Neotropical |[d1417e1 671

Correspondence:
Fernando Cesar Paiva Dagosta
ferdagosta@gmail.com

Submitted June 21, 2023
Accepted November 20, 2023
by George Mattox

Epub March 11, 2024

Online version ISSN 1982-0224

Print version ISSN 1679-6225

Neotrop. Ichthyol.

vol. 22, no. 1, Maringd 2024

Review article https://doi.org/10.1590,1982-0224-2023-0066

Fishes of the upper rio Parand basin:
diversity, biogeography and conservation

Fernando Cesar Paiva Dagosta'?, “Maristela Sayure Moncao'3,

Barbara Akemi Nagamatsu'?, “Carla S. Pavanelli4,

Fernando R. Carvalho?, “Flavio C. T. Lima®, “Francisco Langeani’,
Guilherme Moreira Dutra®, “Renata Rubia Ota*?, “Thomaz Jefrey Seren*3,
Victor Tagliacollo?, “Naércio Aquino Menezes®, “Heraldo A. Britski®® and
Mario de Pinna®

The upper rio Parani basin drains the most developed and environmentally
degraded region in South America: the Brazilian southeast. While it is one of
the most well-known Neotropical fish assemblages, it is also one of the most
threatened by anthropic activity. Urbanization, deforestation, dam construction,
invasive species, and water pollution not only reduce the living area of species
but also alter our perception of the basin and its biotic elements. Such changes are
so profound and pervasive that raise uncertainties about the native or non-native
status of several species. This paper aims to offer a detailed picture of the native
diversity and historical biogeography of the fishes in the upper rio Parand basin,
which we hope will offer a solid foundation for future conservation policies. We
update the list of native species, analyze geographical distributions, and identify
biogeographical patterns, emphasizing areas requiring recognition as distinct
biotas for conservation efforts. Over the past 15 years, more than 100 additional
species have been described or recorded, expanding the total to 341 native species
belonging to six orders and 30 families, making it the richest river basin in Brazil
outside the Amazonian region. Unlike most neotropical basins where Characidae
dominates, loricariids make up nearly one-fourth of the total fish diversity in

the region. Species and clades concentrate in the central basin, while endemics
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Fishes of the upper rio Parand basin

are confined to peripheral areas due to the complex biogeographical history
shared with neighboring basins. Eighteen distinct biogeographical regions are
identified, discussing their composition, histories, and conservation implications.
The upper rio Parand basin has 10% of its fish fauna ranked as endangered and
present 128 non-native species, including three hybrids. This places it as the
major drainage with the largest number of endangered taxa in the neotropics and
at the same time the one with the most numerous non-native elements. Existing
protected areas are deemed ineffective in preserving diverse assemblages and fail
to safeguard the majority of threatened and narrowly-endemic species.

Keywords: Biodiversity, Ichthyofauna, Neotropical region, Non-native species,
Taxonomy.

A bacia do alto rio Parand drena a regiio mais desenvolvida e ambientalmente
degradada da América do Sul: o sudeste brasileiro. Ao mesmo tempo que é uma
das assembleias de peixes neotropicais mais conhecidas, também é uma das mais
ameagadas pela atividade antrépica. Urbanizagio, desmatamento, barramentos de
usinas, espécies invasoras e polui¢do da dgua nio apenas reduzem a irea de vida
das espécies, mas também alteram nossa percep¢io da bacia e de seus elementos
bidticos. Essas mudangas ambientais sio tdo profundas e abrangentes que geram
incertezas sobre a natureza nativa ou nio nativa de vérias espécies. Este artigo visa
oferecer uma visio detalhada da diversidade nativa e da biogeografia histérica
dos peixes da bacia do alto rio Parand, fornecendo uma base solida para futuras
politicas de conservagio. Atualizamos a lista de espécies nativas, analisamos
distribuigdes geogrificas e identificamos padrdes biogeograficos, enfatizando
dreas que requerem reconhecimento como biotas distintas para esforgos de
conservagio. Nos tltimos 15 anos, mais de 100 espécies adicionais foram descritas
ou registradas, expandindo o total para 341 espécies nativas pertencentes a seis
ordens e 30 familias, tornando-a a bacia hidrogrifica mais rica do Brasil fora
da regido amazoénica. Ao contririo da maioria das bacias neotropicais em que
Characidae domina, os loricariideos constituem quase um quarto da diversidade
total de peixes na regido. Espécies e clados se concentram na regiio central da
bacia, enquanto elementos endémicos estio restritos a dreas periféricas devido
a complexa histéria biogeografica compartilhada com bacias vizinhas. Dezoito
regides biogeogrificas distintas sio identificadas, sua composi¢io, biogeografia
e conservagio sio discutidas. A bacia do alto rio Parand possui 10% de sua
ictiofauna classificada como ameagada e apresenta 128 espécies nio nativas,
incluindo trés hibridos. Isso a posiciona como a drenagem com o maior niimero
de tixons ameagados nos tropicos a0 mesmo tempo que tem a maior riqueza de
elementos nio nativos. As dreas protegidas existentes sio consideradas ineficazes
na preservagio das diferentes assembleias e falham em proteger a maioria das
espécies ameagadas e as endémicas.

Palavras-chave: Biodiversidade, Espécies nio nativas, Ictiofauna, Regiio
Neotropical, Taxonomia.

2/1 09 Neotropical Ichthyology, 22(1):e230066, 2024 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Fernando C. P. Dagosta, Maristela S. Mongao, Barbara A. Nagamatsu, Carla S. Pavanelli, Fernando R. Carvalho, Flavio C. T. Lima et al.

PROLOGUE

Sete Quedas falls, the former geographic barrier that delimited the upper rio Parani basin as a distinct

biogeographic region, was submerged by the construction of the Itaipu dam in 1982. Source: Brazilian

government, available at: hetps://www12.senado.leg.br/noticias/materias/2016/09/21/orfa-do-salto-de-sete-

quedas-guaira-podera-receber-mais-royalties-de-itaipu

ni.bio.br | scielo.br/ni

“Sete quedas por mim passaram, e todas sete se esvairam.
Cessa o estrondo das cachoeiras, e com ele a memdria dos
indios, pulverizada, jd ndo desperta o minimo arrepio.

- E desfaz-se por ingrata intervengdo de tecnocratas. Aqui
sete visées, sete esculturas de liquido perfil dissolvem-se entre
cdleulos computadorizados de um pais que vai deixando de ser

humano para tornar-se empresa gélida, mais nada.

- Sete quedas por nds passaram, e ndo soubemos, ah, nio
soubemos amd-las, e todas sete foram mortas, e todas sete
somem no ar, sete fantasmas, sete crimes dos vivos golpeando a
vida que nunca mais renascerd.”

Carlos Drummond de Andrade
(Rio de Janeiro, Jornal do Brasil, 9 Sep 1982)
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Fishes of the upper rio Parand basin

INTRODUCTION

The upper rio Parand basin corresponds to approximately one-quarter of the La Plata
basin, making itone of the largest hydrographic basins in the Brazilian territory. The upper
rio Parand basin is formed by various sub-basins which drain the areas corresponding
to the Brazilian States of Goids, Minas Gerais, Sio Paulo, Mato Grosso do Sul, Paran3,
and the Distrito Federal, having as main tributaries the rivers Paranaiba, Grande, Tieté,
and Paranapanema (Bonetto ef al., 1986; Britski, Langeani, 1988). It is located mostly
in the Brazilian southeast, the most heavily urbanized region in South America, with
high population density and large urban and industrial centers, comprising ca. 40% of
the Brazilian population (IBGE, 2023). In addition, agriculture and cattle raising are
historic activities in the region and have grown significantly in recent years (Agostinho
et al., 2007a,b; Pelicice er al., 2021). Economically developed regions are usually those
where biodiversity is most severely threatened, because investment in conservation is
not in proportion to the economic prosperity of those regions (Martinelli et al., 2002;
Pelicice et al., 2017).

The ichthyofauna of the upper rio Parani basin is relatively rich. The latest
compilation lists 236 native species, plus additional still undescribed species (Langeani
et al., 2007). At least 70 species in the basin were considered non-native, being either
exotic or accidental additions caused by the Itaipu hydroelectric dam (Agostinho ef al.,
2004a; Langeani ef al., 2007; Jalio Janior ef al., 2009; Vitule ef al., 2012). The basin has
a high degree of fish endemism (Britski, Langeani, 1988; Castro ef al., 2003; Menezes
et al., 2003), with several species restricted to the basin or to parts of its tributaries. This
led several authors to consider the upper rio Parana as an independent biogeographic
unit in the neotropics (eg., Ringuelet, 1975; Vari, 1988; Abell et al., 2008; Dagosta et
al., 2021).

Despite being one of the most intensively studied drainages in South America
(Langeani er al., 2007; Galves et al., 2009), little effort has been employed towards
minimizing so-called Wallacean shortfall (Lomolino e al., 2004; Bini ef al., 2006), ie.,
to fill in the gaps in knowledge about the geographic distribution of species in the basin.
Despite available ichthyofaunistic lists for the upper rio Parand (Langeani ef al., 2007;
Ota et al., 2018), so far there has been little concerted effort to survey distributional
data on its fish species in order to understand their distribution patterns and to employ
historical biogeography as a tool to delimit priority areas for conservation. This paper
endeavors to compile and organize published knowledge on the diversity of fishes in the
upper rio Parand and to produce an up-to-date species list, to identify biogeographic
patterns within the basin, and to use the generated information to define the areas
of highest relevance for the conservation of its ichthyofauna. Multiple biogeographic
analyses utilizing a range of methodologies (i.e., Species richness, Bioregionalization,
Phylogenetic Diversity, Beta diversity, and Weight Endemism) were undertaken to
acquire a thorough and all-encompassing understanding of the biogeography of fishes
living in the upper rio Parand basin.
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MATERIAL AND METHODS

Study area. The rio Parani basin is divided into four hydrographic regions (Stevaux,
1994, 2000): 1) Upper Parani: from its headwaters to the Sete Quedas falls, between
Guaira, Brazil and Salto del Guair4, Paraguay (or Guairé Falls, currently submerged by
the Itaipu Dam); 2) Middle Parani: downstream from Sete Quedas to the confluence
with the Rio Paraguai, between Isla del Cerrito and Paso de la Patria, Argentina; 3) Lower
Parani: floodplain, downstream from Parani-Paraguai confluence to the region of
Rosario, Argentina; 4) Parana Delta: from the confluence of rio Carcarafid (municipality
of Gaboto, Argentina) to rio de La Plata estuary. The Itaipu Dam is located 150 km
downstream from the Sete Quedas falls, the original natural barrier between the upper
and middle-lower rio Paran (Langeani ef al., 2007). The definition of upper Parani by
Abell er al. (2008) is different and includes all water bodies upstream from Itaipu Dam.
Although herein we follow the definition of Stevaux (2000), for practical reasons the
sector from Itaipu upstream to Sete Quedas is also included in our maps and analyses
(Fig. 1). Such addition is necessary in order to discuss the major impact that the dam has
for the diversity, biogeography and conservation of the entire river basin.
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FIGURE 1 | The upper rio Parand and its main tributaries. The basin is defined as the entire area drained
upstream of the former Sete Quedas Falls. Note that the Itaipu dam is located downstream from Sete
Quedas. Numbers indicate capital cities in the basin: 1. Sdo Paulo; 2. Brasilia; 3. Goiania; 4. Campo

Grande.
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The region drained by the upper rio Parand has pronounced heterogeneity of
phytophysiognomies, including Semidecidual Forests, Cerrados, Mixed Ombrophilous
Forests, Campos Rupestres and Gallery Forests (Hueck, Seibert, 1981; Agostinho et al.,
2007a; Thomaz et al., 2007; Agostinho et al., 2009). The upper rio Parani basin has
broad altitudinal range, between 200 and 2,000 m a.s.l., with most of its area within the
400-600 m range, in the central portion of the basin (Fig. 2).

Geologically, the upper rio Parand basin lies mainly within the Parand sedimentary
basin, a Paleozoic-Mesozoic intracratonic sedimentary basin formed in the interior of
the Gondwana paleocontinent by successive sequences of sedimentary and intrusive/
extrusive magmatic formations over a cratonic basement; its outcropping formations
have been shaped by erosion and uplift since the Upper Cretaceous, when its
depositional history ceased (Milani, Thomaz Filho, 2000). The eastern portion of the
upper rio Parand basin lies at the Mantiqueira province, an ancient (Neoproterozoic-
Paleozoic) folding belt where the highest altitudes within the upper Paran4 basin (2,000
m a.s.l.) are reached and where the headwaters of most of the main tributaries of the
upper Parand basin (rio Paranapanema, rio Tieté, and rio Grande) have their sources.
The Mantiqueira province is a complex area both physiognomically and historically,
as an ancient orogen deeply affected by the opening of the Atlantic Ocean, and which
has undergone cycles of upfliting, denudation, and rifting (Almeida, Carneiro, 1998;
Hiruma ef al., 2010; Alkmin, 2015). The northern portions of the upper rio Parani
basin are within the Sio Francisco craton (Teixeira ef al., 2000), to the east, and the
Brasilia fold belt, to the west (Pimentel er al., 2000). The Parani sedimentary basin
ends westward in Mato Grosso do Sul State at the Pantanal tectonic basin (see, eg.,
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FIGURE 2 | Topographic map of the upper rio Parana. In the upper right corner, the location of the

basin (highlighted in orange) in Brazil and in the South American continent.
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Assine ef al., 2015: fig. 1; Sallun Filho, Karmann, 2007: fig. 1), where its boundaries
and the ones from the upper rio Parand basin partially coincides, and more southward
the Asuncion arch make the boundaries between the Parand sedimentary basin and
the Chaco basin (and again partially coinciding with the present basin limits) (Milani,
Thomaz Filho, 2000). The resulting topography of this relatively complex geological
setting is, as expected, very diverse. The eastern portion of the upper rio Parani within
the Mantiqueira region, where the highest altitudes within the basin are reached (2,000
m a.s.l.), present high-gradient rivers. In contrast, the central plateau of the Paran4 basin,
due to its long history of denudation, present a predominantly gentle slope towards the
rio Parand. The gentle slope of the Parand sedimentary basin in the upper rio Parani
basin contrasts with the high-gradient, fast-flowing rivers draining the southern portion
of the Parand sedimentary basin, south of the Sete Quedas Falls, ie., the rio Iguagu
basin and the upper rio Uruguai basins, reflecting the differences in the magmatic and
sedimentary formations between these areas (Almeida, 1956). The upper rio Parani
lies on an ancient (pre-Devonian) rift (Milani, 2004). Holocene (8,000 years old to the
present) floodplains are present along the stretch downstream Porto Primavera dam,
preceded by a dry period (40,000-8,000 years old) when the rio Parand was a braided
river system lacking floodplains (Stevaux, 1994, 2000).

The upper rio Parand basin has a number of important tributaries, including the
Grande, Tieté, Paranaiba, and Paranapanema rivers (Fig. 1), mostly having their
headwaters in eastern Brazil. Left-margin tributaries are extensive, up to 1,000 km
and many have their headwaters in crystalline rocks of the Serra do Mar, Serra da
Paranapiacaba, and Serra da Mantiqueira. Right-margin tributaries (eg, Ivinhema,
Pardo, Verde, and Sucuriti rivers) are under 400 km in length and their sources are in
the ranges of Serra de Maracaju and Serra de Carapé (Souza Filho, Stevaux, 1997). The
rio Parani itself is formed by the confluence of the rivers Paranaiba and Grande, on the
triple boundary of Sio Paulo, Minas Gerais, and Mato Grosso do Sul states.

The rio Paranaiba originates in the Serra Mata da Corda in State of Minas Gerais at
1,100 m a.s.l,, extending for 120 km in its first stretch to the city of Patos de Minas, later
forming the border between the states of Minas Gerais and Goids (Santos, 2010). The
fish fauna of the basin is relatively poorly-known compared with the remainder of the
upper Parana. Fish surveys were published for some of its tributaries, including the rio
Corumba (Pavanelli et al., 2007), upper rio Sio Bartolomeu (Aquino ef al., 2009) and
rio Araguari (Langeani, Rego, 2014), Santa Maria, Meia Ponte, and Piracanjuba river
basins (Vieira, Tejerina-Garro, 2014), rio Meia Ponte basin (Fialho ef al., 2007; Dias,
Tejerina-Garro, 2010).

The rio Grande originates in the Serra da Mantiqueira, at the limit between the states
of Sio Paulo and Minas Gerais, 1,500 m a.s.l. and runs for 1,050 km (Ziesler, Ardizzone,
1979). This is the largest subdrainage of the upper Parand and its longest tributaries
draining the left margin. The most important right-margin tributary is the rio Uberaba,
previously inventoried by Ribeiro ef al. (2019). On the left margin, there are many
ichthyological surveys of the rio Mogi-Guagu (e,g., Meschiatti, Arcifa, 2009), of the rio
Sapucai by Oliveira et al. (2016) and Azevedo-Santos ef al. (2019), of the rio Preto by
Santos ef al. (2017), and for the stream fauna in general by Castro ef al. (2004).

The rio Tieté basin is the second largest in the State of Sio Paulo. It originates at 840
m a.s.l. at Serra do Mar, municipality of Salesépolis, and crosses the capital of the State,

Neotropical Ichthyology, 22(1):e230066, 2024 7/109
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running 1,150 km to join the rio Paran4, at the boundary with State of Mato Grosso do
Sul. There are multiple ichthyological inventories of parts of the basin (eg., Northcote
et al., 1985; Uieda, Barreto, 1999; Castro et al., 2005; Silva et al., 2006; Esguicero, Arcifa,
2011; Marceniuk et al., 2011; Cetra ef al., 2012; Serra ef al., 2015; Smith et al., 2018; Reia
et al., 2020).

The rio Paranapanema, which begins in the Serra de Paranapiacaba at an altitude
of approximately 900 m a.s.l., is among the largest left-bank tributaries of the upper
Parand. With its main tributaries being the rivers Itararé, Tibagi, Pardo, and Pirapd, it
stretches along 500 km before reaching its mouth at the rio Parana. It is one of the most
impacted basins of the Brazilian southeast, with over ten dams along its main channel
(Ziesler, Ardizzone, 1979; Henry, 2005). A broad inventory of its fish fauna was recently
published (Jarduli er al., 2020), as well as the ichthyofauna of one of its main tributaries,
the rio Itararé (Frota ef al., 2020). Other smaller basins south of the Paranapanema, such
as the rio Ivai and rio Piquiri have compiled lists of the ichthyofauna by Frota et al.
(2016) and Cavalli er al. (2018), respectively. The fish fauna occurring in streams of the
rio Paranapanema basin was investigated by Castro ef al. (2003).

Right-margin tributaries of the upper Parand are smaller and comparatively less well-
surveyed, except for the rio Ivinhema. The portion draining the territory of the State
of Mato Grosso do Sul had its ichthyofauna compiled by Froehlich er al. (2017). The
region of the Aporé-Sucuritt complex and the rio Iguatemi basin had its fish fauna
inventoried by Froehlich ef al. (2006) and Starez, Petrere Janior (2003), respectively.
Few ichthyological studies have been conducted in the rio Verde basin and a brief
inventory of the middle portion of the basin was presented by Rosa ef al. (2020). The
rio Pardo and rio Amambai are also poorly known, with some studies on specific aspects
of the fish fauna, such as Lima er al. (2013) on the distribution of fish eggs and larvae in
the rio Pardo and Silva et al. (2017) in the rio Amambai, and Pereira et al. (2018) on the
fish parasites in the rio Amambai.

The main right-margin tributary of the upper Parand is the rio Ivinhema. One of its
main components is the rio Dourados, originating at 700 m a.s.l. and receiving inflows
from the rivers Santa Maria, Brilhante, and Vacaria. The rio Ivinhema drains an area
of 46,023 km? (Agostinho er al., 2000; Vicentin ef al., 2019). The rio Ivinhema basin is
practically free of dams and is the most intensely studied of the right-margin tributaries
(eg., Sudrez et al., 2006, 2007, 2008a,b, 2011; Starez, Lima-Junior, 2009). A large
portion of that basin is within a protected area, the Vérzeas do rio Ivinhema State Park.

List of native species of the upper rio Parand. The only previous checklist of the
fish species occurring at the upper rio Parand basin was Langeani ef al. (2007). We
herein update the list including species described since then, newly published records
for the basin, and nomenclatural changes that have happened in the intervening period.
Only native species from the upper rio Parani basin are considered in the Tab. 1.
The compilation includes all taxa described until 30 April 2023, so it does not include
Eigenmannia catira Cardoso & Dutra, 2023, which was published after the acceptance
of the present article. Undescribed species mentioned in the literature are referred only
when biogeographically significant, and are not included either in the quantification
for the basin or in the database for analyses. Nomenclatural classification follows Van
der Laan, Fricke (2023).

8/1 09 Neotropical Ichthyology, 22(1):e230066, 2024 ni.bio.br | scielo.br/ni
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Non-native species. The main purpose of this paper is to discuss the biodiversity of
fishes native to the upper rio Parand basin. However, because of the ubiquitous presence
and strong impact of invasive species in the river basin, a list of non-native species is also
included separately. Such a list is inherently highly transient, because of the dynamic
and unpredictable nature of invasion events, and therefore needs constant updating.

In some cases, the identification of a taxon as native or non-native is complex, and in
all such instances, we base our decision on available data, consultation with taxonomist
specialists and literature (e.g., Langeani ef al., 2007; Ota et al., 2018). Complex cases that
require further discussion will be addressed in detail in the “Discussion - Questionable
native or non-native species” section.

Some non-native species recorded in the literature for the basin were not included
in the list. The record of Cynopotamus kincaidi (Schultz, 1950) from Langeani ef al.
(2007) is from Foz do Iguacu municipality, Parana State, downstream from the Itaipu
power plant. To date, the species has only been collected in the “Canal da Piracema”, an
artificial channel to enable the transposition of fish species through the Itaipu reservoir,
which began operating in late 2002. However, C. kincaidi has never been collected in or
upstream from the Itaipu reservoir. Therefore, the species is considered as non-native to
the upper rio Parand basin. Langeani ef al. (2007) recorded Farlowella oxyrhyncha (Kner,
1853), however, the lot that has based this record (NUP 1496) has been reidentified as
Farlowella hahni Meinken, 1937. Another record from Langeani et al. (2007) excluded
here is that of Odontesthes bonariensis (Valenciennes, 1835), which occurs in the rio
Iguagu but not in the upper rio Parand basin. The allochthonous record of Pimelodus
fur (Liitken, 1874) in Langeani ef al. (2007) refers to P microstoma Steindachner, 1877.
Records in Casimiro et al. (2018) of Salmo trutta Linnaeus, 1758 and Brycon falcatus Miiller
& Troschel, 1844 appears to be misidentification of Oncorlynchus mykiss (Walbaum,
1792), and B. amazonicus (Agassiz, 1829), respectively.

Taxonomic problems. Some of the species previously recorded for the upper
rio Parand by Langeani e al. (2007) are not included herein. Astyanax goyacensis
Eigenmann, 1908 was excluded following Garutti, Langeani (2009). Astyanax
paranahybae Eigenmann, 1911 is a junior synonym of a Piabina argentea Reinhardt,
1867 (¢f- Santos, 2014). Psalidodon eigenmanniorum (Cope, 1894) from the upper rio
Parand basin was described as Astyanax bockmanni Vari & Castro, 2007 (= Psalidodon
bockmanni). Apteronotus paranaensis (Schindler, 1940) is considered here as a species
inquirenda following Ferraris ef al. (2017). Morais-Silva et al. (2018) and Reis et al.
(2020) documented the presence of Cambeva stawiarski (Miranda Ribeiro, 1968) in the
upper rio Parand basin. However, this record was invalidated by Reis er al. (2021), who
restricted the distribution of the species to the rio Iguagu basin. Pimelodella rudolphi
Miranda Ribeiro, 1918 is a junior synonym of Pimelodella meeki Eigenmann, 1910
(Slobodian, 2017). Psalidodon argentum (Salgado, 2021) was recently described from
the basin, but the publication was later withdrawn by the author. According to the
ICZN rules, this does not revert the availability of the name (see Dubois, 2020). So, the
taxon is considered as available here, although it is not included in the quantifications
of the diversity in the basin because its validity pends confirmation. The species is very
similar to Psalidodon fasciatus (Cuvier, 1819), a species widely distributed throughout
southeastern and northeastern Brazilian drainages.
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The taxonomy of the Gymmnotus species occurring in the upper Paran is still poorly
known. Although some species such as Gymmnotus cuia Craig, Malabarba, Crampton &
Albert, 2018 and G. sylvius Albert & Fernandes-Matioli, 1999 have part of their type
material or examined material in their original descriptions from the upper rio Parani
basin, but recent taxonomic studies (GMD, pers. obs.) have questioned the validity of
these species. Therefore, the record of these species in the basin cannot yet be confirmed
and only Gymnotus pantherinus (Steindachner, 1908) can unambiguously be assigned to
the basin. The identity of the remaining Gymmnotus species recorded for the basin are
still poorly understood and thus were not included either in maps or in biogeographic
analyses. Other species with either poorly documented or poorly known taxonomically
in the upper rio Paranid are Cichlasoma dimerus (Heckel, 1840), Serrapinnus piaba
(Liitken, 1875), Synbranchus madeirae Rosen & Rumney, 1972, and species of the Hoplias
malabaricus complex group. In all such cases, no distribution map is presented, and
their data was not employed in biogeographic analyses. According to Bifi (2013), the
distribution considered here for Hoplias aff. malabaricus encompasses two morphotypes:
Hoplias cf. malabaricus and an undescribed species. Following Mota et al. (2018), we are
herein considering Hemigrammus aff. marginatus (sensu Ota et al., 2015) as not clearly
diagnosable from Moenkhausia bonita Benine, Castro & Sabino, 2004. The distribution
of M. bonita considered here refers to the morphotype with a complete lateral line, while
records with incomplete lateral lines, more frequent in the eastern portion of the basin,
are not considered for analyses or species mapping.

