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Executive summary

The Amazon Basin is the largest basin on the planet and also one of the
least understood. Its drainage area covers more than one third of the
South American continent, and its discharge contributes almost one
fifth of the total discharge of all rivers of the world. The headwaters of
the Amazon River are located about 100 km from the Pacific Ocean and
it runs more than 6 000 km before draining into the Atlantic Ocean. In
addition, the Amazon has 15 tributaries, including the Tocantins River,
that measure more than 1 000 km in length. The Madeira and Negro
rivers are the most important tributaries, contributing with more than
one third of the total water discharge. The Amazon Basin contains
a complex system of vegetation, including the most extensive and
preserved rainforest in the world. The rainforest, known as the Amazon
Rainforest, is not confined to the Amazon Basin but also extends into
the Orinoco Basin and other small basins located between the mouths
of the Orinoco and Amazon rivers. In addition, savannah and tundra-
like vegetation can also be found. Extensive areas of scrub-savannah
dominate the headwaters of the Brazilian and Guyana shields, while
the regions of the Basin situated at high altitude in the Andes are

characterised by tundra-like grassy tussocks called the Puna.

The Amazon Basin is shared by Brazil, Peru, Ecuador, Bolivia, Colombia,
Venezuela and Guyana. More than half of this basin is located in
Brazilian territory, but the headwaters are located in the Andean
portion of the Basin which is shared by Bolivia, Peru, Ecuador and
Colombia. The human density in the Amazon Basin is very low and
people are concentrated in urban centres. In the entire Basin there are
five cities with more than 1 million inhabitants and an additional three
with more than 300 000 people. However, despite the high proportion
of the population living in urban areas, the economy of the region is
still primarily dependent on the extraction of exportable minerals,
oils and forest products. The only exception is the contribution made
by the industrial park established in the duty free zone in the city of

Manaus. Products from timber, mining and petroleum exploitation

are the most important products exported from the Amazon Basin.
Timber exploitation focuses on a few species, particularly mahogany
(Swietenia macrophylla). The primary environmental consequence of
this exploitation is the depletion of natural populations of the exploited
species. The construction of roads to facilitate the extraction of timber
from within the forest also provides access to farmers and other groups
that colonise and expand into these newly accessible areas. Mining,
particularly of alluvial gold, and oil extraction activities are scattered
throughout the Amazon region. The main environmental problems
associated with mining are pollution and increased suspended
sediment loads caused by erosion which leads to the degradation
of downstream habitats. Fishing is also an extractive activity that is
traditional and important in the Amazon plains. Fish is a source of cheap,
high quality protein for inhabitants of the Amazon Basin. Some selected
species of fish are exported to other regions outside the Amazon Basin
and also to other countries. Overexploitation exists but is restricted to

only a few target species.

The development and expansion of agriculture is modifying the
environment within the region. Large cattle farms are being established
in vast areas along the southern and eastern borders of the Basin. Also,
large soybean plantations are being established mainly in less humid
areas near the borders of the Basin. Meat and soybeans may become
important export products from this region, but it will result in the
replacement of natural forests by pastures and soybean plantation.
The importance of the Amazon forest in regulating the hydrological
and carbon cycles has only very recently been recognised and the
consequences of the large-scale deforestation are not well understood.
As a consequence, deforestation and pollution were considered to be
the most critical large-scale environmental problems in this region
leading to the conclusion that Habitat and community modification
and Pollution were the most important GIWA concerns in the entire

Amazon Basin.
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Although the environmental and socio-economic impacts of each
of the predefined GIWA issues and concerns were assessed over
the entire Amazon Basin, the dimension and heterogeneity of the
region rendered causal chain and policy options analyses of the entire
region impracticable. As a consequence, these analyses focused on
determining the root causes of and policy options for mitigating Habitat
and community modification and Pollution only in the Madeira Basin.
This basin was chosen because of its socio-economic importance to

the region and its transboundary nature.

The Madeira River Basin is shared by Brazil, Bolivia and Peru and
therefore, requires a transnational management agreement in order
to ensure appropriate management of aquatic resources and the
establishment of a socio-economic development plan. The Causal
chain analysis determined that the root causes of Pollution and Habitat
and community modification in the Madeira Basin were: governance
failures, market and policy failures, poverty, and lack of knowledge and
information. The lack of information affects the Basin in different ways,
from the inability to detect problems and unsustainable practices to the
lack of environmental warning mechanisms to raise awareness among
decision-makers. The failure of governance was related to the difficulty in
establishing acceptable mechanisms to settle conflicts among different
interests. The lack of legitimacy of negotiations commanding decisions
regarding investments and the absence of a basin-wide management
plan were the two biggest problems associated with governance
failures in the region. The market and policy failures were attributable
to the misconception that natural resources of the Amazon Basin are
inexhaustible which leads to the unsustainable use of those resources.
The lack of knowledge was associated with inadequate training in best
land use practices resulting in the failure to adopt techniques for soil
and chemical use in the agriculture and mining industries that make
these activities more profitable and less environmentally damaging.
Training in best land use practices must be included in the basin-wide
management plan. Finally, poverty is common in the Amazon Basin and
results in the significant dependence of people living in the region on
the exploitation of natural resources in order to sustain their livelihoods.
The Amazon Basin is one of the last frontiers and a land of opportunities
for those that do not have good perspectives in their homelands. The
poverty-environmental degradation cycle probably represents the

largest challenge for the future administration of this region.

The two most promising projects developed to address these root
causes aimed to collate and disseminate information and to implement
a fisheries management programme in the Madeira Basin. Information
is the key requirement in order to implement actions to ensure

sustainable use of water resources. The Governments must be well

informed about the ecology, economy, socio-economy, hydrology,
meteorology, agriculture and other important aspects related to water
and land use in the Basin. This action could be implemented in three
ways: (i) research, to obtain more and new information; (i) search,
to gather existing information; and (iii) dissemination, to transmit
information to the target audience. The purpose of this project is to
integrate the different countries and stakeholders that support research,
databases, and social organisations, in the field of water resources
and environmental management in the Madeira Basin. This project
will represent a first step to develop and implement a basin-wide
management programme involving the three countries. This action
complies with directives of the Amazon Cooperation Treaty (ACT) and
will be the basis for the constitution of a Commission or International
Committee of the Madeira River Basin. All three countries possess
research programmes and database systems to monitor problems and
manage water resources sustainably, but these programmes are not
integrated. The implementation of an integrated information system
might improve the prediction of floods and the implementation of
mechanisms for pollution control. Also, the scientific community within
these countries could work in association with the information system

to develop joint research projects in the aquatic sciences.

The impetus for establishing a sustainable development programme for
fishing activities in the Madeira Basin is the great economic potential of
fish stocks and the importance of connections between the upper and
lower parts of rivers to enable fish migration. This project aims to gather
fisheries projects and organisations in order to achieve sustainable
fishing practices and exploitation of unidentified opportunities. In
addition, the project should strive to raise awareness among fishermen
and stakeholders of how their activities affect and, in turn, are affected
by the health of the environment of the Basin, thus transforming them
into one of the primary agents monitoring and enforcing the sustainable
development programme. In the Amazon Basin, some efforts have been
made to integrate fisheries management, mainly to manage the stocks
of large migratory catfish. Experiences gained from these efforts could
be incorporated directly into a sustainable fisheries development
programme for the Madeira Basin. The selection of this project was
based on the fact that the fishery supports thousands of direct and
indirect jobs and, as a consequence, the adequate management of the
fish stocks in the region is more important from a social perspective
than an economic one. Considering the fact that large migratory
catfish spawn in the Andean headwaters of the Basin and mature
in the estuary and in the lower Amazon reaches, the geographic
area in which this project would be implemented is enormous. The
protection of the spawning areas of these species is essential for the

fishery in the entire Amazon Basin. The efficiency of the project is high
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because the economic feedback resulting from larger fish stocks is
relatively fast. In addition, the equity considerations are also positive
because the development programme for fishing activities would
directly affect both professional and amateur fishermen, as well as the
consumer markets in the largest cities. Furthermore, considering the
increase in the number of conflicts between fishermen during recent
decades, the political feasibility of the project must be addressed. The
necessity of implementing a fishing ordinance to manage fish stocks
in the region has been recognised by both professional fishermen and
by artisanal fisherman living in riparian communities. In some cases,
it is impossible to find an equitable solution for a conflict and it is
necessary to make a decision that could be unfavourable to one party.
If this is done, the political feasibility of the project can be threatened.
However, if the decision is not taken, the conflict may intensify and
become uncontrollable, potentially threatening the project once
again. Unfortunately, despite having the necessary scientific capacity,
the implementation of this project is prevented by inadequate financial

resources in each of the three countries that share the Madeira Basin.

EXECUTIVE SUMMARY



Regional definition

This section describes the boundaries and the main physical and
socio-economic characteristics of the region in order to define the
area considered in the regional GIWA assessment and to provide
sufficient background information to establish the context within

which the assessment was conducted.

Boundaries of the
Amazon region

The Amazon Basin is the largest drainage basin on the planet. It is
situated completely within the tropics, between 5° N and 17° S, and
occupies more than one third of the South American continent. Seven
countries, Brazil, Bolivia, Peru, Colombia, Ecuador, Venezuela and
Guyana share this basin. The Orinoco and Parand rivers represent other
important South American basins, located to the north and south of

the Amazon Basin, respectively (Figure 1).

The headwaters of the Amazon River are located in the Andes Mountains
which are shared among Bolivia, Peru, Ecuador and Colombia, while the
origin of several important tributaries are found in the Brazilian and
Guyana shields, an ancient Precambrian crystalline basement situated
along the northern and southern border of the Basin (Figure 2). The
headwaters of rivers situated in the northern Amazon Basin are shared
by Venezuela, Guyana and Brazil, while the headwaters of rivers in
the south are located in Brazil. The central, the lower and the mouth
of the Amazon River fall within the Brazilian territory (Figure 3). The
Amazon discharges into the North Brazil Shelf Large Marine Ecosystem
(LME 17).

