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Description of a new species of

glass knifefish genus Eigenmannia
(Gymnotiformes: Sternopygidae) from
the upper rio Parana basin, based on
anatomical, karyotypic, and molecular
evidences

Vinicius de Carvalho Cardoso*? and “Guilherme Moreira Dutra3

A new species of Eigenmannia is described from the upper rio Parani basin based
on morphological and molecular data. It is distinguished for all congeners by
a unique combination of morphometrics, meristics, osteological characters,
a significant COI genetic divergence that ranges from 4.9 to 15.2%, and its
karyotype. An osteological description for the new species is provided, the
geographic distribution of Eigenmannia species in the upper rio Parand basin is
commented on, and the use of karyotype information in taxonomic studies is
discussed.
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New Eigenmannia from the upper rio Parand basin

Uma espécie nova de Eigenmannia é descrita da bacia do alto rio Parand, com base
em dados morfolégicos e moleculares. Distingue-se de todas as congéneres por
uma combinagio dnica de caracteres morfométricos, meristicos, osteoldgicos,
uma significativa divergéncia genética que varia de 4,9 a 15,2%, e pelo seu
cariétipo. Uma descrigio osteoldgica para a nova espécie é fornecida, a distribuigio
geografica das espécies de Eigenmannia na bacia do alto rio Parand é comentada, e
o uso da informagio do cariétipo em estudos taxondmicos é discutido.

Palavras-chave: Biodiversidade, Caridtipo, Osteologia, Peixes elétricos,
Taxonomia integrativa.

INTRODUCTION

Eigenmannia Jordan & Evermann, 1896, comprising the glass knifefishes, is the most
species-rich genus of Sternopygidae, with 31 valid species (Fricke et al., 2023). They can
be diagnosed from the other sternopygids by the optic nerve thicker than the olfactory
nerve and by the presence of “epipleurals” at vertebrae 7-9 (Dutra er al., 2021). The
species of Eigenmannia are small to medium-sized fishes (maximum 30 c¢m in length to
the end of the anal fin), which can generate weak electric organ discharges (ranging
from 100 Hz to 780 Hz) used for communication and food detection (Crampton, Albert,
2006). Glass knifefishes have an omnivorous diet, with a tendency to insectivore (Alves-
Gomes, 1997; Giora et al., 2005). Due to their translucent appearance, these fishes are
appreciated in the aquarium trade (Albert, 2003).

Eigenmannia species are distributed from the Rio Tuira in Panama to the Rio La Plata
basin in Argentina (Dutra ef al., 2017; Ferraris et al., 2017), with its highest diversity
being found in the Amazon basin, with ten valid species (Dagosta, de Pinna, 2019),
followed by the Parani-Paraguay basin with six species (Peixoto ef al., 2015, 2020;
Campos-da-Paz, Queiroz, 2017). This latter is formed by three main rivers, the rio
Parani, the rio Paraguay, and the rio Uruguay (Brea, Zucol, 2011). The rio Paran,
which is formed by the confluence of the rio Paranaiba and rio Grande, extends through
the southern region of Brazil and Argentina (Brea, Zucol, 2011). In this basin, the upper
rio Parand region stands out, which includes the entire stretch upstream of the old Sete
Quedas waterfall, currently flooded by the Itaipu reservoir (Graga, Pavanelli, 2007).

In the region of the upper rio Parand basin, four Eigenmannia species have their
occurrence historically recorded. Eigenmannia trilineata Lopez & Catello, 1966 and E.
virescens (Valenciennes, 1836) were widely recorded for the South America, including
upper rio Parani (eg, Castro ef al., 2003; Langeani ef al., 2007), however, Peixoto
et al. (2015) restricted their distribution to lower rio Paran and Rio La Plata. In the
same study, these authors described E. guairaca Peixoto, Dutra & Wosiacki, 2015 from
a tributary of the rio Paranapanema. Later, Peixoto ef al. (2020) described E. dutrai
Peixoto, Pastana & Ballen, 2020 for the upper rio Parand basin and ratified the absence
of E. trilineata and E. virescens in the region.
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Several studies have reported on the high diversity of karyotypes and a wide
chromosomal system of sex in Eigenmannia species from the upper rio Parani basin
(Foresti et al., 1981; Almeida-Toledo et al., 1984, 1988, 1996, 2000, 2001, 2002;
Moysés et al., 2005, 2010; Sene ef al., 2014). The differences in karyotype, including
sex chromosomes, may have contributed to species divergence, functioning as a
reproductive isolation mechanism (Silva et al., 2015). On the other hand, molecular data
of Eigenmannia in the rio Parand basin provided by several authors (Pereira ef al., 2011,
2013; Frantine-Silva ef al., 2015; Diaz et al., 2016; Tagliacollo ef al., 2016; Bagley et al.,
2019; Janzen e al., 2022), have never been used to investigate the species diversity of
the genus in the area.

During the investigation of Eigenmannia specimens from the upper rio Parand
basin, we detected the presence of an undescribed species for the area described here.
Information on mitochondrial DNA and karyotype in the literature also supports
describing the new species.

MATERIAL AND METHODS

Morphological analysis. All measurements were taken point-to-point to the
nearest 0.1 mm with digital calipers under a stereomicroscope, preferably on the left
side. Measurements and counts followed Peixoto et al. (2015). Measurements reported
as a percentage of total length and length to end of anal-fin base are given only for
specimens without damage or regeneration. In the description, frequencies are given
in parentheses after each count and an asterisk indicates counts for the holotype. The
nomenclature of stripes follows Peixoto et al. (2015) and Peixoto, Wosiacki (2016), as
illustrated by Dutra er al. (2022, fig. 1).

Osteological data were obtained via specimens cleared and stained according to
Taylor, Van Dyke (1985) or via microcomputed tomography (pCT scan). Utilized
parameters for pCT scan follow Peixoto ef al. (2019). Osteological terminology follows
Weitzman (1962) with summarized modifications by Vari (1995) and Dutra er al.
(2021). Precaudal vertebrae include four vertebrae of the Weberian complex plus all
remaining vertebrae without fully developed hemal spines. Transitional vertebrae are
post-Weberian precaudal vertebrae lacking both pleural ribs and hemal spines (Hopkins,
1991). Non-type specimens correspond to those not used in the description but provide
complementary information on the distributional records of the new species.

Alignment and barcoding divergence. Twenty Eigenmannia sequences of
cytochrome oxidase (COI) from Parand basin available in Genbank (Tab. 1) were
aligned in Geneious Prime 2022.0.1 using the MUSCLE algorithm (Edgar, 2004).
To contextualize the results of the morphological species delimitation, we estimated
barcoding divergence in Mega version 11.0.10 (Tamura ef al., 2021) using the Kimura
2-parameter model (Kimura, 1980). To assure the accuracy of the molecular dataset,
identification for available sequences in Genbank was checked via direct voucher
examination or photographs available in BOLD System whenever possible.
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Abbreviations. Institutional abbreviations follow Sabaj (2020, 2022). Abbreviations
used in the text are CS = cleared and counterstained specimens, CT = x-ray
microcomputed tomography scanned, HL = head length, and LEA = length to end of
anal-fin base.

RESULTS
Eigenmannia catira, new species
urn:lsid:zoobank.org:act:6A17C03F-407C-4618-83E1-C6515D24558F
(Figs. 1-8; Tab. 2)
Eigenmannia trilineata (non Lopez & Castello, 1966). —Pereira et al., 2013:16 (additional file, barcode, voucher
LBP 4653). —Frantine-Silva e al., 2015:1232 (barcode, no voucher available).
Eigenmannia sp. —Sene et al., 2014:303 (karyotype, voucher LBP 12304).

Eigenmannia virescens (non Valenciennes, 1836). —Tagliacollo ef al., 2016:26 (phylogenetic study, voucher
LBP 9671).

FIGURE 1 | Eigenmannia catira, holotype, MZUSP 129263, 132.7 mm LEA, Sao Paulo, Cérrego do Schmidt,

a tributary of the rio Grande, upper rio Parana basin. A. Left lateral view of the head; B. Left lateral view
of the body.
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Holotype. MZUSP 129263, 132.7 mm LEA, CT, cérrego do Schmidt, tributary
of rio Grande, upper rio Parand basin, Santa Albertina, Sio Paulo, Brazil, 20°01°30”S
50°43’47"W, 30 Nov 2016, M. Cardoso Junior.

Paratypes. All from Brazil, upper rio Parané basin. Mato Grosso do Sul State: LBP
2647 (6, 85.7-135.3 mm LEA), rio Baia, Bataipora, 22°43°03.2”S 53°17°27.6”W, 5 Mar
2005, R. Teixeira, E. Martinez, G. Franca & L. Paiva. LBP 3103 (7, 75.4-115.3 mm LEA),
rio Baia, Bataipora, 22°43’19.4”S 53°17°11.3”W, 13 Oct 2005, R. Teixeira, G. Fran¢a &
L. Paiva. LBP 4653 (15+2CS, 78.4—85.3 mm LEA), rio Baia, Taquarussu, 22°43°46.2”S
53°19°04.2”W, 10 May 2007, R. Devidé, L. Paiva, E. Martinez & V. Cruz. LBP 9621
(4, 86.9-106.7 mm LEA), riacho de Engano, Angélica, 22°02'37.5”S 53°43’38.8"W,
19 Jun 2010, R. Devidé, M. Pazian, F. Roxo & G. Silva. LBP 9650 (27+3 CS, 53.6—
97.5 mm LEA), rio Ivinhema, Angélica, 22°02’52.3”S 53°41°38.1”W, 20 Jun 2010, R.
Devidé, M. Pazian, F. Roxo & G. Silva. LBP 9671 (3, 57.0~77.7 mm LEA), unamed
stream, Ivinhema, 22°15°29.5”S 53°4838.7"W, 20 Jun 2010, R. Devidé, M. Pazian, F.
Roxo & G. Silva. LBP 9773 (12, 76.6-137.8 mm LEA), rio Papagaio, Nova Andradina,
21°53°48.1”S 53°47°25.1”W, 22 _]ul 2010, R. Devidé, M. Pazian, F. Roxo & G. Silva.
MZUSP 88455 (1, 126.4 mm LEA), cérrego do Palmito below bridge of MS-262 road,

TABLE 1 | Data of 22 Eigenmannia COI sequences from rio Parand basin available in Genbank utilized in

this study. Institutional abbreviations follow Sabaj (2020, 2022).

. catira LBP 4653 Rio Baia GU701794.1 Pereira et al. (2013)
catira LBP 4653 Rio Baia GU701795.1 Pereira et al. (2013)
catira LBP 4653 Rio Baia GU701797.1 Pereira et al. (2013)
catira LBP 4653 Rio Baia GU701798.1 Pereira et al. (2013)
catira LBP 4653 Rio Baia GU701801.1 Pereira et al. (2013)
catira - Rio Paranapanema KM897459.1 Frantine-Silva et al. (2015)
catira LBP 9671 Ivinhema KR491594.1 Tagliacollo et al. (2016)
dutrai CIUnB 931 Corrego Serandi MK464069.1 Bagley et al. (2019)
guairaca LBP 2576 Rio Capivara GU701791.1 Pereira et al. (2013)
guairaca LBP 2576 Rio Capivara GU701792.1 Pereira et al. (2013)
guairaca LBP 2576 Rio Capivara GU701793.1 Pereira et al. (2013)
guairaca LBP 2576 Rio Capivara GU701796.1 Pereira et al. (2013)
trilineata MACN uncat.  Esteros del Riachuelo  ON303371.1 Janzen et al. (2022)
virescens - Rio Parana KU288845.1 Diaz et al. (2016)
virescens - Rio Parana KU288846.1 Diaz et al. (2016)
virescens - Rio Parana KU288847.1 Diaz et al. (2016)
virescens - Rio Parana KU288848.1 Diaz et al. (2016)
virescens MAG ICT 182 Rio Parand KU288899.1 Diaz et al. (2016)
virescens MAG ICT 183 Rio Parana KU288900.1 Diaz et al. (2016)
virescens MAG ICT 184 Rio Parana KU288901.1 Diaz et al. (2016)

virescens MAG ICT 185 Rio Parana KU288902.1 Diaz et al. (2016)
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TABLE 2 | Morphometry of the examined specimens of Eigenmannia catira. N = number of samples

analyzed, SD = standard deviation.

