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Abstract The exact size of the wetland area of South

America is not known but may comprise as much as 20% of

the sub-continent, with river floodplains and intermittent

interfluvial wetlands as the most prominent types. A few

wetland areas have been well studied, whereas little is

known about others, including some that are very large.

Despite the fact that most South American countries have

signed the Ramsar convention, efforts to elaborate basic

data have been insufficient, thereby hindering the formu-

lation of a wetland-friendly policy allowing the sustainable

management of these areas. Until now, the low population

density in many wetland areas has provided a high level of

protection; however, the pressure on wetland integrity is

increasing, mainly as a result of land reclamation for agri-

culture and animal ranching, infrastructure building,

pollution, mining activities, and the construction of hydro-

electric power plants. The Intergovernmental Panel on

Climate Change has predicted increasing temperatures,

accelerated melting of the glaciers in Patagonia and the

Andes, a rise in sea level of 20–60 cm, and an increase in

extreme multiannual and short-term climate events (El Niño

and La Niña, heavy rains and droughts, heat waves). Pre-

cipitation may decrease slightly near the Caribbean coast as

well as over large parts of Brazil, Chile, and Patagonia, but

increase in Colombia, Ecuador, and Peru, around the

equator, and in southeastern South America. Of even

greater impact may be a change in rainfall distribution, with

precipitation increasing during the rainy season and

decreasing during the dry season. There is no doubt that the

predicted changes in global climate will strongly affect

South American wetlands, mainly those with a low hydro-

logic buffer capacity. However, for the coming decades,

wetland destruction by wetland-unfriendly development

planning will by far outweigh the negative impacts of global

climate change. South American governments must bear in

mind that there are many benefits that wetlands bring about

for the landscape and biodiversity as well as for humans.

While water availability will be the key problem for the

continent’s cities and agroindustries, intact wetlands can

play a major role in storing water, buffering river and

stream discharges, and recharging subterranean aquifers.
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Introduction

South America comprises an area of 17.85 million km2

and is a sub-continent very rich in freshwater. Its large

rivers, most importantly, the Amazon, Orinoco, Paraná/

Paraguay, Magdalena, and São Francisco, account for

about one-fourth of all freshwater transported by rivers

from all the continents to the sea. Total annual precipitation

varies from a few tens of millimeters per year in the Ata-

cama Desert to more than 5,000 mm per year at the

foothills of the Andes near the equator and in boreal
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Patagonia. The precipitation shows an annual cycle,

resulting in pronounced dry and rainy seasons over much

of the continent as well as periodic flooding.

All large South American rivers and their tributaries,

except the São Francisco and the Tocantins, pass over long

stretches, through vast plains, and are accompanied by

extended adjacent floodplains. All large rivers, except the

São Francisco, have built up large deltas. Along the eastern

coastline, mangroves and other coastal wetlands have

developed. Furthermore, substantial areas of the interflu-

vial plains are periodically flooded by excess rainwater.

These areas include wetlands along the middle and upper

Negro River, the Pantanal of Mato Grosso, the Llanos de

Moxos at the tributaries of the upper Madeira River, the

floodable savannas at the Araguaia River including Ban-

anal Island, the savannas of Roraima and Rupununi, the

Llanos del Orinoco of Venezuela, and the wet Chaco of

Argentina. In depressions all over the sub-continent, from

lowland tropical rain forests and savannas to temperate and

cold Patagonia and the high Andes, small to medium-sized

wetlands store excess rainwater in the rainy season and

release it to neighboring streams during the dry season.

The extent and diversity of wetlands account for their

importance in most South American landscapes. Indeed,

since the beginning of South America’s colonization by

humans, wetlands have played an essential role, providing

food and shelter for hunter-gatherers. The edges of the lower

Amazon River floodplain were colonized as early as

*12,000 years ago (Roosevelt 1999). The construction of

elevated areas for flood protection has been described from

all flooded savannas and also along the totora swamps

(Schoenoplectus californicus ssp totora) around Lake Tit-

icaca. Later on, when Europeans colonized South America,

they used the large rivers for travel and transport, exploited

fish and timber resources, and practiced agriculture and

animal husbandry in the fertile floodplains. They also made

use of many aspects of the traditional knowledge of the

indigenous population and developed specific management

methods well adapted to floodplain conditions. Indigenous

terminology is often used for instance in the denomination of

habitats of the Pantanal of Mato Grosso, which is one of the

few examples of successful sustainable management of a

tropical ecosystem by European immigrants through low-

density cattle ranching.

The human population in South America has grown

quickly, as has global demand for agricultural products and

biofuels. The increasing political, economic, and techno-

logical power of South America has led to a dramatic rise

in the exploitation of its natural resources and in the

demand for land for agriculture and animal ranching,

accompanied by the rapid development of infrastructure.

Together, these changes have often occurred at the cost of

wetlands, which are seldom considered in national

development planning. This article summarizes the current

state of knowledge about the ecology of South American

wetlands, their extent and distribution, and their use, vul-

nerability, and protection. The analysis also considers

global climate change scenarios and makes recommenda-

tions for a wetland-friendly policy in South America.

Current knowledge about South American wetlands

Extension and typology

South America covers a climatic gradient ranging from the

tropics to the cold climate of Patagonia, an elevation gradient

from low-altitude plains near sea level to mountainous

regions and high plains of more than 4,000 m elevation, and

vegetation units from cold to tropical deserts, cold to tropical

savannas, and cold to tropical deciduous, semi-deciduous,

and evergreen forests. Most parts of South America receive a

surplus of precipitation but rainfall shows a pronounced dry

and rainy season, except for the eastern slopes of the Andes.

Therefore rivers and many wetlands show water level fluc-

tuations and often pronounced aquatic and terrestrial phases.

Rainfall is strongly influenced by El Niño Southern Oscil-

lation (ENSO) events. During El Niño years, rainfall and

river discharge in the Amazon basin are lower, during La

Niña years higher than the average (Marengo and Nobre

2001).

The Amazon, Orinoco, and Paraná/Paraguay/La Plata

Rivers occupy positions 1, 3, and 10 in the worldwide

ranking of river discharge. Together, they transport about

8 9 1012 m3 of water per year to the Atlantic Ocean

(Milliman and Meade 1983; Meade 1996). Their drainage

areas cover about 1 9 107 km2. The climatic and topo-

graphic diversity and the surplus of precipitation are

reflected in the large variety of wetlands. Most rivers are

accompanied by large fringing floodplains of different

shapes and vegetation cover, according to flood regime and

regional climate. These floodplains extend over thousands

of kilometers in a west to east (Amazon and Orinoco

Rivers), south to north (Magdalena River), or north to

south (Paraná/Paraguay River) direction. South American

mangroves cover an area of about 23,800 km2 (Lacerda

2001). The western coastline is arid but harbors large

colonies of seabirds and seals, due to the cold and nutrient-

rich Humboldt current. In the endorheic basins of the high

Andes, salt pans are present (Fig. 1).

However, information about the type and extension of

wetlands in South America is still insufficient and contra-

dictory. For instance, Junk (1993) estimated from

vegetation and soil maps a wetland area of more than

2 million km2 for South America, whereas Eva et al.

(2004) reported a wetland area of only about
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1 million km2. Wetland delineation has made large pro-

gress because of the development of remote sensing

techniques (Melack 2004). According to Melack and Hess

(2010), total floodable area within the Amazon lowland

basin (the region less than 500 m above sea level) at 100 m

resolution is about 800,000 km2, or 14% of the entire area.

