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Summary 

The Pantanal is a huge, seasonal floodplain wetland in central South America. In the triangle of the 
countries of Brazil, Bolivia, and Paraguay, the Upper Paraguay River floods an area of approxima-
tively 180,000 km² between December and June. The flood pulse migrates from the northern to the 
southern part of the ca. 700 km long floodplain, and due to the expansion-contraction cycle, the peak 
of the flood moves in a north-south direction over three months. Arid conditions and natural bush-
fires during the drought period concentrate the aquatic fauna in the remaining rivers, flood channels, 
lakes and swamps. Humans, as well as fauna and flora, have developed remarkable adaptive traits to 
cope with these extreme conditions. The original population of native indigenous peoples has been 
strongly decimated. Some of their cultural elements are still alive, however, and have influenced 
the 'Pantaneiro' culture of the traditional fishers and ranchers that have lived in the Pantanal over 
several 100 years. This makes the Pantanal a showcase of how 'living in the rhythm of the waters' is 
possible. In the past decades, however, economic interests have triggered enormous environmental 
pressures. In the catchment of the Upper Paraguay River, a fast-growing number of dams disturbs 
the natural flow regime and interrupts migration routes for the most important fish species. Industri-
al agriculture releases enormous amounts of eroded soils and pesticides, while fast-expanding cities



with badly working sanitation systems pollute the rivers. Inside the Pantanal, modernization of cat-
tle ranching and crop agriculture homogenizes the highly diverse, park-like landscape, eliminates 
the sustainable but less cost-efficient landuse forms, and erodes biocultural diversity. Policies favor-
ing fisheries tourism over traditional, artisanal fishing further contribute to a rural exodus. Climate 
change and expansion of farmland have led to untimely and deleterious, man-made fires. The trans-
boundary Hidrovia project plans to transform the highly dynamic Paraguay River into a waterway 
navigable for larger vessels, which would dramatically reduce living conditions for all wetland biota 
and traditional cultures. Existing conservation and sustainable management plans urgently need to 
be implemented. Cultural adaptations to the floodplain inundation cycle and techniques of common 
resource sharing still exist and could serve as examples for other places.

21.1 Introduction
Enchente, cheia, vazante, seca, these are the Por-
tuguese expressions for the rising, high, fall-
ing, and low water phases, respectively, and 
these hydrological seasons determine life in 
the world's largest contiguous river floodplain 
(fig. 21.2). In spite of massive economical and po-
litical pressure to increase the monetary output 
by inadequate land use (Wantzen et al. 2008b, 
Alho 2011, Roque et al. 2016, Schulz et al. 2019), 
and of genocide-like exterminations of the indig-
enous and traditional people in the past, the Pan-
tanal is still a showcase of "living in the rhythm of 
the waters" (da Silva and Silva 1995) and the River 
Culture (Wantzen et al. 2016a). 

The people living in the Pantanal have devel-
oped a specific culture, have bred flood-resistant 
horse and cattle races, have developed unique 
strategies of resource use, and know how to live 
in an area that switches from a flooded swamp to 
a very dry savannah each year. The term Panta-
neiro is used here as an expression for traditional 
farmers, fishermen and ranchers, who have de-
veloped from early colonizers, African descen-

dants and native people during the past 200 to 
300 years (Girard 2012). Long before the arrival 
of Europeans, the native Amerindians already 
performed migrations between the floodplain 
and surrounding terra firme (unflooded) lands, 
and developed pottery and specific hunting, 
fishing and plant use techniques by using the 
flood pulse advantage (Junk et al. 1989, Bayley 
1991). Only a few of these indigenous ethnic 
groups, such as the Guató, Kadiwéu, and Boro-
ro, have survived in the Pantanal or are current-
ly returning (Girard 2012). Both, indigenous peo-
ples and Pantaneiros, have thoroughly observed 
nature and are copying adaptive strategies from 
animals and plants. 

The current geophysical features of the Pan-
tanal are relatively young in geological terms, 
at about 12,000 years (Irion et al. 2011). Even 
though species numbers are generally lower 
than in the old, forested floodplains of Ama-
zonia, they are still impressive, and due to the 
parkland-like, open landscape, the larger spe-
cies, especially flowering trees, diverse palms, 
birds, caimans, and mammals are more conspic-

Fig. 21.1 Graphical summary: The Pantanal wetland, its biocultural diversities, and threats from inside the wetland and 
from its catchment. Graph: André V. Nunes
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uous. In no other place in Latin America, one can 
find jaguars, swamp deer, giant otters, giant ant 
eaters and even giant armadillos in still healthy 
populations. During the dry season, capybaras, 
spectacled caimans and spectacular wading 
birds crowd near the remaining water bodies by 
the hundreds. This makes the Pantanal one of 
the world's top destinations for nature tourism, 
which is at the same time a threat and an oppor-
tunity for the maintenance of biological and cul-
tural diversities. The harsh climate, soils that are 
inadequate for agriculture, and the remoteness 
of the territory have protected the Pantanal from 
environmental degradation for a much longer 
time than the nearby Cerrado biome, which is 
intensively used for agriculture. Still, an uncer-
tain legal definition of floodplains and massive 
lobbying for agricultural use, dam construction 
and navigability of the river continuously threat-
en the system (fig. 21.1) ( Irigaray et al. 2020). 

The socioecological integrity, the biodiversity 
and ecological functioning of the Pantanal are 
mainly based on the natural flood-and-drought 
regime (Junk et al. 2006, Girard 2011), caused by 
annual inundations and prolonged dry phases 
with arid conditions. This integrity is threatened 

by impacts in the catchments (agriculture in the 
Cerrado high plains above the Pantanal) and 
from inside the wetland (land-use change, dik-
ing). The reappraisal of a plan to transform the 
Paraguay River into a navigable waterway (or 
Hidrovia) and the increasing number of hydro-
power dams threaten the natural flow regime 
already in the upper parts of the basin (Hamil-
ton 2002a, Petry et al. 2011). The maintenance 
of identity and culture of the Pantaneiros and 
the remaining indigenous peoples, along with 
a science-based environmental policy, may help 
preserve its still-existing ecological integrity and 
naturalness (Wantzen et al. 2008b, Tomas et al. 
2019). The biophysical and ecological knowledge 
of the Pantanal Wetland is well summarized in 
different books (Por 1995, Heckman 1998, Junk 
et al. 2011) with comprehensive reviews on ecol-
ogy and sustainable management in Junk et al. 
(2011), Alho and Sabino (2011), and Ioris (2012).

21.2  Geophysical setting and hydrological 
regime

The Pantanal Wetland is located in the geodetic cen-
ter of South America, encompassing 179,300 km2 

Fig. 21.2 Location of the Upper Paraguay River Basin and the proportions of the Pantanal Wetland in the different states 
Brazil, Bolivia, and Paraguay. Map: Angélica Guerra 
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across Brazil (78%), Bolivia (18%), and Paraguay 
(4%) (Junk et al. 2011, Tomas et al. 2019). It is a 
vast but shallow floodplain formed by the wa-
ters of the Paraguay River. This transboundary 
river forms a 2,695 km long North-South axis in 
the Neotropics, connecting Brazil with Bolivia, 
Paraguay, and Argentina. It is the major tribu-
tary of the Paraná – Rio de la Plata system (see 
chapter on the Paraná River, this volume). The 
headwaters of the Paraguay River, arising on 
the ca. 600 m asl Central Brazilian plateaus were 
naturally covered by semi-deciduous forests and 
Cerrado savanna, but are today largely replaced 
by intensive agriculture of soybean, cotton, and 
sugarcane (Siqueira et al. 2018). The Upper Par-
aguay catchment covers about 600,000 km2, 
of which 362,380 km2 are in Brazilian territory 
(fig. 21.2) (Bravo et al. 2014). 

Despite the Paraguay river having fringing 
floodplains almost along its entire course, the 
Pantanal begins to form near the city of Cáceres 
(ca. 120 m asl) and ends with the confluence of 
the Apa River with the Paraguay River in Porto 
Murtinho (ca. 90 m asl), Brazil. The slope of the 
wetland ranges between 2–3 cm km-1 North to 
South, and 5–25 cm km-1 East to West (Alvarenga 
1984, Junk et al. 2006). This low relief gradient 
reduces the flow velocity of surface water, how-
ever, even apparently stagnant water bodies of 
the Pantanal still flow (Girard et al. 2010). Only 
during the low waters, the distinction between 
'river, lake, or swamp' is apparent, as rising wa-
ter levels mix these habitat types in the complex 

wetland (Wantzen et al. 2005) (fig. 21.3, and see 
below for a habitat typology). In the North, the 
annual flood regime succeeds the intensive pre-
cipitation events of the rainy season (Novem-
ber–April) with a very short delay. The central 
and southern parts of the Pantanal receive less 
rainfall. There, inundation is mostly caused by 
back flooding of tributaries, due to the high wa-
ter levels of the Paraguay River, with a time lag 
of about three months compared to the Northern 
(upriver) section (Hamilton 2002b, Girard 2011). 
This delay is probably due to the influence of the 
hydrological bottleneck formed by the Amolar 
sierra (Luz 2019). 

As the natural sediment supply from the head-
waters is low, most rivers in the Pantanal rework 
old sediment deposits (Irion et al. 2011). The trib-
utaries of some rivers, however, display severe 
man-made soil erosion, due to intensified land 
use, poor soil conservation practices and mas-
sive deforestation (Carvalho et al. 2009, Roque 
et al. 2016, Siqueira et al. 2018). These anthropo-
genic impacts have led to losses in instream hab-
itat and gallery forest (Wantzen 2006, Wantzen 
et al. 2006) and large-scale siltation in parts of the 
Pantanal (Hamilton et al. 1998, Godoy et al. 2002, 
Hamilton 2002a, Buehler et al. 2011). At the same 
time, the sediment and water supplies from the 
tributaries to the Pantanal are being disrupted 
by an ever-increasing number of dams (Girard 
2005, Wantzen et al. 2011b, Roque et al. 2016, 
Fantin-Cruz et al. 2020, Medinas de Campos et 
al. 2020) causing multiple impacts (see 21.6). 

The annual hydrological pattern is a mono-
modal flood pulse cycle with approximately 
three month-lasting phases of flood, low-water 
period, and interphases, however the variation 
between years is large. Additional, multi-an-
nual periods of higher and lower inundation 
or drought occur, changing organic matter 
budgets (Wantzen et al. 2005) and woody veg-
etation structure (Nunes da Cunha and Junk 
2004) (fig. 21.4). The location of palaeo-channels 
strongly influences the distribution of flood wa-
ters and the connectivity between mainstem riv-
ers and the floodplain water bodies of the Pan-
tanal (Fantin-Cruz et al. 2011, Assine et al. 2015). 
The variable water levels among water bodies 
can even cause the flow directions in floodplain 
channels to change several times a year (Girard 
et al. 2003). The floodplain habitats are highly 
diverse and characterized by hydrological and 
vegetation criteria (Wantzen et al. 2005, Junk et 
al. 2014). 

The hydrological cycle has a strong influence 
on water quality (Nogueira et al. 2011). Rising 
waters skim out organic matter that was depos-

Fig. 21.3 River, lake, swamp? During the flood period 
these terms are no longer valid in the Pantanal, 'the land 
where rivers do not know where to flow to'. Photo: Karl 
M. Wantzen
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ited during the dry phase, resulting in a fast in-
crease of nutrient and dissolved carbon contents 
and fast algal growth (De-Lamonica-Freire and 
Heckman 1996, Hamilton 2002b). At the peak of 
the flood, the water in the flooded fields becomes 
clear, nutrient concentrations are low, and root-
ed macrophytes dominate until the water levels 
fall again, and the substances that are dissolved 
or suspended in the water become concentrat-
ed again. In residual water bodies during the 
drought period, large quantities of fish become 
trapped, eaten by caimans and birds or suffo-
cated in the hot and oxygen-poor water, and 
eventually fertilize the soils for the regrowing 
terrestrial vegetation. Rivers and lakes are gen-
erally permanently turbid, with the exception 
of the few limestone catchments (Bonito, South-
ern Mato Grosso, Nobres, Mato Grosso), where 
calcite co-precipitation keeps the waters crys-
tal-clear. The annual flood cycle has a great im-
portance for the ecology of animals and plants, 
and for their human use, e.g., for fisheries (see 
below).

The land-water interface (aquatic-terrestri-
al transition zone, ATTZ (Junk and Wantzen 
2004)) is permanently shifting, which increases 
the turnover of organic matter and nutrients be-
tween the aquatic and terrestrial biocoenoses (re-
ciprocal subsidies). As a result, there is intensive 
plant growth just after the phase change, which 
is often mistaken with fertility of what is actual-
ly a nutrient-poor system. Only smaller areas in 
the floodplain are permanently dry (terra firme), 
such as the areas bordering mountain ranges, or 
permanently wet, such as the larger lakes and 
mainstem rivers.

21.3 Historical introduction 
The history of human settlement in the Pantanal 
can be divided into four phases, which are partly 
overlapping: (i) early cultures of hunter-gather-
ers; (ii) indigenous groups which live on fishing, 
hunting and self-sustaining horticulture; (iii) tra-
ditional communities and Pantaneiro culture 
(ranching), and (iv) the modern times, with in-
creasingly intensified agricultural use. 

