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Abstract

The Tocantins-Araguaia Basin is one of the largest river systems in South America,
located entirely within Brazilian territory. In the last decades, capital-concentrating
activities such as agribusiness, mining, and hydropower promoted extensive changes in
land cover, hydrology, and environmental conditions. These changes are jeopardizing
the basin’s biodiversity and ecosystem services. Threats are escalating as poor
environmental policies continue to be formulated, such as environmentally
unsustainable hydropower plants, large-scale agriculture for commodity production, and
aquaculture with non-native fish. If the current model persists, it will deepen the
environmental crisis in the basin, compromising broad conservation goals and social
development in the long-term. Better policies will require thought and planning to
minimize growing threats and ensure the basin’s sustainability for future generations.

Keywords: biodiversity; conservation; policy; South America; sustainability.

Introduction

Among the largest river systems in South America, the Tocantins-Araguaia basin stands
out due to its large drainage area (767,000 km2) and spectacular biodiversity (Ribeiro et
al. 1995; Lucinda et al. 2007). Located entirely within Brazil, this basin drains a vast
area of the Cerrado savanna and rainforest ecosystems. Two main rivers form the basin:
the Tocantins, characterized by a unique ichthyofauna with several exclusive species,
and the Araguaia, with one of the largest and most biodiverse floodplains in the world
(Latrubesse et al. 2019). The Araguaia River is also one of the few large free-flowing
rivers in South America, which harbors essential areas for biodiversity conservation
(Latrubesse et al. 2019; Martins et al., 2021). The unique biodiversity of the Tocantins-
Araguaia Basin, however, contrasts with a long history of policies and initiatives that
have induced extensive environmental degradation. Over the past 40 years, the
expansion of dams, croplands, irrigation, mining, and aquaculture induced extensive
changes to land cover, hydrology, and environmental conditions, jeopardizing
biodiversity, ecosystems, and associated services (Coe et al. 2017; Strassburg et al.
2018; Latrubesse et al. 2019).

Large-scale degradation

Currently, seven large hydroelectric dams regulate the main channel of the Tocantins
River, with many other dams blocking the course of tributaries (Winemiller et al. 2016;
Akama 2017). There are plans to build new dams (ca. 90), mainly in the Araguaia basin
(Latrubesse et al. 2019), in addition to waterways and a large-scale water diversion
system between the Tocantins and S&o Francisco basins (Daga et al. 2020). The rapid
expansion of agribusiness for soy and other commaodities has caused the loss of ~50% of
the Cerrado (Scaramuzza et al. 2017), and the activity has advanced progressively over
remnant natural areas (Trigueiro et al. 2020). In 2018, pastures and monocultures
covered more than 42 % of the basin (Fig. 1). The Tocantins-Araguaia basin is currently
the most targeted area for expanding agricultural activities, as stated in the Brazilian
Presidential Decree 8447 of 2015, which created the MATOPIBA Federal Plan for
Development of the Brazilian Cerrado in the states of Maranh&o, Tocantins, Piaui, and
Bahia. In the lower portion of the basin cattle ranching has led to the clearing of
extensive rainforest areas (Nepstad et al. 2014). Broad changes in land use have
eliminated riparian forests (Swanson and Bolhman 2021) and altered hydrological
dynamics (Coe et al. 2009). Moreover, agriculture expansion has dramatically increased



the use of pesticides (Martinelli et al. 2010), which invariably end up in aquatic
ecosystems. The increasing demand for irrigation has affected regional water supplies
(Morais et al. 2014), leading to growing water conflicts. Other activities generally
overshadow mining, but its impacts are severe. The basin hosts the two largest iron ore
deposits globally: the Carajas mine in Para State (with 17 billion tons) and the Serra do
Carmo iron deposit in Tocantins State (with 159 billion tons). Future exploitation of
these deposits is a significant threat, as shown by the recent environmental disasters in
southeastern Brazil (Salvador et al. 2020). Terrestrial and aquatic biodiversity has
responded negatively to these impacts, as evidenced by major losses in fish diversity
(e.g., Araujo et al. 2013; Perdnico et al. 2020; Pereira et al. 2021; Santana et al. 2021).
Fish constitute a megadiverse and endemic group in the Tocantins-Araguaia basin with
over 700 species (Dagosta and de Pinna 2019). According to ICMBIo (2018), this basin
has 51 endangered fish species, most of them endemic.



