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ABSTRACT

The Pantanal, the largest continuous floodplain in the world, depends on the flood pulse to
maintain its hydrological connectivity and biodiversity. Climate change affects the aquatic
ecosystem, altering rainfall patterns and increasing the frequency of droughts, which impacts
water availability and ecosystem services. The creation of conservation units (CUs) is
proposed as an adaptation strategy to mitigate these impacts, particularly in sensitive areas
such as the Chacororé—Sinha Mariana Lake System, which suffered significant damage from
the 2020 drought and extensive fires. The proposal to create a CU aims to protect water,
biodiversity, and local culture, thereby ensuring the maintenance of the living conditions of
traditional communities. The proposed area covers 63,990 hectares and includes several
geomorphological units and soil types, with the flood pulse regulating ecological processes.
Changes in land cover, such as the conversion of native vegetation into anthropogenic areas,
represent a threat to the sustainability of the Pantanal. Creating the CU is seen as a way to
promote the sustainable use of natural resources and ensure the resilience of the Pantanal
in the face of the challenges imposed by climate change and human activities. The proposal
is based on studies of the area’s physical, biotic, and socio-environmental aspects, aiming at
the long-term protection of this important biome.
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RESUMO

O Pantanal, a maior planicie de inundagdo continua do mundo, depende do pulso de
inundacdo para manter sua conectividade hidrolégica e biodiversidade. As mudancgas
climaticas afetam o ecossistema aquatico, alterando os padrbes de precipitacdo e
aumentando a frequéncia de secas, 0 que impacta a disponibilidade hidrica e os servigos
ecossistémicos. A criagado de unidades de conservagao (UCs) € proposta como estratégia
de adaptagdo para mitigar esses impactos, particularmente em areas sensiveis como o
Sistema Lacustre Chacororé—Sinha Mariana, que sofreu danos significativos com a seca de
2020 e incéndios de grande porte. A proposta de criagdo de uma UC visa proteger a agua, a
biodiversidade e a cultura local, garantindo assim a manutencéo das condi¢des de vida das
comunidades tradicionais. A area proposta abrange 63.990 hectares e inclui diversas
unidades geomorfoldgicas e tipos de solo, com o pulso de inundagao regulando os processos
ecologicos. Mudangas na cobertura do solo, como a conversdo de vegetagao nativa em
areas antropicas, representam uma ameacga a sustentabilidade do Pantanal. A criacdo da
UC é vista como uma forma de promover o uso sustentavel dos recursos naturais e garantir
a resiliéncia do Pantanal diante dos desafios impostos pelas mudancgas climaticas e pelas
atividades humanas. A proposta se baseia em estudos dos aspectos fisicos, bidticos e
socioambientais da area, visando a protecédo a longo prazo deste importante bioma.

Palavras-chave: Pulso de Inundagao. Servigos Ecossistémicos. Comunidades Tradicionais.
Uso da Terra. Biodiversidade.

RESUMEN

El Pantanal, una mayor planificacion de inundaciones continuas del mundo, depende del
pulso de inundaciones para mantener su conectividad hidrologica y biodiversidad. As
mudancas climaticas afetam o ecossistema acuatico, alterando os padrdes de precipitacao
e incrementando a frequéncia de secas, o que impacta a disponibilidade hidrica e os servigos
ecossistémicos. La creacion de unidades de conservacion (UC) se propone como estrategia
de adaptacién para mitigar estos impactos, particularmente en areas sensibles como el
Sistema Lacustre Chacororé—Sinha Mariana, que sofreu dafos significativos con la sequia
de 2020 e incendios de gran puerta. La propuesta de crianza de una visa UC proteger el
agua, la biodiversidad y la cultura local, garantizando asi la manutencao de las condiciones
de vida de las comunidades tradicionales. Un area propuesta abarca 63.990 hectareas e
incluye diversas unidades geomorfolégicas y tipos de solo, con el pulso de inundacion que
regula los procesos ecoldgicos. Mudangas na cobertura do solo, como una conversacion de
vegetacion nativa en areas antrdpicas, representam uma ameaca a sustentabilidade do
Pantanal. La creacion de la UC es vista como una forma de promover el uso sustentable de
los recursos naturales y garantizar la resiliencia del Pantanal frente a los desafios impuestos
por las mudanzas climaticas y las atividades humanas. A proposta se baseia em estudos
dos aspectos fisicos, bidticos y socioambientais da area, visando a protegéo a longo prazo
deste importante bioma.

Palabras clave: Pulso de Inundaciones. Servicios Ecosistémicos. Comunidades
Tradicionales. Uso del Suelo. Biodiversidad.
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1 INTRODUCTION

The Pantanal, the largest continuous floodplain in the world and one of the richest
biomes in Brazil, is characterized by its main regulatory ecosystem service, which is defined
by the dynamics of flood-pulse waters. This pulse, characterized by four hydrological phases
(flood/full water and ebb/drought), promotes water and biodiversity connectivity between the
plain and the rivers (DA SILVA et al 2015; NUNES et al 2020, 2021, 2023, 2025; DA SILVA
et al 2012; JUNK & DA SILVA 1999). The waters of the Pantanal originate from the recycling
of local precipitation and the transport of moisture from the Amazon Rainforest (the "flying
rivers"), which influence precipitation in several regions of Brazil and South America (ROCHA
2015; FEARNSIDE 2004, ZEMP et al 2014, LOVEJOY e NOBRE 2018, RIOS VOADORES
2024).