21.3.1 Early cultures of hunter-gatherers
Human colonization in Latin America occurred 
about 14,000 years ago, resulting in a dramatic 
decline of its mega fauna, with only very few 
exceptions (Harari 2015). An archeological pro-
ject on the Paraguay River revealed early coloni-
zation by gatherers-hunters between 8,400 and 
8,200 years BP, and ceramic-producing settlers in 
the Pantanal from 2,800 years BP onwards (Be-
spalez 2015). These peoples were hunter-gather-
ers, whose diet is likely to have consisted of fish, 
mussels and local game. The diverse nature of 
archaeological sites encountered in the Pantanal 
indicates the presence of several different cul-
tures originating from the Amazon, the Andes 
and the Chaco. Already during that time, there 
was an intensive exchange between cultivating 
settlers in the highlands surrounding the wet-
land and the Pantanal settlers (Schmitz 2002). 

21.3.2 Indigenous Groups
All over Latin America, the indigenous peoples 
have been decimated and their culture deterio-
rated upon the arrival of European settlers (see 
also chapter on the Paraná River, this volume). 
Of the estimated three to five million of natives 
inhabiting Brazil when the Spanish and Portu-
guese settlers arrived in 1500, around 900,000 In-
dians are currently left (Barbara 2017). Today, 
archeological findings give testimony of ancient 
settlements, e.g. the patchily distributed artificial 
earth mounds, so-called 'aterros de indio' found 

Fig. 21.4 Hydrometry of the Paraguay River. above: time 
series of the annual average stage (water level) at Ladá-
rio flow gage (ANA gage 66825000) from 1900 to 2020; 
below: average monthly stage along the Paraguay River. 
Data: Cáceres (ANA gage 66070004), Amolar (ANA gage 
66800000) and Forte Coimbra (ANA gage 66970000). 
Cáceres gage is located in the Paraguay River upstream 
of the Pantanal, Amolar is in the middle reaches of the 
river within the Pantanal, and Forte Coimbra is nearby 
Ladá rio, downstream of the wetland. Graph: Pierre 
Girard, modified after da Silva and Girard (2004).  
H'= mean monthly stage – mean monthly minimum stage
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all over the Pantanal floodplain (Oliveira 2003, 
2017). They bear artifacts of the precolonial set-
tlers (from 2.640 ± 100 to 1.290 ± 100 y BP), includ-
ing animal parts that were used for ornaments 
(Oliveira and Viana 2000, Oliveira 2003, Bespal-
ez 2015, Peixoto and Silva 2017).

Among the first peoples to be reported in the 
Pantanal were the Xarayés, who were adapted to 
inhabit the lower, flood-prone regions (Stavans 
2013). Their name became associated with a 
mythical inland ocean (the Sea of Xaraés), which 
is what the Europeans originally thought the 

Table 21.1 Main characteristics of the Upper Paraguay River and the Pantanal Wetland

Upper Paraguay River and Pantanal

Countries within the 
catchment 

Bolivia, Brazil, Paraguay 

Catchment size (km2) 600,000 

Length (km) Length of Upper Paraguay River from its source to the confluence of Apa River ca. 
1,700; (the river section that includes the Pantanal (Cáceres – Apa) ca 1,272)

Discharge (m3 s-1) Porto Murtinho Station (ANA code 67100000): average 2,388.6 (min.: 545.0, max.: 7,146.6) 

Hydrological pattern Annual flood pulse, driven by the rainy season, with a three-month delay between 
the northern and the southern section of the Pantanal

Degree of 
naturalness 

Moderately disturbed with current trends of intensifying land conversion and 
hydrological changes 

Natural landscape 
types 

The Pantanal is a continuum from more to less flooded habitats, which are defined 
by their dominant vegetation type; all types of floodplain water bodies occur in the 
wetland

Impact types Presently 52 dams in operation across all major tributaries of the Pantanal in 
the Upper Paraguay Basin. Other impacts are: water pollution (pesticides from 
agriculture, industrial and urban pollution) also gold (Poconé) and iron (Corumbá) 
mining, and siltation from erosion in the intensively used catchment

Largest cities 
(inhabitants)

Cáceres (95,000), Cuiabá/Várzea Grande (900,000), Corumbá (112,000) 

Urbanization Low degree of urbanization and of bank fixation (both are estimated to 1–2%, 
respectively). In cities such as Cuiabá and Corumbá, urbanization has begun to 
peak in the 1980s and is ongoing 

Protected areas 5.7% of the Pantanal wetland is under Strictly Protected Areas (including federal, 
state and municipal protected areas), 7.4% in Indigenous Territories and 1.7% under 
private protected areas. Great differences between the legal conservation status and 
the legal situation in some sites

Prevailing use form 
in the catchment 

High plains of upper catchment: grain agriculture (soy, corn, cotton) sugarcane, 
eucalyptus plantations and cattle ranching. In the wetland: mostly cattle ranching. 
Diverse enterprises in larger cities, e.g., food, beverage and wood processing, trade 
with agroindustrial products (Cuiabá), iron industry (Corumbá)

Famous elements of 
biodiversity 

Large monodominant stands of woody vegetation, e.g. carandazal (Copernicia 
alba), paratudal (Tabebuia aurea), cambarazal (Vochysia divergens) and acurizal 
(Attalea phalerata). Mammals: Jaguar (Panthera onca), ocelot (Leopardus pardalis), 
swamp deer (Blastocerus dichotomus), giant anteater (Myrmecophaga tridactyla), giant 
armadillo (Priodontes maximus), giant otter (Pteronura brasiliensis). Birds: Jabiru 
(Jabiru mycteria), hyacinth macaw (Anodorhynchus hyacinthinus). Reptiles: caimans 
(Cayman crocodylus), southern anaconda (Eunectes notaeus). Fish: dorado (Salminus 
brasiliensis), pacu (Piaractus mesopotamicus) 

Famous elements of 
culture 

Clay pottery (indigenous peoples), artisanal fisheries, festivals, breeding of flood-
adapted races of cattle and horses, traditional dance and music events (Siriri, Cururu) 
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Pantanal to be. In fact, many old tribal names 
disappeared – as indigenous peoples were im-
pacted by diseases, such as smallpox and influ-
enza, and by the inward push of Spanish colo-
nists (Pantanalescapes 2019). However, after 
the Spanish explorers left the region in the late 
17th century, two indigenous groups re-colo-
nized the Pantanal, the Payaguá and Guaicurú, 
the first occupying the wetlands and the second 
occupying the upper land areas (Costa 1999). 
Other small remaining groups in the region, 
such as Guató and Kinikinau were dominated 
by these two large indigenous peoples. 

In 1719, the Portuguese Pascoal Moreira 
Cabral discovered the richest gold deposits un-
til then known in Brazil while on a slave-hunt-
ing expedition. This triggered a sudden influx 
of miners and new settlers on river expeditions 
known as monções (Portuguese for 'monsoons', 
named after the missions in India) and the foun-
dation of cities such as Cuiabá, strengthening 
the Portuguese position on the Spanish colony 
at that time (Pantanalescapes 2019). In 1750, in 
the Treaty of Madrid, Spain recognized Portu-
gal's tenure rights over the region known today 
as Mato Grosso and Mato Grosso do Sul, which 
settled Portuguese occupation in the region. 
During this second wave of colonization, most 
indigenous groups were decimated or displaced 
from the Pantanal although some ethno-linguis-
tic groups remained. These include the groups 
of Terena and Kinikinau Arawak; Bororo people 
of the Macro-Jê group; the Kadiwéu that belong 
to the family Guaikurú; the Chiquitano speakers, 
the Yshir Samuko, and the Mbyá; as well as the 
widespread Tupi-Guarani (Schmidt 1905, Borto-
lotto et al. 2015, Tomas et al. 2019). The Guató, 
in contrast with most other indigenous popula-
tions, did not collapse following contact with the 
Portuguese. Their organization into extended 
families living in isolated homesteads through-
out the river floodplain and surrounding hills 
probably protected them from European diseas-
es and conflicts with colonizers (Ribeiro 2005). As 
a consequence, they were the main indigenous 
group remaining in this region at the end of the 
18th century (Oliveira 2017). Within time, how-
ever, Guató also underwent a culture change, 
especially through inter-marriage and adoption 
with immigrants. Today, some languages are 
at risk of extinction, although the Pantanal still 
maintains diverse indigenous cultures, especial-
ly languages: the Guató, Kinikinau and Chiqui-
tano languages are 'critically endangered', the 
Kadiwéu and Bororo languages 'definitively en-
dangered', and the Terena language is 'severely 
endangered' (UNESCO 2010).

21.3.3  Traditional communities and 
Pantaneiro culture

The so-called 'traditional communities' originat-
ed during the 18th to 19th centuries. We can divide 
here into traditional fishery communities from 
the Western Border of the Pantanal, traditional 
fishery communities in the Eastern Pantanal and 
traditional cattle ranchers. 

In the Western Pantanal Border, which had 
been occupied for many years mainly by the indig-
enous Guató, Guanás, Guatiedéos and  Kinikinau 
peoples, these communities originated through 
intermarriage and adoption of fugitive Paraguay-
ans and slaves. Soon after the dreadful Paraguay-
an war (War of the Triple Alliance, 1864–1865) 
that killed 90% of the male population of Para-
guay State (Ganson 2015), many Paraguayans 
migrated to the Pantanal. During the same pe-
riod, with the end of slavery in 1888 (see chap-
ters on West-African rivers, this volume), many 
African descendants previously working in gold 
mines in the Cuiabá region migrated to the Pan-
tanal (Chiaravalloti 2019). The first families of 
non-indigenous residents in the Amolar region 
settled probably between the 1870s and 1880s, 
coming from Mato Grosso state, or neighboring 
countries, such as Argentina and Paraguay (Bor-
tolotto and Amorozo 2012). These multi-origin 
groups are now called 'traditional communities' 
(Chiaravalloti 2019). Most families of tradition-
al riverine people typically do not live in large 
settlements, but in isolated settlements compris-
ing extended families (Chiaravalloti et al. 2017). 
Some larger settlements were formed, however, 
such as Albuquerque in the year 1778 (Bortolotto 
et al. 2015).

In the eastern Pantanal, the origins of the 
communities were different. In the 18th century, 
several settlements in this region arose as small 
communities used as points for supply and rest 
by the 'bandeirantes' from São Paulo. These were 
troops of gold prospectors who used to trav-
el along the Pantanal rivers to Cuiabá in Mato 
Grosso (Costa 1999). Their settlements were nor-
mally located in dry areas, surrounded by small 
sugarcane plantations and mills (da Silva and 
Silva 1995). 

Nowadays, 'traditional riverine communities' 
in the Pantanal (fig. 21.5) undertake sustainable 
livelihoods, such as fishing, ranching and hor-
ticulture, subsistence plant extractivism (food, 
medicine, construction, handicraft and others), 
tourism and small commerce that are adapted 
to the hydro-ecological dynamics of the wetland 
ecosystem (Neuburger and da Silva 2011, Bor-
tolotto and Amorozo 2012, Chiaravalloti et al. 
2017, Tomas et al. 2019). 
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The Pantaneiro culture of traditional cattle 
ranchers started to appear in the mid-18th century. 
The first land was given to ranchers by the Por-
tuguese crown in 1727 (da Silva and Silva 1995) 
and the first cattle ranches were established by 
1737 (de Abreu et al. 2010) (fig. 21.6). Land titles, 
however, were only ratified with the 1850 'Law of 
Land' in an attempt to formalize the occupation 
promoted during the 18th century (Silva and da 
Silva 1995). Today, cattle ranchers and fishermen 
are considered as Traditional Pantaneiro people, 
recognized by the National Policy of Traditional 
Peoples and Communities in the Brazilian law 
number 6040 (Chiaravalloti 2019). 

21.3.4 Modern times
Over the past decades, the Pantanal has reached 
a crossroads (Junk and Nunes da Cunha 2005). 
Many traditional settlers, both, Pantaneiros and 
indigenous peoples, are still living as subsistence 
smallholders (Junk and Nunes da Cunha 2005, 
Wantzen et al. 2008b). In contrast, strong interests 
in using the assets of the Pantanal for more lar-
gescale commercial purposes, such as intensive 
cattle ranching (planting exotic fodder grasses), 
tourism, and intensive agriculture place tradi-
tional cultural practices at risk (Ioris 2012, Schulz 
et al. 2019) (see 21.6). The relationships between 
the Pantanal people and their environment that 
have developed over long periods, on the other 
hand, have the potential to become examples for 
the sustainable use of wetlands (see 21.7).

21.4 Key elements of biotic diversity
In terms of biodiversity, the Pantanal is an ecore-
gion that is strongly influenced by the neighbor-
ing geographical realms, Amazonia, Chaco, Cer-
rado, and Tropical Dry Forest (Junk et al. 2006, 
Linares-Palomino et al. 2011). It represents a spe-

cific freshwater ecoregion (Abell et al. 2008) but 
its young geological age (about 12,000 years; Irion 
et al. (2011)) has hampered the evolution of many 
endemic species, with few exceptions (see below). 
Rather, those species best adapted to the wetland 
have been selected. In spite of the picturesque, 
luxurious life often shown in motion pictures, 
the Pantanal is actually a nutrient-poor area with 
harsh, frequently changing environmental condi-
tions. Biota need to be adapted to lack or excess 
of water, or even fire. Temperatures in residual 
water bodies often exceed 40°C during the low 
water season. This multi-level landscape filter has 

Fig. 21.5 The origins of the Pantaneiros can be traced 
to native Indians, Portuguese colonizers and African 
descendants. Photo: Karl M. Wantzen

Fig. 21.6 The architecture of a historical farm building near/on the banks of the Rio Paraguay downstream of Cáceres 
shows colonial elements. In the early 20th century, this farm produced large amounts of dried meat and exported Liebig's 
meat broth. Photo: Karl M. Wantzen
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selected for remarkable adaptive strategies by the 
biota (see also fig. 21.13). 