Fig. 1 Annual rainfall pattern and distribution of major South-

American wetland types and wetlands. 1 Llanos del Orinoco, 2
periodically flooded savannas of Roraima and Rupununi, 3 Marañón-

Ucayali palm swamps, 4 Llanos de Moxos, 5 periodically flooded

savannas of Araguaia River, 6 Pantanal of Mato Grosso
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But according to these authors, the actual floodable area is

larger, because wetlands along low order rivers and scat-

tered interfluvial wetlands were not recorded. For major

South American wetlands, the following maximum areas

are given: Llanos del Orinoco 105,454 km2 (Hamilton

et al. 2004), periodically flooded savannas of Roraima and

Rupununi 16,500 km2, Llanos de Moxos 92,100 km2,

periodically flooded savannas of Araguaia River

58,600 km2 (Melack and Hess (2010), Pantanal of Mato

Grosso 109,590 km2 (Hamilton et al. 1996). Major gaps to

be closed are: (1) Most wetlands vary considerably in size

during the annual cycle of rainy and dry season. (2) There

is a large interannual variability in the flooded area as

shown by Sippel et al. (1998) for the Amazon River

floodplain and by Hamilton et al. (2004) for the Llanos de

Moxos, the Llanos del Orinoco and the Pantanal of Mato

Grosso. Annual and interannual variability in size makes

the definition of wetland boundaries often difficult. (3)

Large areas are flooded or waterlogged only during rela-

tively short periods of the year, and are therefore not

recognized as wetlands, but the vegetation shows adapta-

tions to waterlogged soils. (4) Inventories of small

wetlands are insufficient, but their total area covers hun-

dreds of thousand square kilometers. Rasera et al. (2008)

estimate for the calculation of CO2 fluxes from small river

channels (3rd to 7th river order) by remote sensing a sur-

face area of about 300,000 km2. This calculation provides

an idea about the order of magnitude of these systems but

underestimates total wetland area which, per definition,

includes periodically waterlogged areas adjacent to the

river channel. Furthermore, wetlands of first and second

order streams and periodically waterlogged depressions are

not included. A synthesis of Junk et al. (2011c) considering

small riparian wetlands along lower-order streams and

rivers and periodically flooded savannas, campinas and

campinaranas which have not yet been inventoried, resul-

ted in an estimate for Amazonia of about 1 million km2,

and a total wetland area of about 2 million km2, corre-

sponding to about 30% of the Amazon basin.

For Argentinean wetlands, Neiff (2001) estimated an

area of about 172,000 km2. Kandus et al. (2008), using soil

parameters, concluded that about 600,000 km2 are wet-

lands, corresponding to 21.5% of the Argentinean territory.

This percentage increases to 23% when permanent water

bodies and saline areas are included. For entire South

America, I estimate a total wetland area of more than

3 million km2, corresponding to about 20% of the land’s

surface. Some of the wetlands are well studied, such as the

Pantanal, the Amazonian large river floodplains, and the

Orinoco, Paraná and Paraguay River floodplains. Others

are attracting in recent years increasing scientific attention,

such as the Llanos de Moxos in Bolivia and the Araguaia

River wetlands, while a third group has received little

notice, such as the peat bogs of the Andean Altiplano and

Patagonia, or is not considered as wetland, such as the

Central Amazonian campinas and campinaranas, or are

even considered as wastelands, such as the veredas in the

Brazilian cerrado.

Sustainable management and protection of wetlands as

well as comparative ecological studies require the classifi-

cation of wetland types according to internationally accepted

parameters. Several wetland scientists have already pro-

posed regional classification systems. Neiff (2001)

differentiated nine wetland types for Argentina using 12

parameters to characterize geomorphology, soils, fire stress,

vegetation, animals, water origin, and several hydrological

parameters. Brinson and Malvárez (2002) also differentiated

nine major wetland types in Argentina but used the climate,

hydrology, soils, and vegetation of geographic regions as

criteria. The classifications for the Paraguay River system,

including the Pantanal, of Wantzen et al. (2005) and Drago

et al. (2008) are based on hydrogeomorphological charac-

teristics. The habitat classification of the Pantanal proposed

by Nunes da Cunha and Junk (2011) concentrates on the

aquatic terrestrial transition zone and relies on hydrological

properties, soil and water physicochemical characteristics,

and botanical properties. This classification makes use as

much as possible of local terms describing the Pantanal’s

geomorphology and vegetation units in order to increase

acceptance by the local population of laws regulating the

management of the region’s habitats. Junk et al. (2011c)

devised a classification system for the major Amazonian

wetland types according to climate, hydrology, nutrient

status of sediments and water, and vegetation cover. They

distinguished 16 types covering tens of thousands of square

kilometers but requiring further habitat classification for

scientific and management purposes. This habitat classifi-

cation is already well advanced for the large whitewater and

blackwater river floodplains. Similar approaches are in

preparation for the upper Paraná, Araguaia, and Guaporé

River floodplains, carried out by the National Wetlands

Research Institute (INAU) at Cuiabá, Brazil.

Current knowledge and research efforts

Most of the South American wetlands are flood-pulsing

systems that oscillate between a terrestrial and an aquatic

phase. The theoretical basis for the study of these systems

was provided by the flood-pulse concept (FPC, Junk et al.

1989), which states that the flood pulse is the driving force

in floodplain systems. It controls both the occurrence and

the distribution of plants and animals, determines life-his-

tory traits, affects primary and secondary production, and

influences decomposition and nutrient cycles in water and

soils. Flood pulses vary in length, depth, frequency and

shape. Their predictability facilitates the adaptation of
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organisms to the change between aquatic and terrestrial

phases, increasing their ability to efficiently make use of

periodically available resources. In temperate regions, the

light/temperature (summer/winter) pulse, and in semiarid

regions, the precipitation pulse (dry/rainy season), may

overlap with the flood pulse, obscuring the impact of the

latter. Large rivers and large interfluvial wetlands, such as

the Pantanal, Bananal, Llanos de Moxos, and Llanos del

Orinoco, show a predictable, monomodal flood pulse

according to the annual rainfall periodicity in their catch-

ments. The riparian vegetation of lower-order rivers is

affected by an unpredictable polymodal flood pulse

according to local and regional rainfall events. Mangroves

and many coastal wetlands are affected by polymodal pre-

dictable pulses of the tide, interacting with local freshwater

inflow, and wetlands in arid zones by less predictable pulses

that may occur only every few years. For further discussions

of the FPC, see Junk and Wantzen (2004) and Junk (2005).

Permanent wetlands with a rather stable water level occur

in some headwater palm swamps in Amazonia and in

swampy areas in the cerrado belt (veredas), chaco, the

Andes, and Patagonia. They store large amounts of organic

material, which in the case of Patagonia is being increasingly

exploited for gardening purposes (Blanco and Balze 2004).

Despite the considerable amount of wetland research, both

previous and ongoing, in South America, access to the results

is often difficult and time consuming. Summaries exist, for

instance, for the wetlands of Bolivia (Navarro and Maldo-

nado 2002), Mamoré (Pouilly et al. 2004), Patagonia

(Collantes and Faggi 1999; Blanco and Balze 2004), the

Orinoco River (Vasquez 1989; Weibezahn et al. 1990; Lewis

et al. 1990, 2000), Argentina (Malvárez and Bó 2004; Kandus

et al. 2008; Baigún et al. 2008; Neiff 2001; Canevari et al.

1999), the Amazon region (Sioli 1984; Salo et al. 1986; Junk

1997a; Junk et al. 2000, 2010; Padoch et al. 1999; Kalliola

et al. 1993; Goulding 1980; Goulding et al.1988, 1996; Smith

1999; Melack and Forsberg 2001; Melack et al. 2009), the

Pantanal (Heckman 1998; Junk et al. 2011a), the Paraná River

floodplain (Paoli and Schreider 2000; Thomaz et al. 2004;

Iriondo et al. 2007), and the ephemeral wetlands in South

America (summarized in Deil 2005).

In many universities, wetlands are the subject of

research but there are only a few institutions with large

teams concentrating on wetland research. Moreover, there

is little cooperation among research groups, which weakens

both the scientific performance and the political influence

of wetland scientists. The following list provides some

examples but is far from complete.

Argentina: Instituto Nacional de Limnologia (INALI) at

Santa Fé, Centro de Ecologia Aplicada del Litoral (CE-

COAL/Conicet) at Corrientes, Grupo de Investigación

sobre Ecologia de Humedales (GIEH) at the University of

Buenos Aires.

Bolivia: Instituto para la Conservación de Ecosistemas

Acuáticos-ICEA Santa Cruz, Red Nueva Cultura del Agua

Bolivia Santa Cruz, Universidad Mayor de San Andres

(UMSA), Universidad Tecnica del Beni (UTB).

Brazil: Instituto Nacional de Pesquisas da Amazonia

(INPA) in Manaus, Instituto Nacional de Pesquisas e

Technologia em areas Úmidas (INAU) in Cuiabá, EMB-

RAPA in Corumbá, NUPELIA in Maringa and the

Universities of Manaus, Belem and Cuiabá.

Chile: Centro de Estudios Avanzados en Ecologı́a y

Biodiversidad (CASEB), Pontificia Universidad Católica

de Chile, Instituto de Ecologı́a y Biodiversidad (IEB),

Universidad de Chile, SANTIAGO.

Colombia: Instituto de Ciencias Naturales, Universidad

Nacional de Colombia, Instituto de Investigaciones

Amazónicas, IMANI, Leticia, Departamento de Biologı́a

de la Universidade Nacional de Colombia, Departamento

de Biologia, Grupo de Limnologı́a de la Universidad de

Antioquia, Medellı́n, Grupo GAIA, Universidad de An-

tioquia, Medellı́n.

Peru: The University of Iquitos, UNAS Humedales Perú

Lima, Instituto de Recursos Naturales, INRENA, Lima.

