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Revealing hidden diversity through
iterative approaches: eight new
species of Cambeva (Siluriformes:
Trichomycteridae) from the highly
endemic rio Iguacu basin

Renan B. dos Reis?, “Bruno H. M. Stabile!, “Alessandra V. Oliveira?,
Juliano Ferrer? and “Weferson J. da Graga*>+5

The rio Iguagu basin can be considered a “hotspot” for Cambeva due to its high
endemism and the increasing anthropogenic impacts it has been experiencing.
Despite this, significant sampling gaps remain, particularly in the lower regions
of the basin. Based on recently collected material deposited in ichthyological
collections, we describe eight new species of Cambeva from the lower rio
Iguagu basin. Species delimitation was carried out through an iterative approach
combining external morphological, osteological, and molecular data, with the
application of delimitation methods such as GMYC and ASAP. In addition to
the taxonomic descriptions, we discuss the potential occurrence of Cambeva
zonata in the Iguagu basin, as well as the low genetic distance observed between
C. papillifera and C. ventropapillata, which raises important questions for future
taxonomic revisions. Finally, we provide an updated identification key for the
Cambeva species confirmed in the rio Iguagu basin.

Keywords: Biodiversity conservation, Cytochrome ¢ oxidase subunit I, DNA-
barcoding, Fish taxonomy, Trichomycterinae.
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Eight new species of Cambeva from rio Iguagu basin.

A bacia do rio Iguagu pode ser considerada um “hotspot” para Cambeva devido
a0 seu alto endemismo e aos crescentes impactos antrépicos que vem sofrendo.
Apesar disso, ainda existem lacunas significativas de amostragem, especialmente
nas regides mais baixas da bacia. Com base em material recentemente coletado e
depositado em colegdes ictioldgicas, descrevemos oito novas espécies de Cambeva
provenientes da bacia do baixo rio Iguagu. A delimitagio das espécies foi realizada
por meio de uma abordagem iterativa que combinou dados morfolégicos
externos, osteologicos e moleculares, aplicando métodos de delimitagio como
GMYC e ASAP. Além das descri¢des taxondmicas, discutimos a possivel
ocorréncia de Cambeva zonata na bacia do Iguagu, bem como a baixa distancia
genética observada entre C. papillifera e C. ventropapillata, o que levanta questdes
importantes para revisdes taxondmicas futuras. Por fim, fornecemos uma chave
de identificagio atualizada para as espécies de Cambeva confirmadas na bacia do
rio Iguagu.

Palavras-chave: Conservagio da biodiversidade, DNA barcoding, Subunidade I
do citocromo c oxidase, Taxonomia de peixes, Trichomycterinae.

INTRODUCTION

The rio Iguagu is one of the major tributaries on the left bank of the rio Parand (La
Plata Basin), flowing into the rio Parand at Foz do Iguagu. A key feature of its course
is the Iguagu Falls, a geological barrier that plays a crucial role in isolating the lower
rio Iguagu from the rio Parand (Baumgartner ef al., 2012; Casciotta et al., 2018; Pidlek
et al., 2019; Mezzaroba et al,, 2021). The river’s extension is approximately 1,320 km
(Maack, 2012), and exhibits a high degree of endemism in fish species, attributed to its
isolation and the compartmentalization of its sub-basins, including its tributaries and
geological formations that separate the Parana plateaus (Ingenito ef al., 2004; Garavello,
Sampaio, 2010; Baumgartner ef al., 2012; Mezzaroba et al., 2021). Ingenito et al. (2004)
categorizes the basin into upper and middle section, divided by the Salto Caiacanga,
and the middle and lower section by the Salto Grande (Ingenito e al.,, 2004), important
relief that divided the rio Iguagu basin, now submerged by hydroelectric power plants.

Cambeva Katz, Barbosa, Mattos & Costa, 2018, was described by Katz er al. (2018),
to reallocate Trichomycterus Valenciennes, 1832 species, initially with 25 species, and
since then, 34 species have been described, bringing the current total to 61 valid species
(Fricke er al, 2026). This diversity can be attributed to the species of the genus with
high degree of endemism and restricted geographic distribution (Costa et al., 2022,
2024a,b; Ferrer, Malabarba, 2013; Reis ef al,, 2023). Moreover, morphological variations
observed in some species, such as Cambeva perobana Martins, Reis, Stabile & da Graga,
2024 (Martins et al., 2024), and Cambeva cf. perkos (Datovo, Carvalho & Ferrer, 2012)
[see dos Reis er al. (2025)] suggest the integration of multiple lines of evidence (iterative
approaches) to accurately determine their distribution, conservation status, diagnostic
characters and ecological aspects that may influence their biology (Ribeiro et al,, 2021;
Costa et al., 2023a; Martins ef al., 2024).
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In the rio Iguagu basin, descriptions of Cambeva species began with the American
zoologist John Diederich Haseman in the first decade of the 20th century that described
Pygidium davisi Haseman, 1911, now Cambeva davisi (Haseman, 1911), the type species
of the genus (Katz ef al., 2018), from the middle section of the basin. It took 57 years
before a second species was described for the basin by Miranda-Ribeiro (1968), Cambeva
stawiarski (Miranda-Ribeiro, 1968), from lower section of the basin. Subsequently, de
Pinna (1992) described Cambeva castroi (de Pinna, 1992), from upper section, followed
by Wosiacki, Garavello (2004), who described C. mboycy (Wosiacki & Garavello, 2004),
C. taroba (Wosiacki & Garavello, 2004), C. plumbea (Wosiacki & Garavello, 2004), and
C. papillifera (Wosiacki & Garavello, 2004), as well as C. igobi (Wosiacki & de Pinna,
2008) and C. crassicaudata (Wosiacki & de Pinna, 2008) (Wosiacki, de Pinna, 2008a,b),
from lower section of the basin, in the rio Jordio sub-basin, and C. naipi (Wosiacki &
Garavello, 2004) from upper and middle section of the basin. More recently, C. cauim
Reis, Ferrer & da Graga, 2022 was described in lower section of the basin (dos Reis et al.,
2022) as part of the C. stawiarski group (sensu Wosiacki, de Pinna, 2008a), along with C.
piraquara dos Reis, Wosiacki, Ferrer, Donin & da Graga, 2023 from the upper section of
the basin (dos Reis ef al, 2023), and five new species described , such as C. melanoptera
Costa, Abilhoa, Dalcin & Katz, 2022 (Costa et al., 2022), from lower section of the basin,
and C. atrobrunnea Costa, Feltrin & Katz, 2024, C. galactica Costa, Feltrin & Katz, 2024,
C. luteoreticulata Costa, Feltrin & Katz, 2024, and C. rotundipinna Costa, Feltrin & Katz,
2024 (Costa et al., 2024a), from middle section of the basin.

Despite the increasing number of species descriptions in recent years and to the rio
Iguagu being considered a “hotspot” for the genus (dos Reis ef al., 2022), harboring
17 species of which 16 are endemic (dos Reis et al., 2020a; Costa ef al., 2022, 2024a),
taxonomic efforts have remained concentrated in the upper and middle sections of the
rio Iguagu, and in the rio Jordio and some adjacent basins in the lower section of the
basin (see distribution of species in Wosiacki, Garavello, 2004; dos Reis ef al,, 2022). In
contrast, the lower rio Iguagu tributaries have received comparatively less attention and
have not yet been systematically explored with regard to alpha taxonomy of the genus.
Thus, based on material deposited in ichthyological collections and specimens from
recent field trips, this study aimed to describe eight new species of Cambeva, infer their
phylogenetic position, assess their molecular delimitation and evaluate their conservation
status from the lower section of rio Iguacu using multiple lines of evidence (iterative
approaches), ranging from the Iguacu National Park (Parque Nacional do Iguagu) in
downstream of the Iguagu Falls, to the rio Butid region in the upper portion of the
lower rio Iguagu. Additionally, we provide a key for the identification of all Cambeva
species from the basin.

MATERIAL AND METHODS

Sampling. Specimens utilized as type material and comparative material were deposited
in scientific collections, such as Field Museum of Natural History, Chicago (FMNH);
Museu de Ciéncia e Tecnologia da Pontificia Universidade Catélica do Rio Grande
do Sul, Porto Alegre (MCP); Museu de Hist6ria Natural Capdo da Imbuia, Curitiba
(MHNCI); Museu Paraense Emilio Goeldi, Belém (MPEG); Museu de Zoologia da
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Universidade Estadual de Sio Paulo, Sio Paulo (MZUSP); and Colegio Ictiolégica do
Nupélia, Maringa (NUP). Institutional abbreviations follow Sabaj (2022).

Morphological data. Morphometric data were taken point to point with digital
calipers (precision 0.1 mm) on the left side of specimens. Measurements followed by
Tchernavin (1944), Costa (1992), Nascimento ef al. (2017), and Donin et al. (2022),
adapted and described in Martins ef al. (2024). Clearing and staining (c&s) of specimens
followed Taylor, Van Dyke (1985). Vertebral counts exclude those in the Weberian
complex, and the compound caudal centrum (PU1+Ul1) was counted as a single
element (Ferrer, Malabarba, 2013). The nomenclature of bones and cartilages followed
Bockmann et al. (2004), except for using parurohyal instead of urohyal following
Arratia, Schultze (1990), lateral sensory canals and associated pores following Rizzato,
Bichuette (2017), opercular and interopercular odontodophores, which followed de
Pinna, Dagosta (2022), sesamoid supraorbital following Adriaens et al. (2010), and ribs
following Britz, Bartsch (2003), the last two are based on the justification provided by
Costa (2021).

The counts of unsegmented rays (represented by a lowercase Roman numeral) in c&s
specimens are given before the number of unbranched (represented by an uppercase
Roman numeral) and branched rays (represented by an Arabic numeral). Interopercular,
opercular odontodes, premaxilla, and dentary teeth were counted only in c&s
specimens. Specimens poorly ossified or with dubious counts were not included in the
range of variation. In descriptions, an asterisk denotes the counts of holotype and each
meristic character is followed by the number of specimens examined in parentheses.
Osteological illustrations were prepared in digital software, based on photographs and
direct observation of c&s specimens under a stereomicroscope. The data obtained were
compared directly with specimens (see comparative material) and specific literature.
Cambeva paolence (Eigenmann, 1917) was not included in diagnosis due to evidence
suggesting it does not belong to Cambeva (dos Reis ef al., 2025a).

Conservation status. We calculated the Area of Occupancy (AOO) using the
polygon area of sub-basins of the data made by HydroBASINS (available at: hetps:/
www.hydrosheds.org/products/hydrobasins). The sub-basin scale used in this study was
defined according to the distribution range of each species, following the TUCN SSC
Red List Technical Working Group (2019) standard criteria: level 10 for restricted-
range species and level eight for widespread species. The final conservation status of
the new species proposed was suggested using the categories and criteria of the [UCN
Standards and Petition Subcommittee (2024).

Molecular data. The DNA of the specimens was extracted from muscular tissue using
the Wizard Genomic DNA Purification kit (Promega), following the manufacturer’s
protocol and quantified using NanoDrop™ Lite Spectrophotometer. The analyses
included a set of partial sequences of two mitochondrial genes: cytochrome ¢ oxidase
subunit I (COX1) and cytochrome b (CYTB). For amplification of the COX1 gene,
primers FishF1 (Ward ef al., 2005) and FR1d (Ivanova er al., 2007) were used with the
following amplification conditions: initial denaturation at 95 °C for 5 min, followed by
35 cycles at 94 °C for 30's, 52 °C for 40's, and 72 °C for 1 min, with a final extension at
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72 °C for 10 min (Ivanova et al.,, 2007); for the CYTB gene, primers Siluri F and Siluri R
(Villa-Verde er al, 2012) were used with the following amplification conditions: initial
denaturation at 94 °C for 4 min, followed by 35 cycles at 94 °C for 1 min, 62 °C for 1
min, and 72 °C for 1 min, with a final extension at 72 °C for 5 min (Villa-Verde et al.,
2012). All samples were purified with polyethylene glycol 8000, following the protocol
of Rosenthal ef al. (1993), and later sequenced using an ABI 3500 Applied Biosystems
automated sequencer, sequenced in forward direction. Additional sequences of Cambeva
were obtained from GenBank, using species with morphological and molecular
concordance and confirmation in previous studies (see Tab. S1). Trichomycterus nigricans
Valenciennes, 1832 (GenBank access code: MN385796), and Scleronema cf. guapa Ferrer
& Malabarba, 2020 (GenBank access code: PP319012) were used as outgroup for the
COX1 tree, and Scleronema operculatum Eigenmann, 1917 (GenBank access code:
MK123708) was used as outgroup for the CYTB tree. All the sequences of Cambeva
obtained in this study are deposited in GenBank (Tab. S1).

The generated sequences were edited in BioEdit (Hall, 1999) and aligned by the
ClustalW algorithm (Thompson et al., 1994) in MEGA7 (Kumar ef al., 2016). MEGA7
was also used to calculate genetic distances using the Kimura-2-Parameter (K2P) model,
between and within species groups. The best-fitting model of molecular evolution was
calculated based on the Bayesian Information Criterion (BIC) implemented in the web
server of IQ-TREE (available at: http://iqtree.cibiv.univie.ac.at/, Kalyaanamoorthy er
al., 2017; Trifinopoulos ef al., 2016).

We constructed a Bayesian phylogenetic tree for COX1 and CYTB gene, including
unique haplotypes identified by DnaSP v. 6 (Rozas et al., 2017), this adjustment was
made to address known problems in GMYC caused by identical sequences, where zero-
length terminal branches result in the calculation of an infinite coalescent A (Monaghan
et al., 2009; Fujisawa, Barraclough, 2013). We built trees using an uncorrelated relaxed
clock and a speciation birth-death model on an arbitrary timescale, implemented in
BEAST v. 1.8.4 (Drummond ef al, 2012). A random tree was used as the starting
topology for Markov Chain Monte Carlo (MCMC) searches, which were conducted
in two independent runs of 40,000,000 generations to assess convergence for COX1,
and 10,000,000 generations for CYTB. Trees and log parameters were sampled every
4,000 generations for COX1, and 1,000 generations for CYTB. Chain convergence
was identified in the Tracer v. 1.7.2 to determine the stationary phase and an effective
sample size > 200 (Rambaut ef al., 2018). Ten percent of the chain was discarded as a
burn-in procedure in Tree Annotator v. 1.8.4 to find the Maximum Clade Credibility
Tree (MCC) (Drummond et al, 2012). The final tree was edited using Interactive
Tree of Life (iTOL) (Letunic, Bork, 2021). Additionally, we constructed a Maximum
Likelihood (ML) tree, with the PHYML 3.0 (Guindon ef al., 2010) webserver (available
at: http://www.atgc-montpellier.fr/phyml/), with branch support tested using standard
bootstrap with 1,000 replicates, for both alighments (COX1 and CYTB).

