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Red Lists, which assess species’ extinction risk, are essential in formulating public
policies for natural resources management and impact mitigation. The objective
of this study was to characterize the conservation status of the continental
ichthyofauna of the State of Ceard, based on ichthyological occurrence data
and criteria from the International Union for Conservation of Nature. Eighty-
five fish species belonging to 59 genera, 25 families, and eight orders were
recorded in Ceard. Forty-three species were considered Least Concern, four
Near Threatened, 17 were threatened, 15 were Data Deficient, and six species
were not evaluated. Among the 17 species considered threatened, five were
classified as Vulnerable, five as Endangered, and seven as Critically Endangered.
The Metropolitan and Salgado basins presented the highest richness (44 and 39
species, respectively). In contrast, the Serra de Ibiapaba (6) and Curu (17) basins
had the lowest richness, indicating wide variability among the evaluated basins.
The basins with the highest relative number of threatened fish species were the
Metropolitan, Litoral, and lower Jaguaribe basins. These findings highlight
the urgent need for targeted conservation actions to safeguard the freshwater
fish diversity in Ceard, particularly in the basins with the highest number of
threatened species.

Keywords: Caatinga fish, Conservation biology, Hydrographic basins,
Northeastern Brazil, Red list of threatened fish species.
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Conservation of the freshwater fishes from Ceard

Listas vermelhas, que avaliam o risco de extingio das espécies, sio fundamentais
na formulagio de politicas puiblicas de gestio dos recursos naturais e mitigagio
de impactos. O objetivo desse estudo foi caracterizar o estado de conservagio da
ictiofauna continental do estado do Cearé, com dados de ocorréncias ictiologicas
e critérios da Unido Internacional para Conservagio da Natureza. Oitenta e
cinco espécies de peixes pertencentes a 59 géneros, 25 familias e oito ordens
foram registradas no Ceara. Quarenta e trés espécies foram consideradas menos
preocupantes, quatro quase ameagadas, 17 ameagadas de extingdo, 15 com
dados insuficientes e seis espécies nio foram avaliadas. Dentre as 17 espécies
consideradas ameagadas, cinco foram classificadas como Vulneraveis, cinco
Em Perigo e sete Criticamente em Perigo. As bacias Metropolitana e Salgado
apresentaram a maior riqueza (44 e 39 espécies, respectivamente), enquanto as
bacias da Serra de Ibiapaba (6) e Curu (17) apresentaram as menores riquezas,
indicando ampla variabilidade entre as bacias avaliadas. As bacias com maior
ntimero de espécies de peixes ameagadas foram a Metropolitana, Litoral e
baixo Jaguaribe. Esses resultados destacam a urgente necessidade de a¢des de
conservagio para salvaguardar a diversidade de peixes de dgua doce do Ceari,
particularmente nas bacias com mais espécies ameagadas.

Palavras-chave: Bacias hidrograficas, Biologia da conservagio, Lista vermelha
de espécies de peixes ameagadas, Nordeste do Brasil, Peixes da Caatinga.

INTRODUCTION

Assessing the conservation status of species is essential for formulating public policies
aimed at natural resource management and impact mitigation. Including freshwater
fish as a target group for protection actions is particularly significant for aquatic
ecosystems, as these species have rarely been prioritized in establishing conservation
measures (see Frederico et al., 2021; Leal ef al., 2021). Freshwater fish, in particular, are
considered vulnerable and have historically been neglected in the northeastern region
of Brazil (Berbel-Filho et al., 2018). The State of Ceara is located within the Mid-
Northeastern Caatinga Ecoregion (MNCE), one of the least-known regions in the
world regarding ichthyofaunal biodiversity (Berbel-Filho er al., 2018). Nonetheless,
this region has important records of fish species (Rosa ef al., 2003; Rodrigues-Filho er
al., 2016; Lima et al., 2017). A notable increase in studies has challenged the notion that
Ceard’s freshwater biodiversity might be underestimated. Information on population
characteristics and species distribution in this region is crucial for developing extinction
risk assessments or a Red List of Threatened Fish Species of Ceara, a fundamental tool
for conservation initiatives.

The “Inventério da Fauna do Ceara” was launched by the “Programa Cientista Chefe”
of the Government of the Ceari State (Law 17,378, January 4, 2021), containing 1,275
vertebrate species, including 502 fish species (400 marine and 102 freshwater), 140
mammals (25 marine and 115 continental), 133 reptiles, 57 amphibians, and 443 birds
(SEMA, 2022). The list of freshwater fish of Cear4, compiled by Sdnchez-Botero e al.
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(2021), identified 84 native species and 18 introduced. Of the total number of species
in the ichthyofauna of Ceard, four were listed as threatened according to the Red List
of the Instituto Chico Mendes de Conservagio da Biodiversidade (ICMBio). Four
were assessed as threatened in the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species (hereinafter IUCN Red List). However, the
number of freshwater fish species considered threatened with extinction in Ceard may
be underestimated.

State-level Red Lists are crucial for more regional assessments, which could foster
better local conservation efforts with more specific biases for targeted issues depending
on the region of the country. Red lists of threatened species of freshwater fish have
been published in the states of Para (the only one from North Brazil) (COEMA, 2007),
Bahia (the only one from Northeast Brazil) (SEMA, 2017; Silva et al., 2020a), Minas
Gerais (COPAM, 2010), Espirito Santo (IEMA, 2022), Rio de Janeiro (SEMA, 1998),
and Sio Paulo (SMA, 2018) (Southeast Brazil), Parana (Paran4, 2018), Santa Catarina
(FATMA, 2011), and Rio Grande do Sul (SEMA, 2014) (South Brazil). Thus, most
Brazilian states (about 65%) still do not have assessments regarding their threatened fish
biodiversity, including the Ceard State.

Regarding the distribution of ichthyofauna in the river basins of Ceara State, it
is noteworthy that only the Jaguaribe and Mundad river basins have comprehensive
information on the composition of this faunal group throughout most of their courses
(Lima er al., 2017; Teixeira et al., 2017; Rodrigues-Filho et al., 2019; Silva et al., 2020b).
The other river basins in the Cearé State (nine in total) have sporadic information on
ichthyofauna and lack continuous monitoring, requiring greater sampling efforts to
understand their composition. Among the most neglected sections of the state’s river
basins in terms of ichthyofauna knowledge are the headwaters and streams. These areas
remain poorly studied and are under constant threat from anthropogenic activities
such as mining, removal of riparian vegetation, and the perennialization of water flow,
among others (Chiu ef al., 2017; Sinchez-Botero ef al., 2017; Silva et al., 2020; Vorste
et al., 2020; Terra et al., 2021).

Currently, there are serious risks to the maintenance of the biodiversity of freshwater
fish in the Ceara State, due to projects with significant potential to impact the main river
basins: pollution derived from mineral extraction, fragmentation of ecosystems due to
dam construction, and the introduction of non-native species from the transposition of
the Sdo Francisco River. In light of this reality, the objective of this study is to assess the
conservation status of freshwater fish species occurring in Ceara State.

MATERIAL AND METHODS

The continental regions of the State of Ceara, located within the Mid-Northeastern
Caatinga Ecoregion (MNCE), comprise intermittent rivers and streams, cave streams,
temporary pools, and marginal lagoons that harbor native and non-native ichthyofauna
(Lima et al., 2017; Sinchez-Botero et al., 2021; Terra et al., 2021). Furthermore, water use
management strategies implemented by the human population in the region have led to
the development of anthropogenic features such as reservoirs (Morais, Pinheiro, 2011).
The territory is mostly located in the semi-arid northeastern region, but it also includes
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humid and sub-humid areas where elevated mountain ranges create exception islands
(Moro et al., 2015). According to the Companhia de Gestio dos Recursos Hidricos
(COGERH, 2022), a total of 12 Hydrographic Regions were defined within the scope of
the State Water Resources Policy, linked to the Secretaria dos Recursos Hidricos (SRH).
These include the basins of Coread, Acarad, Litoral, Curu, Jaguaribe (which contains
the sub-basins of lower Jaguaribe, middle Jaguaribe, upper Jaguaribe, Banabuiti, and
Salgado), Metropolitana, Serra da Ibiapaba, and Sertdes de Cratetis (Fig. 1).

