 1996). River water
is diverted for irrigation in the El Paso/
Ciudad Juarez area, Eagle Pass/Piedras
Negras area, and Rio Grande/Rio Bravo
valley downstream from International
Falcon Dam (Saunders 1996). In 2005,
451,456,974 m?* (366,000 acre feet) were
diverted from the middle Rio Grande
during the irrigation season (Middle Rio
Grande Conservancy District 2006).
Although this is down from 1999, when
total diversions in the middle Rio Grande
were 837,869,606 m?® (679,268 acre-
feet), nearly all of the irrigation water

in the upper basin, is produced by

snow pack (Alliance for the Rio Grande
Heritage et al. 2000). Several years of
low snow pack has dramatically lowered
the volume of the most important
reservoir on the mainstem, Elephant
Butte Reservoir. With current levels of
extraction, this reservoir could be at its
lowest in over 50 years, at to 43,172,115
m? (35,000 acre feet).

Historically, flows passing through Big
Bend have varied considerably (NPS
2006), but by the time the Rio Grande
leaves El Paso, a city less than one third
the length of the river at this confluence
of the Rio Conchos, so much water has
been diverted that the riverbed between
El Paso and Presidio/Ojinaga often

lies dry (NPS 2006). The highest daily
flow recorded above the Rio Conchos
confluence was 387,984 L/s (13,700
cubic feet per second) on June 1905
(NPS 2006). Pre-1962, the river’s average
flow was 2.9 Km?%/year (2.4 million acre-
feet) and ocean-going ships used to be
able to navigate at least 16 Km (10 miles)

from its mouth (Brezosky 2001). In 2005,
at the last gauge point before the sea, in
Brownsville Texas, however, the average
flow was 0.44 Kmé/year (International
Boundary & Water Commission 2005)%".
Between February and June 2001, the
river failed to reach the Gulf of Mexico
(Sundquist 2003; The Guardian 2006).
As a result of low water levels, the
concentration of pollutants is so high that
fish kills have occurred, and the lower
Rio Grande is suffering from salinization
(Contreras & Lozano 1994). In fact, some
marine fish species are invading as far

as 400 Km upstream, and the increasing
salinity of the river has already displaced
32 native freshwater fish species
(Contreras & Lozano 1994).

Irrigation accounts for more than

80% of all water taken from the river,

but municipal needs are competing

more and more as urban areas grow
(Cascadia Times 2005). Along the Rio
Grande mainstem, there are only four
major cities®, but the urban population

is growing at a rapid rate of 2-4% (WRI
2003; Revenga et al. 1998). Water is also
wasted through unnecessary diversion:
the amount of water diverted and wasted
by dams for irrigation increased by over
123,348,900 me (100,000 acre feet) per
year from 1979-1998 (Alliance for the Rio
Grande Heritage et al. 2000).

Damming, high levels of evaporation®,
persistent drought and invasive species
have exacerbated the high level of water
extraction (Dahm et al. 2000; National
Park Service (NPS) 2004). Extensive
networks of water diversions and dams
control flows in both the Rio Grande
and its key tributary, the Rio Conchos,
without managing instream flow to
sustain riparian habitat (Mac et al. 1998).
Currently, there are 100 large dams*,

Water over-
extraction

eight of which are on the main stem of
the river, and there are six very large
dams*' (WRI 2003). Drought has caused
crops to wither which has led to severe
malnutrition among the Tarahumara
Indians in the highlands of the Chihuahua
(NPS 2006). The invasive species Salt
Cedar, has proliferated through large
portions of the Big Bend area (where the
Rio Conchos joins the Rio Grande), and
is known to consume large quantities

of water (Dahm et al. 2000). One
monoculture of Salt Cedar is believed

to have choked 150 miles of the river
corridor downstream of El Paso/Ciudad
Juarez and may be the most extensive
infestation of this species in the world.

S Despite the relatively strong social stability and
institutional capacity to manage water in this basin,
basic hydrologic data including the portion of the
river's flow that reaches the sea and the portion that is
diverted, are not available.

S \With a population greater than 100,000 (WRI 2003).
%9271,260,000 m*/year (Dahm et al. 2000).

“OHigher than 15 m.

“THigher than 150 m.
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i Responses and Role of WWWF

WWEF is working to promote more
efficient irrigation practices and
restoration of environmental flows in
both the mainstem of the river and

its most important tributary, the Rio
Conchos. Our work in the Rio Conchos
begins in the headwaters, in the Sierra
Tarahumara, where we have helped
establish protected areas, implemented
community-based problem solving
workshops and processes, and funded
local water conservation projects.

Our community-based work joins WWF
with indigenous communities as well as
small, with self-governing communal
land organizations. Moving down stream,
WWEF is developing a payment scheme
for downstream water users who would
pay for better upstream watershed
management. Along the mainstem, we
are working with commercial agriculture
interests to develop water conservation
techniques for cotton, pecan and chili
pepper production.

Complimentary work in the policy arena
is focused on creating institutions and
sources of funding that can acquire
water “saved” in agriculture and apply
to environmental purposes such as
wetlands or in-stream flow. In addition,
WWEF is working to eradicate the water-
hogging invasive Salt Cedar and has
restored former floodplain habitat that
had been infested with this species.

Water over-
extraction
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i | Basin Characteristics

Length: 2,507 Km (Newby 1998)

Basin size: 1,016,124 Km? (WRI 2003)

Population: roughly 200 million people (Welcomme & Petr 2004)
Population density: average 401 people/ Km? (WRI 2003)

Key economic activity: agriculture

Key threats: water extraction, 14 proposed large dams (WWF 2004)
Other threat: climate change

The Ganges river basin runs from the central Himalayas to the
Bay of Bengal, and covers parts of Nepal, India, China and
Bangladesh (Newby 1998; WRI 2003). The Ganges flows through
northeastern India to the Bangladesh border, east-southeast

212 Km to its confluence with Brahmaputra, and continues as
the Padma River for another 100 Km to its confluence with the
Meghna River at Chandpur (Food & Agricultural Organization
(FAQ) 1997; FAO 1999). The basin occupies 30% of the land area
of India (Revenga 1998; United States Central Intelligence Agency
2006) and is heavily populated, increasing in population density
downstream to Bangladesh, the most densely populated country
in the world (WRI 2003; Rashid & Kabir 1998). Approximately

one in twelve people in the world (8% live in its catchment area
(Newby 1998). The cultural and economic significance of the
Ganges is enormous. The river is a centre of social and religious
tradition (Adel 2001) and is particularly sacred in Hinduism.

The Ganges river basin contains high biodiversity. There are
over 140 fish species, the richest freshwater fish fauna in India
(Jones et al. 2003; WRI 2003), 90 amphibian species, and five
areas supporting birds found nowhere else in the world. The
basin is home to five species of freshwater cetaceans including
the endangered Ganges River Dolphin which faces an annual
mortality rate of 10% (WRI 2003) and the rare freshwater shark,
Glyphis gangeticus (Martin 2003). The unique Sundarbans
delta mangroves are found where the Brahmaputra River and
Meghna River converge in the Bengal basin (Wilkie & Fortuna
2003; UNESCO 1998) and support over 289 terrestrial, 219
aquatic, 315 bird, 176 fish and 31 crustacean species (Ramsar
Convention on Wetlands 2001). There are also 35 reptile and
42 mammal species, including the world’s last population of
the mangrove-inhabiting tigers, Panthera tigris (WWF 2005¢).
Together the Brahmaputra and Ganges watersheds span 10
biomes and contain the widest diversity of all large river systems
as classified by Nilsson et al. (2005).

Water over-
extraction

e ¢ b China

Bhutan
Ganges

Bangladesh

India -



[} Ganges

0 Threat of Water Extraction on the Ganges

Water withdrawal poses a serious threat
to the Ganges. In India, barrages control
all of the tributaries to the Ganges and
divert roughly 60% of river flow to large-
scale irrigation (Adel 2001). India controls
the flow of the Ganges into Bangladesh
with over 30 upstream water diversions.
The largest, the Farraka Barrage, 18 Km
from the border of Bangladesh, reduced
the average monthly discharge of the
Ganges from 2,213 m?%/s to a low of
316m?%/s [14%] (Goree 2004; FAO 1999).
The Tehri Dam, which has been under
construction since 1978 (IRN 2002),
became operational in 2005 and is the 5™
largest dam in the world (IRN 2002; Oko
2004). Two hundred miles northeast of
Delhi, its reservoir completely submerged
40 villages and the old Tehri town, (IRN
2002), causing the resettlement of
100,000 people (Oko 2004). Tehri Dam
provides 270 million gallons of drinking
water per day, irrigates thousands of
acres of farmland and generates 2,000
megawatts of electricity mainly to the
Uttar Pradesh and Delhi (Oko 2004;
Bisht, 2005). This is part of the ‘garland
of rivers’ project in which the Indian
government plans to link 37 major rivers
(including all the major rivers flowing
from the Himalayas). The rivers would

be linked through a series of dams and
canals spanning the subcontinent*? to
provide stable drinking water supplies to
urban and rural populations and harness
some 34,000 MW of hydroelectricity (Oko
2004). In this US$125 billion ‘interlinking
of rivers’ scheme, India proposes to
divert vast quantities of water from the
Ganges (and Brahmaputra) to support
water and agriculture needs of the
drought-prone states in the south and
east. This would further aggravate water
poverty in Bangladesh (Indian Council of
Forestry Research & Education 2003). In
addition, governments along the Ganges

are heavily subsidizing electricity for tube
well pumps, plan to expand surface
water irrigation, and ban distribution of all
surface water diversion data (International
Water Management Institute 2002; Adel
2001; FAO 1999).

Over-extraction for agriculture in the
Ganges has caused the reduction

in surface water resources. This has
increased dependence on ground water,
the loss of water-based livelihoods*,
and the destruction of habitat for 109
fish species, and other aquatic and
amphibian fauna (Adel 2001). Lowering
water levels have indirectly led to
deficiencies in soil organic content,
and reduced agricultural productivity
(Adel 2001, Revenga et al. 2000).
Lastly, over-extraction of ground water
has seriously affected water quality.
Inadequate recharging of groundwater
impairs the natural cleansing of arsenic
which becomes water soluble when

Water over-
extraction

exposed to air, and threatens the health
of 75 million people who are likely to use
water contaminated with up to 2Mg/L

of arsenic (Adel 2001)#. Climate change
will exacerbate the problems caused by
water extraction. The Himalayan glaciers
are estimated to supply 30-40% of the
water in the Ganges, which is particularly
critical in the dry season prior to the
monsoon rains.

The projected annual renewable water
supply for 2025 indicates water scarcity*®
(Revenga et al. 2000). Although the
Ganges catchment drains virtually all of
the Nepal Himalayas and water supply
per person in the basin ranges from
adequate to ample®, its dry season
outflow (from December to February)

to the sea is non-existent (FAO 1999;
Revenga et al. 2000). Overall, excessive
water diversions threaten to eliminate
natural flows and severely damage
people’s livelihoods in the Ganges.

42This would involve building hundreds of reservoirs on
principle tributaries to the Ganges, digging more than
966 Km (600 miles) of canals, possibly flooding more
than 7,770 Km? (3,000 sg miles) of land, and uprooting
3 million people from their land (Indian Council of
Forestry Research & Education 2003).

4% Including those of boatmakers, fishing equipment
makers, transportation providers, and tourist site
operators (Adel, 1999).

“QOver-extraction has caused the ground water in
states such as Uttar Pradesh and Haryana to have
nitrate concentrations 5-16 times the safe level. In
Haryana, concentrations are 30 times the prescribed
limit (Revenga et al. 2000).

“Less than 1,700 m*/person/year (Revenga et al.
2000).

461,700-4,000 m¥/person/year (Revenga et al. 2000).
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i Responses and Role of WWWF
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In 1996, a 30-year Ganges Water Sharing
Treaty was finally agreed between

India and Bangladesh (Transboundary
Freshwater Dispute Database 2002).

Its ineffectiveness however is evident,

as India progresses with its river linking
project (Indian Council of Forestry
Research & Education 2003).

© WWEF-Canon/Michéle DEPRAZ

Typical daily scene along the Ganges River, people bathing and performing their ritual ablutions. Varanasi, India.

To reduce the threat of excessive water
extraction, countries can irrigate crops
more efficiently, use local knowledge, end
perverse subsidies, cap water extraction
levels, further community education

and awareness, and support integrated
river basin management (WWF 2005e).
WWEF has instigated a new initiative

on freshwater to foster sustainable
utilization and conservation of water

for future generations. It is currently
building a network of partnerships
between government agencies, NGOs
and freshwater professionals to support
monitoring, policy work and restoration
projects at different scales. WWF aims
to achieve biodiversity conservation
within the broader context of sustainable
development and poverty reduction.
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Climate change

The Indus (Asia) and the Nile-Lake Victoria (Africa)

© WWF / Lyn TRELOAR

Cormorants at the Lake Victoria source of the Nile.

The Indus faces threat
from climate change
because of its high
dependency on glacier
water. The Nile basin

is very sensitive to
increases in temperature
because of its high rate
of evaporation.

Freshwater systems are highly sensitive
to variations in weather and climate.

The accumulation of greenhouse

gases in the atmosphere causes global
climate change and affects patterns of
precipitation, evaporation, snowpack,
flood, drought and other factors
affecting freshwater supply and quality
(Kundzewicz & Mata 2003; IPCC 2001z;
Miller no date). Although there will be
certain changes in the quantity and
distribution of precipitation and runoff, the
local and regional impacts are uncertain.
Climate change should be considered in
the context of the many other stresses
to water resources (Kundzewicz & Mata
2003; IPCC 2001a; Miller).
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i | Basin Characteristics

Length: 2,900 Km (Encyclopzdia Britannica 2006) Tajikistan China
Basin size: 1,081,718 Km? (WRI 2003)

Population: 178,483,470 people (WRI 2003)

Population density: 165 people/ Km? (WRI 2003)

Key economic activity: agriculture Afghanistan
Key threat: climate change

Other threats: water extraction®, agricultural pollution, water infrastructure,
6 proposed large dams (WWF 2004)

Pakistan India

The Indus river basin spans parts of four countries (Afghanistan,
Pakistan, India and China) in an area that is more than 30% arid,
and much drier than the nearby Ganges river basin (WRI 2003).
The Indus River is critical for Pakistan’s 160 million people, and
irrigates 80% of its 21.5 million ha of agricultural land (Rizvi
2001; CIA 2006a)*®.