I R I B T T

Total length (mm) 164.9 57.8-285.8 27 -

Length to end of anal fin (mm) 132.7 43.8-217.2 31 - -
Head length (mm) 15.8 7.1-25.5 35 - -
Caudal-filament length (mm) 39.6 12.6-84.4 27 - -

Percents of length to end of anal fin

Caudal-filament length 29.8 13.3-41.1 27 28.5 7.6
Body depth at pectoral fin 15.9 14.9-19.4 31 17.3 1.2
Body depth at anal fin 14.4 12.2-18.4 30 15.3 1.5
Body width 5.1 4.2-7.8 31 6.0 0.7
Pre-anal distance 15.0 13.8-19.9 30 16.8 1.4
Pre-pectoral distance 12.9 12.7-16.7 31 14.4 0.9
Anal-fin length 80.8 79.8-91.0 30 84.0 2.7
Pectoral-fin length 8.1 7.2-13.5 31 9.8 14
Snout to anus 6.9 5.4-15.0 30 9.2 2.1
Head length 11.9 11.7-16.2 31 13.1 0.9
Percents of head length

Head width at opercle 54.6 53.3-73.0 35 58.2 4.3
Head width at orbits 44.9 41.8-58.4 35 47.9 4.0
Head depth at supraoccipital 80.5 74.3-90.0 35 83.8 3.7
Head depth at orbits 64.5 54.6-71.9 35 62.4 819
Snout length 29.1 27.3-33.6 35 29.9 1.5
Snout to posterior naris distance 20.8 18.8-25.9 35 22.2 1.9
Posterior naris to orbit distance 8.1 3.5-12.0 35 7.3 1.8
Postorbital distance 55.3 50.6-64.9 35 55.3 8L
Opercular opening 26.2 22.6-40.9 34 29.8 3.8
Internarial width 15.1 12.0-21.5 35 17.0 287
Internasal distance 9.1 7.5-15.7 85 10.4 1.7
Interorbital distance 35.0 29.4-38.8 35 345 2.3
Orbital diameter 20.3 14.5-24.5 35 19.8 2.3
Macxilla length 234 14.4-25.2 35 19.4 2.7
Oral width 19.7 15.5-22.7 35 19.3 1.8

Percents of caudal-filament length
Caudal-filament width 1.1 0.7-8.2 21 1.8 1.8
Caudal-filament depth 7.2 4.1-16.5 21 7.9 2.7
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near Fazenda Santa Angela, Trés Lagoas, 20°49’57.67”S 51°47°55.20"W/, 24 Sep 2003,
O. Oyakawa, J. Birindelli & C. Kikuchi. Paran4 State: NUP 12450 (7, 63.0-80.9 mm
LEA), Ressaco do Bilé at Ilha Mutum, Porto Rico, 22°45°13”S 53°17°09”W, 8 Oct 2011,
F. Souza. Sio Paulo State: LBP 12304 (1, 123.2 mm LEA), rio Horteld, Botucatu,
22°55°23.2”§ 48°32°40.4”W, 27 Jan 2011, R. Devidé,_]. Alves & R. Utsonomia. MZUSP
83398 (3, 168.4-217.2 mm LEA), rio Tieté below UHW Bariri, Bariri, 22°08’50”S
48°45°06”W, 3 Nov 2003, A. Akama. MZUSP 102856 (1, 136.5 mm LEA), rio do Peixe,
Ribeirio dos Indios, 21°41°59”S 51°31°32”W, 14 Oct 2008, P. Hollanda-Carvalho & R.
Caires. MZUSP 121047 (20+3CS, 86.1-103.2 mm LEA), collected with the holotype.

Non-types. All from Brazil, upper rio Parani basin. Mato Grosso do Sul State:
INPA 35360 (1, 109.6 mm LEA), cérrego Piravevé, tributary of rio Ivinhema, Anggélica,
22°13°59”S 53°47°02”W, 17 Dec 2010, M. Rocha & T. Carvalho. LBP 9664 (1, 47.2
mm LEA), unnamed stream, Angélica, 22°13°59.9”S 53°47°02.6”W, 20 Jun 2010,
R. Devidé, M. Pazian, F. Roxo & G. Silva. MCP 45909 (2, 64.0-87.6 mm LEA), rio
Guirai, Novo Horizonte do Sul, 22°38°23.9”S 54°00°25.3”W, 16 Dec 2010, M. Rocha.
MCP 45940 (2, 87.4-98.1 mm LEA), rio Guirai, Novo Horizonte do Sul, 22°40°22”S
53°51°39”W, 16 Dec 2010, M. Rocha. MZUEL 13379 (1, 102.5 mm LEA), rio Verde,
Brasilandia, 21°02°14”S 52°08°46”W/, 19 ]Jan 2011, P. da Silva. MZUEL 14488 (43, 26.1-
126.6 mm LEA), cérrego Piraveve, tributary of rio Ivinhema, Angélica, 22°14°19.3”S
54°04°08.8"W, 13 Jan 2016, M. Rocha, J. Birindelli, F. Jerep, E. Santana, Y. Suarez
& F. Ferreira. NUP 3201 (4, 70.5-138.0 mm LEA), lagoa do Guaran4, Taquarussu,
22°43°S53°19°'W, 20 Sep 2003, H._]fllio_]r. NUP 10713 (3, 29.3-142.7 mm LEA), lagoa
Ventura, Taquarussu, 22°51°24”S 53°36°01”W, 18 Nov 2004, NUPELIA team. NUP
12674 (8, 99.2-159.3 mm LEA), lagoa Finado Raimundo, tributary of rio Ivinhema,
Taquarussu, 22°47°57”S 53°32°29"W, 18 Nov 2004, NUPELIA team. NUP 12687
(7, 94.7-121.8 mm LEA), lagoa dos Patos, tributary of rio Ivinhema, Taquarussu,
22°49°33”S 53°33’°09”W, 16 Nov 2006, NUPELIA team. NUP 12702 (l, 143.1-170.1
mm LEA), lagoa Finado Raimundo, tributary of rio Ivinhema, Taquarussu, 22°47°57”S
53°3229”W, 17 Dec 2007, NUPELIA team. NUP 12713 (2, 115.5-110.5 mm LEA),
NUP 12736 (1, 116.3 mm LEA), lagoa dos Patos, tributary of rio Ivinhema, Taquarussu,
22°49°33”S53°33°09”W, 17 Dec 2007, NUPELIA team. NUP 12723 (23, 67.6—104.4 mm
LEA), lagoa dos Patos, tributary of rio Ivinhema, Taquarussu, 22°49°33”S 53°33°09"W,
20 Jun 2005, NUPELIA team. NUP 12724 (1, 93.8 mm LEA), NUP 12751 (3, 67.3-
74.7 mm LEA), lagoa dos Patos, tributary of rio Ivinhema, Taquarussu, 22°49°33”S
53°33°09”W, 23 Aug 2005, NUPELIA team. NUP 12735 (3, 82.1-100.5 mm LEA),
lagoa dos Patos, tributary of rio Ivinhema, Taquarussu, 22°49°33”S 53°33°09"W, 16
Nov 2006, NUPELIA team. NUP 12760 (1, 88.0 mm LEA), lagoa dos Patos, tributary
of rio Ivinhema, Taquarussu, 22°49’33”S 53°33°09"W, 13 Feb 2008, NUPELIA team.
NUP 12767 (2, 70.9-82.9 mm LEA), lagoa Finado Raimundo, tributary of rio Ivinhema,
Taquarussu, 22°47°57”S 53°32°29"W, 26 ]ul 2005, NUPELIA team. Minas Gerais
State: NUP 14027 (2, 129.6-134.0 mm LEA), rio Paranaiba, Tupaciguara, 18°21°21”S
48°40°52"W, 16 Jul 1974, J. Silva, I. Rocinski & D. Marzulo. Parand State: NUP 362
(1, 110.5 mm LEA), ribeirio Sio Pedro, Sio Pedro do Parang, 22°45’S 53°15°W, Mar
1991, C. Pavanelli et al. NUP 7876 (2, 91.3-85.3 mm LEA), rio Paracai, Sio Jorge
do Patrocinio, 23°39°01”S 53°56°36”W, 14 ]ul 2009, NUPELIA team. NUP 7878 (1,
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140.8 mm LEA), rio Paracai, Sdo Jorge do Patrocinio, 23°39°24”S 53°54°23"W, 13 Jul
2009, NUPELIA team. NUP 7913 (2, 112.5-138.1 mm LEA), rio Paracai, Sio Jorge
do Patrocinio, 23°39°30”S 53°55’10”W, 13 Jul 2009, NUPELIA team. NUP 7918 (2,
103.4-117.8 mm LEA), rio Paracai, Sio Jorge do Patrocinio, 23°39°30”S 53°55°10”W,
13]u1 2009, NUPELIA team. NUP 7939 (3, 91.4-90.8 mm LEA), rio Paracai, Sao Jorge
do Patrocinio, 23°39°01”S 53°56’36”W, 14]ul 2009, NUPELIA team. NUP 14371 (7,
110.8-124.3 mm LEA), Ressaco do Leopoldo, Porto Rico, 22°45°24”S 53°16°08"W,
5 Dec 2004, H. Julio Jr. Sio Paulo State: MZUSP 24563 (1, 90.8 mm LEA), fazenda
Edgardia, Botucatu, 22°53’S 48°27°W/, 27 Sep 1974, F. C. M. B. Botucatu.

Diagnosis. Eigenmannia catira, 2 member of the E. trilineata species-group (sensu
Dutra ef al., 2021), differs from E. macrops and the E. humboldtii species-group by the
presence of lateral line stripe (vs. absence). The new species is further distinguished from
E. macrops by the eye diameter corresponding to 14.5-24.5% HL (vs. 26.4-29.7% HL),
and the caudal filament corresponding to 13.3—41.9% LEA (vs. 67.5-79.3% LEA). It can
be further distinguished from the E. humboldtii species-group by the anal fin hyaline (vs.
anal-fin margin distinctly darkened).