21.4.1 Vegetation
The flood regime and water table determine tree 
distribution in the gradient from dry savanna to 
floodplain forests, and centimeters of elevation 
difference may be decisive for the establishment 
of woody plants. Tree species may be either 
adapted to fire or to flooding, but rarely to both 
stressors (Arruda et al. 2016, Ferreira-Júnior et al. 
2016, Manrique-Pineda et al. 2021). Consequent-
ly, the terra firme (permanently terrestrial) areas of 
the Pantanal have fire-adapted tree associations 
that are similar to those of the surrounding Cerra-
do (Nunes da Cunha and Junk 2001). In contrast, 
flood-resistant species, such as the cambará tree 
Vochysia divergens and the cipó shrub Combretum 
laxum, develop in the lower sections of the land-
scape gradient, but their population dynamics are 
subject to interannually variable hydrological pe-
riods (Nunes da Cunha and Junk 2004). During 
periods with more intensive drought, fire sets 
back the woody vegetation, which then requires 
decades or even centuries to recover. Wetter cli-
mate phases result in decreases in herbaceous and 
grass cover and, in the long term, in plant species 
richness (Barbosa da Silva et al. 2016). The alter-
nating fire and flooding cycles affect abundance 
and diversity of the soil seed bank, they influence 
seasonal regeneration and lastly, the community 
structure of riparian forest in the Pantanal wet-
land (Kohagura et al. 2020). 

The aquatic vegetation is well developed, 
with about 280 species of aquatic macrophytes 
within the Pantanal floodplain (Pott et al. 2011). 
Alternating water levels, nutrient concentra-
tions, temperature and water current during a 
hydrological year and differing between years 
and sites provide a remarkable diversity of habi-
tats. Alternating stable states of algal and macro-
phyte dominance in lakes, known from the tem-
perate zones to last years (Scheffer and Jeppesen 
1998) occur in the Pantanal on an annual basis.

Most aquatic plant species are drought-adapt-
ed, developing dormant propagules or tempo-
rarily terrestrial dwarf forms with thick cutic-
ulae. Macrophytes that require permanently 
wetted habitats, such as the giant Amazonian 
waterlily, Victoria amazonica, occur only sparsely.

21.4.2 Vertebrates
Fish biodiversity of the Pantanal is strongly in-
fluenced by species from the La Plata river sys-
tem (see chapter on the Paraná River, this vol-
ume). Only few headwater species overcome the 
biogeographical barrier between the Plata and 

the Amazon systems, which however, is current-
ly breached by intentional release of Amazonian 
fish to the Pantanal (see below). Many fish spe-
cies display adaptations to flood and drought 
such as frugivory in the flooded forest, ability to 
breath atmospheric oxygen in many species, or 
estivation in the mud during drought (lung fish 
Lepidosiren paradoxa). Currently, 322 fish species 
have been identified in the Pantanal (ANA 2020), 
the Characidae and Pimelodidae being the most 
important families (Britski et al. 2007). However, 
new species are regularly described, such as the 
endemic freshwater stingray (Potamotrygon pan-
tanensis, Loboda and de Carvalho 2013). There is 
a wide range of feeding guilds, however, most 
fish species may adapt their feeding strategies 
according to the variable food offer between sea-
sons (Wantzen et al. 2002). Many fish feed from 
fruits of the floodplain trees (Araujo et al. 2020). 
The majority of fish species of economic value 
belongs to the category of long-distance migra-
tors (Rauber et al. 2020) such as Salminus brasil-
iensis, Piaractus mesopotamicus and Pseudoplatysto-
ma corruscans. Non-migratory or short-distance 
moving fish species can be attributed to the 
floodplain or river main channel (Resende 2011). 
Species composition varies as a function of both, 
connection type and hydroperiod, so that it is 
difficult to find the same species during low and 
high water period in the same lake (Wantzen et 
al. 2002, Suarez et al. 2004, Penha et al. 2017). 

Piscivorous birds roost and breed by the thou-
sands in specific wetland sites in so-called po-
leiros (resting sites) and ninhais (breeding sites). 
These mass assemblages result in translocation 
of carbon and nutrients from their varied feed-
ing habitats within the wetland to these sites 
(Wantzen et al. 2011a) (fig. 21.7). The Pantanal 
is an Important Bird Area with almost 500 bird 
species, including short- and long-distance mi-
grators, and many resident species, with stable 
populations, that are rare elsewhere (such as 
the hyacinth macaw, Pinho and Nogueira 2003). 
There are distinct distribution patterns among 
the resident species of different vegetation units 
(Pinho and Marini 2012). Recent studies em-
ploying automated sound recordings and sound 
pattern recognition (Jahn et al. 2017) have en-
abled the identification of new species records 
for birds but also mammals and amphibians 
(Pérez Granados et al. 2019, Pérez Granados and 
Schuchmann 2021), revealing that the Pantanal 
is even more important for bird migration than 
previously thought (de Oliveira et al. 2015) and 
that the hydrological seasons produce distinct 
functional clusters in birds (Thomas et al. 2020, 
see also de Deus et al. 2020).
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The Pantanal, like other South American sa-
vannas, lacks large herds of megaherbivores as 
they are common in Africa. The most prominent 
mammals are flood-adapted species, such as the 
water pig or capybara (Hydrochaeris hydrochaeris), 
marsh deer (Blastocerus dichotomus), and pampas 
deer (Ozotoceros bezoarticus) (Alho et al. 2011b, 
Tomas et al. 2011). Their browsing has a limit-
ed effect on the Parklandschaft (Wilhelmy 1957) 
vegetation structure, but browsing by cattle and 
horses does. Larger animals with longer life-cy-
cles, such as the giant anteater (Möcklinghoff 
et al. 2018) and jaguar (Crawshaw and Quigley 
1991, Alvarenga et al. 2021) either migrate long 
distances or must cope with severe population 
losses during fire, drought or floods. The Pan-
tanal also harbors the largest of the armadillo 
species, Priodontes maximus, classified as 'vulner-
able' by IUCN (Desbiez et al. 2019).

21.4.3 Adaptations to the flood pulse
The flood pulse cycle (see 21.2) provides win-
dows of opportunity when resources are period-
ically available, as well as windows of suscepti-
bility (Junk and Wantzen 2004). Risk-avoidance 
behavior by an aquatic species may provide 
abundant food for a terrestrial one, and the con-
verse. The spatial and temporal extent of these 
windows is often small in the Pantanal, forcing 
species to make use of resources available during 
'biotic hot moments'. An example is the foraging 
migrations of the snail kite (Rhostramus sociabilis) 
that gathers by the hundreds to prey upon apple 
snails and crabs when they leave their estiva-
tion habitats at the beginning of the flood period 
(Wantzen and Junk 2006). Predatory spiders and 
ants use the rising water levels for hunting ter-
restrial invertebrates above the water line (Adis 
et al. 2001), while surface-picking fish go for the 
same prey below the water line (Wantzen et al. 
2002). Adaptive traits also include ecosystem en-
gineering. Termites heighten up their mounds 
to more than 2 m high to avoid flooding. Giant 

anteaters break them open for feeding, which 
allows subsequent colonization by tree species 
such as Curatella americana. They represent biot-
ic hot spots of extraordinarily high biodiversity 
and biological activity (Wantzen and Junk 2006). 
Reciprocal subsidies between the aquatic and 
terrestrial parts of the system occur in both di-
rections. Fish include up to 30% of carbon deriv-
ing from terrestrial insects (Wantzen et al. 2002), 
and fish supply of jaguar populations may be so 
important that they even change their social be-
havior from solitary to cooperative, resulting in 
the highest recorded population densities of 12.4 
per 100 km2 (Eriksson et al. 2021). 

The spatio-temporal mosaic of available habi-
tats, resources, and risks, also has led to remark-
able survival strategies in aquatic invertebrates, 
such as terrestrial migrations, or extremely short 
life-cycles (Wantzen et al. 2016b) (fig. 21.8). 
During rising floods, previously well-defined 
aquatic habitats become homogenized and con-
nected to larger river-lake systems and vice ver-
sa. During low waters, spectacled caimans (Cai-
man crocodylus yacare) gather by the dozens near 
the remaining water bodies (fig. 21.9). Fishing 
at night time, roosting at daytime, they transfer 
nutrients, especially phosphate, from the water 
bodies to the land, resulting in a flashing eutro-
phication at the beginning of the rainy season 
(Nogueira et al. 2002). This expansion-contrac-
tion cycle influences the distribution of plants 
and associated fish communities (Fernandes et 
al. 2010, Milani et al. 2010), the fisheries (see be-
low), and the genetic structure of populations, 
e.g., in anuran communities (Martins et al. 2015).

Interestingly, scientific studies on the Pan-
tanal and its catchment have strongly influenced 
general ecohydrological concepts. For example, 
studies revealing the role of the strong turnover 
of organic matter in the Pantanal during the 
aquatic-terrestrial phase change as a trigger for 
high productivity have contributed to an update 
of the Flood Pulse Concept (Junk and Wantzen 
2004, 2006, Wantzen et al. 2008a), as well as pro-
viding thresholds of inundation decisive for the 
carbon sink-source function of wetlands (Vega et 
al. 2014).

21.5  Key elements of cultural adaptations 
to the hydrological cycle of the 
Pantanal

The rhythm of rising and falling waters has char-
acterized human life in the Pantanal since its ear-
liest colonization (da Silva and Silva 1995) and 
resulted in cultural adaptations (River Culture, 
Wantzen et al. 2016a, see also fig. 21.13). Among 

Fig. 21.7 Wood storks (Mycteria americana) breed in large 
colonies near river banks. Photo: Karl M. Wantzen
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the indigenous peoples, the Guató have devel-
oped remarkable cultural features, including the 
building of earth mounds and the displacement 
in canoes (see early studies by Max Schmidt and 
Branka Susnik, cited in current work by Eremites 
de Oliveira (2000, 2003, 2011, 2017). Man-made 
earth mounds can be found in different places 
of the world, e.g. in the Mississippi delta (Gib-
son 2006, Whitney et al. 2013), and Australian 
floodplains (Brockwell 2006). In the Pantanal, 
they are spread all over the floodplain. Cultural 
adaptations adopted by the traditional commu-
nities (Chiaravalloti et al. 2017, Tomas et al. 2019) 
are better studied than those of the indigenous 
groups, since most of these disappeared after 
colonization. 

21.5.1  Traditional Ecological Knowledge: 
Plant use

Floodplain plant species develop, flower, and 
ripen along with the hydrological cycle, and 
vary between years according to faster or slow-
er rise and fall of the hydrograph (Junk and 
Wantzen 2004). Plant species traits must be 
known and their growth dynamics and nutrient 
or pharmaceutical value must be anticipated by 
the plant user, who is thus subject to the same 
selective forces by nature just as the plant spe-
cies itself. This knowledge is generally trans-
mitted orally, and it is better preserved in more 
remote communities giving value to the experi-

ence of the elder people (Bortolotto et al. 2015). 
The plants are mostly not commercialized. Tra-
ditional ecological knowledge in the Pantanal 
includes the use of different plant species for 
food, medicine, seasoning, ornamentals, oil ex-
traction, fishing, hygiene, handicrafts, fabrics, 
and construction. Fruit trees are doubly import-

Fig. 21.8 Millipedes climb up trees at the beginning of 
the flood period to escape (see Adis et al. 2001, Wantzen 
et al. 2016b). Photo: Karl M. Wantzen

Fig. 21.9 Spectacled caiman (Caiman crocodylus yacare) assemble in large numbers in those water bodies remaining at the 
peak of the dry season. Photo: Karl M.Wantzen
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Table 21.2 Key elements of biodiversity in the Pantanal

Key element Link to the natural 
flow regime 

Ecosystem services Human use  
and threats 

Monodominant stands 
of Vochysia divergens 
(Cambarazal)

Encroachment in humid 
pluriannual cycles, 
reduction by fire

Carbon sequestration, 
specific insect fauna

Use as construction 
wood (houses and boats, 
honey production). 
Deforested for pastures

Lowland floodplain 
forest dominated by 
Acuri palm, Attalea 
phalerata)

Flood-adapted tree 
species

Main food source for 
hyacinth macaws

Food (seed, pulp, palm), 
construction, technology 
and bait

Manduvi tree Sterculia 
apetala 

Flood adapted tree 
species

Main nesting tree (94%) 
for hyacinth macaw

Food (seeds)

Water hyacinth 
(Eichhornia crassipes)
native to South America

Important vegetative 
propagation by drift

Habitat for aquatic fauna Traditional handicraft

Native rice species 
(Oryza alta, O. 
glumaepatula, O. 
grandiglumis, O. rufipogon 
and O. latifolia) 

Fruit during the flood 
season (May to June)

Food and habitat of 
aquatic fauna 

Indigenous food in 
the past; nowadays 
its collection for food 
and local income is 
being encouraged by 
development projects 

Carandá (Copernicia alba) 
palm 

Flood-resistant species, 
hydrochorous seed 
dispersal

Monodominant stands 
are important vegetation 
islands in the floodplain 
savanna 

Food (pulp) and bait; 
handcraft, construction 
and source of palm heart

Migratory fish species, 
characoids (Salminus 
brasiliensis, Brycon 
hilarii) and pimelodid 
catfishes

Piracema upstream 
migrations to spawning 
places at end of low flow 
period, juveniles grow in 
floodplains

Organism-mediated 
carbon transfer between 
river and floodplain and 
from high to low order 
streams 

Detrimentally impacted 
by dam and dike 
construction, resulting 
in losses in river 
connectivity

Pacu (Piaractus 
mesopotamicus) and other 
frugivorous fish species

Fruit eater, can break 
nuts, migrates below 
fruiting and flowering 
trees during flood period

Seed dispersal of 
floodplain trees 
(zoochory)

Habitats and life cycle 
negatively impacted 
by flow alteration, 
deforestation 

Piscivorous birds (Jabiru 
mycteria, Mycteria ameri-
cana, Anhinga anhinga, 
diverse heron species)

Reproduction during 
the receding limb of the 
flood pulse, when fish 
are constrained 

Organism-mediated 
carbon transfer, local 
concentration of nutrients 
below roosting sites.