Figure 1. Land use and land cover (LULC) map of the Tocantins-Araguaia River Basin,
Brazil. The map shows the scenario in 2019, indicating the area covered by natural
vegetation (forest and non-forests), water and agro-pastoral activities (pastures and
crops), and the location of small and large hydroelectric dams. Data source: MapBiomas
(2021).

New threats



Threats are escalating as public policies continue to prioritize maximizing economic
growth at the cost of environmental sustainability (Pelicice et al. 2017). The recent
expansion of aquaculture is exemplary. Historically, aquaculture in Brazil has been
based on low standards of socio-environmental sustainability (Agostinho et al. 2007;
Lima Junior et al. 2018), involving non-native organisms subjected to poor confinement
conditions and inadequate management practices. Government policies have
encouraged the expansion of aquaculture in the Tocantins-Araguaia basin, particularly
in hydroelectric reservoirs. Many aquaculture parks have been planned (Lima et al.
2018) and, in 2021, cage aquaculture was authorized in the area impounded by the Peixe
Angical Dam (https://www.gov.br/pt-br/noticias/agricultura-e-
pecuaria/2021/04/liberada-aquicultura-em-hidreletrica-no-rio tocantins). The
authorization is valid for 35 years, and it is the first to be issued in the country after
updates in legislation (Federal Decree n°® 10.576, 2020) that reassigned responsibilities
and facilitated the authorization process. This grant was issued shortly after the
permission for the farming of the Nile tilapia (Oreochromis niloticus), an invasive
species, in aquaculture cages in Tocantins State
(https://seagro.to.gov.br/noticia/2018/12/6/criacao-de-tilapia-em-tanque-rede-e-
liberada-no-tocantins/). At the same time, a state decree (State Decree n°® 337, 2019)
allowed farming non-native fishes (i.e., grass carp Ctenopharyngodon idella and Nile
tilapia) in the Araguaia basin and other drainage basins in Mato Grosso State. In
Tocantins State, a bill is moving towards a vote that would allow the cultivation of the
striped catfish (Pangasianodon hypophthalmus)
(https://al.to.leg.br/noticia/gabinete/jorge-frederico/9889/peixe-panga-jorge-frederico-
apresenta-projeto-de-lei-que-autoriza-o-cultivo- no-tocantins), an Asian fish with high
invasive potential that is already cultivated in other Brazilian states (Garcia et al. 2018).
These initiatives must accelerate the expansion of aquaculture with non-native fish in
the Tocantins-Araguaia Basin.

This episode illustrates how government policies, guided by short-term economic
profits, ignore scientific advice and the costs of environmental degradation. Non-native
organisms are primarily absent from aquatic ecosystems in this basin (Santana et al.
2021), and aquaculture expansion will change this scenario, triggering species invasions
into other Amazonian drainage basins. The literature on socio-environmental impacts
resulting from aquaculture is vast (Agostinho et al. 2007; Diana 2009; Vitule et al.
2009). It includes the unavoidable escapes and invasions (e.g., Azevedo-Santos et al.
2011; Forneck et al. 2021), and direct and indirect negative impacts caused by the Nile
tilapia (compiled by Canonico et al. 2005; Pelicice et al. 2014), striped catfish
(compiled by Garcia et al. 2018), and many possible synergistic effects between non-
native species and other anthropogenic stressors (e.g., Bezerra et al. 2019). The
potential for local biodiversity to boost fish production is enormous. Supported by
science, many native fish species in the basin could provide a basis for local initiatives
and markets (Pelicice et al. 2014). There is a research facility concerned with
aquaculture development in the basin (Embrapa Pesca e Aquicultura, Palmas, Tocantins
State), which could provide adequate expertise and innovation — but it has focused
extensively on using non-native fishes.