Eigenmannia catira differs from all other species of the E. trilineata species-group, except
E. antonioi Peixoto, Dutra & Wosiacki, 2015, E. cacuria Dutra, Ramos & Menezes, 2022, E.
desantanai Peixoto, Dutra & Wosiacki, 2015, E. guairaca, E. lorenata Waltz & Albert, 2018,
E. magoi Herrera-Collazos, Galindo-Cuervo, Maldonado-Ocampo & Rincén-Sandoval,
2020, E. matintapereira Peixoto, Dutra & Wosiacki, 2015, E. microstoma (Reinhardt,
1852), E. muirapinima Peixoto, Dutra & Wosiacki, 2015, E. pavulagem Peixoto, Dutra &
Wosiacki, 2015, E. sayona Peixoto & Waltz, 2017, E. trilineata, and E. zenuensis Herrera-
Collazos, Galindo-Cuervo, Maldonado-Ocampo & Rincén-Sandoval, 2020, by having
a terminal mouth (vs. subterminal). The new species difters from the aforementioned
species by the following combination of characters: (1) lateral line stripe extending from
first perforated lateral line scale to distal portion of caudal filament (vs. lateral line stripe
restricted to last two thirds of body in E. cacuria); (2) superior midlateral stripe absent
(vs. present in E. antonioi, E. cacuria, E. desantanai, E. guairaca, E. lorenata, E. magoi, E.
microstoma, E. muirapinima, E. pavulagcm, E. sayona, E. trilineata, and E. zcnuensis); (3)
ii,12—14 pectoral-fin rays (vs. ii,16-17 in E. matintapereira); (4) 174-209 anal-fin rays (vs.
151-170 in E. guairaca, and 216222 in E. matintapereira); (4) 13-22 premaxillary teeth
(Vs. 8—12 in E. antonioi, 24-25 in E. desantanai, 9-10 in E. guairaca, 32 in E. magoi, 8-10
in E. muirapinima, 31-33 in E. irilineata, and 31-34 in E. zenuensis); (6) 10~19 dentary
teeth (vs. 21-23 in E. desantanai, 35-39 in E. magoi, 2527 in E. matintapereira, 23 in
E. rrilineata, and 5660 in E. zenuensis); (7) 7-12 endopterygoid teeth (vs. 14-15 in E.
desantanai, and 16-17 in E. trilineata); (8) all dentary teeth similar in size (vs. dentary
teeth increasing in size along dentigerous surface in E. antonioi, E. cacuria, E. loretana, E.
muirapinima, E. pavulagem, and E. sayona); (9) basibranchial 1 unossified (vs. ossified in
E. sayona); and (10) 13-14 precaudal vertebrae (vs. 15 in E. guairaca). Eigenmannia catira
can also be diagnosed from E. dutrai and E. guairaca by having 2n = 36 (vs. 2n = 38 or 2n
=38, XY in E. dutrai, and 2n = 28 or 2n = 31/32-X X X X -X XY in E. guairaca - data
from Sene ef al., 2014: tab. 1, see discussion).
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Barcoding divergence. The overall mean distance among Eigenmannia species from
Parand basin was 10.1%. The lowest genetic distance between E. catira and any other
Eigenmannia species from rio Parand was 4.9% (from E. dutrai and E. virescens), followed
by 13.9% from E. guairaca, and 15.2% from E. trilineata (Tab. 3).

Description. Body shape and pigmentation are shown in Fig. 1, and the
morphometric data in Tab. 2. Largest examined specimen 222.2 mm LEA. Body
elongate and distinctly compressed laterally. Greatest body depth at vertical through
distal tip of pectoral fin. Dorsal profile of body slightly convex from snout tip to vertical
through anal-fin terminus. Ventral profile of body slightly convex from mandibular
symphysis to end of anal fin. Caudal filament short.

Head laterally compressed, greatest width at opercular region, greatest depth at nape.
Dorsal profile of head convex from snout tip to nape. Ventral profile of head slightly
convex from tip of lower jaw to isthmus. Snout rounded in lateral view. Mouth terminal.
Mouth rictus at vertical through a point between anterior and posterior nares or vertical
through posterior nostril. Anterior nostril tube-like, closer to snout tip than to anterior
margin of eye. Posterior nostril round, closer to anterior margin of eye than to snout tip.
At horizontal line, posterior nostril at horizontal through dorsal margin of eye or slightly
above. Eye small, circular, completely covered by skin, on anterior one-half of HL,
laterally oriented. Branchial membranes joined at isthmus. Anus adjacent to urogenital
papilla, shifting ontogenetically from vertical through posterior to anterior margin of
opercle. Urogenital papilla not developed in specimens under 103.2 mm LEA.

Scales cycloid and small, extending from posterior most part of head to vertical through
tip of caudal filament, present on mid-dorsal region of body. Scales above lateral line at
vertical through end of pectoral fin 9(1), 10*(4), 11(2), 12(5), or 13(5). Anterior most
perforated lateral-line scale along vertical through pectoral-fin origin. Lateral-line scales
to vertical through base of last anal-fin ray 107-136(n = 25; 113*). Pectoral-fin rays
i1,12(5), i1,13*(11), ii,14(9), or ii,15(1). Distal pectoral-fin margin straight. Total anal-fin
rays 174-209(n = 20; 179"). Anal-fin origin along vertical through pectoral-fin insertion
or slightly posterior. Distal margin of anal fin slightly convex. First unbranched rays tiny,
subsequent rays progressively increasing in size toward first branched rays. Branched rays
of nearly equal length except for posterior most rays that progressively decrease in length.

TABLE 3 | Average barcoding divergence (%) among species of the Eigenmannia in rio Parana basin
based on the Kimura two-parameters model using COI data matrix. Values in bold refer to intraspecific

distance within each species. Values above the diagonal refer to standard deviation.

_ E. catira E. dutrai E. guairaca E. trilineata E. virescens

E. catira 0.011 0.007 0.006 0.007 0.007
E. dutrai 0.049 - 0.127 - 0.003
E. guairaca 0.139 0.127 - 0.002 0.002
E. trilineata 0.152 0.145 0.050 - 0.003
E. virescens 0.049 0.030 0.127 0.145 0.005
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Coloration in alcohol. Body ground coloration cream. Body with two layers of
chromatophores. Outer layer covered by dark chromatophores gradually more spaced
ventrally. Chromatophores more concentrated on perforated scales forming lateral line
stripe. Lateral line stripe tapering from first perforated scale until end of caudal filament.
Superior midlateral stripe absent. Inner layer of pigmentation formed by multiple,
small bars of dark chromatophores situated between the musculature associated with
anal-fin pterygiophores. Dark individual bars in combination forming two stripe-like
patterns. Inferior midlateral stripe inconspicuous, tapering from vertical through tip of
pectoral-fin when adpressed on body to last anal-fin pterygiophore. Anal-fin base stripe
conspicuous approximately one third as depth as orbital diameter, tapering from vertical
through tip of pectoral-fin when adpressed on body to last anal-fin pterygiophore. Head
covered by dark chromatophores, more concentrated on dorsal region gradually more
spaced ventrally. Pectoral and anal fins hyaline with scattered dark chromatophores
overlying fin rays.

Jaws. Premaxilla somewhat retangular-shaped, relative length of premaxilla twice as
long as its width. Anterolateral process on premaxilla about one third of anterior margin
of bone. Premaxilla with 13(1), 14(1), 17*(2), 18(1), 20(2), 21(1), or 22(2) villiform teeth
arranged in two (2), or three*(7) rows. Teeth firmly, but not fully ankilosed, attached to
ventral surface of premaxilla. Maxilla edentulous, slender, and slightly curved posteriorly.
Descending blade of maxilla narrower than its dorsal most portion. Anterior hook-like
process on maxilla present. Cartilaginous autopalatine connecting posterior cartilage of
maxilla to endopterygoid.

Dentary as long as lower jaw depth, with 10(2), 12(1), 15(1), 16(2), 17(2), or
19*(2) villiform teeth arranged in one (3), or two*(6) rows. All teeth similar in size
along dentigerous surface, which extends beyond anterior limit of Meckel’s cartilage.
Coronoid process ossified, ventrally curved in its posterior end. Meckel’s cartilage
rectangular shaped, its anterior portion approximately as wide as posterior portion.
Coronomeckelian bone 20% of length of Meckel’s cartilage. Angulo-articular with a
narrow crest on posterolateral surface. Retroarticular small, roughly rectangular, located
at posteroventral margin of anguloarticular. Retroarticular not included in socket that
receives condyle of quadrate (Figs. 2-3).

Suspensorium and opercular apparatus. Endopterygoid roughly triangular with
well-developed dorsally directed process, half as long as its length, attached to anterior
portion of orbitosphenoid. Relative length of anterior portion of endopterygoid, as long
as its depth. Ventral surface of endopterygoid with small, pointed, conical teeth on
arranged in one (6), or two (2) rows at anterior portion. Endopterygoid teeth seven
(3), eight (1), nine*(4), 11(1) or 12(2). Quadrate roughly trapezoidal in shape, with
a posteroventral process that articulates with preopercle and symplectic; its condyle
extending anteroventrally from base and articulating with anguloarticular (Fig. 3).
Metapterygoid slightly trapezoidal, relative length of metapterygoid as long as its largest
depth. Symplectic elongate and triangular, located in a medial crest of preopercle and
posteroventral portion of quadrate. Relative length of symplectic two thirds as long as
hyomandibula. Hyomandibula at roughly 90° to horizontal line through long axis of
head. Neurocranial articulatory head roughly three times wider than ventral margin.
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FIGURE 2 | Jaws of Eigenmannia catira, paratype, MZUSP 121047. A. Premaxilla, right side, ventral view,

anterior on top; B. Lower jaw, inverted image, left side, medial view, anterior on left.
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FIGURE 3 | Maxilla, suspensorium and opercular series of Eigenmannia catira, paratype, MZUSP 121047,

inverted image, left side, medial view, anterior on left.

Laminar anterior shelf from widest hyomandibula point to anteroventral margin. Main
axis of hyomandibula forming an angle of nearly 40° in relation to its dorsal margin.
Condyle that receives the opercular distinct from main body of hyomandibula and
directed posteroventrally. Posterodorsal portion of hyomandibula extending posteriorly
to condyle that receives opercular socket. Posterodorsal margin of hyomandibula with a
large foramen in which recurrent ramus of the anteroventral part of the anterior lateral
line nerve passes before extending to body.

Preopercle crescent-shaped with five bony arches corresponding to laterosensory
canal along its lateral surface. Interopercle fan-shaped, with posterodorsal expansion and
margins rounded. Opercle roughly triangular, dorsal margin convex, with a pointed
anterodorsal process. Subopercle sickle-shaped, tapering posterodorsally, forming
concave dorsal profile. Subopercle and interopercle becoming membranous distally.
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Cephalic lateral line system. Canals of nasal, antorbital and infraorbitals 1+2 to
4 enlarged and half-pipe shaped. Infraorbitals 1+2 with three bony arches. Depth
of posterodorsal laminar expansion of infraorbitals 1+2 half as long as its length.
Infraorbitals 3 and 4 closely associated. Fifth and sixth infraorbitals slender and tubular.
Mandibular canal and preopercular canals enlarged and half-pipe shaped. Mandibular
canal with three poorly ossified bony arches fused along lateroventral surface of dentary.
Preopercular with four ossified bony arches. Supraorbital canal robust, forming a highly
ossified shelf-like structure fused to frontal bone. Connection between infraorbital
and supraorbital canal on sphenotic process. Otic and extrascapular canals slender and
tubular shaped. Extrascapular slender and tubular located on joint of parietal, pterotic
and epioccipital (Figs. 4-5).