Loss of food source (fish), 
disturbance of roosting 
sites, direct mortality 
from transmission lines

Spectacled caiman 
(Cayman crocodylus 
yacare)

Migration along the 
moving littoral

Organism-mediated 
nutrient transfer, top 
predator 

Poaching, road kills

Capybara or water 
pig (Hydrochaeris 
hydrochaeris)

Browses herbaceous 
vegetation, can swim 
and dive to escape 
predation

Landscape engineer 
(browsing maintains 
riparian meadows) 

Illegal hunting, 
nocturnal road kills

Giant otter (Pteronura 
brasiliensis)

Reproduction during the 
low water period, when 
fish are abundant

Top predator (on fish) Illegal hunting, road kills
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ant, as they deliver food and baits for fisheries 
(Morais and da Silva 2010). Rural communities 
along the Paraguay River use more than 60 wild 
species from 30 families of angiosperms for dif-
ferent purposes (Bortolotto et al. 2015). Food 
plants include bocaiuva (Acrocomia aculeata), 
jatobá (Hymenaea stigonocarpa), acuri (Attalea 
phalerata) and wild rice (Oryza spp.) (Almeida 
and da Silva 2011). Woody species are used 
for house and boat construction, such as ta-
rumã (Vitex cymosa), ipê species (Handroanthus 
albus, H. heptaphyllus), jatobá (H. stigonocarpa), 
and jenipapo (Genipa americana L.). Among the 
species with the highest use value is the palm 
Copernicia alba (table 21.3., fig. 21.10), a large, 
often monodominant, palm tree with multiple 
uses (food, construction, baits and traditional 
handicrafts) mostly in the southern Pantanal 
(Bortolotto et al. 2019). Many pharmaceutical-
ly important native plants are known from the 
Pantanal (Bieski et al. 2012), several with high 
potential as candidates for new synthetic drugs 
or neutraceutics (healthy food, Teixeira de Sou-
za 2011). The riparian forest palm, Bactris setosa 
(tucum-do-Pantanal), for instance, stands out as 
an important source of oil, essential nutrients, 
calories and fibers, and has wound-healing ca-

pacities and other potential uses in the food and 
pharmaceutical industries (Aydos et al. 2019).

21.5.2 Fisheries
Traditional fisher communities in the Pantanal 
undertake complex strategies of cooperation 
and shared resource use, to adapt to dynamic 
changes in availability and distribution of natu-
ral resources within the river-floodplain (Chiara-
valloti and Dyble 2018). They continually change 
their fishing grounds throughout the year, stay-
ing no more than one to two weeks in the same 
fishing site. Customary areas of resource use are 
sizeable, varying between 15,000 and 35,000 ha 
per community (Chiaravalloti 2017). In the West-
ern Border of the Pantanal, Amolar region, on 
average, the average catch per area and year is as 
low as 2.32 kg ha-1 y-1 (Chiaravalloti et al. 2021). 
Due to the limited number of available fishing 
areas and the badly predictable distribution of 
resources, fishers have a small chance of finding 
a good fishing spot each time. To overcome this 
challenge, fishers have a high level of reciproci-
ty and information sharing, though only within 
their own community, to identify the best loca-
tion at any given time. This system allows fishers 
to have similar incomes throughout the year and 

Fig. 21.10 Traditional huts in the Pantanal are built from local palm and tree species, many of which are also used for 
ornamental, pharmaceutical or food purposes. Photo: Karl M. Wantzen
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gives time for fishing grounds to recover from 
intensive use. This rotational use of resources, 
along with the high level of reciprocity, known 
as 'limited open access' promotes both ecological 
and economic sustainability (Chiaravalloti and 
Dyble 2018). In the last decades, however, this 
system is changing (see 21.6.7). 

In the Pantanal, fishery is generally restrict-
ed to hook fishing; cast nets and seines are only 
occasionally permitted, e.g., for scientific pur-
poses (fig. 21.11). Fishers use different fishing 
techniques during the flood and low flow pe-
riods, including the choice of baits. During the 
peak of the flood, when sediments have settled 
in the floodplain water bodies, the water is clear, 
and so fish usually seek shelter in thickets and 
floating islands of aquatic plants. Fishers fix 
their boats nearby (this technique is called apoit-
ado, translated as 'with support') and use most-
ly fruit from riparian trees as bait (da Silva and 
Silva 1995). During the low-water period, when 
the water is turbid, fishers use the rodada tech-
nique, in which the boat is left to drift downri-
ver with the flow and live white fish are used 
as bait (Bortolotto 1999). Bait uses reflect the 
preferential herbivorous and more carnivorous 
diets of Pantanal fish communities during the 
flood and low-water period seasons (Wantzen 

et al. 2002). The most sought-after fish species in 
the Pantanal, the pacu (Piaractus mesopotamicus) 
is caught with crabs during the dry season, and 
with fruit during flood.

21.5.3 Traditional ranching
The traditional, extensive cattle raising system of 
the Pantanal uses native cattle breeds and pas-
ture species (Santos et al. 2011). Cattle manage-
ment involves the movement of herds in cattle 
drives according to the availability of pastures, 
similar to the transhumance livestock systems in 
African river basins, but on a smaller scale (see 
chapter on the Senegal River, this volume). The 
horsemen live in close contact with nature and 
have developed their own style of music and 
poetry (see below). Pantaneiro ranchers have de-
veloped the tucura cattle breed, which is adapt-
ed to the harsh environment by having a small 
body size, agile, thin horns, thick skin, and high 
resistance against hoof diseases in humid areas 
(Wilcox 2017). Ranchers also use the locally-bred 
Pantaneiro horse, able to feed on submerged 
wetland plants. The ranchers generally allow 
coexistence with jaguars, as the cats typically 
prey on old, weak cows of low economic value 
(Cavalcanti et al. 2010, Petracca et al. 2014). Tra-
ditional cattle ranching is a mostly sustainable 
technique, which also keeps fuel concentrations 
for bushfires low, but it can hardly compete eco-
nomically with new, intensive cattle manage-
ment techniques (see below).

21.5.4 Spiritual activities 
In the Pantanal, water and river-related spiri-
tualism are influenced by elements from pagan 
mythology, the beliefs of indigenous and Afri-
can peoples, and the Christian religion. The na-
tive peoples worship animal and plant species 
in the context of good luck, fertility, success in 
hunting, etc. The principal element in the Boro-
ro religion is the same as that found among the 
other South American Indians, e.g., fear of evil 
spirits, the spirits of the dead. The difference 
between men and animals is not sharply drawn 
(Frič and Radin 1906). The African Yoruba cul-
ture and believes of western Africa strongly in-
fluenced the Afro-American Candomblé religion 
of the African slaves forced to work in Brazil 
(Bastide 1960/1978). In candomblé, orishas are 
gods representing natural powers (ashé), and 
Yemanjá is the goddess of water, linked with the 
rhythm of tides and floods. Her name means 
'Mother of the fish' (Yèyé omo ejá) in the African 
Yoruba language (see also chapters on West-Af-
rican Rivers, this volume), mostly at the sea-
side. The freshwater is the realm of Oxum. In 

Fig. 21.11 Total quantity (tons) of landed fish by species 
through artisanal professional fishing in the southern 
Pantanal over 21 years (1995–2016): a) Cichla piquiti, 
b) Hemisorubim platyrynchos, c) Prochilodus lineatus, 
d) Brycon hilarii, e) Sorubim lima, f) Megaleporinus macro-
cephalus, g) Pigocentrus nattereri, Serrasalmus.maculatus, 
and Serrasalmus marginatus, h) Salminus.brasiliensis, i) Pin-
irampus pinirampu, j) Zungaru jahu, k) Pseudoplatistoma 
reticulatum, l) Piaractus mesopotamicus, m) and Pseudo-
platystoma corruscans. Graph: André V. Nunes and Jerry 
Penha, based on data from Catella et al. 2017
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some places of the Pantanal, for instance at Co-
rumbá, worshipping takes place at the banks of 
the Paraguay River by placing gifts (flowers) in 
the water. The June festivals (festas juninas) cele-
brated on the eves of the Catholic solemnities of 
Saint Anthony, Saint John the Baptist, and Saint 
Peter, are part of the Brazilian culture since the 
Portuguese colonial period. In the Pantanal, 
they form locally different expressions, and 
are social events with great importance for the 
identity of the people. The siriri and cururu 
festivals are typical elements of the Pantanal 
culture, mixing native traditions and religious 
elements. Cururu is a concert (with dance) per-
formed by men using viola de cocho and ganzá; 
Siriri is a dance event for men and women that 
use sound of stringed instruments (viola de co-
cho, ganzá) and drums (mocho). All these instru-
ments are made from regional woods (Osorio 
2017). In the 'Arraial do Banho de São João' ritual, 
hundreds of faithful take a bath in the Paraguay 
River near Corumbá, reminding of St. John (São 
João) baptizing Jesus Christ in the Jordan River. 
At Poconé, a symbolic fight between the Moors 
and Christians (reminding the period of the 
Umayyad invasion on the Iberian peninsula) on 
horseback unites the Pantaneiro ranching cul-
ture with religious elements. 

There are also a great number of legends and 
mythologies that refer to natural inspiration 
(Fernandes 2002). Similar to the caboclo culture 
in the Amazon (or the colubre in the Dordogne 
river, this volume), Pantaneiro fishers have 
strong beliefs about a giant snake, locally called 
the minhocão (giant worm). According to locals, 
this being lives in giant holes in the riverbanks 
and is often blamed for causing bank slumping. 
This animal guards the river against abuse of its 
resources, carrying a mix of 'evil' and 'good'. 

21.5.5 Arts, science and philosophy 
The people of the Pantanal are deeply connect-
ed to nature, as evident from all kinds of art-
work (see Girard 2012, for a review). The ancient 
petroglyphs, rock art, and ceramics by the ethnic 
groups of Terena and Kadiwéu show zoomor-
phic, anthropomorphous and geometric signs, 
typical of the Pantanal (Peixoto et al. 2011). 
Modern artists have developed a school of naïve 
painting focused on the Pantanal landscape and 
elements such as traditional festivals, fish, fruits, 
and birds. Today, the intensive tourism in the 
wetland has created a large demand for souvenir 
objects typical of the Pantanal, such as pottery, 
wood carvings, musical instruments, paintings, 
jewelry, and traditional rocking chairs. Handi-
crafts with Eichhornia crassipes (table 21.3.) repre-

sent a growing activity for Guató and traditional 
communities where tourism was established in 
the 1990s (Bortolotto and Guarim Neto 2005).

In music, the sounds of nature, commonly 
bird songs, are often included. Songs such as 
'Chalana' interpreted by Almir Sater are in-
spired by the river and its flow patterns. Cha-
lana is the typical boat used for long journeys, 
and for transporting goods to villages and farms 
during the long floodplain inundation period. 
Much of the poetry of Manuel de Barros, one 
of the most well-known Brazilian  poets, is in-
spired by the Pantanal environment and the 
Pantaneiros. Even the artist's pen name refers 
to the river: 'barro' means solid clay and refers to 
the part of the riverbank which can be colonized 
by humans. Many of the titles from his writing 
directly refer to the Pantanal landscape and 
fauna, especially water and birds, for example: 
O guardador das águas (the waters' keeper), Con-
certo à ceu aberto para solos de aves (Open skies 
concert for bird solos), or Águas (Waters). In his 
poetry, there is a clear distinction between the 
perception of outsiders to the Pantanal, of the 
hard-living conditions that locals face, and that 
of the traditional Pantanal people who consider 
their life to be in harmony with nature (Arts et 
al. 2018).

21.5.6 Sacred places
In the Upper Paraguay River Basin, there are 
many sites considered to be important sacred 
places, to which people attribute special signif-
icance, often associating them with faith in a 
higher power, spiritualism and mysticism. These 
sites are poorly known, despite their potential 
importance for biodiversity conservation, eco-
logical services provisioning and human health, 
as shown for such sites elsewhere in the world 
(Dudley et al. 2009, Fernandes-Pinto 2017). A 
preliminary 2020 survey of the Upper Paraguay 
River Basin revealed over 35 sacred areas, in-
cluding hills, cemeteries, lakes, and rocks with-
in and near the Pantanal (Friedlander and Pau-
liquevis, unpublished, fig. 21.12). Only few of the 
sacred natural sites are within designated pro-
tected areas, such as Morro do Toroari, Chapada 
dos Guimarães National Park (fig. 21.13), and 
Mirante Morraria do Sul in the Kadiwéu territo-
ry, but many others are unprotected, including 
indigenous burial grounds along the Paraguay 
River, where they are threatened by navigation 
projects (Wantzen et al. 1999). Despite a law 
protecting traditional peoples and their cultures 
(Decreto nº 6.040/2007, art. 3), many of the tra-
ditional cultures are currently being lost (see be-
low).
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21.6 Trends, challenges and threats
21.6.1 General analysis
The environmental and social problems of the 
Pantanal can be divided into those coming from 
outside the wetland (i.e., in the catchments 
of its tributaries), and inside the wetland (see 
figs. 21.1, 21.13, 21.14). 