Research in the Pantanal highlights the implications of climate change on the aquatic
ecosystem, including the temporal shift in rainfall (DA SILVA et al 2022; DALBORTELLI 2015)
and the tendency for drought (MAPBIOMAS 2022; LAZARO et al 2021; MORAES et al 2022).
Water availability, affected by climate change and other factors (MARENGO et al, 2017), is
a crucial resource for resilience, adaptation, and adaptive capacity, which are key concepts
of Sustainable Development Goal 13.

The 2020 drought in the Chacororé—Sinha Mariana Lake system, with a 59% reduction
in water coverage (ICV 2021), and the extensive fires (SEMA) highlighted the need for
conservation measures. The proposal to create a conservation unit aims to protect water,
biodiversity, and culture, maintaining the living conditions of traditional peoples and
communities (Da Silva; Figueiredo; Vacchiano, 2021). The proposed area, located between
Bardo de Melgaco and Santo Anténio do Leverger, covers 63,990 hectares in the Pantanal
biome. The proposal was drawn up based on the analysis of studies and documents on the

physical, biotic, and socio-environmental aspects of the area (Figure 1).
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Figure 1
Location map of the proposed area for the creation of the Conservation Unit for the

Chacororé—Sinha Mariana lake system in the Pantanal of Mato Grosso1

2 GEOENVIRONMENTAL CHARACTERIZATION

The climate in Mato Grosso is predominantly monsoon super-humid tropical and
tropical with summer rains and dry winters, whereas in the Cuiaba River Basin, the Sub-
Humid Megathermal Tropical climate predominates, characterized by high temperatures and
losses through evapotranspiration, resulting in water deficiency. Temperatures in the
Pantanal (25 to 26 °C, with maximums of 34 °C) are higher than the state's annual average
(21 to 26 °C). The average annual rainfall in Mato Grosso varies from 1,500 to 2,000 mm, but
in the Bardo de Melgaco region, it is lower, between 1,100 and 1,300 mm, with a period of
water deficiency of 7 to 8 months, generally from April to October/November.

In the Chacororé—Sinha Mariana Lake System, the Pantanal formation predominates
as a geological unit—alluvial deposit facies, with sandy sediments and porous gravels, which
favor the formation of superficial aquifers (Figure 2B). The predominant slope is flat (52.37%)

and gently undulating (25.09%), which facilitates the recharge of aquifers (Figure 2A).
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Figure 2
(A) slope, (B) geology, (C) geomorphological units and (D) soil types in the area of influence
of the Chacororé—Sinha Mariana lake system in the Pantanal of Mato Grosso2
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The geomorphology of the Pantanal is diverse, with terrains at different flood levels
and both Pleistocene and Holocene sediments. The drainage network is formed by the
Cuiaba and Sao Lourenco rivers and their tributaries, including tributary channels with high
erosive power. The Chacororé and Sinha Mariana lakes hold water from the tributaries and
the Cuiaba River, located in the northern portion of the Paraguay River depression,
surrounded by high terrain (Serrana Province, Guimaraes and Taquari-ltiquira plateaus). The
study area presents several geomorphological units (Figure 2C) according to IBGE (2019),
including Chapada dos Guimaraes (17.73%), Cuiabana Depression (27.66%), and the
Itiquira-S&o Lourenco Pantanal (5.64%).

The Pantanal is the largest seasonally flooded plain in the world, with the flood pulse
regulating ecological processes. The soils in the area influenced by the Chacororé—Sinha
Mariana Lake System are mainly Red-Yellow Argisol, Plinthaqualf, Petric Pinthosol, Melanic
Gleysol, and Ebony Vertisol, according to Embrapa (2018) (Figure 2D). Land cover change,
especially the conversion of native vegetation to anthropogenic areas, poses a threat to
sustainability, with impacts such as landscape fragmentation, biodiversity loss, and water

pollution.
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3 CHARACTERIZATION OF THE HYDROGRAPHIC BASIN AND LIMNOLOGICAL
VARIABLES
3.1 HYDROGRAPHIC CONTEXT

The Chacororé—Sinha Mariana lake system is part of the Cuiaba River Basin, located
in the south-central part of the state of Mato Grosso, with an area of 22,851.1 km?. The Cuiaba
River, the main watercourse, receives tributaries on the right bank (Chiqueirdo, Jangada, and
Espinheiro) and left bank (Marzagdo, Manso, Acorizal, Coxipd, and Coxipd-Agu)
(CHIARANDA et al., 2016). The lakes are located in the Pantanal plain, the lower part of the
basin.

Chacororé Lake has a semicircular shape and turbid, whitish waters (SILVEIRA; DA
SILVA 2000; PINTO-SILVA 1980, 1991), altitude of 125.20 m, length of 10.18 km, maximum
width of 9.88 km, average depth of 2.75 m, volume of 178.6 x 10° m® and area of 64.92 km?
(SILVEIRA, DA SILVA 2000). Sinha Mariana Lake is elongated, with a length of 8.75 km, a
maximum width of 2.67 km, an average depth of 3.58 m, a volume of 40.40 x 10° m?, and an
area of 11.25 km? (PINTO-SILVA 1980; NUNES, DA SILVA 2005, 2008).

The system is strongly influenced by the hydrological regime of the Cuiaba River.
During the rainy season, the lakes become a single body of water supplied by corixos.
Chacororé is supplied by the Cupim, Cap&o do Acori, Estiva, and Agua Branca rivers, and
Sinha Mariana by the Mutum river. Both form extensive wetlands around (VACCHIANO et al.
2024).