The Brazilian Government excludes the Tocantins River from the Amazon
Basin's drainage area (COBRAPHI 1984). The mouths of these rivers are

Amazon basin

Figure 1

Geographical location of the Amazon, Orinoco and
Parana basins.

partially separated by several islands located at their confluence, and it
may represent a division of the basins. The Marajo Island is the largest
and it separates the mouth of the Amazon to the north from Marajé
Bay and Pard River, which are considered the mouth of the Tocantins
River and several other smaller rivers located to the south (Barthem &
Schwassmann 1994). The discharge of the Amazon and Tocantins rivers
creates a large area along the northeastern coast of South America where
fresh and saltwater mix and sustains a 2 700 km stretch of low-lying,
muddy mangrove forests. This environment extends from the Orinoco
Delta in Venezuela into the Brazilian State of Maranhdo and is inhabited

by several endemic species, genera and sub-families of fishes (Myers

GIWA REGIONAL ASSESSMENT 40B - AMAZON BASIN



1960). The volume of water discharged from both these rivers supply
around 15% of the total fluvial water into the world’s oceans (Milliman &
Meade 1983, Goulding et al. 2003). However, despite the geographical
separation of the mouths of the Amazon and Tocantins rivers, the water
from both mixes prior to reaching the ocean and therefore has similar
physical and chemical properties which gives rise to similar freshwater
fauna on both sides of the archipelago (Barthem 1985, SANYO Techno
Marine Inc. 1998, Smith 2002). As a consequence, there are no ecological

or geographical reasons to consider these basins separately.

The boundary of the GIWA Amazon region was considered the limits
of the drainage area of the Amazon and Tocantin Basins. Due to the
extension of the Amazon mouth and the influence of the freshwater
discharge on coastal waters close to its mouth, it was necessary to
define the eastern limits of the region. Although the distance from the
mouth that freshwater is discharged from the Amazon varies more that
100 km between seasons, the influence of the freshwater is very small
beyond 50 m depth (Barthem & Schwassmann 1994, SANYO Techno
Marine Inc. 1998). Therefore, the eastern limit of the Amazon Basin
region was designated as the 50 m depth contour and included the

Guamé and Araguari rivers as well as other small basins (Figure 3).
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Physical characteristics

The area of the Amazon Basin is estimated to 6 869 000 km? (Table 1).
Although 69% of the Amazon Basin is situated in Brazil; Bolivia and Peru
can also be considered as Amazon countries, because 66% and 60%
of the area of these countries respectively is located in the Amazon
Basin (Goulding et al. 2003) (Table 2). The catchment area of the Basin
extends from 79°W (Chamaya River, Peru) to 46°W (Palma River, Brazil),
from 5°N (Cotingo River, Brazil) to 17°S (headwater Araguaia River, Brazil)
and incorporates some of the greatest drainage basins of the world
(Goulding et al. 2003). Table 1 shows the areas of the most important
catchments within the Amazon Basin and identifies those that are
considered international and drain an area shared by more than one
country, and those that are considered national and drain an area larger
than a state. The largest catchment within the Amazon Basin in terms
of drainage area and discharges of water and sediment is the Madeira
River, which drains an area that covers parts of Brazil, Bolivia and Peru.
The Tocantins River is the second largest catchment in terms of drainage
area and is entirely Brazilian. The Negro River, in the northern Amazon
Basin, is the most important tributary in relation to discharge of water

and drainage area, which drains parts of four countries: Brazil, Colombia,
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Table 1 The Amazon River and its main tributaries. Table2  Countries within the Amazon Basin.
. Basin area Discharge . Amazon Basin Country areaincluded in the
Basin (km?) (m/s) CountHES iy Country by country (%) Amazon Basin (%)
il Bolivi i Brazil 69.1 54.7
Amazonas | 6869000 | 100% | 220800 | Brecik Bolivia, Pery, Colombia, o)
Ecuador, Venezuela and Guyana P
eru 1.4 59.9
Tributaries Bolivia 10.7 65.9
Madeira 1380000 | 20% 31200 | Brazil, Bolivia and Peru International -
Colombia 59 35.0
Tocantins 757000 | 11% 11800 | Brazil National Ecuador 20 463
Brazil, Colombia, Venezuela .
Negro 696808 | 10% 28060 and Guyana International Venezuela 0.8 6.1
Xingu 504277 7% 9680 | Brazil National Guyana <01 <0.1
B i i (Source: Goulding et al. 2003)
Tapajés 489628 7% 13540 | Brazil National
Purus 375000 5% 10970 | Brazil and Peru International . . . .
The origin of the Amazon lies approximately 100 km from the Pacific
Marafion 38050 | 5% o Peru and Ecuador International Ocean in the oriental slopes of the Andes Mountains and reaches
Ucayali B0 5% ND_ | Peru National the sedimentary lands of low declivity in Peru before crossing the
Caqueté-Japurd | 289000 | 4% | 18620 | Braziland Colombia International frontier between Colombia and Brazil. The total length of the Amazon
Jurua 217000 | 3% | 8420 | Braziland Peru International is debated because it is difficult to measure the distance along its
Putumayo-lcs | 148000 | 2% 8760 E‘r:::” Colombia, Peruand |\ 1 ational meandering course and also because it is not known exactly where
Trombetas w90 | % 5855 | Brazi National the origin is located. However it is estimated to be between 6 400 and
km Idin [.2 . Approximately 15 tri ri nd th
Napo 115000 2% ND Peru and Ecuador International 6800 (Gould g et al. 2003). Appro ately 15t butaries and the
N - ) Tocantins River have lengths greater than 1 000 km and three of them
Uatuma 105350 2% 1710 | Brazil National

Note: ND = No Data. (Source: Goulding et al. 2003)

Venezuela and Guyana. The origins of otherimportant tributaries in the
Andean zone belong to Bolivia, Peru, Ecuador and Colombia (Figure 3).
Some rivers have their names changed when crossing the border
between countries. The most important example is the Amazon River,
which undergoes at least seven name changes between its origin and
its mouth (Barthem & Goulding 1997). In each country, the Amazon has
a different name: I¢é and Japurd in Brazil and Putumayo and Caqueta

in Colombia.

Colombia

——— LME17
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© GIWA 2003
Figure3  The drainage basins of the tributaries comprising the

Amazon Basin.

extend more than 3 000 km (Barbosa 1962, Goulding et al. 2003).

The Amazon River discharges approximately 220 800 m?® of water per
second which represents about 15% of the total discharge of all the
rivers in the world (Goulding et al. 2003). It transports approximately
1.2 billion tonnes of sediments per year, less than Yangtze in China and

Ganges-Brahmaputra in India and Bangladesh (Meade et al. 1979).

Most of the Amazon Basin does not exceed an altitude of 250 m, and
the main humid zones are located below a height of 100 m (Salati &
Vose 1984). The ports located in Iquitos, in the Amazon River (Peru),
and Porto Velho city, in the Madeira River (Brazil), receive ships that
travel more than 3 500 km along the rivers. Otherwise, not all the rivers
of the Amazon Basin are navigable by commercial ships, although, it is
estimated that more than 40 000 km of waterways within the Basin are

navigated by various types of craft.

Climate

Despite its enormous size, the temperature range over the entire
Amazon Basin is relatively small with annual mean temperature varying
from 24 to 26°C. In the mountainous areas, the annual average is below
24°C, while along the Lower and Middle Amazon the mean temperature
exceeds 26°C (Sioli 1975). The homogeneity of temperature is probably
due to the relatively uniform topography of the Basin, the abundance
of tropical rainforest, and its location in the north and centre of South

America.
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Other climatic parameters however, exhibit important temporal and
spatial variations over the area of the Basin. The area, according to the
climatic classification of Kdppen, is characterised by several climate
types: Type Afi is defined by relatively abundant rains throughout the
year, with the total precipitation in the driest month always exceeding
60 mm; Type Amiis defined as a relatively dry season, with elevated total
annual pluviometric rate; and Type Awi has a relatively elevated annual
pluviometric index, but also exhibits a clearly defined dry season (Day
& Davies 1986).

Mean annual rainfall exhibits great spatial variations throughout the
Amazon Basin, generally oscillating between 1 000 mm and 3 600 mm,
but exceeding 8 000 mm in the Andean coastal region (Day & Davies
1986, Goulding et al. 2003). At the mouth of the Amazon River, the total
annual rainfall exceeds 3 000 mm, while in the less rainy corridor, from
Roraima through Middle Amazon to the State of Goids in Brazil, the
total annual rainfall varies between 1 500 and 1 700 mm (Capobianco
et al. 2001).

The pattern of rainfall throughout the year varies across the Basin. In
the west, rains are relatively evenly distributed, while the northern Basin
receives its greatest rainfall in the middle of the year and in regions
south of Ecuador, maximum precipitation occurs at the end of the year
(Simpson & Haffer 1978, Salati 1985). Because more than half of the total
precipitation is recycled by evapotranspiration, the Amazon rainforests
maintain the rainfall patterns and the hydrological cycles in the region
(Salati et al. 1978, Salati & Vose 1984). Medium annual evapotranspiration
ranges from almost 1 000 mm per year in the proximities of the Jurua
and Purus rivers to more than 2 600 mm per year close to the mouth

of the Amazon River.

Classification of Amazonian rivers

The great environmental heterogeneity of the Amazon Basin can be
illustrated by categorising the different biotopes, considering the
different sub-basins that comprise the Amazon Basin, the landscapes
defined by the geological past and the different types of floodplain
areas. The main geological units of the Amazon Basin include high
mountains (Andes), old shields (Brazilian Shield and Guyana Shield)
and the extensive lowlands (Central Amazonian Lowlands) (Figure 2).
These three geological structures are of fundamental importance for
the chemical quality of water as well as the composition and production
of fish in the Amazon rivers. The types of water in the Amazon are
classified as white, clear or black according to their colour, which is
determined by the geological structures where the waters originate
(Sioli & Klinge 1965, Sioli 1967, Sioli 1975).

The highly turbid rivers that carry a great amount of material in
suspension, such as the Amazon, Napo, Maraién, Tiger, Jurug, Purus
and Madeira rivers, are called white-water rivers and originate in the
Andean slopes. The conductivity of waters in these rivers is elevated
(> 60 pS/cm) and the pH is close to neutral (6.5-7) (Meade et al. 1979,
Schmidt 1982, Guerra et al. 1990).