The list of native ichthyofauna in the Ceard State (Sinchez-Botero ef al., 2021),
available on the Secretaria do Meio Ambiente e Mudanga do Clima (SEMA) website,
was updated based on a review of the literature on the composition of freshwater fish
species in the Mid-Northeastern Caatinga Ecoregion (MNCE), and records from
the ichthyological collections of the Universidade Federal do Rio Grande do Norte
(UFRN) and Universidade Federal da Paraiba (UFPB) and queries on SpeciesLink
network (CRIA, 2024). Other institutions follow Sabaj (2020). The database of the
ichthyofauna composition and occurrences gathered from the literature review was
based on publications in taxonomy, ecology, biogeography, and ethnoichthyology from
the following basins: Acarat (Gurgel—Louren(;o et al., 2013, 2015; Batista ef al., 2016;
Faustino, Terra, 2019; Oliveira ef al., 2023; Mapurunga et al., 2024; Oliveira et al., 2024),
Coreati (Rodrigues-Filho er al., 2016, 2018a; Gurgel-Lourenco ef al., 2017; Sinchez-
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FIGURE 1 | Location of the hydrographic basins of the Ceara State, Brazil.
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Botero et al., 2017; Faustino, Terra, 2019), Curu (Silva ef al., 2005; Bezerra et al., 2013;
Manna et al., 2017, 2018), lower Jaguaribe (Abrantes et al., 2020; Silva et al., 2020), middle
Jaguaribe (Abrantes ef al., 2020), upper Jaguaribe (Rodrigues-Filho er al., 2016, 2018b,
2019; Gurgel-Lourengo ef al., 2017; Berbel-Filho ef al., 2018; Silva et al., 2020; Ramos
et al., 2020), Banabuiti (Abrantes er al., 2020), Salgado (Rodrigues-Filho er al., 2016;
Gurgel-Lourengo et al., 2017), Litoral (Teixeira et al., 2017; Berbel-Filho ef al., 2018;
Faustino, Terra, 2019; Abrantes ef al., 2020; Gongalves-Silva e al., 2022), Metropolitana
(Rosa, Groth, 2004; Chaves et al., 2013; Sinchez-Botero et al., 2014a; Bezerra et al., 2017;
Berbel-Filho ef al., 2018; Abrantes ef al., 2020, 2023), Sertdes de Cratets (Rodrigues-
Filho et al., 2016; Berbel-Filho er al., 2018), and Serra da Ibiapaba (Sinchez-Botero ef al.,
2014b; Rodrigues-Filho er al., 2016; Gurgel-Lourengo ef al., 2017).

Based on geographic distribution information, we calculated each species’ Extent
of Occurrence (EOO; the area contained within the shortest continuous imaginary
boundary, which can be drawn to encompass all the points of occurrence of a species)
and Area of Occupancy (AOO; a scaled metric that represents the area of suitable
habitat currently occupied by the taxon) (IUCN, 2024). Information regarding the
classification of ichthyofauna concerning endemism in the Caatinga and MNCE was
sourced from Rosa ef al. (2003), Gurgel-Lourengo et al. (2013), Ramos et al. (2014),
Rodrigues-Filho ef al. (2016), Bezerra et al. (2017), Lima et al. (2017), Berbel-Filho et al.
(2018), Silva et al. (2020), Abrantes ef al. (2020, 2023), and Lustosa-Costa et al. (2024).

Following IUCN recommendations for freshwater fish species, the Minimum Convex
Polygon (MCP) was used to calculate the Extent of Occurrence (EOO), encompassing
all occurrence points of the species (Brazil; IUCN, 2024). The information indicates
whether EOO is < 20,000 km?, < 5,000 km?, or < 100 km? for each species. It also
assesses the conditions of the Area of Occupancy (AOO), determining the qualitative
degree of fragmentation and the number of locations where the fish species is found.
It notes if there is a continued decline in EOO and/or AOOQO, in addition to habitat
quality conditions and/or number of mature individuals, where available. AOO is
noted if it is < 2,000 km?, < 500 km?, or < 10 km?2. The thresholds of EOO and AOO
areas assessed here were used, along with other criteria, to assess the species’ extinction
risk and, when applicable, categorize them as Vulnerable, Endangered, and Critically
Endangered (IUCN, 2024).

Occurrence points registered in Ceard State, AOO, and EOO were obtained for each
species. Calculation of AOO and EOO values in km? was performed using QGIS software
(QGIS, 2024). Concurrently, maps of species richness and the percentage of threatened
species per basin in Ceard were developed based on ichthyofauna occurrence data.

To complement occurrence data for fish not documented in scientific literature,
historical documents from the Departamento Nacional de Obras Contra as Secas
(DNOCS) (lhering, 1933; Menezes, 1956; DNOCS, 1963; Peixoto, Gurgel, 1978;
Gurgel, 1979), Environmental Impact Studies and Environmental Impact Reports
provided by the Superintendéncia Estadual de Meio Ambiente (SEMACE), and the
Instituto Brasileiro do Meio Ambiente e Recursos Naturais Renovaveis IBAMA) were
consulted.

Set of information related to the number of occurrences of fish species recorded in
the basins of Ceard, AOO, and EOO, spatial distribution, population characteristics,
occurrence habitats, potential threats, as well as information regarding their
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conservation status in global (IUCN) and national (ICMBio) red lists, were applied the
criteria and categories of the [UCN Red List. This has resulted in the unprecedented
determination of extinction risk for continental fish species in the state.

RESULTS

A total of 1,423 records from ichthyological collections with geographic coordinates
of species distributed in Ceara State were evaluated. Based on available literature and
collection records, 85 species of native fish were recorded across twelve continental
basins in Cear4 State, with 43 (51%) being endemic to the Caatinga, according to
Lima et al. (2017) (Tab. 1). Characiformes accounted for 47% (40) and Siluriformes
for 32% (27) of the species; the remaining six orders comprised approximately 20%.
Regarding families, Loricariidae represented 15% (13), Acestrorhamphidae 13% (11),
and Rivulidae 8% (7) of the species; other families constituted 64%.

A total of 25 species (29%) had localized records, occurring in only one
hydrographic basin. Another 42 species (49%) had a wide distribution, occurring in
at least three hydrographic basins (Tab. 1). Three species (Erythrinus erythrinus (Bloch
& Schneider, 1801), Curimatella lepidura (Eigenmann & Eigenmann, 1889), Gymnotus
carapo Linnaeus, 1758) lacked information about their hydrographic basins in the
ichthyological collection records, only noting their occurrence in the Ceard State. Six
species (7%) had some taxonomic issues: Hemiodus parnaguae Eigenmann & Henn,
1916, Parotocinclus jumbo Britski & Garavello, 2002, Pimelodella witmeri Fowler, 1941,
P.wolfi (Fowler, 1941), Pseudancistrus papariae Fowler, 1941 and Trachelyopterus cratensis
(Miranda Ribeiro, 1937).

Of the 85 species assessed, 43 were classified as Least Concern (LC), four species
as Near Threatened (NT), 17 species were considered threatened under one of the
categories (Vulnerable - VU, Endangered - EN, or Critically Endangered - CR), and

TABLE 1 | Species occurrence by basin, voucher numbers. AC = Acarati, UJ = upper Jaguaribe, MJ = middle Jaguaribe, L] = lower Jaguaribe, BA
= Banabuiu, CO = Coreau, CU = Curu, LI = Litoral, ME = Metropolitana, AS = Salgado, SI = Serra da Ibiapaba, SC = Sertdes de Crateus.

. Occurrences
Species q Vouchers/References
(basins)

. . LI: UFRN 2576, UFRN 2530, UFRN 2657, UFPB 11017, UFPB 11931//ME: UFRN 2673, UFRN 5847,
Anablepsoides cearensis LI, ME

UFPB 11930
Ancistrus damasceni SC UFPB 9282
Apareiodon davisi SA UFPB 9139
Aspidoras carvalhoi ME UFRN 4840
AC: UFRN 2895, UFRN 2897, UFRN 3726, UFRN 3735, UFRN 3745, UFRN 4903, UFPB 7064, UFPB
AT TR AC. BA CO. SA. SI 7616//BA: UFPB 7644//CO: UFRN 1466, UFRN 2662, UFPB 11947, UFPB 9247, UFPB 9251//SA: UFPB
P ? T 9427, UFRN 1521, UFRN 1580, UFRN 1521, UFRN 1885, UFRN 2096, UFRN 4392, UFPB 9427, UFPB
12005//SI: UFPB 9415
Aspidoras rochai ME MZUSP 5300
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TABLE 1 | (Continued)

Occurrences
. Vouchers/References
(basins)

Astyanax bimaculatus

Awaous tajasica

Callichthys callichthys

Characidium bimaculatum

Cheirodon jaguaribensis

Cichlasoma orientale

AC, AJ, BA BJ, CO,
CU, LI, ME, MJ,
SA, SC

BJ, LI, ME

LI, ME

AC, AJ, BA, CO, LI,
ME, MJ, SA, SI

BA, BJ, CO, LI, ME,
MJ, SA

AC, AJ, BA, BJ, CO,
CU, LI, ME, MJ, SA,
SC, SI

Cichlasoma sanctifranciscense AJ, SC, SI

Compsura heterura

Ctenobrycon kennedyi
Ctenobrycon spilurus
Cynolebias microphthalmus

Geophagus brasiliensis

ni.bio.br | scielo.br/ni

AC, BA, CO, CU, LI,
ME, SC

AJ, BA, BJ, SA
BA, B]
B]