Venezuela: Fundación La Salle (FLASA) and Instituto

de Zoologia y Ecologı́a Tropical IZET of the Universidad

Central de Venezuela (UCV), Caracas, Centro de Ecologı́a

do Instituto de Investigaciones Cientı́ficas (IVIC.), Altos de

Pipe and Centro de Investigaciones Ecológicas de Guayana

of the Universidad Nacional Experimental de Guayana

(UNEG), Ciudad Guayana.

In most cases, long-term and intensive research has

concentrated on a few sensational large wetlands, e.g., the

central and upper Amazon River floodplain in Brazil and

Peru, the Pantanal of Mato Grosso and Mato Grosso do Sul

in Brazil, the Paraná River floodplain in Brazil and

Argentina, the Llanos del Orinoco in Venezuela, and some

urban wetlands near large cities. Studies on coastal systems

and large river floodplains are often initiated in response to

problems related to fisheries (summarized in Junk 2007).

By contrast, most other wetlands have been poorly studied

and some not at all. This seems strange considering the

large areas covered by these wetlands but may be due to the

fact that many of them are situated in remote areas, far

from universities and research institutes. In these regions,

access is difficult and studies are expensive because of the

lack of infrastructure and the long distances that must be

repeatedly traveled. A major problem is the lack of polit-

ical will to support wetland research. Wetlands are of low

priority to the respective governments and indeed are often

considered wastelands that could be drained to increase

agricultural production or developed for other uses, such as

housing, infrastructure, or fish culture. The multiple values

provided by sustainably managed wetlands for the
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landscape and the human population pass mostly unnoticed

by decision-makers and by the public.

Primary production, biomass, decomposition,

and carbon storage

Primary production of South American wetlands varies

considerably between wetland types and regions. The most

productive are whitewater river floodplains in the tropical

and sub-tropical lowlands, where floods deposit high

amounts of fertile sediments and dissolved nutrients from

the Andes. In the central Amazon várzea, herbaceous

plants produce up to 100 t dry matter ha-1 year-1, phy-

toplankton and periphyton about 6 t, and the floodplain

forest about 33 t. Biomass production is highest in the

floodplain forests (300–600 t ha-1), decreases to

30–80 t ha-1 in herbaceous communities and, with

10–40 kg ha-1, is lowest in algal communities (Junk

1997b). Mangroves along the coastline are highly produc-

tive, whereas most other wetlands show moderate to very

low primary production because they develop on infertile

soils and are fed by rainwater or receive water and sedi-

ments from rivers with a low nutrient status. Wetlands in

savanna areas suffer additional drought stress for several

months during the low-water stage, which further reduces

primary production.

The accumulation of organic material in most South

American wetlands is relatively low, as decomposition is

accelerated during the low-water period, when organic

matter becomes exposed to the air. In savanna areas, wild

fires and frequent man-made fires are additional stress

factors to fauna and flora, reducing the stocks of organic

material. Exceptions are the relatively small patches of

permanent swamps in Amazonia within the cerrado

(veredas). At the Altiplano and in Patagonia, there are

extended peat swamps. These swamps are of utmost

importance for water balance in the respective regions,

because they store rainwater and deliver it slowly to

streams and subterranean aquifers. There is no information

either about the total extent of these areas or the depth of

the organic layer.

Biodiversity

According to Gopal et al. (2000, 2001), wetlands harbor a

considerable part of global biodiversity. This is certainly

evident in South America, where the total number of

wetland species is very high, although exact numbers are

missing for many groups of plants and animals. In general,

species diversity decreases from the equator to the southern

latitudes and from the lowlands to higher altitudes. More

than 3,000 fish species are described from the Amazon

River basin, more than 1,000 from the Orinoco River, 152

from the São Francisco River, 591 from the La Plata/Pa-

raná/Paraguay River basin, 64 from the Andean Altiplano,

and 17 from Patagonia (Junk 2007).

Compared to African floodable savannas, those in South

America harbor a much smaller number of large herbivo-

rous animals, in terms of species and abundance. The lower

number of specimens cannot be ascribed to a low carrying

capacity of the respective wetland systems for large un-

gulates because early travelers in the Pantanal reported

seeing large herds of capybaras, swamp deer, peccaries,

and tapirs. Furthermore large numbers of domestic animals

(horses, cattle, and buffalo) live in most periodically floo-

ded savannas. In 2004, about 3.4 million cattle lived in the

Pantanal (SIDRA 2011). Competition for food by domestic

animals is no argument for explaining the low number of

game animals because they have a different food spectrum

than cattle. Also, populations of game animals have not

increased in the absence of domestic animals, such as

under full protection in national parks. Junk et al. (2006)

speculated that introduced diseases of domestic animals

passed to game animals, dramatically reducing their pop-

ulations, which have yet to develop the resistance needed

for their numbers to increase again.

There are more than 1,000 highly flood-tolerant tree

species in the Amazon River floodplain (Wittmann et al.

2010), whereas in the Pantanal this number decreases to

about 355 (Junk et al. 2006), in Patagonia to about ten

woody species, and at the Andean altiplano trees are

absent. The diversity pattern of aquatic macrophytes con-

trasts considerably with that of fishes and trees. From a

total of 387 herbaceous species of the central Amazon

River floodplain, only 47 can be considered aquatic or

palustrine because strong water-level fluctuations and light

competition by the floodplain forest are limiting factors

(Junk and Piedade 1993). The number increases consider-

ably, to 248 species, in the shallowly flooded savanna areas

of the Pantanal (Pott and Pott 2000). Alpha diversity of

herbaceous species in Patagonian wetlands varies between

10 and 25 species, but wetland diversity and beta diversity

are high (Collantes and Faggi 1999; Blanco and Balze

2004). Therefore, the total number of herbaceous hydro-

phytes in Patagonian wetlands may be as high as that in

Amazonian large river floodplains.

The occurrence of endemic species varies between

wetland systems and depends to a certain extent on their

definition. The number of such species is relatively high in

wetlands of the Amazon rain forest, the high Andes,

mangroves, and probably in Patagonia. For instance, of the

1,000 tree species of the Central Amazon River floodplain

(Wittmann et al. 2006), about 11% are considered endemic.

But in most large interfluvial wetlands of the tropical-

subtropical cerrado and the temperate belt, the number of

endemic species is low. These wetlands have a low
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hydrological buffer capacity and extreme drought events

can eliminate entire populations of wetland organisms that

lack drought-tolerant resting stages. While this hydrologi-

cal instability also hindered speciation in these areas during

geological time periods, the connection with large river

systems allowed quick colonization by many wetland

species from surrounding refuges as soon as conditions

became more favorable, as shown for flora and fauna of the

Pantanal of Mato Grosso (Junk et al. 2006).

Most South-American wetlands are intermittent and

colonized by many terrestrial species of the surrounding

uplands. This increases both the total number of species

and the importance of the wetlands for the maintenance of

regional biodiversity. From about 2,000 higher-plant spe-

cies of the Pantanal, only about 600 are wetland species.

An analysis of the 390 confirmed bird species reported

from the Pantanal showed that only 104 are wetland-

dependent. Also, many mammals and reptiles of the

Pantanal are not wetland specific (Junk et al. 2006); a sit-

uation that may be characteristic of most wetlands in South

American lowlands. On the other hand, the survival of

some terrestrial species may be guaranteed because of

healthy populations living in the wetlands. About 80% of

the endangered hyacinth macaw population occurs in the

Pantanal, where it is well protected and growing, while

small upland populations are decreasing.

Environmental values and benefits provided

by the wetlands

Wetlands provide many benefits to the landscape and to

humans (Mitsch and Gosselink 2007; Gopal et al. 2008)

(Table 1). These benefits cannot be separated because both

humans and other, connected ecosystems make use of the

wetlands. Mangroves, for instance, with their ample supply

of fish and timber provide direct commercial opportunities

to local people, but very important is also flood protection

of ecosystems further inland, which support the people

living there. Swampy areas in the savannas provide little

direct commercial benefit to the local population, but

maintenance of their biodiversity, carbon storage, water-

cleansing and groundwater-table recharging abilities, and

their capacity to buffer the discharge of connected streams

and rivers is important to the local human population and

adjacent ecosystems.

Among the major wetlands, the highest commercial

values are directly correlated with wetland fertility. River

floodplains with high loads of fertile sediments and dis-

solved solids, e.g., the Amazon River and its whitewater

tributaries, the Magdalena, Orinoco, and lower Paraguay

Rivers, have a high fishery potential and their floodplains

allow agriculture, timber exploitation, and cattle ranching.

Inland fisheries are of great importance for the protein

supply of local populations throughout South America.