The need for better policies

For decades, Brazil has fostered policies that pursue development “at any cost”.
Previous setbacks have brought severe consequences for environmental policies (de
Souza et al. 2011; Fearnside 2016; Latrubesse et al. 2017; Dobrovolski et al. 2018), and



current trends have had immediate impacts on the conservation of the Amazon (Ferrante
and Fearnside, 2019; Pelicice and Castello, in press). This approach found fertile ground
in the current political scenario, characterized by scientific denialism and widespread
disregard for the environment (Thomaz et al. 2020). The Tocantins-Araguaia basin
proved highly vulnerable to these trends and setbacks since it has been historically
targeted for economic development (e.g., Fearnside 2001), and has experienced a rapid
expansion of human activities over the last ten years. The persistence of this scenario
will deepen the environmental crisis in the basin, compromising broad conservation
goals (e.g., UNESCO biosphere reserves for biodiversity hotspots), national policies
(e.g., the National Strategy for Exotic Species and the National Action Plan for the
Conservation of Endangered Species), and international agreements (e.g., the
Convention on Biological Diversity and the United Nations sustainable development
goals). The costs arising from environmental degradation are enormous and irreparable,
considering the remarkable biodiversity and endemism that characterize the basin.
Cultural risks are no less considerable (Doria et al. 2018), threatening ancestral
knowledge and the ways of life of several native and traditional groups that live in the
basin (Lopes et al. 2021), in addition to archeological and paleontological heritage
(Lopes et al. 2019). Prevailing policies fail to recognize that environmental degradation
generates socioeconomic impacts, threatening the persistence of human activities in the
long-term (Burger et al. 2013). The impacts and costs include overexploitation of
hydroelectric resources, loss of freshwater, pollution, deforestation, soil degradation,
and losses caused by invasive species. In a situation of high environmental degradation
(e.g., river regulation, deforestation, biological invasion), restoration efforts are
complex, costly, and sometimes impracticable, especially in aquatic environments,
where ecological impacts are less readily perceptible (Vitule 2009). Climate change
must complicate this scenario (Colli et al. 2020), with risk of affecting current policies,
intensifying environmental degradation, and compromising conservation efforts.

We recommend greater caution, responsibility, and planning when dealing with
environmental issues in the Tocantins-Araguaia basin. Any development in the basin
must account for its high regional biodiversity value to establish balanced policies
combining economic development, environmental preservation, the best available
scientific knowledge, and the interests of the different social groups involved. Protected
areas are limited in number and area, especially in the Tocantins River (Azevedo-Santos
et al. 2018), so development policies must incorporate some basic tenets (Azevedo-
Santos et al. 2021). For example, maintenance of the connectivity and natural flow
regimes of remaining free-flowing rivers (especially in the Araguaia Basin), more-
stringent control of irrigation projects, climatic monitoring, preservation of riparian
forests, control of deforestation in both the savanna and rainforests (especially in the
headwaters), revoking the authorization of aquaculture with non-native species, and
improving the inspection and control of these activities. Still necessary to achieve these
goals are integrative and multidisciplinary studies to explicitly evaluate the impacts of
environmental and anthropic drivers on distinct components of biodiversity and at
different spatial scales, especially because basic and important knowledge gaps persist
(Carvalho and Tejerina-Garro 2019; Machado et al. 2019; Colli et al. 2020). The
economic importance of this basin is beyond question (i.e., production of
hydroelectricity and commodities), but it does not justify the ongoing environmental
degradation. The human-dominated scenario in the Tocantins-Araguaia Basin provides
the ideal candidate to marry the already existing economic agenda with conservation of
remaining ecosystems in ways that can serve as a model for replication elsewhere. It



would be feasible through the involvement and engagement of a wide base of
stakeholders, including local and indigenous peoples, farmers and ranchers, the
hydropower industry, academia, the governmental and non-governmental sectors, and
maybe the international community. At this moment, economic development and
biodiversity preservation require much better planning to minimize escalating conflicts
and ensure the sustainability of resources for coming generations.

References

Agostinho AA, Gomes LC, Pelicice FM (2007) Ecologia e manejo de recursos
pesqueiros em reservatorios do Brasil. Eduem, Maringa, p 501.