Hyoid arch. Head of urohyal is anteriorly expanded with two short anterolateral
arms each articulating with hypohyal dorsal. Body of urohyal with two contralateral
ridges conferring a diamond shape. Free urohyal blade somewhat as long as urohyal
body. Dorsal hipohyal somewhat rounded in shape not visible in lateral view. Ventral
hipohyal somewhat triangular in shape with socket that contacts urohyal. Anterior
ceratohyal rectangular. Posterior ceratohyal triangular, its relative length as long as
ventral hypohyal. Branchiostegal rays five (5). First and second branchiostegal thin.
Third to fifth branchiostegal spatulated. First to fourth branchiostegal rays attached to
anterior ceratohyal. Fifth branchiostegal ray attached to posterior ceratohyal (Fig. 6).

‘i — infraorbital 6

. / N

antorbital

AN
infraorbital 5

infraorbital 1+2

infraorbital 3 infraorbital 4

5mm

FIGURE 4 | Infraorbitals of Eigenmannia catira, paratype, MZUSP 121047, left side, lateral view, anterior

on left.
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5th precaudal vertebrae 1st transitional vertebrae 1st caudal vertebrae

displaced hemal spines

FIGURE 5 | Microcomputed tomography of head and body cavity of Eigenmannia catira, MZUSP 129263,
holotype, left side, lateral view, anterior on left. Colors represent major subdivisions of bone complexes:
jaws (purple), nasal, infrorbitals and extraexcapular (orange), suspensorium and opercular series
(green), branchial and hyoid arches (red); neurocranium (garnet), Weberian apparatus (yellow), and

pectoral girdle (blue).

anterior ceratohyal

/

A

— interhyal

ventral hipohyal — < — posterior ceratohyal

first branchiostegal ray — — fourth branchiostegal ray

— fifth branchiostegal ray

second branchiostegal ray — <

third branchiostegal ray — <~

2mm 5mm

FIGURE 6 | Hyoid apparatus of Eigenmannia catira, paratype, MZUSP 121047. A. Urohyal, ventral view,

anterior on top; B. Hyoid arch, inverted image, right side, lateral view anterior on left.
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Branchial arches. All gill rakers short and unossified attached on anterior margin of
each branchial arch. Pair of tiny spine shape ossicles present at base of each gill raker.
Gill rakers on first branchial arch nine (1), 10(3), or 11(3). Basihyal somewhat triangular
in shape, anterior portion twice as wide as its posterior portion. First basibranchial
unossified, round in shape. Second and third basibranchials thin and ossified. Fourth
basibranchial unossified and somewhat hexagonal in shape. Fifth basibranchial unossified
and trapezoidal in shape, posterior margin twice as large as anterior margin. All
hypobranchials with ossified and cartilaginous portion. First hipobranchial triangular.
Second and third hipobranchials somewhat rectangular in shape. Ceratobranchials 1
to 4 retangular shape. First ceratobranchial longest, ceratobranchials 2 to 4 gradually
decreasing in size. Ceratobranchial 5 supports lower pharyngeal plate, which anchors
eight (1), nine (3), 10(2), or 11*(1) teeth (Fig. 7).

Epibranchials 1 to 4 ossified. Epibranchials 1 to 3 rectangular shaped. First epibranchial
longest, second and third epibranchials gradually decreasing in size. Third epibranchial
with posterior spine shaped process. Fourth epibranchial somewhat Y-shaped. Fifth
epibranchial cartilaginous, tiny, articulating with both posterior arms of fourth
epibranchials. Pharyngobranchials 1 to 3 ossified. First and second pharyngobranchial
ovoid. Third pharyngobranchial triangular in shape with cartilaginous anterior portion.
Fourth pharyngobranchial cartilaginous and rectangular in shape. Upper pharyngeal
plate between fourth pharyngobranchial and fourth epibranchial. Upper pharyngeal
plate with four (1), six (2), seven (7), or nine*(3) teeth.

Neurocranium. Mesethmoid oriented at about 45° angle from vomer, until reaching
anterior margin of frontals; anterior portion with small lateral process. Frontal convex in
lateral profile, about 60% as long as skull. Antorbital process of frontal present. Antorbital
portion of frontal shorter than half-length of orbit. Anterior portion of anterior fontanelle
limited by contralateral posterior processes of mesethmoid and completely surrounded
by frontals. Posterior fontanelle about 90% as long as anterior fontanelle. Anterior one
third of posterior fontanelle surrounded by frontals, posterolateral portion by parietals
and posterior edge by supraoccipital. Parietal contacts frontal anteriorly, supraoccipital
posteriorly, epioccipital and pterotic laterally (Fig. 5).
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FIGURE 7 | Branchial arches of Eigenmannia catira, paratype, MZUSP 121047. A. Dorsal view, anterior on

top; B. Ventral view anterior on top.
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Lateral ethmoid a small element Y-shaped positioned in a vertical thought contact
between mesethmoid and frontals; connected ventrally to parasphenoid by a connective
tissue and to frontals by two strong and short ligaments. Posterodorsal process of lateral
ethmoid shorter than main axis of this bone. Orbitosphenoid connected dorsally to
neurocranium and posteriorly separated from pterosphenoid by a segment of cartilage.
Entire ventral surface of orbitosphenoid contacting dorsal margin of parasphenoid.
Pterosphenoid contacts orbitosphenoid anteriorly, and associates with frontal dorsally.
Pterosphenoid contacts parasphenoid only posteroventrally, with its anteroventral
surface not contacting dorsal margin of parasphenoid, forming a lateral fenestra.

Vomer arrow shaped anteriorly, with small anterior processes on each side,
becoming larger posteriorly and diverging in two posterior processes, contacting
anterior margin of parasphenoid. Posterior process of vomer shorter than vomer largest
width. Anterior portion of vomer, which corresponds to distance from its anterior
margin to the anteriormost contact with the endopterygoid, is longer than its posterior
portion, which extends from the anteriormost contact with the endopterygoid until
posteriormost margin of this bone. Anteriorly, parasphenoid reaches posterior portion
of vomer, posteriorly surrounding ventral margin of prootics and ventral surface of
basioccipital. Antorbital portion of parasphenoid shorter than its orbital portion. At its
posterolateral portion, parasphenoid contacts posteroventral margin of pterosphenoid
through a tapered lateral process; and dorsally contacts orbitosphenoid entirely.

Sphenotic somewhat triangular with anterior process that extends from its anterodorsal
to its anteroventral margins. Sphenotic contacts pterosphenoid anteriorly, frontal
anterodorsally, pterotic posterodorsally, prootic posteroventrally, and parasphenoid only
at its ventralmost tip. Prootic contacts basioccipital, exoccipital, pterotic, sphenotic and
pterosphenoid through cartilage filled sutures, and directly contacts to parasphenoid.
Prootic with single prominent foramen. Pterotic form posterolateral portion of skull
roof, and contacts prootic and exoccipital ventrally, epioccipital posteriorly, parietal
dorsally, frontal anterodorsally and sphenotic anteriorly. Parietal, epioccipital, and
pterotic bones in contact, posttemporal fossa absent.

Supraoccipital contacts parietal anteriorly and epioccipital posterolaterally, extending
dorsally to dorsal margin of parietal. Epioccipital form posterodorsal corner of
neurocranium and contacts supraoccipital medially. Exoccipital contacts basioccipital
ventrally, pterotic anterodorsally, prootic anteriorly, and epioccipital posterodorsally.
Internally, basioccipital and exoccipitals form a pair of chambers for cf. asteriscus otoliths;
and pterotics and prootics allocate a pair of ¢f. lapillus otoliths located anterodorsally to
basioccipital and exoccipitals chambers. Baudelot’s ligament partially ossified.

Pectoral fin and girdle. Cleithrum somewhat half-moon shaped. Cleithral ridge not
limiting anterodorsal border of this bone. Posterior process of cleithrum approximately
triangular. Postcleithrum thin and discoid. Supracleithrum fused with posttemporal
and lying at posterolateral surface of neurocranium at epioccipitals and pterotic sutures.
Baudelot’s ligament partially ossified. Coracoid with long anteroventral process that
contacts cleithral ridge at anteriormost portion of cleithrum. Mesocoracoid absent.
Scapula with large foramen. Radials 1 and 2 independents. Radials 3 and 4 co-ossified.
Pectoral-fin tip not beyond body cavity (Fig. 8).
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FIGURE 8 | Pectoral girdle and fin of Eigenmannia catira, paratype, MZUSP 121047, inverted image, right

side, medial view, anterior on left.

Weberian complex. Supraneural with long anterior process that contacts
supraoccipital. Scaphium somewhat triangular in shape. Intercalarium tiny located
between scaphium and tripus. Tripus elongated. Parapophysis of second and fourth
vertebra in contact and ventrally curved. Neural arch of third vertebrae well developed.
Neural spine of fourth vertebra long and spine shaped (Fig. 5).

Axial skeleton. Precaudal vertebrae 13(6), or 14*(4). Transitional vertebrae three (2),
four*(7), or five (1). Pleural ribs six (4), or seven*(6). Relative length of two anteriormost
post-Weberian ribs approximately as long as abdominal cavity depth. Displaced hemal
spines two (1), three*(6), or four (3). Relative size of hemal spine of 26% to 30% vertebrae
longer than its associated pterygiophore (Fig. 5).

Intermuscular bones at 7-9% vertebrae. Epineurals highly branched. Rami
arranged in several directions conferring a stellate shape for these elements. Epicentrals
unbranched. “Epipleurals” present (Fig. 5).

Karyotype. Diploid chromosome number 2n = 36 (Sene et al., 2014).

Etymology. The epithet “catira” is in reference to a popular dance in Brazilian
folklore performed by herdsmen and farmers in the areas of influence of the “sertaneja”
culture in Sio Paulo and Mato Grosso do Sul states, which includes the occurrence area

of the new species occurs. A noun in apposition.
Geographical distribution. Eigenmannia catira is known from rio Grande, rio

Ivinhema, rio Parand, rio Paranaiba, rio do Peixe, and rio Tieté, upper rio Parand basin,
Brazil (Fig. 9).
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FIGURE 9 | Map of southeastern South America shows the distribution of Eigenmannia catira (black star for type-locality) in the upper rio

Parand basin, Brazil.
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Conservation status. Eigenmannia catirahas a relatively broad distribution, widespread
in the upper rio Parand basin. Therefore, according to the International Union for
Conservation of Nature (IUCN) categories and criteria ([UCN Standards and Petitions
Subcommittee, 2022), E. catira can be classified as Least Concern (LC).

DISCUSSION

During the revision of Eigenmannia from the upper rio Parand basin, we recognized
four species: E. catira, E. dutrai, E. guairaca, and E. trilineata. Eigenmannia guairaca, which
was described from two localities in a tributary of rio Paranapanema (Peixoto ef al.,
2015), turned out to be a widespread species in the upper rio Paran4 basin, occurring
in tributaries of the left bank of the rio Parani, such as rio Paranaiba, rio Grande, rio
Tieté and rio Paranapanema, and in the rio Parani. A similar scenario was recorded
for E. dutrai, which was described from rio Grande, rio Tieté and rio Paranapanema
(Peixoto et al., 2020), and had its geographic distribution expanded to the upper portion
of rio Paranaiba basin at rio Corumb3, and the rio Parani. In turn, E. trilineata was
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described for the rio de La Plata basin (Lépez, Castello, 1966), posteriorly recorded in
the upper rio Parana basin (Langeani ef al., 2007; Oyakawa, Menezes, 2011), and more
recently restricted again to the lower rio Paran4 and rio de La Plata (Peixoto et al., 2015).
The present analysis ratifies the presence of E. trilineata in the upper rio Parand basin,
occurring in rio Tieté, rio Grande, rio Parand (see Comparative material).