Stocks in the Magdalena River of Colombia are heavily

over-fished (Galvis and Mojica 2007), and those of the São

Francisco and Paraná Rivers in Brazil are depleted (Sato

and Godinho 2004; Agostinho et al. 2007). By contrast, the

fishery potential of the Orinoco and Paraná/Paraguay

Rivers is not fully exploited (Junk et al. 2007; Rodrı́guez

et al. 2007; Quirós et al. 2007). Only half of the fishery

potential of about 900,000 t year-1 of the Amazon River is

used (Bayley and Petrere 1989).

Most of the rural population of the Brazilian states of

Pará and Amazonas live in the fertile whitewater river

floodplains. They practice subsistence fishery, agriculture,

and cattle and water buffalo ranching, in addition to

exploiting floodplain forests for timber. Near urban centers,

they produce vegetables and fruits for the local market

(Junk et al. 2000). In floodplains with lower fertility of

water and soils, both total productivity and the size of

human populations in the floodplains decrease. Clearwater

river floodplains have a much lower potential for fishery,

agriculture, cattle ranching, and timber production (Junk

et al. 2011c).

Low-fertility blackwater floodplains have a very low

production potential for fishery, agriculture and animal

ranching. Timber production from tree species in the

blackwater Negro River floodplain is only one-third of that

in the whitewater Amazon River floodplain (Schöngart and

Queiroz 2010). The value of these infertile floodplains lies

in the maintenance of biodiversity, water-cleansing, buf-

fering of water discharge, recharge of the groundwater

table, and fire break. There is some commercial value, for

instance, for ecotourism, subsistence fishery, and the col-

lection of ornamental fishes, but these activities have to be

carefully managed because of the high vulnerability of

these systems.

Flooded savannas, such as the Pantanal, the Llanos de

Moxos, the Llanos del Orinoco, and the wet Chaco, are

suitable for low-density cattle ranching because of the

natural vegetation cover of grasses and herbaceous plants.

In the forested wetlands of the Amazon basin, the Orinoco

floodplain, and the La Plata floodplain, cattle ranching is

destructive because it requires the substitution of highly

adapted floodplain forest by pastures, with negative

impacts on timber production, biodiversity, and fisheries.

Riparian wetlands contribute to the well-being of the

human population living in the surrounding areas: by the

provision of water for domestic use, renewable wetland

products, bathing, and other benefits. The economic value

of urban wetlands has been little studied but recent inves-

tigations have suggested that they provide very valuable

services, including clean water for domestic uses and

wastewater treatment (Abe et al. 2006).
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Current management plans, threats, and protection

of wetlands

Management

All South American governments have a general manage-

ment plan for aquatic resources; however, the definition of

what comprises aquatic resources is often insufficient.

Colombia, for example, published a document describing

its National Policy for Inland Wetlands (Ministerio del

Medio Ambiente 2002). In Brazil, the management plan for

water resources considers mostly the diversion of water

from surface-water bodies and groundwater for different

domestic, industrial, and agricultural purposes in addition

to other uses, including navigation, hydroelectric power

generation, and wastewater treatment. Wetlands, as such,

are not defined in the plan and their management is not

specifically considered. In the Brazilian constitution, there

is only the general statement that the management plan

should ‘‘promote the integration of the management of the

water resources with management of the environment.’’

Most South American countries establish management

plans for water resources on the basis of major river

catchments, passing the responsibility for the elaboration of

such plans to lower administrative levels, usually state

governments. In most management plans, wetlands are not

specified. Modern environmentally-friendly approaches,

such as the Environmental Flow Assessment (King et al.

1999; Tharme 2003) successfully established in Australia

and several South African countries, have not yet been

adopted in South American countries.

Threats

South America has a population of 355 million people,

corresponding to about 20 people km2. Most of the popu-

lation is concentrated along the coastlines and in a few

urban centers in the inner part of the continent. For

example, the Brazilian state of Amazonas covers an area of

about 1.57 million km2 and has a population of 3.3 million

people, with about 2 million living in the capital of Manaus

and another half million in a few smaller urban centers.

The populations of other countries, such as Argentina,

Bolivia, and Venezuela, are similarly concentrated in large

cities. In large parts of many South American countries, the

population density is less than two people per km2. How-

ever, even in these less densely settled areas, human

activities can have major impacts and lead to large-scale

modifications of the environment, including wetlands.

Pollution by liquid and solid wastes is a major problem

in densely populated areas because wastewater treatment

facilities lag far behind the demand of quickly growing

cities. However, low population density in the countryside

does not guarantee clean water and intact wetlands. For

instance, agro-industries in the countryside contribute to

pollution with pesticides and soil erosion. Despite the fact

that erosion control has considerably improved during the

last decade, soil erosion continues to be a serious threat to

wetland habitats, diminishing habitat and species diversity

in streams, rivers, and connected wetlands. The most dra-

matic example is the Taquari River, which drains into the

Pantanal of Mato Grosso do Sul. Due to increased sediment

load from agricultural areas into catchments of the high

plains, the riverbed inside the Pantanal has risen to such a

high level that an area of about 11,000 km2 is now flooded

for much longer periods than was previously the case, with

far-reaching negative consequences for flora, fauna, and

ranchers (Galdino et al. 2006).

Agro-industrial complexes are responsible for the large-

scale transformation of natural vegetation to crop mono-

cultures and pastures. Small and medium-sized wetlands

are frequently located on private property and have been

drained to expand agricultural production. In Mato Gros-

so’s agricultural belt, many riverine wetlands have been

Table 1 Most important benefits provided by major wetland types in South America

Type of wetland Benefit

Coastal wetlands Coastal protection, timber production, enhancement of fishery, maintenance of biodiversity, and recreation for

local people and tourists

Stream wetlands Stabilization of stream beds, discharge buffering, groundwater recharging, provision of water, recreation for

local people, maintenance of biodiversity, retention of upland sediments and nutrients, and interconnection

of forest patches by riverine forest (thus promoting gene flow in forest plants and animals)

Large riverine and interfluvial

floodplains

Discharge buffering, water purification, groundwater recharging, provision of water, fish-breeding, provision

of renewable wetland products, maintenance of biodiversity, interconnection of forest patches by riverine

forests (thus promoting gene flow in forest plants and animals), home to local human populations, recreation

for local people, ecotourism

Swamps and peat bogs Discharge buffering, water purification, groundwater recharging, maintenance of biodiversity, carbon storage

Salt pans Maintenance of biodiversity, periodic water storage, salt accumulation for industrial use (e.g., lithium in

Bolivian Altiplano salt pans)
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destroyed down to the stream’s edge, despite existing

legislation that regulates the protection of these areas. All

over South America, this type of wetland destruction goes

mostly unnoticed by the public, because detailed invento-

ries and maps of the different wetland types are lacking.

Furthermore, current environmental legislation that deals

with different wetland types is often contradictory and its

implementation is not controlled, as shown for the Amazon

River floodplain (Vieira 2000). The new version of the

Brazilian forest code will dramatically reduce wetland

protection in favor of agriculture (Sousa et al. 2011).

Large interfluvial wetlands, such as the Pantanal, the

Bananal, the savannas of Roraima and Rupununi, the

Llanos de Moxos of Bolivia, the Llanos del Orinoco of

Venezuela, and the large river floodplains, will come under

increased pressure to be made available for land reclama-

tion aimed at agriculture, forestry, and intensive cattle

ranching, as has occurred in the Paraná River delta in

Argentina (Baigún et al. 2008).

Mining and related industries contribute to the pollution

of water bodies and wetlands through dissolved and solid

wastes, e.g., red mud from aluminum mining in Brazil

(Bozelli et al. 2000) and contamination from petrol mining

in Venezuela and Brazil, as demonstrated by the rupture of

an oil pipeline at the Iguaçú River in southern Brazil in

2000. Toxic substances such as mercury from gold mining

have affected wetlands in Brazil (Nogueira and Junk 2000),

Peru, and Bolivia. Deforestation for charcoal production

has accelerated to meet the demands of steel production,

affecting wetland forests such as those of the Pantanal

(Machado et al. 2011).

Aquaculture in South America is increasing such that it

is becoming an important economic factor in several of the

sub-continent’s countries. However, negative impacts

reflect, for example, the large-scale transformation of

mangroves into aquaculture areas. Marine salmonid pro-

duction in Chile grew dramatically, from 53 t in 1981 to

350,000 t exported in 2004 (Pascual et al. 2007). Growth of

this industry has been accompanied by high levels of

environmental pollution. In Brazil, Colombia, and Vene-

zuela, freshwater aquaculture is still in its early stages but

the amount of freshwater in those countries favors its

development. Around Lake Titicaca, fish culture is of great

economic importance (Vila et al. 2007) but is associated

with major risks from the escape of exotic species, asso-

ciated parasites and diseases, and the creation and escape

of hybrids and genetically modified specimens that place

the natural genetic variability of stocks at risk. In the 1940s

and 1950s, the epizootic protozoan parasite Ichthyophthi-

rius multifiliis was probably introduced along with exotic

fishes to Lake Titicaca, causing the death of 18 million

Orestias in December 1981 (Wurtsbaugh and Tapia 1988).