Wetlands provide essential ecosystem services such as storage and gradual release
of water, aquifer recharge, sediment retention, irrigation, biodiversity preservation, and

support for traditional populations (JUNK et al. 2011).

3.2 LIMNOLOGY

The limnology of the lakes varies seasonally, depending on the time of year—which
influences the greater or lesser connection with the Cuiaba River and other smaller rivers—
and the morphology and depth of each lake.

Chacororé Lake is strongly influenced by the Cuiaba River, especially during floods,
when its low average depth (0.74 m in the dry season, 2.47 m in the flood season) and
morphology favor the river's entry and sediment retention (FIGUEIREDO, DA SILVA 1997).
During the dry season, the wind increases turbidity, reducing transparency (average of 0.07

m), but favors oxygenation (up to 10 mg/l), while during the flood season, the average
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transparency is 1.4 m and oxygen is 5.44 mg/l. Electrical conductivity varies between 20
pS/cm (flood) and 88 pS/cm (dry season), but pH remained stable (7.48 in flood, 7.29 in dry
season) (FIGUEIREDO, DA SILVA 1997).

The limnological conditions of Sinha Mariana Lake are influenced by the Mutum (acidic
waters, poor in nutrients, transparent, rich in humic acids) and Cuiaba rivers. During the dry
season, the flow is from the Mutum River to the Lake and the Cuiaba River. In the rainy
season, the Cuiaba River reverses the flow, also connecting with Chacororé. Its elongated
morphology and connections give it a greater average depth (1.8 m in the dry season, 3.0 m
in the flood season). The lake has two distinct compartments: the one influenced by the
Mutum River—with a pH of 5.33 to 7.55, high transparency, conductivity between 18 and 29
puS/cm and oxygen of 2.85 to 9.68m/lI (NUNES, DA SILVA 2005; FIGUEIREDO, DA SILVA
1997) and the one influenced by the Cuiaba River with higher pH and conductivity and lower
transparency, similar to Chacororé.

Thermal stratification only occurs in Sinha Mariana due to the greater depth and lower
wind during flooding. Studies on planktonic communities are scarce, but 77 zooplankton taxa
were identified in Sinha Mariana (LIMA et al., 2012). They are important bioindicators, as
physical-chemical changes impact this community, affecting aquatic productivity and the food
chain, especially for fry and small fish (LUCINDA, 2007). The limnological heterogeneity of

the Chacororé—Sinha Mariana system highlights the importance of protecting this system.

4 BIODIVERSITY

The Pantanal has valuable biodiversity for the economy, culture, science, and
recreation, although it is threatened by unsustainable uses (ALHO; SABINO, 2011; ALHO et
al., 2019). In the Chacororé—Sinha Mariana lake system, habitat loss has affected hydrology,
biodiversity, and the relationship of local communities with the environment (SPANHOLI et
al., 2020).

The removal of aquatic macrophytes for navigation resulted in the drying out of 40%
of the area (NUNES, DA SILVA, ABDO 2012). These plants are essential for retaining water,
sheltering fish and insects, and attracting piscivorous and insectivorous birds (PACHECO,
DA SILVA 2009; NUNES et al. 2012). Macrophyte banks favor resident and migratory fish
and integrate diverse landscapes.

Aquatic vegetation predominates around lakes and flooded roadsides, benefiting

aquatic fauna and contributing to the landscape and ecosystem services, such as providing
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resources for bees. The lakes function as fish nurseries, foraging areas for migratory and
resident birds, and support practices such as artisanal fishing and birdwatching tourism

(Figure 3). Figure 4 illustrates fish species recorded in the system.

Figure 3
Vegetation Map of the area of influence of the Chacororé—Sinha Mariana lake system in the

Pantanal of Mato Grosso

. == Location
E [ Buritizal Lake Mato Grosso
[ sinha Marlana Lake f \

[ chacororé Lake
_E Study center

i [: Area of influence

I Bario De Melgago
I Nossa Senhora Do Livramento
I santo Anténio De Leverger

Legend
| MM Forest Formation
B savanna Formation
B Tree Plantation
[ Flooded grasslands and marshy areas
{ B Grassiands
[ Pasture
I sugar Cane
Il urban Infrastructure
B otter. non-vegetated areas
I Vining
i [ River, Lake and Ocean
[] soybean
[ otner temporary crops

Cartographic parameters

Geographic coordinate system N
s

Sirgas 2000
1:800.000 A

150 300 600 km

The Pantanal is also home to a rich bird life, with resident and migratory species using
the region for breeding and feeding (NUNES et al., 2012; OLIVEIRA et al., 2016). Their
presence indicates environmental quality and contributes to seed dispersal. Studies show
that the abundance and richness of water birds increase with the reduction in water levels:
from 10 to 30 species and from 40 to 936 individuals during the low water period (NUNES et
al., 2012; NUNES et al., 2020).
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Figure 4

Fish species found in the Chacororée—Sinha Mariana Lake System: 1 Piau - Leporellus
striatus; 2 Lambari or pequira - Moenkhausia intermedia; 3 Cascudo - Hypoptopoma
inexpectatum; 4 Lambari - Bryconamericus sp.; 5 Tuvira - Eigenmannia trilineata; 6 Cascudo
- Rineloricaria sp.; 7 Eigenmannia virescens; 8 Brachyhypopomus sp.; 9 Lambari or pequira
- Odontostilbe pequira; 10 Joanaguensa - Crenecicla lepidota; 11 Cara or carazinho -
Apistograma Borelli; 12 Lambari or pequira - Moenkhausia sanctaefilomenae. Source:

fishbase.com

We conclude that this lake system represents a diverse ecological mosaic. quatic
macrophytes and riparian vegetation are essential in connecting aquatic and terrestrial
environments and sheltering diverse species, including threatened ones. Local biodiversity

also supports the way of life of human communities, from fishing to the cultural use of birds.