In the upper rio Parand basin, several studies provided cytogenetic information on
Eigenmannia populations (Foresti ef al., 1981; Almeida-Toledo er al., 1984, 1988, 1996,
2000, 2001, 2002; Moysés ef al., 2005, 2010; Henning et al., 2008; Sene ef al., 2014).
Among these, we analyzed the voucher specimens of Almeida-Toledo er al. (1984, 1996)
and Sene ef al. (2014), assigning the different karyotype formula to three valid species:
2n = 36 to E. catira, 2n = 38 or 2n = 38, XY to E. dutrai, and 2n = 28 or 2n = 31/32—
X X X X,-X XY to E. guairaca. The presence of two karyotypes in E. dutrai and E.
guairaca could be evidence of cryptic diversity under these names. However, a detailed
morphological analysis of a massive number of E. dutrai and E. guairaca specimens did not
detect any diagnostic feature between populations of E. dutrai nor between populations
of E. guairaca. Therefore, we took a more conservative taxonomic approach regarding
these two species that present two different karyotypes formula each, considering that
differences in the number and shape of chromosomes have not yet resulted in changes
in the morphology that would allow the recognition of each karyotype formula as an
independent species. On the other hand, the previous population assigned with diploid
number 2n = 36 (see Sene ef al., 2014) was revealed to be a new species based on several
morphological traits that allow us to diagnose it from E. dutrai and E. guairaca (see
Diagnosis), and by having a high genetic distance from all other Eigenmannia species
from the rio Paran4 basin.

Karyotype information was previously applied in the description of Gymnotus species
such as G. sylvius Albert & Fernandes-Matioli, 1999 and G. capanema Milhomem,
Crampton, Pierczeka, Shetka, Silva & Nagamachi, 2012 (Albert ef al., 1999; Milhomem
et al., 2012), being reliable information that provides additional evidence to support the
description of these species. However, such methodology is rarely applied in taxonomic
studies of Neotropical knifefishes. For instance, the present paper is the first that includes
karyotype information as additional evidence to support the description of a new species
in Eigenmannia, even knowing of extensive literature with this information (Foresti e
al., 1981; Almeida-Toledo er al., 1984, 1985, 1988, 1996, 2000, 2001, 2002; Moysés et
al., 2005, 2010; Henning et al., 2008; Silva et al., 2009, 2015; Nirchio e al., 2014; Sene
et al., 2014). Thus, the description of E. cafira reinforces the karyotype information
available in cytogenetics as a valuable source of information for taxonomic studies.

Comparative material examined. In addition to the comparative material examined listed in Dutra ef al.
(2014, 2017, 2018, 2021, 2022), the following species were examined. All from upper rio Parand basin.
Eigenmannia dutrai: MZUSP 125788 (holotype, 203.8 mm LEA), LBP 471 (2 paratypes, 172.3-203.7 mm
LEA), cérrego Canta Galo. MZUSP 49383 (2 paratypes, 102.0-162.9 mm LEA), cérrego das Araras. MZUSP
87940 (4 paratypes, 112.7-130.0 mm LEA), corrégo da Lapa. MZUSP 118377 (1 paratype, 145.6 mm LEA),
cérrego do Canta Galo. CI-UFLA 276 (7, not measured), rio Grande at UHE Itutinga. CI-UFLA 819 (1, not
measured), rio Paranaiba. LBP 4800 (2, 203.5~ 277.2 mm LEA), rio Paranapanema. LBP 6266 (1, 81.5 mm
LEA), rio Muzambinho. LBP 8366 (11, 64.2-101.2 mm LEA), rio Araras. LBP 11215 (1, 201.6 mm LEA),
calha do Baiano. LBP 11246 (1, 147.6 mm LEA), lagoa da Usina. LBP 12307 (26, 62.1-141.5 mm LEA), LBP
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30070 (3, 65.8-121.4 mm LEA), rio Mogi-Guagu. LBP 12308 (5, 104.6-135.4 mm LEA), ribeirio Claro. LBP
12309 (21, 135.0-203.8 mm LEA), rio Mogi Guagu. LBP 13303 (2, 159.6-206.2 mm LEA), rio Paranapanema.
LBP 13926 (1, 96.7 mm LEA), unnamed stream at Céssia. LBP 15284 (1, 175.7 mm LEA), rio Taquari. LBP
17326 (4, 164.4— 312.7 mm LEA), rio Paranapanema. LBP 18913 (1, 128.7 mm LEA), rio Pirai. LBP 18929
(1, 135.7 mm LEA), rio Piraf. LBP 23595 (9, 39.3-98.6 mm LEA), stream tributary of rio Sapucai. LBP 26599
(4, 66.7-188.4 mm LEA), ribeirio Fortaleza. LBP 28499 (3, 108.2-146.9 mm LEA), unnamed stream. LBP
30017 (10, 119.3-212.5 mm LEA), rio Jaguari. MCNIP 2052 (1, 204.7 mm LEA), rio Araguari. MCNIP 2408
(1, 241.4 mm LEA), PCH Tamboril. MCNIP 2560 (1, 172.3 mm LEA), rio Araguari. MNR] 19944 (1, 141.8
mm LEA), cérrego da Prata. MNRJ 12192 (3, 42.0-66.7 mm LEA), cérrego Alegre. MNRJ 12194 (2, 28.4—
41.0 mm LEA), cérrego Agua Limpa. MNR] 12195 (4, 43.5-70.3 mm LEA), cérrego das Contendas. MNR]
12197 (5, 98.8-163.6 mm LEA), cérrego do Moquem. MNR] 16976 (15, 40.4-121.4 mm LEA), MNR] 16987
(1, 112,5- mm LEA), MNR] 17007 (15, 102.7-181.13 mm LEA), ribeirio dos Coelhos. MNR] 17069 (1, 59.1
mm LEA), ribeirio Itapecirica. MNR] 17200 (1, 178,7- mm LEA), rio Grande near Itutinga. MNR] 19942 (1,
103.1 mm LEA), ribeirdo Imburugu. MNR] 19944 (1, 141.8 mm LEA), cérrego da Prata. MNR] 20008 (4,
23.8-93.9 mm LEA), cérrego da Cascatinha. MNRJ 27443 (2, 220.4-215.4 mm LEA), rio Paranapanema.
MNR] 31784 (1, 67.9 mm LEA), cérrego Antinha. MNR] 37188 (1, 96.5 mm LEA), rio Alambari. MNR]
46498 (2, 157.5-194.4 mm LEA), rio da Prata. MNR] 47142 (1, 231.5 mm LEA), rio Verissimo. MNR] 47176
(1, 244.0 mm LEA), rio Verissimo. MZUEL 61 (1, 243.7 mm LEA), rio Tibagi. MZUEL 62 (1, 232.5 mm
LEA), rio Tibagi. MZUEL 63 (2, 208.5-211.7 mm LEA), MZUEL 64 (1, 171.3 mm LEA), MZUEL 65 (1,
241.9 mm LEA), MZUEL 66 (2, 196.1-200.0 mm LEA), rio Tibagi. MZUEL 1277 (7, 141.2-200.8 mm
LEA), MZUEL 1278 (5, 126.9-205.8 mm LEA), ribeirio Trés Bocas. MZUEL 1383 (1, 150.7 mm LEA), rio
Tibagi. MZUEL 1876 (1, 151.7 mm LEA), rio Paranapanema at mouth of ribeirdo Vermelho. MZUEL 2705
(4, 84.9-110.1 mm LEA), rio Verde. MZUEL 2736 (1, 205.4 mm LEA), MZUEL 2741 (1, 183.4 mm LEA),
MZUEL 2780 (2, 153.0-161.5 mm LEA), MZUEL 3292 (1, 244.1 mm LEA), rio Paranapanema. MZUEL
4685 (3, 147.2-238.8 mm LEA), rio Taquara. MZUEL 5846 (4, 78.8-103.3 mm LEA), ribeirio Pouso Alegre.
MZUEL 5853 (1, 66.2 mm LEA), cérrego da Sola. MZUEL 4980 (1, 152.4—- mm LEA), MZUEL 11453 (10,
127.0-217.9 mm LEA), MZUEL 11454 (2, 138.4-165.7 mm LEA), MZUEL 11455 (19, 97.7-229.67 mm
LEA), MZUEL 11456 (1, 56.5 mm LEA), MZUEL 11457 (3, 124.7-208.8 mm LEA), MZUEL 11458 (5,
94.2-172.6 mm LEA), MZUEL 11459 (2, 121.0-140.1 mm LEA), MZUEL 11460 (2, 139.6-161.0 mm LEA),
MZUEL 11462 (1, 168— mm LEA), MZUEL 11463 (1, 173.9 mm LEA), MZUEL 14582 (1, 87.9 mm LEA),
MZUEL 14630 (5, 147.4-233.2 mm LEA), MZUEL 15517 (1, 151.0 mm LEA), MZUEL 15522 (1, 86.8 mm
LEA), MZUEL 18196 (9, 96.2-160.3 mm LEA), ribeirio Trés Bocas. MZUEL 8722 (2, 106.8~148.3 mm
LEA), ribeirdo Centenirio. MZUEL 13530 (1, 102.8 mm LEA), cérrego Quinze. MZUEL 14315 (1, 93.1 mm
LEA), cérrego Agua Branca. MZUEL 17082 (6, 112.8-134.1 mm LEA), rio Tibagi. MZUEL 19022 (13,
91.9-164.1 mm LEA), rio Paran4 at arquipélago da Ilha Grande. MZUEL 19292 (1, 103.8 mm LEA), corrego
Areia. MZUEL 19902 (1, 149.5 mm LEA), rio Aguapei. MZUEL 20625 (1, 162.7 mm LEA), rio Mogi Guagu.
MZUSP 2660 (1, 200.0 mm LEA), rio Grande. MZUSP 2662 (1, 173.0 mm LEA), rio Mogi-Guagu. MZUSP
2663 (2, not measured), Piracicaba. MZUSP 22463 (1, 196.0 mm LEA), MZUSP 22476 (2, 94.9-146.6 mm
LEA), MZUSP 22477 (8, 104.3-197.8 mm LEA), rio Corumbatai. MZUSP 22587 (2, not measured), Dam at
Sio José do Rio Preto. MZUSP 22624 (2, 112.8-142.7 mm LEA), rio Parand. MZUSP 22653 (1, 131.3 mm
LEA), rio Corumbatai. MZUSP 22748 (5, 157.7-257.5 mm LEA), fazenda Pau D’Alho. MZUSP 22759 (2,
71.2-143.9 mm LEA), rio Corumbatai. MZUSP 22943 (3, 124.4-147.4 mm LEA), rio Mogi-Guacu. MZUSP
23085 (68, 69.8—196.2 mm LEA), rio Parani at Ilha Solteira. MZUSP 23119 (2, 92.9-141.6 mm LEA), c6trego
do Bueno. MZUSP 23155 (1, not measured), cérrego do Diogo. MZUSP 24452 (68, 70.3-173.4 mm LEA),
rio Parani at Ilha Solteira. MZUSP 24667 (23, 88.4-131.1 mm LEA), MZUSP 24983 (2, 99.9-100.8 mm
LEA), Piracicaba. MZUSP 27740 (3, 187.1-225.0 mm LEA), represa de Furnas. MZUSP 36997 (8, 115.4-
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155.3 mm LEA), Cachoeira de Emas. MZUSP 38883 (4, 164.7-207.0 mm LEA), rio Paranafba. MZUSP
39950 (2, 73.6-78.8 mm LEA), represa de Agua Vermelha. MZUSP 42629 (2, 103.0-109.2 mm LEA), rio
Corumbatai. MZUSP 46024 (1, 93.4 mm LEA), cérrego do Machadinho. MZUSP 47774 (1, 73.8 mm LEA),
tio Meia Ponte. MZUSP 49365 (18, 82.3—143.6 mm LEA), cérrego da Barrinha. MZUSP 49500 (1, 122.1 mm
LEA), cérrego Sujo. MZUSP 52934 (2, 57.9-61.3 mm LEA), rio da Bocaina. MZUSP 58599 (1, 140.8 mm
LEA), rio Jaguari. MZUSP 79687 (1, 163.7 mm LEA), cérrego do Moinho. MZUSP 79858 (1, 119.4 mm
LEA), ribeirio Corrente. MZUSP 83683 (3, 167.4-229.0 mm LEA), rio Corumbatai. MZUSP 84644 (1, not
measured), rio Sorocaba. MZUSP 88479 (1, 76.3 mm LEA), ribeirdo Passa Cinco. MZUSP 88651 (1, 183.2
mm LEA), rio Pardo. MZUSP 108078 (1, 160.8 mm LEA), rio Verde. NUP 82 (2, 69.2-136.5 mm LEA), rio
Capivara. NUP 470 (1, 228.7 mm LEA), rio Corumbd. NUP 1158 (71, 78.8-218.7 mm LEA), Corumb4
reservoir. NUP 1278 (2, 26.1-89.9 mm LEA), ribeirio Bocaina. NUP 1326 (5, 131.1-145.5 mm LEA), rio
Corumbi. NUP 1330 (1, 162.1 mm LEA), Corumbai reservoir. NUP 2684 (1, 245.2 mm LEA), Capivara
reservoir. NUP 8576 (3, 20.5-66.2 mm LEA), cérrego do Retiro. NUP 8777 (1, 238.4 mm LEA), Corumb4
reservoir. NUP 9028 (1, 75.1 mm LEA), cérrego Forquilha. NUP 9165 (1, not measured), NUP 9171 (1,
132.8 mm LEA), Assis Chateaubriant reservoir. NUP 12663 (2, 161.0-161.1 mm LEA), NUP 12679 (5,
101.2-137.1 mm LEA), lagoa dos Patos, tributary of rio Ivinhema. NUP 13842 (2, 145.6-148.1 mm LEA), rio
Verissimo. NUP 13875 (2, 172.6-167.5 mm LEA), rio Paranafba. NUP 13887 (2, 111.3-141.3 mm LEA),
NUP 13917 (2, 142.4-163.2 mm LEA), ribeirio das Antas. NUP 13929 (2, 186.0-216.3 mm LEA), NUP
13932 (2, 153.0~157.1 mm LEA), NUP 14058 (2, 160.0-171.5 mm LEA), ribeirio da Caridade. NUP 13988
(2, 154.6-173.7 mm LEA), rio Paranaiba. NUP 14015 (2, 140.3-205.5 mm LEA), [tumbiara reservoir. NUP
14021 (2, 153.0-153.1 mm LEA), ribeirio das Antas. NUP 14031 (2, 166.2-172.5 mm LEA), rio Verissimo.
NUP 14075 (2, 182.7-191.5 mm LEA), cérrego Agua Suja. NUP 21044 (1, 108.5 mm LEA), rio Pelame.
Eigenmannia guairaca: MPEG 31307 (holotype, 133.3 mm LEA), MPEG 31165 (paratypes, 1+1CS, 115.7 mm
LEA), NUP 6467 (paratypes, 8+1CS, 81.4-135.8 mm LEA), riacho Agua do O, tributary of rio Paranapanema.
LBP 319 (24, 65.8—149.9 mm LEA), LBP 1301 (8, 91.3-141.6 mm LEA), LBP 3687 (1, 96.8 mm LEA), LBP
12306 (88, 32.7-130.6 mm LEA), LBP 30080 (3, 108.7-119.2 mm LEA), rio Araqud. LBP 1144 (1, 155.1 mm
LEA), LBP 1149 (2, 96.2-111.1 mm LEA), LBP 14582 (2, 105.7-119.2 mm LEA), rio Capivara. LBP 3385 (3,
109.2-134.6 mm LEA), rio Capivarinha. LBP 8927 (9, 86.5-147.7 mm LEA), c6rrego Fazenda Agua Mole.
LBP 9179 (6, 90.2-144.6 mm LEA), rio Itararé. LBP 11221 (2, 102.5-111.8 mm LEA), lagoa Cabeca de Boi.
LBP 11394 (1, 58.4 mm LEA), cérrego Goulart. LBP 12305 (12, 78-144.6 mm LEA), rio Mogi-Guagu. LBP
19707 (1, 112.6 mm LEA), rio Piraf. LBP 26493 (1, 130.0 mm LEA), ribeirdo Sucuri. LBP 26503 (5, 46.0—
110.7 mm LEA), cérrego Agua Grande. LBP 28498 (2, 144.7-174.1 mm LEA), LBP 30071 (1, 133.1 mm
LEA), unnamed stream. LBP 28501 (5, 105.4-146.1 mm LEA), unnamed stream. LBP 28760 (1, 108.9 mm
LEA), cérrego Agua Boa. MNR] 24208 (1, 106.7 mm LEA), rio Agua Fria. MNR] 29815 (1, 103.1 mm LEA),
corrego da Inicia. MNR] 36885 (1, 65.7 mm LEA), fazenda Edgardia. MNR] 39399 (1, 85.5 mm LEA),
Paranapanema dam at fazenda Regina. MZUEL 103 (3, 46.4-60.2 mm LEA), rio Tibagi. MZUEL 1757 (1,
145.1 mm LEA), ribeirio Jacutinga. MZUEL 1758 (1, 123.7- mm LEA), rio Tibagi. MZUEL 1759 (32,
50.0-118.9 mm LEA), MZUEL 2775 (16, 38.3-115.0 mm LEA), ribeirio Palmital. MZUEL 2276 (1, 65.4 mm
LEA), rio Congonhas. MZUEL 2389 (1, 137.8 mm LEA), ribeirio Pau D’Alho. MZUEL 2529 (1, 67.8 mm
LEA), MZUEL 2533 (1, 101.4 mm LEA), rio Sio Joio. MZUEL 2750 (3, 55.7-79.6 mm LEA), rio Inhumas.
MZUEL 3463 (1, 97.2 mm LEA), MZUEL 16489 (1, 125.0 mm LEA), MZUEL 16494 (1, 74.2 mm LEA), rio
Paranapanema at Canoas dam. MZUEL 6525 (1, 103.7 mm LEA), MZUEL 6534 (1, 111.3 mm LEA), MZUEL
6551 (1, 101.7 mm LEA), MZUEL 8943 (2, 150.1-154.0 mm LEA), MZUEL 8974 (1, 51.8 mm LEA), ribeirdo
Couro do Boi. MZUEL 14326 (3, 26.4-115.2 mm LEA), cérrego Tujuri. MZUEL 14447 (3, 49.6-89.8 mm
LEA), tributary of rio Tujuri. MZUEL 21752 (1, 59.8 mm LEA), ribeirdo Centenirio. MZUEL 21754 (1,
126.6 mm LEA), cérrego Piraveve. MZUSP 22363 (1, 101.0 mm LEA), rio Veado. MZUSP 22602 (49+5CS,