The watershed is also an area of rich biodiversity, particularly
where it opens to the Arabian Sea. The Indus river delta is a
highly productive area for freshwater fauna and an important
region for water birds (Ramsar Convention on Wetlands 2003).
The Indus is home to 25 amphibian species and 147 fish
species of which 22 are found nowhere else in the world. It
harbors the endangered Indus River Dolphin, one of the world’s
rarest mammals, with a population of no more than 1,100
individuals (WRI 2003; Ramsar Convention on Wetlands 2008;
WWEF 2005f). Due to reduced river inflows, the delta has lost
significant portions of its mangroves (WWF 2004).

“"Ranked most serious threat to the basin by WWF Pakistan.
“6The remaining 20% of water used for agriculture comes
from rain, especially during the monsoon season from July to
September (Rizvi 2001).
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0 The Threat of Climate Change to the Indus

The Indus River is extremely sensitive

to climate change due to the high
portion of its flow derived from glaciers.
Temperature controls the rate of glacier
melt, which in turn, provides more water
in dry, warm years and less water in cool
years. River catchments with a large
portion of glacial melt water experience
less variability in water flows. With
climate warming, many glaciers will no
longer exist to moderate the flow of
these rivers. Thus communities which
depend on glacier water will face more
severe water shortages, variability and
potentially greater flooding too (IPCC
2001a; WWF 2005g; Rizvi 2001). The
Himalayan glaciers provide the Indus with
70-80% of its water (Kiani 2005), the
highest proportion of any river in Asia.
This is double the proportion of water
that they provide the Ganges (30%-40%).
Himalayan glaciers provide 44.8% of the
water in the Upper Indus in China alone
(Yang 1991).

The Indus basin is already suffering

from severe water scarcity due to over-
extraction for agriculture, causing salt
water intrusion in the delta (WRI 2003).
In 1995, the Indus River already supplied
much less water per person than the
minimum recommended by the United
Nations (UN)* and by 2025 is predicted
to suffer even more severe water
scarcity®® (Revenga et al. 2000).

Well-managed riparian forests are
especially important in minimizing the
impacts of climate change on river biota.
They provide shade and temperature
regulation, can moderate the effect of
frequent, short duration storm events and
can support natural water flow regimes.
However, the Indus basin has already
lost over 90% of its original forest cover
(Revenga et al. 1998; WRI 2003). Climate

change will exacerbate the impact

of deforestation on water regulation.
Although the Indus system is currently
robust enough to cope with shortages

of 10-13% in river flows, when the rivers
flow drops to 15-20% below the average,
irrigation shortages occur (Khan 1999).
Climate change will surely exacerbate the
problems of irregular and low flow.

Climate
change
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Indus River, Sukkur, Province of Sind, Pakistan, January 2005.

4910 1995, the Indus provided only 830 m®/person/
year, compared to the UN minimum standard of 1,000
m?®/person/year (Revenga et al. 2000).

%0 Projected annual renewable water supply is less than
500 m¥/person/year (Revenga et al. 2000).
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i Responses and Role of WWF

In 1990, all Pakistani provinces in the
basin signed a water accord, and the
Pakistani government ensured at least
10 million acre feet (MAF) of water to be
available for the delta each year, but has
since not followed up on this promise
(Ahmad 2004). In fact, the Pakistani
government provides water subsidies
for agricultural development and is
proposing the construction of another
six large dams. National Environmental
Quality Standards exist, but Pakistani
environmental protection agencies do not
enforce them effectively (Ahmad 2004).
Coastal residents have been unable to
raise the issue of water supply through
their representatives in the national
parliament (Ahmad 2004). Currently three
public sector organizations manage
surface water resources and delivery:
the Indus River System Authority, the
Pakistan Water and Power Development
Authority, and the provincial irrigation
departments in Pakistan. However

there is no effective method to ensure
adequate distribution (Khan 1999). In
addition, although more than 30 different
departments, institutions, and NGOs are
working on different aspects of resource
management in the Indus River and
delta, this knowledge is rarely shared or
disseminated to the relevant stakeholders
(Ahmad 2004).

WWEF is developing a long-term
conservation programme, ranging up to
50 years, focusing on freshwater scarcity
in the coastal areas of the Indus delta
(Ahmad 2004).

Although both Pakistan and India are
grappling with mitigating the effects of
climate change, Pakistan’s contribution
to greenhouse gas emissions are
dwarfed by those of wealthier and
more industrialized nations such

as Canada, the United States and
Australia. It is essential that the global
community work together to implement
emissions reductions. WWF is working
to strengthen the ability of developing
countries®!, such as India and Pakistan
to effectively participate in and foster the
implementation of the UN Framework
Convention on Climate Change (FCCC)
by mobilizing relevant and influential
stakeholder groups in key countries.

In addition, WWF is implementing a
programme to ensure public and
private investments in developing
countries in the Asia/Pacific region

to: support the objectives of the

FCCC, support technology transfer,
climate change mitigation and impacts
awareness raising in Asian developing
countries, and create a process of
developing country participation in the
FCCC process. These efforts involve
export credit agency reform to promote
clean investment, and strengthening
the clean development mechanism to
support low-emission technologies.

Climate
change

| °7'Non-annex 1" countries. (IPCC 2001a).
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Length: 6,695 Km (WWF 2001)

Basin size: 3,254,853 Km? (WRI 2003)

Population: 360 million (Rowley 2005)

Population density: 46 people/ Km? (WRI 2003)

Key economic activity: agriculture

Key threat: climate change

Other threats: excessive water extraction, invasive species

The Nile River-Lake Victoria basin falls within ten countries
(Sudan, Ethiopia, Egypt, Uganda, Tanzania, Kenya, Rwanda,
Burundi, Democratic Republic of Congo, Eritrea) (WRI 2003),
and is roughly the size of India. The Nile is also the longest
river on earth, and meanders through a watershed that is
more than 30% arid (Encyclopedia Britannica 20063;
Revenga et al. 1998). The longer of two branches, the
White Nile, extends from the mountains east of Lake
Tanganyika, through Lake Victoria, to the Nile delta at the
Mediterranean Sea (WWF 2001). The shorter branch, the
Blue Nile, springs from the Ethiopian Highlands, joining the
longer branch in central Sudan, and contributes the majority
of water entering Egypt (WWF 2001)%2.

People have been farming intensively in the Nile river basin for
more than 5,000 years. Today, there are 25 large cities with
more than 100,000 people. The Nile delta is home to virtually
all of Egypt’s 78 million people, where the average population
density ranges from 1,000 person/Km? to much higher in major
cities, such as Cairo (WRI 2003; WWF 2001; United States
Central Intelligence Agency 2005). Although the water supply
per person is currently ample®, the Nile is one of six river basins
in the world with a projected population exceeding 10 million
that is predicted to face water scarcity by 20255 (Revenga et
al. 2000).

Egypt

Nile River

Eritrea

Tanzania

The Nile river basin is home to a bountiful array of biodiversity
including 137 amphibian species, 69 wetlands that are
important bird areas (IBAs), and five areas supporting birds
found nowhere else in the world (WRI 2003). The Nile delta is
one of the world’s most important bird migration routes and
is a breeding ground for two endangered marine turtles, the
Loggerhead and the Green Turtle (Denny 1991; Schleich et
al.1996). The Nile River alone supports 129 fish species, of
which 26 are located only in this watershed. Lake Victoria
sustains a remarkable 343 fish species and 309 endemic fish
species, which make it the highest globally in both categories®
(Revenga et al. 2000).

52The Blue Nile contributes roughly 84% of the water
above Egypt's Aswan High Dam (WWF 2001).

55 Per capita water supply is 2,207 m*/person/year,
1995 (WRI 2003).

%Less than 1,000 m*/person/annually (Revenga et
al 2000).

% For lakes with an area of less than 400,000 Km?
(Revenga et al. 2000).
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[ Threat of Climate Change to the Nile-Lake Victoria

Due to heavy human extraction and high
evaporation, the Nile river basin and its
inhabitants are especially sensitive to
climate change. Current water withdrawal
for irrigation is so high, that despite its
size, in dry periods, the river does not
reach the sea (WWF 2004c). In addition,
along its 3,000 km course through arid
northern Sudan and southern Egypt, the
Nile loses a huge amount of water to
evaporation (United Nations Environment
Programme (UNEP) 1993). This makes
water supply extremely sensitive to
temperature and precipitation changes.
Climate warming models provide
diverging pictures of future river flows in
the Nile from a 30% increase to a 78%
decrease (IPCC 1997; IPCC 2001; Olago
2004). In addition, saltwater intrusion
into coastal freshwater resources
(including aquifers) is likely to increase as
a result of sea-level rise due to climate
warming (IPCC 2001; Miller no date) and
would further reduce the availability of
freshwater in the delta region. Climate
change may make Egypt drier and
warmet, intensifying its dependency on
irrigation®® (UNEP 1993). In light of the
high and growing human demands for
water and water-intensive agriculture

on the banks of the Nile, reduced water
flows under climate change would be
catastrophic.

Climate change will also have a
significant impact on fisheries,

affecting both the productivity of fish
populations and how they are distributed
(Environment Canada 2005). Small
changes in temperature can dramatically
alter water levels, mixing regimes and
fish productivity (IPCC 1997). This may
result in increased fish productivity in

the short term, but not indefinitely (IPCC
2001). Higher temperatures in Lake
Victoria can result in slackened winds,

less intense mixing, and changes in the
nutrient dynamics which would affect
fisheries productivity and completely
alter the trophic structures of fish
communities (O’Reilly et al., 2003;
Verburg et al., 2003; ENSO Project 2003
in Olago 2004). Sporadic upsurges of
the ‘oxycline’ threshold in the water
column, below which waters are starved
of oxygen, have risen to depths as
shallow as 10 m in Lake Victoria, and
have already been associated with fish
kills (Ochumba 1996 in Olago 2004).
Reduced fish production could affect
food availability, aggravate poverty and
possibly exacerbate political instability in
the region.

Lastly, the Nile basin traverses the
largest number of countries of any

basin in Africa; changes in the timing
and availability of water under climate
change may lead to tension, insecurity
and management problems (IPCC
1997). Currently, Egypt and Sudan have
full water extraction rights of the Nile®’,
and have threatened to use force on
upstream nations that implement water
diversions (Singh et al. 1999 in WWF
2001; IPCC 1997). A reduction over
20% of Nile River flows would make this
agreement impossible to implement and
result in serious social and economic
problems (IPCC 1997). Already, more
than half of the Nile’s basin countries
receive more than 90% of their electricity
from hydropower, another three are 70%
dependent on hydropower (IRN 2004a)
and these countries have experienced
power shortages during recent droughts.
Further, the recent peace agreement in
Sudan may facilitate development in that
country that will require expansion of
water use.

Climate
change

% The Egyptian government is already attempting to
convert desert to agriculture; this new farmland is
inefficient and water-intensive (UNEP 1993).

5 Due to a colonial era treaty (Singh et al. 1999 in
WWEF 2001; IPCC 1997).
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i Responses and Role of WWWF

In 1999, the basin countries established
the Nile Basin Initiative (NBI), a regional
partnership to facilitate the sustainable
development and management of Nile
resources (NBI 2005). The NBI seeks

to invest in and improve stakeholder
involvement, and power market
coordination among basin countries,
socio-economic benefit-sharing both
today and in the future, integrated water
management training, and water use

©WWF /Lyn TRELOAR

efficiency in agriculture (NBI 2005).

The Lake Victoria source of the Nile. The river originates from two distinct
geographical zones, the basins of the White and Blue Niles.

Unfortunately, climate change
complicates the relations between

Nile Basin Initiative states. Under the
Shared Vision Programme, the Nile
Basin Initiative seeks to work with

basin countries to conduct long term
planning to protect the river, increase
their capacity to provide needed energy
and water, and become more resistant to
climate change.

In the Mara river watershed in Kenya and
Tanzania, which drains into Lake Victoria,
WWEF is facilitating stakeholder dialogue
on integrated river basin management
for regional and district government
institutions, non-governmental
organizations and communities. This
includes work to: protect the forest
sources of the river on the Mau
escarpment, model environmental flows,
and develop water sharing agreements
needed to sustain people and nature
along the river.

WWEF also works globally to mitigate
climate change and to identify
sustainable energy sources. WWF is
developing a small project that will
examine the effects of climate change
on freshwater resources in the Mara
river basin. This project will conduct an
assessment of impacts, develop locally
acceptable adaptation mechanisms,
communicate climate testimonials and
engage policy makers. WWF is also
implementing an environmental education
programme in the Lake Victoria basin
that aims to sensitize local communities
and governments on the changing
situation of the lake and its catchment.



Invasive species
The Murray-Darling (Asia-Pacific)

Invasive
species

© WWF/Fredy MERCAY

Flooded forest along Murray River near Tocumwal.

An invasive species

is a plant or animal

that is intentionally

or unintentionally
introduced to a region in
which it did not naturally
evolve, and where in

its new environment, it
grows to out-compete
native species and
communities.