Clear-water rivers are, as the name suggests, generally transparent
and originate in the crystalline Guyana and Brazilian shields where
the processes of erosion yield few particles that are transported in
suspension. As a result, these waters are chemically pure, with low
conductivity (6-5 uS/cm) and almost neutral pH (5-6) (Sioli 1967). The

visibility within the Tapajés, Xingu and Trombetas rivers is almost 5 m.

A greatamount of humic acid in colloidal form is a characteristic of black-
water rivers, such as the Negro and Urubu. The chemical properties of
these waters is determined by the sandy soils and a type of vegetation
known as Campina and Campinarana that grows in these soils. Campina
and Campinarana habitats are dispersed throughout the sedimentary
basin in which the upper reaches of these black-water rivers are located.
Organic matter, leaves and logs, deposited on the soil are not completely
decomposed and the porosity of the soils allows humic acid colloids to
percolate into the rivers, thus reducing the pH of the water to between
4 and 5.5 and generating the characteristic dark colouration of these
rivers. Despite the elevated concentration of organic matter, the water
in black-water rivers is chemically more pure than those of white-water

rivers, with conductivity up to 8 uS/cm (Junk 1997).

Rivers of the Andes

Ucayali and Maranén rivers. The Inca Empire was the most famous
civilization of the Ucayali River. Its capital, Cuzco, was established on
the Apurimac River, in the Basin's headwaters. The mountains have a
long history of human alteration extending thousands of years, but
the valley and the lowlands are well preserved. Fishing is an important
economic activity in the lowlands, mainly around the cities of Pucallpa
and lquitos. The Marafnén River was the principal connection between
the Peruvian Amazon and the Pacific in the recent past, and now it is
the main pipeline route for the export of oil. In addition to oil extraction,
numerous copper, zing, iron, mercury, antimony and gold mines occur

in the headwaters of these rivers (Goulding et al. 2003).

Madeira River. The Madeira River,composed of Mamoré, Beni and Madre
de Dios rivers, is the main source of sediments of the Amazon Basin.
The foothills of the Andes exhibit a sequence of habitats that change
from snowfall streams to the large rivers at the base of the mountains.

Although the biodiversity increases downstream, the chemical processes
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and species endemic to the high altitude reaches of these rivers make
them an important area for the Basin. The confluences of the Andean
rivers and the rivers of the Brazilian Shield is observed along a succession
of rapids and falls located above the city of Porto Velho. Below this point,
the River is calm and navigable. The largest floodplain areas are located
in Bolivia, in the flooded savannahs. These areas are inundated with the
floods of the rivers and by local rainwater (Goulding et al. 2003). One of
the largest alluvial gold mines within the Amazon Basin is located along
the Madre de Dios River (NUfez-Barriga & Castafeda-Hurtado 1999).

Putumayo-I¢d and Caqueta-Japura. Although, these Andean rivers may
have the most preserved catchments in the entire Amazon Basin, the
foothill region has been altered in areas where communities, primarily
of indigenous people, have expanded along the road and cocoa
production has increased. Fishing is an important activity in the lower
river, mainly in the Caquetd River and gold exploitation occurs along the

Colombian and Brazilian border (Férnandez 1991, Goulding et al. 2003).

Purus and Jurua rivers. The Purus and Jurua rivers are different from
other white-water rivers in the Andean region because their headwaters
are situated below 500 m altitude, although, in the past, they were
connected with the Andes. As a result of geological changes these rivers
now drain a desiccated landscape formed by an older alluvium deposit
and carry large quantities of suspended solids (Clapperton 1993). These
rivers have one of the largest floodplain areas of the Amazon Basin,
which is explored by professional fishermen from Manaus (Batista
1998, Petrere 1978). In the headwaters, inhabited by Indians and small
communities, several areas have been designated for ethnic groups and

are protected from extractive activities (Goulding et al. 2003).

Rivers of the Old Shields
Guyana Shield
The Guyana Shield is located in the north of the Amazon Basin and is

shared by Brazil, Venezuela, Guyana, Suriname and French Guiana.

Trombetas, Jari, Araguari and other rivers. Most of the drainage area of
theserivers is located in the Guyana Shield, which is characterised by the
fallsand headwaters of small streams. Large industrial operations, such as
the extraction of bauxite in the Trombetas River, the extraction of kaolin
and paper production in the Jari River and the extraction of manganese

in the Araguari River occur in these basins (Barthem 2001).

Negro River. The Negro River is the largest tributary of the Amazon
River located in the Guyana Shield. Several floodplains in the catchment
that are flooded by overflow from the Negro River are important, such

as the Anavilhanas archipelago in the Negro River and the unnamed

archipelago, between Padauari/Demini and Branco rivers (Goulding
etal. 1988). In addition, forests in the catchment are periodically
flooded by the rain and, as a consequence, creates another type of
flooded environment that covers large contiguous areas close to the
margins of the Negro and Branco rivers as well as in the headwaters
of its tributaries. In the Branco River, the savannah that is periodically
flooded by rain is an environment that favours cattle and rice cultivation
and, moreover, it is an area prone to fires during dry periods. The falls
and headwaters of the rivers are areas subjected to more severe
environmental impacts, such as mining. Conservation depends on
the enforcement of an environmental law, which is hindered by the

expansion of mining activities in this area (Barthem 2001).

Brazilian Shield
The Brazilian Shield is located in the southern Amazon Basin and is

located entirely within Brazil.

Tocantins River. The catchment of the Tocantins River is one of the
most altered areas of the Amazon Basin. This region possesses two large
hydroelectric dams, one at Tucuruiin the lower Tocantins River, and the
other at Lageado, in the upper Tocantins River, and the construction of
25 moreis predicted (Leite & Bittencourt 1991). Moreover, its headwaters
are altered by agricultural activities to the south of Pard and north of

Tocantins, as well as by present and past mining activities.

Xingu River. The ichthyofauna of the Xingu River above the waterfall
at Altamira is completely different from that of the lower sections of
the River. The fauna and the ecology of this system are not sufficiently
known and the main impacts are related to mining and agricultural

activities in its headwaters.

Tapajos River. Of the rivers that drain the Brazilian Shield, the Tapajos
River is the most altered by mining activities in its headwaters and
also by dredging. Unfortunately, knowledge of the ichthyofauna and
ecology of this drainage system is still insufficient to evaluate the

dimension of the impact of this activity (Barthem 2001).

The tributaries of Madeira River. The headwaters of the Madeira River are
located in the Andean slopes, but its tributaries drain the Brazilian Shield.
The mainimpactsin this area are caused by mining, construction of Samuel’s
Hydroelectric Dam on the Jamari River, and intense agricultural activity in
its headwaters. Information on the fauna and ecology of these tributaries
is lacking. The Madeira River area and regions close to its tributaries have
been studied more often. However, mercury contamination is known in the
area and the disturbances of the mining dredges on the migration of the

great catfishes have been mentioned by local fishermen.
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Figure4 The main Amazon habitats.
(Source: WWF 1998-1999)

Forests

The limits of the Amazon Tropical Forest extend far from the area of the
Amazon Basin and covers a great part of Suriname and French Guiana
to the north. The Amazon Tropical Forest is composed of complex types
of vegetation such as the highland forest, the cerrado, the flooded
savannah and the flooded forest (Sioli 1975, Ayres 1993) (Figure 4).
Beyond the limits of the Amazon forest, the Amazon Basin is covered
by an extensive area of savannah and cerrado in the headwaters of
the Brazilian and Guyana shields. The cloud forest is a special type of
vegetation that grows between 1 500 and 3 000 m on the slopes of the
Andes and is exposed to constant moisture-laden winds. The vegetation
changes abruptly at altitudes above 3 000 m. The climate becomes dry
and cold and a vegetation type known as Puna, which is composed

mainly of grasses and bushes, dominates (Goulding et al. 2003).

The floodplains (varzea and igapd) represent the most important
environment for diversity and aquatic productivity (Goulding 1980,
Goulding et al. 1988, Forsberg et al. 1993, Aradjo-Lima et al. 1986,
Forsberg et al. 1983, Junk 1989 and 1997). These areas extend along
the rivers and appear almost entirely flooded during the rainy
season. Although it is difficult to determine accurately the areas that
are periodically flooded because of the complexity of the flooding
system which can be influenced by local rains, river overflow and the
action of tides (Goulding et al. 2003), it is estimated that within Brazil,
there is between 70 000 to 100 000 km? of floodplains and more than
100 000 km? of lakes and swamps (Goulding et al. 2003). In Bolivia,
flooded areas occupy between 100 000 and 150 000 km? of the country
(Barthem et al. 1995).

The areas of varzea of the white-water rivers are relatively well conserved
in the area upstream of the confluence of the Purus and Amazon rivers,
in Brazil, without great deforestation caused by cattle or agriculture. On
the other hand, the vdrzea of the Solimées-Amazon rivers are altered
downstream of the Purus River mainly in the area around Santarém,
in the State of Par4, Brazil. In the area between where the Tapajos and
Xingu rivers join the lower Amazon, there is a different type of vdrzea,

that is influenced by flooding and river overflow (Barthem 2001).

In Brazil, the vérzea of tides are observed along the area between the
confluence of the Xingu and Amazon rivers, and the mangroves. This
vegetation type has been intensely exploited by logging companies
and small-scale farmers (Anderson et al. 1999, Barros & Uhl 1999).
However, in spite of this, the condition of habitats in the area of the
channels of Breves as well as in the area of the inner delta of Amazon
River (Gurupd, Mexiana, Caviana and other islands) is relatively good, as

there are no large agricultural enterprises (Barthem 2001).

Fields flooded by rain are quite typical within the great islands of
the Amazon mouth as well as in the area of the coast of Amapé and
Pard. This is the most threatened region of the entire Amazon plain
due to ancient human occupation, that had already built dams and
channels, and to the possibility of cattle and agriculture expansion
(Smith 2002).

Fish diversity

The number of fish species in Amazon remains unknown but estimates
of the number of fish species in South America vary between 3 000
and 8 000, most of them in the Amazon Basin (Menezes 1996, Vari &
Malabarba 1998).