5 ECONOMIC ACTIVITIES

The municipalities of Bardo de Melgago and Santo Antonio de Leverger have a
territorial extension of 11,373.79 km? (SEPLAN, 2015) and 11,753.6 km? (IBGE, 2010),
respectively. Their populations are estimated at 8,564 and 16,628 inhabitants, respectively
(IBGE, 2020). The Municipal Human Development Index (MHDI) in 2010 was 0.60 and 0.69,
respectively (SEPLAN, 2010).

Between 2010 and 2015, Barao de Melgago increased formal jobs from 513 to 538,
while Santo Anténio de Leverger saw a reduction from 3,473 to 2,511. The average incomes
were R$1,516.34 and R$1,816.52, respectively (RAIS, 2015).
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Tax collection increased: Barao de Melgaco collected R$24,176,229.23 in 2019 (35%
higher than 2017) and Santo Antonio de Leverger R$57,336,089.89 (34% higher) (TRIBUNAL
DE CONTAS MT, 2021).

The main source of wealth is the agricultural sector. In Barao de Melgaco, it represents
22% of the GDP; in Santo Anténio, 50%. The former has 822 properties on 630,495 ha; the
latter, 2,282 properties on 925,050 ha. Both prioritize pastures and have more than 630
thousand head of cattle (IBGE, 2017).

According to IPEA (2021), formal jobs have increased in sectors such as food and
accommodation. The annual flow is 657 tourists and R$98,454.00 in Bardo de Melgaco, and
183 tourists and R$41,175.00 in Santo Anténio do Leverger (ANA, 2020).

Fishing, observation of fauna and flora, and the natural landscape stand out as tourist
attractions. A hotel boat costs around R$1,000.00 per day, and riverside inns cost R$150.00.
Regional cuisine is also a differentiator.

Since 2002, municipalities have received ecological ICMS for Conservation Units. In
2019, Barao de Melgaco obtained 17% of the total ICMS (R$ 800,000.00) from this source.

The creation of a new Conservation Unit (UC) in the form of a Sustainable
Development Reserve can increase revenue and generate jobs with minimal economic
impact. Visitation is an activity compatible with conservation and can generate income as per
Table 1.

Table 1
Simulation of the economic impact of tourism with the creation of a Conservation Unit in the

Chacororé—Sinhéa Mariana lake system1

Visitors/year Conservative Optimistic

2,000 R$ 555,958.00 R$ 1,569,512.20
4,000 R$ 1,111,916.00 R$ 3,139,024.40
6,000 R$ 1,667,874.00 R$ 4,708,536.60
8,000 R$ 2,223,832.00 R$ 6,278,048.80

Source: Own work based on Medeiros and Young (2011) and Nereus (2021).

In the conservative scenario, with 2,000 visitors/year, municipalities would collect more
than R$ 16,600 in Services Taxes; in the optimistic scenario, R$ 47,000. With 8,000 visitors,
this value would rise to R$ 66,700 and R$ 188,300, respectively.
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Creating this CU can maintain 20,804 ha of forest remnants, avoiding the emission of
600 thousand tons of COz2. This represents R$ 13,800,000 in carbon credits (Alvarenga Junior
et al., 2018).

The UC would prevent the silting of rivers, reducing soil loss by 28,204 tons and saving

R$ 423,300 annually in cleaning (Alvarenga Junior et al., 2018).

6 LAND USES IN THE CONTEXT OF PROPOSING A CONSERVATION UNIT

The Chacororé—Sinha Mariana lake system has suffered a series of disturbances in
recent decades, such as fires, deforestation, poorly managed livestock farming, mining, road
construction, drains in wetlands, damming and filling of watercourses, and damming of the
Cuiaba River and tributaries for the generation of electricity, as is the case with the dam in
the Manso Springwater Protection Area. These disturbances have caused negative
environmental impacts and threatened the existence of the lake system. Local residents
report some streams not having had any water running through them for three years. In 2020,
the drought in Chacororé Lake attracted great attention, with at least 30% of the biome's
territory located in the Brazilian portion targeted by forest fires that year (Shimabukuro et al,
2023).

6.1 LAND USE, LAND PROFILE, DEFORESTATION, AND FIRES

For this theme, a study was carried out using data from Collection 5 of the MapBiomas
project, from the State Secretariat for the Environment (SEMA/MT), the National Institute for
Colonization and Agrarian Reform (INCRA), and the National Foundation for Indigenous
Peoples (FUNAI). Considering the area proposed for the conservation unit, the results
showed that 89% are located in the Pantanal biome and 11% in the Cerrado biome (Figure
5a).

Regarding land use and coverage, of the 63,990 hectares included in the area
proposed for the creation of the UC, 93% are natural formations, 13.5% of which are lakes,
rivers and lakes, 32.5% forest formations, 23.9% flooded grasslands and marshy areas,
19.1% grassland formations, 3.7% savanna formations and 7% are areas of human use (most
of which correspond to pasture and small temporary crops) (Figure 5b).

Considering the area of the proposed CU, based on data from the National Institute

for Space Research (INPE) for the Pantanal Biome, 5,863 ha of accumulated deforestation
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were identified up to 2019, which represents 9% of the area (Figure 5c). Of this total
deforestation in the proposed area, 98% occurred up until 2016.