The major impacts are changes of the natural 
flow regime by damming and diking, as well 
as land conversion of natural vegetation into 
agricultural land (inside and outside the Pan-
tanal). These problems form a vicious circle: The 
more the Pantanal dries up, the easier is the use 
of heavy machines or man-made bush fires for 
land conversion, which, in turn, favors further 
hydromorphological changes and reduction of 
the floodplain size. Other impacts on bio-social 
diversity follow, such as water pollution from 
cities and agriculture, overexploitation of species 
mainly by unsustainable fishing and hunting, 
and/or introduction of invasive exotic species 
and diseases. The Brazilian Forest Code requires 
that a percentage of the private lands must not 
be deforested, the so called legal reserves (Res-
erva Legal). A closer look on their distribution 

(Siqueira et al. 2018) shows that the deforesta-
tion in the Cerrado highlands is often illicitely 
compensated with legal reserves in the Pantanal. 

The Pantanal still hosts an impressive num-
ber of rare and iconic species (Junk et al. 2006). 
However, all flagship species for conservation 
of the Pantanal have specific ecological require-
ments that are detrimentally affected by multiple 
stressors. The decrease of stabilizing, redundant 
ecosystem processes (as a function of biodiver-
sity) goes hand in hand with an increase of in-
terdependences between the multiple stressors 
(Wantzen et al. 2016a). Moreover, illegal or le-
gal, but predatory practices such as poaching, 
inadequate fisheries, timber logging, pet trade 
(parrots, reptiles, fish), trade of bait fish species 
and medical plants, as well as accidental killing 
on roads or in electric wires reduce populations 
directly. Along with the shrinking population 
size of animal and plant species, the traditional 
knowledge about their sustainable use, their rep-
resentation in languages and images, in short: 
the culture of the Pantanal passes away. Like in 
Amazonia and other vast natural systems, the 
belief in the immense size and their apparent 

Fig. 21.12 Localization of sacred areas registered in the Upper Paraguay River Basin, Brazil. Map: Carolina Pauliquevis 
and Mario Friedlander
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infinite resources favor the tragedy of the com-
mons, i.e., unsustainable, short-term profit for 
a few, lacking attention for legal reinforcement, 
and even weakening of protective laws such as 
the Brazilian Forest Code (see Silva 2011). Step 
by step, the last natural spaces become sliced off 
by a 'tyranny of small decisions' (Gottgens et al. 
2001). It is 'just another' dam built, another piece 
of forest cut down, another road dike construct-
ed. . .  Large-scale projects reinforce to this trend 
and become more visible, such as the Manso 
Dam or the Hidrovia waterway project (see be-
low). Again, like in Amazonia (Lovejoy and No-
bre 2019), the tipping points, i.e., the last chances 

to act before the system undergoes substantial 
(and deleterious) changes are approaching fast 
or are already reached the Pantanal. 

Local stakeholders, scientists, and conserva-
tionists have delivered detailed evidence for this 
environmental degradation and suggest feasible 
measures to tackle the problems (e.g., Alho et al. 
1988, Hamilton 2002b, Wantzen et al. 2008b, Alho 
and Sabino 2011, Junk et al. 2011, da Silva et al. 
2015, Schulz et al. 2019, Tomas et al. 2019) and 
citations therein), but only local or temporarily 
restricted initiatives really try to improve the situ-
ation. In the following, the environmental impact 
types and phenomena are dealt with in detail.

Table 21.3 Key elements of cultural diversity in the Pantanal

Key element Link to the natural 
flow regime 

Ecosystem services Threats and recovery

Aterro de Indio Man-made earth 
mounds to create 
elevated spaces, used for 
horticulture and living

Provides fertile 
soils, composed of 
macrophytes and snail 
shells, serves shelter 
place during the flood 
period

Abandonment due to 
historical genocides 
on native peoples, 
recent rural exodus, 
hoof trampling from 
invasive water buffaloes, 
hydrological changes 
from Hidrovia and dam 
projects

Native pottery Uses riverine clay 
deposits, applies natural 
design elements (plants, 
animals)

Practical and ornamental 
use, intensification 
of human-nature 
relationships

Cultural losses due 
to rural exodus, mass 
production (tourism)

Worshipping of nature, 
spiritualism, river 
bathing, sacred places

Integration of 
temporarily available 
natural elements into 
spiritual life 

Cultural ecosystem 
services: identity, belief 
system, and psycho-
sociological wellbeing

Cultural homogenization, 
replacement of 
traditional values by 
'Western' values in the 
media

Use of medicinal and 
wild edible plants

Use precisely adapted to 
the annual hydrological 
regime

Traditional knowledge, 
alternative medicine, 
food security

Land use change, loss of 
traditional (unwritten) 
knowledge 

Artisanal fisheries Precisely adapted to the 
hydrological pattern

Provisioning ecosystem 
service (protein supply), 
creating social structures

Fisheries policies 
favoring tourism and 
suppressing traditional 
fisheries, predatory 
fishing, damming of 
tributaries, Hidrovia, 
water pollution

 Pantaneiro ranching Breeding of adapted 
cattle and horse races, 
pastoralism adapted to 
the flood-borne food 
resources

Provisioning ecosystem 
service (protein supply), 
social structure

Modernization of 
land use techniques, 
traditional techniques 
cannot economically 
compete with modern 
ones
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Campo de Murundus, fields with biogenic elevations are 
hot spots of biodiversity in the floodplains. Photo: Karl 
M. Wantzen

Rock paintings in the vicinities of the Pantanal show 
the relationship of the people to water. Photo: Mario 
Friedlander

Piraputangas (Brycon hilarii) the "red fish" in the Tu-
pi-Guarani language, feed on insects and fruit in the 
floodplain. Photo: Karl M. Wantzen 

In some regions, traditional dugout canoes are still used 
for fishery. Photo: Karl M. Wantzen

Spectacled caymans (Caiman crocodylus) have spread 
after being strongly reduced by poaching in the 1980s. 
Photo: Karl M. Wantzen

The Pantanal horses have been bred to cope with the 
harsh conditions of the Pantanal. They can feed under 
water. Photo: Karl M. Wantzen

Fig. 21.13 Left column: iconic examples of biological diversity, right column: iconic examples of cultural diversity
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Fig. 21.13 (continued) Left column: iconic examples of threats, right column: iconic examples of sustainable management

Local bushfires are a recurrent phenomenon in the 
Pantanal, however recent, huge man-made fires have 
recently devastating effects. Photo: Karl M. Wantzen

The Pantaneiro tradition of low-intensity ranching. Pho-
to: Karl M. Wantzen

The headwaters of the Pantanal rivers, are largely de-
forested for agriculture, resulting in reduced discharge, 
erosion and input of pesticides. Photo: Karl M. Wantzen

In 1998, experiments with large barges (longer than the 
river wide) were already made. The Hidrovia project 
would be a tipping point for the ecological integrity of 
the Pantanal. Photo: Karl M. Wantzen

A canoe re-used for horticulture symbolizes the life in 
natural cycles, Amolar region. Photo: Paulo Robson de 
Souza, with permission

Camping on a trail in the Amolar region, RPPN Eliezer 
Batista. Photo: Henrique Arakaki, with permission
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21.6.2  Hydrological alterations: Dams and 
Climate Change

One of the greatest threats to the sustainability 
and functionality of the Pantanal is the alter-
ation of the natural pattern of floods and low 
flows, affecting the most important driver of 
biodiversity and ecological processes, the flood 
pulse (Hamilton 2002a, b, Junk and Wantzen 
2004, 2006). These are caused by dams and oth-
er flow regulations in the catchment (Zeilhofer 
and Moura 2009), road dikes inside the Pan-
tanal (Girard 2011), land use change (Ely et al. 
2020) or by deepening of the navigation channel 
in the Paraguay River (Hamilton 1999). Frag-

mentation of the river network and flow regu-
lation due to dams are among the most severe 
impacts on rivers worldwide (Grill et al. 2019). 
In the Upper Paraguay catchment, the number 
of dams is continually increasing (fig. 21.14). 
As of 2020, there were 104 hydroelectric facili-
ties proposed to be installed in the watersheds 
that feed the Pantanal (Medinas de Campos et 
al. 2020). Many of the current and future projects 
are closely situated along river reaches, creating 
'cascades', i.e., one project begins a short distance 
below the end of an upstream one (Fantin-Cruz 
et al. 2020). Currently, 52 dams are blocking 
the Paraguay tributaries including nine large 

Fig. 21.14 Map showing land use and hydropower dams (PCHs) of the Brazilian part of the Upper Paraguay River Basin. 
Increasing land use forms an "arc of deforestation" approaching the Pantanal. Map: Angelica Guerra 
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dams > 30 MW, of which only Manso Dam has 
a large (427 km2) reservoir so far (see for regular 
updates: https://ecoa.org.br/ecoa-lanca-novo-
mapa-das- represas-na-bacia-do-alto-paraguai-
um-territorio- sob-pressao/). None of the hy-
dropower dams located on tributaries to the 
Pantanal have been equipped with fish passes, 
and more than 30% of them are physical barri-
ers to fish migration (see chapter on the Mekong 
River, this volume, for a detailed analysis of dam 
impacts). Moreover, one planned future dam 
alone (Guipira II) is expected to prevent fish ac-
cess to 6,000 km of the functional river network 
(Medinas de Campos et al. 2020).

There are at least 23 long-distance migrating 
fish species in the Pantanal, which need to access 
the spawning sites in the upper reaches of the riv-
ers, and practically all fish species make short-dis-
tance movements within or between river and 
floodplain (Resende 2011). Dam-induced, shorter 
flood duration reduces the recruitment success of 
fish (Oliveira et al. 2020a). Isotope studies have 
evidenced the great importance of the flood pulse 
cycle for fish and the entire food web in seasonal 
floodplains (Fellerhoff 2002, Wantzen et al. 2002, 
Marchese et al. 2014). Dams decrease fish yields 
and fish biodiversity worldwide (Campbell and 
Barlow 2020). Interviews with fishermen on the 
Cuiabá River report that populations of eight of 
the most important species had been severely 
diminished by the operation of the Manso dam 
(Almeida 2016). In the Upper Paraná River, which 
is comparable to the Paraguay River (both are part 
of the larger Paraná-Plata River Basin), quantita-
tive studies have shown a reduction of the same 
commercial fish species by factors varying from 
two to four (Agostinho et al. 2009). 

Reservoir water storage results in lowered 
flood peaks, increased day-to-day flow variabili-
ty (Almeida et al. 2020), and reduced river-flood-
plain interaction by decreasing lateral connec-
tivity and prolonged droughts (Jardim et al. 
2020). The reproductive migrations of many fish 
species in the Pantanal, known as the piracema 
(Ferraz de Lima 1987), can no longer take place, 
because many spawning sites in tributary head-
waters are inaccessible due to dam construction. 
There are no alternative breeding sites below the 
dams available, due to reduced discharge and 
sediment transport. Moreover, the untimely re-
lease of water from the dams (Hamilton 2002a, 
Zeilhofer and Moura 2009) causes mass killings 
of terns and skimmers breeding on dry-fallen 
sandbanks and desynchronizes flood-related 
cultural activities and ecosystem processes, in-
cluding 'biotic hot moments' (Wantzen and Junk 
2006, Wantzen et al. 2016a).

The dams also change the water quality, e.g., 
reduce the supply of the nutrient-poor Pantanal 
with total phosphorus by 29% (Fantin-Cruz et al. 
2016, Oliveira et al. 2020b). All over the world, 
dams retain sediments that are the prerequisite 
of habitat dynamics and floodplain productivity 
(see chapter by Kondolf, this volume), especially 
so in the Pantanal (Fantin-Cruz et al. 2020). Hy-
drological alterations by dams and by land-use 
change (Bergier 2013) are reinforced by climate 
change. Scenarios for the Pantanal predict that 
by the end of the century, temperatures could 
increase by 7°C and rainfall strongly decrease 
(Marengo et al. 2016). This could speed up the 
natural tendency for bushfires (see below). As a 
consequence of increased temperatures, it can be 
anticipated that water consumption for hydro-
power (e.g., electricity for air conditioning) and 
for irrigation in the agriculture will have syner-
getic, negative effects on the hydrological bud-
get of the Pantanal.