Invasive species threaten the biological
fabric of river basins. A survey of 31

fish introductions in Europe, North
America and Australia and New Zealand
shows that in 77% of cases, native fish
populations were reduced or eliminated
following the introduction of non-native
fish (Revenga et al. 1998). Islands and
their freshwater systems are particularly
sensitive to invasive species, and
Australia’s Murray-Darling basin is

no exception.
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i | Basin Characteristics

Length: 3,370 Km (Australian Government 2005)
Basin size: 1,050,116 Km? (WRI 2003)
Population: 2 million (extrapolated from WRI 2003)
Population density: 2 people/ Km? (WRI 2003)

Key economic activity: agriculture, grazing, tourism (Australian
Government 2003; Murray Darling Basin Commission (MDBC) 2006)

Key threat: invasive species, especially from aquarium trade
Other threats: river regulation & fragmentation, salinization, climate change

The Murray and Darling Rivers cross four Australian states and
one territory, draining roughly 14% of Australia’s land mass.
The source of the Murray, which contributes the majority of

the system’s total discharge, is in the Australian Alps (MDBC
2006a). The Murray-Darling river basin is a vital source of water
for the major cities of Adelaide and Canberra, but it is more than
30% arid (WRI 2003). The Murray and Darling Rivers have great
variability in year to year flows, and their ecology is driven by
large floods covering their extensive floodplains and intervening
dry periods (MDBC 2006a). Compared to other major river
systems the in the world, the Murray-Darling is large in terms of
its length and catchment area, but small and erratic in terms of
discharge, and surface runoff (MDBC 2006a).

Despite these variable conditions, the Murray-Darling is home

to abundant aquatic plant and animal life. In the Murray-Darling
basin, there are around 30,000 wetlands, 12 of these are
internationally recognized Ramsar sites (Australian Government
2005a). The basin is known for its diversity of crayfish and
freshwater snails (Revenga et al. 2000; WRI 2003), and is

home to 16 mammal and 35 bird species that are nationally
endangered (Australian Government 2005a). Despite the
relatively low number of endemic fish species (seven in total), it
is home to flagship species such as the Silver Perch, Freshwater
Catfish and the large Murray Cod all of which are in rapid decline
(WRI 2008; Barrett 2004).
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Flowering Lippia infestation along banks of Namoi River, near Boggabri, NSW,
February 2004.
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0 Threat of Invasive Species in the Murray-Darling

In the past century, native fish species in
the Murray-Darling basin have undergone
a serious decline in distribution and
abundance, while that of invasive species
has significantly increased (MDBC

2005). In fact, native fish populations

are roughly 10% of their pre-European
settlement levels (Murray Darling Basin
Ministerial Council 2003; Philips 2003

in Barrrett 2004). Nine of the 35 native
fish species are nationally ‘threatened’,
two are critically endangered, and 16

are threatened under state jurisdictions
(Barrett 2004). In contrast, both the
invasive European Carp and Plague
Minnow are now abundant (Australian
Government 2004). This is likely a result
of significant changes in water flow,
thermal (cold water) pollution, instream
habitat degradation, and barriers to fish
passage which have fostered conditions
favourable to invasive species over native
fish populations (MDBC 2005). At least
11 introduced fish species make up one
quarter of the basin’s total number of

fish species, including the Brown Trout,
Rainbow Trout, Redfin Perch, Gambusia,
and Goldfish (Australian Government
2004; Harris and Gehrke 1997 in Barrett
2004).

In 30 years since its introduction,
however, the European Carp has become
the predominant biomass in the Murray-
Darling (Australian Government 2004;
Barrett no date). At many sites, carp
account for an estimated 60-90% of the
total fish biomass, with densities as high
as one carp per square meter (Australian
Government 2004; Harris & Gehrke 1997
in Barrett 2004)%.

Due to the high level of water regulation
and fragmentation in the Murray-Darling,
carp’s ability to breed in turbid water

in the absence of the natural flood

and drought cycle, give it a biological
advantage over native fish species
(Sinclair 2001 in Olivier 2003). Irrigated
agriculture accounts for 95% of water
diversion in the Murray, covers almost
1.5 million ha in the Murray-Darling
basin, and has severely damaged the
rivers’ ecology (Murray Darling Basin
Commission 2006c¢). Extensive dam and
weir development for agriculture creates
barriers to native fish migration, extracts
half of the annual stream flow in the
Murray®®, and increases periods of low
flow®. Such development also causes
permanent flooding and high water in
some areas, increases sedimentation,
and reverses the seasonality of natural
flows (Murray Darling Basin Ministerial
Council 2003; MDBC 2006b; Australian
Government 2006). In addition, carp
change the natural habitat by uprooting
the vegetation upon which native fish
depend for habitat and food (Sinclair
2001 in Olivier 2003). Carp also muddy
the water in which they feed, which
blocks the photosynthetic growth of
native aquatic plants. Unlike native fish,
these invasives have fleshy barbs which
are well-adapted for searching for food
in murky waters (Sinclair 2001 in Olivier
2008). Compounding this damage,
periodic unnaturally cold water released
from dams in the headwaters of all but
three river tributaries prevent ‘warm
water’ native fish from breeding for
around 300 Km downstream (Victorian
Government 2001; New South Wales
Government 2001). For example,
localized extinction of the Trout Cod,
Murray Cod and Macquarie Perch has
occurred 100 Km downstream following
completion of the Dartmouth Dam

Invasive
species

(Barrett 2004), the last major dam built in
the basin. Removing ‘snags’ (fallen trees
and branches) from the watercourse also
reduces the habitat quality and breeding
success of native fish while increasing
the competitive advantage of invasives
(Murray-Darling Basin Ministerial Council
2003; Barrett 2004). Carp also spawn

in the many vegetated irrigation channel
systems in the Murray-Darling River
system (Victorian Government 2001).

The Mosquito Fish or Plague Minnow

is another serious threat to native fish

in the Murray-Darling. An aquarium

fish that was introduced in the 1920’s

to prey on mosquitoes as it did in the
Rio Grande, this species has had no
impact on mosquito prevalence, but
attacks, injures and preys on native fish
(Australian Government 2004). It nips
the fins of other fish, leaving open sores
which spread pathogens among fish, and
competes with them for food and habitat
(Olivier 2003; Australian Government
2004). The Mosquito Fish also feeds

on native fish fry at the water’s surface
and preys on the eggs and attacks the
tadpoles of native frogs (Olivier 2003;
Australian Government 2004)°".

Continued D

%8 Originally from central Asia, the European carp grows
up to 60Kg (Olivier 2003).

5Total of 11,000 GL of water per year (MDBC 2006).
5050 much water has been extracted that the river
mouth has only been linked to the sea by dredging
(Kemp & Truss 2002).
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Speaking of aquarium fish released
into the Murray-Darling, this is now the
largest source of new feral freshwater
fish in Australia (Olivier 2003; Australian
Biosecurity Group 2005). Since 1990,
the number of exotic fish in Australia’s
waters overall jumped from 22 to 34,
and all except for one of these
introduced species originated from the
aquarium trade (Australian Biosecurity
Group 2005).

Compounding damage to the Murray-
Darling, are invasive plants including
water plants released from aquariums
and ponds, riparian trees introduced

for aesthetic purposes, and a variety

of plants introduced for agricultural

and ornamental purposes that are
invading floodplains and other wetlands.
One example is Lippia, introduced as
an ornamental ‘'no mow’ lawn. This
unpalatable herb is smothering the river
system’s floodplain. These plants reduce
the natural productivity of the floodplain,
river and other wetland habitats, further
depleting natural wildlife populations.

These invasive species reflect an
ongoing governance failure common

to most countries. While the Australian
Government has long had some
quarantine controls, they have not
adequately excluded new introductions
of dangerous species. Most importantly,
Australian governments have failed to
adequately screen the many exotic
species already in the country — legally
and illegally - and undertake ‘incursion
management’, to kill dangerous species
while their populations are still low. Also
better ‘vector controls’ to manage the
sources of these exotic species are
missing, such as programmes directed at
aquaculture and at the aquarium trade to
regulate and prevent release of alien fish
and plants. Instead most state (provincial)
governments have focused on ineffective
and expensive ‘control’ programmes,
when these alien species have invaded
too thoroughly to be eradicated.

Stincidentally, the Murray-Darling is facing a noticeable
amphibian decline with the loss of 5-8 amphibian
species from two different locations (Revenga et al.
2000). In addition to the possible role of Mosquito
Fish, this loss in amphibian diversity is in part due to
predation from introduced trout.
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i Responses and Role of WWWF

The Australian national and provincial
governments agreed on a Murray-Darling
Initiative in 1992 and re-established

the Murray Darling Basin Commission
to coordinate the conservation and
sustainable use of the natural resources
of the basin. This included measures

to cap water extraction at 1994 levels,
and reduce salinity and algal blooms.

In addition, since 1996, AUD $2 billion
(~ USD $1.5 B) has been allocated to
recover water to increase environmental
flows and restore fish passage for the
lower 1,800 Km of the Murray River
(Australian Government 2005b; MDBC
2006). Despite these worthy initiatives,
the ecological health of the rivers
continues to decline.

In January 2007 the Prime Minister
proposed that the Federal Government
take control of the river system and
spend A$ 10 billion over 10 years in

an effort to reverse the river’s decline.
Following lobbying by WWEF, the national
government is finally developing a
‘National Framework to Prevent and
Control Invasive Species’ and has
developed a list of policy, coordination,
prevention, early warning, rapid
response, eradication and containment
and control measures that should be
implemented (Australian Biosecurity
Group 2005). Previous national policies
for weeds and feral animals focused on
ineffectual ‘control’ programmes and
ad hoc selections of species that had
already escaped.

The Murray Darling Basin Commission
has developed a Native Fish Management
Strategy which responds to the key
threats to native fish populations in

the Murray-Darling basin including the
introduction of alien fish species, the
spread of diseases, and translocation
and stocking of fish (MDBC 20083).

The overall goal of this Strategy is to
rehabilitate native fish communities in
the basin to 60% of their estimated pre-
European settlement levels, 50 years
after implementation (MDBC 20083).

Authorities are experimenting with

three forms of European carp control
—including increasing the variability of
river flows so that native fish recruitment
increases and carp eggs are killed,
harvesting carp for use as food, fertilizer
and commercial products (including
trapping carp in fish ladders), and
biological control through the use of a
virus known as Spring Viraemia which
exists naturally in carp populations in
Europe (MDBC no date).

Climate
change

In addition, WWF’s Water for Life
campaign seeks to ensure that Australia’s
over-allocated river and groundwater
systems receive the necessary additional
water to become ecologically healthy,

to restore environmental flows, and to
protect high conservation value systems
from degradation through the National
Water Initiative and National Water
Commission, established in 2004 (WWF
2004a).

The most effective invasive species
management is to prevent initial
introduction. This needs to occur at
different scales ranging from effective
national quarantine programmes, to
activities at the national, provincial, river
basin and site scale. WWF is working
with Australian government agencies to
fill gaps in the national quarantine law,
create a comprehensive early warning
surveillance programme, and develop
contingency plans to manage new
incursions of aquatic pests.



Over-fishing
The Mekong (Asia)

In the Mekong, the
importance of fisheries
for human subsistence
cannot be understated,
but this naturally
bountiful resource is
not being managed for
future use.

Clarifying fishing rights and reducing
illegal fishing practices are key to
preserving food security in the region.

Mekong River’s Giant Catfish being tagged and released in the
Tonle Sap Lake, Cambodia.

Over-fishing

© WWEF-Canon / Elizabeth KEMF

Aerial view of the Mekong delta. in Southern Vietnam.



Basin Characteristics

Length: roughly 4,600 Km (Mekong River Commission (MRC) 2003)
Basin size: 805,604 Km? (WRI 2003)

Population: 57,197,884 people®? (WRI 2003)

Population density: 71 people/ Km2 (WRI 2003)

Key economic activity: fishing, aquaculture, agriculture and natural
resource harvesting

Key threats: over-fishing, illegal fishing

Other threats: large infrastructure (hydropower dams - 58 large dams built
and another 149 planned - and roads)®, deforestation, changes in sediment
transport patterns (linked to land use changes and built structures) and
toxics from agriculture (MRC 2002 van Liere & McNeely 2005; Angell 1996)

The Mekong river basin is the largest in Southeast Asia (Milton,
2000). It is the 10" largest in the world by volume (WRI 2003),
draining an area more than twice the size of Germany. Rising

in the mountains of China’s Qinghai province near Tibet, it
flows south. It forms the border between Laos and Myanmar
(Burma), most of the border between Laos and Thailand,

and moves across Cambodia and southern Vietnam into a

rich delta which opens to the South China Sea (WRI 2003;
Water Policy International Limited 2001). Unlike many major
rivers in Asia, this river and its flood regime are relatively intact
(Revenga et al. 2000). As a result, the lower Mekong basin is
the most productive river fishery in the world (MRC 2004 in
WWEF 2004). Freshwater fisheries here have a commercial value
exceeding US$1.7 billion and provide 80% of the animal protein
consumed by 55 million inhabitants (Van Zalinge et al.2003).
Not surprisingly, the lower Mekong countries have some of the
highest dependence on inland capture fisheries in the world®
(Welcomme & Petr 2004).

The basin is home to an amazing 1,200-1,700 fish species, the
highest fish diversity in any basin after the Amazon and Congo
(WRI 2003). Sixty-two fish species are found nowhere else in the
world (WWF 2005i). This river harbours more species of giant fish
than any other on the Earth as well as the largest freshwater fish
known to science, the Mekong Giant Catfish (Allan et al. 2005;
Environmental News Service 2005). There are over 160 known
amphibian species, and five Ramsar wetlands of international
significance (WRI 2003). The basin is also home to the Irrawaddy
Dolphin, the Mekong population of which is critically endangered
(WRI' 2003).

Over-fishing
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The exceptional fishery in the Mekong River is based on the
ecological boost provided by the annual wet season flood of its
extensive floodplain, particularly the back flow of the river into
the Tonle Sap Lake in Cambodia. The scale of this beneficial
flooding and consequent fish harvest is threatened by the
present and potential impoundment of floodwaters behind 58
existing and 149 proposed large dams, and by roads in the
floodplains.

2MRC estimated the total basin population to be 73
million people in 2000 and the confirmed number for
the lower basin is over 65 million, so the current total
population is likely much larger than this number.