Regarding the land profile, the analysis of the data indicates the existence of 373
private rural properties registered in the Rural Environmental Registry (CAR) and/or the Land
Management System (SIGEF), which occupy 53% of the proposed CU’s area. Of this total,
264 are in Santo Anténio do Leverger and 109 in Baréo de Melgaco, with 90% of them having
an area of up to 100 hectares (Figure 5d).

Figure 5

Map of the area proposed for the creation of the Conservation Unit for the Chacororé—Sinha
Mariana lake system, (A) boundaries of the Pantanal and Cerrado biomes, (B): land use and
cover, (C): deforestation, between 2016 and 2019, in the area of influence of the proposed
Conservation Unit, (D): land profile of the proposed area and (E): areas affected by fire in

2020 in the area of influence of the proposed Conservation Unit
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Regarding the areas affected by fires in 2020, in the proposed CU area, 26,806

hectares were affected, which corresponds to 42% of the proposed area (Figure 5e).

6.2 WATER USE

The Chacororé and Sinha Mariana lake system constitutes an important natural
nursery, supporting subsistence fishing (the main source of local protein), besides sporting
and tourist activities. Its water is also vital for agriculture and navigation (BORGES, 2004).
According to Reis (2000), traffic in the Pantanal region depends on the “bocas”, used as
access routes between Mimoso and the capital.

Traditionally, communities fished during the low water, but today many work as pilots
throughout the year. However, changes in water flow have caused severe impacts on lakes,

threatening both ecosystems and local livelihoods.

6.3 SOCIAL GROUPS

The Chacororé and Sinha Mariana lakes are historically occupied by traditional
peoples and communities, such as the Guaté, Bororo, Cuiaba Mirim, Porto Brandao, and
Estirdo Comprido. According to Silveira and Da Silva, several social actors operate locally in
the system, including pilots, tour guides, tourists, hotel owners, fishermen (professional,
amateur, and sport), traditional communities, farmers, researchers, government agents,
NGOs, and the press.

7 LEGAL ASPECTS

Brazil has robust environmental legislation, based on the Federal Constitution, which
aims to preserve essential ecological processes and ecologically manage species and
ecosystems. The protection of territorial spaces is determined, prohibiting uses that
compromise their attributes (BRASIL, 1988), without, however, preventing traditional, tourist,
or subsistence activities.

The Pantanal of Mato Grosso is recognized as a National and World Heritage Site, as
well as a Biosphere Reserve by UNESCO. In Mato Grosso, four areas are Ramsar Sites:
Pantanal Mato-Grossense National Park, Private Natural Heritage Reserves (including SESC
Pantanal), and Taiama Ecological Station (BRASIL, 1996). However, federal legislation is

limited, restricting itself to classifying it as an area of restricted use (BRASIL, 2012).
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The State Constitution (MATO GROSSO, 1989) establishes that the Pantanal
constitutes a priority center for environmental protection. State Law No. 8.830, which
establishes the State Policy for Management and Protection of the Upper Paraguay Basin
(MATO GROSSO, 2008), together with all existing protection systems, has not been effective
in overcoming the problems reported in these studies.

However, this lack of legislative concreteness can be overcome, at least in the portion
of the Pantanal that is the subject of these studies, with the institute called Conservation Unit.

Conservation Units are territorial spaces to be created by Law or an act of the Chief
Executive, with conservation objectives, for which adequate protection guarantees apply
(BRASIL, 2000). These protected spaces can be created without harming the maintenance
of economic activities developed in the region since the beginning of its occupation, as long
as the category allowing this goal is chosen.

Despite the maintenance of traditional communities and other people who occupy the
territory in the Chacororé—Sinha Mariana lake system, including the possibility of maintaining
its sustainable exploitation, the legislation provides for the possibility of creating a type of
Conservation Unit allowing economic exploitation, without the need for expropriation, and
able to generate economic resources for the municipality, such as greater promotion of
tourism and receipt of the Ecological Tax on Movement of Goods and Services until it is
extinguished. It is therefore suggested that a Sustainable Development Reserve (SDR) be
established, as it is a category of conservation unit for sustainable use, as established by
Law No. 9.985 of July 18, 2000 (BRASIL, 2000). SDRs are designed to preserve nature while
allowing the sustainable use of natural resources by traditional populations inhabiting the
area. SDRs may include public and private areas, not requiring the expropriation of private
lands, as long as the activities follow the management plan. The management of SDRs is
carried out with broad participation of local communities, promoting sustainability and
biodiversity conservation, Table 2.

Table 2

Main features of an RDS

Objective Conserving nature and ensuring the livelihoods and culture of

traditional populations, in addition to sustainably exploiting the

area's natural resources.
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Traditional Population Includes the presence of traditional populations using natural
resources sustainably, ensuring that their cultural and economic
practices are maintained and encouraged.

Sustainable Use Activities within an SDR must promote the sustainability of natural
resources, allowing practices that do not compromise the integrity of
ecosystems.

Property SDRs can include public and private areas. In the case of private
areas, expropriation is not necessary, as long as the activities carried
out follow the reserve management plan.

Management Plan The management of an SDR is guided by a management plan, which
establishes the guidelines and regulations for the sustainable use
and protection of natural resources, ensuring that the economic and
cultural activities of traditional populations are maintained.

Community The SDR is managed with broad participation from local communities,

Participation promoting involvement and collaboration in the sustainable
management of resources.