In the 1990s, the predatory peacock bass (Cichla ocellaris)

was introduced to the Pantanal and it is now spreading in

several areas, endangering the natural fish fauna.

Navigation is increasingly affecting major rivers and

associated wetlands. In South America, the best-known

example is the plan to rectify and channelize the Paraguay

River along the stretch that passes through the Pantanal

(hidrovia) (Huszar et al. 1999). This would dramatically

alter the hydrology of the wetland, with consequent large-

scale modifications of the natural vegetation cover and

animal populations. Increasing sediment load of the tribu-

taries draining the agricultural belt of the upper Paraguay

basin is clogging the river channels inside the Pantanal.

Already today, ship traffic in the upper reach of the Para-

guay River is hampered at low water by sand accumulation

in the river channels. This situation will aggravate when

the sediments from the tributaries reach the main channel.

A serious threat to large river floodplains is the accel-

erated construction of dams for hydroelectric power

generation. In the year 2000, hydroelectric power accoun-

ted for most of the electrical energy of South American

countries: Brazil 93%, Paraguay 100%, Peru 74%, Vene-

zuela 73%, Ecuador 68%, Colombia 68%, and Chile 57%

(World Commission of Dams 2000). In the future,

increased reservoir construction is expected along most

large and medium-sized South American rivers to provide

electrical energy to urban centers and industrial pools.

In these times of increasing prices for fossil fuels and

threats due to global climate change, the right and need of

all countries to use the hydroelectric potential of the dif-

ferent river systems to foster their economic development

is justified. However, it is essential to establish long-term

strategies for the prudent use of this potential. Some rivers,

such as the upper Paraná River in Brazil, have already been

transformed into a series of hydroelectric reservoirs. This

interrupts longitudinal connectivity, modifies discharge,

sediment load and hydrochemical conditions, and destroys

or modifies connected wetlands. The negative impacts on

habitat and species diversity as well as fisheries have been

well studied by the Research Institute (NUPELIA) in

Maringá, Brazil. Its findings should be considered in any

discussion of the construction of additional reservoirs.

A feasibility study for the Brazilian Amazon River basin

cited 90 localities suitable for reservoirs, involving all

major tributaries and with a potential of about

100,000 MW. These reservoirs would cover an area of

about 100,000 km2 (Junk and Nunes de Mello 1987).

However, not all technically feasible reservoirs are eco-

nomically justifiable when the total ecological and social

costs and negative site-effects are considered, including the

destruction and modification of river floodplains. A nega-

tive example is the Balbina Reservoir at Uatumã River,

Amazonia, which was constructed to provide energy for the

city of Manaus and its industrial park. The reservoir covers
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an area of about 2,360 km2 and inundated formerly

undisturbed rain forest, but it produces\900 MW, which is

one of the lowest energy outputs per unit reservoir area

worldwide and not enough for the city’s requirements.

Moreover, it will be a long-term source of methane release

because of the large amounts of inundated organic material

and the large aquatic-terrestrial transition zone (Fearnside

1989, 1995; Kemenes et al. 2007). Long-term strategies

may cluster reservoirs in specifically suitable river basins,

leaving other basins intact. Another option is to release

water from existing reservoirs according to environmental

needs, with the aim of diminishing negative environmental

impacts instead of maximizing energy production. These

approaches require multidisciplinary cooperation between

engineers, socio-economists, and environmentalists, but in

South America they are still in their infancy.

Reservoirs for hydroelectric power generation may also,

either directly or indirectly, affect neighboring countries,

i.e., those sharing a watershed. For instance, the planned

hydroelectric power plants of San Antonio and Jirau, on the

Madeira River will affect fish migration and fishery in

Bolivia. Another example is the 5-m increase in the water

level of the bi-national Argentinean/Paraguayan reservoir

of Yacyretá, which affects 50,000 people in Paraguay

through the partial inundation of the Paraguayan city of

Encarnación.

Today, flood control is restricted to rivers in densely

populated areas. In the highly modified upper Paraná River

system, dike and reservoir construction has interrupted

longitudinal and lateral connectivity between most river

channels and their floodplains. In the majority of river

systems, lateral connectivity between river channels and

floodplains is still intact. Nevertheless, there is an

increasing risk also for large wetlands in regions with low

population density. Agro-industries may move into flood-

plains with low flood amplitude and start poldering for

flood control, thereby modifying the hydrology inside and

outside the polders. Consequently, there is a need to reg-

ulate the industrial use of wetland soil by implementing

wetland-friendly alternatives. The most important threats

are summarized in Table 2.

Compared to other regions in the world, wetland loss in

South America is still relatively small, but there are no data

available about the total area. Wetland loss affects mostly

riparian wetlands of low order rivers, swampy areas in

croplands, and, increasingly, large interfluvial wetlands

which are transformed to cropland. Increasing wetland loss

is also noticed for floodplain areas of large rivers inundated

by hydroelectric reservoirs. The lack of environmental

education accounts for the low level of public awareness

regarding environmental destruction in general and wet-

land destruction specifically. The political and economic

demands to increase food and biofuel production will, over

the next few decades, dramatically increase the expansion

of pasture and crop lands all over South America. A sound

wetland policy is urgently required, recognizing that the

maintenance of wetlands is always much cheaper and more

effective than rehabilitation after degradation, and the

economic benefits of most of the destructive practices are

small or non-existent and will soon result in severe eco-

nomic losses. The last aspect is of particular importance for

South America, which has many large wetland areas still in

rather pristine condition.

Protection

Most South American countries have signed the Ramsar

Convention, which by Article 2.4 obliges each signatory to

designate at least one wetland site for inclusion in the List

of Wetlands of International Importance. The number and

total area of Ramsar sites in South American countries are

cited in Table 3. These data, however, give an incorrect

view of the total protected wetland area. Recommendation

4.6 of the Ramsar convention urges Contracting Parties to

‘‘the establishment of wetland inventories, based on the

best scientific information available at both national and

international level’’. Here, all South American countries

have serious deficits.

Since there are no detailed data available concerning

either the total wetland area in South America or the area

of protected wetlands, some general estimates may provide

an idea of their order of magnitude. For instance, about

1.15 million km2 of the Brazilian territory are protected by

different types of national parks and reserves. Another

1 million km2, corresponding to 12.5% of the national

territory, have been declared as indigenous lands, used and

controlled by small indigenous populations in a traditional

low-impact manner. This corresponds to about 27% of

Brazilian territory, most of it situated in the Amazon basin.

These numbers will increase because there are several

areas under consideration to receive the status of national

parks, reserves, or indigenous territories. An additional

17% of Brazilian territory is protected as ‘‘Permanently

Preserved Areas’’ (APPs), which include ecologically

sensitive areas, such as river margins and hill slopes. The

protection of APPs is precarious because most of them are

contained within private properties and the owners often do

not respect the relevant legislation. Actually, the protection

status of APPs is under discussion and may become

strongly reduced because of the pressure of the agro-

industry (Sousa et al. 2011; Tollefson 2011). This would

seriously affect the wetlands. The same is true for the 20%

of agricultural area that should be protected as ‘‘Legal

Reserve,’’ but a considerable part has already been

destroyed, mostly in southern Brazil. Given that most of

the protected areas are situated in Amazonia, where the
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percentage of wetlands with respect to the entire landscape

may reach about 30%, about 1 million km2 of Brazilian

wetlands should be under some state of protection. For

South America as a whole, this number may rise to

1.5 million km2. If we assume that about 20% of South

America is wetlands (about 3.5 million km2), then about

40% of the wetland area is under some type of protection.

This number seems to be high but the calculation is no

doubt overly optimistic because the level of protection

cannot be accurately quantified.