AJ, SA

AC: UFRN 897, UFRN 5316, UFRN 5447, UFRN 5468, UFRN 5470, UFRN 4904, UFRN 5452, UFPB
7056, UFPB 7059, UFPB 7598, UFPB 7614, UFPB 7622, UFPB 7623, UFPB 12088, UFPB 12090,
UFPB 12105, UFPB 12107//A]: UFRN 331, UFRN 349, UFRN 358, UFRN 360, UFRN 372, UFRN 375,
UFRN 382, UFRN 383, UFRN 403, UFRN 1190, UFRN 1263, UFRN 1276, UFRN 1515, UFRN 1591,
UFRN 2238, UFRN 3228, UFRN 3807, UFPB 6844, UFPB 11829//BA: UFRN 3242, UFRN 3422, UFRN
3527, UFRN 3657, UFPB 6846, UFPB 7607, UFPB 7626, UFPB 7627, UFPB 7638, UFPB 7639, UFPB
11752, UFPB 11769, UFPB 11773, UFPB 11779, UFPB 11788, UFPB 11796, UFPB 11803, UFPB
12089, UFPB 12106 //B]: UFRN 3224, UFRN 4323, UFRN 4341, UFRN 2905, UFRN 2914, UFRN
5681//CO: UFRN 2675, UFRN 3826, UFRN 5336, UFRN 5347, UFRN 5349, UFRN 5351, UFRN 5352,
UFRN 5353, UFRN 5355, UFRN 5357, UFRN 5361, UFRN 5362, UFRN 5364, UFRN 5365, UFRN
5368, UFRN 5397, UFRN 5421, UFRN 5429, UFRN 5474, UFRN 5516, UFRN 5517, UFRN 5526,
UFRN 5529, UFRN 5531, UFRN 5532, UFRN 5535, UFRN 5537, UFRN 5542, UFRN 5616, UFRN
5617, UFPB 9254// CU: UFRN 4616, UFPB 7070// LI: UFRN 1420, UFRN 1428, UFRN 1441, UFRN
1445, UFRN 2560, UFRN 2567, UFRN 2573, UFRN 2595, UFRN 2634, UFRN 2651, UFRN 5384, UFPB
11025, UFPB 11030, UFPB 11164//ME: UFRN 4763, UFRN 4821, UFRN 4838, UFRN 4890, UFRN
4899, UFPB 6847, UFPB 6848, UFPB 6849, UFPB 6850, UFPB 9157, UFPB 9172, UFPB 11714, UFPB
11740, UFPB 12951//MJ: UFRN 3232, UFRN 3240, UFPB 9146, UFPB 9190//SA: UFRN 320, UFRN
381, UFRN 1171, UFRN 1195, UFRN 1200, UFRN 1209, UFRN 1339, UFRN 1504, UFRN 1518, UFRN
1876, UFRN 1886, UFRN 1888, UFRN 2027, UFRN 2116, UFRN 3235, UFRN 3808, UFRN 2919,
UFRN 3827, UFRN 5069, UFPB 6735, UFPB 6842, UFPB 9132, UFPB 11809, UFPB 11824, UFPB
12013//SC: UFRN 5081, UFPB 9283

BJ: OBIS_BR 266//LI: Teixeira et al. (2017)//ME: ANSP 84174

LI: UFRN 2607, UFRN 2617//ME: UFPB 13111, UFRN 1875

AC: UFPB 7060, UFPB 7619//AJ: UFRN 387, UFPB 11799, UFPB 11806//BA: UFPB 7608, UFPB 7635//
CO: UFRN 2686, UFPB 9256//LI: UFRN 1439, UFRN 2636//ME: UFPB 6868, UFPB 6869, UFPB
11791//MJ: UFRN 2680, UFRN 3233//SA: UFRN 1320, UFRN 1503, UFRN 1512, UFRN 1673, UFRN
1675, UFRN 1676, UFRN 1890, UFRN 2021, UFRN 2197, UFPB 6731, UFPB 6866//SI: UFPB 11307

BA: UFRN 3244, UFPB 9105, UFPB 11724, UFPB 11728, UFRN 3588//B]: UFRN 3247, UFRN 3810,
UFRN 3829//CO: UFPB 11965//LI: UFRN 1433, UFRN 3777, UFPB 11035, UFPB 11165//ME: UFPB
11617//MJ: UFRN 3239, UFRN 3825//SA: UFRN 1652

AC: UFRN 918, UFRN 919, UFRN 2899, UFRN 5313, UFRN 5318, UFRN 5324, UFRN 5440, UFRN
5455, UFRN 5456, UFRN 5459, UFRN 5463, UFPB 7595, UFPB 7613, UFPB 12097, UFPB 12116,
UFPB 12118//A]: UFRN 333, UFRN 340, UFRN 353, UFRN 361, UFRN 367, UFRN 369, UFRN 379,
URFEN 676, UREN 677, UFRN 678, UFRN 679, UFRN 680, UFRN 681, UFRN 1165, UFRN 1205, UFRN
1316, UFRN 1332, UFRN 1334, UFRN 1517, UFRN 1566, UFRN 1844, UFRN 1847, UFRN 2244,
UFRN 2289, UFRN 3211, UFPB 6872//BA: UFRN 3243, UFRN 3524, UFRN 3525, UFPB 6873, UFPB
6874, UFPB 7603, UFPB 7630, UFPB 11622, UFPB 11719, UFPB 11794, UFPB 11800, UFPB 11819,
UFPB 11823, UFPB 11827, UFPB 12098, UFPB 12117//BJ: UFRN 2912, UFRN 3227, UFRN 4337,
UFRN 5684//CO: UFRN 939, UFRN 940, UFRN 941, UFRN 942, UFRN 1186, UFRN 1187, UFRN 2683,
UFRN 5334, UFRN 5358, UFRN 5370, UFRN 5393, UFRN 5419, UFRN 5420, UFRN 5431, UFRN
5432, UFRN 5499, UFRN 5502, UFRN 5515, UFRN 5522, UFRN 5527, UFRN 5533, UFRN 5541, UFPB
9249//CU: UFRN 1011, UFRN 1012, UFRN 1013, UFPB 7067, UFPB 7081, UFPB 11707//LI: UFRN
1426, UFRN 1427, UFRN 2520, UFRN 2528, UFRN 2534, UFRN 2536, UFRN 2578, UFRN 2585,
UFRN 2586, UFRN 2593, UFRN 2601, UFRN 2603, UFRN 2614, UFRN 2641, UFRN 2656, UFRN
5383, UFRN 5388, UFRN 5475, UFRN 5476, UFRN 5497, UFPB 11019, UFPB 11024, UFPB 11031,
UFPB 11038, UFPB 11109, UFPB 11113, UFPB 11161//ME: UFRN 2671, UFRN 2882, UFRN 4836,
UFRN 4837, UFRN 4892, UFPB 6876, UFPB 6877, UFPB 6878, UFPB 6879, UFPB 9150, UFPB 10344,
UFPB 11821, UFPB 11873//M]: UFRN 2682, UFRN 3214, UFRN 3215, UFPB 9185//SA: UFRN 0407,
UFRN 1162, UFRN 1194, UFRN 1279, UFRN 1324, UFRN 1327, UFRN 1330, UFRN 2026, UFRN
2921, UFPB 6870, UFPB 6871, UFPB 9138, UFPB 11753, UFPB 11833, UFPB 12011//SC: UFRN 5079//
SI: UFPB 13250

AJ: UFRN 1845//SC: UFPB 9260, UFPB 12185, UFPB 13248//SI: UFPB 12940, UFPB 13183

AC: UFRN 5453, UFPB 7618//BA: UFRN 3205, UFRN 5113, UFPB 11715, UFPB 11802//CO: UFRN
5343, UFRN 5345// CU: UFPB 7077//LI: UFRN 1430, UFRN 2561, UFRN 2638, UFRN 2644, UFRN
3198, UFRN 5424//ME: UFPB 6862, UFPB 6863, UFPB 6864, UFPB 6865, UFPB 11730, UFPB 11775//
SC: UFPB 10612

AJ: UFPB 11734//BA: UFPB 11798//BJ: UFRN 2906, UFRN 4340//SA: UFPB 12012
BA: UFRN 3209//BJ: UFRN 3230
UFR] 4860, UFR] 4878

AJ: UFRN 362, UFRN 589, UFRN 590, UFRN 1622//SA: UFRN 414

!
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Occurrences
N Vouchers/References
(basins)

Hemigrammus guyanensis

Hemigrammus marginatus

Hemigrammus rodwayi

Hemiodus parnaguae

Hoplerythrinus unitaeniatus

Hoplias malabaricus

Hoplosternum littorale

Hyphessobrycon piabinhas

Hypostomus johnii

Hypostomus pusarum

Hypostomus sertanejo
Hypsolebias antenori
Hypsolebias gongobira
Hypsolebias longignatus
Hypsolebias martinsi

Knodus victoria

Kryptolebias hermaphroditus

Leporinus piau

8/26

LI, ME

AJ, BA, BJ, LI,
MJ, SA

AC, AJ, BA, BJ, CO,
CU, LI, ME, SA, SC
sC

CO, ME, SI

AC, AJ, BA, BJ, CO,
CU, LI, ME, SA, SC

ME, MJ, SA

AC, AJ, BA, BJ, LI,
ME, SA

SC

AC, AJ, BA, CO, CU,
LI, ME, MJ, SA

ME, MJ, SA
BA, B]

ME

ME

LI

SI

co

AC, AJ, BA, CO, CU,
LI, ME, MJ, SA, SC

Neotropical Ichthyology, 23(2):e240084, 2025

LI: UFRN 2533, UFRN 2599, UFPB 11023, UFPB 11032//ME: UFRN 2693, UFPB 10337

AJ: UFRN 1270, UFRN 1277//BA: UFPB 11736// B]: UFRN 2915, UFRN 4325//LI: UFRN 5425//MJ:
UFPB 9476//SA: UFRN 1173, UFRN 1280, UFRN 1336, UFPB 6898

AC: UFPB 7048, UFPB 7055//A]: UFRN 3820, UFPB 11722, UFPB 11766//BA: UFPB 9110, UFPB
11748, UFPB 6899//B]: UFRN 2911, UFRN 4338// CO: UFRN 3778, UFPB0011952//CU: UFPB 7069//
LI: UFRN 2521, UFRN 2572, UFRN 2592, UFRN 2598, UFRN 2628, UFRN 2640, UFRN 2525, UFRN
2637, UFRN 2653, UFRN 2658, UFPB 11036//ME: UFRN 2700, UFPB 9471, UFPB 10335//SA: UFPB
11832/ SC: UFPB 10611