Species delimitation test. To test the delimitation of most Cambevaspecies, we applied
species delimitation methods. We conducted five different tests: 1) Assemble Species by
Automatic Partitioning (ASAP; Puillandre er al, 2021); 2) The General Mixed Yule
Coalescent Model (GMYC; Fujisawa, Barraclough, 2013), using single and multiple
thresholds; and 3) the Poisson tree process (PTP) and its Bayesian implementation
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(bPTP) (Zhang et al., 2013). 1) The first test (ASAP) was designed to propose partitions
of species hypotheses using genetic distances calculated between the sequences. The
input file was the aligned sequences, and the analysis was performed in the web server
(available at: hetps://bioinfo.mnhn.fr/abi/public/asap/), with Kimura (K80, ts/tv 2.0)
distance model. 2) For the second method (GMYC), the MCC ultrametric tree was
used (see section Molecular data). The MCC was checked in FigTree v. 1.4.4 and a
newick tree was used as an input file for the GMYC analyses performed in the web
server (available at: https://species.h-its.org/gmyc/) using a single threshold (sGMYC)
and multiple threshold (nGMYC) methods. 3) For the PTP method we used the ML
tree as input in the web server (available at: hetps://species.h-its.org/), and its Bayesian
implementation utilized 500,000 MCMC generations with 0.2 burn-in, along with all
other default parameters.

RESULTS
Cambeva kaingang, new species
urn:lsid:zoobank.org:act:8E6D183A-3A9B-45CC-A059-3C6BDSCC4C40
(Figs. 1, 2A—4A, 5-6; Tab. 1)

Trichomycterus sp. 2. —Baumgartner e al., 2012:112 (checklist from lower rio Iguagu).
Cambeva sp. 2. —dos Reis e al., 2020:471 (checklist of freshwater fishes from Paran4 State).

Holotype. NUP 19052, 50.6 mm SL, Brazil, Parand State, municipality of Santa
Tereza do Oeste, cérrego Jumelo, tributary of rio Gongalves Dias, lower rio Iguagu
basin, rio Parana system, 25°04°47”S 53°37°26”W, 20 May 2015, R. Delariva.

Paratypes. All from Brazil, Parana State, lower rio Iguagu basin, rio Parand system.
UFRGS 30090, 5, 43.7-53.8 mm SL, same data as holotype. MZUSP 130924, 6, 27.0-
36.9 mm SL, municipality of Cascavel, rio Sio Joo, tributary of rio Salto, rio Andrada
basin, 25°00°43”S 53°19°51”W, 14 Mar 2017, R. Delariva. NUP 12661, 5, 25.8—44.2 mm
SL, municipality of Santa Tereza do Oeste, rio Gongalves Dias, 25°03’48”S 53°36’16"W,
20 Sep 2011, R. Delariva. NUP 19056, 1 c&s, 36.0 mm SL, municipality of Céu Azul, rio
Manoel Gomes, 25°09°43”S 53°49’46”W, 16 Sep 2014, R. Delariva. NUP 19057, 1 c&s,
42.0 mm SL, municipality of Céu Azul, rio Manoel Gomes, 25°09'43”S 53°49°46"W,
18 Feb 2016, R. Delariva. NUP 24847, 1, 34.5 mm SL, municipality of Santa Tereza do
Oeste, rio Gongalves Dias, 25°04’51.10”S 53°37°18.6"W, 11 Sep 2023, R. B. Reis, B. H.
M. Stabile, M. Z. Roloft, C. E. V. Grou, L. D. Lima & S. K. Utiyama.

Diagnosis. Cambeva kaingang is distinguished from all congeners except C. balios
(Ferrer & Malabarba, 2013), C. botuvera Costa, Feltrin & Katz, 2021, C. cubataonis (Bizerril,
1994), and C. urubici Costa, Feltrin & Katz, 2021 by the lateral surface of body composed
of large, with same size as opercular odontodophore, dark-brown rounded blotches
coalescing and forming irregularly bordered and interrupted longitudinal stripe, from
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FIGURE 1 | Cambeva kaingang, A. Holotype, NUP 19052, 50.6 mm SL, Brazil, Parand State, cérrego Jumelo,
tributary of rio Gongalves Dias, lower rio Iguacu, rio Parana system. B. Paratype, MZUSP 130924, 36.9

mm SL.

opercular region to base of caudal-fin ray (Fig. 1A), or in smaller specimens (< 40.0 mm
SL), with midlateral row of dark-brown rounded blotches, with same size as opercular
odontodophore, sometimes coalescing, always forming small interrupted stripes (Fig.
1B) (vs. absence of longitudinal stripe in the mid-lateral surface of body or, when
present, formed by a narrow, continuous, and well-defined dark-brown longitudinal
mid-lateral stripe in C. naipi (Wosiacki & Garavello, 2004), C. pascuali (Ochoa, Silva,
Costa e Silva, Oliveira & Datovo, 2017); longitudinal mid-lateral stripe composed of
rounded blotches, two or three times the size of the eyes, in C. biseriata Costa, Feltrin,
Mattos, Dalcin, Abilhoa & Katz, 2023; wide, with size of opercular odontodophore, and
well-defined dark-brown longitudinal mid-lateral stripe extending from the opercular
odontodophore to the caudal-fin base in small specimens of C. davisi, C. perkos, C.
piraquara, and C. zonata (Eigenmann, 1918); longitudinal mid-lateral stripe continuous
and never interrupted or with gaps in C. perkos, C. poikilos (Ferrer & Malabarba, 2013),

Neotropical Ichthyology, 24(3):e250183, 2026 7/77
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and C. longistriata; narrow longitudinal stripe formed by closely spaced dark-brown
spots, with size of eye diameter, from opercle to vertical through anal-fin origin, and
continuing posteriorly to caudal peduncle in C. tupinamba (Wosiacki & Oyakawa,
2005). Cambeva kaingang is distinguished from C. balios, C. biseriata, and C. botuvera by
the general color pattern of the body composed of dark-brown large rounded blotches
(of the size of the opercular odontodophore) on the inner skin layer, in three rows
on the lateral surface of body (dorso-lateral, mid-lateral, and ventro-lateral) (vs. dark-
brown rounded blotches variables in size (from the size of the diameter of the eyes to
the opercular odontodophore) in the mid-lateral surface of body). Cambeva kaingang is
distinguished from C. cubataonis by the number of opercular odontodes (13 vs. 7-10),
dorsal procurrent caudal-fin rays (16 vs. 18-22), and number of ribs (13-14 vs. 11-12).
Cambeva kaingang is distinguished from C. urubici by the number of opercular odontodes
(13 vs. 15-16), interopercular odontodes (21-22 vs. 18-20), dorsal procurrent caudal-fin
rays (16 vs. 13-15), ventral procurrent caudal-fin rays (1213 vs. 10~11), number of ribs
(1314 vs. 15-16), and number of vertebrae (3637 vs. 38—40). Additionally, C. kaingang
is distinguished from C. balios by the number of vertebrae (3637 vs. 38—41); from C.
biseriata by the number of opercular odontodes (13 vs. 15), interopercular odontodes
(21-22 vs. 23), and the number of dorsal procurrent caudal-fin rays (16 vs. 17-19);
and from C. botuvera by the number of opercular odontodes (13 vs. 15-18), number of
interopercular odontodes (21-22 vs. 25-30), and number of vertebrae (36-37 vs. 39-40).

Description. Morphometric data in Tab. 1. Body elongate, trunk roughly
cylindrical close to head and gradually becoming laterally compressed towards caudal
fin. Dorsal profile of trunk slightly convex along anterior half of body to insertion
of dorsal fin. Ventral profile of trunk slightly concave. Dorsal and ventral profiles of
caudal peduncle straight.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal and ventral
profiles of head straight to slightly convex in lateral view. Snout straight to slightly
convex in dorsal view. Eyes located dorsolaterally on anterior half region of head, at
same longitudinal line of nasal barbel, anteroposteriorly elliptical, covered by thin and
translucent skin. Orbital rim not free. Each eye located over posterior termination of
shallow and small longitudinal crest beginning at posterior nostril and making eyes
visible from lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip reaching infraorbital pores
110 and 111 when adpressed to head. Maxillary barbel emerging from lateral limit of
mouth with tip reaching to anterior region of interopercular odontodophore when
adpressed to head. Rictal barbel emerging from lateral limit of mouth, slightly shorter
than maxillary barbel.
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TABLE 1 | Morphometric data for Cambeva kaingang. N = number of specimens, Min = minimum, Max =

maximum, SD = Standard deviation.

_-mmm-

Standard length (mm) 50.7

Percents of standard length

Head length 19.5 13 18.6 20.0 19.3 0.5
Predorsal length 62.0 13 61.3 63.8 62.8 0.7
Prepelvic length 53.6 13 53.6 59.0 55.9 2.1
Preanal length 65.3 13 65.3 71.1 68.5 2.3
Pectoral girdle width 15.9 13 15.1 16.7 16.0 0.5
Trunk length 38.8 13 33.1 40.2 38.6 0.9
Anal-fin Length 17.2 13 14.6 17.7 16.2 1.4
Dorsal-fin length 19.8 13 17.8 20.4 19.0 1.1
Pectoral-fin length 14.9 13 12.4 16.0 14.4 1.7
Pelvic-fin length 10.2 13 8.6 10.2 9.5 0.5
Distance between pelvic-fin base and anus 11.0 13 7.6 11.0 9.6 0.8
Caudal peduncule length 23.1 13 15.5 24.2 22.8 0.9
Caudal peduncule depth 114 13 104 12.3 11.5 0.8
Body depth 15.3 13 12.5 15.3 14.3 1.1
Length of dorsal-fin base 11.9 13 10.5 134 12.3 1.0
Length of anal-fin base 9.1 13 8.1 9.6 8.9 0.6
Pelvic anal distance 14.9 13 11.8 14.9 13.5 1.2
Percents of head length

Head width 92.9 13 73.4 92.9 90.0 1.8
Rictal barbel length 55.4 13 55.4 72.4 62.0 6.7
Maxillary barbel length 62.2 13 58.9 82.5 70.2 9.6
Nasal barbel length 57.4 13 57.4 71.7 64.8 6.5
Snout lenght 40.3 13 40.3 449 42.3 1.7
Interorbital distance 29.7 13 24.6 29.7 27.1 2.0
Mouth width 33.6 13 33.6 48.1 42.9 5.8
Eye diameter 9.5 13 7.0 11.3 8.8 1.6
Supra-orbital pore distance 15.2 13 134 17.1 15.1 1.3

Pectoral fin with distal margin rounded, 1,6*(15) rays, and first ray unbranched, not
prolonged as filament. Pelvic fin with distal margin rounded, not covering anterior
margin of urogenital papilla; 1,4*(15) rays. Pelvic-fin insertion anterior to origin of
dorsal-fin origin. Inner margins of pelvic fins very close basally. Dorsal fin with distal
margin straight to slightly convex, 11,7*(15) rays. Origin of dorsal fin located at vertical
line through last third of pelvic fin. Anal fin elongated with distal margin convex and
with same size or slightly bigger than dorsal fin, I1,5*(12), or I1,6(3) rays. Origin of anal
fin located vertical line in first third of dorsal-fin base. Caudal fin with distal margin
truncated to slightly rounded; upper plate with 1,5%(14), rays, lower plate with L,6*(11)
or 1,5(3) rays, one anomalous specimen with only 1,4 rays on upper caudal plate.

Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua

short, with tapering distal ends. Anterior cranial fontanel restricted to small, rounded
opening situated between frontals and epiphyseal bar. Posterior cranial fontanel long and
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wide extending from posterior portion of frontals to parieto-supraoccipital. Epiphyseal
bar, wider than long. Antorbital slightly elongate, extending over at least one-third of
autopalatine. Sesamoid supraorbital elongate, slightly expanded anteriorly, with small
medial process on anterior third. Anterior portion of sphenotic anterolaterally directed
in dorsal view. Sphenotic, prootic and pterosphenoid fused. Vomer arrow-shaped with
long posterior process extending to parasphenoid. Parasphenoid with long and pointed
posterior process extending to basioccipital. Weberian capsule with lateral openings and
anterior margin fused to basioccipital (Fig. 2A).

Premaxilla rectangular with 44(1) spatulate teeth similar in size and roughly
distributed in four irregular transverse rows. Dentary with 41(1) teeth similar in size and
roughly distributed in four irregular transverse rows, ranging from base of coronoid
process to near dentary symphysis (Fig. 3A). Maxilla boomerang-shaped, shorter than
premaxilla. Autopalatine with lateral margin concave; anterior margin slightly convex;
medial margin slightly concave and long posterior process extending over posterior
portion of metapterygoid. Metapterygoid large and laminar, connected to quadrate
through cartilage. Quadrate L-shaped with deep concavity in anterior portion.
Hyomandibula well-developed slightly concave in dorsal margin; and anterior margin
with notch (Fig. 4A). Opercle longer than interopercle. Opercular odontodophores
ovoid to rounded with 8(1) or 14(1) conical odontodes, gradually curving medially and
increasing in size posteriorly, arranged in five irregular transverse rows. Interopercular
odontodophore elongate with 21(1) or 22(1) conical odontodes, arranged in two
transverse regular rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior
process. Eight (2) branchiostegal rays: five in contact with anterior ceratohyal, two
with interceratohyal cartilage, and one with posterior ceratohyal. Four posteriormost
branchiostegal rays, wider distally. Parurohyal with expanded anterior head, two
elongate lateral processes with wide bases and decreasing in width distally with rounded
tips, and sharp and elongate posterior process. Posterior process of parurohyal shorter
than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4
with straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin,
very prominent in ceratobranchial 3. Ceratobranchial 5 with 14(1) or 15(1) conical,
elongated and pointed teeth arranged in three irregular rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 31(1)
or 32(1) conical, elongated and pointed teeth, arranged in up to three irregular rows;
teeth increasing in size posteriorly.
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FIGURE 2 | Dorsal view of neurocranium of Cambeva species. A. C. kaingang, NUP 19057, 42.0 mm SL; B. C. tessellata, NUP 25868, 66.1 mm SL; C.
C. eriveltoi, NUP 25870, 55.0 mm SL; D. C. tupan, NUP 25874, 60.0 mm SL; E. C. meandrica, NUP 25600, 46.5 mm SL; F. C. wosiackii, NUP 25602, 51.9
mm SL; G. C. longistriata, NUP 25603, 52.8 mm SL; H. C. ytepopo, NUP 25876, 43.1 mm SL. Abbreviations: Abbreviations: af, anterior fontanel; an,
antorbital; ap, autopalatine; ep, epioccipital; fr, frontal; le, lateral ethmoid; i1 and i3, infraorbital sensory pores of the laterosensory system;
me, mesethmoid; mx, maxilla; os, orbitosphenoid; pf, posterior fontanel; pm, premaxilla; ps, posttemporo-supracleithrum; pt, pterotic; so,
sesamoid supraorbital; sp+po+pn, sphenotic-prootic-pterosphenoid complex bone; su, parieto-supraoccipital; and wec, Weberian capsule.
Osteological features on the right side not shown. Cephalic pores are not shown, except for infraorbitals segments with pores i1, and i3, when

present. Scale bars =1 mm.
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FIGURE 3 | Left lower jaw in lateral view of Cambeva species. A. C. kaingang, NUP 19057, 42.0 mm SL; B. C. tessellata, NUP 25868, 66.1 mm SL;
C. C. eriveltoi, NUP 25870, 55.0 mm SL; D. C. tupan, NUP 25874, 60.0 mm SL; E. C. meandrica, NUP 25600, 46.5 mm SL; F. C. wosiackii, NUP 25602,
51.9 mm SL; G. C. longistriata, NUP 25603, 52.8 mm SL; H. C. ytepopo, NUP 25876, 43.1 mm SL. Abbreviations: ar, arguloarticular; cp, coronoid

process; de, dentary; mc, Meckel’s cartilage. Scale bars = 1 mm.