20/26 Neotropical Ichthyology, 21(4):e230090, 2023 ni.bio.br | scielo.br/ni



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

Vinicius C. Cardoso and Guilherme M. Dutra

ni.bio.br | scielo.br/ni

53.5-122.5 mm LEA), rio Corumbatai. MZUSP 22516 (3, 45.0-115.3 mm LEA), stream tributary of Laranja
Azeda. MZUSP 22549 (5, 62.4-94.1 mm LEA), lago Sio Vicente. MZUSP 22738 (1, 56.6 mm LEA), MZUSP
22922 (1, 72.8-103.3 mm LEA), cérrego do Pinheiro. MZUSP 23086 (4, 68.2-102.7 mm LEA), rio Parani at
represa de Ilha Solteira. MZUSP 24353 (1, 103.1 mm LEA), cérrego do Bueno. MZUSP 23774 (4, 68.8-84.7
mm LEA), cérrego do Machadinho. MZUSP 24563 (4, 59.1-96.2 mm LEA), MZUSP 24571 (1, 66.0 mm
LEA), cérrego da fazenda Edgardia. MZUSP 24663 (8, 72.7-86.6 mm LEA), unnamed stream. MZUSP
24666 (1, 94.5 mm LEA), Cachoeira de Emas. MZUSP 24984 (1, 107.2 mm LEA), Sio Paulo. MZUSP 35362
(5, 26.4-86.1 mm LEA), MZUSP 35368 (4, 71.6-96.2 mm LEA), rio Aragui. MZUSP 35803 (1, 66.4 mm
LEA), fazenda do Dendosho. MZUSP 36996 (2, 66.3-82.4 mm LEA), MZUSP 36998 (8, 83.3-102.3 mm
LEA), Botucatu. MZUSP 39813 (3, 103.1-107.8 mm LEA), rio Alambari. MZUSP 39829 (7, 44.3-89.6 mm
LEA), MZUSP 39842 (2, 32.2-71.1 mm LEA), MZUSP 39859 (3, 42.6-85.8 mm LEA), rio Alambari. MZUSP
39876 (1, 88.2 mm LEA), rio Capivara. MZUSP 42624 (1, 104.3 mm LEA), rio Tieté. MZUSP 43115 (1, 96.7
mm LEA), rio Turvo. MZUSP 49229 (1, 129.4 mm LEA), unnamed stream. MZUSP 49385 (12+3CS, 69.5—
130.8 mm LEA), cérrego das Araras. MZUSP 51337 (1, 65.6 mm LEA), unnamed stream. MZUSP 74754 (2,
38.3-81.3 mm LEA), cérrego Luciano. MZUSP 79857 (1, 101.3 mm LEA), rio Jacaré. MZUSP 83428 (1, 91.9
mm LEA), cérrego Catingueiro. MZUSP 84278 (2, 45.5-98.6 mm LEA), fazenda Santa Paula. MZUSP 88415
(11, 30.3-82.7 mm LEA), cérrego Taboca. MZUSP 88455 (1, 117.9 mm LEA), cérrego do Palmito. MZUSP
102839 (3, 72.8-86.6 mm LEA), unnamed stream at Teodoro Sampaio. NUP 9381 (3, 47.0-86.4 mm LEA),
cérrego Rosirio. NUP 16151 (1, 101.9 mm LEA), cérrego Agua Boa. NUP 16509 (1, 90.2 mm LEA), rio
Baia. NUP 17019 (16, 19.9-124.0 mm LEA), cérrego Itauna. NUP 17114 (12, 78.5-143.8 mm LEA), riacho
Agua do O. NUP 18769 (1, 131.8 mm LEA), rio Sdo Camilo. NUP 18966 (4, 109.1-127.6 mm LEA), riacho
Sio Pedro. NUP 22465 (2, 68.9-91.6 mm LEA), cérrego Taquari. Eigenmannia trilineata: MZUEL 8375 (1,
46.9 mm LEA), rio do Tigre. MZUEL 13379 (1, 102.5 mm LEA), rio Verde. MZUEL 13471 (1, 94.0 mm
LEA), rio Pardo. MZUEL 14488 (43, 26.1-126.6 mm LEA), cérrego Piraveve. MZUSP 79303 (1, 120.6 mm
LEA), rio Jacaré-Guagti. NUP 421 (12, 94.0-120.1 mm LEA), rio Parani at Porto Rico. NUP 1707 (11,
117.6-235.8 mm LEA), rio Piquiri. NUP 1733 (3, 60.9-103.2 mm LEA), riacho Caracu. NUP 1751 (16,
76.2-103.3 mm LEA), Itaipu reservoir. NUP 1909 (1, 134.1 mm LEA), Itaipu reservoir. NUP 7025 (1, 153.0
mm LEA), rio Ocoi. NUP 7027 (2, 152.7-187.3 mm LEA), arroio Guagu. NUP 7569 (2, 120.9-157.7 mm
LEA), lagoa Fechada. NUP 19082 (1, 55.9 mm LEA), arroio Carvoraci.