UFRN 5090, UFPB 9270, UFPB 9271

CO: UFPB 11959//ME: UFPB 10343, UFPB 12058//SI: UFPB 10614

AC: UFRN 931, UFRN 932, UFRN 933, UFRN 3741, UFRN 5321, UFRN 5322, UFRN 5323, UFRN
5325, UFRN 5326, UFRN 5328, UFRN 5443, UFRN 5444, UFRN 5445, UFRN 5460, UFRN 5462,
UFRN 5464, UFRN 5465, UFRN 5471, UFPB 7049, UFPB 7594, UFPB 7621, UFPB 12093, UFPB
12112, UFPB 12114//AJ: UFRN 335, UFRN 341, UFRN 364, UFRN 373, UFRN 405, UFRN 603, UFRN
605, UFRN 1208, UFRN 1315, UFRN 1526, UFRN 1617, UFRN 1846, UFRN 3213, UFPB0011792//
BA: UFRN 3220, UFRN 3428, UFRN 3656, UFPB 6886, UFPB 7604, UFPB 7628, UFPB 7641, UFPB
11742, UFPB 11778, UFPB 12113//BJ: UFRN 2907, UFRN 5677//CO: UFRN 2684, UFRN 5367, UFRN
5391, UFRN 5423, UFRN 5427//CU: UFPB 7071//LI: UFRN 2582, UFRN 2589, UFRN 2605, UFRN
2609, UFRN 2633, UFRN 2652, UFRN 5385, UFRN 5478, UFPB 11018, UFPB 11026, UFPB 11163//
ME: UFRN 4834, UFPB 6887, UFPB 6888, UFPB 6889, UFPB 9153, UFPB 9155, UFPB 10342, UFPB
11762, UFPB 11782, UFPB 11815//SA: UFRN 0397, UFRN 1325, UFRN 1328, UFRN 1615, UFRN
1794, UFRN 1795, UFRN 1799, UFRN 2194, UFRN 2918, UFPB 6732, UFPB 6883, UFPB 6884, UFPB
11836, UFPB 12006//SC: UFRN 3429, UFPB 9275, UFPB 9276, UFPB 9277

ME: UFRN 4814, UFPB 9151//MJ: UFRN 4460//SA: UFPB 12085

AC: UFPB 7617, UFPB 9073//A]: UFRN 3824//BA: UFPB 7633, UFPB 11729, UFPB 9521, UFPB 7634//
BJ: UFRN 3813//LI: UFPB 11162, UFRN 2562, UFRN 2602, UFRN 2635, UFRN 2643, UFRN 2648,
UFRN 2522, UFRN 2531//ME: UFPB 10336//SA: UFPB 6739, UFRN 2562, UFRN 2602, UFRN 2635,
UFRN 2643, UFRN 2648, UFRN 2522, UFRN 2531

UFPB 9266, UFPB 9267, UFPB 9268

AC: UFRN 891, UFRN 892, UFRN 893, UFRN 894, UFRN 4902, UFRN 5436, UFPB 9121, UFRN 3734,
UFRN 2868, UFPB 7050, UFPB 7062, UFPB 7615, UFPB 12101, UFPB 12122, UFRN 3734, UFRN
2868//AJ: UFRN 352, UFRN 359, UFRN 370, UFRN 607, UFRN 608, UFRN 1509, UFRN 1790, UFRN
1834, UFRN 3815, UFRN 4466, UFPB 11759, UFRN 377, UFRN 393, UFRN 1499, UFRN 1624, UFRN
1813, UFRN 5061, UFRN 5076, UFPB 7700//BA: UFPB 9226, UFPB 9222, UFPB 6896, UFPB 11781,
UFPB 11804//CO: UFRN 5392, UFPB 11960// CU: UFPB 7068//LI: UFRN 2584, UFRN 2608//ME:
UFPB 11765, UFPB 11835, UFRN 2870, UFRN 4888, UFPB 7697, UFPB 9223, UFPB 6892, UFPB
6893, UFPB 6894, UFPB 7692, UFPB 11939, UFPB 11943, UFPB 7698, UFPB 9220, UFPB 11765,
UFPB 11835//M]J: UFRN 4463, UFPB 7699//SA: UFRN 1810, UFRN 2017, UFPB 12009, UFRN 377,
UFRN 393, UFRN 1168, UFRN 1499, UFRN 1506, UFRN 1624, UFRN 1811, UFRN 1813, UFRN 2189,
UFRN 5061, UFRN 5076, UFPB 6890, UFPB 6891, UFPB 6895, UFPB 6897, UFPB 9225, UFPB 7700,
UFRN 608

ME: UFRN 4887, UFRN 4896, UFRN 4898, UFPB 7694//M]: UFRN 4462, UFPB 7696// SA: UFRN
5062, UFRN 5070, UFPB 7691, UFPB 9224

BA: MZUSP 14755//BJ: UFRN 5842, UFRN 5848, UFPB 14125, UFPB 14134, UFPB 14146, UFPB
14149, UFPB 14155, UFPB 14743, UFPB 14900, MNR] 19465, MNR] 4542, UFR] 4860, UFR] 4864

UFRN 5847, UFRN 6029, MNR] 54900, MZUSP 129607

ME: UFRN 5845, UFPB 12084, UFPB 12676, UFR] 8764

LI: UFRN 5843, UFRN 5844, UFRN 5414, UFRN 5413, ZUEC 10791
UFPB 10615

CO: UFRN 5231, UFRN 5232

AC: UFRN 920, UFRN 923, UFRN 924, UFRN 925, UFRN 927, UFPB 7052, UFPB 7596, UFPB 12115//
AJ: UFRN 599, UFRN 600, UFRN 3814, UFRN 3821// BA: UFPB 11732, UFPB 11822, UFPB 11826//
CO: UFPB 11961//CU: UFPB 7080//LI: UFRN 1421, UFRN 1440//ME: UFRN 3661, UFRN 4841, UFRN
4893, UFPB 9156, UFPB 9176// MJ: UFPB 9145//SA: UFRN 0601, UFRN 5063, UFRN 5066, UFPB
6743//SC: UFRN 5085, UFPB 9259
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TABLE 1 | (Continued)

Occurrences
. Vouchers/References
(basins)

Leporinus taeniatus

Loricariichthys derbyi

Megalamphodus bentosi
Megalechis thoracata

Moenkhausia costae
Moenkhausia intermedia

Nannostomus beckfordi

Parotocinclus cearensis

Parotocinclus haroldoi
Parotocinclus jumbo

Parotocinclus spilurus

Phenacogaster calverti

Pimelodella dorseyi
Pimelodella parnahybae
Pimelodella witmeri
Pimelodella wolfi
Platydoras brachylecis

Poecilia sarrafae

Poecilia vivipara

Prochilodus brevis

Prochilodus lacustris

Psalidodon fasciatus

ni.bio.br | scielo.br/ni

AC, AJ, BA, MJ, SA

AJ, BJ, ME, MJ, SA
ME

ME

AJ, ME, SA

AJ, BA, ME, MJ, SA

LL ME

AC, BA, CO, LI,
ME, SA, SC

CO
AJ, BA, M]

AJ, SA

AC, CO, L1, ME, SC

AJ, SA
sC

AJ, BA, MJ
ME

SC

AC, LI

AC, AJ, BA, BJ, CO,
CU, LI, ME, MJ,
SA, SC

AC, A, BA, CU,
LI, ME, SA

SC

AC, AJ, BA, CO, CU,
ME, SA,SC

AC: UFRN 5441//A]: UFRN 596, UFRN 597, UFRN 598, UFRN 1273, UFRN 1510, UFRN 1828, UFRN
1840, UFRN 3222//BA: UFRN 3199, UFPB 7605, UFPB 11777// M]: UFPB 9144, UFPB 9184//SA:
UFRN 595, UFRN 1458, UFRN 1836, UFRN 5073, UFPB 9133, UFPB 11834, UFPB 12325

AJ: UFRN 586, UFRN 587//B]: UFRN 3223//ME: UFRN 4453, UFRN 4894, UFPB 7659//M]: UFPB
7793, UFRN 4451//SA: UFRN 1837, UFRN 5059, UFRN 5071

UFRN 2691, UFPB 10338

UFPB 11874

AJ: UFRN 1278//ME: UFRN 4567, UFRN 4694, UFRN 4851, UFPB 9174//SA: UFRN 1283, UFRN 1337,
UFRN 1623

AJ: UFPB 11739//BA: UFPB 6908, UFPB 11737, UFPB 11774, UFPB 11790// ME: UFPB 9173//MJ:
UFPB 9142, UFPB 9188// SA: UFPB 6907, UFPB 11757

LI: UFRN 2535, UFRN 2591, UFRN 2600, UFRN 2523, UFRN 2659, UFPB 11021, UFPB 11037, UFPB
11168//ME: UFRN 2672, UFRN 2936, UFRN 2937