Socio-economic characteristics

Low human population density is a factor that helps preservation of
the Amazon Basin. Unfortunately however, this also tends to lead to a
failure to prioritise the collection and maintenance of data describing
basic demographic parameters, such as rates of rural migration, sanitary
conditions and the exploitation of timber and fisheries resources,
among regional administrations. As a consequence, data presented

here is often old or does not always cover the entire Amazon Basin.

Demographic structure
The population density in the Amazon Basin is low and concentrated

in urban centres (Figure 3). In Brazil, where the Amazon Basin is most
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inhabited, the average population density is 3.3 inhabitants per km?,
which is considerably lower than the average density of 20 inhabitants

per km?in the remainder of Brazil.

The Amazon Basin supports five cities that have more than 1 million
inhabitants and an additional three that have more than 300 000
inhabitants. These major population centres are generally located
along the larger rivers, such as Amazon and Madeira rivers. The main
cities are Manaus, lquitos and Pucallpa along the Amazon River, Belém,
in the Amazon estuary and Porto Velho on the Madeira River. Other
important cities, La Paz, La Santa Cruz Sierra and Cusco, are located
in the headwaters in the Andean Mountains (Goulding et al. 2003)
(Figure 3).

Socio-cultural aspects

The Amazon Basin, with its enormous biodiversity, is also characterised
by a great socio-cultural diversity, composed of countless indigenous
tribes and traditional populations of riverine, rubber tappers and small
farmers (Neves 1995). The indigenous populations, with more than 100
different languages, are generally located in reserves that currently
occupy more than 15% of the entire Amazonian territory (Diegues 1989).
Until the 1960s, the economy was based on the extraction of natural
resources, particularly rubber or cocoa and fish. Afterwards, mining
of iron, bauxite and gold became important economic activities and
people began to migrate from settlements located along the rivers
and vérzeas to areas nearby these new industries (Cardoso & Muller
1978, Diegues 1989).

Human settlement in the Amazon, initially by the indigenous tribes
and later on by European and other immigrants, occurred mainly in the
varzea due to the resources offered by the rivers and streams as well as
the high fertility of alluvial soils that were productive for agriculture and
cattle grazing. A mixture of Europeans, African slaves and indigenous
peoples traditionally inhabited the varzea and cultivated corn, rice,
beans and bananas. Hunting, fishing, growing and harvesting rubber,

Brazilian Nuts and agai, complemented those activities (Neves 1995).

Private and governmental planning investments occurred at the end
of the 19" century with the construction of a railway that aimed to
connect the upper Madeira River with the navigated stretch below the
rapids and falls between Guajard-Mirim and Porto-Velho and facilitate
the transport and export of rubber, which was the main product of the
Amazon Basin during that period. The Madeira-Mamoré railway was
completed in the 1930s but, the inauguration of the railway coincided
with the economic decline of rubber rendering it economically

unfeasible to operate.

In the 1960s, the construction of highways irreversibly modified the
social structure of the region. The road between Belém and Brasilia
connected the Amazon to other areas of Brazil. The opening of the
large highways parallel to the rivers changed the pattern of occupation
of the Brazilian Amazon. As a consequence, deforestation increased
along the rivers and in the Terra-Firme (upper-land) along the recently
open highways (Fearnside 1995). In addition, the logging industry
constructed roads deep into forests away from the rivers, which enabled
the extraction and export of timber but also lead to the establishment

of settlement in previously uninhabited areas of the Terra-Firme.

Hunting for subsistence and sale of skins was concentrated mainly
on animals such as the capybara (Hydrochaeris hydrochaeris) and
the alligator (Caiman sp.). The turtle (Podocnemis expansa) and the
freshwater manatee (Trichechus inunguis) were easy to capture and, as
a consequence of overexploitation, many of these animals practically
disappeared in some areas (Neves 1995). In addition, the growing
presence of commercial fishermen in the area has generated conflicts
with the local subsistence fishermen, who try to protect the lakes
that still contain healthy stocks from the fishing methods used by
commercial fishermen in the vérzea and industrial fishermen in the

estuary (Barthem 1995).

Extraction of plant resources is another practice that is widespread in
the Amazon. The main products are rubber, Brazilian Nuts and acat. In
addition, a plethora of medicinal and aromatic plants are harvested
for the production of pharmaceuticals and cosmetics. Unfortunately
however, due to indiscriminate collection, some species are threatened
to the point of extinction. Timber extraction, primarily for the export
market, is practiced but in an exploratory and disorganised fashion.
The exploration covers large areas of varzea, where the infrastructure
to extract and transport the timber exists. The main exploited species
are: Cedro (Cedrela sp.), Jacareuba (Calophyllum brasiliensis), Mogno
(Swietenia macrophylla), Andiroba (Carapa guianensis), Louro (Aniba sp.),
Ucuuba (Virola surinamensis) and Copaiba (Copaifera vinifera), among
others (Fearnside 1995). The highways facilitate the access in the areas
of Terra-Firme, being the areas more explored than those with a more

extensive net of highways (Verissimo et al. 2001).

In recent years, mining has seriously compromised the environment
and the people that live in it. Gold extraction represents an activity that

most affect the ecosystem.

Socio-economic aspects
The presentation of the socio-economic aspects of Amazon Basin is

plagued by a chronic shortage of statistics. However, the quality of life
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of the resident population and the relationships between production
and the activities conducted within the area will be summarised on the

basis of the available information.

The occupation of Amazon was intense at the beginning of the
18" century. Although the Portuguese paid little attention to the
Amazon during their occupation, great international interest in this area
was generated mainly by the English due to their marine and commerce
tradition. In the 19% century, during the colonial period, the ephemeral
“agricultural cycle” was progressively replaced by more permanent
production of coffee, cotton, sugar cane and cacao. Later, American
interests were stimulated by the increasing usefulness and demand for
rubber which promoted several private incentives and government
investments in the area. For example, beyond the railway Madeira-
Mamoré, the North American entrepreneur, Henry Ford, invested in
the plantation of Hevea along the banks of the Tapajos River, Brazil.
The urban nucleus known as Fordland was built to extract, process and
export the latex obtained from the plantation. Rubber became the main
product of the Amazon Basin until the beginning of the 20" century
when the low competitiveness of the extractive process and a fungal
plague in the plantation caused the decline of rubber production
around 1950. Afterwards, the world centre for rubber exploitation was
transferred to Southeast Asia, where more productive areas existed and

fungal infections were able to be controlled (Ribeiro 1990).

In the latter half of the 19" and the beginning of the 20™ century,
the migration of people assumed a pivotal role in the expansion and
establishment of new urban centres. Initially, migration and colonisation
occurred along navigable waterways but, with the construction of
federal roads during the 1960s, a new route for migration and economic
expansion was established. In Brazil, the most inhabited and impacted
area is observed in the regions under the influence of highways
constructed between Belém and Brasilia and between Cuiaba-Porto
and Velho-Rio Branco, where several consolidated urban nuclei have
been established. However, in the remainder of the Amazon Basin,
population centres are generally poorly connected. Transport and
communication is only between those cities that are located along the

main channel of the Amazon River (IBGE 1991).

In 1996, the Brazilian population in the Amazon River Basin was
6 706 154 inhabitants and had increased 9.4% since 1991 (IBGE 1996).
This increase correspond with trends reported from the North and
Middle-West regions of Brazil, which exhibited the most significant
growth rates in the country (2.44% and 2.22%, respectively), while
the growth rate of the entire country was 1.38% per year during the

same period. The urbanisation rate in the Basin increased from 60.8%,

in 1991, to 70.7%, in 1996, overcoming that reported for the Brazilian
North region (IBGE 1996).

The quality of life of the population in the Amazon River Basin, based
on indicators such as basic sanitation (provisioning of water, sanitary
exhaustion and garbage collection) and incomes, is characterised by
accentuated lack of infrastructure and social investments. These factors
make the North region in Brazil less favoured than the average situation

of the other regions in South America.

The contribution of the Amazon River Basin to the Brazilian economy
is relatively modest, considering that the North region was responsible
for less than 3.5% of the GDP, in 1990, despite occupying more than
45% of the national territory (IBGE 1991). The GDP of the North and
Middle-West regions of Brazil increased approximately 18 fold between
1970 and 1990, while the national GDP increased only 11.4 times. The
growth in per capita income in the Brazilian North region was of the
order of 7.5 times during the same period, from 197 to 1509 USD
(Kasznar 1996).

Since the 1970s, the agricultural activities of the Brazilian Northern
region have undergone great transformations that include the spatial
expansion of crops and growth of bovine flock. Moreover, the changes
in the processes of production, such as the management of resources
and use of different agricultural techniques, as well as the destination of
the production are factors that contributed to the development of the
agriculture in the area. Agricultural activities are essentially dedicated to
the subsistence cultivation of rice, cassava, corn and beans, while soya,

coffee and cacao are grown as commercial crops.

In the region, the supply of electric energy to some specific areas is
generally generated by isolated hydroelectric systems (dams of Balbina,
Samuel, Curua-Una and Coaracy-Nunes) and complemented by fuel-
burning thermo-electrical centres. The connection of part of the State
of Para to the System Electric Interlinked North-northeast, through
Tucurui Hydroelectric Dam, with a transmission line (1 000 MW)
between Venezuela and Balbina Hydroelectric Dam is predicted for

the future.
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Assessment

Table 3

Scoring table for the Amazon region.