Dorsal fin with eight pterygiophores, first inserted anterior to neural spine of 18 or
19 vertebrae. Anal fin with six pterygiophores, first inserted anterior to haemal spine of
221 (2) vertebrae. Procurrent caudal-fin rays 16(2) dorsally and 12(1) or 13(1) ventrally.
Hypural 3 free and hypurals 4 and 5 fused to each other. Parhypural and hypurals 1 and
2 co-ossified and fused to compound caudal centrum. Free vertebrae 36(1) or 37(1), and
13(1) or 14(1) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (15) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal absent. Sphenotic canal present with two (15) pores, 110, located
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FIGURE 4 | Lateral view of left suspensory of Cambeva species. A. C. kaingang, NUP 19057, 42.0 mm SL; B. C. tessellata, NUP 25868, 66.1 mm
SL; C. C. eriveltoi, NUP 25870, 55.0 mm SL; D. C. tupan, NUP 25874, 60.0 mm SL; E. C. meandrica, NUP 25600, 46.5 mm SL; F. C. wosiackii, NUP
25602, 51.9 mm SL; G. C. longistriata, NUP 25603, 52.8 mm SL; H. C. ytepopo, NUP 25876, 43.1 mm SL. Abbreviations: hy, hyomandibula; iop,

interopercle; mtg, metapterygoid; op, opercle; pop, preopercle; qu, quadrate. Scale bars = 1 mm.
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behind eyes, and pore 111 located laterally to posterior margin of eye. Otic and postotic
canals present with two (15) pores associated: po1 located anterolaterally to opercular
odontodophore and po2 located laterally to half-length of opercular odontodophore.
Lateral line canal short with two (15) pores located above pectoral-fin insertion and
posterior to gill opening.

Coloration in alcohol. Dorsal region of body and head with irregular dark-brown
rounded blotches, with same size as opercular odontodophore, from snout to caudal
peduncle. Lateral surface of body composed of large, with same size as opercular
odontodophore, dark-brown rounded blotches coalescing and forming irregularly
bordered and sometimes interrupted longitudinal band, from opercular region to
base of caudal-fin rays. Rounded smaller dark-brown blotches randomly distributed
between sagittal line of body and lateral line of body, and in ventral portion of lateral
surface of body. Background of body yellowish, readily visible in ventral surface of
body and head. Pectoral, dorsal, anal, and caudal fins with few inconspicuous dark-
brown blotches equivalent or slightly larger in size to eye diameter, over yellowish
background. Pelvic fin yellowish. Barbels with dark-brown melanophores on dorsal
surface. Smallers specimens (< 40.0 mm SL) with midlateral row of dark-brown rounded
blotches, with same size as opercular odontodophore, sometimes coalescing, always
forming small interrupted stripes (Fig. 1B).

Geographical distribution. Cambeva kaingang, is known from the cérrego Jumelo
(type locality), a tributary of rio Gongalves Dias, rio Manoel Gomes, rio Sio Jodo, a
tributary of rio Salto, rio Andrada basin, all from the lower section of rio Iguacu sensu
Ingenito ef al. (2004), Parané State, Brazil (Fig. 5).

Ecological notes. The type locality of Cambeva kaingang is located at an elevation
of 600 m above sea level, near the boundary of Iguagu National Park, one of the most
important environmental preservation areas in Brazil. The water depth is approximately
30 to 60 cm, and the habitat consists of fast-flowing waters, with a substrate composed
of rocks ranging from 5 to 30 cm in diameter (Fig. 6). The species occurs in sympatry in
the type locality with Ancistrus mullerae Bifi, Pavanelli & Zawadzki, 2009, Bryconamericus
pyahu Azpelicueta, Casciotta & Almirdn, 2003, Cambeva wosiackii, Phalloceros
circummontanus Souto-Santos, Mejia, Arcila & Buckup, 2025, Psalidodon bifasciatus
(Garavello & Sampaio, 2010), Psalidodon dissimilis (Garavello & Sampaio, 2010), and
Rhamdia branneri Haseman, 1911.

Conservation status. Cambeva kaingang can be found in three localities, in the cérrego
Jumelo, a tributary of rio Gongalves Dias (type locality), rio Manoel Gomes, and rio Sdo
Joio, a tributary of rio Salto, rio Andrada basin. The new species has an EOO of 454.7
km? (< 5,000 km? in criteria B1 for EN), and can be found in river basins inside the
Iguacu National Park. Therefore, C. kaingang does not meet any other condition of this
criteria, and according to the International Union for Conservation of Nature (IUCN)
categories and criteria (I[UCN Standards and Petitions Subcommittee, 2024), thus our
recommendations is that this species can be classified as Least Concern (LC).
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FIGURE 5 | Partial map of South America, highlighting rio Iguagu basin, and geographical distribution map of Cambeva species from rio
Iguagu and new species described here. Symbols color represented in figure legend. Stars represent type localities, and black rectangles

represent the limits of the upper, middle and lower section of rio Iguagu.

Etymology. The specific name “kaingang” is an allusion to the ethnic group of people
who lived in southern Brazil, encompassing the neighboring areas of the rio Iguacu.
Additionally, in the Tupi-Guarani legend about the origin of the Iguacu waterfalls, the
characters “Naipi” and “Taroba”, are “Kaingangs” or “Caingangues” (Baumgartner er
al., 2012), and specific names of Cambeva species. A noun in apposition.
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FIGURE 6 | Collection point of Cambeva kaingang, NUP 24844, and C. wosiackii, NUP 24848, close to both

type localities.
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Cambeva tessellata, new species
urn:lsid:zoobank.org:act:574EC441-C2C6-4461-B603-1FOABOCF2BD4
(Figs. 2B-4B, 5, 7-8; Tab. 2)

Holotype. NUP 16002, 64.8 mm SL, Brazil, Parand State, municipality of Laranjeiras
do Sul, unknown name stream, tributary of rio Tapera, 25°23’10”S 52°22°44”W, 25 Jan
2014, W. J. Graga, W. M. Domingues, F. A. Teixeira & R. J. Graga.

Paratype. All from Brazil, Parand State, lower rio Iguagu basin, rio Parand system.
NUP 15631, 7, 25.4-65.3 mm SL, NUP 25869, 15, 28.9-79.8 mm SL, UFRGS 30091,
4, 42.8-64.4 mm SL, same data as holotype. MZUSP 130925, 5, 46.4-59.8 mm SL,
NUP 15686, 4, 52.7-57.4 mm SL, NUP 16097, 20, 28.9-79.8 mm SL, NUP 25868,
4 c&s, 55.3-66.1 mm SL, municipality of Laranjeiras do Sul, unknown name stream,
tributary of rio Tapera, 25°25°19.00”S 52°18°15.01”W, 25 Jan 2014, W. J. Graga, W. M.
Domingues, F. A. Teixeira & R. J. Graga.

Diagnosis. Cambeva ftessellata is distinguished from all congeners, except C.
alphabelardense Costa, Feltrin & Katz, 2022, C. concolor (Costa, 1992), C. damnata (Costa,
Azevedo-Santos, Ottoni, Vilardo & Katz, 2024), C. flavopicta Costa, Feltrin & Katz,
2020, C. eriveltoi, C. panthera Costa, Feltrin & Katz, 2021, C. piraquara, C. taroba, and

FIGURE 7 | Cambeva tessellata, holotype, NUP 16002, 64.8 mm SL, Brazil, Parand State, unknown stream,

tributary of rio Tapera, lower rio Iguagu, rio Parana system.
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C. variegata (Costa, 1992) by having in the first pectoral-fin ray extending as a short or
long filament (vs. absence of filament, or when present, in the form of a rudimentary
filament in C. gamabelardense Costa, Feltrin & Katz, 2022, C. imaruhy Costa, Feltrin &
Katz, 2021, and C. pascuali). Cambeva tessellata is distinguished from C. alphabelardense
by the number of pelvic-fin rays (I,4 vs. 1,3), number of dorsal procurrent caudal-fin
rays (23-25 vs. 21), and number of branchiostegal rays (8 or 9 vs. 7); from C. concolor,
C. damnata, and C. variegata by the absence of a prominent skin crest on the dorsal
margin of the caudal peduncle (vs. presence of a prominent skin crest on the dorsal
margin of the caudal peduncle); from C. flavopicta by the presence of pelvic fin and
pelvic girdle (vs. absence of pelvic fin and pelvic girdle); from C. eriveltoi, C. panthera,
and C. piraquara by the color pattern of the body composed of rounded dark-brown
spots or blotches, variable in size, sometimes coalescing and being densely mottled
on the lateral surface of the body (vs. color pattern of the body on dorsal and lateral
surface of body densely composed of coalescent dark-brown blotches, equally in size
of opercular odontodophore, forming a vermicular pattern in C. eriveltoi; color pattern
of the body composed of round brown spots with dark-brown to black margin in C.
panthera; and the presence of conspicuous and well-defined dark-brown longitudinal
mid-lateral stripe, extending from the opercular odontodophore to the first third of
caudal-fin rays in C. piraquara); and from C. taroba by the number of pectoral fin-rays
(L6 vs. 1,5). Additionally, Cambeva tessellata is distinguished from C. panthera by the
number of ribs (12-13 vs. 14), and the presence of smaller maxillary barbel, with its tip
reaching the middle of interopercular odontodophore (vs. longer maxillary barbel, with
its tip reaching the middle of pectoral-fin base); and from C. piraquara by the number
of vertebrae (3638 vs. 40).

Description. Morphometric data in Tab. 2. Body elongate, trunk roughly
cylindrical close to head and gradually becoming laterally compressed towards caudal
fin. Dorsal profile of trunk slightly convex along anterior half of body to insertion
of dorsal fin. Ventral profile of trunk convex. Dorsal and ventral profiles of caudal
peduncle slightly concave.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of
head straight to slightly convex, and ventral convex, in lateral view. Snout straight
convex in dorsal view. Eyes located dorsolaterally on anterior half region of head, at
same longitudinal line of nasal barbel, anteroposteriorly elliptical, covered by thin and
translucent skin. Orbital rim not free. Each eye located over posterior termination of
shallow and small longitudinal crest beginning at posterior nostril and making eyes
visible from lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.
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TABLE 2 | Morphometric data for Cambeva tessellata. N = Number of specimens, Min = Minimum, Max =

Maximum, SD = Standard deviation.

e rTT————el L L L L

Standard length (mm) 76.8 45.7 78.3

Percents of standard length

Head length 18.6 20 18.6 20.4 19.2 0.7
Predorsal length 65.2 20 63.3 68.9 66.3 2.1
Prepelvic length 57.2 20 56.7 60.7 59.2 14
Preanal length 72.8 20 71.9 74.8 73.6 1.2
Pectoral girdle width 15.4 20 14.5 15.4 15.0 0.3
Trunk length 40.6 20 39.2 43.2 41.6 0.9
Anal-fin Length 17.2 20 14.5 17.2 15.6 1.0
Dorsal-fin length 18.7 20 17.0 18.7 17.9 0.6
Pectoral-fin length 13.4 20 11.2 14.7 13.9 0.6
Pelvic-fin length 9.0 20 7.8 9.9 9.0 0.7
Distance between pelvic-fin base and anus 12.8 20 9.0 12.8 10.5 1.3
Caudal peduncule length 20.6 20 17.9 21.2 19.9 14
Caudal peduncule depth 11.5 20 11.5 12.9 12.2 0.5
Body depth 11.4 20 10.5 14.0 12.5 1.5
Length of dorsal-fin base 11.1 20 9.8 11.1 10.6 0.5
Length of anal-fin base 8.2 20 7.3 8.3 7.9 0.4
Pelvic anal distance 14.8 20 13.5 14.8 14.2 0.5
Percents of head length

Head width 93.1 20 84.3 93.1 89.7 2.3
Rictal barbel length 65.1 20 61.3 81.7 67.7 8.2
Maxillary barbel length 79.7 20 70.3 88.5 80.5 6.6
Nasal barbel length 71.1 20 63.4 77.1 72.9 5.8
Snout lenght 45.4 20 43.2 47.1 44.8 1.5
Interorbital distance 283 20 23.3 28.0 26.0 1.9
Mouth width 53.1 20 39.2 55.8 47.5 7.8
Eye diameter 7.4 20 5.7 9.0 7.6 1.2
Supra-orbital pore distance 12.1 20 11.6 15.1 12.9 14

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip reaching postotic pore pol
when adpressed to head. Maxillary barbel emerging from lateral limit of mouth with tip
reaching half region of interopercular odontodophore when adpressed to head. Rictal
barbel emerging from lateral limit of mouth, slightly shorter than maxillary barbel.