AC: UFRN 2698, UFRN 2699, UFRN 2884, UFRN 2885, UFRN 2886, UFRN 2887, UFPB 7610, UFPB
12123//BA: UFRN 3426, UFPB 7637, UFPB 7643//CO: UFRN 1120, UFRN 1473, UFRN 5434, UFPB
9248, UFPB 11948//L1: UFRN 1422, UFRN 1423//ME: UFRN 4839, UFPB 6919, UFPB 11717, UFPB
11892, UFPB 11941// SA: UFRN 388, UFRN 404, UFRN 1183, UFRN 1242, UFRN 1260, UFRN 1295,
UFRN 1505, UFRN 1581, UFRN 1873, UFRN 1881, UFRN 2024, UFRN 2087, UFRN 2258, UFRN
5058, UFRN 5088, UFRN 3216//SC: UFPB 7033

UFRN 1294, UFRN 5726, UFPB 11880, UFPB 11955, UFPB 11962

AJ: UFRN 350//BA: UFPB 11869//MJ: UFPB 12003

AJ: UFRN 345, UFRN 3806, UFRN 3830, UFPB 12077//SA: UFRN 321, UFRN 376, UFRN 389, UFRN
1248, UFRN 1252, UFRN 1253, UFRN 1255, UFRN 1300, UFRN 5057

AC: UFRN 5467, UFPB 7047, UFPB 7053//CO: UFRN 2511, UFRN 5333, UFRN 5519, UFRN 5528,
UFRN 5539, UFRN 5543, UFPB 11950, UFPB 11963//LI: UFRN 2557, UFRN 2569, UFRN 2580, UFRN
2646, UFRN 5426, UFRN 5496, UFPB 11033//ME: UFPB 6915, UFPB 9170, UFPB 11818, UFPB
11942//SC: UFPB 9262

AJ: UFRN 1821//SA: UFRN 409, UFRN 5064, UFRN 5072, UFPB 6911, UFPB 6912, UFPB 9136
UFRN 5086, UFPB 9279

AJ: UFRN 588//BA: UFPB 6913//MJ: UFPB 9147

ME: ANSP 69388, ANSP 69389

UFPB 9272

AC: UFPB 14646//L1: UFRN 2574, UFRN 2575, UFRN 2579, UFRN 2529, UFRN 2654, UFPB 11022,
UFPB 11034, UFPB 11116, UFPB 11167, UFPB 14645

AC: UFRN 5439, UFRN 5472, UFPB 7602, UFPB 7611, UFPB 12104, UFPB 12127//AJ: UFRN 332,
UFRN 337, UFRN 365, UFRN 371, UFRN 394, UFRN 396, UFRN 399, UFRN 1314, UFRN 2243, UFRN
2594, UFPB 6927, UFPB 11621, UFPB 11750//BA: UFRN 2910, UFRN 3203, UFRN 4336//B]: UFRN
3210, UFRN 3423, UFRN 3529, UFRN 3659, UFPB 6928, UFPB 6929, UFPB 7631, UFPB 11747, UFPB
11754, UFPB 11763, UFPB 11795//CO: UFRN 5233, UFRN 5240, UFRN 5340, UFRN 5346, UFRN
5354, UFRN 5356, UFRN 5360, UFRN 5363, UFRN 5369, UFRN 5371, UFRN 5394, UFPB 9250, UFPB
9252, UFPB 9253, UFPB 9255, UFPB 11956//CU: UFRN 1073, UFRN 1075, UFRN 1076, UFRN 4644,
UFPB 7073//LI: UFRN 1419, UFRN 1437, UFRN 2564, UFRN 2568, UFRN 2621, UFRN 2649, UFRN
5374, UFRN 5508, UFPB 11020, UFPB 11028, UFRN 2594//ME: UFRN 3421, UFRN 4857, UFRN
5165, UFRN 5185, UFRN 5187, UFRN 5188, UFPB 6931, UFPB 6932, UFPB 6933, UFPB 6934, UFPB
11725, UFPB 11731, UFPB 11745, UFPB 11772, UFPB 11879//M]: UFRN 3238//SA: UFRN 400, UFRN
1172, UFRN 1262, UFRN 1323, UFRN 1326, UFRN 1456, UFRN 3202, UFPB 6740, UFPB 6924, UFPB
6925, UFPB 11785//SC: UFRN 5087

AC: UFRN 895, UFRN 896, UFRN 4905, UFRN 5437, UFRN 5457, UFPB 12094, UFRN 895, UFRN
896//AJ: UFRN 593, UFRN 594, UFRN 1792, UFRN 1801, UFRN 1804, UFRN 3819//BA: UFPB 6917,
UFPB 11767, UFPB 11814, UFPB 11817//CU: UFPB 6918, UFPB 7078//LI: UFRN 3530, UFRN 5386//
ME: UFRN 3425, UFRN 4897, UFPB 9149, UFPB 9154, UFPB 9179, UFPB 12064//SA: UFRN 5149,
UFPB 6734, UFPB 6916, UFPB 9141, UFPB 11811, UFPB 11830

UFPB 9258

AC: UFPB 7054, UFPB 7061, UFPB 7599, UFPB 12091, UFPB 12108, UFPB 12109//A]: UFPB 11756//
BA: UFPB 6853, UFPB 11624, UFPB 11721//CO: UFPB 11949, UFPB 11964//CU: UFPB 7074// ME:
UFPB 6854, UFPB 6855, UFPB 6856, UFPB 9171, UFPB 11716, UFPB 11738, UFPB 11933//SA: UFPB
6736, UFPB 9137, UFPB 11812, UFPB 12010//SC: UFPB 9261

—
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Occurrences
. Vouchers/References
(basins)

Psectrogaster rhomboides AC, AJ, SA, SC
Psectrogaster saguiru AC, CU, BJ
Pseudancistrus genisetiger AJ, MJ, SA
Pseudancistrus papariae A
Pterengraulis atherinoides CU, B]
Pterygoplichthys parnaibae SC
Pygocentrus nattereri AC, AJ, SA, SC

Rhamdia quelen SA

AC, CO, CU, MJ, SA,

Saxatilia brasiliensis BA LL ME, SC

Schizodon dissimilis ME, SC

AC, AJ, BA, BJ, CO,

Serrapinnus heterodon CU, LL ME, MJ, SA

AC, AJ, BA, BJ, CO,

Serrapinnus piaba CU, LL ME, MJ, SA
Serrasalmus brandtii AJ, ME, MJ, SA

AJ, BA, B], ME,
Serrasalmus rhombeus SA. SC

AC, AJ, BA, CO, LI,

Steindachnerina notonota ME, SA, SC

Sternopygus macrurus SC

Synbranchus marmoratus AC, BA, CO, LI, ME,
SA, SC

Tetragonopterus argenteus AJ, B]
Trachelyopterus cratensis AJ

AC, AJ, BA, CO, LI,

Trachelyopterus galeatus ME, SA, SC

AC, AJ, BA, CU,

Triportheus signatus ME, MJ, SA, SC

AC: UFRN 903, UFRN 904, UFRN 905//AJ: UFRN 4465// SA: UFPB 6923, UFPB 11764, UFPB 11831//
SC: UFPB 9284

AC: USNM 267318//CU:USNM 220009//B]: ANSP 88590

AJ: UFRN 1793, UFRN 1812//MJ: UFPB 9183//SA: UFRN 0411, UFRN 1477, UFRN 5060, UFRN 5068,
UFPB 6910

AJ: ANSP 69442

CU: Silva et al. (2005)//BJ: ANSP 69370

UFPB 9281

AJ: UFRN 1839//SA: UFRN 5074//SC: UFPB 10613

UFRN 1201, UFRN 1388, UFRN 1927, UFRN 3234, UFRN 1472, UFRN 1893

AC: UFRN 5314, UFRN 5319, UFRN 5320, UFRN 5438, UFRN 5442, UFRN 5454, UFRN 5466, UFPB
7063//CO:UFRN 5332, UFRN 5428, UFRN 5430//CU:UFPB 7076//A]: UFPB0012007, UFPB 9135//MJ:
UFPB 9182, UFPB 9287//SA: UFPB 6880//BA: UFPB 6882//LI: UFRN 5373, UFRN 5389, UFPB 11027,
UFPB 11039, UFPB 11166//ME: UFPB 11940//SC:UFPB 12900, UFPB 12954, UFPB 13072, UFPB 9278

ME: UFPB 9180, UFPB 11708//SC: UFPB 9274

AC: UFRN 5331, UFPB 7057, UFPB 7597, UFPB 7612, UFPB 12110//AJ: UFRN 330, UFRN 336, UFRN
366, UFRN 374, UFRN 395, UFRN 1264, UFRN 1275, UFRN 1705, UFRN 2241, UFRN 3249, UFRN
3812, UFRN 3823, UFPB 11720, UFPB 11751//BA: UFRN 3520, UFRN 3528, UFRN 3660, UFPB 7606,
UFPB 7629, UFPB 7642, UFPB 11735, UFPB 11746, UFPB 11805, UFPB 11807, UFPB 6942, UFPB
6943//BJ: UFRN 3246, UFRN 5674, UFRN 5676, UFRN 5754//CO: UFRN 5344, UFRN 5372, UFRN
5545, UFRN 5619, UFRN 5622, UFRN 5536, UFRN 5530//CU: UFRN 935//LI: UFRN 1431, UFRN
1435, UFRN 1436, UFRN 2558, UFRN 2566, UFRN 2624, UFRN 2627, UFRN 2629, UFRN 2632,
UFRN 2639, UFRN 5473//ME: UFPB 11758, UFPB 6944, UFPB 6945, UFPB 6946// M]: UFPB 9189//
SA: UFRN 1167, UFRN 1338, UFRN 1653, UFRN 1677, UFRN 1878, UFRN 1883, UFRN 4345, UFPB
11749, UFPB 11825, UFPB 6737, UFPB 6939, UFPB 6940, UFRN 1894