21.6.3 Hidrovia waterway project
The river channel and banks of the Upper Para-
guay River are still of a more or less natural shape 
and display natural morphological dynamics 
(Wantzen et al. 2005). Only locally, ports have 
been built (e.g., in the cities of Cáceres, Cuiabá, 
and Corumbá) and the river banks were fixed by 
concrete walls. Experimental navigation by me-
dium-sized river vessels in the 1990s went along 
with the dredging of the sandy river bottom. This 
has locally changed the natural habitat dynamics, 
e.g., by erosion of ancient, natural levees (Want-
zen et al. 1999). To make the 3,442 km long Para-
guay-Paraná-La Plata River system navigable for 
ocean-going vessels between the Port of Cáceres 
(Brazil) and Port of Nueva Palmira (Uruguay), 
major hydromorphological modifications would 
need to be employed, especially in the highly 
sensitive Upper Paraguay reach, which is the life-
line for the Pantanal. These river works would 
include local blasting of rocky outcrops that nat-
urally retain the water in the floodplain, perma-
nent dredging of the mostly sandy river channel, 
inducing severe river bed incision (Ponce 1995). 
Models based on satellite imagery have evi-
denced that deepening of the river would reduce 
floodplain size, with a decrease of floodplain area 
of approximately 1% for each centimeter of riv-
er bed deepening (Hamilton 2002a). This would, 
in turn, further facilitate the land conversion by 
fire described above, with evident consequences 
on biocultural diversity (see also chapter on the 
Paraná River, this volume). 

Navigation with larger vessels causes wave 
impacts (Gabel et al. 2008), especially in the nat-
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urally dynamic river banks of the Upper Para-
guay River (Wantzen et al. 2005). This would 
require step-wise, permanent fixation of the 
river banks with solid (and expensive) rip-rap 
that changes the habitat structure and facilitates 
invasions by exotic species (see chapter on the 
Rhine River, this volume). Ships represent a per-
manent risk of toxic spills from fuels, accidental 
or intentionally released waste, and transported 
goods. Even a shipload of soy beans thrown into 
the river to lighter a ship stalled on a sand bank 
may cause local anoxia and fish kills (Wantzen et 
al. 1999). In short, building the Hidrovia channel 
to its original plan would put the entire Pantanal 
socio-ecosystem at stake. 

Protests against the Hidrovia, reports about 
its deleterious effects and economic analy-
ses proving the official feasibility studies to be 
wrongly calculated, exist almost as long as the 
plans for this waterway (Bucher and Huszar 
1995, Petermann et al. 1999, Wantzen et al. 1999, 
Gottgens et al. 2001, Hamilton 2002a, b, da Sil-
va and Girard 2004, Harris et al. 2005, Junk et al. 
2006, Tomas et al. 2019). In spite of these strong 
evidences for the clearly envisageable, negative 
socio-environmental impacts of the Hidrovia 
Paraguay-Paraná waterway project, the political 
interest for improved navigation to connect the 
Central Brazilian agroscapes to the overseas mar-
kets is growing. In spite of massive protests by 
the civil society (Observatorio Pantanal, https://
observatoriopantanal.org/) against the plans by 
the governments to realize this deleterious pro-
ject, the member states (Argentina, Bolivia, Bra-
zil, Paraguay, Uruguay) decided the validity of 
the River Transport Agreement for the Hidrovia 
Waterway to become valid as of January 2020. 

21.6.4  Habitat degradation in the catchment 
and inside the Pantanal (deforestation, 
diking, and fire)

The catchments of the Pantanal tributaries rank 
among the largest and most efficient producers 
of cash crops worldwide, such as soybean, sug-
ar cane and cotton. Intensive land-use change 
has fragmented the original Cerrado into piec-
es, with some classes of its vegetation only re-
maining within protected nature and indigenous 
reserves (Carvalho et al. 2009, Roque et al. 2016, 
Siqueira et al. 2018). The geographic shape of land 
conversion in the Upper Paraguay Basin forms 
an 'arc of deforestation' that progresses from the 
plateau into the lowlands, very similar to that 
observed in the Amazon (fig. 21.14). It highlights 
an urgent need for new conservation and man-
agement policies and putting them into practice 
(Guerra et al. 2020b).

In spite of soil-protective measures such as 
contour tillage and direct plantations, the inten-
sive agriculture and the ongoing deforestation 
in headwater catchments cause strong erosion. 
The resulting excessive sediment load strongly 
impairs the biodiversity in streams and riparian 
forests upstream the Pantanal (Wantzen 2006, 
Wantzen and Mol 2013). When rivers reach the 
Pantanal plain, massive amounts of sediments 
become deposited in highly dynamic (braided) 
alluvial fans that are hostile environments, for 
example, the Taquari River (Hamilton 2002a, 
Buehler et al. 2011).

Other environmental problems arise directly 
in the wetland. Due to the shallow planform of 
the Pantanal landscape, the threshold between 
areas of inundated wetland and dry land is a 
matter of mere centimeters in elevation. While in 
the past, land use was more adapted to the nat-
ural hydrological variations (for example, farm 
houses could only be reached on horseback or 
by boat during higher water levels), the use of 
cars required the construction of dike roads. The 
biggest of these roads is the Transpantaneira, a 
144 km-long highway between Poconé and Por-
to Jofre, which has strongly influenced the flood 
regime of the Northern Pantanal (Fantin-Cruz et 
al. 2011, Girard 2011). Dike constructions cause 
unnatural variations of the hydrology, includ-
ing the prolonged flooding above, which often 
result in the invasion of woody thorny plants un-
suitable for cattle and native herbivores, while 
dryness below the dike eliminates the native 
aquatic species. The dikes remain permanently 
dry and serve as invasion routes for non-native 
animal and plant species (Alho et al. 2011a). The 
more intensive agricultural use forms also re-
quire technical control of natural hydrological 
variations, although several past projects trying 
to tame the floods with dikes have soon shown 
collateral damages such as plant invasions.

Deforestation is another serious issue in the 
Pantanal. In spite of being better protected than 
the biomes of Southern Amazonia and Cerrado in 
the recent past (Siqueira et al. 2018), the Pantanal 
undergoes permanent land-use change due to 
increasing pressure to widen up agricultural pro-
duction (Guerra et al. 2020b). The shallow-rooted 
trees can be easily turned over by caterpillars, 
then piled up and burnt. Many tree species show 
adaptations to fire such as thick bark or seed cap-
sules, but their roots are unprotected. The Pan-
tanal floodplain is a fire ecosystem. Naturally 
occurring, fast-moving bushfires generally con-
sume accumulated grass organic matter without 
harming the woody vegetation. However, in the 
recent past, the Pantanal is facing unprecedent-

Wantzen, K.M. et al.518

https://observatoriopantanal.org/
https://observatoriopantanal.org/


ed fire events that destroy forests. The Brazilian 
National Institute for Space Research INPE iden-
tified a fire increase of 201% in 2020 compared to 
2019 and the highest number since records began 
in 1998 (BBC 2020). In 2019 and 2020, during the 
usual rainy season, fires engulfed at least 2.4 mil-
lion ha across the region including 100% of the 
Pantanal National Park, the highest fire severity 
and drought indices ever were recorded (Libonati 
et al. 2020) and 85% of the Encontro das Águas 
State Park in Mato Grosso, one of the world's larg-
est refuges for jaguars. Local observers claimed 
farmers to have set fire to the exceptionally dry 
areas (Ionova 2020). Indigenous reserves and na-
ture reserves were disproportionally often hit by 
fires (Muniz et al. 2020).

These excessive fires do not only eliminate 
larger species, e.g., swamp deer, tapir, or jaguars, 
but also unfathomable quantities of smaller mam-
mals, reptiles, or invertebrates, and they eliminate 
food sources and medical plants for indigenous 
people and biota on the medium to long term. 
For example, most stands of the acuri palm (At-
talea phalerata) burnt, which is the preferred food 
source for the rare hyacinth macaw (Anodorhyn-
chus hyacinthinus) and is used by traditional hu-
man communities for different purposes.

21.6.5 Water pollution and invasive species
Effects of pollution on biodiversity have not yet 
been quantified in the Pantanal, although there 
is a long list of pollutants. These include pes-
ticides (Laabs et al. 2007), mercury from gold 
mining (Tuempling et al. 1995, Nogueira et al. 
1997, Callil and Junk 2001, Hylander et al. 2006), 
as well as human wastewater from cities in the 
catchment (Zeilhofer et al. 2006), or from hotels 
and settlements inside the Pantanal (Nogueira 
et al. 2011). Pesticides were detected in low fre-
quency and concentrations so far, but there is no 
monitoring program (Dores 2015). On the other 
hand, the highest mercury contents ever record-
ed worldwide were found in the jaguar, the top 
predator in the Pantanal (May Junior et al. 2018).

The impact of non-native invasive species on 
ecosystem functions and cultural activities has 
yet not been well assessed (Alho et al. 2011a), 
but first studies have been made for: Amazonian 
bass (Cichla ocellaris), killer bees (a crossbreeding 
of European honey bees (Apis mellifera) with the 
East African lowland honey bee (A. m. scutella-
ta)), African snails (Achatina achatina), and Asian 
mussels (Limnoperna fortunei and Corbicula flu-
minea) (Ezcurra de Drago et al. 2004, de Oliveira 
et al. 2006, Resende et al. 2008). Cross-infections 
between introduced cattle and wild herbivore 
species have been documented (Santos et al. 

2011), but the impact of other non-native species 
on the health of the local biota is unknown, e.g. 
the effects of the currently spreading Eurasian 
wild boar (Sus scrofa) (Desbiez et al. 2011, Fischer 
et al. 2017) on native peccary (Pecari tajacu).

21.6.6  Modern economy affecting traditional 
ranching culture 

Fast-growing markets are changing bovine pro-
duction so rapidly that traditional knowledge 
about cattle management, the support networks 
built among farmers during large floods, and 
historical linkages with the region are being lost 
in the Pantanal (Santos et al. 2011, Girard 2012). 
Most farmers are abandoning their traditional 
practices of low stocking density, minimum use 
of agrochemical products, pasture rotation and 
native fodder grasses. Traditional ranching has 
a positive effect on landscape diversity and pro-
duces organic beef, but it is less cost-efficient, as 
the quality of the meat and the longer growing 
time yields lower economic return compared to 
'modern' cattle ranching in the uplands (Want-
zen et al. 2008b, Santos et al. 2011). 

The modernized cattle ranching system has 
transformed the livestock landscape to one with 
more entrepreneurial management, with special-
ized labor, plantations of exotic grasses (African 
Brachiaria lineages with higher productivity), ex-
tensive land clearing, and investments in mod-
ern animal husbandry techniques (Araujo et al. 
2018). As these new farmers are often also land-
owners outside the Pantanal, they can increase 
the value of the cattle by finishing their growth 
phase in the uplands. This also makes them less 
dependent on flooding refuges, and allows high-
er stocking densities, often with negative effects 
on soil quality and native vegetation. 

Thus, the Pantaneiro ranching culture is under 
imminent threat but there are several initiatives 
to develop cost-efficient and environmentally 
sustainable farms. Environmental quality label-
ing of sustainably produced beef is one potential 
avenue being explored (WWF 2014). Some farms 
develop touristic activities as an economical di-
versification and as an option to maintain tradi-
tional ranching. 

21.6.7 Loss of Pantaneiro fishing culture
The Pantaneiro artisanal fishery is currently be-
ing abandoned in a similar way as the traditional 
ranching culture. Although a systematic assess-
ment of fish stocks is lacking for many regions of 
the Pantanal, the decline of catch per unit effort, 
daily catches per section, and the average size of 
the most prominent fish species is evident (Ma-
teus et al. 2011). The few existing catch statistics 
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show a clear decline in some commercial species 
(most of which are migratory species) (Mateus 
and Penha 2007a, b), due to overfishing and the 
interruption of the river continuum. Overfishing 
has cascading effects, e.g., on the dispersal of 
plant seeds by fish (Correa et al. 2015).

Fisheries in the Pantanal can be divided into 
artisanal (traditional subsistence and commer-
cial) and recreational (local and tourist fishermen) 
types. There is no continuous and comprehensive 
monitoring of the fish stocks for the entire Pan-
tanal. While commercial fishermen have to fill 
in forms and have a maximum catch per week, 
the yields by local recreational fishermen are un-
known. There is an official maximum catch per 
day, but these are rarely controlled. But even if 
the limits were maintained, the large number of 
recreational fishermen affects the stocks of fish, 
especially in the vicinity of cities. Due to the large 
size and the remoteness of the area, official con-
trols are specifically difficult when illicit practic-
es have the strongest impact on fish populations, 
e.g., gill net fishing during the low water season, 
when fish are confined to the remaining water 
bodies, and fishing during the upstream spawn-
ing migration (piracema). As a consequence of 
obvious declines in commercial fish stocks, strict 
limits concerning maximum catch size, minimum 
fish size, and fishing seasons have been deter-
mined by law, and Strictly Protected Areas were 
implemented to protect fish stocks. There is cur-
rently much debate about the impact of tradition-
al fishing strategies on fish stocks, but in spite of 
studies showing that they are sustainable – while 
the contrary has often been claimed – public poli-
cies exercise pressure on small-scale fishing in the 
region (Chiaravalloti 2017). In this context, tra-
ditional fishermen and their families have been 
displaced from their original settlements into ur-
ban slums outside the Pantanal today. Creating 
Sustainable Use Protected Areas could guarantee 
Pantaneiro fishers tenure rights and protect them 
from further displacements (Chiaravalloti 2017, 
2019, Chiaravalloti and Dyble 2018). 