Geographical coordinates acquisition. A database containing more than 45,000
geographical coordinates of fish species of the upper rio Parand basin was compiled
using information available in the taxonomic literature, museum collections, and
metadata depositories. Personalized Python Scripts with regular expression patterns (i.e.,
regex) were employed to assemble coordinates from the digital literature. Published
papers with distribution maps yet lacking georeferenced specimens had their respective
coordinates extracted manually using a georeferenced map as a proxy. Species not
treated in taxonomic revisions or published maps had their distributions based on
inventories and records from online depositories. Additional coordinates were obtained
from ichthyological collections (e,g., DZSJRP, LBP, MZUEL, MZUSP, NUP, USNM)
via SpeciesLink http://splink.cria.org.br, from data made available to the authors by
respective curators, and the database published by Tonella er al. (2023). Compiled
distribution points (Fig. 3) correspond to coordinates digitized from published
taxonomic papers and those obtained from ichthyological databases.

Data validation. Compiled recorded coordinates were subject to an automated
processing routine intended to identify and remove records with georeferencing
problems, mainly those from SpeciesLink. The routine included the three steps
suggested by Robertson ef al. (2016). Duplicated coordinates were removed to avoid
pseudoreplication. Species distributions were finally inspected visually to identify
suspicious records. Those outside of their geographical distributions known from the
literature of the upper rio Parand were removed to assure the reliability of data.
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FIGURE 3 | Sampling records of fishes in the upper Parana basin compiled in this study. Most points
are concentrated on the left bank, mainly in the regions corresponding to the rios Tieté, Grande, and

Paranapanema, where there are concentrations of urban centers and/or research institutions.

Georeferenced layers. Distribution of hydroelectric dams was extracted from the
Sistema de Informagdes Geogrificas do Setor Elétrico (SIGEL) of Agéncia Nacional de
Energia Elétrica (ANEEL), available at: https://sigel.aneel.gov.br/Down/. Delimitation
of biomes are from the Instituto Brasileiro de Geografia e Estatistica (IBGE), Mapa de
Biomas do Brasil 1/5.000.000, available at: https://www.ibge.gov.br/geociencias/cartas-
e-mapas/informacoes-ambientais/15842-biomas.html?=&t=downloads.

Threatened species. Categories of threatened fish species in the upper rio Parand
followed Portaria GM/MMA # 300, of December 13, 2022 (MMA, 2022). Although
that list was subsequently revoked, for legal reasons, by the Portaria MMA # 354, of
January 27, 2023 (MMA, 2023), it remains the most up-to-date document available on
threatened fishes of Brazil.

Biogeographic analyses. All databases prepared for biogeographic analyses were
prepared in R (R Develoment Core Team, 2017). In all cases, the delimitation mask of
interpolation was the profile of the hydrographic basin of the upper rio Parand. Only
native species were included in analyses.
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Bioregionalization of the upper rio Parani basin. Bioregionalization of the
ichthyofauna was prepared with the software Infomap Bioregions2 (Edler ef al., 2017),
Beta version available at https://www.mapequation.org/bioregions2/. That option was
chosen because of certain implementations available only in the newest version, such
as the use of smaller quadricules (1/128° vs. 1/8° in older versions) and the quantity
of trials, previously limited to 10 in older versions. InfoMap bioregions subdivides
the region and compares the biota within each quadrant, then regrouping the parts
and defining bioregions based on the similarity of species composition. The software
employs adaptive quadricule resolution, a crucial feature when dealing with uneven
sampling efforts, as is the case in the realistic situations addressed here. The analysis
applied the following configurations: maximum cell capacity > 300.000 and minimum
cell capacity = 5, trials > 100. Changing those parameters does not significantly change
resulting patterns. According to Daru et al. (2020), recognized patterns of endemism
are scale-dependent. To minimize bias, we opted for a result that is less susceptible to
cell size variations. Consistent results are obtained when the minimum cell size varies
between 1/32 and 1 degree, and the maximum cell size is fixed at 1 degree.

Species richness. Species Richness Interpolation (SRI) maps species richness
using Spline interpolation algorithm to attribute values which smooth out the curve
of collected species between coordinates. Estimates were inferred by the software
Biodinamica (Oliveira ef al., 2019). Parameters used were: hexagon size of sample unit
1.5 (equivalent to 150 km); resolution raster 0.5; minimum of one sample per hexagon;
remaining parameters according to default values of the software.

Concentration of threatened species. A separate Species Richness analysis using SRI
was employed to identify which regions in the basin concentrate records of species in
threatened levels. The analysis included only species considered as threatened according
to the Lista Nacional de Espécies Ameagadas de Extingio, Portaria GM/MMA N°
300/2022 (MMA, 2022). The hexagon size of the sample unit was 0.5 (equivalent to 50
km); resolution raster 0.5; minimum of one sample per hexagon; remaining parameters
followed default configurations of the software.

Phylogenetic diversity. The method of Phylogenetic Diversity (PD) defines the
phylogenetic diversity of a group of species within areas as the summation of all
branches of a phylogenetic tree comprising all elements of that group (Faith, 1992).
The tree employed was from Cassemiro ef al. (2023) where exclusively species with
occurrence in the upper rio Parand were utilized. Estimates were inferred by spline
interpolator using default parameters of the software Biodinamica (Oliveira ef al., 2019):
hexagon size of sample unit 1.5 (equivalent to 150 km); resolution raster 0.5; and at least
one sample per hexagon.

Weight endemism index. Endemism indices do not take into account the size
of the occurrence area of species. This poses a problem because important regions
for geographically restricted species can be considered as equivalent to regions with
occurrence of widely distributed endemic species. In order to minimize such distortion,
the Weight Endemism Index (WEI) combines endemism and species richness
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(Williams, Humphries, 1994). The index is calculated as an inverse function of the
species distribution, so that species in smaller areas receive higher scores (Kier, Barthlott,
2001; Oliveira et al., 2017). WEI was calculated per cell as the sum of all WEI values
calculated independently from each species within 1.5 (equivalent to 150 km) cells of
the hexagonal grid, including at least one sample and raster resolution of 0.5. To identify
areas with the highest levels of endemism, we utilized the spline interpolator with the
default settings of the Biodinamica software (Oliveira ef al., 2019).

NMDS analysis. The Non-Metric Multidimensional Scaling (NMDS) analysis is a
multivariate statistical technique employed to explore and visualize patterns of similarity
or dissimilarity among regions. In this instance, it is utilized to depict spatial variation
in species compositions across diverse areas. NMDS transforms species composition data
(Beta diversity), calculated through the Jaccard dissimilarity matrix among grid cells
converted into linear estimates of three spatial vectors and utilizing Spline Interpolation
(Albert ef al., 2020). In the graphical representation, similar samples exhibit more
comparable colors. This facilitates the visualization of sample clusters based on their
biological similarities, thereby providing insights into community structure and species
distribution across distinct environments or conditions. Default parameters of the
program were employed.

RESULTS

A briefhistory of the taxonomic knowledge of fishes of the upper rio Parand basin.
In comparison to other regions in South America, ichthyological surveys of the upper
rio Parand basin began relatively late. Although the famous Bavarian naturalists Carl
Friedrich Philipp Martius and Johann Baptist Spix have visited areas belonging to the
upper rio Parand basin between 1817-1818, no ichthyological material from this region
can be attributed to this expedition. Therefore, the credit for the first ichthyological
collection in the basin goes to Johann Natterer, who collected fish specimens at two
specific sites, “Ypanema” (currently Ipanema National Forest, in a tributary of the
Sorocaba River, itself a tributary of the Tieté River) and “Irisanga” (currently Estiva
Gerbi, in the Mogi-Guagu River basin), both located in Sio Paulo State, between 1822
and 1823 (e, Vanzolini, 1993). The relatively few fish species collected by him in the
upper rio Parand basin were reported by Kner (1859, 1860), and includes Prochilodus
vimboides Kner, 1859 described from “Ypanema”, paradoxically a species rather rare in
the upper rio Parana basin, and the bryconid Brycon nattereri Giinther, 1864 described
from Irisanga. A little after Natterer, the Langsdorft Expedition, a Russian-funded
expedition organized by Baron Georg Heinrich von Langsdorff, descended the rio
Tieté, starting at the city of Porto Feliz, Sio Paulo state, in 1826, and then upstream
in the rio Parani en route to Mato Grosso State (Vanzolini, 1996). As noticed by
Vanzolini (1996), except for the value of the produced drawings and watercolors, the
expedition was a failure from the point of view of zoological knowledge, since the
material collected (deposited at the Zoological Museum of Saint Petersburg) was never
studied. The watercolors, which were only published in the XX century, depict some of
the fish collected during the expedition, including Steindachneridion scriptum (Miranda
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Ribeiro, 1918), a species only described almost one century later, and the pacu, Piaractus
mesopotamicus (Holmberg, 1887).

These earlier explorations were followed by a hiatus on ichthyological explorations
of the upper rio Parani basin that lasted almost 80 years and only ended at the end
of the XIX century with the foundation of the Museu Paulista, on the banks of the
rio Ipiranga, in Sdo Paulo city, in 1893 (Pinto, 1945). Hermann von lhering, the
first director (Moraes, 2008), sent some fishes from Sio Paulo state, including several
from the upper rio Parand basin, to the Indiana University, where they were studied
by Eigenmann, Norris (1900). Rodolpho von Ihering, the son of Hermann, started
working at the Museu Paulista in 1902 and published several papers describing many
fish species from the upper rio Parand basin, especially catfishes (eg., Thering, 1905,
1907, 1911), among them Corydoras flaveolus Thering, 1911, Hypostomus regani Thering,
1905, and Loricaria piracicabae Thering, 1907. Subsequently to Hermann von IThering
dismissal from the Museu Paulista in 1916, and Rodolpho voluntary termination of
employment in 1917, the fish collections of the Museu Paulista were studied by Alipio
de Miranda Ribeiro, who described some species from the upper rio Parani basin, for
example, Steindachneridion scriptum.

In 1907, Carl Eigenmann arranged for one of his students, John D. Haseman, to
come to South America to collect fishes for the Carnegie Museum at Pittsburgh in
regions not sampled by the Thayer Expedition. The collections were made between
1907 and 1910 (Haseman, Eigenmann, 1911). Haseman travelled extensively across the
upper rio Parand in the states of Sdo Paulo and Minas Gerais between July and October
1908, assembling the largest collection of the basin at the time. The material collected
was studied both by Haseman himself (e.g., Haseman, 1911), by Ellis (1911), and by
Eigenmann (eg., Eigenmann, 1915, 1917, 1918, 1921), who described numerous fish
species from the basin such as Coprobrycon bilineatus (Ellis, 1911), Crenicichla jaguarensis
Haseman, 1911, Glandulocauda melanopleura (Ellis, 1911), Imparfinis mirini Haseman,
1911, Serrapinnus notomelas (Eigenmann, 1915), Cambeva paolence (Eigenmann, 1917),
among others.

Rodolpho von Thering resumed his ichthyological activities in 1927 in the then
recently created Instituto Biolégico, in Sio Paulo city, and made pioneering studies
about the fish biology in the upper rio Parand basin, mostly in the rio Piracicaba and
the rio Mogi Guagu in the State of Sio Paulo (Ihering, 1929). In his last contribution on
the systematics of fishes from the upper rio Parand basin lhering (1930) described four
species for the basins, among them Bunocephalus larai Thering and Tatia neivai (Ihering).
Thering was invited in 1937 by the Brazilian government to organize the Estacio
Experimental de Biologia e Piscicultura, Pirassununga (EEBP; currently CEPTA), on
the banks of the rio Mogi Guagu, which was inaugurated in 1939, the same year that
Thering passed away. The EEBP would have in the subsequent years a leading role in
the ichthyological studies in the upper rio Parana basin.

In 1941, Antdnia Amaral Campos was put in charge of the fish collection of the
Departamento de Zoologia, a new institution created in 1939 to hold the zoological
collections formerly belonging to the Museu Paulista. She remained in this position until
1951 (Dopazo et al., 2021) and during that time published some publications dealing with
fishes from the upper rio Parand basin (e,g., Amaral Campos, 1944, 1945). She described
three valid species from the basin (Apareiodon ibitiensis Amaral Campos, 1944, Leporinus
lacustris Amaral Campos, 1945, and Oligosarcus pintoi Amaral Campos, 1945).
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From the early decade of 1940 until the mid-1960’s, ichthyologists working at the
EEBP, namely Otto Schubart and Alcides Lourengo Gomes, made several contributions
to the knowledge of the fishes from the upper rio Parand, especially the ones from the
rio Mogi-Guagu basin (e,g., Gomes, 1956; Gomes, Schubart, 1958; Schubart, 1964a,b;
Schubart, Gomes, 1959). Schubart (1962) published a checklist of the fishes from the
rio Mogi-Guagu basin, the first checklist ever to be published for any river basin
in Brazil. Another pioneering work is Gomes, Azevedo (1960), which was the first
published study in the upper rio Paran basin (and in Brazil) focusing on the stream fish
fauna. Ichthyologists working at the Museu Nacional as William Gosline and Haroldo
Travassos collaborated with the ichthyologists of the EEBP and published some papers
dealing with fishes from the upper rio Parand basin (eg., Gosline, 1947; Travassos,
1955; 1956; 1960; Travassos, Pinto, 1957). After Schubart’s death in 1964 and Gomes’
resignation in the early 1960’s, Manuel Pereira de Godoy kept working on the fishes
from the rio Mogi-Guagu, making important contributions to the knowledge of fish
migrations in the basin, but also some taxonomic contributions (eg., Godoy, 1968,
1969). The small fish collection that was kept at the EEBP still existed in December
1994 (FCTL, pers. obs.) but unfortunately was discarded soon after that date; only a few
type specimens preserved in the personal collection of Manuel Pereira de Godoy (see
Azevedo-Santos ef al., 2023) and some specimens deposited at the LIRP and MZUSP
collections survived the demise of the EEBP collection.

The study of the ichthyofauna from the upper rio Parana basin undertook a profound
change after the arrival, in the early 1960’s, of the ichthyologists Heraldo Britski and
Niercio Menezes. Britski and Menezes, who are still actively engaged in research,
including being co-authors of the present study, joined the Departamento de Zoologia
(which was transferred to the Universidade de Sio Paulo in 1969 when it got its present
name, the Museu de Zoologia da Universidade de Sio Paulo). With the help of José
Lima de Figueiredo, these ichthyologists started a progressive buildup of a large fish
collection at the MZUSP, which naturally included large new fish collections from
the upper rio Parand basin (Bohlke er al., 1978; Menezes er al., 1997). Particularly,
Heraldo Britski focused much of his research on fishes from the upper rio Parand basin
(e.g., Britski, Luengo, 1968; Britski, 1980; Britski, Garavello, 1978; Britski, Langeani,
1988). These ichthyologists also played a crucial role in training several fish taxonomists
who later formed taxonomic research groups and fish collections in other portions of
the upper rio Parand basin (eg., Carla S. Pavanelli, Universidade Estadual de Maring3,
Maring3, State of Parand; Fldvio A. Bockmann and Ricardo M. C. Castro, Universidade
de Sio Paulo, Ribeirio Preto; Francisco Langeani, Universidade Estadual Paulista “Jilio
de Mesquita Filho”, Sio José do Rio Preto; Julio César Garavello, Universidade Federal
de Sdo Carlos, Sio Carlos).

Starting in the 1990’s, the number of researchers and institutions working with fishes
from the rio upper Parand experienced an exponential growth, making a difficult task
any attempt to summarize the history of this still ongoing research program. However,
it is worth noting that until the 1990’s, ichthyological studies primarily were focused in
studying larger water bodies (Galves et al., 1999). However, in the subsequent decades,
there has been a shift towards conducting inventories in streams that support distinct
fish communities and a significant number of small-sized species (Castro, 1999). This
approach has led to the identification and characterization of numerous small-sized species
within the basin, as well as the documentation of species shared with adjacent basins.
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Ichthyofaunistic composition of the upper rio Parand basin. The upper rio
Parand basin contains 341 native fish species (Tab. 1), distributed in six orders (Fig.
4), 30 families (Fig. 5) and 125 genera (Tab. 1). Three genera represent lineages
endemic to the basin, the characids Aphyocheirodon Eigenmann, 1915, and Lophiobrycon
Castro, Ribeiro, Benine & Melo, 2003, all monotypic, and Tembeassu Triques, 1988
(Apteronotidae) with a recently-described second species (Peixoto ef al., 2022).

The present list is an update on the previous one by Langeani ef al. (2007), which
compiled 236 native species. In the intervening 15 years, more than 100 species were
added to the basin, an increase of almost one-third. The difference is due to new species
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described in the interim or new records for the basin. Much of the increase represents
new species of Loricariidae, a family which practically doubled in number of species
since Langeani ef al. (2007), going from 40 to 75. Another major additions were the
Trichomycteridae, which experienced a quadrupling in its species count (from 8 to
33) and the family Rivulidae, which almost tripled its representations, increasing from
11 to 29 species. New records mostly represent fish species typical of neighboring
basins which have been recently found also in peripheral reaches of the upper Parani
(e, Astyanax lineatus (Perugia, 1891), Hyphessobrycon griemi Hoedeman 1957, Jupiaba
acanthogaster (Eigenmann, 1911), Scleromystax barbatus (Quoy & Gaimard 1824)).

Langeani ef al. (2007) projected increments in the known diversity of the basin in a
graph of species described per decade. The graph indicated exponential growth with no
tendency to stabilization. Data presented herein confirm that prediction and show that
the trend of increase continues unabated.

As in most drainages in the neotropics, a majority of the fishes of the upper rio Parand
belong to the Otophysi (Fig. 4), with 86.5% of total species diversity concentrated in
the Siluriformes, Characiformes, and Gymnotiformes. Fishes of the Otophysi lineage
also dominate the freshwater systems in Africa and in Asia. As in other Neotropical
basins, the richest orders are Siluriformes and Characiformes (cf. Albert et al., 2020).
Familial composition also follows a pattern typical of the majority of continental waters
in the neotropics, vastly dominated by small body-size species. Six families (Loricariidae,
Characidae, Rivulidae, Trichomycteridae, and Heptapteridae) concentrate most of the
diversity (218 spp. or 64% of species), with Loricariidae alone comprising nearly a
quarter of all fish species of the upper rio Parand basin.

TABLE 1 | List of native fish species occurring in the upper rio Parana basin. Threatened species are
followed by the abbreviations: VU - Vulnerable, EN - Endangered, CR - Critically Endangered, CR(PEX)
- Possibly Extinct.

axon
comments
CHARACIFORMES
Acestrorhynchidae
Acestrorhynchus lacustris (Liitken, 1875) Langeani et al. (2007)
Anostomidae

Leporellus vittatus in Langeani et al.

Leporellus pictus (Kner, 1858) (2007), Ramirez (2015)

Leporinus amblyrhynchus Garavello & Britski, 1987
Leporinus friderici (Bloch, 1794)

Leporinus lacustris Campos, 1945

Leporinus microphthalmus Garavello, 1989
Leporinus octofasciatus Steindachner, 1915
Leporinus paranensis Garavello & Britski, 1987
Leporinus striatus Kner, 1859

Megaleporinus obtusidens (Valenciennes, 1836)

Megaleporinus piavussu (Britski, Birindelli & Garavello, 2012)
Schizodon altoparanae Garavello & Britski, 1990

Schizodon intermedius Garavello & Britski, 1990

Schizodon nasutus Kner, 1858

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Leporinus elongatus in Langeani et al.