A major challenge for scientists is the need to determine

and quantify the benefits that the different wetland types

provide to society and the environment over the short,

medium, and long term. This will strengthen arguments in

favor of wise wetland use and protection. The high eco-

nomic value of wetlands is demonstrated by the large

amounts of money expended for wetland restoration in

North America and Western Europe. The cost of important

projects, such as rehabilitation of the Everglades, parts of

the Mississippi River, and the Rhine River floodplains is in

the billions of US$. That these efforts are nonetheless being

made shows that: (1) the economic benefits of wetland

destruction are often outweighed by the negative side

effects; (2) the economic framework changes quickly and

modifies cost-benefit analyses of development projects,

often in favor of intact wetlands; and (3) only parts of

former wetland areas can be recovered to near-natural

conditions, and at very high cost. The negative economic

and social consequences of large scale destruction of nat-

ural vegetation on steep slopes and the transformation of

wetlands for agriculture and civil construction can be

observed in the Brazilian States of Rio de Janeiro and

Minas Gerais, which are every year affected by disastrous

land-slides and inundations during the rainy season.

Wetlands and traditional human populations

Ever since humans arrived on the South American sub-

continent, they have favored wetlands, and all large wetlands

show remnants of early human occupation. Hunter-gatherers

colonized the lower Amazon floodplain 12,000 years ago

and made use of its abundant fish, shellfish, and game ani-

mals (Meggers 1984, 1987; Denevan 1976; Roosevelt 1992,

1999). Earliest records of a sedentary life in the area date

from about 8,000 years BP and widespread colonization by

early horticultural villagers from 3,000 BP. Farming sys-

tems were based on starch root crops, mainly sweet and bitter

manioc, sweet potatoes and, in water, rice. Between 1,600

and 500 BP, corn became a major food crop. According to

Roosevelt (1992), pre-Columbian population density in

Amazonia was much higher than it is today and was char-

acterized by a high level of social organization. Chiefdoms

on Marajó Island and near Santarém had thousands of

inhabitants. There were, however, long periods in which

settlements were abandoned (Meggers 1984, 1992a, b),

Table 2 Major threats to South American wetlands

Reasons Consequences

High densities of human

population

Pollution, land reclamation, water abstraction, diking, increased erosion

Agro-industrial complexes Land reclamation, pollution by fertilizers and agro-toxics, water diversion, diking and poldering, increased

erosion

Mining Pollution by solid and liquid wastes, mercury intoxication

Aquaculture Water pollution, wetland destruction, escape of exotic species, genetic pollution of fish stocks by population

mixing and hybridization

Navigation Channelization, straightening of water courses, diking, water pollution, dredging spoils, disturbance of fish and

wildlife

Generation of hydropower Change in water discharge, interruption of longitudinal connectivity, change in the load of suspended and

dissolved solids

Flood control Diking, interruption of lateral connectivity

Table 3 Number and total area of Ramsar sites designated by South

American countries (as of December 2011)

Country No. of sites Area (ha)

Argentina 20 5,339,826

Bolivia 8 7,894,472

Brazil 11 6,568,359

Chile 12 358,989

Colombia 5 458,525

Ecuador 14 202,597

French Guiana 2 196,000

Paraguay 6 785,970

Peru 13 6,784,042

Suriname 1 12,000

Uruguay 2 424,904

Venezuela 5 263,636

Total 99 29,289,320
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perhaps due to the periodic overexploitation of resources or

the outbreak of diseases or wars between tribes. Population

density varied from 1.2 persons km-2 in the nutrient-poor

uplands to two persons in the savannas and up to 28 persons

(mean 14.6) in the nutrient-rich floodplains of the Amazon

(Denevan 1976).

Elevated places for flood protection were constructed by

these early inhabitants in the Pantanal, the Llanos de

Moxos, and the Roraima and Orinoco savannas, the

floodplains of Surinam, Ecuador, and Argentina, and the

delta of the Magdalena River (Parsons and Bowen 1966;

Denevan 1966, 1976; Roosevelt 1992). The swamps

around Lake Titicaca were colonized by Uru Indians, who

constructed houses on floating islands of totora reed.

Extended levees were built above the highest flood level

to connect villages during high water, while complex

channel systems allowed boat traffic inside the floodplains

and between adjacent river systems, but also fish trapping

as the water level decreased. Crop systems could be

planted above the flood level by piling up the soil between

parallel channels. Soils were fertilized by mulching with

aquatic plants and enrichment using shells of bivalves and

snails. In the soils of elevated places in the Pantanal (aterro

de bugre), a new mineral, beidellite, was detected. Its high

ion-exchange capacity increased soil fertility (Irion et al.

2010a, b). Prisoners may have been used to build earth-

works and drain fields. Soon after the arrival of the

Europeans, tribal organization was destroyed. Reduction of

the native population by both slave raids and diseases

introduced by the Europeans led to the abandonment of

these labor-intensive management systems.

Today, population density in the floodplains reflects the

nutrient status of these areas and access to them, as in pre-

Columbian times, but also depends on access to markets

and on infrastructure. The human population in Amazonian

nutrient-rich whitewater river floodplains (várzeas) is much

larger than that in nutrient-poor blackwater floodplains.

The knowledge and customs of local traditional commu-

nities often derive from pre-Columbian times, as is the case

for the caboclos of the Amazonian river floodplains and the

pantaneiros of the Pantanal.

Many traditional management methods can be consid-

ered sustainable but the pressure to overexploit resources is

increasing. Multiannual extreme hydrological events

heavily affect the wetlands, with sometimes disastrous

consequences for traditional communities, which have little

economic resilience to overcome them. The highly wetland-

adapted Uru Indians living in the totora swamps at the edges

of Lake Titicaca suffered severely when, during an extreme

multiannual dry period in the 1990s, the swamps dried out,

causing the Indians to lose their source of livelihood.

Ongoing experiments are aimed at counteracting this

pressure by implementing decentralized management

forms, e.g., community-based fisheries management in the

Brazilian Amazon (McGrath et al. 1999; Ruffino 1999). In

the Sustainable Development Reserve of Mamirauá, near

Tefé, in the Brazilian Amazon, a successful combination of

wetland protection and sustainable management by the

local population has been established, with the latter

enabling fisheries, selective timber exploitation, and small-

holder agriculture (Queiroz and Peralta 2010). In other

wetlands, however, economic pressure threatens traditional

environmentally-friendly management methods, e.g., those

in the Pantanal, where efforts are required to improve the

economic conditions of the traditional ranchers. These

efforts could involve stimulating eco-tourism and devel-

oping markets for renewable wetland products such as

honey or caiman eggs (for caiman farming), thus main-

taining long-standing sustainable management (Junk et al.

2011b).

Ornamental fish trade is often criticized by environ-

mentalists as detrimental to fish stocks because of high

losses of specimens during capture, storage, and transport

to the customer. However, this picture has been changed

considerably by the introduction of quality standards. The

middle Negro River is one of the centers in which orna-

mental fishes are collected. Soils and water in the area are

extremely nutrient poor, and ornamental fish extraction is

the major economic activity of the local population. The

fishery methods employed are highly selective and do not

damage the wetlands. Collapse of this activity would have

dramatic consequences for the local population and the

environment, since it would essentially force the local

people into logging, palm heart extraction, and cattle

ranching, all of which destroy the forest cover (Chao et al.

2001; Junk 2007).

Role of wetlands in the landscape under

global climate change

Reconstruction of the paleoclimate

Studies of the paleoclimate in South America present a

complex picture. Pollen records indicate a cold and wet

climate during the late Pleistocene at the eastern slopes of

the Andes (21,000–11,200 BP) and a lowering of the

vegetation zones along the height gradient. Temperature

and precipitation increased at the beginning of the Holo-

cene and the vegetation belts moved slowly upwards, but

there were some changes between dryer, wetter, cooler, and

warmer periods. About 3,500 BP, today’s climate and

vegetation belts were established (Niemann and Behling

2008; Niemann et al. 2009).

Studies on the sediment characteristics at Lago Pollux,

in Aisén Province in southern Chile, indicate glacier
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melting from 18,000 to 14,000 years BP in a dryer and

warmer climate than before, and climate variability in the

following 3,000 years. From 11,000 to 7,500 BP, a Not-

hofagus steppe-woodland developed that later became a

closed Nothofagus forest, suggesting establishment of the

present-day equitable precipitation regime (Markgraf et al.

2007).

Postglacial climate variability in central South America

affected the regions in different ways, as shown by Behling

and Safford (2009) for the Atlantic Forest near Rio de

Janeiro. The Pantanal passed during the Holocene through

different climatic episodes that are not yet fully understood

(Assine and Soares 2004). The following climatic episodes

can be distinguished: ?40,000–8,000 BP, cool and dry;

8,000–3,500 BP, warm and wet; 3,500–1,500 BP, warm

and dry; and 1,500-present, warm and wet (Iriondo and

Garcia 1993; Stevaux 2000).