Fishing tourism could become a future major 
revenue if managed as sustainable ecotourism 
(see below). Recreative fisheries may also have 
an important role in food insurance (Cooke et 
al. 2018). The sustainability of current practices, 
however, is doubtful, for example the interna-
tional fish festivals at Cáceres, which incentiviz-
es thousands of people to fish as much as they 
can. In spite of applying a catch-and-release tech-
nique, this may have deleterious consequences 
for local fish stocks because released fish are of-
ten immediately predated on by piranhas in the 
Pantanal. Trophy fishers seek to catch top pred-

ators such as the dourado (Salminus brasiliensis) 
and risk to overexploit these keystone species, 
or they favor the release of exotic trophy species 
such as the Amazonian Blue Peacock Bass (Cich-
la piquiti), which has already become invasive to 
the Pantanal (Resende et al. 2008). Currently, the 
legislation does neither limit the frequency nor 
the number of recreative fishers, despite that a 
study at the Rio Cuiabá (an important tributary 
to the Paraguay River) revealed that mean catch 
per unit effort (CPUE) from recreational fishery 
averaged 17.4 kg fish per fisher and day (Massa-
roli et al. 2021). These authors estimate the an-
nual economic value of this ecosystem service 
at around US$ 1.8 million and underpin the im-
portance of greater environmental conservation 
efforts to ensure its long-term viability.

Interviewed pousada (hostel) owners claim 
that there is not enough legal reinforcement on 
fishing tourists (Arts et al. 2018). Some tourist 
agencies even permit clients to fish the Pacu, Pi-
aractus mesopotamicus, in protected reproduction 
sites of the Pantanal National Park, as soon as the 
few park rangers have gone. Sportfishing also 
puts pressure on stocks of fish species used as 
live baits, collected as one of the main economic 
activities of the impoverished communities on 
the Paraguay River, who are currently selling 
out resources they previously used to exploit as 
food by themselves.

21.6.8 Loss of indigenous heritage
Many indigenous peoples in the Pantanal have 
become decimated or their members displaced. 
The scarce documents face an unfathomable 
amount of knowledge lost during the past cen-
turies. The archeological heritage of the native 
peoples that have lived on earth mounds is of-
ten exposed to weathering, riverbank erosion, 
and more recently by hoof trampling of water 
buffaloes escaped from farms, which use the 
earth mounds as resting sites. The still-existing 
cultural heritage is mostly orally transmitted so 
that the interruption between two generations 
already means oblivion. This has been shown i.a. 
for the musical tradition of the Kinikinau peo-
ples living in the southern Pantanal near Porto 
Murtinho (Souza 2008). Only few songs appeal-
ing to the spirits in the rituals of healing and 
those that ask for the protection of animals are 
remembered by the elder people, but they are 
not passed on to the new generations. The same 
is true for musical instruments such as the per-
cussion box (drum) and the bamboo flute. The 
elder generation is the sole holder of the knowl-
edge of manufacturing and playing these instru-
ments, which will be buried with their bodies. 
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21.6.9  Losses of Traditional Ecological 
Knowledge

The indigenous knowledge passed on to the 
Pantaneiro culture currently undergoes similar 
processes as the music. Many changes in the cul-
tivation of plant food resources or use of wild 
plants have been observed. A study in the Al-
buquerque community (Corumbá, MS) showed 
that many plant species, as well as their uses, are 
only known to older residents (Bortolotto and 
Guarim-Neto 2004), moreover, rare plant species 
are now protected by law, restricting their use. 
The ribeirinho culture of traditional gardening 
along the river banks (Neuburger and da Silva 
2011) is hardly seen any more. Some species of 
native rice (Oryza spp., table 21.3.) cover exten-
sive areas of the Pantanal during flood periods 
(Bertazzoni and Damasceno-Júnior 2011) and 
have been harvested by the Guató peoples in 
the past but are no longer used by communities 
along the Paraguay River (Bortolotto et al. 2015). 

Just like food and pharmaceutic plants having 
their optimum properties at a given time of the 
year, the use of wood also requires knowledge 
about when it must be harvested and how treat-
ed, otherwise, the products will not last long. 
Traditions, such as the construction of rocking 
chairs or other wooden furniture, are being lost 
with the offer of commercial disposal (plastic) 
products. The original Pantanal rocking chair 
is made from the wood of five different local 
tree species. Badly made copies are eaten up by 
timber worms immediately after the sale. Until 
the late 20th century, in traditional communities 
of the Pantanal, wooden canoes were used for 
fishing (Bortolotto and Guarim-Neto 2004), but 
these are replaced by aluminum boats so that 
today it is difficult to find a wooden canoe (see 
fig. 21.13). Traditionally, Pantanal houses were 
built with various native woods (fig. 21.10). The 
stipes of the carandá (Copernicia alba), covered in 
wetland clay, were used for wall construction 
and roofing was made of Acuri leaves (Attalea 
phalerata) (Bortolotto and Guarim-Neto 2004). 
With the exception of the Guató indigenous 
community (Insuá island), today only a few 
houses are built this way; they are replaced by 
masonry and covered with zinc, which creates 
an unhealthy indoor climate. 

21.7 Management suggestions
Ecosystem services in the Pantanal are estimated 
at US$ 112 billion annually, therefore, it would 
make much more sense to preserve the major 
part of this region in its natural state than to con-
vert it into livestock and crops, whose estimated 

annual earnings would total a mere US$ 414 mil-
lion (Petry et al. 2011). Obviously, sustainable 
management scenarios need to consider both, 
the intensively used catchments of its tributar-
ies, and the proper floodplain wetland, as well 
as the river corridors that connect them. The rec-
ognition of the watershed planning unit, a com-
mon stakeholder vision for management, and 
an agreed delineation of the wetland are funda-
mental for the sustainable management of the 
Pantanal (Junk et al. 2006, Wantzen et al. 2008b, 
Alho and Sabino 2011, Petry et al. 2011, Tomas et 
al. 2019, Irigaray et al. 2020) (see also fig. 21.14). 

The list of stressors, menaces and threats to 
the different elements of biological and cultural 
diversity of the Pantanal (see previous section) 
sets the agenda to define actions that will help to 
maintain or improve the socio-ecological status 
of this unique wetland, e.g., by using a  DPSIR 
approach (da Silva et al. 2015). These actions 
should be prioritized according to the magnitude 
of the stressors. Synergies between beneficial ef-
fects of management actions should be sought 
after. Lastly, the lobbyism and legal uncertain-
ty need to be overcome by sustainability-based, 
predictable legal decisions and consequent rein-
forcement of existing environmental laws.

21.7.1  Hydrology, flood pulse and 
environmental flows

The dynamic change of flood events, low flows 
and local drought is the most important biophys-
ical determinant in the Pantanal socio-ecosystem 
(see Junk et al. (2011) and 31 chapters therein 
for a detailed analysis), and its maintenance 
or re-establishment is a primary need for ani-
mals, plants, and humans living in it (Hamilton 
2002b). This requires in first place a paradigm 
shift among those decision takers, who current-
ly consider the water as a resource to be maxi-
mally exploited for hydropower use, drinking/
irrigation water or navigation pathway, and the 
floods as a nuisance to be tamed. Harmonious 
coexistence with the natural flow regime is pos-
sible, and the organisms and traditional users of 
the Pantanal can give examples, how this can be 
achieved. In the context of flow management, ex-
isting data, flood-pulse studies (Junk et al. 2011) 
and traditional knowledge (see section 21.5) can 
help to establish environmental flows, i.e., the 
flow regime required to maintain biological and 
cultural diversity (Arthington et al. 2018, Ander-
son et al. 2019). A first practical consequence of 
this insight is the stronger control of dams and 
their hydrological regime, avoidance of planned 
dams or even the removal of those existing dams 
that impair essential biodiversity and eco-social 
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processes. The currently planned dams will add 
less than 1% to the Brazilian hydropower bud-
get. They will deliver short-termed economical 
return to their owners, whereas the considerable 
socio-environmental costs that will have to be 
paid by the entire society (and nature) are rare-
ly fathomed. The values of biocultural diversity 
and ecosystem services need to be more ade-
quately assessed for well-balanced decisions. For 
example, the importance of routes for migratory 
fish requires that selected river systems must be 
entirely kept free from barriers such as dams. Be-
yond their commercial, cultural, and functional 
importance in the ecosystems, there is increasing 
evidence that the fish are essentially needed to 
maintain the plant diversity in the Pantanal, as 
they are important seed dispersers (Galetti et al. 
2008, Correa et al. 2016).

Moreover, for those parts of the flow regime 
that already are under human control (due to 
dams), the natural dynamics of annual and 
multi-year flow patterns need to be considered 
in order to maintain windows of opportunity 
and of susceptibility for the species (Poff et al. 
1997, Junk and Wantzen 2004). A first manage-
ment suggestion has been made for the Man-
so Dam (Zeilhofer and de Moura 2009), others 
should follow. 

Inside the Pantanal, the effect of diking for 
road and house construction needs to be critical-
ly revisited. The practice to build dikes oppor-
tunistically and to place culverts or bridges at 
sites where they break during the first flood (as 
it was done with the 144 km-long Transpanta-
neira Road) needs to be replaced by plans based 
on hydrological models to maintain the natural 
flow regime of the shallow floodplains on a large 
scale.

The currently re-appraised, prestigious Hi dro-
via waterway project represents the largest threat 
to the Pantanal, as it risks deteriorating a substan-
tial part of the floodplain area, which represents a 
tipping point for the entire biome. Therefore, the 
river section of the Paraguay River above Porto 
Murtinho should be completely excluded from 
the project to save the Pantanal. Earlier analyses 
have also shown that the Hidrovia project is not 
economically feasible and suggested to trans-
port the humidity-sensitive cash crops on terres-
trial routes rather than by risky fluvial transport 
( Bucher and Huszar 1995).

21.7.2  Impact monitoring and adequate 
management/conservation schemes for 
classified habitats 

The vast size of the Pantanal represents a bless-
ing and a curse at the same time. On one hand, 

there are still large areas in a natural or semi-nat-
ural state. On the other hand, illegal deforesta-
tion, poaching, or other environmental crimes 
can hardly be pursued (or even registered!) due 
to a chronic lack of personnel in the nature re-
serves and environmental agencies. Regular and 
representative long-term monitoring of biodi-
versity, resource use (e.g., fisheries) or environ-
mental impacts (e.g., pesticides) is still in its in-
fancy and urgently needs to be established for 
the entire wetland and beyond state and national 
borders (Roque et al. 2018). Exceptionally, fires 
can be registered from space, but not the persons 
who have set them. Therefore, a more timely and 
detailed analysis of the fire causes is needed to 
protect nature and indigenous reserves better, 
but currently the investments on fire manage-
ment by the government are limited (Muniz et al. 
2020). Understanding fire dynamics in the Pan-
tanal is a challenge, particularly because of the 
interrelationships between climate conditions, 
floods, carbon cycle, human behavior, cattle pro-
duction, land use activities and climate change. 
Studies from other fire ecosystems in the world 
show that the longer fuel substances accumu-
late, the hotter and longer-lasting the bushfire 
will be, resulting in larger damage (Schmidt and 
Eloy 2020), however, the transferability of these 
findings needs to be tested and climate change 
scenarios need to be considered. 

New research networks have emerged after 
the catastrophic wildfires in 2020 (e.g., a new site 
of the Long Term Ecological Research Network 
supported by CNPq and the Pantanal Research 
Network financed by the Minister of Science, 
Technology and Innovation). These current net-
works shall elucidate the options for planned 
fires as well as other tools for supporting Inte-
grated Fire Management initiatives in the region.  
Monitoring programs are needed to assess if the 
established rules were followed. Moreover, it 
is important to harmonize the monitoring pro-
grams of the Pantanal with the monitoring ap-
proach for the Post–2020 Global Biodiversity 
Framework of the Convention on Biological Di-
versity (Erdelen 2020). 

An integrated legal policy for the Pantanal 
and its enforcement to improve legal security 
and conservation in the region is urgently need-
ed. Currently, different proposals are being dis-
cussed, but efforts are still being hampered by 
strong interventions by lobby groups (mostly 
from the agro-industry). There is an ongoing 
debate about protection of the Pantanal by habi-
tat type, and about the natural borders of flood-
plains (Ioris 2013, Junk et al. 2014, Ioris 2020, 
Irigaray et al. 2020). All studies corroborate that 
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to protect the Pantanal efficiently, the maximum 
extension of floods needs to be the basis for the 
delimitation of the diverse habitat types. 

In a second step, the sensitivity of different 
habitat types of the Pantanal concerning their 
use forms needs to be determined. This includes 
a clear definition of habitat types. This has been 
achieved by a collaborative work of the Instituto 
Nacional de Areas Úmidas (INAU), delivering a 
classification system based on hydrological pat-
terns and vegetation classes (Junk et al. 2014). 
Next to this, sustainable use forms and carrying 
capacity limits have to be established, in order 
to establish habitat-specific, best management 
practices (Nunes da Cunha et al. 2006). Some 
habitat types may be used sustainably, such as 
the shortgrass-floodplain community and small- 
tussock grassland (Schessl 1999, Junk et al. 2014). 
Other habitat types are extremely sensitive and 
require full protection, such as different types 
of permanent swamps. These, however, can be 
valued for their carbon storage (Wantzen et al. 
2021). Similar to (and much earlier as) the Euro-
pean Natura 2000 network, the Brazilian Forest 
Code (Código Florestal) has established habitat 
classes that are automatically protected by law, 
the so-called APPs (permanently protected ar-
eas, see Harris et al. 2005, Siqueira et al. 2018, for 
definitions). The list of APPs should be adapt-
ed and increased to better integrate specifically 
sensitive habitats of the Pantanal and land use 
recommendations for the other habitat types 
should be communicated. Monitoring programs 
are needed to assess if the established rules were 
followed.