Pectoral fin with distal margin rounded, 1,6(20) rays, and first ray unbranched,
prolonged as small filament, about one-seventh pectoral-fin length. Pelvic fin with
distal margin rounded, not covering anterior margin of anus; 1,4*(20) rays. Pelvic-fin
insertion anterior to origin of dorsal-fin origin. Inner margins of pelvic fins very close
basally. Dorsal fin with distal margin convex, I1,7%(20) rays. Origin of dorsal fin located
at vertical line through half portion of pelvic fin. Anal fin elongated with distal margin
convex and slightly smaller than dorsal fin, I1,5(20) rays. Origin of anal fin located
vertical line in last third of dorsal-fin base. Caudal fin with distal margin truncated;
upper plate with 1,5%(20), rays, lower plate with 1,6(20) rays.
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Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua
short, with tapering distal ends. Anterior cranial fontanel restricted to small, rounded
opening situated between frontals and epiphyseal bar. Posterior cranial fontanel long and
wide extending from posterior portion of frontals to parieto-supraoccipital. Epiphyseal
bar, longer than wide. Antorbital slightly elongate, extending over at least one-third
of autopalatine. Sesamoid supraorbital elongate, rod-like shape, slightly expanded
anteriorly, with small medial process on anterior third. Anterior portion of sphenotic
anterolaterally directed in dorsal view. Sphenotic, prootic and pterosphenoid fused.
Vomer arrow-shaped with long posterior process extending to parasphenoid. Vomer
arrow-shaped with long posterior process extending to parasphenoid. Parasphenoid
with long and pointed posterior process extending to basioccipital. Weberian capsule
with lateral openings and anterior margin fused to basioccipital (Fig. 2B).

Premaxilla rectangular with 40(1) or 51(1) spatulate teeth similar in size and roughly
distributed in four irregular transverse rows. Dentary with 40(1) or 44(1) teeth similar
in size and roughly distributed in three irregular transverse rows, ranging from base
of coronoid process to near dentary symphysis (Fig. 3B). Maxilla boomerang-shaped,
shorter than premaxilla. Autopalatine with lateral margin concave; anterior margin
slightly convex; medial margin slightly concave and long posterior process extending
over posterior portion of metapterygoid. Metapterygoid large and laminar, connected
to quadrate through cartilage, notch on posterior margin present in only one specimen
c&s. Quadrate L-shaped with concavity in anterior portion. Hyomandibula well-
developed slightly concave in dorsal margin (Fig. 4B). Opercular odontodophore
ovoid to rounded with 10-13(4) conical odontodes, gradually curving medially and
increasing in size posteriorly, arranged in five irregular transverse rows. Interopercular
odontodophore elongate with 30-32(4) conical odontodes, arranged in two regular
transverse rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior process.
Eight (2) or nine (2) branchiostegal rays: five in contact with anterior ceratohyal, two
with interceratohyal cartilage, one or two with posterior ceratohyal. Four posteriormost
branchiostegal rays, wider distally. Parurohyal with expanded anterior head, two
elongate lateral processes with wide bases and decreasing in width distally with rounded
tips, and sharp and elongate posterior process. Posterior process of parurohyal shorter
than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4
with straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin,
very prominent in ceratobranchial 3. Ceratobranchial 5 with 26(2) conical, elongated
and pointed teeth arranged in three irregular transverse rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
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process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 32(1)
or 35(1) conical, elongated and pointed teeth, arranged in three irregular transverse
rows; teeth increasing in size posteriorly.

Dorsal fin with eight pterygiophores (4), first inserted anterior to neural spine of
18" (2) or 19™ (2) vertebrae. Anal fin with six pterygiophores (4), first inserted anterior
to haemal spine of 21 (3) and 23" (1) vertebrae. Procurrent caudal-fin rays 18-25(4)
dorsally and 11-15(4) ventrally. Hypural 3 free and hypurals 4 and 5 fused to each other.
Parhypural and hypurals 1 and 2 co-ossified and fused to compound caudal centrum.
Free vertebrae 36(1), 37(2), or 38(1), and 12(1) or 13(3) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous, with
three (20) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior portion
of anterior nostrils, pore s3 at same longitudinal line of pore sl posteriorly to posterior
nostrils and pore s6 aligned with posterior margin of eyes. One specimen with presence
of additional pore between s1 and s3, only in left side. Antorbital segment of infraorbital
canal absent. Sphenotic canal present with two pores (20), 110, located behind eyes, and
pore i11 located laterally to posterior margin of eye. Otic and postotic canals present with
two (20) pores associated: pol located anterolaterally to opercular odontodophore and
po2 located laterally to half-length of opercular odontodophore. Lateral line canal short
with two (20) pores located above pectoral-fin insertion and posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body composed of rounded
dark-brown spots or blotches, variable in size, sometimes coalescing and being densely
mottled on the lateral surface of the body. Background of body yellowish, visible on
ventral region of body and head, and between blotches. Head densely pigmented by
rounded blotches, being scattered on lateral region of head. Pectoral, dorsal, anal, and
caudal fins with few inconspicuous dark-brown spots equivalent or slightly larger in
size to eye diameter, over yellowish background. Pelvic fin yellowish. Barbels with
dark-brown spots of melanophores on dorsal surface, and yellowish ventrally.

Geographical distribution. Cambeva tessellata, is known from two unknown name
streams, tributaries of rio Tapera, from the lower section of rio Iguagu (sensu Ingenito
et al., 2004), Parani State, Brazil (Fig. 5).

Ecological notes. The type locality of Cambeva tessellata is located at an elevation of
700 m to 850 m above sea level. The water depth is approximately 30 to 60 cm, and the
habitat consists of fast-flowing waters, with a substrate composed of rocks ranging from
5 to 60 cm in diameter (Fig. 8). The species occurs in sympatry with Hypostomus derbyi
(Haseman, 1911), Phalloceros circummontanus, Psalidodon bifasciatus, and Rineloricaria
maacki Ingenito, Ghazi, Duboc & Abilhoa, 2008.
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Conservation status. Cambeva tessellata can be found in two localities, in the rio
Tapera basin, in the lower section of the rio Iguagu basin. The new species has an EOO
of 188 km? (< 5,000 km? in criteria B1 for EN), although no threat has been found in
the localities of occurrence of the new species. Therefore, C. tessellata does not meet any
condition of this criteria, and according to the International Union for Conservation of
Nature (IUCN) categories and criteria (IUCN Standards and Petitions Subcommittee,

2024), thus our recommendations is that this species can be classified as Least Concern
(LC).

FIGURE 8 | Type locality of Cambeva tessellata, unknown name stream, tributary of rio Tapera, tributary

of the lower rio Iguagu basin, Parana State, Brazil. Upper downstream, lower upstream.
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Etymology. The specific name “fessellata” is derived from the Latin fesselatus, meaning
“mosaic” or “checkered”, referring to the body pattern formed by small, interconnected
spots or blotches. An adjective in the feminine form.

Cambeva eriveltoi, new species
urn:lsid:zoobank.org:act:F83E6B39-8EFE-449B-A6FE-0A739E1D23EA
(Figs. 2C-4C, 5, 9-10; Tab. 3)

Holotype. NUP 25050, 54.9 mm SL, municipality of Foz do Iguagu, rio Sdo Joio,
tributary of rio Iguagu, rio Parand system, 25°37°33.17”S 54°28°49.85"W, 12 Sep 2023,
R. B. Reis, B. H. M. Stabile, M. Z. Roloff, C. E. V. Grou, L. D. Lima, S. K. Utiyama &
N. Paula.

Paratypes. All from Brazil, Parand State, municipality of Foz do Iguacu, rio Sio
Jodo, tributary of lower rio Iguagu, rio Parand system: NUP 25037, 2, 34.6-43.2 mm
SL, NUP 25871, 5, 48.8—68.5 mm SL, same data as holotype. MZUSP 130926, 1, 48.2
mm SL, 25°37°13.37”S 54°28°34.77”W, 10 Feb 2022, J. O. Santos, L. D. Lima & S.
K. Utiyama. NUP 24850, 3, 39.1-46.6 mm SL, UFRGS 30092, 7, 42.9-50.1 mm SL,
25°36°47.34”S 54°25°52.20"W, 16 Sep 2023, R. B. Reis, B. H. M. Stabile, M. Z. Roloff,
C. E. V. Grou, L. D. Lima, S. K. Utiyama & N. Paula. NUP 25034, 1, 39.5 mm SL,
25°37°14.95”S 54°28’13.09"W, 14 Sep 2023, R. B. Reis, B. H. M. Stabile, M. Z. Roloff,
C. E. V. Grou, L. D. Lima, S. K. Utiyama & N. Paula. NUP 25035, 6, 35.8-53.2 mm
SL, NUP 25047, 11, 33.6—-68.5 mm SL, 25°37°18.42”S 54°28°45.43"W, 13 Sep 2023,
R. B. Reis, B. H. M. Stabile, M. Z. Roloft, C. E. V. Grou, L. D. Lima, S. K. Utiyama
& N. Paula. NUP 25036, 3, 29.9-57.7 mm SL, NUP 25870, 2 c&s, 55.0-56.0 mm SL,
25°37°20.98”S 54°26’54.43”W, 16 Sep 2023, R. B. Reis, B. H. M. Stabile, M. Z. Roloff,
C.E. V. Grou, L. D. Lima, S. K. Utiyama & N. Paula.

Diagnosis. Cambeva eriveltoi is distinguished from all congeners, except C.
alphabelardense, C. concolor, C. damnata, C. flavopicta, C. panthera, C. piraquara, C. taroba,
Cambeva tessellata, and C. variegata by having the first pectoral-fin ray extending as a
short filament (vs. absence of filament, or when present, in the form of a rudimentary
filament in C. gamabelardense, C. imaruhy, C. pascuali). Cambeva eriveltoi is distinguished
from C. alphabelardense by the number of pelvic-fin rays (1,4 vs. 1,3), number of dorsal
procurrent caudal-fin rays (18-20 vs. 21), and number of branchiostegal rays (8 vs. 7);
from C. concolor, C. damnata, and C. variegata by the absence of a prominent skin crest
on the dorsal margin of the caudal peduncle (vs. presence of a prominent skin crest on
the dorsal margin of the caudal peduncle); from C. flavopicta by the presence of pelvic
fin and pelvic girdle (vs. absence of pelvic fin and pelvic girdle); from C. panthera, C.
piraquara, and Cambeva tessellata by the color pattern on dorsal and lateral surface of
body densely composed of coalescent dark-brown blotches, equally in size of opercular
odontodophore, forming a vermicular pattern (vs. color pattern of the body composed
of round brown spots with dark-brown to black margin in C. panthera; the presence of
conspicuous and well-defined dark-brown longitudinal mid-lateral stripe, extending
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from the opercular odontodophore to the first third of caudal-fin rays in C. piraquara;
the color pattern of the body composed of rounded dark-brown spots or blotches,
variable in size, coalescing and being densely mottled on the lateral surface of the body
in Cambeva tessellata); and from C. taroba by the number of pectoral fin-rays (1,6 vs. 1,5).
Additionally, Cambeva eriveltoi is distinguished from C. stawiarski by the smaller body
depth (10.5-15.2 vs. 15.4-21.6% of SL), number of dorsal procurrent caudal-fin rays
(18=20 vs. 21-27), number of teeth on ceratobranchial 5 (13—19 vs. 23-27), and number
of teeth on tooth plate connected to pharyngobranchial 4 (24-25 vs. 31-39).

Description. Morphometric data in Tab. 3. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk convex along anterior half of body to insertion of dorsal fin. Ventral
profile of trunk concave along anterior half and convex along posterior half to the
insertion of pelvic fin. Dorsal and ventral profiles of caudal peduncle slightly concave
to straight.

FIGURE 9 | Cambeva eriveltoi A. Holotype, NUP 25050, 54.9 mm SL, Brazil, Parana State, rio Sdo Jodo,

tributary of lower rio Iguagu, rio Parana system; B. Paratype, NUP 25871, 48.8 mm SL.
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Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight and ventral profile of head convex in lateral view. Snout straight to slightly
convex in dorsal view. Eyes located dorsolaterally on anterior half region of head, at
same longitudinal line of nasal barbel, rounded to anteroposteriorly elliptical, covered
by thin and translucent skin. Orbital rim not free. Each eye located over posterior
termination of shallow and small longitudinal crest beginning at posterior nostril and
making eyes visible from lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.

TABLE 3 | Morphometric data for Cambeva eriveltoi. N = Number of specimens, Min = Minimum, Max =

Maximum, SD = Standard deviation.

| noloype [N [ Min| Max | Mean [ sD_
39.2 67.6 52.7 -

Standard length (mm) 53.5 16

Percents of standard length

Head length 17.9 16 17.4 19.9 18.4 0.9
Predorsal length 64.7 16  61.8 65.3 64.0 14
Prepelvic length 56.4 16 54.0 56.4 55.3 0.9
Preanal length 71.7 16  69.2 71.7 70.1 1.0
Pectoral girdle width 15.7 16  13.6 15.7 14.9 0.8
Trunk length 38.1 16 36.9 39.6 38.4 1.0
Anal-fin Length 16.5 16 14.7 17.2 16.3 0.7
Dorsal-fin length 19.2 16 149 19.2 17.0 1.6
Pectoral-fin length 14.6 16 12.7 154l 14.6 0.3
Pelvic-fin length 10.1 16 8.7 10.1 93 0.5
Distance between pelvic-fin base and anus 10.3 16 9.2 12.8 10.4 1.3
Caudal peduncule length 21.6 16 202 22.4 22.0 0.3
Caudal peduncule depth 12.3 16  10.7 12.9 12.3 0.8
Body depth 13.7 16 10.5 15.2 13.5 1.8
Length of dorsal-fin base 11.2 16 9.7 11.5 10.6 0.7
Length of anal-fin base 8.7 16 7.7 9.4 8.3 0.7
Pelvic anal distance 16.8 16 12.7 16.8 153 1.4
Percents of head length

Head width 96.9 16  80.6 98.9 91.3 6.9
Rictal barbel length 58.4 16 548 62.5 58.9 2.7
Maxillary barbel length 64.5 16  61.7 73.0 66.0 44
Nasal barbel length 68.0 16  60.3 68.0 64.1 2.9
Snout lenght 46.8 16 40.7 46.8 42.9 2.5
Interorbital distance 22.5 16 225 26.6 24.8 1.7
Mouth width 47.2 16 43.8 47.8 46.1 1.6
Eye diameter 10.1 16 7.9 10.1 9.1 0.9
Supra-orbital pore distance 13.9 16  12.6 16.3 14.1 1.3
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Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip surpassing in one eye diameter
infraorbital pore i11 when adpressed to head. Maxillary barbel emerging from lateral
limit of mouth with tip reaching to posterior region of interopercular odontodophore
when adpressed to head. Rictal barbel emerging from lateral limit of mouth, slightly
shorter than maxillary barbel.