Assessment of GIWA concerns and issues according
to scoring criteria (see Methodology chapter)

=
. H
No known impact H

=
n Slight impact

PACT]

=

PACTII

H

Freshwater shortage

Moderate impact

=
2 .
§ Severe impact

The arrow indicates the likely

direction of future changes.
A Increased impact

=) No changes

N Decreased impact

S Overall Score**

N

v | Priority***

Modification of stream flow

Pollution of existing supplies

Changes in the water table

Pollution

i z|1.7 7II2.3 -)I 17 z\ m 2

Microbiological pollution

Eutrophication

Chemical

Suspended solids

Solid waste

Thermal

Radionuclide

Spills
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Habitat and community modification

1* ZIZ.S -)I 17 ZI 17 7| 1

Loss of ecosystems

1

Modification of ecosystems

1

Unsustainable exploitation of fish

o.e*-)l 0 7II 0 -)I 0 z‘m 4

Overexploitation

Excessive by-catch and discards

Destructive fishing practices

Decreased viability of stock

Impact on biological and genetic diversity

—lolo|(=|~

Global change

0.8*7|I 0 7II 0 ZI 0 Z‘m 3

Changes in hydrological cycle

Sea level change

Increased UV-B radiation

2
0
0

Changes in ocean (0, source/sink function

0

*  This value represents an average weighted score of the environmental issues associated

to the concern. For further details see Detailed scoring tables (Annex 1l).

** This value represents the overall score including environmental, socio-economic and
likely future impacts. For further details see Detailed scoring tables (Annex II).

*** Priority refers to the ranking of GIWA concerns.

This section presents the results of the assessment of the impacts
of each of the five predefined GIWA concerns i.e. Freshwater
shortage, Pollution, Habitat and community modification,
Overexploitation of fish and other living resources, Global
change, and their constituent issues and the priorities identified
during this process. The evaluation of severity of each issue
adheres to a set of predefined criteria as provided in the chapter
describing the GIWA methodology. In this section, the scoring of
GIWA concerns and issues is presented in Table 3. Detailed scoring
information is provided in Annex Il of this report.

Freshwater shortage

Freshwater shortage was considered the least important concern for
the Amazon region. A relatively high average annual precipitation of
1500 to 2 500 mm (Day & Davies 1986) contributes significantly to the
hydrological balance and reduces the problems of freshwater shortage
in the region. However, the rainfall is not homogenously distributed
throughout the Amazon Basin or during the year. In some areas and/or
during some months, the rainfall can be very low leading to occasional

shortages of freshwater (Hodnet et al. 1996).

More than half of the Amazon population lives in urban centres
(Becker 1995). The water in these centres is generally collected from
neighbouring rivers and distributed to residents by local water
companies. The rural populations usually take water directly from the

rivers or from shallow water wells.

Some issues related to water shortage are not discussed in detail since
they were considered insignificant in the Amazon Basin. Modification

of stream flow is among the main indicators of water shortage, since
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the reduction in water discharge may affect water supplies, the rate
of dilution of contaminants and the volume of water available in
underground reservoirs. Some small streams located near severely
deforested areas may experience a reduction in water flow during the
dry season. This process is associated with changes in the micro-basin
water retention capacity (Hodnet et al. 1996). In such cases, the water
flow is altered and its classification may change from a tropical forest
river, which has characteristics of a reservoir river, into a sandbank
savannah river that undergoes extreme desiccation during the dry
season (Welcomme 1985). The construction of hydroelectric dams and
water reservoirs has not altered stream flow in the region but potentially
can modify the water discharge cycle. At present, there is no evidence

of annual reductions in the discharges of the Amazon rivers.

Impacts associated with changes in the water table were not detected
in this region. In addition, information describing the effects of the
natural El Nino phenomena on water levels in wells or spring flow is
unavailable. Thus, freshwater shortage associated with changes in the

water table is not yet considered a problem in the Amazon region.

Environmental impacts

Pollution of existing supplies

The pollution of existing water supplies has a high but localised impact
in small streams or stretches located close to the urban centres (e.g.
Belém, Santarém, Manaus and neighbourhoods). The general absence
of adequate sewage treatment systems and wastewater impoundments
is the main source of pollution of existing supplies. On the other hand,
the rainfall intensity and the scarcity of large urban centres make this

impact local and slight relative to the entire Basin.

Socio-economic impacts

The level of economicimpact caused by freshwater shortage is very low
since the dimension of sectors affected by water shortage is small and
limited. During the drier period of the year, there is a reduction in drinking
water in small areas in the rural zone of the southern and southeastern
regions of the Para state (Brazil) due to the seasonal declines in stream
flow. This problem can be reduced and is gradually being solved by the
construction of additional local water reservoirs and wells. The costs
incurred through the construction of these wells and reservoirs are very

limited and usually shared by more than one family.

In general, governmental companies are responsible for the treatment
and distribution of drinking water in the cities. However, recently some
of these enterprises were privatised and the users observed a slight, but

probably temporary, increase in the cost of water.

Health impacts associated with freshwater shortage were considered
slight. The number of people affected by occasional seasonal water
shortage in rural areas is very small and possibly represents less than
1% of the total population living in the region and its consequences
do not seem to cause significant health problems. On the other hand,
in the urban centres, the pollution of existing water supplies may
cause chronic public health problems. Sewage contaminates water
supplies and leads to infestations of intestinal parasites and incidences
of diarrhoea that predominantly affects children living in low-income
areas. This problem is considered serious and more related to urban

centres of the Amazon region (pers. comm.).

Other social and community impacts caused by freshwater shortage
in the Amazon region are presently unnoticed. In areas where seasonal
water shortages are experienced, the population has developed several
techniques to solve these problems. Nevertheless, this problem can
be intensified with the increasing deforestation, particularly when the
annual rainfall is less than usual or when regional climate patterns are

affected by EI Nifio events.

Conclusions and future outlook

Freshwater shortage under present conditions is not a high priority for the
Amazon region and, as a result, has few, if any, transboundary implications.
The high average annual precipitation maintains stream flow, dilutes
pollutants and guarantees groundwater supplies. If the current supply
of freshwater is to be maintained in the future, the role of the Amazon
rainforests in determining climate patterns and hydrological cycles must
be conserved (Salati et al. 1978, Salati & Vose 1984). However, the increased
deforestation of some parts of the Amazon, such as in the Southeast region
(Brazil), is altering the water cycle and is intensifying the problems related to
freshwater shortage. Current shortages of water in severely deforested areas
are indicative of what may happen in the region in the future if the present
deforestation rate continues (Lean et al. 1996). In addition to deforestation
potentially altering the water cycle, the problem of pollution of existing
water supplies can be worsened with the growth in size and number of

small villages and cities scattered on this basin.

The socio-economics impacts related to freshwater shortage are
restricted to small groups of the population that live in intensively
deforested areas. The impacts of water shortage in those areas are
considered cyclic and occur only during the drier period of the year.
The pollution of water supplies in the urban areas seems more likely to
affect health related issues. In the future, it is expected that more people
will live in the urban centres, but technological improvements might
provide better conditions for these people. It is also expected that the

drinking water will be supplied from underground reservoirs.
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Considering the rate of deforestation and the expansion of urban
centres, the prognosis for the Amazon Basinindicates that the Freshwater
shortage related issues might become a serious environmental problem

when compared with the present situation.

1] Pollution

The human population density in the Amazon Basin is very low and
there are only a few industrial areas established near the cities. Manaus is
the only city in the Amazon that has a duty free industrial area and most
of the industries located here are concerned only with the assembly
of machines and electrical goods from components that have been
manufactured in other countries. Because the individual components
areimported, the industrial effluents produced during the manufacture
of those components are not present in Manaus and, as a result, the

assembly industry is considered a “clean industry”.

There are two scales of enterprises in the central region of the Amazon
that can strongly impact water quality: (i) the large and concentrated
governmental and private projects, such as the hydroelectric dams
and petroleum exploitation stations; and (ii) the small and dispersed
local activities, such as small-scale gold mining and agriculture. The
petroleum, hydroelectric, mining, timber and fishing enterprises are the

most important but they are few and dispersed along the Basin.

At present, microbiological pollution is not an important issue for this
region. Microbiological contamination is associated with deficiencies
in sewage treatment but this still is a small and isolated problem.
Ineffectual sewage treatment seems to have greater impacts on the
health of inhabitants in the region than on the quality of water supplies,
because the majority of the Amazon population lives in cities and in

areas with no sewage treatment.

Eutrophication is observed in very small isolated areas and is
predominantly associated with the use of fertilisers in agriculture.
Some crops demand the use of chemical fertilisers that, with
the abundant rainfall, are carried into the rivers and may cause
eutrophication. However, the use of fertilisers in the region is still
very limited and the river flow is so high that excess nutrients are

rapidly diluted.

At present, radionuclide problems do not occur in this region since

nuclear power plants and nuclear radioactive wastes are not present.

Environmental impacts

Chemical pollution

Mercury contamination and chemical agricultural wastes are the
main sources of chemical pollution in the Amazon Basin. The impacts
caused by these pollutants do not affect large areas because there are
no extensive agricultural areas and because gold mining activities are

established in only a few concentrated locations.

The DDT found in Amazon soils originated mainly from the use of this
insecticide against malaria vectors between 1946 and 1993. The present
level is low compared with previous data obtained from important

agricultural areas in Brazil (Torres et al. 2002).

Contamination of organisms by mercury occurs in the Amazon Basin
but is not yet completely understood since mercury can originate
from both gold mining activities and natural sources. The problematic
areas for chemical pollution were identified as the regions where gold
mining activities were intense, such as: the Andean region, the State
of Rondénia (Brazil), and the basins of the Tapajos, Xingu and Madeira
rivers. The mercury levels in most fish species consumed by the Amazon
population are below the limit recommended for consumption by
Brazilian legislation, but some areas show some contamination (Kehrig
etal. 1998, Brabo et al. 2000).

Until the beginning of the 1990s, the region of Alta Floresta in the
southern Amazon Basin, and the headwater of Tapajos River, were
two of the main areas in which gold prospecting in the Amazon Basin
was conducted. Although fish, particularly carnivorous fish, exhibited
high mercury concentrations, the population living in these regions
exhibited low concentrations of mercury in their hair as a result of
the small proportion of fish in the diet of these people. Unlike other
people living in other areas of the Amazon Basin, the primary source
of dietary protein for the population in the southern Basin is red meat.
Nevertheless, the relationship between mercury and fish consumption
was so strong that it was possible to distinguish a twofold difference in
the concentration of mercury in hair among those who consumed fish
and those who did not (Hacon et al. 2000). Other issues related to water

chemical pollution are not known in the Amazon Basin.