(2007)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
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Record in the upper rio Parana /
Taxon
comments

Bryconidae

Brycon nattereri Glinther, 1864

Brycon orbignyanus (Valenciennes, 1850) - CR
Salminus brasiliensis (Cuvier, 1816)

Salminus hilarii Valenciennes, 1850
Characidae

Aphyocharacinae

Aphyocharax dentatus Eigenmann & Kennedy, 1903
Characinae
Galeocharax gulo (Cope, 1870)

Cheirodontinae

Aphyocheirodon hemigrammus Eigenmann, 1915
“Cheirodon” stenodon Eigenmann, 1915
Kolpotocheirodon theloura Malabarba & Weitzman, 2000

Odontostilbe avanhandava Chuctaya, Bithrnheim & Malabarba,

2018

Odontostilbe weitzmani Chuctaya, Bihrnheim & Malabarba, 2018

Serrapinnus heterodon (Eigenmann, 1915)
Serrapinnus notomelas (Eigenmann, 1915)
Serrapinnus piaba (Litken, 1875)

Spintherobolus papilliferus Eigenmann, 1911 - EN
Stethaprioninae

Astyanax biotae Castro & Vari, 2004

Astyanax lacustris (Liitken, 1875)

Astyanax lineatus (Perugia, 1891)

Astyanax trierythropterus Godoy, 1970
Coptobrycon bilineatus (Ellis, 1911)

Hasemania crenuchoides Zarske & Géry, 1999 - EN
Hasemania hanseni (Fowler, 1949)

Hasemania nana (Litken, 1875)

Hasemania uberaba Serra & Langeani, 2015 - EN

Hollandichthys multifasciatus (Eigenmann & Norris, 1900)

Hyphessobrycon balbus Myers, 1927
Hyphessobrycon bifasciatus Ellis, 1911

Hyphessobrycon boulengeri (Eigenmann, 1907)

Hyphessobrycon coelestinus Myers, 1929
Hyphessobrycon duragenys Ellis, 1911 - EN
Hyphessobrycon griemi Hoedeman, 1957
Hyphessobrycon herbertaxelrodi Géry, 1961
Hyphessobrycon uaiso Carvalho & Langeani, 2013
Jupiaba acanthogaster (Eigenmann, 1911)
Moenkhausia aurantia Bertaco, Jerep & Carvalho, 2011

Moenkhausia bonita Benine, Castro & Sabino, 2004

Moenkhausia aff. intermedia Eigenmann, 1908
Moenkhausia aff. sanctaefilomenae (Steindachner, 1907)
Oligosarcus argenteus Giinther, 1864

Oligosarcus paranensis Menezes & Géry, 1983
Oligosarcus pintoi Campos, 1945

Neotropical Ichthyology, 22(1):e230066, 2024

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007). Allochthonous in
Ota et al. (2018)

Galeocharax knerii in Langeani et al.
(2007)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Chuctaya et al. (2018)

Chuctaya et al. (2018)
Langeani et al. (2007)
Langeani et al. (2007)
New record. MCP 47052
Langeani et al. (2007)

Langeani et al. (2007)

Astyanax altiparanae in Langeani et al.
(2007)

Ferreira et al. (2017)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Souza (2021)

Serra, Langeani (2015)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Hyphessobrycon reticulatus in Langeani
et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Reis et al. (2020)

New record. DZSJRP 11731

Carvalho, Langeani (2013)

Lopes et al. (2020)

Moenkhausia sp. in Aquino et al. (2009)

Vanegas-Rios et al. (2019). Not clearly
diagnosable from Hemigrammus aff.
marginatus (sensu Ota et al., 2015)
according to Mota et al. (2018)

Langeani et al. (2007)
Langeani et al. (2007)
Azevedo-Santos et al. (2019)
Langeani et al. (2007)
Langeani et al. (2007)

—
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Taxon
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Oligosarcus planaltinae Menezes & Géry, 1983

Psalidodon anisitsi (Eigenmann, 1907)

Psalidodon argentum (Salgado, 2021)
Psalidodon bifasciatus (Garavello & Sampaio, 2010)

Psalidodon bockmanni (Vari & Castro, 2007)
Psalidodon fasciatus (Cuvier, 1819)

Psalidodon paranae (Eigenmann, 1914)
Psalidodon rioparanaibanus Alves, Oliveira, Pasa & Kavalco, 2020
Psalidodon schubarti (Britski, 1964)

Stevardiinae
Bryconamericus coeruleus Jerep & Shibatta, 2017
Bryconamericus aff. iheringii (Boulenger, 1887)

Bryconamericus turiuba Langeani, Lucena, Pedrini & Tarelho-
Pereira, 2005

Creagrutus varii Ribeiro, Benine & Figueiredo, 2004
Glandulocauda melanopleura (Ellis, 1911)

Lophiobrycon weitzmani Castro, Ribeiro, Benine & Melo, 2003
Mimagoniates microlepis (Steindachner, 1877)

Piabarchus stramineus (Eigenmann, 1908)

Piabina anhembi Silva & Kaefer, 2003

Piabina argentea Reinhardt, 1867

Planaltina britskii Menezes, Weitzman & Burns, 2003
Planaltina glandipedis Menezes, Weitzman & Burns, 2003

Planaltina kaingang Deprd, Graga, Pavanelli, Avelino & Oliveira,
2018

Planaltina myersi Béhlke, 1954

Pseudocorynopoma heterandria Eigenmann, 1914
Crenuchidae

Characidium gomesi Travassos, 1956

Characidium heirmostigmata Graca & Pavanelli, 2008
Characidium lagosantense Travassos, 1947
Characidium oiticicai Travassos, 1967

Characidium onca Melo, Brito Ribeiro & Lima, 2021
Characidium schubarti Travassos, 1955

Characidium xanthopterum Silveira, Langeani, Graga, Pavanelli &
Buckup, 2008

Characidium aff. zebra Eigenmann, 1909
Curimatidae

Cyphocharax corumbae (Pavanelli & Britski, 1999)

Cyphocharax modestus (Ferndndez-Yépez, 1948)
Cyphocharax naegelii (Steindachner, 1881)
Cyphocharax vanderi (Britski, 1980)
Steindachnerina insculpta (Fernéndez-Yépez, 1948)
Cynodontidae

Rhaphiodon vulpinus Spix & Agassiz, 1829

Neotropical Ichthyology, 22(1):e230066, 2024

Langeani et al. (2007)

Hyphessobrycon anisitsi in Langeani et
al. (2007)

Salgado (2021). Recently described
species whose validity is questionable

Neves et al. (2020)

Astyanax bockmanni in Langeani et al.
(2007)

Astyanax fasciatus in Langeani et al.
(2007)

Astyanax paranae in Langeani et al.
(2007)

Alves et al. (2020)

Astyanax schubarti in Langeani et al.
(2007)

Jerep, Shibatta (2017)
Langeani et al. (2007) DZSJRP 7900

Langeani et al. (2007)

Langeani et al. (2007)

Glandulocauda melanogenys in
Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)

Bryconamericus stramineus in Langeani
et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Depra et al. (2018)

Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)
Graga, Pavanelli (2008)
Silveira (2008)
Langeani et al. (2007)
Melo et al. (2021)
Langeani et al. (2007)

Silveira et al. (2008)

Langeani et al. (2007)

Steindachnerina corumbae in Langeani
et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)
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Erythrinidae

Hoplias argentinensis Rosso, Gonzalez-Castro, Bogan, Cardoso,
Mabragafia, Delpiani & Diaz de Astarloa, 2018

Hoplias intermedius (Glinther, 1864)

Hoplias aff. malabaricus (Bloch, 1794)

Hoplias misionera Rosso, Mabragafia, Gonzdalez-Castro, Delpiani,
Avigliano, Schenone & Diaz de Astarloa, 2016

Lebiasinidae

Pyrrhulina australis Eigenmann & Kennedy, 1903
Parodontidae

Apareiodon affinis (Steindachner, 1879)
Apareiodon ibitiensis Campos, 1944
Apareiodon piracicabae (Eigenmann, 1907)
Apareiodon vladii Pavanelli, 2006

Parodon moreirai Ingenito & Buckup, 2005
Parodon nasus Kner, 1859

Prochilodontidae

Prochilodus lineatus (Valenciennes, 1837)
Prochilodus vimboides Kner, 1859 - VU
Serrasalmidae

Myloplus tiete (Eigenmann & Norris, 1900) - EN
Piaractus mesopotamicus (Holmberg, 1887)
Serrasalmus maculatus Kner, 1858
GYMNOTIFORMES

Apteronotidae

Apteronotus acidops Triques, 2011
Apteronotus brasiliensis (Reinhardt, 1852)
Apteronotus ellisi (Aramburu, 1957)
Sternarchella curvioperculata Godoy, 1968 - EN
Sternarchorhynchus britskii Campos-da-Paz, 2000 - EN
Tembeassu marauna Triques, 1988 CR

Tembeassu titanicus Peixoto, Campos-da-Paz, Menezes, de
Santana, Triques & Datovo, 2022

Gymnotidae

Gymnotus aff. carapo Linnaeus, 1758

Gymnotus aff. cuia Craig, Malabarba, Crampton & Albert, 2018
Gymnotus aff. inaequilabiatus (Valenciennes, 1839)

Gymnotus aff. omarorum Richer-de-Forges, Crampton & Albert,
2009

Gymnotus pantherinus (Steindachner, 1908)

Gymnotus aff. sylvius Albert & Fernandes-Matioli, 1999
Sternopygidae

Eigenmannia dutrai Peixoto, Pastana & Ballen, 2021
Eigenmannia guairaca Peixoto, Dutra & Wosiacki, 2015
Eigenmannia trilineata Lépez & Castello, 1966
Sternopygus macrurus (Bloch & Schneider, 1801)
SILURIFORMES

Aspredinidae

Amaralia oviraptor Friel & Carvalho, 2016
Bunocephalus hertzi Esguicero, Castro & Pereira, 2020
Bunocephalus larai Thering, 1930

Neotropical Ichthyology, 22(1):e230066, 2024

Reis et al. (2020)

Hoplias microcephalus in Langeani et
al. (2007)

Langeani et al. (2007)

Ota et al. (2018)

Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)

Myleus tiete in Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Ota et al. (2018)

Allochthonous in Langeani et al. (2007)
Allochthonous in Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Peixoto et al. (2022)

Langeani et al. (2007)
Craig et al. (2018)
Langeani et al. (2007)

Jarduli et al. (2020)

Langeani et al. (2007)
Albert et al. (1999)

Peixoto et al. (2021)
Ota et al. (2018)
Langeani et al. (2007)
Langeani et al. (2007)

Ota et al. (2018)
Esguicero et al. (2020)
Langeani et al. (2007)
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Auchenipteridae
Ageneiosus militaris Valenciennes, 1835

Glanidium cesarpintoi Ihering, 1928

Tatia britskii (Sarmento-Soares & Birindelli, 2015)
Tatia neivai (Thering, 1930)

Trachelyopterus coriaceus Valenciennes, 1840

Trachelyopterus galeatus (Linnaeus, 1766)

Callichthyidae

Callichthyinae

Callichthys callichthys (Linnaeus, 1758)
Hoplosternum littorale (Hancock, 1828)
Corydoradinae

Aspidoras albater Nijssen & Isbriicker, 1976
Aspidoras fuscoguttatus Nijssen & Isbriicker, 1976
Aspidoras lakoi Miranda Ribeiro, 1949

Corydoras aeneus (Gill, 1858)

Corydoras difluviatilis Britto & Castro, 2002
Corydoras ehrhardti Steindachner, 1910
Corydoras flaveolus Thering, 1911

Corydoras lacrimostigmata Tencatt, Britto & Pavanelli, 2014
Corydoras aff. longipinnis Knaack, 2007
Scleromystax barbatus (Quoy & Gaimard, 1824)
Scleromystax macropterus (Regan, 1913) - EN
Cetopsidae

Cetopsis gobioides Kner, 1858

Doradidae

Rhinodoras dorbignyi (Kner, 1855)
Heptapteridae

Cetopsorhamdia iheringi Schubart & Gomes, 1959
Chasmocranus brachynemus Gomes & Schubart, 1958 - EN

Heptapterus carmelitanorum Azevedo-Santos, Depra, Aguilera,

Faustino-Fuster & Katz, 2022
Heptapterus longicauda (Borodin, 1927)

Heptapterus multiradiatus Ihering, 1907 - CR(PEX)

Ota et al. (2018). Allochthonous in
Langeani et al. (2007)

Langeani et al. (2007)
Sarmento-Soares, Birindelli (2015)
Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007). Allochthonous
and as Parauchenipterus galeatus in Ota
et al. (2018)

Langeani et al. (2007)
Langeani et al. (2007)

Tencatt et al. (2022)
Langeani et al. (2007)
Tencatt et al. (2022)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Tencatt et al. (2014)
Reis et al. (2020)
Marceniuk et al. (2011)
Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)

Deprd et al. (2022)

Imparfinis borodini Mees & Cala, 1989
in Langeani et al. (2007)

Langeani et al. (2007)

Imparfinis lepturus Silva, Reia, Morimoto, Benine & Oliveira, 2023 Silva et al. (2023)

Imparfinis mirini Haseman, 1911
Imparfinis piperatus Eigenmann & Norris, 1900
Imparfinis schubarti (Gomes, 1956)

Phenacorhamdia tenebrosa (Schubart, 1964)
Phenacorhamdia roxoi Silva, 2020
Phenacorhamdia unifasciata Britski, 1993
Pimelodella avanhandavae Eigenmann, 1917
Pimelodella boschmai Van der Stigchel, 1964
Pimelodella gracilis (Valenciennes, 1835)

Pimelodella meeki Eigenmann, 1910

Rhamdia quelen (Quoy & Gaimard, 1824)
Rhamdiopsis microcephala (Liitken, 1874)
Rhamdiopsis moreirai Haseman, 1911 - VU
Taunayia bifasciata (Eigenmann & Norris, 1900)

Langeani et al. (2007). Distribution
based on Silva et al. (2023)

Langeani et al. (2007)

Langeani et al. (2007). Distribution
based on Silva et al. (2023)

Langeani et al. (2007)
Silva (2020)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Senior-synonym of P. rudolphi Miranda
Ribeiro, 1918 in Slobodian (2017)

Langeani et al. (2007)
Langeani et al. (2007)
Reis et al. (2020)

Langeani et al. (2007)

—
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Loricariidae

Hypoptopomatinae

Corumbataia britskii Ferreira & Ribeiro, 2007
Corumbataia cuestae Britski, 1997

Corumbataia liliai Silva, Roxo, Souza & Oliveira, 2018
Corumbataia lucianoi Silva, Roxo, Souza & Oliveira, 2018

Curculionichthys insperatus (Britski & Garavello, 2003)

Curculionichthys oliveirai (Roxo, Zawadzki & Troy, 2014)
Curculionichthys piracanjuba (Martins & Langeani, 2012)
Hisonotus alberti Roxo, Silva, Waltz & Melo, 2016

Hisonotus depressicauda (Miranda-Ribeiro, 1918)

Hisonotus francirochai (Thering, 1928)

Hisonotus pachysarkos Zawadzki, Roxo & Graca, 2016

Hisonotus paulinus (Regan, 1908)

Microlepidogaster arachas Martins, Calegari & Langeani, 2013
Microlepidogaster dimorpha Martins & Langeani, 2011
Microlepidogaster longicolla Calegari & Reis, 2010
Microlepidogaster perforata Eigenmann & Eigenmann, 1889 - CR
Otothyropsis alicula Lippert, Calegari & Reis, 2014
Otothyropsis biamnicus Calegari, Lehmann & Reis, 2013
Otothyropsis marapoama Ribeiro Carvalho & Melo, 2005
Otothyropsis polyodon Calegari, Lehmann & Reis, 2013
Pseudotocinclus tietensis (Ihering, 1907) - EN

Pseudotothyris obtusa (Miranda Ribeiro, 1911)

Rhinolekos britskii Martins, Langeani & Costa, 2011
Rhinolekos garavelloi Martins & Langeani, 2011

Rhinolekos schaeferi Martins & Langeani, 2011

Hypostominae

Ancistrus aff. cirrhosus (Valenciennes, 1836)

Hypostomus albopunctatus (Regan, 1908)

Hypostomus ancistroides (IThering, 1911)

Hypostomus brevis (Nichols, 1919)

Hypostomus crulsi Soares, Aquino, Bagley, Langeani & Colli, 2021
Hypostomus denticulatus Zawadzki, Weber & Pavanelli, 2008
Hypostomus fluviatilis (Schubart, 1964)

Hypostomus heraldoi Zawadzki, Weber & Pavanelli, 2008
Hypostomus hermanni (Thering, 1905)

Hypostomus iheringii (Regan, 1908)

Hypostomus margaritifer (Regan, 1908)

Hypostomus meleagris (Marini, Nichols & LaMonte, 1933)

Hypostomus multidens Jerep, Shibatta & Zawadzki, 2007
Hypostomus nigromaculatus (Schubart, 1964)
Hypostomus paulinus (Ihering, 1905)

Hypostomus regani (Ihering, 1905)

Hypostomus robertsoni Dias & Zawadzki, 2021
Hypostomus strigaticeps (Regan, 1908)
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Ferreira, Ribeiro (2007)
Langeani et al. (2007)
Silva et al. (2018)

Silva et al. (2018)

Hisonotus insperatus in Langeani et al.
(2007)

Roxo et al. (2014)
Martins, Langeani (2012)
Roxo et al. (2016)

Langeani et al. (2007). Distribution
follows Calegari et al. (2017)

Langeani et al. (2007). Distribution
follows Calegari et al. (2017)

Zawadzki et al. (2016)

Langeani et al. (2007). Distribution
follows Calegari et al. (2017)
Microlepidogaster depressinotus
Miranda Ribeiro, 1918 is regarded as a
junior synonym of H. paulinus pending
further studies

Martins et al. (2013)
Martins, Langeani (2011b)
Calegari, Reis (2010)
Langeani et al. (2007)
Lippert et al. (2014)
Calegari et al. (2013)
Langeani et al. (2007)
Calegari et al. (2013)
Langeani et al. (2007)
Reis et al. (2020)
Martins, Langenai (2011)
Martins, Langeani (2011)
Martins, Langeani (2011)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007). Known only
from the holotype (Weber, 2003)

Soares et al. (2021)
Zawadzki et al. (2008a)
Langeani et al. (2007)
Zawadzki et al. (2008a)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

Poorly known species, with type
locality apparently in upper rio Parana
(Weber, 2003)

Jerep et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Dias, Zawadzki (2021)
Langeani et al. (2007)
—)
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Hypostomus tietensis (Ihering, 1905) Langeani et al. (2007)

Hypostomus topavae (Godoy, 1969) Langeani et al. (2007)

Hypostomus variipictus (Ihering, 1911)

Hypostomus yaku Martins, Langeani & Zawadzki, 2014
Megalancistrus parananus (Peters, 1881)

Loricariinae

Harttia absaberi Oyakawa, Fichberg & Langeani, 2013

Azevedo et al. (2021)
Martins et al. (2014)
Langeani et al. (2007)

Oyakawa et al. (2013)

Harttia gracilis Oyakawa, 1993 Langeani et al. (2007)
Langeani et al. (2007)

Loricaria lentiginosa in Langeani et al.
(2007)

Loricaria prolixa in Langeani et al.
(2007)

Langeani et al. (2007)
Langeani et al. (2007)
Costa-Silva et al. (2021)

Loricaria piracicabae Thering, 1907

Proloricaria lentiginosa (Isbriicker, 1979)

Proloricaria prolixa (Isbriicker & Nijssen, 1978)

Rineloricaria latirostris (Boulenger, 1900)

Rineloricaria pentamaculata Langeani & Araujo, 1994
Rineloricaria rodriquezae Costa-Silva, Oliveira & Silva, 2021
Neoplecostominae

Isbrueckerichthys calvus Jerep, Shibatta, Pereira & Oyakawa, 2006 Langeani et al. (2007)

Isbrueckerichthys saxicola Jerep, Shibatta, Pereira & Oyakawa,
2006 - EN

Neoplecostomus bandeirante Roxo, Oliveira & Zawadzki, 2012

Langeani et al. (2007)

Roxo et al. (2012)
Roxo et al. (2012)
Neoplecostomus canastra Roxo, Silva, Zawadzki & Oliveira, 2017 Roxo et al. (2017)

Neoplecostomus botucatu Roxo, Oliveira & Zawadzki, 2012

Neoplecostomus corumba Zawadzki, Pavanelli & Langeani, 2008 ZawadzKi et al. (2008)
Andrade, Langeani (2014)
Roxo et al. (2012)
Langeani et al. (2007)
ZawadzKi et al. (2008)
Silva et al. (2019)
Zawadzki et al. (2008)

Neoplecostomus jaguari Andrade & Langeani, 2014
Neoplecostomus langeanii Roxo, Oliveira & Zawadzki, 2012
Neoplecostomus paranensis Langeani, 1990

Neoplecostomus selenae Zawadzki, Pavanelli & Langeani, 2008
Neoplecostomus watersi Silva, Reia, Zawadzki & Roxo, 2019
Neoplecostomus yapo Zawadzki, Pavanelli & Langeani, 2008

ni.bio.br | scielo.br/ni

Pareiorhina carrancas Bockmann & Ribeiro, 2003
Pareiorhina pelicicei Azevedo-santos & Roxo, 2015
Pareiorhina rosai Silva, Roxo & Oyakawa, 2016
Pareiorhina aff. rudolphi (Miranda Ribeiro, 1911)
Pareiorhaphis parmula Pereira, 2005
Pareiorhaphis togoroi Oliveira & Oyakawa, 2019
Rhinelepinae

Rhinelepis aspera Spix & Agassiz, 1829
Pimelodidae

Hemisorubim platyrhynchos (Valenciennes, 1840)

Iheringichthys labrosus Liitken, 1874
Theringichthys syi Azpelicueta & Britski, 2012
Megalonema platanum (Giinther, 1880)

Pimelodus maculatus Lacepéde, 1803

Pimelodus microstoma Steindachner, 1877

Pimelodus paranaensis Britski & Langeani, 1988
Pimelodus platicirris Borodin, 1927

Pinirampus pirinampu (Spix & Agassiz, 1829)
Pseudoplatystoma corruscans (Spix & Agassiz, 1829) - VU
Steindachneridion punctatum (Miranda-Ribeiro, 1918)
Steindachneridion scriptum (Miranda-Ribeiro, 1918) - EN
Zungaro jahu (Ihering, 1898)

Langeani et al. (2007)
Azevedo-Santos, Roxo (2015)
New record. DZSJRP 20982
Azevedo-Santos, Roxo (2015)
Reis et al. (2020)

Oliveira, Oyakawa (2019)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007). Allochthonous in
Ota et al. (2018)

Azpelicueta, Britski (2012)

Ota et al. (2018). Allochthonous in
Langeani et al. (2007)

Langeani et al. (2007)
Ota et al. (2018)

Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)
Langeani et al. (2007)

!
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TABLE 1 | (Continued)

Record in the upper rio Parana /
Taxon
comments

Pseudopimelodidae
Microglanis garavelloi Shibatta & Benine, 2005 Langeani et al. (2007)
Pseudopimelodus mangurus (Valenciennes, 1835) Langeani et al. (2007)

Rhyacoglanis paranensis Shibatta & Vari, 2017 i;ilugde(;lr): inelailzf lg (;Slofg-)p gL
Scoloplacidae

Scoloplax empousa Schaefer, Weitzman & Britski, 1989 Ota et al. (2018)
Trichomycteridae

Gt e (e, 36 ) Trichomycterus davisi in Ota et al.

(2018)
Cambeva diabola (Bockmann, Casatti & de Pinna, 2004) Zlg(%%) cterus diabolus in Langeani et
Cambeva guareiensis Katz & Costa, 2020 Katz, Costa (2020)
Cambeva horacioi Reis, Frota, Fabrin & Graca, 2019 Reis et al. (2019)
Cambeva iheringi (Eigenmann, 1917) Marceniuk et al. (2011)
Cambeva paolence (Eigenmann, 1917) - EN Zlfggg%} G T LR G

Cambeva pascuali (Ochoa, Silva, Costa e Silva, Oliveira & Datovo, Ochoa et al. (2017)

2017) - CR

Cambeva perkos (Datovo, Carvalho & Ferrer, 2012) Datovo et al. (2012)

Ituglanis amphipotamus Mendonca, Oyakawa & Wosiacki, 2018 Mendonca, Oyakawa, Wosiacki, 2018
Ituglanis goya Datovo, Aquino & Langeani, 2016 Datovo et al. (2016)

Paravandellia oxyptera Miranda Ribeiro, 1912 Langeani et al. (2007)
Pseudostegophilus paulensis Miranda Ribeiro, 1918 Langeani et al. (2007)

Scleronema auromaculatum Costa, Sampaio, Giongo, Almeida,
Azevedo-Santos & Katz, 2022

Trichomycterus adautoleitei Costa, Azevedo-Santos & Katz, 2023 Costa et al. (2023)
Trichomycterus araxa Costa, Mattos, Sampaio, Giongo, Almeida &

Costa et al. (2022)

Costa et al. (2022)

Katz, 2022

Trichomycterus aff. brasiliensis Liitken, 1874 Allochthonous in Langeani et al. (2007)
Trichomycterus candidus (Miranda-Ribeiro, 1949) Langeani et al. (2007)
Trichomycterus coelhorum Costa, Azevedo-Santos & Katz, 2023 Costa et al. (2023)
Trichomycterus funebris Katz & Costa, 2021 Costa, Katz (2021)
Trichomycterus garbei Costa, Azevedo-Santos & Katz, 2023 Costa et al. (2023)
Trichomycterus giarettai Barbosa & Katz, 2016 Barbosa, Katz (2016)
Trichomycterus humboldti Costa & Katz, 2021 Costa, Katz (2021)
Trichomycterus ingaiensis Katz & Costa, 2021 Costa, Katz (2021)
Trichomycterus listruroides Costa, Katz & Azevedo-Santos, 2023 Costa et al. (2023)
Trichomycterus maracaya Bockmann & Sazima, 2004 Langeani et al. (2007)
Trichomycterus pauciradiatus Alencar & Costa, 2006 Langeani et al. (2007)
Trichomycterus pirabitira Barbosa & Azevedo-Santos, 2012 Barbosa, Azevedo-Santos (2012)
Trichomycterus piratymbara Katz, Barbosa & Costa, 2013 Katz et al. (2013)
Trichomycterus reinhardti (Eigenmann, 1917) Thereza (2018)
Trichomycterus sainthilairei Katz & Costa, 2021 Costa, Katz (2021)
Trichomycterus saturatus Costa, Katz & Azevedo-Santos, 2023 Costa et al. (2023)
Trichomycterus septemradiatus Katz, Barbosa & Costa, 2013 Katz et al. (2013)
Trichomycterus uberabensis Costa, Azevedo-Santos & Katz, 2023 Costa et al. (2023)
CYPRINODONTIFORMES

Poeciliidae

Cnesterodon hypselurus Lucinda & Garavello, 2001 Langeani et al. (2007)
Phalloceros harpagos Lucinda, 2008 Ota et al. (2018)
Phalloceros reisi Lucinda, 2008 Marceniuk et al. (2011)
Phallotorynus fasciolatus Henn, 1916 - CR(PEX) Langeani et al. (2007)
Phallotorynus jucundus Thering, 1930 Langeani et al. (2007)
Phallotorynus pankalos Lucinda, Rosa & Reis, 2005 Langeani et al. (2007)
Phallotorynus victoriae Oliveros, 1983 Langeani et al. (2007)

—
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TABLE 1 | (Continued)

_ R SR
Taxon
comments

Rivulidae
Melanorivulus amambaiensis Volcan, Severo-Neto & Lanés, 2018

Melanorivulus apiamici (Costa, 1989)

Melanorivulus egens (Costa, 2005)

Melanorivulus faucireticulatus (Costa, 2008)

Melanorivulus formosensis (Costa, 2008)

Melanorivulus giarettai (Costa, 2008)