8 Ranked primary threat in the WWF Living Mekong
Programme revised conservation plan.

% Per capita fish consumption approaches 60 Kg/
person/year (Welcomme & Petr 2004).
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Threat of Over-fishing in the Mekong

Despite the productivity of the Mekong,
the threat of over-fishing is high because
of the huge scale of subsistence fishing,
the majority of which goes unrecorded,
as well as poor fishing practices. In
basins around the world, inland fisheries
are “under-reported by two to three
times”, so their contribution to direct
human consumption is likely to be at
least twice as high as the reported fish
catch (Revenga et al. 2000). Subsistence
fishing in the Mekong is heavy and
destructive, and there is evidence of
declining fish populations as a result.
Most important however is evidence

of the loss of community structure,

i.e. assemblage over-fishing®, where
entire biological groups of fish, not just
individual species, start to disappear.

In Cambodia’s ‘great lake’, the Tonle
Sap, where most large-scale inland
fishing takes place, fishers report the
rampant use of illegal fishing methods
and declining fish catches (Allan et
al.2005). Several Mekong fish species
are now endangered (Allan et al.2005)
and both the number and size of fish
caught has steadily declined (FAO
Newsroom September 2005). In fact,
recent data demonstrates a pattern of
increasing catch and increasing fishing
effort followed by a declining catch

with a sustained effort, typical of an
over-exploited population (Allan et al.
2005). For instance, a century ago, the
Mekong Giant Catfish was found along
the entire length of the river from Vietnam
to southern China. Since then, however,
populations have dropped precipitously
(WWF 2006b). Scientists estimate that
the total number of Mekong Giant Catfish
has decreased about 90 percent in just
the past two decades (WWF 2006b;
Environmental News Service 2005).
WWEF recently helped broker a voluntary

ban on this species with Thai fishers
(WWF 20063). In Laos as early as 1890,
a large fishery developed for the Mekong
Giant Catfish but by 1940, declines
were observed in northeast Thailand.
Other large fish species including the
River Catfish, the Giant Carp, and the
Giant Stingray in the Mekong are in
decline, indicating possible ‘assemblage
overfishing’ (Allan et al. 2005).

In the Mekong, uncertain fishing rights,
over-fishing and illegal fishing have taken
a heavy toll on fish stocks. People illegally
use small-meshed mosquito nets to
capture fish (which catch juveniles as well
as adult fish), electro-shock fish with car
batteries, and increasingly over-harvest
fish with poison (FAO 2005). Inherited
from colonial times, the Cambodian
government has managed its fisheries
according to a concession system that
enables unfair access, corruption and
occasionally violent disputes (FAO 2005;
van Zalinge et al. 2003).

The productivity of the Mekong River
underscores the importance of this
region in providing millions with food,
but creates the misleading impression
that its resources are limitless. It is clear,
however, that unsustainable fishing
practices and levels of harvest, along
with changes in water flows induced by
new dams, threaten the permanence of
this wealth.

Over-fishing

5 Assemblage over-fishing occurs when fishing an area
causes changes in the fish community composition,

a decline in the largest-bodied species, a reduction in
the mean trophic level of the assemblage, or a change
in the temporal responsiveness of populations to
environmental fluctuations (Allan et al. 2005).



Mekong

Responses and Role of WWWF

In 1995, all basin countries except the
two upper basin states, China and
Myanmar, signed the Mekong Agreement
and revitalized the Mekong River
Commission® to promote cooperative
management of the river (Water Policy
International Limited 2001). Though

the Commission has made progress in
its relations with China and Myanmar

in sharing information on fisheries and
hydrological data, insufficient attention
has been paid to halting overfishing
throughout the basin. Areas threatened
by overfishing need better institutional
capacity to create and enforce legislation
on fishing methods and rights. In
addition, community-based fishing
cooperatives, improved communication
between stakeholders and integrated
basin management are essential in
protecting beneficial flooding and the
Mekong River’s resources.

Over-fishing
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Sampans meet at early morning market in the Mekong delta. Vietnam.

The Mekong River Commission was
involved in the Mekong Wetlands
Biodiversity programme jointly
implemented with UNDP-IUCN,

and through the MRC Environment
Programme’s work on Water Quality
Management (MRC 2006). Oxfam is
now working with Mekong communities
in Thailand to help them establish fish
conservation zones, sound community
fishing, and respect for local resources
(Oxfam American 2005). Cambodian
authorities also teamed up with the FAO
and are running a participatory natural
resource management programme in
one of the Tonle Sap’s poorest provinces,
Siem Reap (FAO 2005). Currently, 5.4%
of the basin’s area is protected (WRI
20083). Freshwater protected areas
serve as an important breeding and

fish recruitment grounds, and provide
as an alternative source of income for
communities through eco-tourism.

The WWF Living Mekong Programme
(LMP) works in Laos, Thailand, and
Vietnam, and Cambodia, and with China
to maintain the biological integrity and
sustainable management of the basin’s
terrestrial and freshwater resources

to benefit local communities, nations
and the region as a whole. It is a multi-
disciplinary project aimed at coordinating
conservation and sustainable
development in the river basin through

a framework of strong international

and regional cooperation with a wide
range of key partners including the
Mekong River Commission. The LMP
focuses on i) effective decision-making,
mechanisms and policies to reduce
major threats, such as infrastructure ii)
providing effective protection, restoration
and management of freshwater species,
habitats and ecosystem processes,

iii) ensuring local populations manage
their aquatic resources to contribute

to sustainable regional and economic
development, iv) awareness and
capacity-building, and v) alternative and
appropriate energy development.

% Mekong River Commission:



Pollution
The Yangtze (Asia)

Freight ship with coal on the Yangtze River, near the Three Gorges Dam, Hubei Province, China.

Freshwater ecosystems
naturally filter and purify
water. However, this
ability is impaired by
excessive pollution and
habitat degradation

(Revenga et al. 2000).

© WWEF-Canon / Claire DOOLE

A number of physical, chemical, and
microbial factors reduce water quality
including organic pollutants, nutrients,
heavy metals, salinization, acidification,
suspended particles and temperature
(Revenga et al. 2000). Rapid industrial
growth has lead to devastating water
pollution problems in China.

© WWEF-Canon / Claire DOOLE

Coal heaps on the banks of the Yangtze River, being loaded into freight ships.
Hubei Province, China.
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Pollution

i | Basin Characteristics

Length: 6,300 Km (People’s Republic of China (PRC) 2004)
Basin size: 1,800,000 Km? (Owen 2001)

Population: 430 million people by the end of 2003 (National Bureau of
Statistics 2004)

Population density: 238 people/ Km?(National Bureau of Statistics 2004)
Key economic activity: agriculture, industry, transportation

Key threat: pollution (sedimentation, and industrial, agricultural and
domestic waste)

Other threats: 105 large dams planned or under construction, inter-basin
water transfer and other water infrastructure, over-fishing and illegal fishing
(WWF 2004)

The Yangtze River, also called the Chang Jiang meaning

‘long river’, rises in the mountains of Qinghai Province on the
Tibetan plateau, and flows 6,300 Km to the East China Sea,
opening at Shanghai. Its catchment covers 1/5 of the land
area in China (PRC 2004). For two centuries, the Yangtze has
served as a transportation and commercial thoroughfare, and
steamers can navigate as far as Yichang, 1,600 Km from the
sea (Owen 2001). The Yangtze river basin accounts for 40% of
China’s freshwater resources, more than 70% of the country’s
rice production, 50% of its grain, more than 70% of fishery
production, and 40% of the China’s GDP (National Bureau of
Statistics 2004).

China

Yellow River

Yangtze River

In addition to its social and economic importance, the Yangtze
river basin is a centre of immense biological wealth. The river is
home to 350 fish species (including the giant Yangtze Sturgeon),
of which 112 are endemic (Park et al. 20083). In the main channel
of the upper Yangtze alone, there are 261 fish species, 44

of which are found only in this region (Park et al. 20083). The
Yangtze contains high crab biodiversity, and over 160 amphibian
species (Grommbridge & Jenkins 1998). This basin is the sole
habitat of the critically endangered Chinese Paddlefish, the
endangered Finless Porpoise, and the now believed to be
extinct Chinese River Dolphin, the most critically endangered
cetacean in the world (WWF 2005h). The most threatened
crocodilian species in the world, the Chinese Alligator, is only
found in the lower reaches of the Yangtze® (WWF 2005h).

This basin is home to other endangered charismatic species
including the Giant Panda, the largest salamander in the world,
Audrias davidianus, the once-extirpated Pere David’s Deer now
re-introduced from captive stock, and the critically endangered
Siberian Crane (WWF 2005h; WWF 2004).

8" More than 2,000 individuals exist, but most are
artificially bred.
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[ Threat of Pollution in the Yangtze

Rivaling the impact of the Three Gorges
Dam, this basin faces unprecedented
pollution as a result of rapid, large-scale
industrial and domestic development, and
agricultural runoff. According to Chinese
environmental activist Dai Qing, the
Yangtze used to be so clear that you could
see a pen sink to the bottom. Now it has
become so dirty that it is not fit for drinking
(Chao 2006). Over the last 50 years, there
has been a 73% increase in pollution
levels from hundreds of cities, in the main
stem of the Yangtze River (WWF 2005h).
The annual discharge of sewage and
industrial waste in the river has reached
about 25 billion tons, which is 42% of

the country’s total sewage discharge,

and 45% of its total industrial discharge
(WWF 2005h; Fang and Zhou 1999 in

Pu 2003). In addition, the CCICED (China
Council for International Cooperation on
Environment and Development) Task Force
on Reducing Non-Point Pollution from
Crop Production concluded that 92% of
the nitrogen discharged into the Yangtze is
from agriculture (CCICED 2004). Shipping
discharges are also to blame for the river’s
declining health (Reuters 2006). As well,
the extensive loss of floodplain areas to
agriculture has reduced the basin’s ability
to detoxify pollutants.

The major pollutants in the Yangtze
mainstem are suspended substances,
oxidizing organic and inorganic
compounds, and ammonia nitrogen

(Pu 2003). This has severely reduced
drinking water quality and contributed to
dramatic eutrophication (WWF 2005h).

In addition, shallow, slower water flowing
in belts adjacent to the banks near urban
areas, and in smaller lakes and tributaries
off the main stem, suffer even worse
eutrophication and higher concentrations
of the pollutants (Pu 2003; Anid & Tschirley
1998). In one study, cadmium levels in

irrigation waters at Hubei Province in the
middle reaches of the Yangtze were 160
times applicable water standards (Anid

& Tschirley 1998). Tests from the hair of
affected populations revealed that the
levels of cadmium are five times higher
than background levels and only marginally
lower than the threshold concentration
causing itai-itai disease in humans (Anid &
Tschirley 1998). Local Chinese experts are
now describing pollution in the Yangtze as
‘cancerous’ (Reuters 2006).

In addition, the Yangtze is the fourth largest
sediment carrier in the world due to the
proportion of arable land in its catchment,
damming and erosion from land
conversion (farming and forestry)® (Higgitt
& Lu 1999; Owen 2001; Li & Deng 2004).
In the first sixty years of the 20" century,
the Yangtze’s sediment yield increased

by about 30%, which corresponds to a
related increase in surface erosion area

in the basin (Yang et al. 2004). Since the
1960’s, the sediment yield in many areas
of the basin has increased, while the
suspended sediment flux has dramatically
decreased as it has been trapped in dam
reservoirs (Yang et al. 2003).

Lastly, hydropower developments impound
reservoirs that severely affect water quality.
After 13 years of construction, the Three
Gorges Dam is now built and will be fully
operational in 2008 (Chao 2006). The
Three Gorges Dam® exacerbates water
pollution by impounding waters, trapping
sediment and increasing eutrophication.
Chongaing Municipality, at the confluence
of the Yangtze and Jialing rivers has
become the largest economic centre in
southwest China, but is the largest source
of organic water pollution in the Yangtze
upstream of the Three Gorges Dam (World
Bank 1998). Before the Three Gorges
Dam, health impacts in the area were

Pollution

already substantial including intestinal
infectious diseases such as hepatitis A,
and dysentery incidence rates some 50%
higher than the national average. E.coli
bacteria is rampant in water sources, and
as high as 15,000 E.coli/L in some parts
of the city (World Bank 1998). The Three
Gorges Dam, about 660 Km downstream,
reduces the velocity of the Yangtze River,
increases its water depth, and alters the
natural flow regime. In the huge reservoir™
behind the dam, eutrophication threatens
surface water quality, and near water
intakes (World Bank 1998; IRN 2001).
Also, impounded water submerges
existing urban water and sanitation
infrastructure. In addition, construction

for the Three Gorges Dam never included
a budget to clean towns of toxic waste
before submerging them (Chao 2006). In
Wanxian, Wan County, the Three Gorges
Dam submerges part of the sewer system
and waste water treatment plant as well
as dumpsites along the river (World Bank
1998). Garbage heaps, boat effluent, pig
and animal waste, factories, hospitals, and
mines containing hazardous and possibly
radioactive waste on the bottom of the
reservoir are creating serious pollution
(Owen 2001; China’s State Environmental
Protection Administration (SEPA) 1997 in
Owen 2001; WWF 2005h; Chao 2006). In
addition, possible riverbank collapses and
landslides’" as a result of damming will add
even more stress to the water quality of
the Yangtze (Jian et al. 2005).

% Between 1950 and 1998, there was a loss of more
than 50% of both marsh and forest area along the
Yangtze (US Embassy to China 1999).

%9The Three Gorges Dam plans make it wide enough
to block the Golden Gate Bridge (IRN 2001).

9185m deep and more than 600 Km long in the main
channel of the Upper Yangtze (Owen 2001).