Suspended solids

Solid residues in suspension are normally abundant in rivers originating
in the Andean region, but the rivers from the Amazon plain and
from the Brazilian and Guyana shields have small concentrations of
suspended sediments. An increase in solid residues in suspension was
observed in two rivers that originate in the Brazilian Shield, the Tapajos

and Tocantins rivers. The changes in turbidity of the Tapajés River as a
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A small urban stream blocked by solid wastes.
(Photo: L. Montag)

Figure 5

result of the influx of suspended solids from gold mining activities were
obvious from aerial observations. Also, increases in the amount of solids
carried by the Tocantins River were a result of the increase in the bottom
rolling sediments and not suspended solids (pers. comm.). The origin
of these solids in the Tocantins River is related to the deforestation as
well as agricultural and cattle grazing activities that are taking place in

the upper portion of this river.

Solid waste

Solid waste pollution corresponds to various plastic residues and it is
detected mainly in sedimentation areas of the rivers and coast. The
accumulation of solid wastes on some river beaches or small streams

close to large urban centres potentially affects tourism. It is more

Figure 6 The rivers of the Amazon Basin carry a large volume of
trees, pieces of wood, branches, leaves and roots.
(Photo: R. Barthem)

*;n m

obvious during periods of low water in the river or at low tide in areas
under tidal influence and in mangroves. Some small streams of the
large urban centres may become completely blocked by solid wastes
which increase health problems, particularly those related to insect

transmitted diseases (Figure 5).

The bottom-set gill net fishery and the trawl fishery have encountered
solid waste in the Amazon estuary, but information describing the

effects of solid wastes on fishing activities is unavailable.

The rivers of the Amazon Basin also carry a large volume of solid
materials brought from the forest and flooded fields. These solid
materials include dead trees, pieces of wood, branches, leaves and
roots. During the dry season, these natural solid wastes can cover

beaches and the river channel (Figure 6).

Thermal

Diesel electricity generators located in urban centres dispersed
throughout the Amazon Basin are sources of very small amounts of
thermal pollution that have insignificant impacts on the region. There
are no sources of thermal pollution originating from nuclear power

generation in this region.

Spills
QOil spills occur occasionally in areas exploited for petroleum and
during fuel transportation procedures. To date, there are no records

of significant damage done by oil spills and no statistics describing
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accidents involving oil transportation rafts. However, an investigation
of a recent accident involving an oil transportation raft that occurred
near the mouth of the Amazon River concluded that the strong current
dispersed the heavy oil in a few weeks (Barthem et al. 2000). Impacts
of this oil spill were considered local and the lack of information
describing the ichthyofauna of that region limited the possibility to
accurately determine the magnitude of the impacts of the accident

on the fish fauna.

Socio-economic impacts

Economic impacts attributable to pollution are relatively small. The
industries that are operating under ISO 14 000 Certification incur
expenses associated with environmental management but these
costs are small compared with the initial investment and maintenance
required for this system. The smaller economic sectors are at a greater
disadvantage but they are also dispersed throughout the region.
Despite the low economic impacts of pollution in the Amazon Basin,

its effects are considered continuous or permanent.

The population of the Amazon Basin is more concentrated in
urban centres than in rural areas (Becker 1995). The lack of basic
water treatment (including sewage treatment) and the inadequate
distribution of drinking water in sub-urban areas tend to create a
chronic public health problem (see also Pollution of existing supplies).
Water pollution increases the rates of infant mortality, especially due to
severe diarrhoea, and favours the rapid proliferation of endemic and
tropical diseases. Low drinking water quality and insufficient sewage
treatment represent the main health problems associated to pollution

in the Amazon region, particularly in urban areas.

Although pollution is not yet affecting the economic sectors of the
Amazon Basin, the public sector is already noticing some impacts.
The pollution of aquatic systems involves cultural problems and lack
of water conservation awareness which primarily affects the quality of

life of people living in urban centres.

Conclusions and future outlook

Chemical contamination and suspended solids are the principal
pollutants in this region. These impacts are primarily a consequence
of gold mining activities in Peruvian and Brazilian rivers, and the
deforestation of large areas, particularly in the southeastern areas of the
Amazon Basin in Brazil. The socio-economic and health impacts caused
by pollution problems are observed more clearly in urban centres. The
economic aspects are not significant, but the social and health aspects
are considerable because most people inhabiting the Amazon Basin

live in precarious conditions in the suburbs of cities.

Theimpacts of pollution are likely to increase in the future. Eutrophication
caused by agricultural fertilisers might become a problem as the area
under soybean cultivation gradually encroaches on the Amazon region.
Savannah and lowland forests are beginning to be transformed for rice
and soybean cultivation and rivers are an efficient way to transport these
products. In addition, there is a growing realisation that deforestation is
causing considerable increases in the amounts of suspended solids in the
rivers of the Basin. However, the impacts of deforestation might be offset

by anticipated declines in mining of alluvial gold.

Currently, pollution problems exist primarily at a local scale and are not
yet a major concern for the Amazon region. However, it is anticipated
that theimpacts of pollution will worsen considerably and it will become

one of the primary concerns in the Amazon Basin in the future.

Habitat and community
modification

Since the initiation of large governmental projects during the 1970s, such
as the building of roads and hydroelectric dams, the Amazon Basin has
experienced rapid and extensive landscape modification, particularly in

the catchments of tributaries located in the Brazilian Shield.

The development of the local economy also provided significant
incentive for the deforestation of floodplains in the lower Amazon. The
construction of roads enabled the expansion of agricultural and cattle
grazing activities at the expense of large areas of flooded and non-
flooded rainforest. The construction of hydroelectric dams affected
the migratory and spawning patterns of fish causing a decline in
local fisheries, and also caused an increase in the incidence of insect
transmitted diseases by creating favourable breeding conditions
for mosquitoes and other vectors (Aragdon 1993). The discovery
of alluvial gold in several Amazon rivers was a strong economic
incentive that contributed to the socio-economic development and
habitat modification. After 30 years of relatively fast development,
the consequences of impacts on the aquatic environment are clear.
Moreover, the size of the human population, particularly in the urban
centres, has increased significantly during this period, but still only

causes slight impacts on the regional environment.

Environmental impacts
Loss of ecosystems or ecotones
Deforestation is the main activity that causes loss of ecosystems in the

Amazon Basin at the present time. Recently felled areas in the Brazilian
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Shield and the headwaters of the Tocantins, Xingu and Tapajs rivers are
clearly identifiable on satellite images. The oldest changes to the natural
ecosystem occurred in the tundra-like vegetation (Puna) in the Andean
zone and were caused by the Indian agricultural activities (Goulding
et al. 2003). The impacts of this historical agriculture on the aquatic
system remain unclear. On the other hand, the recent establishment
of agricultural and cattle grazing fields in the floodplain areas, mainly
in the lower Amazon, have contributed to the removal of the flooded
forests, which are an important feeding ground for several commercially

valuable fishes.

The hydroelectric dams built in the mid and lower tributary rivers of the
Amazon Basin have caused habitat fragmentation, interruption of fish
migration and the substitution of lotic (rivers) by lenthic (lake) habitats

(Figure 7).

Ecosystem loss also increases the vulnerability of natural systems to
future impacts and currently, the number of protected aquatic habitats
is small considering the enormous size and biodiversity of the Amazon

region (Ayres et al. 1999).

Modification of ecosystems or ecotones

The composition of fish communities in most part of the Amazon
Basin is apparently still determined by natural events. Local extinction
of species, particularly migratory species, may have occurred as a

consequence of large habitat modifications, such as the construction of

hydroelectric dams, but there are no records of these events (Barthem

The Balbina Dam on the Uatuma River.
(Photo: NASA)

Figure 7

& Goulding 1997). The poor knowledge of the aquatic fauna of the
Amazon certainly contributes to an underestimation of the magnitude
of impacts caused by these habitat modifications. Considering the
dearth of information describing the aquatic fauna of the Amazon and
the current rate of habitat modification, it is, at present, impossible to
determine how many species have been severely affected and, without
additional studies of the biota of the region, how these species will be

affected in the future.

The introduction of alien species has also caused permanent
consequences in the Andean waters, rivers and lakes. The introduction
of trout and kingfish in the Andean region has enhanced fishing
activities (Hanek 1982), but nowadays it is very difficult to determine
how the community of endemic species in those rivers and lakes have
been affected. Alien species have been introduced in other parts of
the Amazon, but their populations have not survived or are not yet

established in those areas.

Socio-economic impacts

Modification of various habitats and communities has caused some
economic impact in activities related to the extraction of forest
products. Deforestation and the construction of hydroelectric dams
have negatively impacted fisheries and harvesting of Brazilian Nuts.
After the construction of the Tucurui Hydroelectric Dam on the
Tocantins River, the fishery production below the artificial lake declined
dramatically and, as a consequence, fish markets in cities in the Lower
Tocantins region must now import fish from other fishing grounds.
Negative impacts were also observed in agricultural and Brazilian Nut
collecting activities in the area located above the Tucuruf Dam, where

agricultural land and forests where flooded.

Furthermore, the introduction of cattle to the flood plains has resulted
in the deforestation of areas of flooded forest that is an important
source of food for some commercial fish species. The expansion of
this activity may lead to a decline in the fishery or a change in the
composition of catches in those areas. The economic impacts of habitat
and community modification in the Amazon Basin are moderate and

local but tend to be continuous.

At present, health impacts related to habitat and community
modification mainly occur in deforested areas. Some diseases, such as
malaria, hepatitis, yellow fever and dengue (break bone fever), exhibit
a tendency to break out after habitats are modified. Malaria outbreaks
have been registered in the Ronddnia state in Brazil (Tadei 1987) after
deforestation and habitat changes occurred. Nevertheless, the areas

and number of people affected are still considered limited.
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The Habitat and community modification concernincludes deforestation
as one of the main problems. The traditional culture of the Amazon
people is closely related to the extraction of forest products, hunting
and fishing (Furtado 1984). The deforested areas cannot support these
traditional activities anymore so the people involved have to either
change their culture or move to other areas. These cultural changes
seem to be the most important social and community impacts for local
people. When their traditional activities are affected, people have to
change their autonomous collecting, fishing and hunting to become
an employee of farmers, landowners and other enterprises. Socially, this
has a severe impact but the number of people affected is still considered

small since human density in the rainforests is low.