Melanorivulus illuminatus (Costa, 2007) - VU

Melanorivulus interruptus Volcan, Severo-Neto & Lanés, 2018
Melanorivulus ivinhemensis Volcan, Severo-Neto & Lanés, 2018
Melanorivulus larissae Ywamoto, Nielsen & Oliveira, 2020
Melanorivulus leali Costa, 2013

Melanorivulus linearis Costa, 2018

Melanorivulus nigromarginatus Costa, 2018

Melanorivulus nigropunctatus Volcan, Klotzel & Lanés, 2017
Melanorivulus ofaie Volcan, Klotzel & Lanés, 2017

Melanorivulus pictus (Costa, 1989)

Melanorivulus pinima (Costa, 1989) - EN

Melanorivulus polychromus Nielsen, Neves, Ywamoto & Passos,
2016

Melanorivulus proximus Costa, 2018
Melanorivulus rossoi (Costa, 2005)

Melanorivulus rutilicaudus (Costa, 2005) - VU

Melanorivulus scalaris (Costa, 2005) - EN
Melanorivulus vittatus (Costa, 1989) - EN

Pituna brevirostrata Costa, 2007 - CR
Simpsonichthys boitonei Carvalho, 1959 - CR
Simpsonichthys margaritatus Costa, 2012
Simpsonichthys nigromaculatus Costa, 2007 - VU
Simpsonichthys parallelus Costa, 2002 - EN
Simpsonichthys santanae (Shibata & Garavello, 1992) - EN
SYNBRANCHIFORMES

Synbranchidae

Synbranchus aff. marmoratus Bloch, 1795
Synbranchus aff. madeirae Rosen & Rumney, 1972
CICHLIFORMES

Cichlidae

Australoheros oblongus (Castelnau, 1855)

Cichlasoma dimerus (Heckel, 1840)

Cichlasoma paranaense Kullander, 1983
Crenicichla haroldoi Luengo & Britski, 1974
Crenicichla jaguarensis Haseman, 1911
Crenicichla jupiaensis Britski & Luengo, 1968 - EN

Geophagus iporangensis Haseman, 1911

Saxatilia britskii (Kullander, 1982)

Volcan et al. (2018)

Rivulus apiamici in Langeani et al.
(2007). Distribution follows Costa (2005)

Rivulus egens in Langeani et al. (2007)
Costa (2008a)

Costa (2008b)

Costa (2008c)

Costa (2007)

Volcan et al. (2018)
Volcan et al. (2018)
Ywamoto et al. (2020)
Costa (2013)

Costa (2018)

Costa (2018)

Volcan et al. (2017)
Volcan et al. (2017)

Rivulus pictus in Langeani et al. (2007).
Distribution follows Costa (2005)

Rivulus pinima in Langeani et al. (2007)
Nilsen et al. (2016)

Costa (2018)
Rivulus rossoi in Langeani et al. (2007)

Rivulus rutilicaudus in Langeani et al.
(2007)

Rivulus scalaris in Langeani et al. (2007)
Rivulus vittatus in Langeani et al. (2007)
Costa (2007)

Langeani et al. (2007)

Costa (2012)

Costa (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)
Carvalho, Eduardo (2022)

Australoheros facetus (Jenysn, 1842) in
Langeani et al. (2007)

Carvalho, Eduardo (2022)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Geophagus brasiliensis (Quoy &
Gaimard, 1824) in Langeani et al. (2007)

Crenicichla britskii in Langeani et al.
(2007)
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Distribution maps. The compilation of native species in the upper rio Parand served

as basis for distribution maps of each of the species in the basin (Figs. 6-27), except

those mentioned in “Taxonomic problems” (see Material and Methods). The plates that

follow include maps in the taxonomic order presented in Tab. 1. The aim of species-

specific maps is to demonstrate the general distribution patterns of each species in the

basins, and is not an exhaustive map of collections, which would be a taxonomic purpose

beyond the scope of the present paper.
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FIGURE 6 | Distribution maps of native fishes occurring in the upper Parand. A. Acestrorhynchus lacustris; B. Leporellus pictus; C. Leporinus

amblyrhynchus; D. Leporinus friderici; E. Leporinus lacustris; F. Leporinus microphthalmus; G. Leporinus octofasciatus; H. Leporinus paranensis; I.

Leporinus striatus; J. Megaleporinus obtusidens; K. Megaleporinus piavussu; L. Schizodon altoparanae; M. Schizodon intermedius; N. Schizodon nasutus;

O. Brycon nattereri.
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Spintherobolus papilliferus Astyanax biotae Astyanax lacustris

FIGURE 7 | Distribution maps of native fishes occurring in the upper Parana. A. Brycon orbignyanus; B. Salminus brasiliensis; C. Salminus
hilarii; D. Aphyocharax dentatus; E. Galeocharax gulo; F. Aphyocheirodon hemigrammus; G. Cheirodon stenodon; H. Kolpotocheirodon theloura; 1.
Odontostilbe avanhandava; J. Odontostilbe weitzmani; K. Serrapinnus heterodon; L. Serrapinnus notomelas; M. Spintherobolus papilliferus; N. Astyanax

biotae; O. Astyanax lacustris.
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Hyphessobrycon
Hyphessobrycon duragenys Hyphessobrycon griemi ¢ h élz)e rtaxelgdi

FIGURE 8 | Distribution maps of native fishes occurring in the upper Parana. A. Astyanax lineatus; B. Astyanax trierythropterus; C. Coptobrycon
bilineatus; D. Hasemania crenuchoides; E. Hasemania hanseni; F. Hasemania nana; G. Hasemania uberaba; H. Hollandichthys multifasciatus; 1.
Hyphessobrycon balbus; J. Hyphessobrycon bifasciatus; K. Hyphessobrycon boulengeri; L. Hyphessobrycon coelestinus; M. Hyphessobrycon duragenys;
N. Hyphessobrycon griemi; O. Hyphessobrycon herbertaxelrodi.
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Moenkhausia aff.
sanctaefilomenae

Psalidodon bifasciatus - = Psalidodon bockmanni Psalidodon fasciatus

FIGURE 9 | Distribution maps of native fishes occurring in the upper Parana. A. Hyphessobrycon uaiso; B. Jupiaba acanthogaster; C. Moenkhausia
aurantia; D. Moenkhausia bonita; E. Moenkhausia aff. intermedia; F. Moenkhausia aff. sanctafilomenae; G. Oligosarcus argenteus; H. Oligosarcus

paranensis; 1. Oligosarcus pintoi; J. Oligosarcus planaltinae; K. Psalidodon anisitsi; L. Psalidodon argentum; M. Psalidodon bifasciatus; N. Psalidodon

bockmanni; O. Psalidodon fasciatus.
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Planaltina britskii S Planaltina glandipedis

FIGURE 10! Distribution maps of native fishes occurring in the upper Parand. A. Psalidodon paranae; B. Psalidodon rioparanaibanus; C.
Psalidodon schubarti; D. Bryconamericus coeruleus; E. Bryconamericus aff. iheringii; F. Bryconamericus turiuba; G. Creagrutus varii; H. Grandulocauda
melanopleura; 1. Lophiobrycon weitzmani; J. Mimagoniates microlepis; K. Piabarchus stramineus; L. Piabina anhembi; M. Piabina argentea; N.

Planaltina britskii; O. Planaltina glandipedis.
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Pseudocorynopoma
heterandria

Cyphocharax modestus Cyphocharax naegelii Cyphocharax vanderi

FIGURE 11 | Distribution maps of native fishes occurring in the upper Parand. A. Planaltina kaingang; B. Planaltina myersi; C. Pseudocorynopoma
heterandria; D. Characidium gomesi; E. Characidium heirmostigmata; F. Characidium lagosantense; G. Characidium oiticicai; H. Characidium onca;
1. Characidium schubarti; J. Characidium xanthopterum; K. Characidium aff. zebra; L. Cyphocharax corumbae; M. Cyphocharax modestus; N.

Cyphocharax naegelii; O. Cyphocharax vanderi.
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Prochilodus vimboides Myloplus tiete

FIGURE 12 | Distribution maps of native fishes occurring in the upper Parand. A. Steindachnerina insculpta; B. Rhaphiodon vulpinus; C. Hoplias
argentinensis; D. Hoplias intermedius; E. Hoplias misionera; F. Pyrrhulina australis; G. Apareiodon affinis; H. Apareiodon ibitiensis; 1. Apareiodon

piracicabae; J. Apareiodon vladii; K. Parodon moreirai; L. Parodon nasus; M. Prochilodus lineatus; N. Prochilodus vimboides; O. Myloplus tiete.
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Eigenmania trilineata Sternopygus macrurus Amaralia oviraptor

FIGURE 13 | Distribution maps of native fishes occurring in the upper Parana. A. Piaractus mesopotamicus; B. Serrasalmus maculatus; C.
Apteronotus acidops; D. Apteronotus brasiliensis; E. Apteronotus ellisi; F. Sternarchella curvioperculata; G. Sternarchorhynchus britskii; H. Tembeassu
marauna; 1. Tembeassu titanicus; J. Gymnotus pantherinus; K. Eigenmannia dutrai; L. Eigenmannia guairaca; M. Eigenmannia trilineata; N.

Sternopygus macrurus; O. Amaralia oviraptor.
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“?S A ,‘4

Bunocephalus hertzi g/\\/“\ (/V_/;J:ocephalus larai

Tatia neivai

Tatia britskii

Aspidoras lakoi Corydoras aeneus Corydoras difluviatilis

FIGURE 14 | Distribution maps of native fishes occurring in the upper Parana. A. Bunocephalus hertzi; B. Bunocephalus larai; C. Ageneiosus
militaris; D. Glanidium cesarpintoi; E. Tatia britskii; F. Tatia neivai; G. Trachelyopterus coriaceus; H. Trachelyopterus galeatus; 1. Callichthys callichthys;
J. Hoplosternum littorale; K. Aspidoras albater; L. Aspidoras fuscoguttatus; M. Aspidoras lakoi; N. Corydoras aeneus; O. Corydoras difluviatilis.
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NN
Heptapterus multiradiatus :é Imparfinis lepturus Imparfinis mirini

FIGURE 15 | Distribution maps of native fishes occurring in the upper Parand. A. Corydoras ehrhardti; B. Corydoras flaveolus; C. Corydoras
lacrimostigmata; D. Corydoras aff. longipinnis; E. Scleromystax barbatus; F. Scleromystax macropterus; G. Cetopsis gobioides; H. Rhinodoras dorbignyi;
1. Cetopsorhamdia iheringi; J. Chasmocranus brachynemus; K. Heptapterus carmelitanorum; L. Heptapterus longicauda; M. Heptapterus multiradiatus;

N. Imparfinis lepturus; O. Imparfinis mirini.
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Corumbataia britskii Corumbataia cuestae

Taunayia bifasciata

FIGURE 16 | Distribution maps of native fishes occurring in the upper Parand. A. Imparfinis piperatus; B. Imparfinis schubarti; C. Phenacorhamdia
tenebrosa; D. Phenacorhamdia roxoi; E. Phenacorhamdia unifasciata; F. Pimelodella avanhandavae; G. Pimelodella boschmai; H. Pimelodella gracilis;
1. Pimelodella meeki; J. Rhamdia quelen; K. Rhamdiopsis microcephala; L. Rhamdiopsis moreirai; M. Taunayia bifasciata; N. Corumbataia britskii; O.

Corumbataia cuestae.

36/109| Neotropical Ichthyology, 22(1):e230066, 2024 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Fernando C. P. Dagosta, Maristela S. Mongao, Barbara A. Nagamatsu, Carla S. Pavanelli, Fernando R. Carvalho, Flavio C. T. Lima et al.

Otothyropsis alicula

FIGURE 17 | Distribution maps of native fishes occurring in the upper Parana. A. Corumbataia liliai; B. Corumbataia lucianoi; C. Curculionichthys
insperatus; D. Curculionichthys oliveirai; E. Curculionichthys piracanjuba; F. Hisonotus alberti; G. Hisonotus depressicauda; H. Hisonotus francirochai;
1. Hisonotus pachysarkos; J. Hisonotus paulinus; K. Microlepidogaster arachas; L. Microlepidogaster dimorpha; M. Microlepidogaster longicolla; N.
Microlepidogaster perforata; O. Otothyropsis alicula.
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Hypostomus denticulatus »é Hypostomus fluviatilis Hypostomus heraldoi

FIGURE 18 | Distribution maps of native fishes occurring in the upper Paranda. A. Otothyropsis biamnicus; B. Otothyropsis marapoama; C.
Otothyropsis polyodon; D. Pseudotocinclus tietensis; E. Pseudotothyris obtusa; F. Rhinolekos britskii; G. Rhinolekos garavelloi; H. Rhinolekos schaeferi; I.

Ancistrus aff. cirrhosus; J. Hypostomus albopunctatus; K. Hypostomus ancistroides; L. Hypostomus crulsi; M. Hypostomus denticulatus; N. Hypostomus

fluviatilis; O. Hypostomus heraldoi.
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N 3 \ ARag
Hypostomus yaku Megalancistrus parananus %”\\,\f Harttia absaberi

FIGURE 19 | Distribution maps of native fishes occurring in the upper Parana. A. Hypostomus hermanni; B. Hypostomus iheringii; C. Hypostomus

margaritifer; D. Hypostomus multidens; E. Hypostomus nigromaculatus; F. Hypostomus paulinus; G. Hypostomus regani; H. Hypostomus robertsoni;
1. Hypostomus strigaticeps; J. Hypostomus aff. tietensis; K. Hypostomus topavae; L. Hypostomus variipictus; M. Hypostomus yaku; N. Megalancistrus

parananus; O. Harttia absaberi.
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Neoplecostomus corumba Neoplecostomus jaguari Neoplecostomus langeanii

FIGURE 20 | Distribution maps of native fishes occurring in the upper Parand. A. Harttia gracilis; B. Loricaria piracicabae; C. Proloricaria
lentiginosa; D. Proloricaria prolixa; E. Rineloricaria latirostris; F. Rineloricaria pentamaculata; G. Rineloricaria rodriquezae; H. Isbrueckerichthys calvus;
1. Isbrueckerichthys saxicola; J. Neoplecostomus bandeirante; K. Neoplecostomus botucatu; L. Neoplecostomus canastra; M. Neoplecostomus corumba; N.

Neoplecostomus jaguari; O. Neoplecostomus langeanii.
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FIGURE 21 | Distribution maps of native fishes occurring in the upper Parana. A. Neoplecostomus paranensis; B. Neoplecostomus selena; C.

Neoplecostomus watersi; D. Neoplecostomus yapo; E. Pareiorhina carrancas; F. Pareiorhina pelicicei; G. Pareiorhina rosai; H. Pareiorhina aff. rudolphi;
1. Pareiorhaphis parmula; J. Pareiorhaphis togoroi; K. Rhinelepis aspera; L. Hemisorubim platyrhynchos; M. Theringichthys labrosus; N. Theringichthys
syi; 0. Megalonema platanum.
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FIGURE 22 | Distribution maps of native fishes occurring in the upper Parana. A. Pimelodus maculatus; B. Pimelodus microstoma; C. Pimelodus
paranaensis; D. Pimelodus platicirris; E. Pinirampus pirinampu; F. Pseudoplatystoma corruscans; G. Steindachneridion punctatum; H. Steindachneridion
scriptum; 1. Zungaro jahu; J. Microglanis garavelloi; K. Pseudopimelodus mangurus; L. Rhyacoglanis paranensis; M. Scoloplax empousa; N. Cambeva

davisi; O. Cambeva diabola.
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FIGURE 23 | Distribution maps of native fishes occurring in the upper Parana. A. Cambeva guareiensis; B. Cambeva horacioi; C. Cambeva
iheringi; D. Cambeva paolence; E. Cambeva pascuali; F. Cambeva perkos; G. Ituglanis amphipotamus; H. Ituglanis goya; 1. Paravandellia oxyptera;
J. Pseudostegophilus paulensis; K. Scleronema auromaculatum; L. Trichomycterus adaltoleitei; M. Trichomycterus araxa; N. Trichomycterus aff.

brasiliensis; O. Trichomycterus candidus.
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FIGURE 24 | Distribution maps of native fishes occurring in the upper Parand. A. Trichomycterus coelhorum; B. Trichomycterus funebris; C.
Trichomycterus garbei; D. Trichomycterus giaretta; E. Trichomycterus humboldti; F. Trichomycterus ingaiensis; G. Trichomycterus listruroides; H.
Trichomycterus maracaya; 1. Trichomycterus pauciradiatus; J. Trichomycterus pirabitira; K. Trichomycterus piratymbara; L. Trichomycterus reinhardti;

M. Trichomycterus sainthilairei; N. Trichomycterus saturatus; O. Trichomycterus septemradiatus.
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FIGURE 25 | Distribution maps of native fishes occurring in the upper Parand. A. Trichomycterus uberabensis; B. Cnesterodon hypselurus;
C. Phalloceros harpagos; D. Phalloceros reisi; E. Phallotorynus fasciolatus; F. Phallotorynus jucundus; G. Phallotorynus pankalos; H. Phallotorynus
victoriae; I. Melanorivulus amambaiensis; J. Melanorivulus apiamici; K. Melanorivulus egens; L. Melanorivulus faucireticulatus; M. Melanorivulus

formosensis; N. Melanorivulus giarettai; O. Melanorivulus illuminatus.
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FIGURE 26 | Distribution maps of native fishes occurring in the upper Parana. A. Melanorivulus interruptus; B. Melanorivulus ivinhemensis;
C. Melanorivulus larissae; D. Melanorivulus leali; E. Melanorivulus linearis; F. Melanorivulus nigromarginatus; G. Melanorivulus nigropunctatus; H.
Melanorivulus ofaie; 1. Melanorivulus pictus; J. Melanorivulus pinima; K. Melanorivulus polychromus; L. Melanorivulus proximus; M. Melanorivulus

rossoi; N. Melanorivulus rutilicaudus; O. Melanorivulus scalaris.
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FIGURE 27 | Distribution maps of native fishes occurring in the upper Parana. A. Melanorivulus vittatus; B. Pituna brevirostrata; C. Simpsonichthys
boitonei; D. Simpsonichthys margaritatus; E. Simpsonichthys nigromaculatus; F. Simpsonichthys parallelus; G. Simpsonichthys santanae; H.
Synbranchus marmoratus; I. Australoheros oblongus; J. Cichlasoma paranaense; K. Saxatilia britskii; L. Crenicichla haroldoi; M. Crenicichla jaguarensis;

N. Crenicichla jupiaensis; O. Geophagus iporangensis.
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Distribution patterns. The visual examination of species maps allowed the
recognition of distribution patterns geographically congruent in the upper rio Parana.
Five of those are described and discussed in more detail below.

i. Species from higher portions of the upper rio Parand. The dichotomy of
highlands and lowlands is a relative and fractal pattern. The pattern can be observed
at a continental level (Eigenmann, 1909; Albert ef al., 2011; Lima, Ribeiro, 2011)
for the South American region, at the basin level Dagosta, de Pinna (2017, 2019), or
even in streams. In watercourses there is a differentiation of the altitudinal gradient,
with consequences for the fish assemblages. In any stream, it is possible to observe the
differentiation of the fish fauna along the gradient from the headwaters to the mouth.
Ultimately, it is exactly the same pattern that occurs at the continental level: some
species are restricted to higher portions due to biogeographic barriers and/or ecological
requirements, while others are more typical of lower elevation regions. This is no
different for the upper rio Parand basin, even though it is located in a relatively highland
area of the South American continent, which is the Brazilian crystalline shield. Even in
the Brazilian shield, some species may be more associated with higher lands while others
are with lower lands.

Within the upper rio Parani there are regions which are far higher than others, and
this difference significantly affects the ichthyofaunistic composition. Some examples of
species restricted to highlands in the basin are Bryconamericus turiuba, Bunocephalus hertzi,
Heptapterus longicauda, Psalidodon paranae, the genera Corumbataia, Neoplecostomus (Fig.
28). This pattern can be less pronounced in some species (eg., Pimelodus paranaensis and
Rhyacoglanis paranensis).

Probably the most emblematic example to depicting the upland/lowland duality in
the upper rio Parand are the species of Brycon occurring in the basin (Fig. 29). Only
two native species are known: B. nattereri and B. orbignyanus. Despite belonging to
the same genus and inhabiting the same river basin, their geographical distribution is
entirely different and shows virtually no overlap. The former is a typical dweller of large
rivers with well-developed floodplains while the second is known exclusively from
smaller rivers from headwater areas (Lima, 2017). The same pattern occurs to a lesser
extent with at least two other species pairs, namely Oligosarcus pintoi/O. paranaensis, and
Salminus brasiliensis/S. hilarii.

ii. Species from lower portions of the upper rio Parani. The volume of water in
a watercourse is directly related to its relative altitude. Lower parts of a hydrographic
basin tend to concentrate more water, which flows down by gravitational force from
higher lands. Therefore, species confined to lower lands are always associated with
larger watercourses. In these lower regions, the hydrological regime has a pronounced
drought/flood cycle. It is the main drive in the ecological processes and biological
diversity patterns, with influence on feeding, reproduction, and distribution of species
(Wootton, 1990; Message et al., 2016; Ota et al., 2018). Presently, such high/low water
cycles are severely disrupted by the hydroelectric dams and reservoirs in the upper
rio Parand. Examples of species inhabiting exclusively the main water courses of the
basin, ie., the lowlands, are: Cyphocharax naegelii, Piaractus mesopotamicus, Pinirampus
pirinampu, Rhaphiodon vulpinus, and Rhinelepis aspera (Fig. 30).
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FIGURE 28 | Examples of species that inhabit the upper portions of the upper rio Parana basin. A. Bunocephalus hertzi; B. Corumbataia spp.; C.

Neoplecostumus spp.; D. Pimelodus paranaensis; E. Psalidodon paranae; F. Rhyacoglanis paranensis.
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FIGURE 29 | Species of Brycon inhabiting of the upper rio Parana basin. Red dot: Brycon orbignyanus;

Blue dot: Brycon nattereri.

iii. Species with peripheral distribution. Some species are present only in the
periphery of the basin, in regions near adjacent drainages, occurring also in the latter.
In such cases, those species only occur in those sectors of the upper rio Parand and are
interpreted as a result of geomorphological activity which resulted in faunistic exchanges
with neighboring basins. In some cases, species have a broader distribution outside of the
upper rio Parand basin, such as Astyanax lineatus, Gymnotus pantherinus, Hollandichthys
multifasciatus, Hyphessobrycon boulengeri, Hyphessobrycon griemi, Ituglanis amphipotamus,
]upiaba acanthogaster, Mimagoniates microlepis, Pseudocorynopoma heterandria, Rhamdiopsis
moreirai, Scleromystax barbatus, and Scleromystax macropterus (Fig. 31). However, there
are many examples where species have restricted distribution also in adjacent basins (eg.,
Coptobrycon bilineatus, Glandulocauda melanopleura, Hyphessobrycon duragenys, Phalloceros
reisi, Pseudotocinclus tietensis, and Taunayia bifasciata).