Akama A (2017) Impacts of the hydroelectric power generation over the fish fauna of
the Tocantins river, Brazil: Maraba Dam, the final blow. Oecologia Australis 21(3):222-
231. https://doi.org/10.4257/0ec0.2017.2103.01

Araujo ES, Marques EE, Freitas 1S, Neuberger AL, Fernandes R, Pelicice FM (2013)
Changes in distance decay relationships after river regulation: similarity among fish
assemblages in a large Amazonian river. Ecology of Freshwater Fish 22:543-552.

Azevedo-Santos VM, Rigolin-Sa O, Pelicice FM (2011) Growing, losing or
introducing? Cage aquaculture as a vector for the introduction of non-native fish in
Furnas Reservoir, Minas Gerais, Brazil. Neotrop Ichthyol 9:915-919.

Azevedo-Santos VM, Frederico RG, Fagundes CK, Pompeu PS, Pelicice FM, Padial
AA, Nogueira MG, Fearnside PM, Lima LB, Daga VS, Oliveira FIM, Vitule JRS,
Callisto M, Agostinho AA, Esteves FA, Lima-Junior DP, Magalhdes ALB, Sabino J,
Mormul RP, Grasel D, Zuanon J, Vilella FS, Henry R (2019) Protected areas: a focus on
Brazilian freshwater biodiversity. Divers Distrib 25:442-448.
https://doi.org/10.1111/ddi.12871

Azevedo-Santos VM, Rodrigues-Filho JL, Fearnside PM, Lovejoy TE, Brito MFG
(2021) Conservation of Brazilian freshwater biodiversity: Thinking about the next 10
years and beyond. Biodivers Conserv 30:235-241. https://doi.org/10.1007/s10531-020-
02076-5

Bezerra LAV, Freitas MO, Daga VS, Occhi TVT, Faria L, Costa APL, Padial AA,
Prodocimo V, Vitule JRS (2019) A network meta-analysis of threats to South American
fish biodiversity. Fish and Fish 20:620-639. https://doi.org/10.1111/faf.12365

Burger JR, Allen CD, Brown JH, Burnside WR, Davidson AD, Fristoe TS, Hamilton
309 MJ, Mercado-Silva N, Nekola JC, Okie JG, Zuo W (2012) The macroecology of
sustainability. PLoS Biol 10(6):e1001345. https://doi.org/10.1371/journal.pbio.1001345

Canonico GC, Arthington A, McCrary JK, Thieme ML (2005) The effects of introduced
tilapias on native biodiversity. Aquat Conserv 15:463-483.
https://doi.org/10.1002/aqc.699

Carvalho RA, Tejerina-Garro FL (2019) Spatial and temporal trends in freshwater fish
research: the case of three neotropical river basins from Goias State, Central Brazil.
Acta Limnol Bras 31:e25. https://doi.org/10.1590/S2179-975X5418


https://doi.org/10.1111/ddi.12871
https://doi.org/10.1007/s10531-020-02076-5
https://doi.org/10.1007/s10531-020-02076-5

10

Coe MT, Brando PM, Deegan, LA, Macedo MN, Neill C, Silvério DV (2017) The
Forests of the Amazon and Cerrado Moderate Regional Climate and Are the Key to the
Future. Trop Conserv Sci 10:1-6. https://doi.org/10.1177/1940082917720671

Coe MT, Costa MH, Soares-Filho BS (2009) The influence of historical and potential
future deforestation on the stream flow of the Amazon River-Land surface processes
and atmospheric feedbacks. J Hydrol 369:165-174.
https://doi.org/10.1016/j.jhydrol.2009.02.043

Colli GR, Vieira CR, Dianese JC (2020) Biodiversity and conservation of the Cerrado:
recent advances and old challenges. Biodivers Conserv 29:1465-1475.
https://doi.org/10.1007/s10531-020-01967-x

Daga VS, Azevedo-Santos VM, Pelicice FM, Fearnside PM, Perbiche-Neves G,
Paschoal LRP, Cavallari DC, Erickson J, Ruocco AMC, Oliveira I, Padial AA, Vitule
JRS (2020) Water diversion in Brazil threatens biodiversity. Ambio 49:165-172.
https://doi.org/10.1007/s13280-019-01189-8