Conclusions and future outlook

Habitat and community modification is the greatest concern in the
Amazon region. The enormous scale of the area affected and the deep
and long duration of the consequences of these kind of impacts are
perhaps the main reasons for considering this concern so important and
in need of management. These modifications are taking place rapidly
and, in several cases, the damage is irreversible or requires long-term

recuperation.

Habitat modification is the main factor responsible for economic, social
and health problems in the region. The Amazon economy is based on
petroleum, mining and timber exploitation and, to a lesser extent, the
generation of electricity. However, the majority of people living in the
Amazon are not directly employed by these industries. Most people
live in the urban centres or along the rivers and roads. The unplanned
modification increases problems with malaria and other insect or water-
related diseases. The presence of these diseases can negatively affect
economic and social aspects of families and cities in the Amazon.
Moreover, the deforestation of rainforest is affecting traditional

harvesting of forest products, fishing and hunting.

Habitat and community modification will continue to be the priority
concern in the future. Development in the Amazon Basin is based
on the modification of large areas of forest to accommodate other
activities such as agriculture or grazing. Furthermore, the hydroelectric
potential of the Amazon tributaries is so high that it is impossible to
consider the future without the construction of new dams in some of
these tributaries. Moreover, the importance of the forest in maintaining
regional hydrological cycles dictates that the conservation of the
forest is a priority if the future use of water, particularly for electricity
generation, is to be guaranteed. Despite the preservation of large areas
of forest, current declines will continue in the future if current patterns

of development persist.

Unsustainable exploitation of
fish and other living resources

The fisheries resources of the Amazon have not yet been determined
but available information indicates that this region could potentially
yield more than 200 000 tonnes per year (Bayley & Petrere 1989), and
might reach 1 million tonnes per year. Although more than 200 species
of fish are exploited, the commercial market is currently based only on a
few dozen species, of which, two are already considered overexploited
(Barthem 1995, Barthem & Petrere 1995, Isaac & Ruffino 1996, Barthem
etal. 1997, Isaac & Barthem 1995). The most important fishing areas are
the white-water rivers and their flooded margins, and the Amazon
estuary. The only industrial fishery of the Amazon Basin takes place
in the estuary and targets the catfish Piramutaba (Brachyplatystoma
vaillanti) (Barthem & Goulding 1997).

The recent history of the Amazon economy resulted in a broad
qualitative difference of income in the region. Urban economic
development brought about an enormous increase in demand for
fisheries products. Bolstered by this heightened demand, artisanal
fishers based in fishing villages scattered around the Amazon River and
estuary either changed their production goal from subsistence-level to
business-level or reinforced their existing commercial fishery. Moreover,
with the introduction of the official fishery promotion policy in the late
1960s, fishing companies were established in urban centres as export
businesses and continued to mass-produce fishery products centred
on fish species which formed comparatively big schools (Barthem
1995). Presently, the Amazon fishery resources are under increasing
pressure and require urgent management policies. Destructive fishing
practices and decreased viability of stocks are not considered important
issues in the Amazon region. Trawling in the estuary and the use of
natural poisons in streams exist in the Amazon Basin but do not cause
significant problems. lllegal practices are very limited in the region and,
considering that people who adopt such practices are risking being
fined and prosecuted under environmental protection laws, they do

not constitute a problem.

Environmental impacts

Overexploitation

The information describing overexploitation of Amazon fishes is
restricted to only two species, the catfish Piramutaba (Barthem &
Petrere 1995) and the fruit-eater and large-scaled fish, the Tambaqui
(Colossomamacropomum) (Isaac &Ruffino 1996).Industrial fishing began
at the start of the 1970s and, within a few years, had overexploited the
catfish stock in the estuary region (Barthem 1995, Barthem & Petrere

1995). Meanwhile, the traditional fisheries in the central Amazon target
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the large frugivorous fishes, especially the Tambaqui. Its special flavour
attracts consumers and, as a result, has established a niche market that
promotes selective fishing for this species by local fishermen in the
Amazon rivers. The primary feeding ground of these frugivorous fishes
is the flooded forest and therefore, they are also deleteriously affected
by the deforestation of the flooded forests (Aradjo-Lima & Goulding
1998, Costa et al. 2001). Overexploitation of some stocks is taking place
in the Amazon region and management interventions are required to
control catches of those species that are most affected and those that
are migratory, particularly the large catfish, that migrate between the
Amazon estuary and the foothills of the Andes (Barthem & Goulding
1997). These migratory species are particularly vulnerable to excessive
fishing effort by the industrial fishery in the estuary, and by other
human activities in the Amazon Basin. In addition, the hydroelectric
dams in the Tocantins River blocked the migratory path between the
lower and upper part of the river and now those species are extinct
in the upper part of the Tocantins River. Similarly, mining activities in
the headwaters may modify the spawning areas, although, at present,
this has not been observed. Nevertheless, most of the fish stocks in
this region are generally under-exploited or, at most, exploited to

their limit.

Excessive by-catch and discards

The report by Batista (1998), which focuses on the commercial fishery
in the central Amazon near the city of Manaus, provides the only
information describing quantities of by-catch and discards in the
Amazon Basin. Discards in this region occur due to two factors: capture
of non-target fish species; and capture of under-sized specimens. While
some species are undesirable and always discarded, the amount of fish
discarded because they are under-sized varies between 6% and 80% of
the total catch weight. Over the entire Amazon Basin, the total amount

of fish discarded seems to vary but largely remains unknown.

Biological and genetic diversity

The introduction of alien species generally causes serious impacts on
the native local fauna (Barel et al. 1985). In the Amazon, the impacts are
not so clear. After the intentional or accidental introduction of some
alien species (e.g. tilapia, clarias, trout), only the trout population has
established itself in the Andean Zone (Goulding et al. 2003). The high
altitude and cold-water rivers and lakes of the Andes became the
habitat of this introduced species which is now fished by the local
human community. The limited information describing the original
fish community in that region makes comparisons very difficult and it
is almost impossible to evaluate impacts resulting from the introduction
of this species. In the Titicaca Lake, located outside of the Amazon Basin,

alien fish, like trout and kingfish, are responsible for more than 90% of

the fishery landings (Hanek 1982). However, to date, the biological and
genetic diversity of the fish fauna in the rest of the Amazon Basin does

not seem to have been impacted significantly.

Socio-economic impacts
There are no economic, health or other social and community impacts
associated to unsustainable exploitation of fish and other living

resources known in the Amazon region.

Conclusions and future outlook

Fishing is an important occupation and source of protein in the large
rivers of the Amazon Basin, particularly in the white-water rivers.
Few stocks are overexploited. Most stocks are under-exploited or
are fished within sustainable limits. However, this situation does not
mirror the economic potential of the fishery in this region. The open
access fishery of the Amazon provides an economic safety net for
members of local communities by enabling anyone to generate an
income from fishing. These non-traditional fishermen contribute to
the increase in uncontrolled fishing effort applied to easily accessible
stocks of non-migratory fish species in areas close to urban centres.
The meeting of different fisheries fleets promotes competition among
fishermen, especially between riparian communities and professional
fishermen within the region. The economic impact is the main factor
for controlling unsustainable exploitation of fish and other living
resources in the future. At present, the development of the fishing
sector is restricted by a lack of post-capture handling and processing
facilities. Considering the current state of stocks close to the urban
centres and the probability that more people will turn to fishing for
their livelihood, the current situation is not likely to improve. If the
fishery and the trade processes are not well organised and regulated
in the future, the proportion of the most valuable species in catches
will decline and will be replaced by a greater proportion of smaller,

less desirable species.

The increase in fishing effort associated with the deforestation of the
flooded forests may result in the unsustainable exploitation of the
Amazon fishery. In the future, pressure on fish stocks will be higher, but
fishing is likely to be regulated and managed. Other living resources,
like turtles and manatees, are already completely protected by law and
their future survival is related more to habitat protection rather than to

the regulation of exploitation.
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Global change

Global change is considered a concern of moderate importance in the
Amazon Basin and information related to this concern is very limited.
Changes that are unequivocally attributable to global change are
particularly difficult to determine in this region but the consequences of
these modifications could potentially be very severe. While it is known
that under the influence of El Niflo the amount of precipitation received
by the Amazon Basin is significantly lower than usual, which causes
concomitant decline in the volume of water discharged from the river, it
is not known how anthropogenic activities have affected the frequency

and magnitude of this natural climate phenomenon.

Therole of the Amazon rainforest in the global carbon budget is still not well
understood. However, the carbon fluxes to and from the Amazon system
itself are roughly equal (Richey et al. 2002). Further studies are currently
being conducted to determine how the production and re-absorption of

carbon occurs and how this cycle is maintained in this region.

There is limited information relating global changes to socio-economic
impacts in this region. Sea level rise has not been reported in the
Amazon Basin and the influence of macro-tides and seasonal discharges
from the Amazon River mouth are likely to obscure any changes that
might be attributable to global change. Nevertheless, some researchers
have mentioned that they suspect that sea levels have risen along
the coast of this region and its consequences could potentially alter
patterns of sediment exchange in the lower Amazon and the landscape

of the “varzea" lakes (Dunne et al. 1998).

Increase in UV-B radiation and changes in ocean CO, source and sink
function have not been observed in the Amazon region and are not

considered significant.

Environmental impacts

Changes in hydrological cycle

The hydrological cycle is considered the main indicator of global change in
the Amazon region. The long-term data series describing water levels and
river discharges do not, at present, indicate any changes in the Amazon
Basin attributable to global change. However, it is highly likely that the
hydrological cycle of intensively deforested areas is changing and becoming

drier during the dry season period compared with previous years.

The most tangible demonstration of changes in the hydrological cycle
resulting from global change observed in the Amazon Basin, is the
significant reduction in the cover of ice in the Antisana Mountain in

Ecuador (Remigio H. Galdrraga-Sanchez, pers. comm.).