AC: UFRN 5450, UFRN 5451, UFRN 5458, UFPB 7620//A]: UFRN 1202, UFRN 1272, UFRN 1672,
UFRN 3817, UFPB0011723//BA: UFRN 3206, UFRN 3522//BJ: UFRN 3816, UFRN 5675//CO: UFRN
2677, UFRN 5341, UFRN 5342, UFRN 5621, UFRN 5524, UFPB 11951//CU: UFRN 934, UFPB 7075//
LI: UFRN 1429, UFRN 2563, UFRN 2571, UFRN 2596, UFRN 2604, UFRN 2623, UFRN 2625, UFRN
2631, UFRN 2655, UFRN 2526, UFRN 2645//ME: UFPB 6949, UFPB 6950, UFPB 6951, UFPB 6952,
UFPB 11801, UFPB 11938, UFPB 11945//M]J: UFRN 3248, UFRN 3818// SA: UFRN 1247, UFRN 1285,
UFRN 1877, UFRN 2920, UFRN 2922, UFPB0011623, UFPB 6738, UFPB 6947

AJ: UFRN 1524, UFRN 2240, UFRN 4472, UFRN 5075//ME: UFRN 4895, UFPB 9178//M]: UFRN
4464//SA: UFRN 5075

AJ: UFRN 328, UFRN 343, UFRN 1257, UFRN 1274, UFRN 1480, UFRN 1498, UFRN 1857, UFRN
4470//BA: UFRN 3221//BJ: UFRN 2908, UFRN 3245, UFRN 4334//ME: UFRN 4590, UFRN 4860//SA:
UFRN 380, UFRN 398, UFRN 1501, UFRN 1502, UFRN 1858//SC: UFPB 9269

AC: UFRN 902, UFRN 5315, UFRN 5317, UFRN 5327, UFPB 7051, UFPB 7609, UFPB0012092,
UFPB0012111//AJ: UFRN 357, UFRN 0363, UFRN 401, UFPB 11784, UFPB 11808//BA: UFRN 3219,
UFRN 3420, UFRN 3424, UFPB 6956, UFPB 7625, UFPB 7640, UFPB 11755, UFPB0011771//CO:
UFRN 1593, UFRN 5335, UFRN 5433, UFRN 5523, UFPB 11957//LI: UFRN 1443, UFRN 1444, UFRN
2570, UFRN 2587, UFRN 2642, UFRN 2660, UFRN 5387//ME: UFRN 2869, UFRN 3748//SA: UFRN
1884, UFRN 3225, UFPB 6742, UFPB 6953, UFPB 6954, UFPB 11761, UFPB 12008//SC: UFRN 5083

UFPB 9273

AC: UFRN 3748, UFRN 2869//BA: UFRN 3204//CO: UFRN 1184, UFRN 2513, UFPB 9257//LI: UFRN
3534//ME: UFRN 2674, UFRN 4889, UFRN 5170, UFPB 6938//SA: UFRN 1471, UFRN 2917//SC: UFPB
9280

UFRN 3809, UFRN 4471//BJ: ANSP 84416, ANSP 84412

UFRN 356

AC: UFRN 909, UFPB 7046, UFPB0012126/A]J: UFRN 592, UFRN 1798, UFRN 4469//BA: UFPB
11718//CO: UFRN 5366, UFPB 11958//UFRN 3531//ME: UFPB 9181, UFPB 11946//SA: UFRN 1887,
UFRN 3201, UFPB 6730// SC: UFPB 9286

AC: UFRN 906, UFRN 907, UFPB 7600, UFPB0012095//AJ: UFRN 591, UFRN 1291, UFRN 1494,
UFRN 3207, UFRN 4473, UFRN 5067, UFPB 9140// BA: UFRN 3518, UFPB 6960, UFPB 6961, UFPB
11820, UFPB 11828//CU: UFRN 4420, UFPB 7079// ME: UFPB 6962, UFPB 9175, UFPB 11793//MJ:
UFPB 9148, UFPB 9187//SA: UFRN 5067, UFPB 6958, UFPB 6959, UFPB 9140, UFPB 11816//SC:
UFRN 5080, UFPB 9285
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15 species having insufficient data to be assessed (Data Deficient - DD). Among the
17 species classified as threatened, four species were categorized as VU Blab(iii); three
species as EN Blabiii), three species as CR Blab(iii), two species as CR B1B2abiii),
iv), one species as VU A2A4ce+Blab(i,iii), and one species as ENB1ab(iii)+2ab(iii) (Fig.
2; Tab. 2; S1).

Additionally, six species were categorized as Not Evaluated (NE) because they were
classified as inquirenda based on Lima et al. (2017) and/or Berbel-Filho er al. (2018):
Trachelyopterus cratensis, Pimelodella witmeri, Pimelodella wolfi, Aphanotorulus gomesi
(Fowler, 1942), Pseudancistrus papariae .

We observed a considerable variability in the number of species among basins
(mean 25.1 + 10.3). The Metropolitana and Salgado basins exhibited the highest species
richness (44 and 39 species, respectively). The Serra de Ibiapaba and Curu basins
showed the lowest richness (6 and 17 species, respectively) (Fig. 3A). The basins with
the highest percentage of threatened fish species were Metropolitana (15.9%), Litoral
(14.3%) and lower Jaguaribe (10.5%) (Fig. 3B).

LC 43
DD
NA

NT

VU Blab(iii) 1 4

EN Blab(iii) | 3

CR Blab(iii) 1 3

CR B1B2ab(iii) 1 2

CR A2cde 1
EN B2ab(iii) 1 1
CR B2ab(i,ii,iii,iv) | 1
VU A2A4ce+Blab(i,iii) 1 1

EN Blab(iii)+2ab(iii) | 1

T T T T T T T 1

0 5 10 15 20 25 30 35 40 45

Number of species

FIGURE 2 | Number of freshwater fish species in the Ceara State and categories based on IUCN criteria.
Legend: LC - Least Concern; DD - Data Deficient; NT - Near Threatened; NE - Not Evaluated; VU -
Vulnerable; EN - Endangered; CR - Critically Endangered. The meanings of the codes are detailed in S1.
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Conservation of the freshwater fishes from Ceara

TABLE 2 | Conservation status of freshwater fish species in Ceara State. Taxonomic sequence according to Fricke et al. (2024). OCC =

Occurrence Coordinates; AOO = Area of Occupancy; EOO = Extent of Occurrence; LC = Least Concern; NT = Near Threatened; CR = Critically

Endangered; EN = Endangered; VU = Vulnerable; DD = Data deficient; NE = Not Evaluated. *Species exclusive to Ceara.

Caatinga

CLUPEIFORMES

Engraulidae
Pterengraulis atherinoides (Linnaeus, 1766)

CHARACIFORMES

Crenuchidae

Characidium bimaculatum Fowler, 1941
Erythrinidae

Erythrinus erythrinus (Bloch & Schneider, 1801)

Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829)
Hoplias malabaricus (Bloch, 1794)
Parodontidae

Apareiodon davisi (Fowler, 1941)
Serrasalmidae
Metynnis lippincottianus (Cope, 1870)

Pygocentrus nattereri Kner, 1858

Serrasalmus brandtii Liitken, 1875
Serrasalmus rhombeus (Linnaeus, 1766)
Hemiodontidae

Hemiodus parnaguae Eigenmann & Henn, 1916
Anostomidae

Leporinus piau Fowler, 1941

Leporinus taeniatus Liitken, 1875

Schizodon dissimilis (Garman, 1890)
Curimatidae

Curimatella lepidura
(Eigenmann & Eigenmann, 1889)

Psectrogaster rhomboides
Eigenmann & Eigenmann, 1889

Psectrogaster saguiru (Fowler, 1941)
Steindachnerina notonota (Miranda Ribeiro, 1937)
Prochilodontidae

Prochilodus brevis Steindachner, 1875
Prochilodus lacustris Steindachner, 1907

Lebiasinidae

Nannostomus beckfordi Giinther, 1872
Triportheidae

Triportheus signatus (Garman, 1890)

Bryconidae
Salminus hilarii (Valenciennes,1849)
Stevardiidae

Knodus victoria (Steindachner, 1907)
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AOO

Undefined
AOO
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Undefined
AOO
2849.28

192.49
26061.79

19959.44

Undefined
AOO

2933.09

22501.30

Undefined
AOO

Undefined
AOO

Undefined
EOO

106096.93

Undefined
EOO

33719.61
35752.89

Undefined
EOO

Undefined
EOO

17007.44
41737.26
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1323.32

131713.42
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Undefined
EOO
41251.15

18170.00
134972.28

108993.99

Undefined
EOO

6746.11

92572.38

Undefined
EOO

Undefined
EOO

DD

LC

DD

LC
LC

CR Blab (iii)

DD
LC
LC
LC
NT
LC
NT

VU Blab(iii)

DD

LC

DD
LC

LC

NT

DD

LC
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LC

X
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TABLE 2 | (Continued)