Dagosta FCP, de Pinna M (2019) The fishes of the Amazon: distribution and
biogeographical patterns, with a comprehensive list of species. Bull Am Mus Nat Hist
431:1-163. https://doi.org/10.1206/0003-0090.431

De Sousa PT, Piedade MTF, Candotti E (2011) Ecological oversight: Brazil’s forest
code puts wetlands at risk. Nature 478:458. https://doi.org/10.1038/478458b

Diana JS (2009) Aquaculture production and biodiversity conservation. BioScience
59:27-38. https://doi.org/10.1525/bi0.2009.59.1.7.

Dobrovolski R, Loyola R, Rattis L, Gouveia SF, Cardoso D, Santos-Silva R,
Gongalves-Souza D, Bini LM, Diniz-Filho JAF (2018). Science and democracy must
orientate Brazil’s path to sustainability. Perspect Ecol Conserv 16:121-124.
https://doi.org/10.1016/j.pecon.2018.06.005

Doria CRC, Athayde S, Marques EE, Lima MAL, Dutka-Gianelli J, Ruffino ML, 337
Kaplan D, Freitas CEC, IsaacVN (2017) The invisibility of fisheries in the process of
hydropower development across the Amazon. Ambio 47(4):453-465.
https://doi.org/10.1007/s13280-017-0994-7.

Fearnside PM (2001) Environmental impacts of Brazil's Tucurui Dam: Unlearned
lessons for hydroelectric development in Amazonia. Environ Manage 27(3):377-396.
https://doi.org/10.1007/s002670010156

Fearnside PM (2016) Brazilian politics threaten environmental policies. Science
353:746-748. https://doi.org/10.1126/science.aag0254

Ferrante L, Fearnside FM (2019) Brazil’s new president and ‘ruralists’ threaten
Amazonia’s environment, traditional peoples and the global climate. Environ Conserv
46:261-663. https://doi.org/10.1017/S0376892919000213



11

Forneck SC, Dutra FM, Camargo MP, Vitule JRS, Cunico AM (2021) Aquaculture
facilities drive the introduction and establishment of non-native Oreochromis niloticus
populations in Neotropical streams. Hydrobiologia 848:1955-1966.
https://doi.org/10.1007/s10750-020-04430-8

Garcia DAZ, Magalhdes ALB, Vitule JRS, Casimiro ACR, Lima-Junior DP, Cunico
AM, Brito MFG, Petrere-Junior M, Agostinho AA, Orsi ML (2018) The same old
mistakes in aquaculture: The newlyavailable striped catfish Pangasianodon
hypophthalmus is on its way to putting Brazilian freshwater ecosystems at risk.
Biodivers Conserv 27:3545-3558. https://doi.org/10.1007/s10531-018-1603-1

ICMBIo (Instituto Chico Mendes de Conservacgédo da Biodiversidade) (2018) Livro
Vermelho da Fauna Brasileira Ameagada de Extingéo: Volume VI - Peixes. ICMBio,
Brasilia, DF, Brazil.

Latrubesse E, Arima E, Dunne T, Park E, Baker V, Horta F, Wight C, Wittmann F,
Zuanon J, Baker P, Ribas C, Norgaard R, Filizola N, Ansar A, Flyvbjerg B, Stevaux J
(2017) Damming the rivers of the Amazon basin. Nature 546:363-3609.
https://doi.org/doi:10.1038/nature22333

Latrubesse EM, Arima E, Ferreira ME, Nogueira SH, Wittmann F, Dias MS, Dagosta
FCP, Bayer M (2019) Fostering water resource governance and conservation in the
Brazilian Cerrado biome. Conserv Sci Practice 1:e77. https://doi.org/10.1111/csp2.77

Lima LB, Oliveira FJ, Giacomini HC, Lima Junior DP (2018) Expansion of aquaculture
parks and the increasing risk of non-native species invasions in Brazil. Rev Aquacult
10:111-122. doi: 10.1111/rag.12150