Usage categories | - direct use of renewable natural resources by traditional populations,
if sustainability criteria are observed;

Il - scientific research aimed at developing sustainable technologies
for the exploitation of natural resources;
Il - ecotourism.

Legal basis Law No. 9.985/2000, Decree No. 4.340/2000, Normative Instruction

No. 7/2007 — ICMBio, Normative Instruction No. 5/2008 — ICMBio

The areas requiring the creation of a Sustainable Development Reserve are those with
relevant characteristics such as forest remnants in good condition, presence of threatened,
rare, migratory, or endemic species, scenic beauty or potential for ecological tourism, rich in
biodiversity and water resources, availability for sustainable use of their natural resources,
used by traditional communities, and having populations residing in the area (BRASIL, 2019).

The creation must observe the principle of democratic participation, so that all potential
interested or impacted parties are consulted, thus avoiding the overlapping of interests in the
area and possible underlying and yet unidentified conflicts. To this end, it is necessary to
indicate, in a clear and accessible manner, the implications for residents inside and around
the area to be established as a Sustainable Development Reserve. At this point, the accuracy
of the polygon boundaries and the type of Conservation Unit suggested can be assessed.

The creation may occur by Decree of the Executive Branch or by drafting a Bill of Law

to be sent for analysis and approval by the Legislative Assembly of the State of Mato Grosso,
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expanding, in this case, popular participation through their legitimate representatives in
Parliament.

After its creation, it is necessary to register it in the National Registry of Conservation
Units, so that it can access resources from environmental compensation (BRASIL, CONAMA,
2006)

8 FINAL CONSIDERATIONS

The Chacororé—Sinha Mariana lake system is of significant ecological interest due to
its biodiversity, with a substantial variety of habitats, high richness of fauna and flora species,
a great variety of fish and birds, in addition to the cultural richness of traditional communities,
the Pantanal people. Added to this are its scenic beauty and exceptional tourism potential,
which can contribute significantly not only to the local economy but to the economy of Mato
Grosso.

However, this potential for economic exploitation is threatened, both by climate change
and by environmental impacts in the lake region and in the drainage areas of the rivers that
supply it.

All this natural richness of the lake system depends on the characteristic water pulse
of the Pantanal biome, requiring the full functioning of the complex local water network. This
network is made up of rivers, such as the Cuiaba and the Mutum, besides several streams
connecting the water system. This system has already been severely impacted, so that the
supply to the lake is insufficient and even interrupted at certain points and times of the year.

It is therefore necessary to urgently adopt measures for the conservation and
restoration of the Chacororé—Sinha Mariana lake system, to reestablish the full performance
of its ecosystem functions and a satisfactory quality of life for traditional communities and
other inhabitants of the region.

The Sustainable Development Reserve is a category of Conservation Unit whose
basic objective is to preserve nature and, at the same time, ensure the conditions and means
necessary for the reproduction and improvement of ways and quality of life and exploitation
of natural resources, as well as to value, conserve, and improve the knowledge and
techniques of environmental management developed by traditional populations. It is a way of
valuing and maintaining the natural areas that shelter these populations, with environmental

management based on sustainable systems and the exploitation of natural resources.
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Through document analysis, bibliographic research, and field interviews, we evaluated
the area in question. We characterized the biotic, physical, and socioeconomic environments.
We reported the main pressures resulting from undue anthropogenic interventions. We
recognized the presence of demand calling for the establishment of a Conservation Unit so
that the important existing water resources and remaining vegetation still in good condition
are not lost. We conclude that there is demand and convenience in establishing a Sustainable
Development Reserve conservation unit as a response to be given by the State to address
the environmental problems identified, without this resulting in expropriations, large public
investments, or the removal of populations from the spaces they occupy, maintaining their
productive sources and respecting their ways of life.

New studies and surveys will be necessary, including those related to cartographic
representation and descriptive memorial, without forgetting land surveys and the extraction
of detailed information from the Rural Environmental Registry to identify who occupies the
region. The public hearings to be held will ensure that the creation process is as democratic

as possible, with broad access to free, conscious, and informed information.
ACKNOWLEDGEMENTS

We thank the Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) for
the research productivity fellowship for the last author, as part of the PELD/DARP — Long-
Term Ecological Research Program/Dynamics of the Flood Pulse in the Sociocultural
Ecological System of the Paraguay River within the Context of the Pantanal Biosphere
Reserve, Mato Grosso, Brasil (contributions N°. 55). We are grateful to the Universidade do
Estado de Mato Grosso, the Graduate Program in Environmental Sciences, and the Pantanal
Research Center in Limnology, Biodiversity, and Ethnobiology. Grant from CNPq Process n°
23034.022102/2021-27 and FAPEMAT n° 0152640/2021.

REFERENCES

Adbo, M., Da Silva, C. J., & Nunes, J. R. S. (2003). Diversidade de macrofitas aquaticas do
sistema de baias Chacororé—Sinha Mariana.