" Predicted destructive and disastrous over an area
less than 5% of the fore-reservoir region, 20 Km from
the Three Gorges Dam (Wu et al. 2001).
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i Responses and Role of WWF

Efforts to reduce pollution in the Yangtze
River have been slow but promising.
Community pressure has successfully
increased local enforcement activities
such as field inspections and increased
pollution fees. China’s pollution fee
system was introduced in the early
1980s to control pollution and create

an incentive for corporate investment

in control projects (Pu 2003). Market
reform has been an important factor

in motivating industry environmental
performance (Dasgupta et al. 1997 in
Pu 2003). In fact, market reform and
community pressure have generated as
great an impact on industrial pollution as
direct regulation and the charge-subsidy
system (Pu 2003).

In the past year, Chinese government
authorities, with support from WWEF,
have taken steps toward developing

an integrated basin management plan
which would help stem the threat of
pollution in the Yangtze. Integrated river
basin management (IRBM) is vital to
enable communities to restore the natural
capacity of their watershed to ‘treat’
pollution. IRBM is a tool communities
can use to balance development and
conservation needs, such as whether

to construct dams or diversions, which
severely affect quality of water in a basin.

Pollution
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Fishing is a main livelihood on Zhangdu, site of consevation work supported by
the WWF HSBC Yangtze Programme, Hubei Province, China.

Conceived by WWF with the Chinese
government, the Yangtze Forum was
held in Wuhan from April 16-17, 2005
and marked the first time that so many
major stakeholders convened to discuss
a blueprint for the Yangtze basin’s
development and conservation crossing
administrative and sectoral boundaries.
Four key national government authorities,
four river basin authorities, 11 provincial
governments along the main stem,
three academic organizations, and 200
people from 14 countries participated.
Participants agreed on a joint statement
of shared priorities and goals, the
Yangtze Declaration on Protection

and Development, which calls for the
revision and updating of the Master Plan
for Comprehensive Utilization of the
Yangtze river basin, and the addition of
ecosystem health as a key target.

Restoration of floodplain wetlands in the
central Yangtze region has been a focus
of WWF’s field work to restore wildlife
habitats, reduce flood risks, and improve
livelihoods of local people (Schuyt 2005).
Since 2002, the connections between
11 lakes (including Hong Lake, Zhangdu
Lake, Baidang Lake, and Tian-e-zhou
Oxbow) and the Yangtze River, for
example, are being restored through

the WWF-HSBC Yangtze Programme.
WWEF is supporting and demonstrating
new sustainable agricultural practices
such as organic farming and eco-fishery
to reduce agricultural pollution in the
Dongting Lake and Hubei Province.



Conclusion

There are enormous threats to the integrity of the world’s great river basins, the sources of drinking
water, the basis of our economies, and the fabric of our communities. WWF proposes the following
solutions to the six primary threats faced by the ten most endangered river basins. Given the range
of threats, there are many ways in which to protect river basins. Stakeholders in each basin can
prioritize these solutions and implement them through integrated river basin management.

Over-extraction

Over-extraction of water for agriculture and domestic
consumption threaten to make the Rio Grande and
Ganges Rivers run completely dry.

g Dams and infrastructure
Dam and infrastructure projects threaten freshwater
habitats in the Salween, La Plata, and Danube
basins.

Invasive species
Invasive species threaten the ecology of the Murray-
Darling basin.

Climate change

Higher temperatures associated with climate change
threaten to plunge the Indus basin into further water
scarcity due to its dependence on melt waters from
declining Himalayan glaciers. Higher temperatures also
have potentially devastating consequences for fishery
productivity, water supply and political security in
Africa’s arid Nile-Lake Victoria basin.

Solutions: Establishing environmental flows, improving

water allocations and rights, improving efficiency in water

use, instituting payments for water services, switching to
production of less thirsty crops, removing agricultural subsidies
that encourage excessive water extraction, and developing a
network of partnerships that promote sustainable development
are critical.

Solutions: Assessing whether new infrastructure is the best
means of delivering the required service is the first step (for
example, in the Danube, rail transport may be a better option). If
infrastructure is the best option it should be planned to minimize
impacts by: siting off the river’s main stem and floodplains,
mimicking natural water flows, allowing fish passage, controlling
thermal pollution, and maintaining sediment and nutrient flows
critical to sustaining the health of the rivers. Effective treaties
between riparian nations to support integrated river basin
management are essential for good governance.

Solutions: Preventing the introduction of new invasive species
through better laws and programmes for quarantine, risk
assessments of ‘sleeper’ exotic species, incursion management
and vector control are essential. The aquarium and aquaculture
trades are two important vectors to focus on. Enhanced public
education and awareness can limit the spread of aquatic
invasive species. Control of escaped exotic species is a second
best option but can be partially effective through reducing
reproduction using various methods.

Solutions: International cooperation, technology transfer,

and awareness are crucial to reduce greenhouse gas emissions
and adapt to climate change. Improving the resilience of forest
watersheds, rivers, lakes and other wetlands by protecting key
latitudinal and altitudinal corridors to facilitate species migration,
and boost ecosystem health may also attenuate some of the
impacts of climate change on biological diversity.




Over-fishing

In the Mekong, inappropriate fishing practices,
inadequate distribution of fishing rights and the high
level of fish consumption have led to destructive levels
of fishing.

Pollution

In the Yangtze basin, decades of heavy
industrialization, damming, and huge influxes of
sediment from land conversion have made it one of
the most polluted rivers in the world.

Conclusion

Solutions: Clarifying fishing rights, increasing local capacity
to manage aquatic resources, and stronger regulation and
enforcement of illegal fishing practices can stem the threat
of over-fishing. Conservation and restoration of habitats.
Maintenance of adequate environmental flows is essential.

Overall, integrated river basin management (IRBM) with diverse
stakeholder engagement and effective watershed management
authorities, is essential to the sustainable use of river basin
resources. In this way, diverse interests including fishers,
farmers, government agencies, and environmental groups create
long-lasting partnerships which are essential in developing a
common vision and solutions for sustainable natural resource
use and conservation in a basin. IRBM allows communities to
manage river basins from ‘source to sea’, in accordance with
the ‘ecosystem approach’ that member governments have
committed to through the CBD and also the Ramsar Convention
on Wetlands (Ramsar Convention on Wetlands 1999).

Solutions:

It is essential to value the cost to human and wildlife health
when calculating the economic feasibility of proposed
development. Protecting watersheds and wetlands from
deforestation, conversion and damming can reduce erosion
and sedimentation, and help purify water of toxic chemicals.
Pollution can be curbed through better management practices
for production of crops and livestock, improved enforcement
of pollution laws, fees and tradable rights, innovative payment
for ecosystem service schemes, and the adoption of

comprehensive integrated river basin management plans.

The world’s top ten rivers at risk identified by WWE highlight the reasons for

the catastrophic loss of freshwater biodiversity, the wanton waste of freshwater
resources, poor govemance, and a disregard for the needs of local people

that frequently exacerbates poverty. However, in these tales of destruction lie
indicators of the solutions that can enable the conservation and restoration of the
world’s great rivers. No solution will be effective in any of these river basins unless
it is iImplemented through cooperation across social, economic, and palitical
boundaries. Only then can the people of the world’s great basins rest easy, when
the river again knows exactly where it is going, and it is sure to get there.



References

Adel, M M. 2001. Effect on Water Resources from Upstream Water Diversion in the
Ganges Basin. Journal of Environmental Quality. 30: 356-368.
http://jeq.scijournals.org/cgi/content/full/30/2/356

Ahmad, E. 2004. Strategies on wetlands, fisheries discussed. World Conservation
Union. IUCN Pakistan Programme. Karachi, Pakistan.
http://www.iucn.org/places/pakistan/strategies wfd.htm

Alcamo, J et al. 2003. Ecosystems and human well-being: a framework
for assessment. Island Press: Washington, DC.

Allan, D J, Abell, R, Z Hogan, C Revenga, B W Taylor, R L Welcomme
and K Winemiller. 2005. Overfishing of Inland Waters. BioScience.
55(12): 1041-1051.

Alliance for the Rio Grande Heritage, Forest Guardians, Rio Grande Restoration,
Defenders of Wildlife, The Land and Water Fund of the Rockies, Amigos Bravos.
2000. Diverting the Rio Grande.

http://fguardians.org/support docs/report_rio-grande-diversions 4-21-00.pdf

American Association for the Advancement of Science (AAAS). 2002. Ecosystem
dynamics and essential human needs: developing a multi-disciplinary research
agenda in the Plata Basin. Proceedings of the Plata Basin Workshop. 8-10 April
2002. International Office, Science for Sustainable Development. Buenos Aires,
Argentina. http://www.aaas.org/international/lac/plata/report _english.shtml

Angell, C. 1996. Development of Fish Culture Extension: Lao People’s Democratic
Republic, Project Findings and Recommendations. FAO Corporate Document
Repository.
http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/005/V7077E/NV7077E02.htm

Anid, P J and Tschirley, J. 1998. Environmental Monitoring in China’s Hubei
Province. SD Dimension. Sustainable Development Department (SD). Food and
Agricultural Organization (FAO). http://www.fao.org/sd/EPdirect/EPan0011.htm

Atlas of International Freshwater Agreements, 2003. Danube Basin.
Transboundary Freshwater Dispute Database. Department of Geosciences.
Oregon State University: Corvallis, OR. http://ocid.nacse.org/cgi-bin/gml

Australian Biosecurity Group. 2005. Invasive Weeds, Pests and Diseases:
Solutions to Secure Australia. April 2005.
http://www.wwf.org.au/publications/ABGInvasiveSolutions/

Australian Government. 2003. Trout Cod (Blue-nose or Rock Cod) Maccullochella
macquariensis Threatened Species Day Fact Sheet. Department of the
Environment and Heritage.
http://www.deh.gov.au/biodiversity/threatened/publications/nsw2003.html

Australian Government 2004. Invasive Species in Australia. Department of the
Environment and Heritage.

http://www.deh.gov.au/biodiversity/invasive/publications/species/pubs/invasive.pdf

Australian Government. 2005. Geoscience Australia. Commonwealth of Australia.
http://www.ga.gov.au/education/facts/landforms/longrive.htm

Australian Government. 2005a. Murray Darling River Basin. Department of the
Environment and Heritage. http://www.deh.gov.au/water/basins/murray-darling.html

Australia Government. 2005b. Water Smart Programme Guidelines. National Water
Commission. Commonwealth of Australia.
http://www.nwc.gov.au/water fund/docs/water smart guidelines.rtf

Baltzer, M. 2004. Inland Navigation in the New EU - Looking Ahead: Corridor VIl or
Blue Danube? WWF Danube-Carpathian Programme.
http://assets.panda.org/downloads/wwfgreenweekdanubenavigationpaperfinal.pdf

References

Bangkok Post. 2006. Who'll pay the price for progress? Perspective Study.
2 April 2006. http://www.searin.org/Th/SWD/swd_ae3.html

Barrett, J. no date. Australia’s National Management Strategy for Carp Control.
http://www.doc.govt.nz/Publications/004~Science-and-Research/Miscellaneous/PDF/
PF14barrett.pdf

Barrett, J. 2004. Introducing the Murray Darling Basin Native Fish Strategy
and initial steps towards demonstration reaches. Ecological Management and
Restoration. 5(1): 15-23. http://www.mdbc.gov.au/ _data/page/65/barrett.pdf

Bennett, E, and Thorpe, A. no date. Review of River Fisheries Valuation in Central
and South America. Institute for Sustainable Development and Aquatic Resources
(IDDRA).

http://www.iwmi.cgiar.org/assessment/files_new/research_projects/Paper_Bennett ICLARM.pdf

Bereciartua, P and Novillo, M G. 2002. Thematic Planning Meeting on IAEA
Activities in River Basin Management. In UNESCO National Committee for the
International Hydrological Programme (IHP) Argentina. Vienna, Austria. 2-6
December 2002. http://tc.iaea.org/tcweb/abouttc/strategy/thematic/pdf/presentations/
RiverBasinManagement/RioDeLa%20lataBasin.pdf

Bisht, P. 2005. Tehri: The ‘Dam’ned barrier. Zeenews.com. 12 November 2005.
http://www.zeenews.com/znnew/articles.asp?rep=2&aid=2554768&sid=ZNS
http://en.wikipedia.org/wiki/Tehri_dam

Bravard, J P and Goichot, M. 2005. Technical Report: Slope and sediment
management in Upper Mekong and Salween River basins (China). WWF.
https://intranet.panda.org/data/downloads/1971/mekongsalweenslopeandsedimentmgmt.pdf

Brezosky, L. 2001. Pittsburgh Post Gazette. 28 June 2001.

Cascadia Times. 2005. Water in the West. August 2005.
http://www.waterwest.org/riverbasins/riogrande/riogrande.htm

Chao, Steve. 2006. China’s Three Gorges Dam nears completion. CTV News.

21 May 2006.

http://www.ctv.ca/servlet/ArticleNews/story/CTVNews/20060519/three _gorges dam 060520/2
0060520?hub=CTVNewsAt11

Chiang Mai News. 2005. Damming the Salween. Citylife. 5 August 2005.
http://www.chiangmainews.com/ecmn/2005/august05/28 salween.php

Comite Intergubernamental Coordinador. 2006. De Los Paises De La Cuenca
Del Plata.
http://www.cicplata.org/?id=Ic_hidro#rp

Commission of the European Communities. 2004. Trans-European Transport
Network On the Implementation of the Guidelines for the Periods 1998-2001.
Report from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions.
Commission Staff Working Paper. 19 February 2004. Brussels, Belgium.
http://ec.europa.eu/ten/transport/documentation/doc/sec 2004 0220 en.pdf

Contreras, S and Lozano, M L. 1994. Water, Endangered Fishes, and Development
Perspectives in Arid Lands of Mexico. Conservation Biology. 8(2): 379-387.
http://www.blackwell-synergy.com/links/doi/10.1046/j.1523-1739.1994.08020379.x

Convention on Biological Diversity (CBD). 2001. Global Biodiversity Outlook.
Secretariat of the Convention on Biodiversity, Montreal.

Convention on Biological Diversity (CBD). 2003. Status and trends of biodiversity of
inland water ecosystems. Secretariat of the Convention on Biodiversity, Montreal.