Pectoral fin with distal margin slightly rounded on last posterior ray, 1,6*(14) or1,7(2)
rays, and first ray unbranched, prolonged as short filament, about one tenth pectoral-fin
length. Pelvic fin with distal margin rounded, not covering anterior margin of anus;
1,4*(16) rays. Pelvic-fin insertion anterior to origin of dorsal-fin origin. Inner margins
of pelvic fins close to each other basally by one eye diameter. Dorsal fin with distal
margin convex, I1,7* (16) rays. Origin of dorsal fin located at vertical line through tip
of pelvic fin. Anal fin elongated with distal margin convex and smaller than dorsal fin,
11,5*(16) rays. Origin of anal fin located vertical line in last third of dorsal-fin base.
Caudal fin with distal margin truncated; upper plate with ,5*(16), rays, lower plate with
1,6*(16) rays.

Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua
short, with tapering distal ends. Anterior cranial fontanel restricted to small, rounded
opening situated between frontals and epiphyseal bar. Posterior cranial fontanel long and
wide extending from posterior portion of frontals to parieto-supraoccipital. Epiphyseal
bar, longer than wide. Antorbital slightly elongate, extending over at least one-third
of autopalatine. Sesamoid supraorbital elongate, rod-like shape, slightly expanded
anteriorly, with small medial process on anterior third. Anterior portion of sphenotic
anterolaterally directed in dorsal view. Sphenotic, prootic and pterosphenoid fused.
Vomer arrow-shaped with long posterior process extending to parasphenoid. Vomer
arrow-shaped with long posterior process extending to parasphenoid. Parasphenoid
with long and pointed posterior process extending to basioccipital. Weberian capsule
with lateral openings and anterior margin fused to basioccipital (Fig. 2C).

Premaxilla rectangular with 40(1) or 42(1) spatulate teeth similar in size and
distributed in three regular transverse rows. Dentary with 40(1) or 43(1) spatulate
teeth, similar in size, distributed in three irregular transverse rows, and ranging from
base of coronoid process to near dentary symphysis (Fig. 3C). Maxilla boomerang-
shaped, shorter than premaxilla. Autopalatine with lateral margin concave; anterior
margin slightly convex; medial margin slightly concave and long posterior process
extending over posterior portion of metapterygoid. Metapterygoid large and laminar,
connected to quadrate through cartilage. Quadrate L-shaped with concavity in anterior
portion. Hyomandibula well-developed slightly concave in dorsal margin (Fig. 4C).
Opercular odontodophore ovoid to rounded with 15(2) conical odontodes, gradually
curving medially and increasing in size posteriorly, arranged in four irregular rows.
Interopercular odontodophore elongate with 23(2) conical odontodes, arranged in two
regular rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at anterior
and posterior ends. Posterior ceratohyal round with a pointed posterior process. Eight
branchiostegal rays: five in contact with anterior ceratohyal, two with interceratohyal
cartilage, one with posterior ceratohyal. Four posteriormost branchiostegal rays, wider
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distally. Parurohyal with expanded anterior head, two elongate lateral processes with
wide bases and decreasing in width distally with rounded tips, and sharp and elongate
posterior process. Posterior process of parurohyal shorter than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4
with straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin,
very prominent in ceratobranchial 3. Ceratobranchial 5 with 13(1) or 19(1) conical,
elongated and pointed teeth arranged in three irregular rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 24(1)
or 25(1) conical, elongated and pointed teeth, arranged in up to three irregular rows;
teeth increasing in size posteriorly.

Dorsal fin with eight or nine pterygiophores, first inserted anterior to neural spine of
18% or 19 vertebrae. Anal fin with six pterygiophores, first inserted anterior to haemal
spine of 22" (2) vertebrae. Procurrent caudal-fin rays 20(1) or 18(1) dorsally and 11(1)
or 13(1) ventrally (Fig. 4). Hypural 3 free and hypurals 4 and 5 fused to each other.
Parhypural and hypurals 1 and 2 co-ossified and fused to compound caudal centrum.
Free vertebrae 36(1) or 37(1), and 11(1) or 13(1) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (16) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal absent. Sphenotic canal present with two (16) pores, 10, located
behind eyes, and pore i11 located laterally to posterior margin of eye. Otic and postotic
canals present with two (16) pores associated: pol located anterolaterally to opercular
odontodophore and po2 located laterally to half-length of opercular odontodophore.
Lateral line canal short with two (16) pores located above pectoral-fin insertion and
posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body densely composed of
coalescent dark-brown blotches, equally in size of opercular odontodophore, forming
vermicular pattern, with few yellowish gaps between blotches, more visible in
specimens smaller than 45.0 mm SL (Fig. 11B). Background of body yellowish, readily
visible in ventral surface of body and head. Pectoral, dorsal, anal, and caudal fins with
few inconspicuous dark-brown blotches equivalent or slightly larger in size to eye
diameter, over yellowish background. Pelvic fin yellowish. Barbels with dark-brown
melanophores on dorsal surface.
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Geographical distribution. Cambeva eriveltoi, is only known from the rio Sio Jodo
(type locality), downstream of the Iguagu waterfalls, in the lower section of rio Iguagu
(sensu Ingenito ef al., 2004) (Fig. 5).

Ecological notes. The type locality of Cambeva eriveltoi is located at an elevation
of 150 m above sea level, inside the Iguacu National Park, one of the most important
environmental preservation areas in Brazil. The substrate of type locality is composed
of fast flowing waters in sandy bottom, and areas with pebbles of 5 to 40 cm (Fig. 10).
The species occurs in sympatry with Ancistrus mullerae, Bryconamericus ikaa Casciotta,
Almirén & Azpelicueta, 2004, Characidium aft. zebra Eigenmann, 1909, Hoplisoma aft.
carlae (Nijssen & Isbriicker, 1983), Phalloceros circummontanus, Psalidodon bifasciatus,
Hypostomus albopunctatus (Regan, 1908), and Rhamdia branneri.

Conservation status. Cambeva eriveltoi can be found in only one locality, in the
rio Sdo Jodo, inside the Iguagu National Park. The new species has an EOO of 243
km?2 (< 5,000 km? in criteria B1 for EN). The presence of the species in a federal well-
conserved protected area suggests the absence of risks related to the species, however
the lack of population data and distribution data in surrounding areas (not found to

date) suggests the increase of specific studies involving the distribution of the species.

FIGURE 10 | Type locality of Cambeva eriveltoi, rio Sdo Jodo, tributary of lower rio Iguacu, Parana State, Brazil. Left upstream, right downstream.
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Therefore, according to the International Union for Conservation of Nature (IUCN)
categories and criteria ([UCN Standards and Petitions Subcommittee, 2024), thus our
recommendations is that this species can be classified as Data Deficient (DD).

Etymology. The specific name “eriveltoi” is named in honor of prof. Dr. Erivelto
Goulart, retired Zoology professor from UEM, one of the mentors and founders of the
Niicleo de Pesquisas em Limnologia, Ictiologia e Aquicultura (Nupélia-UEM). He has
made significant contributions, and continues to do so, in the field of fish evolution,
morphology and ecology, particularly regarding the fishes of the upper rio Parani. A
genitive.

Cambeva tupan, new species
urn:lsid:zoobank.org:act:23CB99AB-37F7-4442-AA5F-685E1A22E70D

(Figs. 2D-4D, 5, 11-12; Tab. 4)

Holotype. NUP 25872, 98.3 mm SL, Brazil, Parand State, municipality of Sio Joio,
rio Chopim, tributary of rio Iguagu, rio Parand system, 25°48°28.13”S 52°53’55.23"W,
2 Jul 2020, INEO staff.

FIGURE 11 | Cambeva tupan, holotype, NUP 25872, 98.3 mm SL, Brazil, Parand State, rio Chopim, tributary

of lower rio Iguacu, rio Parana system.
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Paratypes. All from Brazil, Parani State, rio Chopim, tributary of lower rio Iguacu
basin, rio Parani system. NUP 25873, 5, 60.8-96.9 mm SL, NUP 25874, 2 c&s, 76.7-
86.7 mm SL, same data as holotype. NUP 24857, 1, 60.9 mm SL, municipality of
Palmas, unknown name stream, 26°27°36.46”S 51°57°18.97"W, 11 Oct 2023, W. J. da
Graga, A. Frota, W. M. Domingues & V. A. Teixeira. UFRGS 30093, 2, 60.0-66.0 mm
SL, municipality of Pato Branco, rio Ligeiro, 26°2’9.94”S 52°39°57.56”"W/, 12 Dec 2022,
Gerpel staff.

Diagnosis. Cambeva tupan is distinguished from all congeners, except C. castroi,
C. diabola (Bockmann, Casatti & de Pinna, 2004), C. difficilis (Costa, Feltrin & Katz,
2024), and C. melanoptera by the color pattern of the caudal fin presenting a pale-yellow
to unpigmented stripe in the proximal region (vs. proximal and distal margin of the
caudal fin with dark-brown spots or blotches, but never forming a pale-yellow or white
stripe in the proximal region). Cambeva tupan is distinguished from C. castroi by the
color pattern of the body composed of irregular large dark-brown blotches, sometimes
coalescing and forming vermiculations (vs. by the color pattern of the body composed
of well-defined round blotches large as interopercular odontodophores to small size
as eye diameter); sub-terminal mouth (vs. inferior mouth), nasal barbel length (47.1-
54.8% vs. 32.0-46.0% of head length). Cambeva tupan is distinguished from C. diabola
by the pale-yellow to unpigmented stripe in the proximal region being equivalent in
size in the two lobes of the caudal fin (vs. by the pale-yellow to unpigmented stripe in
the proximal region of the caudal fin being more evident in the dorsal lobe and forming
a white ocellus). Cambeva tupan is distinguished from C. melanoptera by the color pattern
of the distal region of all fins having blotches two or three times the diameter of the eyes
(vs. the distal region of all fins having a broad black zone); the eye diameter (8.1-10.1%
vs. 14.7-16.6% of HL); and the tip of the nasal barbel reaching the pore i11 (vs. tip
of the nasal barbel reaching posterior margin of opercular odontodophores or slightly
surpassing it). Cambeva tupan is distinguished from C. difficilis by the color pattern of
the body composed of irregular large dark-brown blotches, sometimes coalescing and
forming vermiculations (vs. by the color pattern of the body composed of black dots
that are larger along the longitudinal midlateral line of body).

Description. Morphometric data in Tab. 4. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk slightly convex along anterior half of body to insertion of dorsal fin.
Ventral profile of trunk concave along anterior half and convex along posterior half to
the insertion of pelvic fin. Dorsal profile of caudal peduncle slightly convex to straight
and ventral profile of caudal peduncle slightly concave to straight.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight and ventral profile of head convex in lateral view. Snout convex in dorsal view.
Eyes located dorsolaterally on anterior half region of head, at same longitudinal line of
nasal barbel, rounded to anteroposteriorly elliptical, covered by thin and translucent
skin. Orbital rim not free. Each eye located over posterior termination of shallow and
small longitudinal crest beginning at posterior nostril and making eyes visible from
lateral view.
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TABLE 4 | Morphometric data for Cambeva tupan. N = Number of specimens, Min = Minimum, Max =

Maximum, SD = Standard deviation.

T —ia L L L

Standard length (mm) 97.0 . 96.9

Percents of standard length

Head length 20.1 8 194 21.3 20.3 0.6
Predorsal length 63.7 8 619 65.0 63.7 1.1
Prepelvic length 56.4 8 55.0 58.8 56.4 14
Preanal length 70.9 8 69.2 74.3 71.6 1.6
Pectoral girdle width 16.1 8 15.1 17.7 16.9 0.6
Trunk length 38.0 8 368 39.1 38.7 0.4
Anal-fin Length 15.5 8 14.6 17.1 15.7 0.9
Dorsal-fin length 18.0 8 16.6 18.8 18.0 0.8
Pectoral-fin length 13.6 8 131 185 141 1.0
Pelvic-fin length 9.9 8 9.5 10.5 10.0 0.4
Distance between pelvic-fin base and anus 8.7 8 8.1 10.2 9.5 0.5
Caudal peduncule length 21.4 8 195 244 22.1 1.8
Caudal peduncule depth 15.2 8 127 15.7 14.5 0.8
Body depth 15.5 8 153 18.0 16.8 0.9
Length of dorsal-fin base 11.8 8 9.4 11.9 11.8 0.1
Length of anal-fin base 987 8 8.2 9.6 987 0.5
Pelvic anal distance 16.9 8 15.0 17.0 16.4 0.8
Percents of head length

Head width 83.5 8 835 93.4 89.1 4.2
Rictal barbel length 37.8 8 378 44.9 41.9 2.7
Maxillary barbel length 36.0 8 36.0 45.6 41.2 3.9
Nasal barbel length 51.4 8 45.0 54.8 49.9 3.8
Snout lenght 43.3 8 43.3 49.3 46.5 2.3
Interorbital distance 21.4 8 214 26.7 23.9 2.2
Mouth width 40.0 8 37.4 40.4 39.1 14
Eye diameter 8.1 8 8.1 8.8 8.5 0.2
Supra-orbital pore distance 9.0 8 6.9 14.2 10.4 2.7

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip surpassing in one eye diameter
infraorbital pore i11 when adpressed to head. Maxillary barbel emerging from lateral
limit of mouth with tip reaching to anterior region of interopercular odontodophore
when adpressed to head. Rictal barbel emerging from lateral limit of mouth, slightly
shorter than maxillary barbel.
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Pectoral fin with distal margin slightly rounded on last posterior ray, 1,7*(8) rays, and
first ray unbranched, not prolonged as filament. Pelvic fin with distal margin rounded,
covering anterior margin of urogenital papillae; 1,4*(8) rays. Pelvic-fin insertion anterior
to origin of dorsal-fin origin. Inner margins of pelvic fins very close to each other
basally. Dorsal fin with distal margin convex, I1,7*(8) rays. Origin of dorsal fin located
at vertical line through last third of pelvic fin. Anal fin elongated with distal margin
convex and smaller than dorsal fin, I1,5*(8) rays. Origin of anal fin located vertical line
through last third of dorsal-fin base. Caudal fin with distal margin truncated; upper
plate with 1,5%(8), rays, lower plate with 1,6*(8) rays.

Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua
short, with tapering distal ends. Anterior cranial fontanel restricted to small, rounded
opening. Epiphyseal bar totally ossified and difficult visualization. Posterior cranial
fontanel short and narrow, restricted from anterior portion of parieto-supraoccipital to
posterior margin. One specimen lacking epiphyseal bar, anterior and posterior cranial
fontanel connected, forming long and narrow fontanel, from frontal to posterior margin
of parieto-supraoccipital. Antorbital slightly elongate, extending over at least one-
third of autopalatine. Sesamoid supraorbital elongate, rod-like shape, slightly expanded
anteriorly, with small medial process on anterior third. Anterior portion of sphenotic
anterolaterally directed in dorsal view. Sphenotic, prootic and pterosphenoid fused.
Vomer arrow-shaped with long posterior process extending to parasphenoid. Vomer
arrow-shaped with long posterior process extending to parasphenoid. Parasphenoid
with long and pointed posterior process extending to basioccipital. Weberian capsule
with lateral openings and anterior margin fused to basioccipital (Fig. 2D).

Premaxilla rectangular with 54 (2) spatulate to conical teeth similar in size and roughly
distributed in three irregular transverse rows. Dentary with 49(1) or 58(1) spatulate
teeth, similar in size, distributed in three irregular transverse rows, and ranging from
base of coronoid process to near dentary symphysis (Fig. 3D). Maxilla boomerang-
shaped, shorter than premaxilla. Autopalatine with lateral margin concave; anterior
margin slightly convex; medial margin slightly concave with conspicuous process
posteriorly extending slightly over lateral ethmoid; and long postero-lateral process
pointed extending over posterior portion of metapterygoid. Metapterygoid large and
laminar, connected to quadrate through cartilage. Quadrate L-shaped with concavity in
anterior portion. Hyomandibula well-developed, concave in dorsal margin. Opercular
odontodophore ovoid to rounded with 18(2) conical odontodes, gradually curving
medially and increasing in size posteriorly, arranged in five irregular transverse rows.
Interopercular odontodophore elongate with 31(1) or 36(1) conical odontodes, arranged
in two regular transverse rows (Fig. 4D).

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior process.
Eight (1) or nine (1) branchiostegal rays: five in contact with anterior ceratohyal, two
with interceratohyal cartilage, one or two with posterior ceratohyal. Four posteriormost
branchiostegal rays, wider distally. Parurohyal with expanded anterior head, two
elongate lateral processes with wide bases and decreasing in width distally with rounded
tips, and sharp and elongate posterior process. Posterior process of parurohyal shorter
than lateral processes.
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Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4 with
straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin, very
prominent in ceratobranchial 3. Ceratobranchial 5 with 22(1) or 28(1) conical, elongated
and pointed teeth arranged in three irregular transverse rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and
2 with elongated and pointed process along anterior margins; epibranchial 3 with
curved process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and
with cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1,
with cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with
34(1) or 43(1) conical, elongated and pointed teeth, arranged in up to three irregular
transverse rows; teeth increasing in size posteriorly.

Dorsal fin with eight or nine pterygiophores, first inserted anterior to neural spine
of 17 (1) or 18% (1) vertebrae. Anal fin with six pterygiophores, first inserted anterior
to haemal spine of 21% (2) vertebrae. Procurrent caudal-fin rays 27(2) dorsally and 13(2)
ventrally. Hypural 3 free and hypurals 4 and 5 fused to each other. Parhypural and
hypurals 1 and 2 co-ossified and fused to compound caudal centrum. Free vertebrae
37(1) or 38(1), and 11(2) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (8) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal absent. Sphenotic canal present with two (8) pores, i10, located
behind eyes, and pore i11 located laterally to posterior margin of eye. Otic and postotic
canals present with two (8) pores associated: pol located anterolaterally to opercular
odontodophore and po2 located laterally to half-length of opercular odontodophore.
Lateral line canal short with two (1), or three* (7) pores located above pectoral-fin
insertion and posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body densely composed of
coalescent dark-brown blotches, equally in size of opercular odontodophore, forming
vermicular pattern, with few yellowish gaps between blotches, more visible in
specimens smaller than 63.0 mm SL. Background of body yellowish, readily visible
in ventral surface of body and head. Pectoral, pelvic, dorsal, anal, and caudal fins with
conspicuous dark-brown blotches equivalent or slightly larger in size to eye diameter,
more concentrated distally, over yellowish background. Caudal fin presenting pale-
yellow to unpigmented stripe in proximal region. Barbels with dark-brown blotches
on dorsal surface.
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Geographical distribution. Cambeva tupan, is known from the rio Chopim (type
locality) and unknown name stream, tributary of rio Chopim, all tributary of the left
margin of the lower section of rio Iguagu (sensu Ingenito ef al., 2004), Parani State,
Brazil (Fig. 5).

Ecological notes. The type locality of Cambeva tupan is located at an elevation of
500 m to 1,000 m above sea level. The collection point of the new species in tributaries
of rio Chopim has fast-flowing waters and the substrate is composed of bedrocks and
peebles of 5 to 30 cm (Fig. 12). The species occurs in sympatry with Cambeva plumbea,
Heptapterus sp., and Psalidodon bifasciatus.

Conservation status. Cambeva tupan can be found in two localities, in the rio
Chopim basin. The new species has an EOO of 7,483 km? (< 20,000 km? in criteria B1
for VU), although no threat has been found in the localities of occurrence of the new
species. Therefore, C. tupan does not meet any condition of this criteria, and according
to the International Union for Conservation of Nature (IUCN) categories and criteria
(TUCN Standards and Petitions Subcommittee, 2024), thus our recommendations is that
this species can be classified as Least Concern (LC).

Etymology. The specific name “fupan” is an allusion to the kaigang god Tupi. In the
Tupi-Guarani legend about the origin of the Iguagu waterfalls Tupi is the father of the

serpent god M’Boy (Baumgartner ef al., 2012). A noun in apposition.

FIGURE 12 | Type locality of Cambeva tupan, unknown name stream, tributary of rio Chopim, lower rio Iguagu. Left upstream, right downstream.
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Cambeva meandrica, new species
urn:lsid:zoobank.org:act:FD796DCB-992C-4EA1-B4FA-2F1B73E65E0E
(Figs. 2E—4E, 5, 13—14; Tab. 5)

Holotype. NUP 24953, 51.6 mm SL, Brazil, Parand State, municipality of Palmas,
unknown name stream, tributary of rio Chopim, 26°24°37.91”S 51°46’59.99"W, 11
Oct 2023, W. J. da Graga, A. Frota, W. M. Domingues & V. A. Teixeira.

Paratypes. All from Brazil, Parani State, rio Chopim, tributary of lower rio Iguacu
basin, rio Parani system. NUP 24855, 3, 39.1-47.4 mm SL, UFRGS 30094, 1, 39.8
mm SL, same data as holotype. NUP 25424, 4, 30.5-54.1 mm SL, NUP 25600, 2 c&s,
36.2-46.5 mm SL, unknown name stream, municipality of Palmas, 26°24°37.91”S,
51°46°59.99"W, 24 Apr 2024, W. . da Graga, A. Frota, W. M. Domingues & V. A.
Teixeira. NUP 25469, 2, 30.0-51.5 mm SL, unknown name stream, municipality of
Coronel Domingos Soares, 26°20’13”S 51°55’08”W, 23 Apr 2024, W. J. da Graga, A.
Frota, W. M. Domingues & V. A. Teixeira.

FIGURE 13 | Cambeva meandrica, holotype, NUP 24953, 51.6 mm SL, Brazil, Parana State, unknown name

stream, tributary of rio Chopim, lower rio Iguagu, rio Parana system.
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Diagnosis. Cambeva meandrica can be distinguished by all congeners except C.
brachykechenos (Ferrer & Malabarba, 2013), C. flavopicta, C. grisea Costa, Feltrin & Katz,
2021, C. mboycy, C. naipi, C. podostemophila Costa, Feltrin & Katz, 2023, C. poikilos, C.
taroba, C. tourensis Costa, Feltrin & Katz, 2023, C. galactica by the number of pectoral-
fin rays (1,5 vs. L4; 1,6; or 1,7). Cambeva meandrica can be distinguished by C. flavopicta,
C. podostemophila, and C. tourensis by the presence of pelvic fin and girdle (vs. absent);
from C. taroba by the absence of filament in the first unbranched pectoral-fin ray (vs.
presence); and from remaining congeners by the color pattern of dorsal and lateral
surface of body composed of four rows (dorso-sagittal, dorso-lateral, midlateral, and
ventrolateral) of rounded light-brown blotches, sometimes coalescing, and with dark-
brown to black marks delimiting blotches on margins (vs. densely mottled dark brown
over a light yellow background and progressively lighter ventrally in C. brachykechenos;
pale brownish grey, sometimes with dark grey pigment irregularly distributed in C.
grisea; small dark-brown spots in C. mboycy; presence of three well-delimited paired
stripes on dorso-sagittal, lateral midline and ventrolateral surface of body in C. naipi and
some specimens C. poikilos, or remaining specimens of C. poikilos with mottled dark-
brown blotches over a light yellow background; and background of flank and dorsum
only visible by longitudinal rows of interconnected yellowish white vermiculate diffuse
marks in C. galactica).

Description. Morphometric data in Tab. 5. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk convex along anterior half, then slightly concave to insertion of dorsal
fin. Ventral profile of trunk convex. Dorsal and ventral profile of caudal peduncle
slightly convex.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight, and ventral profile of head convex in lateral view. Snout straight to slightly
convex in dorsal view. Eyes located dorsolaterally on anterior half region of head, at
same longitudinal line of nasal barbel, rounded to anteroposteriorly elliptical, covered
by thin and translucent skin. Orbital rim not free. Each eye located over posterior
termination of shallow and small longitudinal crest beginning at posterior nostril and
making eyes visible from lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with inconspicuous fleshy lobes in lateral limits, continuous with base of rictal
barbels. Lips with small and numerous rounded papillae of approximately same size.

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip surpassing in one eye diameter
infraorbital pore i11 when adpressed to head. Maxillary barbel emerging from lateral
limit of mouth with tip reaching to posterior region of interopercular odontodophore
when adpressed to head. Rictal barbel emerging from lateral limit of mouth, shorter

than maxillary barbel.
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TABLE 5 | Morphometric data for Cambeva meandrica. N = Number of specimens, Min = Minimum, Max

= Maximum, SD = Standard deviation.

_-mmm-

Standard length (mm) 51.0 8

Percents of standard length

Head length 20.0 8 19.0 21.9 20.3 1.0
Predorsal length 64.7 8 639 66.3 65.2 0.8
Prepelvic length 61.8 8 58.0 62.4 60.4 1.9
Preanal length 74.9 8 70.7 77.0 73.4 2.4
Pectoral girdle width 16.1 8 154 17.7 16.6 0.9
Trunk length 43.0 8 379 43.0 41.5 1.6
Anal-fin Length 16.5 8 16.2 18.4 17.4 1.0
Dorsal-fin length 17.7 8 17.7 20.4 19.3 1.1
Pectoral-fin length 12.1 8 11.5 14.1 12.7 1.1
Pelvic-fin length 8.1 8 8.1 9.8 9.2 0.6
Distance between pelvic-fin base and anus 8.8 8 7.4 9.5 8.5 0.7
Caudal peduncule length 22.1 8 17.3 22.1 20.6 0.8
Caudal peduncule depth 12.9 8 12.1 14.0 134 0.8
Body depth 14.4 8 140 16.9 15.8 0.9
Length of dorsal-fin base 11.3 8 10.6 13.2 11.7 0.9
Length of anal-fin base 8.1 8 8.1 10.6 9.6 0.9
Pelvic anal distance 13.2 8 11.3 13.9 12.9 0.7
Percents of head length

Head width 88.5 8 84.1 96.6 90.7 5.2
Rictal barbel length 77.8 8 70.2 77.8 74.2 3.5
Maxillary barbel length 72.5 8 725 89.9 82.5 9.0
Nasal barbel length 76.2 8 70.5 80.6 76.4 3.9
Snout lenght 39.8 8 39.8 47.0 43.0 3.5
Interorbital distance 26.9 8 269 35.9 31.4 3.6
Mouth width 45.9 8 34.7 54.6 45.0 7.0
Eye diameter 7.4 8 7.0 9.7 8.4 1.1
Supra-orbital pore distance 7.4 8 3.6 11.6 8.1 3.3

Pectoral fin with distal margin very rounded, 1,5*(11) rays, and first ray unbranched,
not prolonged as filament. Pelvic fin with distal margin rounded, reaching anterior
margin of anus; 1,3*(1), or L,4*(10) rays. Pelvic-fin insertion anterior to origin of
dorsal-fin origin. Inner margins of pelvic fins close to each other basally by half one
eye diameter. Dorsal fin with distal margin convex, 11,7*(11) rays. Origin of dorsal fin
located at vertical line through half of pelvic fin. Anal fin elongated with distal margin
convex and smaller than dorsal fin; 1,6(1), or I1,5%(10) rays. Origin of anal fin located
vertical line in tip of dorsal-fin base. Caudal fin with distal margin rounded; upper plate
with [,4(1), or 1,5%(10), rays, lower plate with I,5(1), or 1,6*(10) rays.

Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua
short, with tapering distal ends; lateral margins with robots process, notched in posterior
portion, near lateral ethmoid. Anterior cranial fontanel restricted to small, rounded
opening situated between frontals and epiphyseal bar. Posterior cranial fontanel long and
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wide extending from posterior portion of frontals to parieto-supraoccipital. Epiphyseal
bar, longer than wide. Antorbital slightly elongate, extending over at least one-third
of autopalatine. Sesamoid supraorbital elongate, rod-like shape, slightly expanded
anteriorly, with small medial process on anterior third. Anterior portion of sphenotic
anterolaterally directed in dorsal view. Sphenotic, prootic and pterosphenoid fused.
Vomer arrow-shaped with long posterior process extending to parasphenoid. Vomer
arrow-shaped with long posterior process extending to parasphenoid. Parasphenoid
with long and pointed posterior process extending to basioccipital. Weberian capsule
with lateral openings and anterior margin fused to basioccipital (Fig. 2E).