Socio-economic impacts

The impacts of climate on the economy of the Amazon Basin are
attributable to El Nifo rather than global change. In El Nifo years, the
water level is often very low which concentrates the fish into the deeper
channels of the Amazon Basin. As a consequence, the fish are more
accessible to fishermen and fishing effort and catches tend to increase.
Excessive catches, combined with declines in recruitment caused by
lack of access to spawning areas, causes a decline in fish stocks in
subsequent years. To date, economic impacts observed in the Amazon

region cannot be unequivocally attributed to global change.

The incidences of health problems are also related to years when water
levels in the rivers are very low. Some communities established in the
floodplain areas suffer when the rivers are too low. In general, they
utilise canoes for transport and take water from the river. When the
water levelis very low, the river channel passes far from the community
houses. As a result, people cannot use their canoes to gather water and
instead they take water from stagnant ponds or lakes, which is a source
of several diseases. No health and other social and community impacts

associated to global change are known in the Amazon region.

Conclusions and future outlook

There is limited information about the impacts of global changes
on the Amazon Basin. The apparent decrease in the ice cover in the
Antisana Mountain in Ecuador and the suspected rises in sea level in
the Lower Amazon are not unequivocal evidence of global change.
More investigations are needed to determine if these effects should be

considered as isolated occurrences or generalised events in this basin.

The impacts of global changes are associated with the change in the
local and general climate caused mainly by deforestation. Considering
the present deforestation rate, the prognosis for the future is worse
than the conditions observed at present. The precise consequences are
still hard to predict due to the limited number of studies investigating

this subject.

Further, information describing the impacts of global change on the
socio-economic aspects of the Amazon Basin are also absent. The
socio-economic impacts of global change are the main concern for
the future because they affect production systems and health problems
related to water transmitted diseases, especially for the people who live
in deforested areas. Research efforts should be directed at developing
a realistic prediction of the impacts of global change on the Amazon
Basin during the next 20 years so that effective procedures to mitigate

the deleterious impacts can be implemented.
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Priority concerns

The assessment of major concerns provided results that indicated
priority concerns for further analysis. These results are closely linked
to current trends and to changes expected to happen in the short to
long-term. The Amazon region exhibits peculiar characteristics that

have been considered in the prioritisation of concerns.

The concerns for the Amazon Basin, were ranked in descending order
of severity:

1. Habitat and community modification

2. Pollution

3. Global change

4. Unsustainable exploitation of fish and other living resources

5

Freshwater shortage

Habitat and community modification was considered the highest
priority among all major concerns that were analysed under both
present and future conditions. The enormous area affected and the
deep and long duration of the consequences of these impacts were
the main reasons for prioritising this concern. Habitat and community
modification was also considered to be the most significant contributor
to the economic, social and health problems in the Amazon Basin. The
development of the Amazon region has been based on modifications
of vast areas where forests have been transformed into agricultural and
cattle grazing fields (Vieira et al. 1993, Fearnside 1995, Goulding et al.
1996). The economy in this region has been based mainly on mining,
petroleum and timber exploitation, generation of hydroelectricity
and on the duty free zone industries in Manaus (Cardoso & Muller
1978, Monteiro 1995, Goulding et al. 2003). Most people live close to
urban centres, along roads and rivers (Becker 1995). Unplanned habitat
modification also contributes directly to increases in the incidence of
malaria and other insect and water-related diseases (Aragén 1993).
Cyclic outbreaks of these diseases can negatively affect economic
and social aspects of the population and cities of the Amazon region.
The forests and the hydrological cycle are closely linked together
and, as a consequence, forest conservation was prioritised in order to
guarantee future water availability and use. Moreover, the tributaries of
the Amazon have such a high hydroelectric potential (COBRAPHI 1984)
that it is impossible to consider future conditions without expecting the
construction of new dams in some of these tributaries. The habitat and
community modifications indicated a preoccupying scenario for both
present and future trends since historical, traditional and environmental
aspects are involved. Consequences of these modifications include
economic, social and health problems that require solutions that are

unlikely to be achieved in the short-term. Management procedures

are needed to minimise negative impacts and to avoid even greater

problems in the future.

Pollution was identified as being the second most important concern
for the Amazon region. The human population density in the Amazon
Basin is very low and there are only a few industrial areas established
around the main cities (Becker 1995). There are no large industrial centres
established in the Amazon Basin and Manaus is the only city that has a
duty free industrial area. The industries located around Manaus do not
produce large volumes of effluent and are not major sources of pollution.
On the other hand, domestic sewage and solid wastes have polluted
the small rivers of this city and are the main cause of urban aquatic
degradation (Silva & Silva 1993). The petroleum, hydroelectric, mining,
timber and fishery industries are the most important in the Basin but
exist in a limited number and are spread along this basin (Goulding et
al. 2003). At present, local industrial and urban pollution problems exist
but are not yet a major concern for this region. Chemical contamination
and suspended solids are the main issues related to pollution in the
Amazon Basin and are primarily caused by gold mining activities in the
Peruvian and Brazilian rivers (Hanai 1999, NUfez-Barriga & Castafieda-
Hurtado 1999) and by the deforestation of large areas of forest located
mainly in the headwaters of the southeast Amazon in Brazil (Verissimo
et al. 2001). There are also two scales of activities going on mainly in
the Central Amazon region that strongly affect water quality: large and
concentrated governmental and private projects, such as hydroelectric
dams and petroleum exploitation stations; and small and dispersed local
enterprises, such as gold mining and agriculture. The socio-economic
impacts related to pollution are more apparent in the urban centre
areas. At present, economic problems are not considered significant
but social and health issues occur, particularly among people living in
the suburbs of the large cities (Aragén 1993). Pollution was considered
among the most important problems in the future mainly because
continued deforestation will increase further the impacts of suspended
solids carried by the water courses of the Amazon Basin. On the other
hand, some of the impacts caused by deforestation might be offset
by reduction in loads of suspended sediments produced by mining
activities, which are likely to decline in the future as deposits are slowly
exhausted. Pollution problems in the Amazon Basin are closely linked to
activities responsible for considerable modification of habitats, for both
the present and future scenarios, and were considered to be among the

most important concerns for the Amazon region.

Unequivocal evidence of Global change was difficult to obtain in the
Amazon region. Available information is very limited and the lack of
historic data prevents comparison of the present situation with that of

the pastin order to determine significant trends. Experts have reported
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a few isolated cases that might potentially be a consequence of global
change, but only more research will determine if such cases should be
considered isolated occurrences or little noticed but generalised events
in the Amazon region (Dunne et al. 1998). The impacts of global change
are associated mainly with alterations in the local and general climate
caused by deforestation (Salati & Vose 1984). Presently, there is no
evidence that socio-economic aspects are affected by global change
in this region. However, it is expected that socio-economic impacts will
be among the main concerns related to global changes in the future.
Such changes tend to affect the production systems and increase
health problems related to water-borne diseases predominantly in
deforested areas. Predictions of future conditions tend to be worse than
the present situation, unless the rate of deforestation is reduced. The
consequences related to global changes are hard to predict since there
is limited number of studies related to this subject in the Amazon region.
Further studies or research should be conducted in order to detect and
measure current changes in order to develop a realistic prognosis of the
future. Despite the limited evidence and need of further studies, global
change was considered moderately important due to the worldwide
implications that the deforestation of the forests of Amazon Basin might

have on regional and global climate and carbon budgets.

Considering that fishing is an important occupation and source of
animal protein in the large rivers and coastal areas of the Amazon
region (Barthem 1995, Barthem et al. 1995, Cerdeira et al. 1997),
Unsustainable exploitation of fish and other living resources has
the potential to be a significant problem. Although, declines in the
proportion of commercially valuable species in catches indicates
overexploitation of some species, particularly in areas located close
to the urban centres (Barthem & Petrere 1995, Isaac & Ruffino 1996),
most fish stocks in the Amazon Basin are under-exploited or are
fished within sustainable limits (Ruffino & Isaac 1995). The fishery of
the Amazon region possesses significant economic potential and
often functions as an economic buffer in local communities where
people with other professions fish in order to secure a livelihood, while
searching for better opportunities. This increase in fishing has caused
conflicts since it leads to competition among different groups (riparian
community members and professional fishermen) and contributes to
the increase of uncontrolled fishing. The assessment of this concern
indicated that a significant increase in fishing effort associated with
deforestation of flooded forests might have negative effects on the
fishery that could result in unsustainable exploitation and/or declines
in economic viability. Unsustainable exploitation of fish and other living
resources was considered a concern of limited importance since the
great majority of stocks are under-exploited or fished within sustainable

limits. Future developments might gradually alter this scenario but,

under present conditions, unsustainable exploitation of fish is not a

priority concern for the Amazon Basin.

Freshwater shortage was not considered to be a priority and was
placed as the least prioritised concern for the Amazon region. The
Basin receives an average annual precipitation of 1 500 to 2 500 mm
(Day & Davies 1986) that maintains stream flow in the rivers, dilutes
pollutants and stabilises the water table. This high average annual
rainfall is reflected in the significant discharge of the Amazon River,
which is approximately 220800 m*/s (Milliman & Meade 1983). At
present, the Amazon Basin is perhaps one of the few regions in the
world where Freshwater shortage is not a major concern even when
pollution of existing supplies is considered. However, considering
the apparent importance of the Amazon rainforest in maintaining
patterns of the rainfall in the region (Salati et al. 1978, Salati & Vose
1984), continued deforestation will alter the hydrological cycle in
the Basin and might cause or exacerbate problems related to water
supplies. As a consequence, freshwater shortage might become a
serious environmental problem in the future. Socio-economic impacts
occur in localised areas that have suffered intensive deforestation.
Populations that live in these areas experience cyclic water shortages
during the drier period of the year. Future perspectives indicate that
problems related to freshwater shortage might become a reality in the
long-term but, for the moment, other concerns were considered more

important in this region.

The inter-linkages between the concerns are presented in Figure 8.

1. Habitat modification certainly affects the levels of pollution in
the Amazon region. The pollution related to habitat modification is
mainly caused by the implementation of hydroelectric dams, mining
and deforestation of areas for agriculture, cattle grazing and timber
exploitation activities. All these activities increase the quantity of
suspended solids and chemical pollution (mainly mercury and
pesticides) in the water. Future planning and management should
consider