Convention on Biological Diversity (CDB). 2005. Inland Waters Biodiversity
Introduction. Secretariat of the Convention on Biological Diversity, Montreal.
http://www.biodiv.org/programmes/areas/water/default.asp




China Council for International Cooperation on Environment and Development
(CCICED) 2004. Policy Recommendations on Reduce Non-Point Pollution from
Crop Production in China. Task Force on Reduce Non-Point Pollution from Crop
Production.

Dahm, C, Cleverly, J, J Thibault, D Gilroy and J Coonrod. 2000. Evapotranspiration
Data Critical for Formulating Arid Land Water Budgets: A Study of the Middle Rio
Grande Basin. LTER Network Newsletter. Department of Biology, University of New
Mexico. 13(2): 5.
http://intranet.lternet.edu/archives/documents/Newsletters/NetworkNews/fall00/fall00_pg05.
html

Daily, G C. 1997. Nature’s services: societal dependence on natural ecosystems.
Island Press: Washington, DC.

Dasgupta, S. Huqg, M. and D. Wheeler. 1997. Bending the Rules: discretionary
pollution control in China. Policy Research Working Paper 1761. World Bank:
Washington, DC.

Denny, P. 1991. Africa. In: M. Finlayson and M. Moser, eds. Wetlands. International
Waterfowl and Wetlands Research Bureau: Oxford, UK.

Duraiappah, A.K. 2002. Poverty and ecosystems: a conceptual framework. UNEP
Division of Policy and Law paper. UNEP: Nairobi, Kenya.

EarthRights International. 2004. Salween Dams: Dangerous Plan for Burma. ERI
Brochure. Washington, DC.
http://www.earthrights.org/files/Reports/SalweenWebBrochure. pdf

Encyclopzdia Britannica. 2006. Indus River. In Britannica Concise. Encyclopzaedia
Britannica Inc.: Chicago, IL. http://concise.britannica.com/ebc/article-9367939

Environment Canada. 2005. Climate Change Overview: The Science of Climate
Change. The Green Lane: Environment Canada’s World Wide Web site.
http://www.ec.gc.ca/climate/overview science-e.html

Environment for Europeans. 2004. EU heads Danube protection in 2004. Magazine
for the Directorate-General for the Environment. Issue 16 (May 2004).

http://europa.eu.int/comm/environment/news/efe/16/article_835_en.htm
http://ec.europa.eu/environment/news/efe/16/article 835 en.htm

Environmental News Network (ENN). 2005. China Dam Project Tests New
Environmental Policy. 25 October 2005. Beijing, China.
http://www.riverbasin.org/ev.php?ID=4872 201&ID2=D0_TOPIC

Environmental News Service (ENS) 2005. World’s Largest Fish Caught in Thailand.
29 June 2005. Gland, Switzerland.
http://www.ens-newswire.com/ens/jun2005/2005-06-29-04.asp

European Barge Union. 2005. Midterm Review White Paper. December 2005.
Rotterdam, Netherlands. http://www.ebu-uenf.org/img/press/midtermreview.doc

European Union. 2004. Official Journal of the European Union. 6 April 2004. EUR-
Lex. Portal to European Union Law.
http://eur-lex.europa.eu/LexUriServ/site/en/0j/2004/ce084/ce08420040403en08230824.pdf

European Inland Navigation. 2004. New Institutional Framework. October 2004.
http://72.14.203.104/search?q=cache:zHu5dWDYC4wJ:www.efingroup.net/files/r_en.pdf+ten-

References

Food and Agricultural Organization of the United Nations (FAO). 1999. Aquastat:
FAO’s Information System on Water and Agriculture, Bangladesh. Rome, Italy.
http://www.fao.org/ag/agl/aglw/aquastat/countries/bangladesh/index.stm

Food and Agricultural Organization of the United Nations (FAO). 1999a. Aquastat:
FAOQ'’s Information System on Water and Agriculture, Myanmar. Rome, Italy.
http://www.fao.org/ag/agl/aglw/aquastat/countries/myanmar/index.stm

Food and Agricultural Organization of the United Nations (FAO). 2000. Aquastat:
FAOQ'’s Information System on Water and Agriculture, Brazil. Rome, Italy.
http://www.fao.org/ag/AGL/aglw/aquastat/countries/brazil/index.stm

Food and Agricultural Organization (FAO). 2000b. Report of the Symposium
on Fisheries and Society. Proceedings of the Social, Economic and Cultural
Perspectives of Inland Fisheries held in connection with the European Inland
Fisheries Advisory Commission. 1-7 June 2000. Budapest, Hungary.
http://www.fao.org/DOCREP/MEETING/X8232E.HTM

Food and Agricultural Organization (FAO). 2005. For Cambodia’s ‘Great Lake’
and the millions who depend on it, a new lease on life. 21 September 2005. FAO
Newsroom: Rome/Bangkok.

http://www.fao.org/newsroom/en/field/2005/107684/

Guardian. 2006. Cry me a river. 27 February 2006.
http://www.guardian.co.uk/g2/story/0,,1718639,00.htmli#article_continue

Goichot, M. 2006. Management of watersheds of large rivers Yangtze, Mekong and
Salween. WWF Greater Mekong Programme: Hanoi, Vietnam.

Goree, K. ed. 2004. Water-L News. International Institute for Sustainable
Development in Collaboration with the Third World Water Forum Secretariat and
the World Water Council. Issue 9 (February 24-March 16) 2004. Bangladesh.
http://www.iisd.ca/Water-I/Water-L_News_9.html.

Gottgens, J. 2000. The Paraguay-Parana Hidrovia: Large scale Channelization or a
“Tyranny of Small Decisions. The Pantanal of Brazil, Bolivia and Paraguay. Hudson
MacArthur Publishers. Waterland Research Institute: Gouldsboro, PA.
www.pantanal.org/gottgens.htm.

Grommbridge B. and Jenkins, M. 1998. Freshwater Biodiversity: a Preliminary
Global Assessment. World Conservation Monitoring Centre. World Conservation
Press: Cambridge, UK.
http://earthtrends.wri.org/text/biodiversity-protected/map-268.html.

Halloy, S, et al. 2005. Estudio Puerto Busch - Opciones para la ubicacion de un
Puerto soberano de Bolivia en el Sistema Paraguay-Parana. WWF, Earth Institute
at Columbia University, New Zealand Institute for Crop and Food Research: Santa
Cruz de la Sierra, Bolivia.

Higgitt, D L and Lu, X X. 1999. Challenges in relating land use to sediment yield in
the Upper Yangtze. Hydrobiologia. 410 (0): 269-277.

Horgan, P. 1991. Great River: The Rio Grande in North American History. Vol. 1,
Indians and Spain. Vol. 2, Mexico and the United States. 4" Reprint. Wesleyan
University Press.

Hulme, M. 1999. Climate Change Scenarios for Brazil. Climatic Research Unit.
University of East Anglia: Norwich, UK
http://www.cru.uea.ac.uk/~mikeh/research/wwf.brazil.pdf

t+inland-+navigation+modification&hl=en&gl=us&ct=cink&cd=4

Food and Agricultural Organization of the United Nations (FAQ). 1997. Aquastat:
FAOQ'’s Information System on Water and Agriculture, India. Rome, Italy.
http://www.fao.org/ag/agl/aglw/aquastat/countries/india/index.stm

Huszar, P, et al. 1999. Fact or Fiction: A review of the Hydrovia Paraguay Parana
Official Studies. WWF. Toronto, Canada.

Indian Council of Forestry Research & Education. 2003. Indian River Linking
Project: India’s River Diversion Plan: Its impact on Bangladesh. The New Nation.
Bangladesh’s Independent News Source.
http://search.com.bd/articles/bangladesh-india-water-problem.html




Intergovernmental Panel on Climate Change (IPCC). 1997. Regional Impacts
Chapter 2: Africa. 2.3.2. Hydrology and Water Resources. And Regional Impacts
Chapter 2: Africa. African Lakes and Climate Change. In: Special Report on the
Regional Impacts of Climate Change An Assessment of Vulnerability. World
Meteorological Organization. Geneva, Switzerland.
http://www.grida.no/climate/ipcc/regional/index.htm; http://www.grida.no/climate/ipcc/
regional/017.htm

http://www.grida.no/climate/ipcc/regional/019.htm

Intergovernmental Panel on Climate Change (IPCC). 2001. Chapter 3. Summary
for Policy Makers. Effects on and Vulnerability of Natural and Human Systems
3.1. Hydrology and Water Resources. And Chapter 10. Africa. 10.2.2.2. Marine
and Freshwater Fisheries. In Climate Change 2001: Impacts, Adaptation and
Vulnerability. World Meteorological Organization. Geneva, Switzerland.
http://www.grida.no/climate/ipcc_tar/wg2/index.htm; http://www.grida.no/climate/ipcc_tar/
wg2/011.htm#31

http://www.grida.no/climate/ipcc _tar/wg2/389.htm

Intergovernmental Panel on Climate Change (IPCC). 2001a. Working Group Il
Mitigation. World Meteorological Organization. Geneva, Switzerland.
http://www.grida.no/climate/ipcc_tar/wg3/059.htm

International Boundary and Water Commission (IBWC). 2005. Rio Grande. United
States Section. 1934-2006. El Paso, TX. http://www.ibwc.state.gov

International Commission for the Protection of the Danube River (ICPDR) 2004.
Danube Basin Analysis (WFD Roof report 2004). ICPDR Document IC/084, 18 March
2005. Vienna, Austria. http://www.icpdr.org/icpdr-pages/reports.htm

International Commission for the Protection of the Danube River (ICPDR). 2006.
Convention on Co-operation for the Protection and Sustainable Use of the River
Danube. 15 March 2006. Vienna, Austria.

http://www.icpdr.org/icpdr-pages/drpc.htm

International Commission for the Protection of the Danube River (ICPDR) 2006a.
Dam Structures. 10 April 2006. Vienna, Austria.
http://www.icpdr.org/icpdr-pages/dams _structures.htm

International Commission for the Protection of the Danube River (ICPDR) 2006b.
Danube River Basin. 2 March 2006. Vienna, Austria.

http://www.icpdr.org/icpdr-pages/river basin.htm

International Commission for the Protection of the Danube River (ICPDR). 2006c.
Navigation Sector. 14 March 2006. Vienna, Austria.
http://www.icpdr.org/icpdr-pages/navigation.htm

International Rivers Network (IRN). 2001. China Plays by Own Rules on Three
Gorges Dam. Berkeley, CA.
http://www.irn.org/programs/threeg/index.php?id=archive/011230.bloomberg.html

International Rivers Network (IRN). 2002. Fact Sheet. Tehri dam. October 2002.
Berkeley, CA.
http://www.irn.org/programs/india/021022.tehrifactsheet.pdf

International Rivers Network (IRN) 2004. Nujiang Salween River. Berkeley, CA.
http://www.irn.org/programs/nujiang/

International Rivers Network (IRN). 2004a. Who Loses in the ,,Win-Win“ Scheme
to Dam the Nile Basin? Editorial on the Nile Basin Initiative. September 2004.
Berkeley, CA.

http://www.irn.org/programs/nile/index.php?id=040921nbi.html

International Development Research Center (IDRC). 1999. Participative
Management of the Paraguay-Parana River Basin, Hidrovia. Abstract for Project
050032. 28 November 1999. Ottawa, Canada.
http://www.idrc.ca/en/ev-69894-201_050032-1-IDRC_ADM_INFQ.html

References

International Water Management Institute. 2002. Bringing pumps to people. March
2002. Consultative Group on International Agricultural Research. Water Policy
Briefing Files. Battaramulla, Sri Lanka.
http://www.iwmi.cgiar.org/waterpolicybriefing/files/wpb02.pdf

Istvan, Z. 2003. National Geographic News. 31 July 2003. National Geographic
Channel: Washington, DC.
http://news.nationalgeographic.com/news/2003/07/0731 030731 tvhidrovia.html

Jian, W, Yin, K, and U Xu. 2005. Primary Investigations on Yangtze River Bank Slope
Stability in Wanzhou for the Three Gorges Reservoir Project. Journal of China
University Geosciences. 15(1), 45-50.
http://www.wanfangdata.com.cn/qikan/periodical.Articles/dgkx-e/dgkx2005/0501/050107.htm

Jones T, Phillips B, Williams CE and Pittock J (eds). 2003. Managing Rivers
Wisely: Lessons from WWF’s work for integrated river basin management. WWF
International: Gland, Switzerland.

Kemp, D and Truss. W. 2002. Ministers Welcome Action to Pump Murray Mouth.
Joint Press Release. 18 September 2002. Department for Environment and
Heritage, Australian Government: Canberra Australia.
http://www.deh.gov.au/minister/env/2002/mr18sep02.html

Kiani, Khaleeq. 2005. Water-related crisis feared in 20 years. Dawn: the Internet
Edition. 04 January 2005. The Dawn Group of Newspapers: Islamabad, Pakistan.
http://www.dawn.com/2005/01/04/nat12.htm

Khan, A R. 1999. An Analysis of the Surface Water Resources and Water
Delivery Systems in the Indus Basin. International Water Management Institute,
Consultative Group on International Agricultural Research. Report 54, July 1999.
Battaramulla, Sri Lanka.
http://www.iwmi.cgiar.org/pubs/PakistanSummaries/Report54.htm

Kundzewicz, Z and Mata, L J. 2003. Concept paper on cross-cutting theme: Water.
Completed in preparation for the IPCC’s Fourth Assessment Report (for 2007).
September 2003. Geneva, Switzerland.

http://www.ipce.ch/activity/ar.ntm; http://www.ipcc.ch/activity/cct6.pdf

Kunming Institute of Botany and Geographical Institute University of Bern. 2005.
Upper Salween River Basin (USRB). Berne, Switzerland.
http://www.salween.unibe.ch/

Li, YT and Deng, JY. 2004. Ecological Environment Change and Flood and
Sedimentation Disaster in Yangtze River Basin. Environmental Informatics Archive.
2(2004): 471-478.
http://www.iseis.org/EIA/fulltext.asp?no=04048#search=%22natural%20sediment%20yangtze
%20river%20%22

Living Lakes Partnership. 2005. Pantanal Wetlands. Global Nature Fund Project:
Cuiaba, Brazil & Hamburg, Germany. http://www.livinglakes.org/pantanal/

Loh, J et al. 1998. WWF Living Planet Report 1998: overconsumption is driving the
rapid decline of the world’s natural environments. WWF: Gland, Switzerland.