Caatinga

Characidae
‘Cheirodon’ jaguaribensis Fowler, 1941 17 12868.25 85863.05 LC X
Compsura heterura Eigenmann, 1915 22 11376.08 69523.58 LC X
Phenacogaster calverti (Fowler, 1941) 24 10360.61 61705.05 LC X
Serrapinnus heterodon (Eigenmann, 1915) 72 30699.22 122551.64 LC
Serrapinnus piaba (Liitken, 1875) 49 20636.71 112661.82 LC
Tetragonopterus argenteus Cuvier, 1816 4 1747.21 13579.53 DD
Acestrorhamphidae
Astyanax bimaculatus (Linnaeus, 1758) 159 47608.23 144343.27 LC
Ctenobrycon kennedyi (Eigenmann, 1903) 5 4329.83 30565.71 LC
. . Undefined Undefined
Ctenobrycon spilurus (Valenciennes, 1850) 2 A00 EOO DD
Hemigrammus guyanensis Géry, 1959 6 2933.09 6746.11 VU B1ab (iii)
Hemigrammus marginatus Ellis, 1911 11 8127.05 57526.24 LC
Hemigrammus rodwayi Durbin, 1909 29 15413.27 110787.91 LC
Hyphessobrycon piabinhas Fowler, 1941 18 10308.63 81627.31 NE X
. . Undefined Undefined
Megalamphodus bentosi (Durbin, 1908) 2 A0O EOO DD
Moenkhausia costae (Steindachner, 1907) 8 5804.99 30581.85 LC X
Moenkhausia intermedia Eigenmann, 1908 10 9662.85 36578.47 LC
Psalidodon fasciatus (Cuvier, 1819) 27 17516.64 112147.80 LC
GYMNOTIFORMES
Gymnotidae
. Undefined Undefined Undefined
Gymnotus carapo Linnaeus, 1758 R — AOO EOO DD
Sternopygidae
. Undefined Undefined
Sternopygus macrurus (Bloch & Schneider, 1801) 1 A0O EOO DD
SILURIFORMES
Callichthyidae
Aspidoras carvalhoi (Nijssen & Isbriicker, 1976) (*) WRE S, DGO, CR Blab (iii) X
AOO EOO
Aspidoras raimundi (Steindachner, 1907) 22 7316.27 44447.36 LC X
. . . - Undefined Undefined .
Aspidoras rochai Thering, 1907 1 AOO EOO CRB1ab(iii) X
Callichthys callichthys (Linnaeus, 1758) 4 3549.99 7791.03 LC
Hoplosternum littorale (Hancock, 1828) 4 4280.86 32618.09 LC
. . Undefined Undefined
Megalechis thoracata (Valenciennes, 1840) 1 A0O EOO LC
Doradidae
Platydoras brachylecis Piorski, Garavello, Arce & Sabaj Pérez, 2008 1 Uni%ﬁél ed Un%%%lEd DD X
Loricariidae
. . . Undefined Undefined
Ancistrus damasceni (Steindachner, 1907) 1 AOO EOO DD X
. Undefined Undefined Undefined
Aphanotorulus gomesi (Fowler, 1942) — ——— AOO EOO NE X
Hypostomus johnii (Steindachner, 1877) 3 1094.81 1323.32 EN B1lab (iii)
Hypostomus pusarum (Starks, 1913) 73 34326.73 128520.23 LC X
Hypostomus sertanejo Zawadzki, Ramos & Sabaj, 2017* 10 5515.26 25324.83 LC X
Loricariichthys derbyi Fowler, 1915 10 6034.92 46181.21 LC X
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TABLE 2 | (Continued)

Caatmga

Parotocinclus cearensis Garavello, 1977
Parotocinclus haroldoi Garavello, 1988
Parotocinclus jumbo Britski & Garavello, 2002
Parotocinclus spilurus (Fowler, 1941)*

Pseudancistrus genisetiger Fowler, 1941

Pseudancistrus papariae Fowler, 1941

Pterygoplichthys parnaibae (Weber, 1991)
Auchenipteridae

Trachelyopterus cratensis (Miranda Ribeiro, 1937)
Trachelyopterus galeatus (Linnaeus, 1766)
Heptapteridae

Pimelodella dorseyi Fowler, 1941

Pimelodella parnahybae Fowler, 1941

Pimelodella witmeri Fowler, 1941

Pimelodella wolfi (Fowler, 1941)

Rhamdia quelen (Quoy & Gaimard, 1824)
GOBIIFORMES

Gobiidae

Awaous tajasica (Lichtenstein, 1822)
SYNBRANCHIFORMES

Synbranchidae
Synbranchus marmoratus Bloch, 1795

CICHLIFORMES

Cichlidae

Cichlasoma orientale Kullander, 1983
Cichlasoma sanctifranciscense Kullander, 1983
Saxatilia brasiliensis (Bloch, 1792)

Geophagus brasiliensis (Quoy & Gaimard, 1824)
CYPRINODONTIFORMES

Rivulidae

Anablepsoides cearensis (Costa & Vono, 2009)*

Cynolebias microphthalmus Costa & Brasil, 1995
Hypsolebias antenori (Tulipano, 1973)*

Hypsolebias gongobira (Abrantes, Ramos, Bento & Lima, 2023)*
Hypsolebias longignatus (Costa, 2008)*
Hypsolebias martinsi Britzke, Nielsen & Oliveira, 2016

Kryptolebias hermaphroditus Costa, 2011

Poeciliidae
Poecilia sarrafae Braganca & Costa, 2011

Poecilia vivipara Bloch & Schneider, 1801
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30
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AOO
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FIGURE 3 | Freshwater fish by hydrographic basin in the Ceara State. A. Species richness; B. Percentage of threatened species.
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DISCUSSION

Previous records available from federal agencies regarding the freshwater fish fauna
occurring in the Ceara State primarily indicated the use of freshwater fish for human
consumption, eradication of species considered ‘pests’ (eg., piranhas), and stocking
activities with both native and non-native species (Ihering, 1933; Menezes, 1956;
DNOCS, 1963; Peixoto, Gurgel, 1978, 1979). These documents do not properly include
cataloged lists of native fish species in collections nor report actions for the conservation
of native freshwater fish. From an academic perspective, the earliest records of native
ichthyofauna in Cear4’s freshwater environments (Ihering, 1907; Fowler, 1915) indicated
the faunistic influence of the Atlantic Forest and Amazon biomes on the current species
composition and distribution. More recently, taxonomic and phylogeographic studies
discussed the influences of these biomes and geomorphological processes that have
shaped the current freshwater fish diversity (Rosa er al., 2003; Rosa, Groth, 2004;
Berbel-Filho ef al., 2015; Lima ef al., 2017; Rodrigues-Filho et al., 2018a).

Out of the 85 fish species in Ceard State, four are listed in the ICMBio Red
List of Threatened Fauna (MMA, 2022) and four are listed in the [IUCN Red List.
Anablepsoides cearensis (Costa & Vono, 2009), Hypsolebias longignatus (Costa, 2008), and
Parotocinclus spilurus (Fowler, 1941) are listed in both lists. Apareiodon davisi (Fowler,
1941) and Hypsolebias martinsi Britzke, Nielsen & Oliveira, 2016 are exclusively listed
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in the ICMBio and IUCN lists, respectively. Six species were categorized as DD (Data
Deficient) by ICMBio and seven by the IUCN Red List. Two species were not assessed
by ICMBio (Hemigrammus rodwayi Durbin, 1909 and Hypsolebias gongobira (Abrantes,
Ramos, Bento & Lima, 2023), and 31 species were not evaluated by the IUCN Red
List. These results highlight a significant number of fish species not evaluated by the
IUCN Red List (36%), underscoring the need for updating both national and global
official lists.

The high endemism recorded (51%) indicated that almost half of the continental
fish species have restricted geographic distribution to the Caatinga (Lima et al., 2017),
with eight exclusive to Ceard State: A. cearensis, Hypsolebias antenori (Tulipano, 1973),
H. longignatus, H. gongobira, Parotocinclus spilurus, Aspidoras carvalhoi (Nijssen &
Isbriicker, 1976), Aspidoras rochai Thering, 1907, and Hypostomus sertanejo Zawadzki,
Ramos & Sabaj, 2017. On the other hand, about one-third of the native fish species in
the state are widely distributed, with greater survival potential in the face of natural
and anthropogenic disturbances occurring in Ceard’s hydrographic basins. Conversely,
the three species without records in the state’s basins highlight the lack of information
related to Area of Occupancy (AOO), Extent of Occurrence (EOQO), and their actual
distributions, indicating the need for further studies. It is noteworthy that some widely
distributed species may represent species complexes, with some potentially endemic
to Ceard’s basins (e.g., Parotocinclus Eigenmann & Eigenmann, 1889), and others
purportedly endemic (e.g., Hypostomus, Pseudancistrus Bleeker, 1862, and Pimelodella
Eigenmann & Eigenmann, 1888) (Lima ef al., 2017; Berbel-Filho er al., 2018). These
taxonomically undefined species underscore the need for further taxonomic and
molecular studies to resolve uncertainties, as in the recent study by Lustosa-Costa ef al.
(2024), which clarifies the species complex of Hypostomus pusarum (Starks, 1913) using
integrative taxonomy. Indeed, Lima et al. (2017), Berbel-Filho ef al. (2018), and Terra et
al. (2021) highlight the need for more studies on Caatinga ichthyofauna to understand
biological aspects.