Such processes are so common that some species seem to have invaded the upper
rio Parand in more than one catchment area, as seems to be the case with Astyanax
lineatus, Hyphessobrycon boulengeri, Jupiaba acanthogaster, and Mimagoniates microlepis.
Their current distributions have no connectivity in the upper rio Parani and seem to
be the result of independent events in different times. The Fig. 31 shows regions where
such events may have taken place with different basins adjacent to the upper rio Parani,
as with the basins of the rios Iguacu, Ribeira de Iguape, Paraiba do Sul, Sio Francisco,
Tocantins, and Paraguai.
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FIGURE 30 | Examples of species that inhabit the lower portions of the upper Parana basin. A. Schizodon intermedius; B. Cyphocharax naegelii;

C. Piaractus mesopotamicus; D. Pinirampus pirinampu; E. Rhaphiodon vulpinus; F. Rhinelepis aspera.
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O Hyphessobrycon griemi
O Oligosarcus argenteus @ Glandulocauda melanopleura @ Astyanax lineatus @ Jupiaba acanthogaster
O Coptobrycon bilineatus O Hyphessobrycon boulengeri O© Pareiorhina rosai @ Hasemania nana
© Lophiobrycon weitzmani @ Kolpotocheirodon theloura @ Mimagoniates microlepis ~ @ Scleromystax macropterus
@ Hollandichthys multifasciatus ~ @ Moenkhausia aurantia O Hisonotus alberti O Hyphessobrycon coelestinus

FIGURE 31 | Examples of species that occur in the upper rio Parana only in the peripheries of the basin
and are shared with neighboring drainages. Numbers indicate zones of faunal exchange with adjacent
basins: 1) rio Iguacu and rio Ribeira de Iguape; 2) rio Paraiba do Sul and rio Ribeira de Iguape; 3) rio Doce
and upper rio Sao Francisco; 4) rio Paracatu (rio Sdo Francisco basin); 5) upper rio Tocantins and rio Sdo

Francisco; 6) rio Paraguai.

iv. Eastern highlands. In this case, lineages are concentrated in the highest portions
of the eastern part of the basin, forming a nearly vertical line of occurrence points.
Examples of fishes with such distribution includes: Australoheros oblongus, Corydoras
difluviatilis, Hypostomus heraldoi, Imparfinis ~schubarti, Rhamdiopsis microcephala,
Microlepidogaster spp. (Fig. 32) and Trichomycterus spp. Perhaps not coincidentally, five
of those lineages are also present in the rio Sdo Francisco basin (not exclusively in case
of Australoheros oblongus, Microlepidogaster spp., and Trichomycterus spp.). It is premature
at this point to determine whether such a pattern of distribution has any relationship
with the biogeographic history of the rio Sio Francisco. Describing the pattern is a first
step towards more studies on its possible causations. Two of the taxa presenting this
pattern, Hypostomus heraldoi and Imparfinis schubarti were not recorded yet for the rio
Sio Francisco basin.
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Corydoras difluviatilis

FIGURE 32 | Examples of species that inhabit the Eastern highlands portions of the upper Parana basin.
A. Australoheros oblongus; B. Corydoras difluviatilis; C. Microlepidogaster spp.; D. Rhamdiopsis microcephala.

v. Absence patterns. One of the most intriguing distributional phenomena in
biogeography is the absence of certain taxa in areas where they are expected to be
found, based on the distribution of their close relatives and higher taxonomic groups
(Dagosta, de Pinna, 2019). One conspicuous absence pattern in the upper rio Parani is
observed near the mouth of the rio Tieté into the rio Parand channel. Some fishes are only
found upstream to that region such as Aspidoras fuscoguttatus (Fig. 33A) Curculionichthys
piracanjuba, Hypostomus heraldoi (Fig. 33B), and Leporinus microphthalmus. Conversely,
some species have their distribution in the upper rio Parani basin limited downstream
to the region, as the case of Aphyocharax dentatus (Fig. 33A), Callichthys callichthys,
Eigenmannia guairaca, Leporinus lacustris, Psalidodon anisitsi, Psalidodon schubarti, Schizodon
altoparanae (Fig. 33B). Although some of these examples have records upstream this
region, these can be the result of an increased distribution after the removal of barriers
due to the construction of hydroelectric dams. The distribution of these species could
potentially be associated with biogeographic barriers that no longer exist, such as
the Urubupungi Falls, which were a series of waterfalls situated in this region. The
construction of the Engenheiro Souza Dias Hydroelectric Power Plant (Jupid Dam) in
1974 led to the submersion of these falls, eliminating potential biogeographic barriers
for numerous fish species. After the construction, it is possible that several species have
expanded their natural distribution above and below these barriers, thereby obscuring
biogeographic signals that once existed there. Due to the construction occurred many
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FIGURE 33 | Examples of species with distribution probably restricted by the presence of an ancient geographical barrier. White semicircle
represents the location of the former Urubupungd Falls, which was submerged with the construction of UHE Jupid in 1974. A. Blue dot:

Aphyocharax dentatus; red dot: Aspidoras fuscoguttatus; B. Blue dot: Schizodon altoparanae; red dot: Hypostomus heraldoi.

decades ago, even before the establishment of major ichthyological collections in the
basin, it will be quite challenging, if not impossible, to understand the true role of many
barriers in shaping the biogeographic history of the basin. At present, it is only possible
to infer that the distributional limit of several species in the upper Parand basin is, for
unknown reasons, approximately at this region.

Another remarkable case is observed in the right bank tributaries of the rio Parani,
which lack widely distributed groups of the upper rio Parand and other Brazilian
shield basins, such as representatives of the Trichomycterinae lineages (Cambeva
+ Trichomycterus), Geophagus, Neoplecostomus, and Phalloceros (Fig. 34). Records of
Phalloceros are found only in the lower areas of this region, near the channel of the rio
Paran4, mainly in rio Ivinhema basin (Fig. 34C). In contrast, an unidentified species of
Cambeva is recorded only in the headwaters of the rio Ivinhema, at the divide with the rio
Paraguai basin (Fig. 34A), pending further taxonomic studies. Although the right bank
is drained by tributaries that have been less sampled compared to those on the left bank
of the upper rio Parani, it is unlikely that these absences can be attributed to a collection
artifact, as the absent species are conspicuous, easily identifiable components of the
ichthyofaunistical assemblages wherever they are found. These absence patterns seem
to indicate that the ichthyofauna inhabiting tributaries draining the right and left banks
of the upper rio Parand may have experienced considerably different biogeographic
histories.

Where is the richest fish diversity in the upper rio Paran4? Results of the analysis
of Species Richness and of Phylogenetic Diversity were practically identical. This
means that the richest diversity of species and clades in the upper rio Parani is located
in the central portion of the basin, while the high-elevation regions have comparatively
fewer species and phylogenetic lineages (Figs. 35-36). The region of greatest diversity
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FIGURE 34 | Examples of lineages absent in the right margin of the rio Parand (downstream the
confluence of rio Paranaiba and rio Grande). A. Red dot: Cambeva spp.; blue dot: Trichomycterus spp.; B.

Geophagus iporangensis; C. Phalloceros spp.; D. Neoplecostomus spp.

is largely coincident with the lowland portion of the drainage, following a pattern
detected in other South American river basins. According to several authors (ag., Lima,
Ribeiro, 2011; Dagosta, de Pinna, 2019; Albert ef al., 2020) lowland regions tend to
harbor greater diversity, more cases of sympatric species and fewer endemic species,
which in fact corresponds to the pattern observed in the upper rio Parana.

The greatest concentration of species and lineages is observed in the eastern part
of the basin, in left-margin tributaries of the rio Parand. This may be related with the
longer course of those rivers when compared with those of the right margin. Besides
historical and ecological factors, large areas have the potential to harbor greater species
diversity than small areas (Williamson, 1988). It is also possible that, at least in part,
such a pattern is a result of sampling bias. Left- and right-margin tributaries have
not been equally sampled. Right-margin tributaries are mostly located in the State of
Mato Grosso do Sul, where collections have been relatively sparse and where research
institutions are ichthyologically underdeveloped, when compared to states drained by
left-margin tributaries. Most of the samples of the basin are from the left margin, a region
where most of the ichthyological research centers are located; e,g., Museu de Zoologia
da Universidade de Sio Paulo (MZUSP); Departamento de Ciéncias Biolégicas,
Universidade Estadual Paulista “Jdlio de Mesquita Filho”, Instituto de Biociéncias, Letras
e Ciéncias Exatas, Sdo José do Rio Preto, Sio Paulo, Brazil (DZSJRP); Laboratério de
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Ictiologia de Ribeirdo Preto (LIRP); Nicleo de Pesquisas em Limnologia, Ictiologia e
Aquicultura (Nupélia) in Maring; and Museu de Zoologia da Universidade Estadual de
Londrina (MZUEL).

A similar situation was described as “botanical effect” by Moerman er al. (2006),
showing that the greatest richness of plants is recorded in municipalities with universities.
The mere presence of more numerous researchers in an area may explain the presence
of more species of plants (or, in this case, fishes).

FIGURE 35 | Species richness
fishes in the upper rio

Parand basin estimated by
interpolation. Warmer colors
indicate regions with greater
species diversity, while cooler
colors indicate regions with

lower diversity.

FIGURE 36 | Phylogenetic
diversity of fishes in the upper
rio Parana basin estimated by
interpolation. Warmer colors
indicate regions with greater
diversity of species lineages,

while cooler colors indicate

regions with lower diversity.

56/109 Neotropical Ichthyology, 22(1):e230066, 2024 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Fernando C. P. Dagosta, Maristela S. Mongao, Barbara A. Nagamatsu, Carla S. Pavanelli, Fernando R. Carvalho, Flavio C. T. Lima et al.

Regions with the most distinctive fish faunas in the upper rio Parand basin.
Weigth Endemism Index (WEI) analysis is able to detect areas with lower diversity yet
with higher levels of endemism. Results show greater indices of endemism along the
fringes of the upper Parand, especially in headwaters of large left-margin tributaries
such as the rio Grande and rio Tieté, and in headwaters of right-margin tributaries of
the rio Paranaiba. The pattern is inverted in the central part of the basin, with great
diversity and low endemism (Fig. 37). Such a figure shows a direct relationship between
altitude and the presence of endemics. The outline of regions with higher WEI values
corresponds to relatively higher areas in the basin.

Changes in species composition along the basin. Non-Metric Multidimensional
Scaling (NMDS) analysis converts a matrix of Beta diversity into three spatial vectors
(red, blue and green), allowing to detect spatial changes in fish assemblages. The
geographic turnover in species composition found along the three axes represents the
biotas of the rio Paranaiba headwaters (red), the left-bank tributaries of the upper rio
Parani (blue), and the right-bank tributaries of the upper rio Paran (green). The central
area along the channel of the rio Paran4, which delimits the lowlands of the basin (Fig.
38), is a mixture of the three axes. Not surprisingly, it is the area with the most diverse
ichthyofauna of the upper rio Parand (Figs. 35-36).

The upland fauna of the left-bank tributaries exhibits higher Beta diversity (ie.,
taxonomic turnover) across its distinct drainages. At least three regions can be identified
(Fig. 38): Ponta Grossa Arch, Mata Atlantica and rio Grande headwaters. All three

FIGURE 37 | Weight Endemism Index map. Areas with warmer colors indicate regions with a high
concentration of species with restricted distribution and few species with widespread distribution. The

opposite is indicated by regions with cooler colors.

ni.bio.br | scielo.br/ni Neotropical Ichthyology, 22(1):e230066, 2024 57/109



https://www.ni.bio.br/
https://www.scielo.br/ni

Fishes of the upper rio Parand basin

Axis 1 fio Paranaiba
headwaters turnover zone

rio Paranaiba headwaters

Axis 2 Axis 3
right bank
tributaries

Right bank tributaries| |

left bank
tributaries

turnover zone

rio Grande headwaters

turnover zone

Mata Atantica
turnover zone

Ponta Grossa arch

FIGURE 38 | NMDS analysis with spatial changes in fish assemblages in the upper rio Parana.

correspond to bioregions found in Infomap Bioregions analysis (Fig. 39). The light-blue
area herein named Ponta Grossa arch corresponds to areas “Ivai and upper rio Piquiri”
and “Ponta Grossa Arch I and II” in the bioregionalization. The turquoise-green area
corresponds to the upper rio Tieté, while the dark blue region has its equivalent in the
area “upper rio das Mortes”.

Axis 2 (green) corresponds to right-bank tributaries of the rio Paran4, mostly draining
the area of the State of Mato Grosso do Sul and with their headwaters in the Serra de
Maracaju. That axis corresponds to areas 16—18 of the Infomap Bioregions analysis
(Fig. 39) and shows minimal variation of faunistic composition between adjacent basins.
As the maps show, whichever difference there is among those basins is due to some
species of Melanorivulus. Such inter-basin difterences are several orders of magnitude
smaller than the turnover seen in the left bank, where basins have entirely different
biogeographic histories and even genera which are not found in neighboring drainages.

Finally, axis 3 (red) corresponds to the headwaters of the rio Paranafba, which borders
the drainages of Araguaia, Tocantins, and Sio Francisco. That axis coincides with the
area “Aguas Emendadas” of the Infomap Bioregions analysis (Fig. 39). This is the axis
with the smallest area, showing that the ichthyofaunistic composition of the region
is concentrated in a more restricted area. The axis comprises left-bank rivers of the
rio Paranaiba, while those of the right bank are within a turnover zone, having an
ichthyofauna influenced by other right-bank tributaries of the rio Parana.

Bioregionalization within the upper rio Paran4. Partitioning into biogeographic
regions implemented by the software Infomap Bioregions (Fig. 39) is an approach
relevant for understanding fish distribution because it segregates regions based on
distributions of taxa, generating regionalizations that can serve as foundation for studies
on ecology, biogeography, evolution and conservation (Vilhena, Antonelli, 2015). Of
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FIGURE 39 | A. Bioregionalization of the upper rio rio Parana ichthyofauna using bipartite networks and clustering algorithms from the
Infomap Bioregions software. B. Upper rio Parana basin outline and 1° quadricles present in the basin. C. Croped result using the upper rio

Parand basin outline.

18 bioregions defined, 17 are located in the periphery of the basin, in regions bordering
other biomes and basins (Fig. 39). Such a pattern is related with the presence of taxa
shared among adjacent regions and linked to the hypothesis that restricted-range species
are found in high-elevation regions. All defined regions include endemic species (e.g.,
Creagrutus varii, Trichomycterus uberabensis, Melanorivulus m’gropunctatus) or species with
restricted distribution in the upper rio Parana, ie., species that occur in other basins,
but restricted to peripheral bioregions within the upper rio Parani (e.g, Characidium
xanthopterum, Hisonotus alberti, Phalloceros reisi).

Regardless of the variation of employed parameters, biogeographic regions in right-
bank tributaries are spatially restricted, supported by the presence of Rivulidae, a group
with high levels of endemism and mostly having narrow ranges (Abilhoa et al., 2010).
The bioregions along the southeastern border, spanning from the “rio Ivai and upper
rio Piquiri” to the “upper rio Tieté” dreas, exhibit consistent stability across various
parameters. The same is true for bioregions in the northern borders of the basin, eg,
the “Aguas Emendadas” and “Serra da Canastra” bioregions. Contrastingly, the regions
of the headwaters of the rio Grande (“Serra da Canastra”, “Divide rio Pardo-Grande”,
“upper rio Sapucai”, “upper rio das Mortes”) and “Right-bank tributaries of the upper
rio Parand” have a complex and relatively inconsistent bioregionalization, with the
delimitations of areas sensitive to alterations in the database or employed parameters.

1. Lowlands of the upper rio Parand. This is the largest bioregion found in this
study and corresponds to Pattern “Lowland species” discussed above. Approximately
2/, of the area of the basin is composed of this region, located in its central area where
there is the main channel of the rio Parand and extends at least up to the middle course
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of its tributaries. This region concentrates most of the biodiversity of the basin (Figs.
35-36). Several of the species showing this pattern are typically found in the main
channels of large rivers, with some found also in several other neotropical basins, such
as Hemisorubim platyrhynchos, Pinirampus pirinampu, Pseudoplatystoma corruscans, and
Rhapiodon vulpinus, while others are endemic to the basin, such as Cyphocharax naegelii,
Schizodon intermedius, etc. This region also includes endemic species with somewhat
more limited distributions and associated with smaller tributaries (e.g., Planaltina britskii).

2. Rio Ivai and upper rio Piquiri. This bioregion comprises mostly the rio Ivai
basin, with a sector of the rio Piquiri basin. According to Frota e al. (2016), the rio
Ivai basin has approximately 100 species, 13 of which are endemic. The same authors
propose that the high degree of endemism is related to the numerous waterfalls that
isolate those species in the upper reaches of the drainage. Some species, including
Cambeva horacioi, Characidium heirmostigmata, Corydoras lacrimostigmata, and Hisonotus
pachysarkos are responsible for the delimitation of the region. Other species also occurring
in adjacent basins were also relevant for the recognition of the region, Apareiodon vladii,
Bryconamericus coeruleus, Curculionichthys oliveirai, Hypostomus robertsoni, and Planaltina
kaingang. The region has elements shared exclusively with the rio Iguagu drainage, as
Cambeva davisi (Morais-Silva et al., 2018; Reis et al., 2020) and Psalidodon bifasciatus
(Neves et al., 2020; Reis ef al., 2020), which suggest a historical relationship between
those regions.

The most remarkable biogeographic fact of this region is, as earlier pointed by Depré
et al. (2018), the absence of several species otherwise widespread in the upper rio Parana.
Their list can be expanded to include Leporinus lacustris, Megaleporinus piavussu, Myloplus
tiete, among others. Literature records and databases of scientific collections make this
absence pattern still more striking. The rio Ivai basin lacks not only elements typical of
the upper rio Parana, but also elements otherwise present in most of cis-Andean South
America, as the cases of Sternopygidae (Eigenmannia spp. and Sternopygus macrurus are
the representatives present elsewhere in the upper rio Parand), Doradidae (Rhinodoras
dorbignyi) and Lebiasinidae (Pyrrhulina australis). Other species widely distributed in
the La Plata basin, but absent in the rio Ivai basin are: Leporinus striatus, Moenkhausia
aff. sanctaefilomenae, Paravandellia oxyptera, Pimelodus maculatus, Rhaphiodon vulpinus,
Pinirampus pirinampus, and Zungaro jahu. These absences, added to the endemic elements
and those shared with the rio Iguacu, indicate a high degree of historical differentiation
of the rio Ivai drainage and, as a consequence, of this entire region relative to the rest
of the upper rio Parana.

3-4. Ponta Grossa Arch I and II. These two regions are discussed together
because they share similar biogeographic histories and faunas. Both areas comprise
the headwaters of the left-bank tributaries of the middle and upper rio Paranapanema.
Some species are found exclusively in the area delimited by the two regions, such as
Chesterodon hypselurus, Otothyropsis biamnicus, and Neoplecostomus selenae.

The main river basin of the region is the rio Tibagi, which has few examples of
endemic species. Among species previously considered endemic to the rio Tibagi, only
Isbrueckerichthys saxicola is still restricted to the basin. Ponta Grossa Arch I and II are
part of one of the regions of the upper Rio Parand with deep historical relationships
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with neighboring basins. They include several taxa which, in the upper rio Parang,
are only found there, although also present in neighboring basins. Those taxa occur
only marginally in the upper rio Parana but have broader distributions in other basins
such as the rio Iguagu and rio Ribeira de Iguape. Some examples are: Cambeva davisi,
and Corydoras ehrhardti (rio Iguagu and rio Ribeira de Iguape), Characidium schubarti
(Ribeira de Iguape), Hyphessobrycon griemi (Coastal drainages, rio Iguagu and rio Ribeira
de Iguape), Orothyropsis polyodon, Pareiorhaphis parmula, and Rhamdiopsis moreirai (rio
Iguacu), and Pseudotothyris obtusa (Coastal drainages and rio Ribeira de Iguape).

The numerous examples are not simply a coincidence but represent a biogeographic
history shared by these two basins. The headwaters of the rio Paranapanema in those
regions are associated with the Ponta Grossa Arch, as are the headwaters of rio Iguagu
and rio Ribeira de Iguape. That geological formation includes a complex system of fault
lineaments and rifted blocks which has imparted a highly dynamic tectonics (Ribeiro,
2006). Vertical movements among faulted blocks and erosive evolution of rivers along
such rifts promote ichthyofaunistic mixing between adjacent drainages (Ribeiro, 2006).

5. Upper rio Tieté. This bioregion is composed of the headwaters of the rio Tieté
draining the western slope of the Serra do Mar escarpment. The Tieté headwaters are
relatively poor in fish diversity, with ca. of 60 spp. (¢f- Marceniuk ef al., 2011). However,
their ichthyofaunistic composition is quite peculiar and distinct from that in the rest of
the upper rio Parand (Langeani, 1989; Marceniuk ef al., 2011), and it is probably the
most singular region in the entire basin. The fish fauna is characterized by the presence
of some endemic species such as Neoplecostomus bandeirante and Piabina anhembi, but
the headwaters of the rio Tieté have many elements shared with neighboring Coastal
Atlantic drainages (Langeani, 1989; Ribeiro, 2006; Ribeiro ef al., 2006; Menezes ef al.,
2008). Some examples are: Coptobrycon bilineatus, Glandulocauda melanopleura, Gymnotus
pantherinus, Hollandichthys multifasciatus, Hyphessobrycon bifasciatus, Hyphessobrycon
boulengeri, Hyphessobrycon duragenys, Ituglanis amphipotamus, Mimagoniates microlepis,
Phalloceros reisi, Pseudocorynopoma heterandria, Pseudotocinclus tietensis, and Taunayia
bifasciata.

Southeastern Brazil is a tectonically active area and prone to deformations which
presumably had consequences for the aquatic biota (Cobbold et al., 2001; Ribeiro,
2006). Geomorphological mechanisms responsible for faunistic sharing listed above are
associated with reactivation and deformations of the Continental Rift of Southeastern
Brazil (CRSB) and are discussed by Ribeiro (2006).

6. Upper rio Sapucai. The rio Sapucai is a tributary of the rio Grande and its
headwaters drain the Serra da Mantiqueira, which at that region is the divide between
the upper rio Parand and the rio Paraiba do Sul (along with the states of Rio de Janeiro
and Sio Paulo). According to Ingenito, Buckup (2007), the Serra da Mantiqueira is an
efficient geographic barrier for the faunal separation of the two basins since they share
no species at that region. Data herein compiled corroborate that conclusion and Fig. 39
shows that the region of the Serra da Mantiqueira has no elements shared between the
upper Parand and neighboring basins. The region of the upper rio Sapucai was defined
in this analysis exclusively on the basis of endemic elements, as Parodon moreirai and
Otothyropsis alicula. Another lineage endemic to the region is a yet undescribed species,
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currently unassigned to any trichomycterine subgroup (DZSJRP 13957) reported by
Thereza, Langeani (2019).

7. Upper rio Grande. This region comprises the tributaries forming the rio Grande,
including the part of the rio das Mortes, rio Capivari, rio Ingai among others, all with
their headwaters in the Serra da Mantiqueira. The region is delimited by the analysis
on the basis of several siluriforms taxa, most of which of Trichomycterus: T. humboldti, T.
ingaiensis, T. pauciradiatus, and T. piratymbara. Other catfishes endemic to the region are
Microlepidogaster perforata and Pareiorhina carrancas.

8. Upper rio das Mortes. At the southeastern State of Minas Gerais, the Serra da
Mantiqueira and the Espinhaco range complex separate four major hydrographic
systems in Brazil: rio Sdo Francisco, upper rio Parand, rio Doce and rio Paraiba do Sul
(Oliveira, Oyakawa, 2019). One of the basins originating in that region is that of rio
das Mortes, one of the tributaries of the rio Grande. This region was delimited by the
analysis on the basis of the congruent distribution of three siluriforms: Pareiorhaphis
togoroi, Pareiorhina rosai, and Trichomycterus funebris. The first two species require further
comments.

Oliveira, Oyakawa (2019) described Pareiorhaphis togoroi from the headwaters of the
rio das Mortes, a highly significant record as it was the first species of the genus to be
recorded in the upper Parani basin. The presence of that lineage in the headwaters of
the rio das Mortes was considered as probably relictual and it should explain the past
distribution of the group (Oliveira, Oyakawa, 2019). Another species which underscores
the historical specificity of this region is the presence of Pareiorhina rosai, previously
only known from headwater streams of the rio Paraopeba and rio das Velhas (rio Sio
Francisco basin) (FL and collaborators, working in progress). The occurrence of this
species suggests a putative hydrogeological complexity of the region.

9. Divide rio Pardo-Grande. This region includes the headwaters of the rio Pardo,
tributary of the middle rio Grande plus part of drainages of the Furnas dam, formed
by the damming of the rio Grande. Five endemic species are known to this region,
all siluriforms. Only Trichomycterus maracaya is endemic to the upper rio Pardo, with
remaining ones (Neoplecostomus langeanii, Trichomycterus adaltoleitei, T pirabitira, T.
septemradiatus) endemic of tributaries draining directly into the rio Grande. In the
region there is also the only record of Oligosarcus argenteus in the upper rio Parand basin,
a species more widely distributed in the rio Doce and upper rio Sio Francisco basins.

10. Serra da Canastra. The Serra da Canastra is located at southwestern portion of
the State of Minas Gerais. The region possesses a high-elevation, rugged topography,
with many steep elevations and deep valleys. The Serra da Canastra is the divide between
the basins of rio Sdo Francisco and upper rio Parand, with the latter represented by the
headwaters of the rio Grande, to the south, and the rio Paranaiba, to the northwest,
which receives influx from the headwaters of the rio Araguari.

The region has a dense and complex network of tributaries which is reflected in
the fish fauna of the region which, though poor, shows many endemic elements.
Some of those endemics are: Aspidoras lakoi, Hisonotus alberti, Lophiobrycon weitzmani,
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Neoplecostomus canastra, Pareiorhina pelicicei, Trichomycterus listruroides, T sainthilairei, and
T saturatus. All those species are recorded exclusively in the Serra da Canastra versant of
the upper Parand. Other endemic species are present in the portion drained by the rio
Sio Francisco, showing that the present limits of those drainages represent an important
biogeographic barrier for aquatic biotas, lacking shared elements present in some other
water divides of the upper rio Parand basin.