Premaxilla rectangular with 36(1) or 40(1) conical teeth similar in size and roughly
distributed in three irregular transverse rows. Dentary with 35(1) conical teeth, similar
in size, distributed in three irregular transverse rows, and ranging from base of coronoid
process to near dentary symphysis (Fig. 3E). Maxilla boomerang-shaped, shorter than
premaxilla. Autopalatine with lateral margin concave; anterior margin slightly convex;
medial margin slightly concave with conspicuous process posteriorly extending slightly
over lateral ethmoid, and long postero-lateral process pointed extending over posterior
portion of metapterygoid. Metapterygoid large and laminar, connected to quadrate
through cartilage. Quadrate L-shaped with concavity in anterior portion. Hyomandibula
well-developed, concave in dorsal margin (Fig. 4E). Opercular odontodophore ovoid
to rounded with 11(1) or 12(1) conical odontodes, gradually curving medially and
increasing in size posteriorly, arranged in four irregular transverse rows. Interopercular
odontodophore elongate with 26(1) or 32(1) conical odontodes, arranged in two regular
transverse rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior
process. Nine (2) branchiostegal rays: six in contact with anterior ceratohyal, two
with interceratohyal cartilage, and one with posterior ceratohyal (counted in one c&s
specimen). Four posteriormost branchiostegal rays, wider distally. Parurohyal with
expanded anterior head, two elongate lateral processes with wide bases and decreasing
in width distally with rounded tips, and sharp and elongate posterior process. Posterior
process of parurohyal shorter than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4 with
straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin, very
prominent in ceratobranchial 3. Ceratobranchial 5 with 11(1) or 13(1) conical, elongated
and pointed teeth arranged in three irregular transverse rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 14(1)
or 18(1) conical, elongated and pointed teeth, arranged in three irregular transverse
rows; teeth increasing in size posteriorly.
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Dorsal fin with eight (2) pterygiophores, first inserted anterior to neural spine of
20% (2) vertebrae. Anal fin with six (2) pterygiophores, first inserted anterior to haemal
spine of 23" (1) or 24% (1) vertebrae. Procurrent caudal-fin rays 18(1) or 21(1) dorsally
and 14(1) or 16(1) ventrally. Hypural 3 free and hypurals 4 and 5 fused to each other.
Parhypural and hypurals 1 and 2 co-ossified and fused to compound caudal centrum.
Free vertebrae 37(1) or 38(1), and 14(1) or 16(1) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (11) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal present with two (11) pores, i1 laterally through posterior region
of anterior nostril, and pore i3 laterally through anterior region of posterior nostril.
Sphenotic canal present with two (11) pores, i10, located behind eyes, and pore i11
located laterally to posterior margin of eye. One specimen with two i11 pores in left
side of head. Otic and postotic canals present with two (11) pores associated: po1 located
anterolaterally to opercular odontodophore and po2 located laterally to half-length of
opercular odontodophore. Lateral line canal short with two (10) or four (1) pores located
above pectoral-fin insertion and posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body composed of four rows
(dorso-sagittal, dorso-lateral, midlateral, and ventrolateral) rounded light-brown
blotches, sometimes coalescing, with dark-brown to black marks delimiting blotches
on margins. Background of body yellowish, visible on ventral region of body and head,
and between rows of blotches. Head densely pigmented by smaller rounded blotches,
being scattered on lateral region of head. Pectoral, dorsal, anal, and caudal fins with few
inconspicuous dark-brown spots equivalent or slightly larger in size to eye diameter,
over yellowish background. Pelvic fin yellowish. Barbels with dark-brown spots of
melanophores on dorsal surface, and yellowish ventrally.

Geographical distribution. Cambeva meandrica, is known from two different
unknown name streams, both tributaries of rio Chopim, tributary of the left margin of
the lower section of rio Iguagu (sensu Ingenito ef al., 2004), Parana State, Brazil (Fig. 5).

Ecological notes. The type locality of Cambeva meandrica is situated at an elevation
of 1,100 m above sea level. The terrestrial forest is dominated by Araucaria angustifolia
(Bertol.) Kuntze, with grasses interspersed among the trees. The water depth is
approximately 30 cm, and the habitat consists of fast-flowing waters, with a substrate
composed of rocks ranging from 5 to 30 cm in diameter (Fig. 14). The species occurs in
sympatry with Chesterodon sp. and Psalidodon sp.
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FIGURE 14 | Type locality of Cambeva meandrica, unknown name stream, tributary of rio Chopim, lower rio Iguagu basin, Parana State, Brazil.

Left downstream, right upstream.

Conservation status. Cambeva meandrica can be found in two localities, in the rio
Chopim basin. The new species has an EOO of 226 km? (< 5,000 km2 in criteria B1 for
EN), although no threat has been found in the localities of occurrence of the new species.
Therefore, C. meandrica does not meet any condition of this criteria, and according to
the International Union for Conservation of Nature (IUCN) categories and criteria
(TUCN Standards and Petitions Subcommittee, 2024), thus our recommendations is that
this species can be classified as Least Concern (LC).

Etymology. The specific name “meandrica” is derived from the Latinized Greek
word meandros (Motiotv&pog), referring to a winding or sinuous pattern, in allusion to
the intricate network of light-brown blotches bordered by dark margins on the body of
the species. An adjective in feminine form.
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Cambeva wosiackii, new species
urn:lsid:zoobank.org:act:14CBBF9B-D097-46D1-BC88-6E6451C6E697
(Figs. 2F-4F, 5-6, 15; Tab. 6)

Trichomycterus sp. 1. —Baumgartner ef al., 2012:111 (checklist from lower rio Iguagu).
Cambeva sp. 1. — dos Reis ef al,, 2020:471 (checklist of freshwater fishes from Parani State).

Holotype. NUP 19053, 51.6 mm SL, Brazil, Parand State, municipality of Santa
Tereza do Oeste, cérrego Jumelo, tributary of rio Gongalves Dias, lower rio Iguagu
basin, rio Parani system, 25°04°47”S 53°37°26"W, 20 May 2015, R. Delariva.

Paratypes. All from Brazil, Parand State, rio Gongalves dias, tributary of lower
rio Iguagu basin, rio Parani system. NUP 25602, 2 c&s, 51.9-60.0 mm SL, UFRGS
30095, 3, 45.2-66.7 mm SL, same data as holotype. MZUSP 130927, 5, 41.6-63.2 mm
SL, municipality of Santa Tereza do Oeste, 25°03°48”S 53°36°16”W, 20 Sep 2011, R.
Delariva. NUP 16944, 2, 52.2-74.1 mm SL, municipality of Santa Tereza do Oeste,
riacho Jumelo, 25°04°47”S 53°37°26”W, 30 Nov 2011, R. Delariva. NUP 24848, 1,

FIGURE 15 | Cambeva wosiackii. A. Holotype, NUP 19053, 51.6 mm SL, Brazil, Parana State, corrego
Jumelo, tributary of rio Gongalves Dias, lower rio Iguacu, lower rio Parana system. B. Paratype, MZUSP

130927, 42.8 mm SL.
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40.8 mm SL, municipality of Santa Tereza do Oeste, 25°04°51.10”S 53°37°18.62"W/, 11
Sep 2023, R. B. Reis, B. H. M. Stabile, M. Z. Roloff, C. E. V. Grou, L. D. Lima & S.
K. Utiyama.

Diagnosis. Cambeva wosiackii can be distinguished by all congeners except C.
chrysornata Costa, Feltrin, Mattos, Dalcin, Abilhoa & Katz, 2023, C. diatropoporos
(Ferrer & Malabarba, 2013), C. difficilis, C. duplimaculata Costa, Feltrin & Katz, 2021,
C. flavopicta, C. galactica, C. guaraquessaba (Wosiacki, 2005), C. guaratuba Costa, Felerin,
Mattos, Dalcin, Abilhoa & Katz, 2023, C. iheringi (Eigenmann, 1917), C. longipalata
Costa, Feltrin & Katz, 2021, some specimens of C. mboycy, C. meandrica, C. notabilis
Costa, Felerin & Katz, 2021, C. taroba, C. tropeiro (Ferrer & Malabarba, 2011), C.
tupinamba, C. wurubici, C. papillifera and C. ventropapillata Costa, Feltrin, Mattos,
Dalcin, Abilhoa & Katz, 2023 by the modally presence of the infraorbital pores i1,
and i3 (vs. absent). Cambeva wosiackii can be distinguished by C. flavopicta, and C.
tropeiro by the presence of pelvic fin and girdle (vs. absent); by C. papillifera, and C.
ventropapillata by the absence of hypertrophied papillae on ventral region of head (s.
present); by the number of pectoral-fin rays (1,6 vs. 1,5 in C. galactica, C. meandrica, C.
mboycy, C. taroba; 1,7 in C. difficilis, C. guaraquessaba, C. iheringi, and C. tupinamba).
Cambeva wosiackii can be distinguished by the color pattern of body and surface of
body composed of dark-brown spots concentrated, and forming irregular dark-brown
blotches, sometimes ring-like (clear on middle region) (vs. presence of irregularly shaped
yellow reticulation, forming a golden longitudinal dorso-lateral stripe, from opercular
odontodophores region to dorsal-fin origin in C. chrysornata; presence of dark-brown
blotches, coalescing and forming irregular blotches, with few light yellow gaps in C.
diatropoporos and C. guaratuba; presence of rounded well-defined blotches on inner skin
layer in C. duplimaculata, C. longipalata, and C. notabilis; and blotches on mid-lateral line
of body coalescing and forming irregular stripe in C. urubici).

Description. Morphometric data in Tab. 6. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk straight to slightly concave. Ventral profile of trunk convex. Dorsal
profile of caudal peduncle slightly convex and ventral profile of caudal peduncle slightly
concave.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight, and ventral profile of head convex in lateral view. Snout straight to slightly
convex in dorsal view. Eyes located dorsolaterally on anterior half region of head, at
same longitudinal line of nasal barbel, rounded to anteroposteriorly elliptical, covered
by thin and translucent skin. Orbital rim not free. Each eye located over posterior
termination of shallow and small longitudinal crest beginning at posterior nostril and
making eyes visible from lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with inconspicuous fleshy lobes in lateral limits, continuous with base of rictal
barbels. Lips with small and numerous rounded papillae of approximately same size.
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Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip reaching infraorbital pore i11
when adpressed to head. Maxillary barbel emerging from lateral limit of mouth with tip
reaching to posterior region of interopercular odontodophore when adpressed to head.
Rictal barbel emerging from lateral limit of mouth, shorter than maxillary barbel.

Pectoral fin with distal margin straight to slightly convex, 1,5(3), ,6*(11) rays, and
first ray unbranched, not prolonged as filament™ (9), or prolonged as small filament (5)
about one-fourteenth pectoral-fin length. Pelvic fin with distal margin rounded, not
reaching anterior margin of anus; 1,4*(14) rays. Pelvic-fin insertion anterior to origin
of dorsal-fin origin. Inner margins of pelvic fins very close basally. Dorsal fin with
distal margin convex, I11,6,I(1) or 11,7*(13) rays. Origin of dorsal fin located at vertical
line through last third of pelvic fin. Anal fin elongated with distal margin convex and
smaller than dorsal fin; I1,5(14) rays. Origin of anal fin located vertical line through last
third dorsal-fin base. Caudal fin with distal margin rounded; upper plate with 1,5*(14)
rays, lower plate with 1,5(2), or 1,6*(12) rays.

TABLE 6 | Morphometric data for Cambeva wosiackii. N = Number of specimens, Min = Minimum, Max =

Maximum, SD = Standard deviation.

T —————il i D L L

Standard length (mm) /355 14  40.6 75.4

Percents of standard length

Head length 19.7 14 17.8 20.3 19.2 1.0
Predorsal length 66.3 14 634 66.3 65.3 0.7
Prepelvic length 60.9 14 564 60.9 59.2 2.0
Preanal length 75.4 14 69.9 75.4 73.0 1.7
Pectoral girdle width 14.9 14 135 16.3 15.2 1.0
Trunk length 42.5 14 38.9 42.5 40.8 1.4
Anal-fin Length 15.9 14 15.4 16.7 16.1 0.5
Dorsal-fin length 19.1 14 16.6 20.0 18.6 14
Pectoral-fin length 11.1 14 111 16.7 13.0 2.5
Pelvic-fin length 8.9 14 8.3 9.5 8.8 0.5
Distance between pelvic-fin base and anus 9.6 14 8.8 11.3 10.2 1.2
Caudal peduncule length 19.4 14 18.0 20.7 20.0 0.5
Caudal peduncule depth 12.4 14 112 12.9 12.7 0.2
Body depth 15.3 14 11.3 15.3 14.1 1.0
Length of dorsal-fin base 114 14 103 12.5 11.6 0.9
Length of anal-fin base 8.2 14 6.8 9.5 8.9 0.7
Pelvic Anal distance 14.8 14 132 14.8 14.3 0.7
Percents of head length

Head width 81.5 14 815 89.2 85.8 82
Rictal barbel length 52.0 14 520 71.0 59.3 8.4
Maxillary barbel length 60.0 14  60.0 74.9 69.0 6.4
Nasal barbel length 56.9 14  56.9 72.0 67.0 6.8
Snout lenght 38.9 14 38.9 45.8 43.2 3.0
Interorbital distance 26.8 14 237 28.6 26.7 2.1
Mouth width 42.2 14 37.3 47.5 42.4 4.1
Eye diameter 6.5 14 5.9 9.4 7.6 1.6
Supra-orbital pore distance 12.0 14 120 15.9 144 1.8
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Osteology. Mesethmoid with anterior margin straight to slightly concave and cornua
short, with tapering distal ends. Anterior cranial fontanel restricted to small, rounded
opening situated between frontals and epiphyseal bar. Posterior cranial fontanel long and
wide extending from posterior portion of frontals to parieto-supraoccipital. Epiphyseal
bar, longer than wide. Antorbital slightly elongate, extending over at least one-third
of autopalatine. Sesamoid supraorbital elongate, rod-like shape, slightly expanded
anteriorly, with small medial process on anterior third. Anterior portion of sphenotic
anterolaterally directed in dorsal view. Sphenotic, prootic and pterosphenoid fused.
Vomer arrow-shaped with long posterior process extending to parasphenoid. Vomer
arrow-shaped with long posterior process extending to parasphenoid. Parasphenoid
with long and pointed posterior process extending to basioccipital. Weberian capsule
with lateral openings and anterior margin fused to basioccipital (Fig. 2F).

Premaxilla rectangular with 51(1) or 53(1) conical teeth similar in size and roughly
distributed in four irregular rows. Dentary with 49 or 58(2) conical to spatulate teeth,
similar in size, distributed in three irregular transverse rows, and ranging from base
of coronoid process to near dentary symphysis (Fig. 3F). Maxilla boomerang-shaped,
shorter than premaxilla. Autopalatine with lateral margin concave; anterior margin
slightly convex; medial margin slightly concave and long posterior process extending
over posterior portion of metapterygoid. Metapterygoid large and laminar, connected
to quadrate through cartilage. Quadrate L-shaped with concavity in anterior portion.
Hyomandibula well-developed slightly concave in dorsal margin (Fig. 4F). Opercular
odontodophore ovoid to rounded with 13(1) or 15(1) conical odontodes, gradually
curving medially and increasing in size posteriorly, arranged in six irregular rows.
Interopercular odontodophore elongate with 24(1) or 25(1) conical odontodes, arranged
in two regular transverse rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior
process. Eight (2) branchiostegal rays: five in contact with anterior ceratohyal, two
with interceratohyal cartilage, and one with posterior ceratohyal. Four posteriormost
branchiostegal rays, wider distally. Parurohyal with expanded anterior head, two
elongate lateral processes with wide bases and decreasing in width distally with rounded
tips, and sharp and elongate posterior process. Posterior process of parurohyal shorter
than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4
with straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin,
prominent in ceratobranchial 3. Ceratobranchial 5 with 22(1) conical, elongated
and pointed teeth arranged in three irregular transverse rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
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cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 26(1)
conical, elongated and pointed teeth, arranged in up to three irregular transverse rows;
teeth increasing in size posteriorly.