Among the 17 threatened continental fish species in the State of Cear4, the order
Cyprinodontiformes stands out with seven species, followed by Siluriformes with six
species and Characiformes with four species. Rivulidae and Loricariidae include six
and three species, respectively, classified under some threat criteria. These species are
predominantly small-sized and exhibit restricted geographical distributions. These two
characteristics are correlated (Ripple ef al., 2017) and have been considered predictors
of extinction risk for freshwater fish species in global assessments (Olden et al., 2007;
Kalinkat et al., 2017).

The majority of Rivulidae species (86%) are threatened in Ceara. In Brazil, this
family is also among the freshwater fish groups at the highest risk of extinction, with
125 species classified under some threat level (Castro, Polaz, 2019). In addition to
the intrinsic characteristics mentioned above, another critical factor for this group is
habitat integrity. Most species within this family exhibit adaptations and seasonal life
cycles that enable survival under the extreme environmental conditions of temporary
pools (Berois e al., 2016). However, such habitats are often overlooked by conservation
initiatives (Zacharias, Zamparas, 2010; Calhoun er al., 2017) and are increasingly
threatened by various anthropogenic impacts, including road construction, agriculture,
and sand extraction for the construction industry (Abrantes er al., 2020). This finding
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underscores the urgent need to implement protection policies for this group in the
State, ensuring the preservation of permanent wetlands and seasonal pools in floodplain
areas where they complete their life cycles (Teixeira ef al., 2017; Abrantes ef al., 2020).

The Metropolitana, Litoral, and lower Jaguaribe basins exhibit a higher percentage
of threatened fish species (seven, four, and two species, respectively). This result
possibly reflects the regional occupation pattern, which concentrates on activities such
as industry and tourism along the coastal region (Pinheiro ef al., 2016). Particularly in
the Metropolitan Region, another impact source to be considered is urbanization. This
factor can contribute to the decline in freshwater fish biodiversity as it is associated with
processes such as loss of natural habitats (Walsh er al., 2005), increased pollutants and
organic matter (Parr ef al., 2016), and the introduction of non-native species (Ortega
et al., 2021). The disparity in species richness among these basins, with higher values
in the Metropolitana, likely indicates greater sampling effort in areas closer to research
institutions. This bias is common in biodiversity data (Costa ef al., 2010; Cardoso et al.,
2024) and underscores the need to expand sampling efforts to enhance knowledge of
fish distribution in the state.

Other state red lists have reported varying numbers of threatened continental fish
species, with the states of Para, Espirito Santo, and Parand having the lowest numbers
(nine, eleven, and fifteen species, respectively), and Sio Paulo having the highest number
(66 species) (COEMA, 2007; Parana, 2018; SMA, 2018; IEMA, 2022). Rivulidae is
prominently represented with a high number of threatened species, being the most
represented family in Bahia (14 species), Espirito Santo (three), and Rio Grande do
Sul (27 species) (SEMA, 2014; SEMA, 2017; Silva e al., 2020a; IEMA, 2022), and the
second most represented family in Minas Gerais (10), Rio de Janeiro (10), and Santa
Catarina (seven species) (SEMA, 1998; COPAM, 2010; FATMA, 2011). Loricariidae
is represented in the number of threatened species in Sio Paulo (14) and Minas Gerais
(seven species) (COPAM, 2010; SMA 2018). Families not yet recorded in Ceara State,
such as Pimelodidae and Trichomycteridae, also comprise relatively high numbers
in other state lists (ranging from one to eight species, and one to twelve species,
respectively), and potential occurrences in Ceard cannot be ruled out with increased
sampling efforts.

The total number of fish species categorized as Least Concern (LC = 43), Data
Deficient (DD = 15), Near Threatened (NT = 4), and Not Evaluated (NE = 6) accounts
for 80% of the ichthyofauna documented in this study. The fish species classified as
LC (51% of the total) are widely distributed across the hydrographic basins of Ceara,
indicating no imminent threat of extinction. However, considering the historical
introduction of non-native species, the construction of large dams impacting
underlying ecosystems, and efforts to eradicate species deemed harmful such as
piranhas, as documented by historical records from DNOCS, this value underscores a
resilient and robust ichthyofauna. On the other hand, the aforementioned disturbances
may have led to the extinction of species of fish that were never formally recorded.

The 15 fish species categorized as Data Deficient (DD) were justified in this
category due to limited available information on population aspects, distribution, and
taxonomic issues. Part of the species in this category (Erythrinus erythrinus (Bloch &
Schneider, 1801), Curimatella lepidura (Eigenmann & Eigenmann, 1889), Gymnotus
carapo Linnaeus, 1758, Aphanotorulus gomesi (Fowler, 1942)) do not have occurrence
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coordinates in the basins of Ceard, although their presence is known from other
bibliographic sources (Rosa ef al., 2003; Rosa, Groth, 2004; Silva et al., 2005, 2020b;
Rodrigues-Filho e al., 2016; Berbel-Filho er al., 2018; Sdnchez-Botero et al., 2021). Five
species also classified in this category have only one occurrence coordinate (Sternopygus
macrurus (Bloch & Schneider, 1801), Platydoras brachylecis Piorski, Garavello, Arce H. &
Sabaj Pérez, 2008, Ancistrus damasceni (Steindachner, 1907), Prerygoplichthys parnaibae
(Weber, 1991) and Metynnis lippincottianus (Cope, 1870) or only two (Ctenobrycon
spilurus (Valenciennes, 1850), Megalamphodus bentosi (Durbin, 1908) and Kryptolebias
hermaphroditus Costa, 2011). Therefore, greater collection efforts for these species are
necessary to assess their conservation status and potential extinction threats. In addition
to this, six other species have dubious taxonomy Hyphessobrycon piabinhas Fowler,
1941, Trachelyopterus cratensis, Pimelodella witmeri, P. wolfi, Aphanotorulus gomesi, and
Pseudancistrus papariae.

Large-scale developments underway in Ceard State are likely to cause disturbances
that will affect freshwater fish fauna. The Complexo Industrial e Portuirio do Pecém
(CIPP), through a public utility decree defining its coverage area (CEARA, 2007),
plans development projects in areas containing stream springs as well as the infilling
of lakes and lagoons, impacting local biodiversity (Meireles ef al., 2012). The species
Hemigrammus guyanensis Géry, 1959 and Anablepsoides cearensis, which occur in the
CIPP region, are classified as threatened with extinction according to the assessment
conducted in this study, with the latter having a restricted distribution (AOO <10 km?).
Furthermore, the Sdo Francisco River Transposition Project expected effects include the
introduction of non-native species, potentially altering biotic interactions (competition,
predation, and parasitism) and modifying natural habitats, thereby impacting native
species (Silva et al., 2020b; Falkenberg er al., 2024). These disturbances are expected
to particularly impact the threatened ichthyofauna found in the Jaguaribe River sub-
basins, including Apareiodon davisi, Cynolebias microphthalmus Costa & Brasil, 1995,
Hypsolebias antenori, Parotocinclus spilurus, and Pimelodella dorseyi Fowler, 1941. In
addition to the aforementioned ongoing projects, other initiatives of concern to be
considered in the medium- and long-term conservation strategies for freshwater fish in
the State are the ongoing uranium and phosphate mining projects in the municipality
of Santa Quitéria, in the licensing phase (EIA, 2021).

In the State of Ceard, dam construction has historically been adopted as a strategy to
ensure water supply for the human population, addressing water scarcity and prolonged
droughts typical of the semi-arid region (Gurgel-Lourengo er al, 2023). These
structures are also crucial for providing water for livestock and supporting agricultural
activities (Gaiser ef al., 2003). However, such developments fragment riverine habitats,
preventing species from moving between breeding, growth, and feeding areas, leading
to population declines or even local extinctions (Barbarossa ef al., 2020; Sun et al.,
2023). Dams represent one of the main threats to migratory fish species, which rely on
the natural flow of rivers to complete their life cycles (Thomé er al., 2005), leading to
the reduction or extinction of populations, as observed in the case of Salminus hilarii
(Valenciennes,1849) in the Jaguaribe River basin (in Cear4 State, it occurs exclusively
in this basin), a migratory species that was once among the most important fisheries
resources, is now absent and possibly extinct (Menezes, 1953; Lima, 2022). The
construction of new dams exacerbates conservation risks for this fauna, particularly for
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many migratory species, such as those from the genera Prochilodus Agassiz, 1829 and
Leporinus Agassiz, 1829, which have traditionally been targeted by artisanal fishing in
Ceard State (Batista ef al., 2016; Costa et al., 2016). Additionally, Hemiodus parnaguae
and Prochilodus lacustris Steindachner, 1907, classified as near-threatened and recorded
in the State only within the Sertdes de Crateus basin, could be negatively impacted by
the ongoing construction of the Fronteiras Dam in Cratets-CE. Thus, implementing
technologies such as fish ladders and waterways should increasingly be promoted and
adopted as a mitigation strategy (Kemp, 2015), still with risks regarding how eftective
they can be for all fish species.

In conclusion, this study underscores the urgent need to implement impact mitigation
programs for freshwater fish in Ceard. The species distribution information provided
in this study should be considered and applied to assist in defining and prioritizing
protected areas and management measures to ensure ichthyofauna biodiversity
maintenance and protection of species facing some threat level. These areas should
encompass hydrographic basins that shelter threatened fish species and exhibit higher
species richness. This study provides a survey of information on the conservation
status of the continental ichthyofauna of the Ceara State. However, the extinction risk
assessment proposals presented here must undergo procedures established by the State
to meet legal requirements and officially become the Red List of the State of Ceard.
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