11. Upper rio Uberaba and rio Araguari. The region “Upper rio Uberaba and rio
Araguari” comprises the headwaters of the rio Uberaba basin, one of the largest right-
bank tributaries of the rio Grande, plus part of the rio Araguari drainage, one of the
largest left-bank tributaries of the rio Paranaiba. The region is located in the Tridngulo
Mineiro region, Minas Gerais State, Brazil.

Several elements corroborate this region as a biogeographically relevant area and
distinctive from the rest of the upper Parani. There are exclusive elements to the
rio Uberaba basin, as Hasemania uberaba, Hyphessobrycon uaiso, and Microlepidogaster
dimorpha, and others to the rio Araguari, as Scleronema auromaculatum, and Trichomycterus
araxa. Although in the proximity of a large urban center, the city of Uberaba, the region
harbors some undescribed taxa, such as a species of Glandulocauda (MZUSP 114314, see
Fagundes ef al., 2015 as Glandulocaudinae sp.) from the rio Araguari basin and a new
genus and species of Crenuchidae (see Ribeiro ef al., 2019) from the rio Uberaba basin.

Costa et al. (2022) discuss the disjunct distribution of Scleronema, with a single record
in the region herein delimited and all other species in the South American subtropical
region of southern Brazil, Paraguay, Uruguay, and northeastern Argentina. Those
authors argue that such distribution results from extinction of intermediate populations
caused either by past events (eg., Cenozoic climatic changes) or more recent factors
(anthropic environmental changes), or still are result of a sampling gap. In addition,
Glandulocauda has congeners in the rio Iguagu basin, upper rio Tieté and adjoining
coastal rivers. The explanation for those two lineages in the region seems to be the same
offered by Ribeiro (2006) as “Pattern B”. Interestingly, the adjacent region, Serra da
Canastra, was employed by the latter to illustrate a pattern of sister-group relationships
between the endemic ichthyofauna of the Brazilian coastal drainages and the adjacent
shield. One of the examples cited is Lophiobrycon at the Serra da Canastra, sister group
to remaining glandulocaudines. As Scleronema auromaculatum is considered by Costa er
al. (2022) as sister group to all congeners, a relictual pattern seems to be a more likely
explanation for these similar biogeographical patterns.

12-13. Trichomycterus I and II. These two regions are discussed together because
both bioregions were defined solely on the presence of recently described species of
Trichomycterus known only from their respective type localities. The Trichomycterus 1
bioregion is defined by the species T. coelhorum and T. uberabensis, known only from the
rio Uberaba basin. The Trichomycterus 11 bioregion is delimited only by the presence
of Trichomycterus giarettai, endemic from a tributary of the rio Paranaiba. Both regions
are relatively poorly sampled, and future inventories may provide a more reliable
picture of their ichthyofaunal composition. In addition, more information regarding
the distributions of these species has the potential to blur the evidence of these areas
as distinct biogeographic regions, which is rather tenuous in comparison with other
regions of the upper rio Parand basin defined herein.
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14. Headwaters of rio Paranaiba. The rio Paranaiba hasits headwaters in the extreme
northeast of the upper Parana basin, where it forms an intricate divide with the Sio
Francisco basin. The divide is an assemblage of small elevated formations with various
local names (e.g., Serra da Tiririca, east of Paracatu, MG; Chapada da Ponte Firme, north
of Patos de Minas, MG; Chapadio dos Pildes, west of Guarda-Mor, MG; and others).
Pavanelli, Britski (1999) were the first authors to acknowledge that the region possessed
a fish assemblage distinct from the upper rio Paran4, with endemic elements. One of the
species defining the region, Hasemania nana, is shared exclusively with the Sao Francisco
basin and considered herein as evidence of past events of ichthyofaunistic interchange
between adjacent basins. Other species endemic to the upper rio Paranaiba in the
region delimited by the analysis are: Creagrutus varii, Hypostomus yaku, Microlepidogaster
arachas, Pituna brevirostrata, Rhinolekos britskii, R. garavelloi, Rineloricaria rodriquezae, and

Simpsonichthys santanae.

15. Aguas Emendadas. This region contains one of the most distinctive ichthyofauna
of the entire upper rio Parand. The situation is similar to that of the upper rio Tieté,
whose composition includes endemic elements along with species shared with
neighboring basins. The headwaters of the rio Sio Marcos, right-bank tributary of the
rio Paranaiba, share species with the rio Tocantins headwaters (Moenkhausia aurantia)
and rio Sio Francisco (Kolpotocheirodon theloura and Planaltina myersi) (Aquino et al.,
2009; Aquino, 2013). An emblematic case of the faunistic mixture in the region is that
of Hyphessobrycon coelestinus, present in the headwaters of the three basins (Aquino,
Carvalho, 2014). Fittingly, the headwaters of the three basins are physically very close in
the region of the Planalto Central, between the State of Goiis and the Distrito Federal.

Besides a considerable faunal sharing with adjacent basins, the region also contains
rich endemism, among which Characidium onca, Hyphessobrycon balbus, Hasemania
crenuchoides, Hypostomus crulsi, Phenacorhamdia unifasciata, and Simpsonichthys boitonei.

16-18. Right-bank tributaries of the upper Parand. The analysis delimited three
distinct regions in the headwaters of right-bank tributaries of the upper rio Parana.
Those regions are discussed together here, not having particularly distinct biogeographic
histories as per current knowledge. Right-margin tributaries of the upper rio Parand are
shorter in length than those on the left bank. Except for rivulid species, they have few
endemic elements, except for the headwaters of some tributaries of the rio Paranaiba.
They do not have any taxa shared exclusively with the rio Araguaia basin, and only
three elements shared with the rio Paraguai drainage: Astyanax lineatus, Hyphessobrycon
herbertaxelrodi, and Jupiaba acanthogaster. The first species is broadly distributed in the
Paraguai basin, occurring also in some tributaries of the rio Madeira, such as the Guaporé
and Mamoré (Dagosta, de Pinna, 2019). In the upper rio Parand it was recorded in the
headwaters of rivers Anhandui and Pardo (Fig. 8).

Jupiaba acanthogaster is widespread in the upper rios Paraguai, Tapajés, Xingu and
Araguaia-Tocantins drainages (Ribeiro ef al., 2013). In the upper Parand it was recorded
only in the upper reaches of rio Sucuriti and rio Ivinhema (Lopes et al., 2020). As
discussed by Ribeiro e al. (2013), the presence of the species in the Paraguai basin is
associated with a capture event from the rio Tapajds. The same explanation accounts for
the presence of this rheophilic species in the fringes of the upper rio Parand, probably
originating from the rio Paraguai.
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In the upper rio Parand, Hyphessobrycon herbertaxelrodi is known exclusively from
the rio Aporé (FRC, pers. obs.). Nonetheless, the species occurs in the middle and
lower sectors of the Aporé basin, and is not rheophilic. The species is also very popular
in the aquarium trade, and maybe its presence is due to human dispersal, rather than
indicative of a common biogeographic history between the upper rio Parand and rio
Paraguai. Additional collecting in the region of Serra de Maracaju, the hydrographic
divide between those basins, may offer new data to better understand this case, and also
provide additional examples of exclusive taxon sharing in the drainages.

Remaining areas of right-bank tributaries recognized in the analysis owe their
delimitation due mainly to species of Rivulidae. Region 16 comprises sectors of the
upper rio Claro and rio dos Bois, both in the State of Goids, and is delimited by the
presence of four endemic species of Melanorivulus: M. faucireticulatus (rio Claro), M.
nigromarginatus (middle rio Corrente), M. pinima (rio Claro and rio dos Bois), and M.
illuminatus (rio dos Bois).

Region 17, on the other hand, comprises the headwaters of rios Corrente, Aporé and
Sucurid, and is delimited by four endemic siluriforms (Corumbataia liliai, C. lucianoi,
Imparfinis lepturus, and Neoplecostomus watersi), plus five endemic rivulids (Melanorivulus
formosensis, M. rutilicaudus, Simpsonichthys margaritatus, S. nigromaculatus, and S.
parallelus). Finally, region 18 includes the headwaters of the rio Pardo and is defined by
the occurrence of Astyanax lineatus, Melanorivulus egens, M. interruptus, and M. rossoi.

DISCUSSION

A distinct ichthyofauna. The fish families with greatest diversity in the upper rio
Parand are somewhat as distinct as in other neotropical basins, for example, the Amazon
basin. Amazonian rivers are strongly dominated by Characidae (Dagosta, de Pinna,
2019), which alone represent % of the entire fish diversity, while in the upper rio Paran4
basin the predominant family is Loricariidae. Such distinction does not seem to be a
result of taxonomic bias. The predominance of loricariids may be related to the fact that
the upper rio Parand basin drains mostly highlands, favoring thus the diversification of
theophilic lineages.

Another important difference is the extremely reduced number of Cichlidae in the
upper Parana, with only eight native species. In the Amazon basin, cichlids represent the
third most diverse family, with almost 10% of all its fish species in the basin, while in the
upper Parana cichlids are less than 3% of the total. Other taxa with limited representation
in the upper rio Parand basin, yet exhibiting substantial diversity within the lowland
Amazonian regions, are doradids, auchenipterids, hemiodontids, and gymnotiforms.

The most species-rich genus in the upper Parand is Melanorivulus, with 23 valid
species. This is a surprising high number, representing over one-third of the known
diversity of a genus broadly distributed in South America, including most of Brazil, in
addition to Argentina, Bolivia, and Paraguay. The Amazon basin, for example, has 27
Melanorivulus species recorded so far (Dagosta, de Pinna, 2019). The next most diverse
genera in the upper Parand are Hypostomus (21 spp.), Trichomycterus (20 spp.), and
Neoplecostomus (10 spp.), all representing rheophilic lineages. The former two genera
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are particularly striking when compared to their numbers in the Amazon, with 30
species of Hypostomus and 17 species of Trichomycterus. In the case of Trichomycterus,
such a difference is probably due to biogeographic reasons. As noted by Dagosta, de
Pinna (2019), that genus is typical of South American highlands and is present only in
peripheral areas of the Amazon basin.

In the case of Hypostomus, the situation may be related to the poor taxonomic
knowledge about the genus, which probably underestimates the number of species in
both basins. However, it is intriguing to note that although there is a low number
of Hypostomus species in the Amazon basin, there is a substantial diversity of species
from other Loricariidae genera, particularly within the Ancistrinae. Conversely, in the
upper rio Parand basin, the situation is entirely opposite: there are very few species
and other genera of Loricariidae (especially within Ancistrinae), but a significant
abundance of Hypostomus species. This pattern suggests that Hypostomus has undergone
diversification in the upper rio Parand, occupying ecological niches that are typically
filled by ancistrins in the Amazon. Lujan ef al. (2011) demonstrated distinct loricariid
lineages that partitioned guilds as consumers of woody debris. A similar process might
be associated with the diversification of Hypostomus in the upper rio Parand. Another
comparable situation applies to Pimelodus, which exhibits its highest diversity within
the rio La Plata basin, but only a few other lineages of pimelodids inhabit the region
compared to the Amazon basin.

The number of different lineages in the upper rio Parand is also noteworthy.
Most of its species are concentrated in small genera, with almost half of them with a
single species in the basin. In total, there are 125 genera for 341 species, making an
average of 2.7 species/genus. The equivalent average in the Amazon basin is twice
that and most species are concentrated in a few mega-diverse genera, like Corydoras,
Apistogramma, Hyphessobrycon, and Moenkhausia, etc. In the upper Parani, only four
genera (Melanorivulus, Trichomycterus, Hypostomus, and Neoplecostomus) contain ten or
more species. Such pattern demonstrates a low frequency of sympatry among related
lineages, a common phenomenon in South American highlands (Lima, Ribeiro, 2011;
Albert et al., 2020).

Another metric that reveals the limited number of lineages in the upper rio Parani is
the presence of only six orders. None of the orders of fishes in the Peripheral Division of
Myers (1938) is present, not even those which are present in the middle-lower Parani,
immediately downstream from the ancient Sete Quedas falls, such as Atheriniformes,
Beloniformes, Clupeiformes, Myliobatiformes, Acanthuriformes, and Carangiformes.
Such lineages colonized South America via marine invasions, and their diversification
took place between the Eocene and Middle Miocene (~45-13 Ma) (Bloom, Lovejoy,
2017). Additional remarkable absences in the upper Parani are the families Hypopomidae
and Rhamphichthyidae, typical components of South American lowlands which have
an older biogeographical history in the continent, unrelated to marine invasion events.
Such absences may translate into a long period of separation between the upper Parand
and the lowland regions of South America heavily populated with those lineages.

Finally, it is curious that the upper rio Parand virtually lacks any native species of
“Hemigrammus” or “Hyphessobrycon” in its main channel, with the latter present only in
the periphery of the basin, resulting from faunistic the former, having as its only possible
representative a species from the Moenkhausia bonita / Hemigrammus marginatus clade
(see further details in Tab. 1) and the latte exchanges with neighboring basins. Those
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genera are among the most highly diverse in Characidae and largely responsible for
the predominance of that family in the Amazonian region. Their absence in the main
channel of the upper Parani may explain, in part, the reduced number of characids in
that basin when compared to many other South American drainages.

Probably non-native species. Compiling a list of native species from the upper
rio Parand region can prove to be a rather challenging task. Given the extensive
urbanization of the area and the long-standing alterations in its biota, it can be difficult
to understand the nature and origin of some of its species. In such cases, historical
records from literature and scientific collections have been decisive in solving these
issues. Below are presented some species that require a more in-depth discussion about
their origin in the upper rio Paran basin.

Bujurquina vittata (Heckel, 1840) and Hypostomus cf. latirostris (Regan, 1904).
These species were recorded in the upper rio Parani only in the Lago do Amor, a body
of water located within the campus of the Universidade Federal de Mato Grosso do
Sul, Campo Grande, the capital of the State of Mato Grosso do Sul. Carvalho, Eduardo
(2022) argue that these records are natural, as the region is close to the headwaters of the
rio Paraguai. Although headwaters of the upper rio Parani and rio Paraguai basins are
close to each other, they are separated by the Serra de Maracaju, which act as an effective
barrier for fish fauna, as few reliable examples of shared species between the basins in
this region exist (eg, Jupiaba acanthogaster, see Lopes et al., 2020). It is also noteworthy
that the species in question are not rheophilic, the latter being generally more prone to
the consequences of headwater capture due to their distribution restricted to upstream
regions. The area around Campo Grande is well sampled, but additional records of these
species have not been found. It is important to remember that urban ecosystems are
hotspots for biological invasions, as they are a focus of species release (Gaertner ef al.,
2017), which seems to be the case with the Lago do Amor. In this study, these species
are tentatively considered non-native until further studies can be conducted.

Corydoras nattereri Steindachner, 1876. The species was described from the Rio
de Janeiro and its records in the upper Parand are from Langeani ef al. (2007) and
Marceniuk er al. (2011). The first collection records of the species in that basin date
back to the late 1990s, from a stream in the Taiagupeba reservoir tributary, which is part
of the upper rio Tieté. Luiz Wada (pers. comm. to FCTL, 2014) mentioned that the
species was intentionally introduced in the upper rio Tieté by an aquarium fish dealer.
It is noteworthy that Langeani (1989), a comprehensible survey of the ichthyofauna of
the upper rio Tieté, did not record the species, which may suggest that the species was
introduced and established after that time, or else that the distribution of the species in
the basin is now very restricted at the moment. In this study, the species is tentatively
considered non-native pending further investigation.

Hemigrammus parana Marinho, Carvalho, Langeani & Tatsumi, 2008.
Originally described by Marinho et al. (2008) from the upper Paran, this species was only
first recorded in the basin early 2000s. Since then, it has been frequently and abundantly
recorded, with some of lots used to described the species containing hundreds of
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specimens. The species has been reported in the rio Araguaia-Tocantins basin and there
are very similar morphotypes in the rio Teles Pires and in the upper rio Xingu basins.
Considering that the species is quite common where it occurs, it is striking that it was
not sampled in the upper rio Parand during many years of ichthyological inventories.
In the basin, its distribution is restricted to stretches above the confluence of the rio
Tieté with the rio Parand, which is a typical distributional pattern of some invasive
species in the upper Parand that likely originate from the Araguaia-Tocantins basin.
Thus, we consider that this species is very likely an introduction from the Araguaia-
Tocantins with an undetectable origin. Ironically, the species is named after the basin
(Hemigrammus parana), where it is probably invasive. More information on species with
a similar history of introduction is presented in the “Discussion - The threat of non-
native species” section.

Hyphessobrycon eques (Steindachner, 1882). Ota et al. (2018) conducted the first
study that questioned whether the species is native to the upper rio Parani. Although
some lots documented its presence in the basin in the 1970s, before the construction of
Itaipu (MZUSP 28629: collected in 1974; MNR] 26275: collected in 1975; ZUEC 4628:
collected in 1975), all these records refer to the same location in the city of Botucatu, Sio
Paulo state. Hyphessobrycon eques did not appear in the CETESB surveys in the reservoir
region neither in any ichthyological study in the basin before the construction of Itaipu.
Since the species is quite common in the aquarium trade, at least these old records in
Botucatu - SP likely relate to such activity. The species seems to possess a great adaptive
capacity, as it has successfully established itself in other basins such as the rio Paraiba
do Sul, rio Doce, and rio Sio Francisco. Molecular studies at the population level may
indicate the most likely scenario that explains the presence of the species in the upper
Parand. Currently, we tentatively consider the species to have been introduced.

Gymnogeophagus cf. setequedas Reis, Malabarba & Pavanelli, 1992. Paratypes
of G. setequedas (MZUSP 42715) were collected at Missal, PR, located upstream from
the Itaipu dam, but downstream from the Sete Quedas falls. Therefore, in Langeani
et al. (2007), the record of this species in the upper Parand is no longer valid, as it
has not been collected in the basin ever since. More recently, Gymmnogeophagus taroba
Casciotta, Almirén, Pidlek & Rican, 2017 was described from the rio Iguagu, which
also flows downstream from the Sete Quedas falls. Specimens of Gymnogeophagus in the
Itaipu surroundings have been identified as G. taroba. Lot MCP 45929 is a juvenile, very
similar to G. setequedas, and represents the first record of the genus in the upper Parana,
above Sete Quedas falls. The species is tentatively considered as non-native here, as the
Itaipu region is very well sampled and, until now, no records have been made except
for the MCP 45929,

Poecillia hollandi (Henn, 1916). The species was described from the rio Sio
Francisco, with occurrences also in the rio Parnaiba basin (Figueiredo, 1997). In the
upper Parand, there are records from Casatti et al. (2006), Langeani ef al. (2007), Ota et
al. (2018), and Reis ef al. (2020). In collections, the oldest records date back to the mid-
2000s. It is important to note that Pamphorichthys was reviewed by Figueiredo (1997),
who did not present any record in the upper rio Parand. The known distribution of the
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species in the basin is associated with the main channel of the rio Parand, with some
records in the lower rio Grande and rio Tieté. Such a restricted distribution pattern to
the channel is typical of some invasive species, discussed in more detail in the section
“Discussion - The threat of non-native species”. Species identification is also uncertain,
given the difficulty in separating it from Poecillia araguaiensis (Costa, 1991), which
further complicates understanding of the species’ origin. Given so many uncertainties
about the taxon, the species is provisionally considered non-native until further studies
elucidate these issues.

Moenkhausia cf. gracilima Eigenmann, 1908. This species was described from
“Serpa, rio Amazonas”, and is widely distributed in the rio Amazonas lowlands, rio
Madeira, rio Tapajés and rio Trombetas basins. Despite this range of distribution, there
are records of populations very similar to M. gracilima in the upper rio Parani. Some of
them were misidentified as Hemigrammus marginatus Ellis, 1911 (i.e., upper rio Parani
floodplain) (Ota er al., 2018), a species currently restricted to the rio Sdo Francisco
basin and rivers of Northeastern Brazil (Ota et al., 2015). Marinho, Langeani (2016)
speculated the possibility that these populations belong to a new species, but emphasized
the need for more investigation, as some characters overlap those from the populations
from the rio Amazonas basin. Therefore, the species is identified as M. cf. gracilima, and
provisionally considered herein non-native until new studies provide more information
to solve this question.

Poecilia vivipara Bloch & Schneider, 1801. This species was described from
Suriname, with wide distribution in South America, extending from Venezuela all
along the coast to the rio de La Plata, in Argentina (Lucinda, 2003). In the upper rio
Parand, there are some records in the upper rio Tieté from the 1960s-70s, but it was
introduced in various Brazilian regions as a mosquito control policy (cf. Azevedo-Santos
et al., 2016), which led several authors to consider the species as non-native in the basin
(eg., Langeani er al., 2007). Molecular studies may help to understand if any of the
populations in the upper rio Parand are native. Thus, the species is considered here as
provisionally non-native.

Triportheus nematurus (Kner, 1858). Originally it was described from the rio
Cuiab4, rio Paraguai basin. Besides this basin, it also occurs naturally in the lower
rio Parand basin (Portugal, 1990). There are two records of the species, theoretically,
upstream from the Sete Quedas falls before the construction of Itaipu. Based on these
records, the species could be considered native to the upper rio Parand basin. However,
there is strong evidence of mistakes in the locality of these collections, and they should be
considered doubtful. Both collections were made by CETESB (Companhia Ambiental
do Estado de Sio Paulo) during an ichthyofaunal survey in the region of influence of the
Itaipu construction. The lot MZUSP 19854 was collected in “rio Parani, Porto Verde,
Parand, Brazil” under the field number CET77070005. Only this species was collected
in this field number, but other species were collected in the Porto Verde - Parana under
different field numbers. It is noteworthy that among the collected species, there are fishes
that do not naturally occur in the upper rio Parand basin, such as Mylossoma duriventre
(Cuvier, 1818) (MZUSP 20375), Potamoirygon amandae Loboda & Carvalho, 2013
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(MZUSP 13361), Hypophthalmus edentatus Spix & Agassiz, 1829 (MZUSP 13360), and
Pseudohemiodon laticeps (Regan, 1904) (MZUSP 25350). The same pattern occurs with
lot MZUSP 21086, which has the locality “rio Parand, acima de Sete Quedas. Periodo da
coleta: 1977 a 1980, Guaira, Parana, Brasil” and the field number CET77000001. Several
other species were sampled under the same field number, among which Plagioscion
squamosissimus (Heckel, 1840) (MZUSP 21654), Diapoma guarani (Mahnert & Géry,
1987) (MZUSP 21075), and Potamorhina squamoralevis (Braga & Azpelicueta, 1983)
(MZUSP 21092) can be highlighted as not native to the upper Rio Parand. In other
words, both lots MZUSP 19854 and MZUSP 21086 appear to have been sampled below
Sete Quedas and are not reliable records of Triportheus nematurus in the upper rio Parand
River before the submersion of Sete Quedas. It should be noted that the lot MZUSP
21092 of Potamorhina squamoralevis was examined in the revision of the genus by Vari
(1984), and the author considered it to be below Sete Quedas. Portugal (1990) examined
the aforementioned lots of Triportheus nematurus and still considered the species not
naturally occurring in the upper Parand. It is also worth considering the extensive
history of ichthyological studies in the upper Parand without any record of the species
before the construction of Itaipu. Currently, the species has dozens of records in the
basin after this event, which also suggests that the most likely scenario is that the locality
of lots MZUSP 19854 and MZUSP 21086 must be incorrect. Therefore, in the present
study, the species is provisionally considered non-native.

Conservation. Despite its major economic and biodiversity relevance, the fish fauna
of the upper Parand basin is undergoing a fast-growing collapse in the last decades, caused
by intense anthropic deterioration of the landscape and loss of natural habitats, two of
the main threats to freshwater organisms (Agostinho e al., 2007b). The main factors in
that destruction are fast and uncontrolled urban expansion, deforestation, obstruction
of natural water courses by dams, and water pollution by pesticides, industrial residues,
and domestic sewage.

Practical and financial limitations make it impossible to preserve all populations of all
species everywhere. Therefore, it is necessary to have priority of certain regions over
others for conservation purposes. Accurate determination of priorities requires: (1) good
knowledge about biodiversity and its geographical distribution; (2) using biogeography
as a tool to understand patterns of distribution of organisms and to build strategies
that minimize threats and maximize conservation of both biodiversity and habitats
(Margules, Pressey, 2000; Roberge, Angelstam, 2004).