Alho, C. J. R., Camargo, G., & Fischer, E. (2011). Terrestrial and aquatic mammals of the

Pantanal. Brazilian Journal of Biology, 71(1), 297-310.
https://www.scielo.br/j/bjb/a/ntjhhV3T693jyYtC4zGxHBR/abstract/?lang=es

‘ ) REVISTA REGEO, Sao José dos Pinhais, v.16, n.4, Edi¢cao Especial, p.1-21




ReGeo ISSN: 2177-3246

Alho, C. J. R., & outros. (2019). Ameacas a biodiversidade do Pantanal brasileiro pelo uso e
ocupagao da terra. Ambiente & Sociedade, 22.
https://lwww.scielo.br/j/asoc/a/BqQNwh94qn5g9kh56FZchYj/?lang=pt

ANA, Agéncia Nacional de Aguas. (2020). *Elaboragdo de estudos de avaliacdo dos efeitos
da implantagcado de empreendimentos hidrelétricos na regido hidrografica do ejected

Brasil. (1988). Constituicdo da Republica Federativa do Brasil de 1988.
http://www.planalto.gov.br/ccivil_03/constituicao/constituicao.htm

Brasil. (1996). Decreto n® 1.905, de 16 de maio de 1996. Promulga a Convencéao sobre Zonas
Umidas de Importancia Internacional, especialmente como Habitat de Aves Aquaticas,
conhecida como Convengdo de Ramsar, de 02 de fevereiro de 1971.
http://www.planalto.gov.br/ccivil_03/decreto/1996/d1905.htm

Brasil. (2000). Lei n° 9.985, de 18 de julho de 2000. Regulamenta o art. 225, § 1°, incisos |,
II, Il e VII da Constituigdo Federal, institui o Sistema Nacional de Unidades de
Conservacao da Natureza e da outras providéncias.
http://www.planalto.gov.br/ccivil_03/leis/I9985.htm

Brasil. (2006). Resolugao CONAMAN® 371, de 05 de abril de 2006. Estabelece diretrizes aos
orgaos ambientais para o calculo, cobranga, aplicagédo, aprovagao e controle de gastos
de recursos advindos de compensagao ambiental.

https://conama.mma.gov.br/index.php?option=com_sisconama&view=processo&id=159
1

Brasil, Ministério do Meio Ambiente. (2019). Roteiro para criacdo de unidades de
conservagao municipais. Brasilia: MMA.

Da Silva, J. C., Nunes, J. R. S., & Simoni, J. (2012). O sistema de baias Chacororé—Sinha
Mariana. Agua, biodiversidade e cultura do Pantanal: Estudos ecologicos e
etnobioldgicos no sistema de baias Chacororé—Sinha Mariana. Caceres: Ed. Unemat.

Da Silva, C. J., Figueiredo, D. M., & Vacchiano, M. (2021). Analise de alteragdes hidrolégicas
das baias de Chacororé e Sinha Mariana (Pantanal of Mato Grosso) e recomendacdes
para recuperacao. Caceres: Ed. Unemat.

Fearnside, P. M. (2004). A agua de Sao Paulo e a floresta amazonica. Ciéncia Hoje, 34(203),
63—-65. http://cienciahoje.uol.com.br/revista-ch/

Figueiredo, D. M., & Silva, C. J. (1997). Variagao limnoldgica das baias de Chacororé e de
Sa Mariana, Pantanal Mato-Grossense, Mato Grosso. Revista Mato-Grossense de
Geografia.

IBGE, |Instituto Brasileiro de Geografia e  Estatistica. (2010). Cidades.
https://cidades.ibge.gov.br/brasil/mt/barao-de-melgaco

‘ ) REVISTA REGEO, Sao José dos Pinhais, v.16, n.4, Edi¢cao Especial, p.1-21



ReGeo ISSN: 2177-3246

IBGE, Instituto Brasileiro de Geografia e Estatistica. (2017). Censo Agropecuario 2017 -
Resultados definitivos. https://cidades.ibge.gov.br/brasil/mt/barao-de-
melgaco/pesquisa/24/766937?localidade1=510780

IPEA, Instituto de Pesquisa Econdémica Aplicada. (2021). Extrator de dados.
http://extrator.ipea.gov.br

Junk, W. J., & outros. (2011). A classification of major naturally occurring Amazonian lowland
wetlands. Wetlands, 31, 623-640.

Lovejoy, T. E., & Nobre, C. (2018). Amazon tipping point. Science Advances, 4(2), eaat2340.
https://advances.sciencemag.org/content/4/2/eaat2340

Lima, P. V., & outros. (2012). Variagdo na riqueza das espécies zooplanctonicas em lagoas
marginais do Rio Cuiaba (Pantanal - MT). Biodiversidade, 11(1).

Lucinda, I. (2007). Estudos de comunidades planctbénicas (bacterioplancton, nanoflagelados,
fitoplancton e zooplancton) em um pequeno reservatorio tropical: Experimentos com
mesocosmos [Tese de doutorado]. Centro de Ciéncias Biolégicas e da Saude,
Universidade Federal de Sao Carlos, Sdo Carlos.

Marengo, J. A., Tomasella, J., & Nobre, C. A. (2017). Climate change and water resources.
In C. E. de Mattos Bicudo & outros (Eds.), Springer International Publishing Switzerland.
https://www.researchgate.net/publication/311999026_Climate_Change_and_Water_Re
sources

Mato Grosso. (2014). Constituicdo do Estado de Mato Grosso: Texto Constitucional
promulgado em 5 de outubro de 1989, com as alteragbes adotadas pelas emendas
constitucionais n°® 01/1991 a 71/2014. Cuiaba: ALMT.

Mato Grosso. (2008). Lei Estadual n°® 8.830/2008. Dispbde sobre a Politica Estadual de
Gestao e Protegcdo a Bacia do Alto Paraguai no Estado de Mato Grosso e da outras
providéncias. https://www.al.mt.gov.br/legislacao/5442/visualizar

Miccolis, A., Peneireiro, F. M., & Marques, H. R. (2016). Restauragao ecoldgica com sistemas
agroflorestais: Como conciliar conservagdo com producédo - Opgdes para Cerrado e
Caatinga. Brasilia: ICRAF.