21.7.3  Improvement of legal certainty about 
land-tenureship 

Uncertainty about land-tenureship causes great 
problems for the traditional populations liv-
ing in the Pantanal. Conflicts arise between the 
50 fishery communities in the Western Border 
and the Eastern region of the Pantanal, account-
ing to about 6,500 people who have granted land 
tenure rights according to the National Policy of 
Traditional Peoples and Communities and in-
formal agreements between ranchers and fisher-
men at one side and the strictly protected corri-
dor of over 200,000 ha belonging to the National 
Park in the Amolar region excluding two fishery 
communities on the other side (Chiaravalloti et 
al. 2017, Chiaravalloti 2019).

Legal uncertainties also occur with Indige-
nous Reserves, in spite that their tenure rights are 
formally guaranteed by the federal government. 
The first indigenous reserve was created for the 
Kadiwéu as an exchange for their support to the 

Brazilians in the Paraguay War in the 19th centu-
ry. The second reserve was set aside for a group 
of Guató who had been living in Corumbá. It was 
a case of resettlement with a very different spa-
tial occupation from that of the original Guató 
settlements (Oliveira 2003). Today, while many 
of them still consider themselves as members of 
the tribal community, they have lost contact with 
the cultural continuum, i.e., they lack practices 
in cultural use forms, and they have a different 
value system than the original community. An-
other Guató Reserve was recently planned, yet, 
there is still insecurity of tenure, especially since 
the government recently stepped back (El_Pais 
2019). 

In both cases, a better legal certainty about 
land-tenureship needs to be established, and 
the conflicts between conservation of biological 
species and that of cultural traditions (see above 
Tradional Ecological Knowledge (TEK) and fish-
eries) need to be adequately addressed so that 
local communities can sustainably use natural 
resources without setting biotic communities 
at risk, maintain their traditional knowledge, 
and help to preserve biota by contributing their 
knowledge and their capability to assess popula-
tion sizes and dynamics to integrative conserva-
tion approaches. 

21.7.4  Protected areas, habitat restoration, and 
targeted species conservation

The Pantanal is of global importance for the 
survival of many species that still occur there 
in healthy populations. To prevent the biolog-
ical (and subsequent cultural) diversity of the 
Pantanal from further decline, the existing con-
servation units need to be assessed concern-
ing their efficiency to protect biodiversity (and 
which types of habitats or ecosystems), and 
their efforts need to be combined (Harris et al. 
2005, Ioris 2012, 2020, Roque et al. 2018). There 
is a large number of different conservation unit 
types, including National Park, UNESCO Bio-
sphere reserve, Indigenous reserves, the Pan-
tanal road reserve (so-called estrada parque), 
Strictly Protected Areas, permanently protected 
areas (APPs), legal reserves (RLs, Guerra et al. 
2020a), State Parks, officially registered, private 
property reserves (RPPN) and eco-farms dedi-
cated to protect nature (and to be attractive for 
tourists) without a legal status (see fig. 21.15, for 
the most important ones). Moreover, there are 
suggested conservation corridors to connect the 
Pantanal with its surrounding biomes to warrant 
genetic exchange with the Cerrado, Chaco and 
Amazonian Biomes. Some of the legal reserves 
compensating clear-cut areas in the intensively 
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used high plains (Planalto) are situated in the 
Pantanal, which is not in accordance to the legis-
lation (Siqueira et al. 2018). 

The spatio-temporal coverage of the biodiver-
sity monitoring in the Pantanal is very limited. 
Long-term ecological research (LTER, Brazilian 
abbreviation is PELD) projects are rare and lim-
ited to selected biota (e.g., in the SESC Pantanal 
area between São Lourenço and Cuiabá Rivers), 
and only few studies cover larger areas or wider 
taxonomic ranges (e.g., the acoustic monitoring 
project in the Northern Pantanal, de Oliveira et al. 
2015). An observation network with standardized 
protocols to register and quantify keystone spe-
cies in representative landscape units is needed 

on a national (and ideally, pan-Latin-American) 
level (Roque et al. 2018), as it is currently being 
built up in Mexico (Garcia-Alaniz et al. 2017). 
Targeted species monitoring and conservation 
projects, e.g. for the giant armadillo (Desbiez et al. 
2019), giant anteater (Möcklinghoff et al. 2018), gi-
ant otter (Tomas et al. 2015), jaguar (Cavalcanti et 
al. 2012, Alvarenga et al. 2021), lowland tapir (IPE 
2020), or hyacinth macaw (Pinho and Nogueira 
2003) generally depend on the initiative of indi-
vidual persons and NGOs; they need to be better 
(and longer) sustained, and integrated into global 
monitoring and conservation schemes. The habi-
tats, distribution patterns, and species traits need 
to better known and implemented into strategic 

Fig. 21.15 Map showing private properties and traditional communities of the Brazilian part and protected areas of the 
entire Upper Paraguay River Basin. Map: Angelica Guerra 

Wantzen, K.M. et al.524



conservation planning. For example, only 9.3% of 
the total suitable jaguar habitat in Pantanal is cur-
rently protected by conservation units (Alvarenga 
et al. 2021).

Assessing biodiversity and environmental 
degradation synchronously is a challenging task, 
but necessary to be able to formulate targeted 
mitigation measures, e.g., in a DPSIR approach 
(da Silva et al. 2015). Specific monitoring pro-
grams are needed to assess the population sizes 
of native species that are exploited, such as fish 
(commercial and ornamental) and plants (wood 
extraction, pharmaceutics), combined with strict 
control and enforcement of protective laws, so 
that sustainability is warranted. This could be 
achieved by integrating the traditional commu-
nities into environmental monitoring programs, 
entitling them as 'Guardians of the Pantanal'. 

Different types of degraded sites occur in the 
Pantanal but they are often abandoned rather 
than restored. After tackling the primary cause 
of degradation, they require targeted mitiga-
tion strategies. A large number of old gold mine 
tailings risk releasing highly toxic mercury to 
the foodwebs (Callil and Junk 2001, Esdaile and 
Chalker 2018) and require protection from con-
tact with the groundwater, surface erosion, and 
evaporation from the uppermost soils. Areas 
degraded by siltation from agricultural erosion 
in the catchments require long-term plantation 
projects (Wantzen et al. 2011b). Many areas are 
degraded by the invasion of native woody spe-
cies after man-made changes of the hydrologi-
cal regime and can be restored using specific 
clearing techniques (Junk and da Cunha 2012). 
Replantation of clear-cut or burnt forests is of-
ten hampered by lacking knowledge of the plant 
species traits, including their dispersal mecha-
nisms (often: fish). Once re-established, syner-
gistic effects can be anticipated, e.g., the higher 
the ecological status of the riparian vegetation 
the greater the abundance, diversity and produc-
tion of fish (Leite et al. 2015, Barros et al. 2020). 
Habitat mapping by remote sensing (e.g., map-
biomas, https://mapbiomas.org/en) may serve 
to better monitor conservation efforts. 

21.7.5 Ecotourism
The dramatic fire events in the past years have 
overthrown existing structures and produced 
an unprecedented economic fallout. A stronger 
focus on tourism has been proposed as one pos-
sible rescue strategy (Libonati et al. 2020). Eco-
tourism offers excellent options to maintain the 
cultural continuum or even to revive forgotten, 
sustainable management practices (Wantzen et 
al. 2016a). Its economic power may help to es-

tablish green seals or other quality labels that in-
crease the economical return from natural prod-
ucts resulting from sustainable and traditional 
production forms (Wantzen et al. 2008b).

As with fisheries, a sustainable, nature-based 
(eco-, ethno-) tourism may be a promising solu-
tion to maintain the ecological status of the eco-
system in an economically feasible way. In all 
cases, the wheat needs to be separated from the 
chaff: illegal and unsustainable practices need 
to be pursued and controlled more strictly, and 
respectful and sustainable use of the natural re-
sources needs to be supported. 

There are currently many farms, hostels, 
lodges, hotels and even houseboats offering 
ecotouristic options, both inside the Pantanal 
and from the near cities. The Pantanal attracts 
tourists with scenic views, breathtaking wild-
life observations, fishing or diving experiences. 
Especially the huge gatherings of water-bound 
animals during the low water season are very 
attractive for nature lovers. For urban people, 
experiences with the 'Pantaneiro way of life' 
will become unforgettable, e.g., living adapted 
to natural rhythms, hiking, riding on horseback, 
or punting boats, eating self-caught piranhas 
or stews from organically produced cattle, or 
observing the skies that are almost unpolluted 
from artificial illumination. Ecotourism also has 
a great potential for environmental education, 
to learn to respect nature and to be fascinated 
by the incredible life strategies of the plants, 
animals and humans living in the Pantanal. Es-
pecially the owners of small farms and lodges 
who have dedicated their life to maintain tradi-
tional use forms and to protect as much of the 
natural features in private reserves play an im-
portant role here.

Ecotourism is a double-edged issue for the 
conservation of biocultural diversity, though. 
It can help to maintain habitats, local identity 
and bio-cultural diversity. Where poorly man-
aged, however, it can also cause damage. The 
demands of the tourists for high-quality living 
standards often result in excessive consump-
tion of resources and energy, and in release of 
waste and sewage, which strain and pollute the 
environment, especially in sensitive, low-nutri-
ent, freshwater systems. Tourism in clear-wa-
ter rivers near Bonito (Mato Grosso do Sul) or 
Nobre (Mato Grosso) has changed the compo-
sition of the fish fauna (Lima et al. 2014). Social 
structures become disturbed when few owners 
of the most attractive touristic sites quickly be-
come rich while the largest part of the popula-
tion remains poor and has no political power. 
Critiques on nature-based tourism in the Pan-
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tanal claim that reference to the Pantaneiro 
culture was superficial, and that it perpetuates 
social disparities. Arts et al. (2018) recommend 
stakeholder engagement with a biocultural de-
sign to assess tradeoffs between conservation of 
biocultural diversity and economic gains by the 
tourism industry.

21.7.6 Current initiatives
Policy and management should involve strate-
gies ranging from the development of new tech-
nologies and best practices to achieve changes 
in land-use policies, to increasing dialogue be-
tween farmers, ranchers, the scientific communi-
ty, and local or traditional communities through 
co-learning processes. Recent legal instruments 
are creating positive feedbacks for improving 
conservation through an incentive for biodiver-
sity use and by providing financial incentives 
for organic food production. At the federal level, 
the National Policy on Agroecology and Organic 
Production (PNAPO, Decree #7,794/2012) is one 
instrument to implement and stimulate organic 
production. Complementary state policies are 
also important for improving sustainable produc-
tion in the Pantanal. Some initiatives are ongoing 
in the Pantanal, but they need to gain scale, such 
as Fazenda Sustentavel Program ( EMBRAPA), 
or the low agriculture carbon and low-carbon 
livestock production (Mato Grosso do Sul State). 
Moreover, Brazil has created the National Poli-
cy on Payments for Ecological Services and the 
Mato Grosso do Sul State including the Policy on 
Payments for Ecological Services around Scenic 
Rivers (Resolução Semagro n. 717, 25. September 
2020). Some initiatives for improving economic 
chains based on native species are in progress, 
such as caiman and paca (Cuniculus paca) pro-
duction. In terms of plants, there is some local 
commerce based on  bocaiuva (Acrocomia spp.), 
cumbaru (Dipteryx alata), pequi (Caryocar brasil-
iense) and other recent initiatives. Since 2006, a 
project has been encouraging residents of local 
communities to harvest and commercialize wild 
rice from the Pantanal and have yielded first re-
sults with some local resellers and interest for use 
in the diet of the local population (Bortolotto et 
al. 2017). These are just some examples that have 
opened an avenue to reconcile food production 
and biodiversity conservation in the Pantanal. 
These initiatives are in their infancy, improving 
participation is a huge challenge. 

21.8  Concluding remarks
The globally outstanding importance of the Pan-
tanal as the largest contiguous wetland, harbor-

ing huge populations of rare animal and plant 
species and a wide array of still-existing cultural 
forms requires a better consideration in nation-
al and transboundary management and conser-
vation plans. The socio-ecological connectivity 
(water, sediments, biota, culture) between the 
headwaters in the intensively used catchments 
and the proper wetland need to be maintained 
and improved, especially the conservation of 
the natural hydrological drivers by an adequate 
dam and dike management and avoidance of 
further degradation (e.g., by the Hidrovia pro-
ject). The ongoing 'slicing off' and fragmentation 
of the habitats, and the rarefaction of biota and 
cultures needs to be counteracted by a more re-
alistic valorization of its patterns and ecosystem 
services. Specific political and economical incen-
tives are needed to balance the current inequal-
ities between sustainable, respectful use on one 
hand and short-term, predatory use of natural 
resources on the other hand. Specifically, the 
conversion of natural habitats into intensive ag-
riculture, and inadequate fisheries policies need 
to be revised, and the legal baselines for conser-
vation and sustainable use need to be improved 
and reinforced. The oblivion of the cultural rich-
ness needs to be offset by better documentation 
and improvement of conditions allowing the cul-
tural features to evolve at their own pace rather 
than by being overrun by modern technologies. 
Targeted environmental education but also the in-
tegration of conservation-related issues in generic 
teaching modules is fundamental for the mainte-
nance of biocultural diversities in the minds of the 
people. A sound ecotourism and well-planned, 
evidence-based bio-economy programs for re-
source management that respect and make use 
of traditional ecological knowledge can create 
new productive and sustainable chains based on 
native species. 
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