Biodiversity loss in freshwaters is greater than in terrestrial or marine ecosystems
(Nogueira et al., 2010). Given that, plus their great diversity, the preservation of
freshwater habitats should be a priority in environmental conservation, especially in a
megadiverse country like Brazil (Strayer, Dudgeon, 2010). Unfortunately, that is not the
case at all. Historically, aquatic organisms have not been considered in the delimitation
of preservation areas, in large part due to insufficient data on their taxonomy and
geographic distribution (Heilpern, 2015; Dagosta et al., 2021).

Priority areas for conservation. Results of the present biogeographic analyses,

when compared with existing areas of environmental protection (Fig. 40) and those
of threatened species (Fig. 41), show that the diversity of fishes in the upper rio Parani
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is alarmingly vulnerable. Existing protected areas are ineffective in preserving the fish
assemblages with the highest endemism rates in the basin. This happens because areas
for protection are delimited according to biodiversity patterns of terrestrial organisms,
which do not necessarily overlap with those of the aquatic fauna. Most of the area under
protection in the basin is concentrated in a single biogeographical region (“Lowlands of
the upper rio Paran4”), leaving most of the rich and heterogeneous diversity of fishes of
the upper rio Parani largely unprotected.

As shown in Fig. 35, the majority of the species in the basin is concentrated
in lowland regions, near the main channel of the rio Parand and in large left-bank
tributaries. However, solely the Federal Reservation “Area de Protegio Ambiental das
Ilhas e Virzeas do rio Parand” and the “Parque Estadual das Virzeas do rio Ivinhema”,
both in the extreme south of the basin, have significant coverage and association with
lowlands and to the major water courses of the basin (Fig. 40). It is clear that the bulk of
the biodiversity of fishes in the upper rio Parand has inadequate protection.

Although there are some federal and local-state preserves in the periphery of the
basin, where endemic elements are concentrated, their dimensions and position are
insufficient to warrant protection to those lineages exclusive to the drainage. A single
biogeographic region, area “13. Aguas Emendadas”, is located completely inside a
complex of protected areas called “Floresta Nacional de Brasilia” and “Area de Protegio
Ambiental da bacia do rio Sdo Bartolomeu”. Other four bioregions have part of their

FIGURE 40 | Protection areas in the upper rio Parana basin. Light pink (federal reserves), green (state

reserves), black (municipal reserves).
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area protected, such as “6. upper rio Sapucai” and “7. upper rio Grande”, which have
their headwaters within the “Area de Protegio Ambiental da Serra da Mantiqueira”;
“10. Serra da Canastra”, with its right-bank margin on the rio Grande within “Parque
Nacional da Serra da Canastra”; and “15. upper rio Corrente, Aporé e Verde”, where the
origin of the rio Corrente is located in the “Parque Nacional das Emas”.

Tiny portions of biogeographic area “5. upper rio Tieté” are covered by the “Parque
Estadual da Serra do Mar” and by the “Parque Estadual de Itapetinga”; and of area
“4. Ponta Grossa Arch II” is in the “Parque Estadual Nascentes do Paranapanema”.
Remaining regions with endemic fish faunas are completely outside of any protected
area. Again, it is very clear that current areas of environmental protection are insufficient
to warrant the preservation of the complex fish fauna of the upper Parana system.

Threatened species. The upper rio Parana has 33 species under some form of threat
(Tab. 1). This corresponds to 10% of all species in the basin, an extremely high proportion
when compared to other Brazilian drainages. The rio Paraguai basin, for example,
has only 1% of its fauna threatened (FRC, pers. obs.). Most of the threatened species
belong to the Siluriformes and Cyprinodontiformes, with 11 species each, followed
by the Characiformes with seven, Gymnotiformes with three and Cichliformes with
one. The single family with most threatened species is Rivulidae, especially the genera
Melanorivulus with five species and Simpsonichthys with four.

FIGURE 41 | Records of threatened species in the upper rio Parana basin.
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The concept of biome is not particularly enlightening for freshwater fish because
their evolutionary and biogeographic history is more closely related to the history of
hydrographic basins than to terrestrial environments. Still, it is possible to identify some
biome-related patterns with conservation outcomes (Fig. 42). Comparing the outlines
of the biomes Cerrado e Mata Atlantica in the upper Parand against the occurrence of
threatened species, ten species occupy both terrains, 12 exclusively the Cerrado and 11
only the Mata Atlintica. Species present in both biomes are typically broadly-distributed
inhabitants of large rivers. The Cerrado contains all threatened rivulids of the upper rio
Parand, plus two species of Hasemania and one of Cambeva. The biome Mata Atlantica
is far more diversified in its threatened fauna, with species belonging to eleven different
genera, mainly characids and loricariids.

Some general patterns emerge when the distribution of threatened species is plotted
on a map of the upper Paran basin (Fig. 41). There is a pronounced concentration of
records of threatened species in some regions, but some of those need to be interpreted
with reservation because they are accumulations of points representing few species with
broad distributions. In such cases, the concentration of records of endangered is less
significant, since those species occur in other regions. Greater conservation attention
should be directed towards threatened species that are not found anywhere else.

There are a cluster of records immediately upstream from Sete Quedas falls to the
mouth of rio Ivinhema. They are nearly all records of Brycon orbygnianus, Myloplus tiete
and Pseudoplatystoma corruscans. Another cluster of records of threatened species also
associated with the main channel of the rio Parani exists in the area of influence of the
reservoirs of Jupid and Ilha Solteira, both of which predominantly of Brycon orbygnianus.
In the same region there are several records of Crenicichla jupiaensis and of two species of

FIGURE 42 | Biomes of the upper rio Parana: Cerrado (light orange) and Mata Atlantica (light green).
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Gymnotiformes threatened in the basin, with Sternarchorhynchus britskii and Tembeassu
marauna also known exclusively from that region. Other concentration of records is
associated with the Salto Grande reservoir in the rio Paranapanema, with many points
of Myloplus tiete, Pseudoplatystoma corruscans and Steindachneridion scriptum; and in the
area of influence of UHE Volta Grande in the Rio Grande, with records of Brycon
orbygnianus, Myloplus tiete, and Steindachneridion scriptum. Two clusters of records with
a more restricted distribution are the upper Tieté with, Cambeva paolence, Heptapterus
multiradiatus, Hyphessobrycon duragenys, Pseudotocinclus tietensis, Phallotorynus fasciolatus,
and Spintherobolus papilliferus; and the region of Aguas Emendadas, with Hasemania
crenuchoides, Simpsonichthys boitonei, and S. santanae.

In order to better understand where the threatened species of the upper Parani are
concentrated, an analysis of species richness was conducted exclusively with threatened
species. Results indicate that four regions concentrate most of the threatened species:
main channel of the rio Parand near Sete Quedas; sector of the rio Parand near Jupid
and Ilha Solteira; headwaters of rio Tieté; and Aguas Emendadas (Fig. 43). As discussed
previously, the two former regions concentrate mostly those species with broader
distributions within the basin, and the two latter ones those species with narrow
distributions. The region near Sete Quedas is broadly covered by the Federal Reservation
“Area de Protegio Ambiental das Ilhas e Varzeas do rio Parand” and “Parque Estadual
das Virzeas do rio Ivinhema”. A similar situation is that of Aguas Emendadas, covered
by the “Floresta Nacional de Brasilia” and the “Area de Protegio Ambiental da bacia
do rio Sio Bartolomeu”. No protected areas exist for the remaining two regions which
concentrate the occurrence of many threatened species.

FIGURE 43 | Concentration and distribution of threatened species in the upper rio Parana basin.
Yellowish colors indicate a greater concentration of endangered species, whereas bluish shades of

colors indicate a lesser concentration of endangered species.
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We recommend herein a higher level of protection to the region of the upper
rio Tieté, which is both a biogeographic region distinct from the rest of the upper
Parani (Fig. 39), and also holds a large amount of threatened species with very narrow
distributions. The Fig. 40 clearly shows that the protected areas “Parque Estadual da
Serra do Mar” and “Parque Estadual de Itapetinga” cover a negligible portion of that
bioregion. Another recommendation is that an area of protection be established for the
region of influence of the Jupid and Ilha Solteira reservoirs, which concentrate many
records of threatened species typical of the main channel of the rio Paran4, some of
which exclusive and lacking any form of protection.

The threat of non-native species. According to Vitule ef al. (2009), introductions
of non-native fish species have multiple negative effects on native faunas, like predation,
competition, pathogen and parasite transmission and the possibility of hybridization.
Translocation of fish to locations outside of their native areas may promote biotic
homogenization, decreases functional diversity, and threaten native diversity by
changes in ecosystemic processes (Vitule, Pozenato, 2012; Santos ef al., 2023). One of
their most deleterious effects is the replacement of endemic elements with common
and generalist species. This is exactly the effect observed in many areas of the upper
Parani, a phenomenon particularly well-documented in the basin (¢f. Orsi, Agostinho,
1999; Julio Junior, 2009; Cavaretto ef al., 2020) and one of the great challenges for the
conservation of its fishes.

According to Gubiani ef al. (2018), the upper rio Parand is the basin in neotropical
region with the highest number of non-native species. Herein, we reinforce this
trend by significantly increasing the number to 128 documented non-native species
(includind three hybrids), which significantly surpasses the figures reported in previous
publications. The basin hosts non-native species from 14 distinct orders, which is more
than twice the six native orders of the basin. As a comparison, the entire rio Parnaiba
basin, one of the largest drainage in the Brazilian northeast, has a total of 139 native
species (Ramos ef al., 2014). A comparison with the non-native fishes in the Amazon
basin is more striking still. Doria et al. (2021) estimated 41 non-native Amazonian
species, across a territory, which covers Brazil, Peru, Bolivia, Ecuador, Venezuela,
and Colombia. This shows the alarming situation of the upper rio Parand, which has
probably the largest number of non-native species of any Neotropical basin. Such
numbers are second only to the 160 non-native species of the Mississipi and Great Lake
regions in the USA (Ricciardi, 2001; Rasmussen, 2002).

The numbers above are expected to further aggravate in the future, due to two
reasons. First and most obviously, because a list of non-native species potentially never
stabilizes, with the established ones becoming permanent and additional ones introduced
at any moment. A second reason is ecological and relates to the “invasional meltdown”
model proposed by Simberloff, Von Holle (1999), according to which ecosystems
become increasingly more prone to invasions, as the cumulative number of invaders
also increases and generate facilitating interactions that potentialize their impact. As the
number of invaders increases, so does the vulnerability of the ecosystem to other threats
such as disease, climatic change, and further invasions, all leading to the reduction or
extinction of native species.
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Factors responsible for the introduction of species in the upper Parand are multiple,
diffuse, and are associated with specific taxa in Tab. 2. At least two main routes of
allochthonous species can be recognized (Fig. 44): a southern route resulting from the
building of the Itaipu reservoir; and a northern route from the Araguaia-Tocantins
basin. In general, species which colonized the upper Parand via Itaipu have a denser
concentration of records in the southern portion of the basin (Figs. 45E-H), while the
opposite happens with species invading from the north (Figs. 45A-D). Also importantly,
allochthonous species colonize foremost the main channels of large rivers, less so than
peripheral areas and smaller tributaries (Fig. 45).

The construction of the Itaipu dam is responsible for most invasions in the upper
Parand, including multiple and widely disjunct lineages of neotropical fishes, such
as  Myliobatiformes, Clupeiformes, Characiformes, Siluriformes, Beloniformes,
Cichliformes, and Carangiformes. Invading species are also broadly variable in body
sizes, including large forms such as Prerodoras granulosus and Pseudoplatystoma reticulatum

Invasion through Tocantins-Araguaia

* Mostly characiforms
* Not well-documented
» At least 13 species

* Many different groups
Invasion through Itaipu * Well-documented
* At least 60 species

FIGURE 44 | The Main pathways for the entry of invasive species in the upper Parana through

neighboring basins: the southern (red arrow) and northern (brown arrow) routes.

76/109| Neotropical Ichthyology, 22(1):e230066, 2024 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni

Fernando C. P. Dagosta, Maristela S. Mongao, Barbara A. Nagamatsu, Carla S. Pavanelli, Fernando R. Carvalho, Flavio C. T. Lima et al.

< \‘\4\ <
48 7 e Py A
¢ ) { YV g >
(}\ (/;/ »’L i (}/ﬁ/ k / j ; r/w
2 Vi < Hemigrammus parana j// e s - Hyphessobrycon moniliger it "> Hypostomus faveolus S ~> Serrasalmus geryi
r/AA/MrV:\ F/\] Mrﬂﬂ( F,»J % Qﬂ =+
,AFJ"/ ; o :2 o) 3 v
kS c‘ IS ? G & L H &
E F 3 .
S 2 j 7 ) s
'y
P . 51 k““; //’{ A A Vm““*} // " fﬂ&;«/ /J .
( . A : . £ .
} o > oGt . > 3 e A~ PSRN e ire
IS5 e \ o ELA,: » Pt Ny So

€.
: of '} 4 e 5 ;Y £ (Vf“
& LS Hemiodus orthonops & = U Psellogrammus kennedyi &~ e Potamotrygon spp L0 S Sorubim lima

FIGURE 45 | Examples of invasive species that have potentially colonized the upper rio Parana via the northern route (A-D) and by the
southern route (E-H). A. Hemigrammus parana; B. Hyphessobrycon moniliger; C. Hypostomus faveolus; D. Serrasalmus geryi; E. Hemiodus orthonops;

F. Psellogrammus kennedyi; G. Potamotrygon spp.; H. Sorubim lima.

along with small ones as Aphyocharax anisitsi or Psellogrammus kennedyi. Besides, invading
lineages cover a wide array of reproductive strategies and preferred habitats. Some
invaders, such as Sorubim lima are migratory, while others like the cichlid Crenicichla
niederleinii are sedentary. These examples demonstrate that the suppression of the old
biogeographic barrier allowed a generalized invasion of species in the upper Parani
from the middle-lower Parand, apparently largely unrestricted. Despite this, the upper
Parani region still lacks many of typical fish fauna elements that are found immediately
downstream from Itaipu. The invasions in the region may also have been facilitated by
the opening of the “Canal da Piracema” in 2002, which is a transposition system for the
spawning of migratory species (Makrakis ef al., 2007).

The expansion of the distribution of an assemblage of species by the suppression of a
previous biogeographic barrier is called Biotic Dispersal (Platnick, Nelson, 1978), also
known as mass coherent dispersal or concerted dispersal (Morrone, 2009). As pointed
out by Dagosta, de Pinna (2017) the main consequence of biotic dispersal is the mixing
of faunas and the ensuing historical reticulation of areas. This is precisely the case
with Itaipu, which artificially allowed the geographic expansion of several different
lineages that succeeded in trespassing the area of the ancient barrier, causing an historic
admixture of biotas. The building of the Itaipu dam is a classic example of human-
caused biotic dispersal.

Another wave of invasion is happening, or happened, in the northern portion of the
upper rio Parand. A large number of fish species from the Tocantins-Araguaia basin is
recorded, starting in the 2000, and have gradually increased since then. Curiously, in
this case, most of the species belong to the Characiformes (Anostomidae, Characidae,
Serrasalmidae) and Cichliformes (Cichlidae). The first record of an invasive rio Araguaia
species in the upper rio Parand basin were made by Pavanelli ef al. (2007) with Leporinus
trigrinus. Later, Zawadzki er al. (2008b) reported the occurrence of Hypostomus faveolus
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and Hyphessobrycon moniliger in the rio Meia Ponte, a tributary of the Paranaiba. These
authors consider the occurrence as non-natural, attributable to the practice of releasing
fishes from the rio Araguaia basin into the rio Meia Ponte basin by recreational fishermen
and ranchers from the Goiénia city area (capital of Goids State). In fact, there is no
additional information which explains the presence of so many species of those basins
in the upper Parand. Some species of Cichlidae, like Geophagus sveni and Satanoperca
setepele have spread so quickly and ubiquitously in reservoirs of the main channel of
the upper Parana that they received their own popular name (respectively “Porquinho”
and “Zoitido”). More recently, employing Leporinus tigrinus as a model, Cavaretto ef al.
(2020) illustrate that this pattern of downstream invasion originating from the northern
reaches of the basin indeed appears to be occuring. However, according to the authors,
the underlying cause driving this southward dispersion of species along the course of
the rio Parand remains unsolved.

Another cause of invasion in the upper Parand is aquaculture. In this case, there are
introduced species which are not established, and are not recorded to breed naturally
in the basin, as evidenced by the absence of juvenile specimens. This seems to be the
case at least with the cyprinids Ctenopharyngodon idella and Hypophthalmichthys nobilis,
and with the characiforms Brycon hilarii and Colossoma macropomum. The status of the
remaining species is uncertain in some cases, while in others is very clear that the species
are established in the basin. Some of them, like sciaenids, tilapias, and Cichla, have
expanded their presence in the reservoirs of the upper Parand to a degree where they
are often the only abundant species in those places. Species introduced by aquaculture
are usually well-known taxonomically and often originating from other continents,
so that their allochthonous status is evident. On the other hand, they are selected for
cultivation and thus particularly adaptable and fertile, quickly spreading throughout
different environments and competing heavily with the local fauna.

Aquarium activities are also an important source of fish invasions in the upper
Parand. Again, species from other continents are readily identifiable as favorites in
the aquarium trade, but some cases are not as obvious. For example, Hyphessobrycon
eques, Hyphessobrycon flammeus, and Gymnocorymbus ternetzi could only be identified
as invasive based on historic museum records. Those cases provide confirmation of the
importance of long-term biological collections in the knowledge and preservation of
the biota. In the case of Hyphessobrycon eques and Gymnocorymbus ternetzi, those two
species have spread in such a way that they can be found in practically every tributary
of the upper rio Parand.

The presence of some invading species (Aequidens plagiozonatus, Brachyhypopomus
gauderio, Erythrinus erythrinus, Gymnotus pantanal, and Hoplerythrinus unitaeniatus) may
be associated with the discard of live baits in amateur and sports fishing (Orsi, Britton,
2014; Garcia et al., 2015). Those species are commonly sold in stores as live bait for
predatory target-fish. Other species possibly in that category include Prochilodus lineatus,
Synbranchus aff. marmoratus and other Gymnotiformes that are native to the upper Parani
but which are also found in other basins like the lower Parand and Paraguai. Specimens
from those populations, if released into the upper Parand, may potentially interbreed
with local populations and change the genetic makeup, masking biogeographic signals.

Finally, a final source of invaders in the upper Parand is via mosquito-erradication
programs. Aedes aegypti (Linnaeus, 1762), from Africa, is a vector of zika, chikungunya,
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TABLE 2 | List of non-native fish species occurring in the upper rio Parana basin. Asterisk represent probably non-native species which are

discussed in further detail in “Probably non-native species” section of Discussion.

Taxon Regord m t}}e upper Remarks Origin
rio Parana basin

MYLIOBATIFORMES

Potamotrygonidae

Potamotrygon amandae Loboda & Carvalho,
2013

Potamotrygon falkneri Castex & Maciel, 1963
OSTEOGLOSSIFORMES

Arapaimidae

Arapaima gigas (Schinz, 1822)
CLUPEIFORMES

Dorosomatidae

Platanichthys platana (Regan, 1917)

CYPRINIFORMES

Cobitidae

Misgurnus anguillicaudatus (Cantor, 1842)
Cyprinidae

Carassius auratus (Linnaeus, 1758)

Ctenopharyngodon idella (Valenciennes, 1844)

Cyprinus carpio Linnaeus, 1758

Hypophthalmichthys nobilis (Richardson,
1845)

CHARACIFORMES

Acestrorhynchidae

Acestrorhynchus pantaneiro Menezes, 1992
Anostomidae

Leporinus tigrinus Borodin, 1929

Leporinus unitaeniatus Garavello & Santos,
2009

Megaleporinus macrocephalus (Garavello &
Britski, 1988)

Schizodon borellii (Boulenger, 1900)

Bryconidae

Brycon amazonicus (Agassiz, 1829)

Brycon hilarii (Valenciennes, 1903)
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Ota et al. (2018)
Potamotrygon motoro
(Miiller & Henle, 1841)

in Langeani et al. (2007)

Langeani et al. (2007)

Carvalho et al. (2015)

Langeani et al. (2007)

Nobile et al. (2017)

Meschiatti, Arcifa (2009)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)
MZUEL 15861

Ota et al. (2018)

Ota et al. (2018)

Okubo (2022)

Leporinus
macrocephalus in
Langeani et al. (2007)

Ota et al. (2018)
Autochthonous in
Langeani et al. (2007)

Lima et al. (2017)

Langeani et al. (2007)

At least part of its distribution in the
upper rio Parand is due to migration
upstream after Itaipu. There is another
population in the upper rio Tieté whose
origin is unknown

Stray (introduced but not established)

Stray (introduced but not established)

Stray (introduced but not established)

Stray (introduced but not established)

According to Okubo (2022) the species
need to be taxonomically confirmed in
the upper rio Parana

Stray (introduced but not established)

Stray (introduced but probably not
established)

Neotropical Ichthyology, 22(1):e230066, 2024

Itaipu

Itaipu

Aquaculture

Itaipu / Piracema Channel

Aquarism

Aquaculture

Aquaculture

Aquaculture / Fish stocking
CESP

Aquaculture

Piracema Channel

Probably from the rio
Tocantins-Araguaia basin

Probably from the rio
Tocantins-Araguaia basin

Aquaculture and Piracema
Channel

N/A

Aquaculture

Aquaculture and Piracema
Channel

-
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TABLE 2 | (Continued)

Taxon Regord m tl}e Upper Remarks Origin
rio Parana basin

Characidae

Aphyocharacinae

Autochthonous in
Ota et al. (2018), but
allochthonous in
Langeani et al. (2007)

Aphyocharax anisitsi Eigenmann & Kennedy,
1903

Characinae

Charax leticiae Lucena, 1987 Menezes, Lucena (2014)

Cynopotamus kincaidi (Schultz, 1950) Langeani et al. (2007)

Roeboides descalvadensis Fowler, 1932 Langeani et al. (2007)
Cheirodontinae

Odontostilbe pequira (Steindachner, 1882) New record NUP 14338

Serrapinnus calliurus (Boulenger, 1900) Ota et al. (2018)

Serrapinnus kriegi (Schindler, 1937) Vicentim et al. (2019)

Stethaprioninae

Hemigrammus ora Zarske, Le Bail & Géry,
2006

Hemigrammus parana Marinho, Carvalho,
Langeani & Tatsumi, 2008*

Ota et al. (2018)

Marinho et al. (2008)

Hyphessobrycon eques (Steindachner, 1882)*  Reis et al. (2020)

Hyphessobrycon flammeus Myers, 1924 Carvalho et al. (2014)

Hyphessobrycon moniliger Moreira, Lima &
Costa, 2002

Gymnocorymbus ternetzi (Boulenger, 1895)

Zawadzki et al. (2008b)

Langeani et al. (2007)
Moenkhausia australis Eigenmann, 1908 Ota et al. (2018)

Moenkhausia costae (Steindachner, 1907) Langeani, Rego (2014)

Moenkhausia cf. gracilima Eigenmann, 1908 Ota et al. (2018)

Moenkhausia forestii Benine, Mariguela &
Oliveira, 2009

Psellogrammus kennedyi (Eigenmann, 1903)

Ota et al. (2018)

Ota et al. (2018)
Stevardiinae

Bryconamericus exodon Eigenmann, 1907 Langeani et al. (2007)
Diapoma guarani (Mahnert & Géry, 1987) Ota et al. (2018)

Knodus aff. moenkhausii (Eigenmann &
Kennedy, 1903)

Iguanodectidae

Langeani et al. (2007)

Bryconops melanurus (Bloch, 1794) New record (CITL 464)

Serrasalmidae

Colossoma macropomum (Cuvier, 1818) Langeani et al. (2007)

Colossoma macropomum vs. Piaractus

. Casimiro et al. (2018)
mesopotamicus
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Recently, it has become increasingly
common in the upper rio Parand. Oldest
lot of the species dating back to 1982

Itaipu

Probably from the rio
Tocantins-Araguaia basin

Itaipu

Itaipu / Piracema Channel

Itaipu
?

?

Probably from the rio
Tocantins-Araguaia basin

Probably from the rio
Tocantins-Araguaia basin

Tentatively considered as non-native.
Further information can be found in
the “Questionable native or non-native
species” section.

There are reports that ornamental fish
breeders introducing the species in the
upper rio Tieté for subsequent capture
and sale

Aquarism / Itaipu

Aquarism

Probably from the rio
Tocantins-Araguaia basin

Aquarism
Itaipu
Aquarism?