Nunes, J. R. S., & Da Silva, C. J. (2005). Variaveis limnoldgicas sob estandes de Eichhornia
crassipes (Mart) Solms, no sistema de baias Chacororé—Sinha Mariana, Pantanal de
Mato Grosso. UNICiéncias, 9.

Nunes, J. R. S., & Da Silva, C. J. (2009). Concentragdo de ions no sistema de baias
Chacororé-Sinha Mariana, Pantanal de Mato Grosso. UNICiéncias.
file:///D:/ACER/Downloads/admin,+Gerente+da+revista,+927-3596-1-CE.pdf

Nunes, J. R. S., Da Silva, C. J., Castrilon, S. K. |, & Sander, N. L. (2020). Changes in
composition of aquatic bird assemblages associated with changing in water levels in the

‘ ) REVISTA REGEO, Sao José dos Pinhais, v.16, n.4, Edi¢cao Especial, p.1-21




ReGeo ISSN: 2177-3246

Aquatic Terrestrial Transitional Zone of the Pantanal wetland Brazil. Research, Society
and Development, 9(10).

Nunes, J. R. S., & Da Silva, C. J. (2021). Biomass of Eichhornia crassipes (Mart) Solms in
the Chacororé—Sinha Mariana lake system, Pantanal of Mato Grosso, Brazil. Research,
Society and Development, 10, €141029293-11.

Nunes, J. R. S., Da Silva, C. J., & Dias-Filho, M. M. (2023). Non-Passeriformes birds species
of the Paraguay River, Pantanal wetland, Caceres - MT Brazil. Revista Cientifica
Multidisciplinar Nucleo do Conhecimento, 8(2), 110-133.
https://doi.org/10.32749/nucleodoconhecimento.com.br/biology/birds-species

Nunes, J. R. S., & Da Silva, C. J. (2025). Nutrient stock in the water hyacinth Eichhornia
crassipes (Mart) Solms, in the Chacororé—Sinha Mariana Lake System, Pantanal
Biosphere Reserve, Mato Grosso, Brazil. Observatorio de la Economia Latinoamericana,
23(1), e8611. https://doi.org/10.55905/0elv23n1-080

Rios Voadores. (2024). Fendbmeno dos Rios Voadores. https://riosvoadores.com.br/o-
projeto/fenomeno-dos-rios-voadores/

Pacheco, E. B., & Da Silva, C. J. (2009). Fish associated with aquatic macrophytes in the
Chacororé-Sinha Mariana lake system and Mutum River, Pantanal of Mato Grosso,
Brazil. Brazilian Journal of Biology, 69(1), 101-108.

Pinto-Silva, V. (1980). Variagbes diurnas de fatores ecoldgicos em quatro lagoas naturais do
“Pantanal Mato-Grossense” e seu estudo comparativo com dois lagos da Amazodnia
Central e um lago artificial (Represa do Lobo, “Broa”, Sdo Carlos, SP) [Dissertagao de
mestrado]. Universidade Federal de Sdo Carlos, Departamento de Ciéncias Bioldgicas.

Pinto-Silva, V. (1991). Variagdo diurna dos principais parametros limnoldgicos nos lagos
Recreio e Buritizal Pantanal Mato-Grossense, Bardo de Melgaco, MT [Tese de
doutorado]. Centro de Ciéncias Biolégicas e da Saude, Universidade Federal de Sao
Carlos, Sao Carlos.

Reis, S., & Neto, G. (2000). Porto Brandao: Uma comunidade inserida no Pantanal de Barao
de Melgaco - sua historia, seus valores e sua gente. lll Simpdsio sobre Recursos
Naturais e Socioecondmicos do Pantanal - Os Desafios do Novo Milénio, Corumba-MS.

SEPLAN, Secretaria de Planejamento, Coordenadoria de Estudos Socioecondmicos. (2015).
Mapas de localizagéo das regides de planejamento de Mato Grosso. Cuiaba: SEPLAN.

Shimabukuro, Y. E., de Oliveira, G., Pereira, G., Arai, E., Cardoso, F., Dutra, A. C., & Mataveli,
G. (2023). Avaliacao e areas queimadas durante a crise de incéndios no Pantanal em
2020 usando imagens Sentinel-2. Fire, 6, 277. https://doi.org/10.3390/fire6070277

Vacchiano, M. C., Nunes, J. R. S., & Da Silva, C. J. (2024). Strengths, weaknesses,
opportunities and threats (SWOT matrix) of traditional communities under the perspective
of ecological and sociocultural resilience in the Pantanal Biosphere Reserve, Mato
Grosso, Brazil. ARACE, 6(4), 18652—18670. https://doi.org/10.56238/arev6n4-446

‘ ) REVISTA REGEO, Sao José dos Pinhais, v.16, n.4, Edi¢cao Especial, p.1-21




ReGeo ISSN: 2177-3246

Zemp, D. C., Schleussner, C.-F., Barbosa, H. M. J., van der Ent, R. J., Donges, J. F., Heinke,
J., Sampaio, G., & Rammig, A. (2014). On the importance of cascading moisture recycling
in South America. Atmospheric Chemistry and Physics, 14, 13337-13359.
https://doi.org/10.5194/acp-14-13337-2014

‘ y REVISTA REGEO, Sao José dos Pinhais, v.16, n.4, Edi¢cao Especial, p.1-21