According to the authors of the refuge theory (summa-

rized by Haffer and Prance 2001), during glacial periods,

the Amazonian climate was dryer and cooler, which led to

fragmentation of the rainforest cover and the formation of

forest refuges. Populations of forest species became iso-

lated, passing through periods of speciation, whereas

populations of savanna species were able to cross the

Amazon basin along savanna corridors. During interglacial

periods, the forest advanced into the savanna areas,

allowing the spread of newly evolved forest species while

isolating savanna populations. However, this hypothesis

has been contested by other authors, who did not find

evidence supporting a change in forest cover in the Ama-

zonian lowlands (summarized in Colinvaux et al. 2001;

Irion et al. 2010a, b; Hoorn et al. 2010). Between glacial

and interglacial periods, changes in sea level of about

130 m led to considerable changes in the declivity of large

South American rivers. Old river terraces can be found

along the Amazon River up to 2,500 km inside the conti-

nent (Irion et al. 2010a, b).

The biome reconstructions of Latin America of Mar-

chant et al. (2009) suggest a generally cool and dry climate

at 18,000 ± 1,000 year BP. Southernmost South America

was dominated by cool grass/shrubland and a single site

retains cool temperate rain forest, indicating that forest was

present at some locations at the Last Glacial Maximum. In

southeast Brazil, cool grass/shrubland was prevalent

whereas Amazonian sites recorded tropical dry forest,

warm temperate rain forest, and tropical seasonal forest.

Differences between the modern climate and that of the

6,000 ± 500 year BP reconstruction are comparatively

small and indicate biomes characteristic of drier climates in

the north of the region with a slightly more mesic shift in

the south. Cool temperate rain forest remains dominant in

western South America. In northwestern South America, a

number of sites evidence transitions from tropical seasonal

forest to tropical dry forest and tropical rain forest to

tropical seasonal forest.

Predictions of global climate change and the effect

on wetlands

The Andes, as a geographic barrier, and the Amazon rain

forest biome (Amazon River basin and adjacent forested

river basins), which covers about 6.5 million km2, are

unique geographic features that shape the climate of South

America. The Amazon rain forest biome is of vital eco-

logical importance but is also central to the global carbon

cycle and as a driver of regional and global climate (Keller

et al. 2009a, b). Heat and water vapor over the tropical belt

rise to high altitudes and drive global atmospheric circu-

lation (McClain et al. 2001; Nobre et al. 2009). About 50%

of the rain falling in the Amazon basin derives from

evapotranspiration from the rain forest (Salati and Marques

1984), with a portion of the water vapor exported to

southern savanna areas including the Pantanal. There is a

raising concern about the impact of large scale deforesta-

tion of the Amazon rain forest on the regional water

balance but also on global climate because of the liberation

of large amounts of CO2 to the atmosphere (Marengo et al.

2009). Several large projects are ongoing about the con-

tribution of the Amazon basin to the regional and global

climate, such as the Large Scale Biosphere–Atmosphere

Experiment in Amazônia (LBA), the Environmental

Research Observatory (ORE) HYBAM (Geodynamical,

Hydrological and Biogeochemical Control of Erosion/

Alteration and Material Transport in the Amazon Basin),

and Amazonian Tall Tower Observatory (ATTO, under

construction).

The predictions of the Intergovernmental Panel on Cli-

mate Change (IPCC 2007) regarding the consequences of

global climate change in South America are still rather

imprecise and somewhat contradictory. Scenarios of tem-

perature increase for the year 2100 indicate values of

1.8–5.1�C (median 3.2�C) and 1.7–3.9�C (median 2.5�C)

for northern and southern South America, respectively.

Regional warming is expected to be greatest in the most

continental regions, e.g., Central Amazonia.

Accelerated melting of snow and ice, including glaciers

in Patagonia and the Andes, will reduce water storage and

discharge-buffer capacity. IPCC predicts a sea-level rise of

20–60 cm until 2100, but new studies point to higher val-

ues between 0.75 and 1.9 m (Vermeer and Rahmstorf

2009; Overpeck and Weiss 2009). Precipitation may

decrease slightly near the Caribbean coast as well as over

large parts of Brazil, Chile, and Patagonia, but may

increase in Colombia, Ecuador, and Peru, around the

equator, and in southeastern South America. However,

rainfall distribution during annual cycles may change, with
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precipitation increasing during the rainy season and

decreasing during the dry season. Also, an increase of

extreme multiannual and short-term climate events (El

Niño and La Niña, heavy rains and droughts, heat waves) is

predicted. This will lead in some areas to a reduction of

groundwater-recharge rates, for instance, in northeastern

Brazil. There is no doubt that the predicted changes in

global climate will also heavily affect the wetlands.

The impact of the rise in temperature on the species

composition of South American wetlands is difficult to

predict, given the lack of ecophysiological data on wetland

organisms. Wetland species of the Amazonian lowland rain

forest, the Atlantic Coastal Forest, and the tropical and

subtropical savannas have overcome considerable temper-

ature changes over several glacial and interglacial periods.

The anticipated raise in temperature will be faster than in

previous periods, but most tropical and subtropical wetland

species have a wide distribution range that points to a

considerable ecophysiological elasticity. Accordingly, it

can be expected that the anticipated rise in temperature will

change the species composition of the respective commu-

nities but will not lead to mass extinction of wetland

species.

On a continental scale, a shift of temperate and boreal

species to higher latitudes and to higher altitudes in

mountainous regions can be expected, along with an

extension of mangroves further to the north and south,

when adequate habitats are available. However, I oppose

the prediction of Loarie et al. (2009), in which temperature

driven highest ecosystem dislocation velocities are pre-

dicted for flooded grasslands, deserts, and mangroves.

Occurrence of these ecosystems is certainly not correlated

with temperature but with water availability. While the

species composition may change with raising temperature,

these and other tropical and subtropical ecosystems will be

maintained at the same locality as long as hydrological

conditions that reproduce them are suitable.

A major threat will be the increase of fires. In 2009,

rainfall in the Pantanal reached about 1,400 mm and 2,488

wildfires were recorded. In 2010, rainfall was only about

800 mm and the number of wildfires rose to 5,341 (data on

wildfires from Instituto Nacional de Pesquisas Espaciais

(INPE), from satellite NOAA-15). Most of these fires were

man-made. Ongoing studies by INAU indicate serious

threats to forested habitats at periodically flooded savannas

such as Pantanal and the Araguaia River floodplain because

flood adapted tree species are sensitive to fire.

A climate model coupled with an Amazon vegetation

model offered by the Hadley Center predicts the conver-

sion of the Amazon rain forest to cerrado vegetation from

2050 to 2100 (Jenkins et al. 2005). In the Amazon rain

forests and soils, about 75 Gt of organic carbon are stored

(75 9 109 t). Most of this carbon would be released to the

atmosphere, reinforcing the greenhouse effect. Considering

the large uncertainties in climate models and the lack of

ecophysiological data for the highly diverse Amazonian

rain forest, catastrophic scenarios such as this one are not

helpful because they may counteract efforts to protect the

rain forest. Why protect a forest that will collapse anyway

in a few decades? Furthermore, the study’s authors did not

consider that about one-third of the Amazon rain forest

area is periodically flooded or waterlogged and has to be

considered wetland. This also has not been taken into

account by any of the Amazonian climate and vegetation

models. If the climate predictions of the IPCC turn out to

be correct, the Amazon rain forest may to some extent

change to a semideciduous forest (Malhi et al. 2009) with a

dense network of evergreen riparian and floodplain forests.

Nevertheless, strong protection efforts are required for

forests and wetlands because human pressure to transform

them into pasture and cropland is rising. This increases fire

frequency in the man-made grasslands during dry periods,

which destroys also connected forest patches and wetland

vegetation.

Dramatic effects are to be expected for the wetlands in

the coastal belts, but not because the coastal wetlands

cannot cope with the predicted sea level rise. After the Last

Glacial Maximum, the sea level rose over the next

*10,000 years at a mean of 1 m per century but coastal

wetland species and communities managed to survive.

From the last interglacial period, mean sea-level rises were

even higher, about 1.6 m per century (Rohling et al. 2008).

The problem will be the fact that the hinterland of coastal

wetlands is increasingly occupied by humans, gradually

squeezing coastal wetlands between the advancing sea and

civil constructions, such as roads, industrial developments,

and settlements. Long-term land-use planning is required in

which the wetlands are allowed to slowly dislocate to

higher areas whenever possible, as they will become,

among other aspects, increasingly important for coastal

zone protection in response to the increasing wind speeds

and cyclones predicted also for South America (Marengo

2006; Greenpeace 2006). Sea lever rise will also affect the

wetlands along the lower reaches of many large rivers

extending the impact of the tide upriver and modifying

flora and fauna accordingly.