Probably from the rio
Tocantins-Araguaia basin

Itaipu

Piracema Channel

Itaipu / Piracema Channel
Itaipu / Piracema Channel

?

?
Stray (introduced but not established) Aquaculture
Stray (introduced but not established) Aquaculture
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TABLE 2 | (Continued)

Taxon Re9ord m t}}e upper Remarks Origin
rio Parana basin

Metynnis lippincottianus (Cope, 1870)

Mylossoma duriventre (Cuvier, 1818)
Pygocentrus piraya (Cuvier, 1819)

Serrasalmus geryi Jégu & Santos, 1988

Serrasalmus marginatus Valenciennes, 1837

Triportheidae

Triportheus nematurus (Kner, 1858)*

Triportheus signatus (Garman, 1890)

Curimatidae

Curimatopsis myersi Vari, 1982

Cyphocharax gillii (Eigenmann & Kennedy,

1903)

Steindachnerina brevipinna (Eigenmann &

Eigenmann, 1889)
Erythrinidae

Erythrinus erythrinus (Bloch & Schneider,

1801)

Hoplerythrinus unitaeniatus (Agassiz, 1829)

Hoplias mbigua Azpelicueta, Benitez, Aichino

& Mendez, 2015

Hemiodontidae

Hemiodus orthonops Eigenmann & Kennedy,

1903
GYMNOTIFORMES

Apteronotidae

Apteronotus albifrons (Linnaeus, 1766)

Apteronotus caudimaculosus Santana, 2003

Gymnotidae

Gymnotus paraguensis Albert & Crampton,

2003

Gymnotus pantanal Fernandes, Albert, Daniel-
Silva, Lopes, Crampton & Almeida-Toledo,

2005*
Hypopomidae

Brachyhypopomus gauderio Giora &

Malabarba, 2009

Rhamphichthyidae

Gymnorhamphichthys britskii Carvalho,

Ramos & Albert, 2011

Rhamphichthys hahni (Meinken, 1937)
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Ota et al. (2018).
Metynnis maculatus
(Kner, 1858) and M.
mola Eigenmann &
Kennedy, 1903 in
Langeani et al. (2007)

Autochthonous in
Langeani et al. (2007)

New record (LIRP 7144)

Depra et al. (2021)

Ota et al. (2018).
Autochthonous in
Langeani et al. (2007)

Langeani et al. (2007)

Portugal (1990)

Vicentim et al. (2019)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Ota et al. (2018)

Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)

Julio Junior et al. (2009),

but autochthonous in
Langeani et al. (2007)

Brachyhypopomus

pinnicaudatus (Hopkins,
Comfort, Bastian & Bass,
1990) in Langeani et al.

(2007)

Reis et al. (2020)

Langeani et al. (2007)

Further information can be found in
the “Questionable native or non-native
species” section.

Aquaculture

?

Probably from the rio
Tocantins-Araguaia basin

Itaipu / Piracema Channel

Itaipu / Piracema Channel

Fish stocking CESP

?

Itaipu

Piracema Channel

Fishing bait ou Itaipu

Fishing bait ou Itaipu

Itaipu

Piracema Channel

Itaipu / Piracema Channel

Itaipu / Piracema Channel

Itaipu / Piracema Channel

Fishing bait / Piracema

Channel

Fishing bait or Itaipu

Itaipu

Itaipu

—
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TABLE 2 | (Continued)

Taxon Regord m tl}e Upper Remarks Origin
rio Parana basin

SILURIFORMES

Auchenipteridae

Ageneiosus inermis (Linnaeus, 1766) Langeani et al. (2007) Itaipu
Ota et al. (2018), but

Ageneiosus ucayalensis Castelnau, 1855 autochthonous in Itaipu

Langeani et al. (2007)
Auchenipterus osteomystax (Miranda Ribeiro,

1918) Ota et al. (2018) Itaipu
Trachycorystes porosus Eigenmann, 1888 ey ORI (DAY ?
18277)
Callichthyidae
Tentatively considered as non-native.
R - Autochthonous in Further information can be found in .
ot o Siehehdiss, 165 Langeani et al. (2007) the “Questionable native or non-native Aquarism
species” section
Ota et al. (2018), but
Lepthoplosternum pectorale (Boulenger, 1895) autochthonous in Itaipu
Langeani et al. (2007)
Megalechis picta (Miiller & Troschel, 1849) New record (NUP 8787) ?
Megalechis personata
Megalechis thoracata (Valenciennes, 1840) (Ranzani, 1841) in ?
Langeani et al. (2007)
Clariidae
Clarias gariepinus (Burchell, 1822) Langeani et al. (2007) Aquaculture
Doradidae
Platydoras armatulus (Valenciennes, 1840) Langeani et al. (2007) Itaipu
Pterodoras granulosus (Valenciennes, 1821) Langeani et al. (2007) Itaipu
. . Oxydoras eigenmanni in .
Ossancora eigenmanni (Boulenger, 1895) Langeani et al. (2007) Itaipu
Trachydoras paraguayensis (Eigenmann & A .
Ward, 1907) Langeani et al. (2007) Itaipu
Heptapteridae
Heptapterus mustelinus (Valenciennes, 1835)  Langeani et al. (2007) Itaipu

Langeani et al. (2007) Junior synonym of P. gracilis in Slobodian

Pimelodella taenioptera Miranda Ribeiro, 1914 Itaipu / Piracema Channel

NUP 3991 (2017)
Ictaluridae
Ictalurus punctatus (Rafinesque, 1818) Reis et al. (2020) Aquaculture
Loricariidae
Hypostominae
Hypostomus cochliodon Kner, 1854 Langeani et al. (2007) Itaipu
Hypostomus commersonii Valenciennes, 1836  Langeani et al. (2007) Itaipu
Hypostomus dlouhyi Weber, 1985 Langeani et al. (2007) ?

Hypostomus faveolus Zawadzki, Birindelli & Probably from the rio

Zawadzki et al. (2008b)

Lima, 2008 Tocantins-Araguaia basin

Tentatively considered as non-native.

. . Carvalho, Eduardo Further information can be found in
* ) 2

SRR ik UGt L, 180 (2022) the “Questionable native or non-native ’

species” section
Hypostomus microstomus Weber, 1987 Ota et al. (2018) Itaipu
Hypostomus ternetzi (Boulenger, 1895) Langeani et al. (2007) Itaipu

Ota et al. (2018), but

Pterygoplichthys ambrosettii (Holmberg, 1893) autochthonous in Aquaculture

Langeani et al. (2007)
—
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TABLE 2 | (Continued)

Taxon Regord m tl}e Upper Remarks Origin
rio Parana basin

Pterygoplichthys joselimaianus (Weber, 1991)

Loricariinae
Farlowella hahni Meinken, 1937

Loricaria simillima Regan, 1904

Loricariichthys platymetopon Isbriicker &
Nijssen, 1979

Loricariichthys rostratus Reis & Pereira, 2000

Pyxiloricaria menezesi Isbriicker & Nijssen,
1984

Pimelodidae

Hypophthalmus oremaculatus Nani & Fuster
de Plaza, 1947

Leiarius marmoratus (Gill, 1870)

Leiarius marmoratus vs. Pseudoplatystoma
reticulatum

Phractocephalus hemioliopterus (Bloch &
Schneider, 1801)

Pimelodus mysteriosus Azpelicueta, 1998

Pimelodus ornatus Kner, 1858

Pseudoplatystoma reticulatum Eigenmann &
Eigenmann, 1889

Pseudoplatystoma reticulatum vs. P.
corruscans

Sorubim lima (Bloch & Schneider, 1801)
SALMONIFORMES

Salmonidae

Oncorhynchus mykiss (Walbaum, 1792)
CYPRINODONTIFORMES

Poeciliidae

Poecillia hollandi (Henn, 1916)*

Poecillia reticulata Peters, 1859

Poecillia vivipara Bloch & Schneider, 1801*

Xiphophorus helleri Heckel, 1848
Xiphophorus maculatus (Giinther, 1866)
BELONIFORMES

Belonidae

Potamorrhaphis eigenmanni Miranda Ribeiro,
1915

ni.bio.br | scielo.br/ni

ZawadzKi et al. (2008b)

Langeani et al. (2007)
Langeani et al. (2007)

Langeani et al. (2007)
Langeani et al. (2007)

Vicentim et al. (2019)

Hypophthalmus
edentatus Spix &
Agassiz, 1829 in
Langeani et al. (2007)

Casimiro et al. (2018)

Casimiro et al. (2018)

Casimiro et al. (2018)

Ota et al. (2018)

Langeani et al. (2007)

Ota et al. (2018). P.
fasciatum in Langeani et
al. (2007)

Vaini et al. (2014)

Langeani et al. (2007)

Magalhaes et al. (2002)

Autochthonous in
Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

Langeani et al. (2007)

New record (NUP 3041)

Stray (introduced but not established)

Stray (introduced but not established)

Stray (introduced but not established)

Probably stray. According to Baggio et al.
(2016) hybrid specimens were likely to
escape from aquaculture even if hybrids
between species are fertile (Prado et al.,
2012). In the rio Uruguay, lower Parana
and rio Paraguay basins, the species are
sympatric, but with a low level of natural
hybridization (Carvalho et al., 2013)

Stray (introduced but not established)

Tentatively considered as non-native.
Further information can be found in
the “Questionable native or non-native
species” section

Tentatively considered as non-native.
Further information can be found in
the "Questionable native or non-native
species” section

Neotropical Ichthyology, 22(1):e230066, 2024

Probably from the rio
Tocantins-Araguaia basin

Itaipu

Itaipu
Itaipu / Piracema Channel

Itaipu / Piracema Channel

?

Itaipu

Aquaculture

Aquaculture

Aquaculture

Itaipu

Itaipu

Itaipu

Aquaculture

Itaipu / Fish stocking CESP

Aquaculture

Mosquito control

Mosquito control

Aquarism

Aquarism

Piracema Channel

—
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TABLE 2 | (Continued)

Taxon Regord m tl}e Upper Remarks Origin
rio Parana basin

CENTRARCHIFORMES

Centrarchidae

Lepomis macrochirus Rafinesque, 1819
Micropterus salmoides (Lacepede, 1802)
CICHLIFORMES

Cichlidae

Aequidens plagiozonatus Kullander, 1984

Apistogramma commbrae (Regan, 1906)

Astronotus crassipinnis Heckel, 1840

Bujurquina vittata (Heckel, 1840)*

Chaetobranchopsis australis Eigenmann &
Ward, 1907

Cichla kelberi Kullander & Ferreira, 2006

Cichla piquiti Kullander & Ferreira, 2006
Coptodon rendalli (Boulenger, 1897)

Crenicichla semifasciata (Heckel, 1840)

Crenicichla niederleinii (Holmberg, 1891)

Geophagus sveni Lucinda, Lucena & Assis,
2010

Gymnogeophagus cf. setequedas Reis,
Malabarba & Pavanelli, 1992*

Heros notatus (Jardine, 1843)

Heterotilapia buettikoferi (Hubrecht, 1881)

Laetacara araguaiae Ottoni & Costa, 2009

Oreochromis niloticus (Linnaeus, 1758)

Satanoperca setepele Ota, Deprd, Kullander,
Graca & Pavanelli, 2022

ACANTHURIFORMES

Sciaenidae

Plagioscion squamosissimus (Heckel, 1840)
CARANGIFORMES

Achiridae

Catathyridium jenynsii (Glinther, 1862)

Shibatta, Dias (2006)
Langeani et al. (2007)

Ota et al. (2018)

Ota et al. (2018)

Langeani et al. (2007)

Carvalho, Eduardo
(2022)

Ota et al. (2018)

Langeani et al. (2007)
Langeani et al. (2007)

Tilapia rendalli in
Langeani et al. (2007)

Roa-Fuentes et al. (2015)

Langeani et al. (2007)

Geophagus proximus
(Castelnau, 1855) in
Langeani et al. (2007)

New record (MCP 45929)

New record (CITL 465)

New record (DZSJRP
21359)

Ota et al. (2018)
Langeani et al. (2007)

Ota et al. (2022)

Langeani et al. (2007)

Langeani et al. (2007)

Tentatively considered as non-native.
Further information can be found in
the “Questionable native or non-native
species” section

Aquarism

Fish stocking

Fishing bait ou Aquarism

Piracema Channel /
Aquarism

Aquarism / Fish stocking
CESP

?
Fish stocking
Fish stocking
Aquaculture
?
Piracema Channel

Probably from the rio
Tocantins-Araguaia basin

Itaipu
Aquarism
Aquaculture

Probably from the rio
Tocantins-Araguaia basin

Aquaculture

Probably from the rio
Tocantins-Araguaia basin

Fish stocking

Itaipu
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and dengue fever to humans. In Brazil, many regions have promoted the introduction
of non-native “mosquito fish” (Poecilia reticulata and P, vivipara) as biological control of
mosquito larvae (Lucinda, 2003; Langeani ef al., 2007; Azevedo-Santos ef al., 2016).
Those events seem to account, at least partially, for the presence of the two species of
Poecilia in the upper rio Parand. Poecilia reticulata is also widely common in the aquarium
trade and has an extensive distribution throughout the basin. Poecilia vivipara has a
more restricted distribution in the basin and is less frequently found. Further details
concerning the latter species can be found in the topic “Probably Non-Native Species”
of the discussion section.

Another concern with non-native species is the presence of hybrids. The continental
Brazilian fish farms cultivate fish in ponds located along the banks of natural water
bodies or in open net-cages placed in dam reservoirs. In the upper rio Parani, there
are documented occurrences of hybridization, such as Pseudoplatystoma corruscans vs. P
reticulatum, Piracturus mesopotamicus vs. Colossoma macropomum, and Leiarius marmoratus
(Gill, 1870) vs. Pseudoplatystoma reticulatum (Vaini et al., 2014; Casimiro ef al., 2018;
Yabu e al., 2018). Such occurrences result from escapes in farming operations during
river floods or periods of heavy rainfall (Casimiro et al., 2018). In the rio Ivinhema basin,
the situation has become quite problematic, as the hybrid Pseudoplatystoma corruscans
vs. P reticulatum has become more abundant than the pure parental species, leading to
genetic erosion in the native population of P corruscans (Vaini et al, 2014). In the rio
Mogi-Guagu basin, there are also reports of Post-F1 hybrids with detected introgression
genetics of hybrids into the pure parental species (Freitas-Souza ef al., 2022).

The threat of hydroelectric dams. In addition to promoting the invasion of non-
native species in the upper rio Parand, the construction of dams produces numerous
negative environmental consequences for the basin and its fish fauna. Hydroelectric
dams transform rivers into reservoirs, leading to the extirpation of rheophilic species
and collapse of migratory fish populations (Winemiller ef al., 2016; Hrbek er al., 2018;
Tagliacollo er al., 2021). The consequently loss and fragmentation of habitats are two of
the main threats to aquatic ecosystems (Agostinho ef al., 2007a,b, 2016; Pelicice ef al.,
2015a). Nevertheless, most of the world’s major rivers have been dammed (Nilsson er
al., 2005) and, in Brazil, hydroelectric power generation accounts for over 65% of the
energy produced in the country (EPE, 2021).

The upper rio Parand basin is severely regulated by 65 operating hydroelectric power
plants (UHEs), as well as Small Hydroelectric Power Plants (PCHs) and Hydroelectric
Power Generating Centers (CGHs) (ANA, 2023; Fig. 46). As a result, the main course
of its major left-bank tributaries (i.e., rios Paranaiba, Grande, Tieté, Paranapanema) is
regulated by cascades of reservoirs (Agostinho et al., 2016). Only in the rio Paranapanema
there are 11 hydroelectric power plants (Pelicice ef al., 2018), which have profoundly
changed its biotic characteristics (Nogueira ef al., 2006; Orsi ef al., 2016).

The damming of a river creates a new ecosystem upstream of the dam, as the lotic
ecosystem is suddenly transformed into a lentic or semi-lentic environment (Baxter,
1977). As a result, reservoirs of the upper rio Parand were primarily filled by small-
sized, sedentary, opportunistic, and generalist fishes adapted to such habitat. The most
abundant species include Astyanax lacustris, Moenkhausia aff. intermedia, M. bonita,
Steindachnerina insculpta (Orsi, Britton, 2014; Pelicice ef al., 2018; Ferraz et al., 2022).
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Consequently, these become abundant prey and resources for native and non-native
piscivorous lineages, which thrive after damming, such as the natives Hoplias aft.
malabaricus and Serrasalmus maculatus (Hahn, Fugi, 2007; Pereira et al., 2016).

Furthermore, damming also facilitates the dispersal and establishment of non-native
species (Rocha ef al., 2023). The lacustrine zone of a reservoir, being deeper, becomes a
hostile environment for most species. Under such conditions, Plagioscion squamosissimus
has become one of the most abundant species in reservoirs of the upper rio Parani
(Agostinho et al., 2007a). Cichlids such as Geophagus sveni and Satanoperca setepele
(previously identified in the literature of the upper rio Parand as G. proximus and S.
pappaterra, respectively; see Ota ef al., 2018) are native species from the rio Araguaia-
Tocantins basin, with sedentary habits, parental care, and higher population densities
in lacustrine and flooded regions. After being introduced in the upper rio Parang, both
species benefited from the ecological conditions of reservoirs (i.c, lentic and oligotrophic
environment), with high abundances of G. sveni being observed at the UHE Trés Irmios
(Moretto et al., 2008) and at the UHE Itaipu (Gois ef al., 2015).

Downstream impacts of dams are related to changes in water flow dynamics due
to flow control. These effects are more evident when reservoirs are built in cascade
and directly affect rheophilic species (Agostinho et al., 2008; Ganassin et al., 2021).
One example is Crenicichla jupiaensis, a species described from the Urubupungi Falls,
which suffered an abrupt population decline after the type locality was flooded by the
Jupid Reservoir (Graga ef al., 2009). Additionally, the construction of other dams in
the upper rio Parand has negatively influenced its distribution, as the species inhabits
riffle environments (Lima ef al., 2008; Oyakawa ef al., 2009). Currently, C. jupiaensis
is categorized as “Endangered” (MMA, 2022) and occurs mainly in the rio Piquiri.
However, recent records of the species in the rio Cinzas (Jarduli er al., 2020) emphasize
the importance of tributaries free of dams for its maintenance (Marques ef al., 2018).

There is also the retention of sediments and nutrients downstream to the dams,
which affects primary productivity and increases water transparency. Thus, non-native
species of visual-oriented predators, such as Cichla kelberi and C. piquiti, are favored.
These species, introduced from the rio Araguaia-Tocantins basin, have disrupted native
species assemblages, causing a decline in population density or local extinction of prey,
especially small characids (Pelicice, Agostinho, 2009; Pelicice ef al., 2015b; Pelicice ef al.,
2018) and young individuals of migratory species, such as Pinirampus pirinampu (Luiz
et al., 2011).

Downstream areas are also vulnerable to the demands of electrical power generation
which, by creating variable flow regimes, may intensify erosive processes (Souza Filho
et al., 2004). During periods of high energy demand, the discharge of a large volume
of water can induce the reversal of flow in downstream tributaries free of dams (Souza
Filho, 2009), thereby conveying low-quality water from the reservoir to the tributaries.
Thus, the homogenization of limnological variables in tributaries favors the spread
of species adapted to the reservoir environment (opportunistic and/or non-native),
potentially promoting biotic homogenization in these areas (Petsch, 2016; Ferreira et
al., 2018; Brito ef al., 2020).

Migratory species play essential ecosystem roles, cycling nutrients, controlling
community structure, and often serving as top predators. Due to their size and
musculature, they have historically been prized for both human consumption and
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recreational fishing, generating income for fishing communities (Agostinho et al., 2007b;
Baily er al., 2021). However, migratory fish are among the first to decline or disappear in
dammed areas of the upper rio Parani (Agostinho ef al., 2008), as they require extensive
free-flowing river stretches for reproduction. These species undertake seasonal upstream
migrations (in the main channel and its tributaries) to reach spawning sites (Agostinho
et al., 2004b; Pompeu ef al., 2012; Azevedo-Santos ef al., 2021). Additionally, nursery
areas are necessary for eggs and larvae to be transported downstream (Agostinho er
al., 2004b; Pompeu et al., 2012; Pelicice et al., 2015a), while marginal lagoons are
used as refuge and feeding sites for juveniles (Kipper ef al., 2011; Ferraz et al., 2022).
However, these areas also tend to be suppressed by landscape modification due to dam
construction (Zhang, Gu, 2023). Dams function as physical barriers and reservoirs as
ecological barriers, generating unfavorable gradients of hydrological and limnological
conditions (Okada et al., 2005; Nobile et al., 2019). As a result, the abundance of adult
migratory fish declines within reservoirs due to decreased water velocity and increased
water transparency. Eggs and larvae of these species also decline just below the dam as
a direct response to reduced water flow during drift movements (Pelicice et al., 2015a;
Picapedra ef al., 2023). In rivers with cascades of reservoirs (eg, rios Grande, Tieté,
Paranapanema) there are also records of population imprisonment, leading to local
extinctions (Agostinho ef al., 2008).

FIGURE 46 | Hydroelectric power plants (red squares) and small hydroelectric power plants (black

squares) in the upper rio Parand basin.
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A not-so-promising future, to say the least. The upper rio Parand basin combines
a considerable diversity of species, a high endemism rate, and a complex biogeographic
history. However, the intense anthropization in the region has significantly altered and
severely threatened it. This not only affects the landscapes and biodiversity but also
the region’s history. The most pernicious aspect of environmental alterations is the
disconnection from the reality of the past, a process known as shifting baseline syndrome.
With ongoing environmental degradation, the accepted thresholds for environmental
conditions are continually being lowered with each generation (Soga, Gaston, 2018).
Due to the absence of information regarding past environmental conditions, individuals
from each new generation tend to perceive the circumstances in which they were raised
as natural.

In the case of the upper rio Parani basin, the situation may be so severe and profound
that even researchers are unable to come to conclusive findings on certain issues, such as
whether some species are native or not, or how and when some invasive species arrived.
The role of various waterfalls, which are now submerged by hydroelectric reservoirs
(Fig. 47), to the biogeography of upper rio Parand basin fishes may never be adequately
understood. For example, the presence of Pseudoplatystoma corruscans and Rhinelepis
aspera in the rio Mogi-Guagu basin, a tributary of the rio Grande, could go unnoticed as
non-native species if historical records did not indicate their absence in the region prior
to their introduction (Schubart, 1964a,b; Meschiatti, Arcifa, 2009). In these cases, it is
possible that the Marimbondo Falls complex (Andorinhas, Patos Paulista, and Ferrador)
in the rio Grande may have acted as a biogeographic barrier for these species. This
hypothesis is currently challenging to test, serving as an example of how a significant
part of the biogeographic history of the basin has been lost due to human modifications.
Ultimately, current recognized patterns of species distribution are only a fraction of the
natural structure and complexity that the basin once had.

Future conservation efforts must focus on biogeographic regions and priority taxa to
avert the loss of unique elements of fish fauna and more fragments of this basin’s history.
The upper rio Parand basin serves as a future snapshot of many Brazilian rivers if they
do not have appropriate preservation policies to balance biodiversity and development.
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FIGURE 47 | The role of these ancient potential geographic barriers in structuring the biodiversity of the basin will never be fully understood.
A. Onga Waterfall, rio Grande, Municipality of Santa Fé do Sul, SP. Submerged with the construction of the UHE Ilha Solteira; B. Marimbondo
Waterfall, rio Grande, Municipality of Icém, SP. Site where the construction of the UHE Marimbondo took place; C. Sdo Simdo channel,
rio Paranaiba, Municipality of Sdo Simio, GO, 1930. Site where the construction of the UHE Sao Simio took place; D. Avanhandava Falls,
rio Tieté, Municipality of José Bonifacio, SP. Submerged with the construction of the UHE Nova Avanhandava took place; E. Urubupunga
Falls, rio Parana River, Municipality of Trés Lagoas, MS. Site where the construction of the UHE Jupia took place; F. Itapura Falls, rio Tieté,
Municipality of Itapura, SP, 1940. Submerged with the construction of the UHE Jupid. G. Dourada Waterfall, rio Paranaiba, divide between
Goias and Minas Gerais states, municipalities of Cachoeira Dourada GO/MG. Submerged with the construction of the UHE de Cachoeira
Dourada. H. Dos Indios Waterfall, rio Grande, divide between Sao Paulo and Minas Gerais states, municipalities of Oureste, SP and Iturama,

MG. Submerged with the construction of the UHE de Agua Vermelha.
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