Lima Junior DP, Magalhdes ALB, Pelicice FM, Vitule JRS, Azevedo-Santos 363 VM,
Orsi ML, Simberloff D, Agostinho AA (2018) Aquaculture expansion in Brazilian
freshwaters against the Aichi biodiversity targets. Ambio 47:427-440.
https://doi.org/10.1007/s13280-017-1001-z

Lopes GR, Lima MGB, Reis TNP (2021) Maldevelopment revisited: inclusiveness and
social impacts of soy bean expansion over Brazil’s Cerrado in Matopiba. World
Development 139: 105316. https://doi.org/10.1016/j.worlddev.2020.105316

Lopes RF, Candeiro CRA, de Valais S (2019) Geoconservation of the paleontological
heritage of the geosite of dinosaur footprints (sauropods) in the locality of S&o
Domingos, municipality of Itaguatins, state of Tocantins, Brazil. Environ Earth Sci
78:707. https://doi.org/10.1007/s12665-019-8722-1

Lucinda PHF, Freitas IS, Soares AB, Marques EE, Agostinho CS, Oliveira RJ (2007)
Fish, Lajeado Reservoir, rio Tocantins drainage, State of Tocantins, Brazil. Check List
3:70-83. https://doi.org/10.15560/3.2.70

Machado KB, Targueta CP, Antunes AM, Soares TN, Telles MPC, Logares R, Vieira
LCG, Huszar VLM, Nabout JC (2019) Diversity patterns of planktonic microeukaryote
communities in tropical floodplain lakes based on 18S rDNA gene sequences. J
Plankton Res 41(3):241-256. https://doi.org/10.1093/plankt/fbz019



12

MapBiomas, 2021. Collection 5 of Brazilian Land Cover & Use Map Series.
https://mapbiomas.org/download (Accessed March 2021).

Martinelli LA, Naylor R, Vitousek PM, Moutinho P (2010) Agriculture in Brazil:
Impacts, costs, and opportunities for a sustainable future. Curr Opin Environ Sustain
2:431-438. https://doi.org/10.1016/j.cosust.2010.09.008

Martins PR, Sano EE, Martins ES, Vieira LCG, Salemi LF, Vasconcelos V, Couto
Junior AF (2021) Terrain units, land use and land cover, and gross primary productivity
of the largest fluvial basin in the Brazilian Amazonia/Cerrado ecotone: The Araguaia
River basin. Appl Geogr 127:102379. https://doi.org/10.1016/j.apge0g.2020.102379

Morais PB, Noleto Junior S, Martins ICM (2014) Anélise de sustentabilidade do projeto
hidroagricola Javaés/LAGOA, no estado do Tocantins. Cadernos de Ciéncia &
Tecnologia 34(1):83-111. http://dx.doi.org/10.35977/0104-1096.cct2017.v34.26297

Nepstad D, Mcgrath D, Stickler C, Alencar A, Azevedo A, Swette B, Bezerra T,
DiGiano M, Shimada J, Motta RS, Armijo E, Castello L, Brando P, Hansen MC,
MsGrath-Horn M, Carvalho O, Hess L (2014) Slowing Amazon deforestation through
public policy and interventions in beef and soy supply chains. 390 Science 344:1118—
1123. https://doi.org/10.1126/science.1248525

Pelicice FM, Castello L (in press). A political tsunami hits Amazon conservation.
Aguatic Conserv Mar Freshw Ecosyst. https://doi.org/10.1002/aqc.3565

Pelicice FM, Azevedo-Santos VM, Vitule JRS, Orsi ML, Lima Junior DP, Magalhaes
ALB, Pompeu PS, Petrere M Jr, Agostinho AA (2017) Neotropical freshwater fishes
imperiled by unsustainable policies. Fish Fish 18:1119-1133.
https://doi.org/10.1111/faf.12228

Pelicice FM, Vitule JRS, Lima Junior DP, Orsi ML, Agostinho AA (2014) A serious
new threat to Brazilian freshwater ecosystems: the naturalization of nonnative fish by
decree. Conserv Lett 7:55-60. https://doi.org/10.1111/conl.12029

Pereira HR, Gomes LR, Soares PT, Martins PR, Pelicice FM, Teresa FB, Vieira LCG
(2021) Long-term responses of fish diversity to river regulation: a multi-metric
approach. Environ Biol Fish 104:71-84. https://doi.org/10.1007/s10641-021-01056-0