Loh, J, ed. 2000. WWF Living Planet Report 2000. WWF: Gland, Switzerland.
Loh, J, ed. 2002. WWF Living Planet Report 2002. WWF: Gland, Switzerland.
Loh, J. and M. Wackernagel, eds. 2004. The Living Planet Report 2004. WWF:

Gland, Switzerland.
https://intranet.panda.org/data/downloads/56120/Ipr2004asprinted.pdf

Martin, R. Aidan. 2003. The Mysterious, Endangered River Sharks (Glyphis spp.)
Reefquest Centre for Shark Research.
http://www.elasmo-research.org/conservation/river sharks.htm




Mac, M J, P A Opler, C E Puckett Haeker, and P D Doran. 1998. Environmental
Change in South Texas. Status and trends of the nation’s biological resources. Vol.
1 and 2. U.S. Department of the Interior, U.S. Geological Survey: Reston, VA.
http://biology.usgs.gov/s+t/SNT/noframe/se132.htm

McCormack, Gavan. 2000. Water Margins: Development and Sustainability in
China. Australian Mekong Resource Centre. Australian National University: Sydney,
Australia.

http://www.mekong.es.usyd.edu.au/publications/working_papers/wp2.pdf

Mekong River Commission (MRC). 2002. Fisheries in the Lower Mekong Basin:
Status and Perspectives. Technical Paper. No.6. MRC: Phnom Penh, Cambodia.
http://www.mrcmekong.org/download/free_download/Technical paper6.pdf

Mekong River Commission (MRC). 2003. State of the basin report 2003. MRC:
Phnom Penh, Cambodia. http://www.mrcmekong.org

Mekong River Commission (MRC). 2006. MRC: Phnom Penh, Cambodia.
http://www.mrcmekong.org

Middle Rio Grande Conservancy District. 2006. MRGCD Closes Another Irrigation
Season

Near Record-Low Water Usage Automation And Efficiencies Make The Difference.
13 December 2005. Albuquerque, NM. http://www.mrgcd.com/

Millennium Ecosystem Assessment (MA). 2005. Ecosystems and Human Well-
being: Current State and Trends, Volume 1.
Chapter 7. Freshwater. Frank Rijsberman, Robert Costanza, Pedro Jacobi. eds.
World Resources Institute: Washington DC.
http://www.millenniumassessment.org/proxy/Document.276.aspx

Chapter 20. Inland Water Systems. Robert Costanza, Pedro Jacobi, Frank
Rijsbermann. eds. World Resources Institute: Washington DC.
http://www.millenniumassessment.org/proxy/Document.289.aspx

Millennium Ecosystem Assessment (MA). 2005a. Ecosystems and Human Well-
Being: Wetlands and Water Synthesis Report. Jose Sarukhan, Anne Whyte and MA
Board of Review Editors. eds.

World Resources Institute: Washington DC.
http://www.millenniumassessment.org/proxy/Document.358.aspx
http://www.millenniumassessment.org//en/Products.Synthesis.aspx

Miller, Kathleen no date. Climate Change Impacts on Water. Climate Change and
Water Research. Environmental and Societal Impacts Group of the National Centre
for Atmospheric Research. Boulder, CO.
http://www.isse.ucar.edu/water_climate/impacts.html

Murray Darling Basin Commission (MDBC) no date. Basin Kids Fisheries
Introduction. Canberra City, Australia.
http://kids.mdbc.gov.au/encyclopedia/fisheries

Murray-Darling Basin Ministerial Council. 2003. Native Fish Strategy for the Murray
Darling Basin 2003-2013. Canberra City, Australia.
http://www.mdbc.gov.au/ _data/page/65/Fish-Strat_ful.pdf

Murray Darling Basin Commission (MDBC). 2005. Natural Resource Management.
Canberra City, Australia.
http://www.mdbc.gov.au/naturalresources/fish/Native_fishStrategy.html

Murray-Darling Basin Commission (MDBC). 2006. Riverine. Canberra City,
Australia.
http://www.mdbc.gov.au/about/tour_the_basin/riverine

Murray Darling Basin Commission (MDBC). 2006a. Surface Water Resources.
7 Feb 2006. Canberra City, Australia.
http://www.mdbc.gov.au/nrm/water management/water _issues/surface water

References

Murray Darling Basin Commission (MDBC). 2006b. Water for a Healthy Country:
The Shared Water Resources of the Murray-Darling Basin. Surface Water. February
2006. Canberra City, Australia.

http://www.mdbc.gov.au/ _data/page/1130/Partl SWR 3surface water.pdf

National Bureau of Statistics. International Statistical Information Center. 2005.
Yangtze River Delta and Pearl River Delta and Hong Kong and Macao SAR
Statistical Yearbook 2004. China Statistics Press. FriedInet.com: Shanghai, China.
http://www.friedIinet.com/product_info.php?manufacturers_id=18&products_id=4049&0sCsid=
8b7d1a36331244c5b553f589d80e7¢59

National Park Service (NPS). 2004. Preventing Natural Resource Impairment.
Natural Resource Year in Review - 2003. National Park Service. US Department of
the Interior. Natural Resource Information Division: Denver, CO and Washington,
DC. http://www.nps.gov/bibe/

National Park Service (NPS). 2006. Big Bend. The flow of the Rio Grande. National
Park Service. US Department of the Interior. 7 July 2006.
http://www.nps.gov/bibe/naturescience/waterflow.htm

New South Wales Government. 2001. Cold Water Pollution (DF95). NSW
Department of Primary Industries: Fisheries. http://www.fisheries.nsw.gov.au/aquatic
habitats/aquatic habitats/cold water pollution

Nile Basin Initiative (NBI). 2005. Entebbe, Uganda. http://www.nilebasin.org/

Nilsson, Christer, Catherine A. Reidy, Mats Dynesius, and Carmen Revenga. 2005.
Fragmentation and Flow Regulation of the World’s Large River Systems. Science.
308 (April 2005): 405.

Newby, Eric. 1998. Slowly down the Ganges. Lonely Planet Publications.

Oki, T. et al. 2004. The global water cycle. In: Sparks, RSJ. and Hawkesworth, CJ.
eds. The state of the planet: frontiers and challenges in geophysics. Geophysical
monograph Series 150. International Union of Geodesy & Geophysics, and the
American Geophysical Union: Boulder, CO and Washington, DC.

Olivier, Michelle. 2003. River Murray: the Big Picture. For the River Murray Urban
Users Local Action Planning Committee. Adelaide, Australia.
http://www.murrayusers.sa.gov.au/big_picture2.htm

Oko, Dan. 2004. Dam Shame. Grist. Environmental News and Commentary. 8 June
2004. Seattle, WA. http://www.grist.org/news/maindish/2004/06/08/oko-dam/

Obrdlik P. 1995. Binnenschifffahrt und Oekologie. In: Wasserwirtschaft
Wassertechnik. Nr. 7/95. Berlin.

Olago, Daniel O. 2004. Climate Change Impacts in the East African Rift Valley
Lakes. Unpublished report. WWF Eastern Africa Regional Programme Office,
Nairobi, Kenya.

Owen, Jerry. 2001. The Yangtze River. Water Policy International. Surrey, United
Kingdom. http://www.africanwater.org/yangtze.htm

Oxfam America. 2005. Keeping Community Fisheries Afloat in Cambodia.
Boston, MA. http://www.oxfamamerica.org/whatwedo/where we work/east asia/news
publications/art6783.html

Park, Young-Seuk, Jianbo Chang, Sovan Lek, Wenxuan Cao and Sebastien Brosse.
2003. Conservation Strategies for Endemic Fish Species Threatened by the Three
Gorges Dam. Conservation Biology. December 2003. 17(6): 1748.
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1523-1739.2003.00430.x

People’s Republic of China. 2004. The Chang Jiang River. General Office of the
Ministry of Water Resources. http://www.mwr.gov.cn/english1/20040802/38173.asp




Public Open letter to Chinese government, August 2005. Call for public disclosure
of Nujiang hydropower development’s Environmental Impact Assessment (EIA)
report in accordance with the law. 6 September 2005. Three Gorges Probe news
service: Toronto, Canada.
http://www.threegorgesprobe.org/tgp/index.cfm?DSP=content&ContentlD=13670

Por, F D. 1995. The Pantanal of Mato Grasso (Brazil): World’s largest wetlands. The
Kluwer Academic Publishers: Netherlands.

Postel, S. & Richter, B. 2003. Rivers for Life: managing water for people and nature.

Island Press: Washington DC.

Pu, Qinghong. 2003. Integrated Strategies to Control Industrial Water Pollution in
the Yangtze River of China. Presentation at the International Conference of GIS
and Remote Sensing in Hydrology, Water Resources and Environment, China. 16
September 2003. Canberra, Australia. Centre for Resource and Environmental
Studies, Australian National University. http://cres.anu.edu.au/people/pgh1.pdf

Ramsar Convention on Wetlands. 1999. People and Wetlands: The Vital Link. In:
Guidelines for integrating wetland conservation and wise use into river basin
management. (Adopted by Ramsar Resolution VII.18). 10-18 May 1999. 7th Meeting
of the Conference of the Contracting Parties to the Convention on Wetlands
(Ramsar, Iran, 1971). San José, Costa Rica.

http:/ramsar.org/key_guide_basin_e.htm

Ramsar Convention on Wetlands. 2001. Bangladesh Ramsar Site 560; (WI Site
2BD001). Ramsar Information Sheet. A Directory of Wetlands of Importance.
Ramsar Sites Database. Ramsar Convention Secretariat: Gland, Switzerland.
http://www.wetlands.org/RSIS/_COP9Directory/Directory/2BD001.html
http://www.wetlands.org/RSDB/

Ramsar Convention on Wetlands. 2003. Annotated Ramsar List: Pakistan. Ramsar
Convention Secretariat: Gland, Switzerland.
http://www.ramsar.org/profile/profiles pakistan.htm

Rashid, H and B. Kabir. 1998. Case Study: Bangladesh, Water Resources and
Population Pressures in the Ganges River Basin. In de Sherbinin, A and Dompka,
V. eds. Water and Population Dynamics: Case Studies and Policy Implications.
American Association for the Advancement of Science: Montreal, Canada.
www.aaas.org/international/ehn/waterpop/bang.htm

Rela, Walter. 2001. Esparia en el Rio de la Plata: Descubrimiento y Poblamientos
(1516-1588). Club Espaiol: Montevideo.

Reeves, R., B D Smith, E A Crespo and G Notarbartolo di Sciara and the IUCN/
SSC Cetacean Specialist Group. Dolphins, Whales and Porpoises: 2002-2010.
Conservation Action Plan for the World’s Cetaceans. International Union for
Conservation of Nature and Natural Resources. Island Press: Covelo, CA.
http://www.environmental-expert.com/resulteachpublication.asp?cid=10203&codi=3796&pub
lisher=79

http://www.iucn.org/themes/SSC/news/cetaceansap.htm

Reuters. 2006. China’s longest river “cancerous” with pollution. 30 May 2006.
Beijing, China.
http://www.probeinternational.org/tgp/index.cfm?DSP=content&ContentlD=15520

Revenga, C, S Murray, J Abramovitz, and A Hammond. 1998. Watersheds of
the World: Ecological Value and Vulnerability. World Resources Institute.
Washington, DC.

http://pubs.wri.org/pubs_description.cfm?PublD=2900

Revenga, C. J. Brunner, N. Henninger, K. Kassem, R. Payne. 2000. Pilot Analysis
of Global Ecosystems (PAGE): Freshwater Systems. World Resources Institute.
Washington DC. http://pubs.wri.org/pubs_pdf.cfm?PublD=3056

References

Rizvi, Muddassir. 2001. Forecasting Water Flows in Pakistan’s Indus River. 11 May
2005. International Development Research Council. Ottawa, Canada.
http://web.idrc.ca/en/ev-5441-201-1-DO_TOPIC.html

Rowley, John. 2005. New Light on Egypt’s Future. People and Population
Pressures. 6 April 2005. People and the Planet: London, United Kingdom.
http://www.peopleandplanet.net/doc.php?id=2456

Ruangdit, Pradit. 2004. Ties with Burma: No backing for rebels, PM tells junta. The
Bangkok Post. 26 August 2004, http://www.searin.org/Th/SWD/swd n_e19.htm

Rus, Mirela. 2004. Danube Delta disaster fears grow. British Broadcasting
Corporation News. Romanian Service: Bucharest.
http://news.bbc.co.uk/2/hi/europe/4025663.stm

Salween Watch. 2006. salweenwatch.org
http://salween-watch?.livejournal.com/

Saunders, Patrick. 1996. Trade and Environment Database Case Studies. Pollution
in the Rio Grande. American University. Washington, DC.
http://www.american.edu/TED/RIOGRAND.HTM

Schleich, H.H., W. Késtle, and K. Kabisch. 1996. Amphibians and reptiles of North
Africa. Koeltz Scientific Books, Koenigstein.

Schuyt, Kristen. 2005. Freshwater and Poverty Reduction: Serving People, Saving
Nature: An economic analysis of the livelihood impacts of freshwater conservation
initiatives. WWF International: Gland Switzerland.

Searin. no date. The Salween River (Nu Jiang).
http://www.searin.org/salween en.htm

Shan Sapawa Environmental Organization. 2006. Warning Signs - An update on
plans to dam the Salween in Burmas Shan State. 15 September 2006.
http://www.burmalibrary.org/show.php?cat=1413

Sinclair, P. 2001. The Murray. A river and its people. Melbourne University Press:
Melbourne, Australia.