ACKNOWLEDGMENTS

Authors are thankful to the following individuals and institutions for access to material
under their care: Barbara Brown (AMNH), Mark Sabaj and Mariangeles Arce (ANSP);
James Maclaine (BMNH); David Catania (CAS); Francisco Villa (CZUT); Caleb
McMahan and Susan Mochel (EMNH); Carlos DoNascimiento (IAvH); I. Mojica
(ICN-MHN); Christopher Taylor (INHS); Licia Rapp Py-Daniel, Lindalva Serrio
and Renildo de Oliveira (INPA); Cliudio Oliveira (LBP); Leandro Sousa (LIA); Carlos
Lucena and Roberto Reis (MCP); Karsten Hartel (MCZ); Raphael Covain (MHNG);
Cristiano Moreira, Marcelo Britto and Paulo Buckup (MNR]), Wolmar Wosiacki and
Izaura Maschio (MPEG); Tiago Carvalho (MPU]J); Max Hidalgo (MUSM); Fernando
Jerep, José Birindelli and Edson Santana (MZUEL); Aléssio Datovo, Osvaldo Oyakawa
and Michel Gianetti (MZUSP); Sven Kullander (NRM); Carla Pavanelli and Marli
Campos (NUP); Andre Netto-Ferreira and Luiz Malabarba (UFRGS); Lynne Parenti,
Sandra Raredon, Kris Murphy and Jeff Clayton (USNM); and Flédvio Lima (ZUEC)

Neotropical Ichthyology, 21(4):e230090, 2023 21 /26



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

New Eigenmannia from the upper rio Parand basin

for the loan of specimens and assistance during visits to their institutions. We also
thank Alberto Carvalho and Vanessa Tambellini (MZUSP) from the following multi-
user facilities at the Museu de Zoologia da Universidade de Sio Paulo: Laboratério de

Processamento de Imagens de Microtomografia Computadorizada de Alta Resolugio,

for generating and editing images of pCT scan. Authors were supported by the Fundagio
de Amparo 2 Pesquisa do Estado de Sio Paulo under Grant (FAPESP #2022/01032-2 to
VCC, #2018/09445-9 to GMD). This contribution was also supported by the Diversity
and Evolution of Gymnotiformes Project (FAPESP/Smithsonian proc. 2016/19075-9).

REFERENCES

e Albert JS. Family Sternopygidae (Glass
knifefishes, Rattail knifefishes). In: Reis R,
Kullander SO, Ferraris Jr. CJ, editors. Check
list of the freshwater fishes of South and
Central America. Porto Alegre: Edipucrs;
2003. p.487-91.

« Albert JS, Fernandes-Matioli FMC,
Almeida-Toledo LF. New species of
Gymnotus (Gymnotiformes, Teleostei)
from Southeastern Brazil: Toward the
deconstruction of Gymnotus carapo.
Copeia. 1999; 1999(2):410-21. https://doi.
0rg/10.2307/1447486

* Almeida-Toledo LF, Foresti H, Almeida-
Toledo Filho S. Complex sex chromosome
system in Eigenmannia sp. (Pisces,
Gymnotiformes). Genetica. 1984; 64:165—
69. https://doi.org/10.1007/BF00115340

* Almeida-Toledo LF, Foresti F, Almeida-
Toledo Filho S. Spontaneous triploidy and
NOR activity in Eigenmannia sp. (Pisces,
Sternopygidae) from the Amazon basin.
Genetica. 1985; 66:85-88. https://doi.
org/10.1007/BF00139713

* Almeida-Toledo LF, Viegas-Péquignot E,
Foresti F, Toledo-Filho AS, Dutrillaux B.
BrdU replication patterns demonstrating
chromosome homeologies in two fish
species genus Eigenmannia. Cytogenet
Cell Genet. 1988; 48(2):117-20. https://doi.
0rg/10.1159/000132603

* Almeida-Toledo LF, Stocker A]J, Foresti
F, Toledo-Filho SA. Fluorescence in
situ hybridization with rDNA probes
on chromosomes of two nucleolus
organizer region phenotypes of a species
of Eigenmannia (Pisces, Gymnotiformes,
Sternopygidae). Chromosome Res. 1996;
4(4):301-05. https://doi.org/10.1007/
BF02263681

Neotropical Ichthyology, 21(4):e230090, 2023

¢ Almeida-Toledo LF, Foresti F, Daniel-

Silva MFZ, Toledo-Filho AS. Sex
chromosome evolution in fish: the
formation of the neo-Y chromosome

in Eigenmannia (Gymnotiformes).
Chromosoma. 2000; 109:197-200. https://
doi.org/10.1007/s004120050428

Almeida-Toledo LF, Foresti F,

Péquignot EV, Daniel-Silva MFZ.

XX:XY sex chromosome system with X
heterochromatinization: an early stage

of sex chromosome differentiation in

the neotropic electric eel Eigenmannia
virescens. Cytogenet Cell Genet. 2001; 95(1-
2):73-78. https://doi.org/10.1159/000057020

Almeida-Toledo LF, Daniel-Silva MFZ,
Moysés CB, Fonteneles SBA, Lopes CE,
Akama A et al. Chromosome evolution
in fish: sex chromosome variability in
Eigenmannia virescens (Gymnotiformes:
Sternopygidae). Cytogenet Genome

Res. 2002; 99(1-4):164-69. https://doi.
0rg/10.1159/000071589

Alves-Gomes JA. Informacgdes
preliminares sobre a bioecologia de peixes
elétricos (Ordem Gymnotiformes) em
Roraima. In: Barbosa RI, Ferreira EJG,
Castellén EG, editors. Homem, ambiente e
ecologia no Estado de Roraima. Manaus:
ATTEMA; 1997. p.509-55.

Bagley JC, Aquino PPU, Breitman MF,
Langeani F, Colli GR. DNA barcode and
minibarcode identification of freshwater
fishes from Cerrado headwater streams in
central Brazil. | Fish Biol. 2019; 95(4):1046-
60. https://doi.org/10.1111/jfb.14098

Brea M, Zucol A. Parand-Paraguay basin:
a review of the geology and the plant
fossil record. In: Albert JS, Reis RE, editors.
Historical biogeography of Neotropical
freshwater fishes. Berkeley: University of
California Press; 2011. p.69-87.

ni.bio.br | scielo.br/ni


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

Vinicius C. Cardoso and Guilherme M. Dutra

ni.bio.br | scielo.br/ni

Campos-da-Paz R, Queiroz IR. A

new species of Eigenmannia Jordan
and Evermann (Gymnotiformes:
Sternopygidae) from the upper

rio Paraguai basin. Zootaxa, 2017;
4216(1):73-84. https://doi.org/10.11646/
zootaxa.4216.1.5

Castro RMC, Casatti L, Santos HF,
Ferreira KM, Ribeiro AC, Benine RC et
al. Estrutura e composicdo da ictiofauna
de riachos do rio Paranapanema, sudeste
e sul do Brasil. Biota Neotrop. 2003;
3(1):1-14. https://doi.org/10.1590/S1676-
06032003000100007

Crampton WGR, Albert JS. Evolution of
electric signal diversity in gymnotiform
fishes. In: Ladich F, Collin SP, Moller P,
Kapoor BG, editors. Communication in
Fishes. Enfield: Science Publishers Inc;
2006. p.647-731.

Dagosta FCP, de Pinna M. The fishes of the
Amazon: distribution and biogeographical
patterns, with a comprehensive list of
species. Bull Am Mus Nat Hist. 2019;
431:1-163. https://doi.org/10.1206/0003-
0090.431.1.1

Diaz J, Villanova GV, Brancolini F, del
Pazo F, Posner VM, Grimberg A et al.
First DNA barcode reference library for
the identification of South American
freshwater fish from the lower Parana
River. PLoS ONE. 2016; 11(7):e0157419.
https://doi.org/10.1371/journal.
pone.0157419

Dutra GM, Ramos TPA, Menezes

NA. Description of three new species

of Eigenmannia (Gymnotiformes:
Sternopygidae) from the rio Mearim and
rio Parnaiba basins, Northeastern Brazil.
Neotrop Ichthyol. 2022; 20(1):e210117.
https://doi.org/10.1590/1982-0224-2021-
0117

Dutra GM, de Santana CD, Wosiacki WB.
A new species of the glass electric knifefish
genus Eigenmannia Jordan and Evermann
(Teleostei: Gymnotiformes: Sternopygidae)
from Rio Tuira basin, Panama. Copeia.
2017; 105(1):85-91. https://doi.org/10.1643/
CI-16-439

Dutra GM, Peixoto LAW, de Santana

CD, Wosiacki WB. A new species of
Eigenmannia Jordan & Evermann
(Teleostei: Gymnotiformes: Sternopygidae)
from Rio Ventuari, Venezuela. Zootaxa.
2018; 4422(1):132-40. https://doi.
org/10.11646/zootaxa.4422.1.8

Dutra GM, de Santana CD, Vari RP,
Wosiacki WB. The South American
electric glass knifefish genus Distocyclus
(Gymnotiformes: Sternopygidae):
Redefinition and revision. Copeia. 2014;
2014(2):345-54. http://doi.org/10.1643/CI-
13-066

Dutra GM, Peixoto LAW, Abrahao VP,
Wosiacki WB, Menezes NA, de Santana
CD. Morphology-based phylogeny of
Eigenmanniinae Mago-Leccia, 1978
(Teleostei: Gymnotiformes: Sternopygidae),
with a new classification. ] Zool Syst

Evol Res. 2021; 59(8):2010-59. https://doi.
org/10.1111/jzs.12535

Edgar RC. MUSCLE: multiple sequence
alignment with high accuracy and high
throughput. Nucleic Acids Res. 2004;
32(5):1792-97. https://doi.org/10.1093/nar/
gkh340

Ferraris Jr. CJ, de Santana CD,

Vari RP. Checklist of Gymnotiformes
(Osteichthyes: Ostariophysi) and catalogue
of primary types. Neotrop Ichthyol. 2017;
15(1):e160067. https://doi.org/10.1590/1982-
0224-20160067

Foresti F, Almeida-Toledo LF, Toledo-
Filho SA. Polymorphic nature of nucleolus
organizer regions in fishes. Cytogenet

Cell Genet. 1981; 31(3):137-44. https://doi.
0rg/10.1159/000131639

Frantine-Silva W, Sofia SH, Orsi ML,
Almeida FS. DNA barcoding of freshwater
ichthyoplankton in the Neotropics as a
tool for ecological monitoring. Mol Ecol
Resour. 2015; 15(5):1226-37. https://doi.
org/10.1111/1755-0998.12385

Fricke R, Eschmeyer WN, Van der

Laan R. Eschmeyer’s catalog of fishes:
genera, species, references. San Francisco:
California Academy of Sciences; 2023.
Available from: http://researcharchive.
calacademy.org/research/ichthyology/
catalog/fishcatmain.asp

Giora J, Fialho CB, Dufech APS. Feeding
habit of Eigenmannia trilineata Lopez &
Castello, 1966 (Teleostei: Sternopygidae)
of Parque Estadual de Itapud, RS,

Brazil. Neotropical Ichthyol. 2005;
3(2):291-98. https://doi.org/10.1590/S1679-
62252005000200007

Graca W], Pavanelli CS. Peixes da planicie
de inundacao do alto rio Parand e dreas
adjacentes. Maringa: Eduem; 2007.