Perdnico PB, Agostinho CS, Fernandes R, Pelicice FM (2020) Community reassembly
after river regulation: rapid loss of fish diversity and the emergence of a new state.
Hydrobiologia 847(2):519-533. https://doi.org/10.1007/s10750-019-04117-9

Ribeiro MCLB, Petrere Jr. M, Juras AA (1995) Ecological integrity and fisheries
ecology of the Araguaia—Tocantins River basin, Brazil. Regul Rivers: Res Manag
11(3-4):325-350. https://doi.org/10.1002/rrr.3450110308

Salvador GN, Leal CG, Brejdo GL, Pessali TC, Alves CBM, Rosa GR, Ligeiro R,
Montag LFA (2020) Mining activity in Brazil and negligence in action. Perspect Ecol
Conserv. 18:139-144.



13

https://doi.org/10.1016/j.pecon.2020.05.003

Santana MLC, Carvalho FR, Teresa FB (2021) Broad and fine-scale threats on
threatened Brazilian freshwater fish: variability across hydrographic regions and
taxonomic groups. Biota Neotropica 21(2):e20200980. https://doi.org/10.1590/1676-
0611-BN-2020-0980

Scaramuzza CAM, Sano EE, Adami M, Bolfe EL, Coutinho AC (2017) Land-use and
Land-cover mapping of the Brazilian Cerrado based mainly on Landsat-8 satellite
images. Rev Bras Cartografia 69(6):1041-1051, 2017.

Strassburg BBN, Brooks T, Feltran-Barbieri R, Iribarrem A, Crouzeilles R, Loyola 416
R, Latawiec AE, Oliveira FJB, Scaramuzza CAD, Scarano FR, Soares B, Balmford A
(2017) Moment of truth for the Cerrado hotspot. Nat Ecol Evol 1:3.
https://doi.org/10.1038/s4155 9-017-0099

Swanson AC, Bohlman S (2021) Cumulative impacts of land cover change and dams on
the land-water interface of the Tocantins River. Front Environ Sci 9:662904.
https://doi.org/10.3389/fenvs.2021.662904

Thomaz SM, Gomes Barbosa L, de Souza Duarte MC, Panosso R (2020) The future of
nature conservation in Brazil. Inland Waters 10:295-303.
https://doi.org/10.1080/20442041.2020.1750255

Trigueiro WR, Nabout JC, Tessarolo G (2020) Uncovering the spatial variability of
recent deforestation drivers in the Brazilian Cerrado. J Environ Manage 275:111243.
https://doi.org/10.1016/j.jenvman.2020.111243

Vitule JRS (2009) Introducgéo de peixes em ecossistemas continentais brasileiros:
revisao, comentarios e sugestdes de a¢bes contra o inimigo quase invisivel. Neotrop
Biol Conserv 4:111-122. https://doi.org/10.4013/5123

Vitule JRS, Freire CA, Simberloff D (2009) Introduction of non-native freshwater fish
can certainly be bad. Fish Fish 10:98-108. https://doi.org/10.1111/j.1467-
2979.2008.00312.x

Winemiller KO, Mclntyre PB, Castello L, Fluet-Chouinard E, Giarrizzo T, Nam S,
Baird IG, Darwall W, Lujan NK, Harrison I, Stiassny MLJ, Silvano RAM, Fitzgerald
DB, Pelicice FM, Agostinho AA, Gomes LC, Albert JS, Baran E, Petrere M Jr, Zarfl C,
Mulligan M, Sullivan JP, Arantes CC, Sousa LM, Koning AA, Hoeinghaus DJ, Sabaj
M, Lundberg JG, Armbruster J, Thieme ML, Petry P, Zuanon J, Torrente Vilara G,
Snoeks J, Ou C, Rainboth W, Pavanelli CS, Akama A, van Soesbergen A, Saenz L
(2016) Balancing hydropower and biodiversity in the Amazon, Congo, and Mekong.
Science 351:128-129. https://doi.org/10.1126/science.aac7082