Singh, A., A. Dieye, and M. Finco. 1999. Assessing environmental conditions of
five major river basins in Africa as surrogates for watershed health.
Ecosystem Health 5: 265-274.

Sundquist, Bruce. 2003. The Earth’s Carrying Capacity. Chapter 6. Water Supplies
for Irrigation. Pennsylvania. http://home.alltel.net/bsundquist1/ir6c.html#D

Syvitsky, J P M., C J Vorosmarty, A J Kettner, P Green. 2005. Impact of humans
on the flux of terrestrial sediment to the global Costal Ocean. Science.
15 (April 2005) 308.

Transboundary Freshwater Dispute Database. 2002. Case Summary. Ganges River
Controversy. Oregon State University: Corvallis, OR.
http://www.transboundarywaters.orst.edu/projects/casestudies/ganges.html

United Nations Environment Program (UNEP). 1993. Information Unit on Climate
Change (IUCC). Egypt and Climate Change. United Nations Environment
Programme: Chatelaine, Switzerland.
http://www.cs.ntu.edu.au/homepages/jmitroy/sid101/uncc/fs119.html

United Nations Educational Scientific and Cultural Organization (UNESCO). 1998.
The Sunderbans: Bangladesh. 27 February 1998. Proceedings of the Convention
Concerning the Protection of the World Cultural and Natural Heritage. Twenty-first
session. 1-6 December 1997. World Heritage Committee. Naples, Italy.
http://whc.unesco.org/pg_friendly print.cfm?id_site=798&cid=31&




United Nations Educational Scientific and Cultural Organization (UNESCO).
2005. Romania/Ukraine: Danube Delta. MAB Biosphere Reserve Directory.
Administration of the Danube Delta Biosphere Reserve: Vilkovo, Ukraine.
http://www2.unesco.org/mab/br/brdir/directory/biores.asp?mode=all&code=ROM-UKR+01

United States Central Intelligence Agency (CIA). 2005. World Factbook Egypt.
Washington, DC. https://www.cia.gov/cia/publications/factbook/geos/eg.html

United States Central Intelligence Agency (CIA). 2006. World Factbook India.
Washington, DC.
https://www.cia.gov/cia/publications/factbook/geos/in.html

United States Central Intelligence Agency (CIA). 2006a. World Factbook Pakistan.
Washington, DC. https://www.cia.gov/cia/publications/factbook/geos/pk.html

United States Embassy to China. 1999. After the floods: Water Control on the
Yangtze.

Report from U.S. Embassy. November 1999. Beijing.
http://www.usembassy-china.org.cn/sandt/Yangtweb.html

United States Geological Service (USGS). no date. River Systems: Rio Grande.
Retrieved 5 December 2006. National Biological Information Infrastructure. Center
for Biological Informatics: Reston, Virginia.
http://cswgcin.nbii.org/ecoregion/riogrande/index.html

van Liere, W and McNeely, J A. 2005. Chapter 4. The Natural Vegetation. Agriculture
in the Lower Mekong Basin: Experience from the Critical Decade of 1966-1976. 10
September 2005. World Conservation Union (IUCN): Gland, Switzerland.
http://www.iucn.org/bookstore/HTML-books/Agriculture-mekong-basin/chapter4.html

van Zalinge, N., P Degen, C Pongsri, S Nuov, J G Jensen, V H Nguyen, and

X Choulamany. 2003. The Mekong River System (1). Proceedings of the 2
International Symposium on the Management of Large Rivers for Fisheries
(LARS2). 11-14 February 2003. Mekong River Commission (MRC), the Cambodian
Department of Fisheries (DOF), and the Food and Agriculture Organization of the
United Nations (FAQ): Phnom Penh, Cambodia.
http://www.lars2.org/Proceedings/vol1/Mekong River system.pdf

Victorian Government. 2001. Bringing Native Fish Back to the Rivers. Agriculture
Fisheries and Forest and Department of Resources and Environment.
http://www.dse.vic.gov.au/CA256F310024B628/0/5722E1BAB2E58B7ACA25714B000F5F1C/
$File/Cold+Water+Shock.pdf

Vorosmarty, C. et al. 2004. Humans transforming the Global Water System.
Electronic Supplement (EOS). Transactions of the American Geophysical Union.
85(48): 509, 513-14.

Water Policy International Limited. 2001. The Water Page. The Mekong River.
Surrey, United Kingdom. http://www.africanwater.org/mekong_river.htm

Welcomme, R L, and Petr, T. eds. 2004. A Review of the Ganges Basin; its Fish and
Fisheries. Proceedings of the 2" International Symposium on the Management
of Large Rivers for Fisheries (LARS2). 11-14 February 2003. Food and Agriculture
Organization of the United Nations (FAO), Mekong River Commission (MRC),
Fisheries Programme (FP): Phnom Penh, Cambodia. http://www.mekonginfo.org/mrc
en/doclib.nsf/0/29¢17bec107{8a6747256fe0002d55fe?0penDocument

Wilkie, M L, and Fortuna, S. 2003. Status and Trends in Mangrove Area Extent
Worldwide. Tropical Forest Resources Assessment Working Paper - 63. Food and
Agricultural Organization, Rome ltaly.
http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/007/j1533e/J1533E45.htm

References

World Bank. 1998. Chongging Urban Environment Project. Processed by the
InfoShop week ending 23 January 1998. The World Bank: Washington, DC.
http:/translate.google.com/translate?hl=en&sl=zh-CN&u=http://www.worldbank.org.cn/
Chinese/content/514¢1192521.shtmli&prev=/search%3Fq%3DAgricultural%2Bpollution%2Band
%2Bshipping%?2Bdischarges%2Byangtze%26h1%3Den%26Ir%3D

World Commission on Dams (WCD). 2000. Dams and Development: A New
Framework for Decision-making. The Report of the World Commission on Dams.
Earthscan Publications Ltd: London and Sterling, VA. http://www.dams.org/report/

World Resource Institute. 2003. Watersheds of the World_CD. The World
Conservation Union (IUCN), the International Water Management Institute
(IWMI), the Ramsar Convention Bureau, and the World Resources Institute (WRI):
Washington, DC. http://multimedia.wri.org/watersheds 2003/index.html

Wu S, Shi L., Wang R., Tan C., Hu D., Mei Y, Xu R. 2001. Zonation of the landslide
hazard in the fore reservoir region of the three gorges project on the Yangtze River.
Engineering Geology. 59(1): 51-58.
http://www.ingentaconnect.com/content/els/00137952/2001/00000059/00000001/art00061

WWEF. 2001. Nile Delta Flood Savanna (PA0904). Wild World Report. Unpublished
report to WWF-US, Washington, DC.
http://www.worldwildlife.org/wildworld/profiles/terrestrial/pa/pa0904 full.html

WWEF. 2001a. Pantanal (NT0907). Wild World Report. Unpublished report to
WWF-US, Washington, DC.
http://www.worldwildlife.org/wildworld/profiles/terrestrial/nt/nt0907 _full.html

WWF. 2004. Dam Right: Rivers at Risk. WWF Dams Initiative. WWF International:
Gland, Switzerland._
https://intranet.panda.org/data/downloads/10060/riversatriskfinalfullreport.pdf

WWF. 2004a. Freshwater Campaign. WWF Australia: Canberra, Australia.
http://www.wwf.org.au/About WWF_Australia/How we work/Campaigns/Fresh water/index.
php

WWF. 2004b. Environmental and Conservation news: Europe. WWF calls for better
conservation management in the Danube. 29 June 2004. WWF International: Gland,
Switzerland.

http://www.panda.org/about wwf/where we work/europe/news/news.cfm?uNews|D=13910

WWF. 2004c. Living Planet Report. WWF International, Institute of Zoology, and
the Global Footprint Network: Gland, Switzerland, London, United Kingdom and
Oakland, CA. http://worldwildlife.org/about/Ipr2004.pdf

WWF. 2004d. Taking Action on Freshwater. Rio Grande, Rio Conchos. Research
Centre. Unpublished report to WWF-United Kingdom, Goldaming, United Kingdom.
Available online at: http://www.wwf.org.uk/researcher/issues/freshwater/0000000191.asp

WWEF. 2005. Danube River Basin: Uncover the environment of the Danube.
December 2005. Danube-Carpathian Programme: Sofia, Bulgaria.
http://www.panda.org/about wwf/where we work/europe/what we do/danube carpathian/
blue river_green mtn/danube river basin/index.cfm

WWF 2005a. Ecoregion profile: Danube Delta WWF International: Gland,
Switzerland.
http://www.panda.org/about wwf/where we_work/ecoregions/danube_river_delta.cfm

WWF 2005b. Ecoregion Profile: Salween River. WWF International: Gland,
Switzerland.
http://www.panda.org/about wwf/where we work/ecoregions/salween _river/index.cfm

http://www.fao.org/docrep/007/j1533e/J1533E00.htm#TopOfPage

Wolf, A. 2004. Meeting of the Joint Rivers Commission Treaty. Transboundary
Freshwater Dispute Database. Oregon State University: Corvallis, OR.
http://www.transboundarywaters.orst.edu/

WWEF. 2005c. Ecoregion Profile: Sundarbans Mangroves. WWF International: Gland,
Switzerland.

http://www.panda.org/about wwf/where we work/ecoregions/sundarbans mangroves/index.
cfm

E



WWF. 2005d. Ecoregion profile. Upper Parana Rivers and Streams. November 2005.
WWF International: Gland, Switzerland.
http://www.panda.org/about_wwf/where_we_work/ecoregions/parana_rivers_streams.cfm

WWF. 2005e. Freshwater Solutions. WWF International. Global Freshwater
Programme. WWF International: Gland, Switzerland.
http://www.panda.org/about wwf/what we do/freshwater/our_solutions/index.cfm

WWEF. 2005f. Indus River Dolphin. Global Species Programme. WWF International:
Gland, Switzerland.

http://www.panda.org/about wwf/what we do/species/our solutions/endangered species/
cetaceans/river_dolphins/indus_river_dolphin/index.cfm

WWF. 20059. An Overview of Glaciers, Glacier Retreat and Subsequent Impacts in
Nepal, India and China. WWF Nepal Program: Kathmandu, Nepal.
http://assets.panda.org/downloads/glacierssummary.pdf (summary)
http://assets.panda.org/downloads/himalayaglaciersreport2005.pdf (full report)

WWEF. 2005h. Talking Points: First Ever Yangtze Forum. Global Freshwater
Programme. WWF International: Gland, Switzerland.
http://www.panda.org/downloads/freshwater/talkingpointsyangtzeforum.pdf

WWF. 2005i. WWF’s Solutions: Central Yangtze Partnership for Living River. Global
Freshwater Programme. WWF International: Gland, Switzerland.
http://www.panda.org/about wwf/what we do/freshwater/our solutions/rivers/projects/
project details.cfm?sPrild=CN0088

WWEF. 2005j. Ecoregion Assessment 2005. WWF-United States: Washington, DC.

WWF. 2006. Free-flowing rivers: economic luxury or ecological necessity?
Global Freshwater Programme. WWF International: Gland, Switzerland.

WWF. 2006c. Mekong Giant Catfish Net Handover Ceremony Held on June 9th,
2006. WWF News. Newsroom. WWF Greater Mekong Thailand Programme:
Pathumtani, Thailand.
http://www.wwfthai.org/en/newsandfact/newsroom/2006/jun/giantcatfish.asp

WWF. 2006b. The Quest to Save Freshwater Leviathans. Conservation Science.
Featured Projects. WWF-United States: Washington, DC.
http://www.worldwildlife.org/science/projects/giantFish.cfm

WWF. 2006c. WWF honoured for conservation work in Brazil’s Pantanal region.
News and publications. Solutions in Brazil. WWF Latin America and Caribbean
Program: Washington, DC.
http://www.panda.org/about_wwf/where_we_work/latin_america_and_caribbean/where/brazil/
news/index.cfm?uNewsID=72140

Xinhua News Agency. 2003. 29 June 2003. Beijing, China.
http://www.yn.xinhuanet.com/ynnews/zt/2003/sjbl/xlym/dl_001.htm

Yang, S L, Shi, Z, Zhao, H Y, Li, P, Dai, S B, and A Gao. 2004. Research Note: Effects
of human activities on the Yangtze River suspended sediment flux into the estuary
in the last century. Hydrology and Earth System Sciences. 8 (6): 1210-1216.
http://www.hydrol-earth-syst-sci.net/8/1210/2004/hess-8-1210-2004.pdf#search=%22natural
%20sediment%20yangtze%?20river%20%22

Yang, Zhenniang. 1991. China’s Glacier Water Resources (in Chinese). Gansu S&T
Press: Lanzhou, China.

Yoffe, S. and B. Ward. 1999. Water resources and indicators of conflict: A proposed
spatial analysis. Water International. 24(4).
http://www.transboundarywaters.orst.edu/publications/iwra/

Zauner & Schiemer. 1994. Auswirkungen der Schifffahrt auf die Fischfauna grosser
Fliessgewaesser. Wiss. Mitt. Niederoesterr. Landesmuseum. 8: 271-285.

References

E



World’s
top 10
rivers
at risk

The mission of WWEF is to stop the degradation of the
planet’s natural environment and to build a future in
which humans live in harmony with nature, by:

¢ conserving the world’s biological diversity
¢ ensuring that the use of renewable resources is sustainable
¢ reducing pollution and wasteful consumption

WWF Global Freshwater Programme

P.O.Box 7

3700AA Zeist
Netherlands

T: +31 30 693 7803
F: +31 30 691 2064
freshwater@wwf.nl

www.panda.org/freshwater

for a living planet’

WWEF-UK Registered Charity Number 1081247. A Company Limited by Guarantee Number 4016725. Panda symbol ©1986 WWF ® WWF registered trademark owner.