23/26

Neotropical Ichthyology, 21(4):e230090, 2023



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

New Eigenmannia from the upper rio Parand basin

Henning F, Trifonov V, Ferguson-Smith
MA, Almeida-Toledo LF. Non-homologous
sex chromosomes in two species of

the genus Eigenmannia (Teleostei:
Gymnotiformes). Cytogenet Genome

Res. 2008; 121(1):55-58. https://doi.
0rg/10.1159/000124382

Hopkins CD. Hypopomus pinnicaudatus
(Hypopomidae), a new species of
Gymnotiform fish from French Guiana.
Copeia. 1991; 1991(1):151-61. https://doi.
0rg/10.2307/1446259

International Union for Conservation of
Nature (IUCN). Standards and petitions
committee. Guidelines for using the

IUCN Red List categories and criteria.
Version 15.1 [Internet]. Gland; 2022.
Available from: http://www.iucnredlist.org/
documents/RedListGuidelines.pdf

Janzen FH, Crampton WGR, Lovejoy
NR. A new taxonomist-curated reference
library of DNA barcodes for Neotropical
electric fish (Teleostei: Gymnotiformes).
Zool J Linn Soc. 2022; 196(4):1718-42.
https://doi.org/10.1093/zoolinnean/zlac039

Kimura M. A simple method for estimating
evolutionary rates of base substitutions
through comparative studies of nucleotide
sequences. ] Mol Evol. 1980; 16:111-20.
https://doi.org/10.1007/BF01731581

Langeani F, Castro RMC, Oyakawa OT,
Shibatta OA, Pavanelli CS, Casatti L.
Diversidade da ictiofauna do Alto Rio
Parana: composicdo atual e perspectivas
futuras. Biota Neotrop. 2007; 7(3):181-
97. https://doi.org/10.1590/51676-
06032007000300020

Lépez RB, Castello HP. Eigenmannia
trilineata (Teleostomi, Sternopyginae)
nueva especie hallada en el Rio de la Plata.
Comunicaciones del Museo Argentino
Ciencias Naturales “Benardino Rivadavia”
e Instituto Nacional de Investigacion de las
Ciencias Naturales, Zooldgia, Buenos Aires.
1966; 4(2):7-12.

Moysés CB, Mockford S, Almeida-
Toledo LF, Wright JM. Nine polymorphic
microsatellite loci in the Neotropical
electric eel Eigenmannia (Teleostei:
Gymnotiformes). Mol Ecol Notes. 2005;
5(1):7-09. https://doi.org/10.1111/j.1471-
8286.2004.00803.x

Neotropical Ichthyology, 21(4):e230090, 2023

Moysés CB, Daniel-Silva MFZ, Lopes CE,
Almeida-Toledo LF. Cytotype-specific
ISSR profiles and karyotypes in the
Neotropical genus Eigenmannia (Teleostei:
Gymnotiformes). Genetica. 2010; 138:179-
89. https://doi.org/10.1007/s10709-009-9407-
6

Milhomem SSR, Crampton WGR,
Pieczarka JC, Shetka GH, Silva DS,
Nagamachi CY. Gymnotus capanema,

a new species of electric knife fish
(Gymnotiformes, Gymnotidae) from
eastern Amazonia, with comments on

an unusual karyotype. ] Fish Biol. 2012;
80(4):802-15. https://doi.org/10.1111/j.1095-
8649.2012.03219.x

Nirchio M, Rossi AR, Foresti F, Oliveira
C. Chromosome evolution in fishes: a new
challenging proposal from Neotropical
species. Neotrop Ichthyol. 2014; 12(4):761-
70. https://doi.org/10.1590/1982-0224-
20130008

Oyakawa OT, Menezes NA. Checklist

dos peixes de dgua doce do Estado de

Sédo Paulo, Brasil. Biota Neotrop. 2011;
11(1):19-31. https://doi.org/10.1590/S1676-
06032011000500002

Peixoto LAW, Wosiacki WB. Eigenmannia
besouro, a new species of the Eigenmannia
trilineata species-group (Gymnotiformes:
Sternopygidae) from the rio Sdo Francisco
basin, northeastern Brazil. Zootaxa. 2016;
4126(2):262-70. https://doi.org/10.11646/
zootaxa.4126.2.6

Peixoto LAW, Dutra GM, Wosiacki

WB. The electric glass knifefishes of

the Eigenmannia trilineata species-

group (Gymnotiformes: Sternopygidae):
monophyly and description of seven new
species. Zool ] Linn Soc. 2015; 175(2):384~
414. https://doi.org/10.1111/z0j.12274

Peixoto LAW, Pastana MNL, Ballen

GA. New species of glass knifefish

genus Eigenmannia (Gymnotiformes:
Sternopygidae) with comments on

the morphology and function of the
enlarged cephalic lateral-line canals of
Sternopygidae. J Fish Biol. 2020; 98(1):142-
53. https://doi.org/10.1111/jfb.14564

ni.bio.br | scielo.br/ni


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

Vinicius C. Cardoso and Guilherme M. Dutra

ni.bio.br | scielo.br/ni

Peixoto LAW, Datovo A, Campos-da-
Paz R, de Santana CD, Menezes NA.
Anatomical, taxonomic, and phylogenetic
reappraisal of a poorly known

ghost knifefish, Tembeassu marauna
(Ostariophysi: Gymnotiformes), using
X-ray microcomputed tomography. PLoS
ONE. 2019; 14(11):e0225342. https://doi.
org/10.1371/journal.pone.0225342

Pereira LHG, Hanner R, Foresti F,
Oliveira C. Can DNA barcoding accurately
discriminate megadiverse Neotropical
freshwater fish fauna? BMC Genet. 2013;
14(20):1-14. https://doi.org/10.1186/1471-
2156-14-20

Pereira LHG, Maia GMG, Hanner R,
Foresti F, Oliveira C. DNA barcodes
discriminate freshwater fishes from the
Paraiba do Sul River basin, Sdo Paulo,
Brazil. Mitochondrial DNA. 2011; 22:71-79.
https://doi.org/10.3109/19401736.2010.53
2213

Sabaj MH. Codes for Natural History
Collections in Ichthyology and Herpetology.
Copeia. 2020; 108(3):593-669. https://doi.
0rg/10.1643/ASTHCODONS2020

Sabaj MH. Codes for Natural History
Collections in Ichthyology and Herpetology
(online supplement). Version 9.0.
Washington, DC: American Society of
Ichthyologists and Herpetologists; 2022.
Available from: https://asih.org

Sene VF, Pansonato-Alves JC, Utsunomia
R, Oliveira C, Foresti F. Karyotype
diversity and patterns of chromosomal
evolution in Eigenmannia (Teleostei,
Gymnotiformes, Sternopygidae). Comp
Cytogenet. 2014; 8(4):301-11. https://doi.
0rg/10.3897/CompCytogen.v8i4.8396

Silva DS, Peixoto LAW, Pieczarka JC,
Wosiacki WB, Ready JS, Nagamachi

CY. Karyotypic and morphological
divergence between two cryptic

species of Eigenmannia in the Amazon
basin with a new occurrence of XX/

XY sex chromosomes (Gymnotiformes:
Sternopygidae). Neotrop Ichthyol. 2015;
13(2):297-308. https://doi.org/10.1590/1982-
0224-20140160

Tagliacollo VA, Bernt MJ, Craig JM,
Oliveira C, Albert JS. Data supporting
phylogenetic reconstructions of the
Neotropical clade Gymnotiformes.
Data in Brief. 2016; 7:23-59. https://doi.
0rg/10.1016/j.dib.2016.01.069

Tamura K, Stecher G, Kumar S. MEGA11:
Molecular Evolutionary Genetics Analysis
Version 11. Mol Biol Evol. 2021; 38(7):3022—-
27. https://doi.org/10.1093/molbev/msab120

Taylor R, Van Dyke C. Revised procedures
for staining and clearing small fishes and
other vertebrates for bone and cartilage
study. Cybium. 1985; 9(2):107-19.

Vari RP. The neotropical fish family
Ctenoluciidae (Teleostei: Ostariophysi:
Characiformes): Supra and intrafamilial
phylogenetic relationships, with a
revisionary study. Smithson Contrib Zool.
1995; 564:1-97. https://doi.org/10.5479/
51.00810282.564

Weitzman SH. The osteology of Brycon
meeki, a generalized characid fish, with
an osteological definition of the family.
Stanford Ichthyol Bull. 1962; 8:1-77.

Neotropical Ichthyology, 21(4):e230090, 2023 25/26



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

New Eigenmannia from the upper rio Parana basin

Neotropical |[&si1)70)[0)4

This is an open access article under the terms of the
Creative Commons Attribution License, which permits
use, distribution and reproduction in any medium,
provided the original work is properly cited.

Distributed under
Creative Commons CC-BY 4.0

© 2023 The Authors.
Diversity and Distributions Published by SBI

Ei

B

Official Journal of the

Sociedade Brasileira de Ictiologia

=]

26/26

Neotropical Ichthyology, 21(4):e230090, 2023

AUTHORS’ CONTRIBUTION ©®

Vinicius de Carvalho Cardoso: Conceptualization, Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization,
Writing-original draft, Writing-review and editing.

Guilherme Moreira Dutra: Conceptualization, Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation,

Visualization, Writing-original draft, Writing-review and editing.

ETHICAL STATEMENT
This study was carried out under the approval of the Animal Care and Use Committee (ACUC) of the
Instituto de Biociéncias, Universidade de Sdo Paulo (Project #226/2015; CIAEP #01.0165.2014).

COMPETING INTERESTS

The author declares no competing interests.

HOW TO CITE THIS ARTICLE

e Cardoso VC, Dutra GM. Description of a new species of glass knifefish genus Eigenmannia
(Gymnotiformes: Sternopygidae) from the upper rio Parand basin, based on anatomical,
karyotypic, and molecular evidences. Neotrop Ichthyol. 2023; 21(4):e230090. https://doi.
0rg/10.1590/1982-0224-2023-0090

ni.bio.br | scielo.br/ni


https://www.ni.bio.br/
https://www.scielo.br/ni
https://doi.org/10.1590/1982-0224-2023-0090
https://doi.org/10.1590/1982-0224-2023-0090
https://www.sbi.bio.br/pt/
http://www.ni.bio.br
https://en.wikipedia.org/wiki/Open_access#External_links
https://creativecommons.org/licenses/by/4.0/