Accelerated melting of snow and ice, including the

glaciers in Patagonia and the Andes, will reduce water

storage and the discharge-buffer capacity of rivers with

catchments in the Andes. Together with the stronger peri-

odicity in rainfall, indicated by the IPCC for large areas of

South America, and stronger El Niño and La Niña events,

accelerated snow melting in the Andes will increase the

risk of high floods and severe low-water periods in all large

rivers. Lower-order rivers will suffer heavy changes of

discharge and flood pulses between dry and rainy seasons,
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and heavy oscillations in flood pulses during extreme

rainfall events. In regions with longer dry seasons, lower-

order streams may shift from a permanent to an intermittent

status, with dramatic effects for aquatic fauna and flora.

Cox et al. (2008) examined the possible links of the heavy

drought of Amazonia in 2005 to climate change. Their

model suggests a probability of the 2005-like drought

every second year by 2025 and a 9-in-10 years event in by

2060.

The increase in precipitation periodicity together with

stronger El Niño and La Niña events will strongly impact

rainwater-fed floodplains and swamps, which have a low

hydrological buffer capacity. There will be an increased

risk of wild fires, mostly in floodplains and swamps in

tropical and subtropical regions, because of increased

drought stress. This will lead to changes in the species

compositions of plant and animal communities.

Conclusions

Wetlands cover a considerable portion of the South

American subcontinent. While the total area is not known,

it may be as high as 20% of the land’s surface. The current

state of knowledge about the occurrence, structures, and

functions of the different wetland types varies considerably

between regions, but is in many cases insufficient to con-

tribute to the development of a modern policy for the

sustainable use and protection of wetlands.

The rich water resources and relatively low human

population of wetland regions provide the governments of

South American countries, in many cases, with the

opportunity to elaborate development schemes that recon-

cile wetland protection and economic development.

However, in the existing legislation to protect and manage

aquatic resources of most countries, wetlands do not play a

role commensurate with either their size or their numerous

benefits to humans and the landscape.

Costanza et al. (1997) provided an analysis of the

average value of the ‘‘natural capital’’ of different eco-

systems, including their goods, services, biodiversity, and

cultural contributions. Wetlands and rivers were estimated

to be worth 14,785 US$ ha-1 year-1 and US$

8,498 ha-1 year-1 respectively, forests US$ 969, and

grasslands US$ 232. This analysis certainly does not hold

true for all South American wetlands. It shows, however,

that the neglect of wetlands in national policies not only

negatively impacts the ecology of these regions, but is also

an enormous economic mistake. A comparison of intact

mangroves in Thailand with converted mangroves for

shrimp farming, and intact freshwater marshes in Canada

with those converted to intensive farming showed consid-

erable higher values of the intact wetlands (Balmford et al.

2002). Additional studies are required to determine and

quantify the benefits of wetlands and to calculate their

economic value to the societies in which they are located.

This will facilitate discussions with politicians and stake-

holders about wetland-friendly management methods and

wetland protection.

Discussions about sustainable wetland management and

protection in light of global climate change scenarios must

differentiate between: (1) current direct human impacts on

wetlands at the local and regional scale, and (2) effects of

global climate change, which in most areas of South

America are still to come.

Wetland deterioration is accelerating. The negative

human impacts acting today on most ecosystems, including

wetlands, are a result of human activities and policies.

They affect the sub-continent at regional and national

levels, forcing governments to react to them independently

of predicted global climate changes (Vörösmarty et al.

2000). For instance, the periodic drying out and flash-

flooding of lower-order streams in agricultural areas is not

the consequence of global climate change but of the large-

scale modification of catchment vegetation, including

riparian vegetation and headwater wetlands. Measures to

stop and reverse these developments have to be imple-

mented now in order to avoid further deterioration because

wetland maintenance is always cheaper than wetland res-

toration. Neither the heavy floods nor the droughts that

affected the Amazon River floodplain during the last years

can be attributed to global climate change, because similar

floods and droughts happened already earlier. However, the

effects on human populations living along the floodplain

are extremely negative, forcing governments to react to

them now. The development of an efficient water-level

forecast system is a first step in that direction (Schöngart

and Junk 2007). When discussing the protection of national

resources, there is no argument that supports waiting for

international agreements.

Predictions of the IPCC point to a rise in sea level and

considerable changes in the total amounts and/or distribu-

tion patterns of rainfall, snowfall, and glacier melting, all

of which will affect, to different degrees, South American

ecoregions, including wetlands. In the future, intact wet-

lands will play an important role in buffering the expected

changes in the hydrological cycle and in diminishing its

negative social, economic, and ecological impacts.

Actions to reduce the extent of global climate change

require international agreements. These must take into

account the ability of wetlands to act as carbon sinks, for

instance, when negotiating carbon equivalents. But these

activities will show effects only over the long-term as will

the impacts of global climate change in most parts of South

America. I predict that by the year 2040 and probably

much later, impending changes in human population and
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economic development will affect most South American

ecosystems in general, and the wetlands in particular, to a

much larger degree than will changes in global climate.

However, we have to bear in mind that in a few decades,

climate changes will underlie a dramatic deterioration in

the status of wetlands and their functions, testifying to the

negatively effects of our current short-term development

actions.
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Brinson MM, Malvárez AI (2002) Temperate freshwater wetlands:

types, status, and threats. Environ Conserv 29(2):115–133

Canevari P, Blanco DE, Bucher EH, Castro G, Davidson I (1999)

Humedales de la Argentina: clasificación, situación actual,

conservación y legislación. Wetlands International 46, 208 pp

Chao NL, Petry P, Prang G, Sonneschien L, Tlusty M (eds) (2001)

Conservation and management of ornamental fish resources of

the Rio Negro Basin, Amazonia, Brazil—Project Piaba. Editora

da Universidade do Amazonas, Manaus

Colinvaux PA, Irion G, Räsänen ME, Bush MB, Nunes de Mello JAS

(2001) A paradigm to be discarded: geological and paleoeco-

logical data falsify the Haffer and Prance refuge hypothesis of

Amazonian speciation. Amazoniana 16:609–646

Collantes M and Faggi AM (1999) Los humedales del sur de
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deo, pp 15–25

Costanza R, d’Arge R, de Groot R, Farber S, Grasso M, Hannon B,

Limburg K, Naeem S, O’Neill RV, Paruel J, Raskin RG, Sutton

P and Van den Belt M (1997) The value of the world’s

ecosystem services and natural capital. Nature 387:253–260

Cox P, Harris P, Huntingford C, Betts R, Collins M, Jones C, Jupp T,

Marengo J, Nobre C (2008) Increase risk of Amazonian drought

do to decreasing aerosol pollution. Nature 453:212–216

Deil U (2005) A review of habitats, plant traits and vegetation of

ephemeral wetlands—a global perspective. Phytocoenologia

35(2–3):533–705

Denevan WM (1966) The aboriginal cultural geography of the Llanos

de Moxos of Bolivia. Ibero-Americana 48, University of

California Press, Berkeley

Denevan WM (1976) The aboriginal population of Amazonia. In:

Denevan WM (ed) The native population of the Americas.

University of Wisconsin Press, Madison, pp 205–234

Drago EC, Wantzen KM, Paira AR (2008) The Lower Paraguay river-

floodplain habitats in the context of the Fluvial Hydrosystem

Approach. Ecohydrol Hydrobiol 8(1):49–66

Eva HD, Belward AS, Miranda EE de, Bella CM di, Gond V, Huber

O, Jones S, Sgrenzaroli M and Fritz S (2004) A land cover map

of South America. Global Change Biol 10:731–744

Fearnside PM (1989) Brazil’s Balbina Dam: environment versus the

legacy of the pharaohs in Amazônia. Environ Manage
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socioeconômicos na bacia do Rio Taquari—Pantanal. Embrapa

Pantanal, Corumbá, MS
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MTF, Wittmann F, Schöngart J and Parolin P (eds) Amazon

floodplain forests: ecophysiology, biodiversity and sustainable

management. Ecological Studies, vol 210, Springer, Berlin/

Heidelberg/New York, pp 43–59

Melack JM, Novo EMLM, Forsberg BR, Piedade MTF and Maurice L

(2009) Floodplain ecosystem processes. In: Keller M, Busta-

mante M, Gash J and Dias PS (eds) Amazonia and global

change. Geophysical Monograph, vol 186, American Geophys-

ical Union, Washington, DC, pp 525–541

Milliman JD, Meade RH (1983) Worldwide delivery of river

sediment to the oceans. J Geol 91:1–21

Ministerio del Medio Ambiente (2002) Polı́tica nacional para

humedales interiores de Colombia: Estrategias para su conser-

vación y uso racional. Republica de Colombia, Ministerio del

Medio Ambiente, Consejo Nacional Ambiental, Bogotá
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