Dorsal fin with eight pterygiophores, first inserted anterior to neural spine of 18"
vertebrae. Anal fin with six pterygiophores, first inserted anterior to haemal spine of
22" vertebrae. Procurrent caudal-fin rays 20(1) dorsally and 12(1) ventrally. Hypural
3 free and hypurals 4 and 5 fused to each other. Parhypural and hypurals 1 and 2 co-
ossified and fused to compound caudal centrum. Free vertebrae 37(2), and 14(2) pairs

of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (14) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal present (9) with two pores, i1 laterally through posterior region of
anterior nostril, and pore i3 laterally through anterior region of posterior nostril. Five
specimens with antorbital segment of infraorbital canal absent. Sphenotic canal present
with two (14) pores, 110, located behind eyes, and pore i11 located laterally to posterior
margin of eye. One specimen with two pores i11 in left side of head. Otic and postotic
canals present with two (14) pores associated: pol located anterolaterally to opercular
odontodophore and po2 located laterally to half-length of opercular odontodophore.
Lateral line canal short with two* (14) pores located above pectoral-fin insertion and
posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body and head composed of
dark-brown spots the size of eye diameter, concentrated and forming irregular dark-
brown blotches, sometimes ring-like (clear on middle region). Background of body
yellowish, visible on ventral region of body and head, and between rows of blotches.
Head densely pigmented by rounded blotches, being scattered on lateral region of head.
Pectoral, pelvic, dorsal, anal, and caudal fins with few inconspicuous dark-brown spots
equivalent or slightly larger in size to eye diameter, over yellowish background. Barbels
with dark-brown spots of melanophores on dorsal surface, and yellowish ventrally.

Geographical distribution. Cambeva wosiackii is known from the cérrego Jumelo
(type locality), a tributary of rio Gongalves Dias, and in the rio Gongalves Dias, all from
the lower section of rio Iguagu (sensu Ingenito ef al., 2004), Parana State, Brazil (Fig. 5).

Ecological notes. The type locality of C. wosiackii is located at an elevation of 600 m
above sea level, near the boundary of Iguagu National Park, one of the most important
environmental preservation areas in Brazil. The substrate is composed of rocks beds and
rocks and peebles of 5 to 30 cm (Fig. 6). The species occurs in sympatry in the type
locality with Awncistrus mullerae, B. pyahu, C. kaingang, P. circummontanus, Psalidodon
bifasciatus, P. dissimilis, and R. branneri.
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Conservation status. Cambeva wosiackii can be found in two localities, in the Rio
Gongalves Dias basin. The new species has an EOO of 177 km? (< 5,000 km? in criteria
B1 for EN), although no threat has been found in the localities of occurrence of the new
species. Furthermore, the species are found in the edges of the Iguacu National Park,
an well-conserved federal protected area. Therefore, C. wosiackii does not meet any
condition of this criteria, and according to the International Union for Conservation of
Nature (IUCN) categories and criteria (IUCN Standards and Petitions Subcommittee,
2024), thus our recommendations is that this species can be classified as Least Concern
(LC).

Etymology. The specific name “wosiackii” is given in honor of Dr. Wolmar Benjamin
Wosiacki (MPEG), for his contributions to the taxonomy of Trichomycteridae from
the rio Iguagu basin, and contributions to taxonomy, evolution, and phylogeny of
Neotropical fishes. A genitive.

Cambeva longistriata, new species
urn:lsid:zoobank.org:act:19BE9864-B30F-4B11-8305-041 ED93D004E
(Figs. 2G-4G, 5, 16-17; Tab. 7)

Holotype. NUP 25430, 48.6 mm SL, Brazil, Parand State, municipality of Coronel
Domingos Soares, unknown name stream, tributary of rio Butid, 26°11°34.10”S
52°02°26.17"W, 22 Apr 2024, W. J. da Graga, A. Frota, W. M. Domingues & V. A.
Teixeira.

Paratype. All from Brazil, Parand State, municipality of Coronel Domingos Soares,
rio Buti4, tributary of lower rio Iguagu basin, rio Parani system. MZUSP 130928,
10, 33.0-45.2 mm SL, NUP 25292, 3, 37.0-42.9 mm SL, NUP 25428, 19, 30.0-75.0
mm SL, NUP 25599, 2 c&s, 47.9—48.2 mm SL, UFRGS 30096, 10, 36.0-55.3 mm SL,
unknown name stream, 26°11°34.10”S 52°02°26.17”W, 22 Apr 2024, W. . da Graca,
A. Frota, W. M. Domingues & V. A. Teixeira. NUP 25234, 2, 44.4-50.6 mm SL,
NUP 25429, 2, 52.0-54.1 mm SL, NUP 25603, 1 c&s, 52.8 mm SL, unknown name
stream, 26°13’47.45”S 52°02’4.88”W, 23 Apr 2024, W. J. da Graga, A. Frota, W. M.
Domingues & V. A. Teixeira.

Diagnosis. Cambeva longistriata is distinguished from all congeners except of C.
perkos and C. piraquara by having a conspicuous, wide, with the size of opercular
odontodophore, continuous and irregularly bordered dark-brown longitudinal mid-
lateral stripe, extending from the opercular odontodophores to the base of caudal-
fin rays (vs. presence of dark-brown blotches, spots, or bars, but never forming a
longitudinal stripe or, when present, formed by a narrow, continuous, and well-
defined dark-brown longitudinal mid-lateral stripe in C. naipi and C. pascuali; narrow
longitudinal mid-lateral stripe composed of rounded blotches, two or three times the
size of the eyes, in C. biseriata; lateral surface of body composed of juxtaposed large
darkbrown blotches, forming a stripe along the lateral midline, irregularly bordered
until vertical through the end of the dorsal fin base or peduncle caudal in some small
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FIGURE 16 | Cambeva longistriata. A. Holotype, NUP 25430, 48.6 mm SL, B. Paratype, NUP 25428, 42.1 mm

SL, both from Brazil, Parand State, unknown name stream, tributary of rio Butia.

specimens of C. davisi, and C. zonata; narrow longitudinal mid-lateral stripe, two times
the size of eyes diameter, well-defined and never interrupted in small specimens of C.
poikilos; by the lateral surface of body composed of large, with same size as opercular
odontodophore, dark-brown rounded blotches coalescing and forming irregularly
bordered and sometimes interrupted longitudinal band, from opercular region to base
of caudal-fin ray in C. balios, C. botuvera, C. cubataonis, C. kaingang, and C. urubici; and
narrow longitudinal stripe formed by closely spaced dark-brown spots, with size of eyes
diameter, from opercle to vertical through anal-fin origin, and continuing posteriorly
to caudal peduncle in C. tupinamba). Cambeva longistriata can be distinguished by C.
perkos by the absence of dorso-lateral continuous dark-brown stripe on the surface
of body (vs. presence of dorso-lateral continuous dark-brown stripe on the surface of
body); and by C. piraquara by absence of dorso-sagital stripe, composed of coalesced
dark-brown blotches (vs. presence of dorso-sagital stripe). Additionally, C. longistriata
can be distinguished by C. perkos by the absence of dark-brown spots on the lateral
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surface of body (vs. presence of dark-brown spots on the lateral surface of body), and by
the vertical origin of dorsal-fin being through the tips of pelvic fin (vs. vertical origin of
dorsal-fin being through anus or papilla urogenital).

Description. Morphometric data in Tab. 7. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk straight to convex on anterior half of body. Ventral profile of trunk
convex. Dorsal and ventral profile of caudal peduncle concave.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight, and ventral profile of head convex in lateral view. Snout convex in dorsal view.
Eyes located dorsolaterally on anterior half region of head, at same longitudinal line of
nasal barbel, rounded to anteroposteriorly elliptical, covered by thin and translucent
skin. Orbital rim not free. Each eye located over posterior termination of shallow and
small longitudinal crest beginning at posterior nostril and making eyes visible from
lateral view.

TABLE 7 | Morphometric data for Cambeva longistriata. N = Number of specimens, Min = Minimum, Max

= Maximum, SD = Standard deviation.

| soloype [N ] Min | Max | Mean | sp
39.4 55.1 44.8 -

Standard length (mm) 48.6 18

Percents of standard length

Head length 18.4 18 17.1 18.8 18.3 0.3
Predorsal length 64.2 18  59.6 65.7 64.1 11
Prepelvic length 56.3 18  54.7 57.9 56.7 1.2
Preanal length 69.9 18  68.4 72.1 70.3 14
Pectoral girdle width 15.9 18 135 15.9 14.6 0.7
Trunk length 39.6 18 382 41.0 39.8 1.1
Anal-fin Length 15.0 18 12.9 16.2 15.3 0.6
Dorsal-fin length 18.4 18 149 19.4 18.5 0.5
Pectoral-fin length 12.9 18 11.9 134 12.7 0.6
Pelvic-fin length 8.9 17 8.1 9.4 8.7 0.5
Distance between pelvic-fin base and anus 3.5 18 3.5 10.9 8.6 3.0
Caudal peduncule length 23.0 18 18.0 24.7 23.0 1.0
Caudal peduncule depth 11.5 18 9.5 11.5 10.7 0.6
Body depth 14.5 18 123 151 14.2 0.9
Length of dorsal-fin base 12.1 18 8.7 12.1 11.3 0.6
Length of anal-fin base 8.3 18 6.5 11.0 8.6 1.5
Pelvic anal distance 141 18 111 15.0 13.6 14
Percents of head length

Head width 89.2 18  78.9 89.8 86.3 4.7
Rictal barbel length 49.3 18  49.3 60.4 54.0 4.1
Maxillary barbel length 65.4 18 531 65.4 60.6 5.0
Nasal barbel length 56.8 18 55.0 61.7 57.7 24
Snout lenght 38.1 18 38.1 43.6 41.4 2.3
Interorbital distance 2588 18  21.6 27.9 24.7 2.2
Mouth width 30.9 18 30.9 40.2 35.7 3.7
Eye diameter 10.0 18 9.0 182 10.6 1.5
Supra-orbital pore distance 16.8 18 121 17.5 14.7 283)
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Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip surpassing infraorbital pore i11
when adpressed to head. Maxillary barbel emerging from lateral limit of mouth with tip
reaching to posterior region of interopercular odontodophore when adpressed to head.
Rictal barbel emerging from lateral limit of mouth, shorter than maxillary barbel.

Pectoral fin with distal margin convex, 1,5*(1), 1,6(19) rays, and first ray unbranched,
not prolonged as filament. Pelvic fin with distal margin rounded, reaching anterior
margin of anus; [,4*(20) rays. Pelvic-fin insertion anterior to origin of dorsal-fin origin.
Inner margins of pelvic fins very close basally. Dorsal fin with distal margin convex,
11,7*(12), or I1,6(8) rays. Origin of dorsal fin located at vertical line through last third
of pelvic fin. Anal fin elongated with distal margin convex and smaller than dorsal fin;
11,5%(20) rays. Origin of anal fin located vertical line through last third dorsal-fin base.
Caudal fin with distal margin rounded; upper plate with 1,5(20) rays, lower plate with
1,6*(20) rays.

Osteology. Mesethmoid with anterior margin straight to slightly concave and
cornua short, with tapering distal ends. Anterior cranial fontanel absent. Posterior
cranial fontanel long and wide extending from posterior portion of frontals to parieto-
supraoccipital. Epiphyseal bar absent, or not ossified. Antorbital slightly elongate,
extending over at least one-third of autopalatine. Sesamoid supraorbital elongate,
rod-like shape, slightly expanded anteriorly, with small medial process on anterior
third. Anterior portion of sphenotic anterolaterally directed in dorsal view. Sphenotic,
prootic and pterosphenoid fused. Vomer arrow-shaped with long posterior process
extending to parasphenoid. Vomer arrow-shaped with long posterior process extending
to parasphenoid. Parasphenoid with long and pointed posterior process extending to
basioccipital. Weberian capsule with lateral openings and anterior margin fused to
basioccipital (Fig. 2G).

Premaxilla rectangular with 27 or 29(2) spatulate teeth similar in size and roughly
distributed in three irregular rows. Dentary with 29(1) spatulate teeth, similar in size,
distributed in three irregular transverse rows, and ranging from base of coronoid
process to near dentary symphysis (Fig. 3G). Maxilla boomerang-shaped, shorter than
premaxilla. Autopalatine with lateral margin concave; anterior margin slightly convex;
medial margin slightly concave with conspicuous process posteriorly extending slightly
over lateral ethmoid, and long postero-lateral process pointed extending over posterior
portion of metapterygoid. Metapterygoid large and laminar, connected to quadrate
through cartilage. Quadrate L-shaped with concavity in anterior portion. Hyomandibula
well-developed, concave in dorsal margin (Fig. 4G). Opercular odontodophore ovoid to
rounded with 6 or 7(3) conical odontodes, gradually curving medially and increasing in
size posteriorly, arranged in six irregular rows. Interopercular odontodophore elongate
with 21(1) conical odontodes, arranged in two regular transverse rows.
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Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal round with a pointed posterior process.
Eight (1) or nine (2) branchiostegal rays: five in contact with anterior ceratohyal, one or
two with interceratohyal cartilage, one with posterior ceratohyal. Four posteriormost
branchiostegal rays, wider distally. Parurohyal with expanded anterior head, two
elongate lateral processes with wide bases and decreasing in width distally with rounded
tips, and sharp and elongate posterior process. Posterior process of parurohyal shorter
than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4 with
straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin, very
prominent in ceratobranchial 3. Ceratobranchial 5 with 15(2) or 22(1) conical, elongated
and pointed teeth arranged in three irregular transverse rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and
2 with elongated and pointed process along anterior margins; epibranchial 3 with
curved process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and
with cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1,
with cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with
17(2) or 18(1) conical, elongated and pointed teeth, arranged in up to three irregular
transverse rows; teeth increasing in size posteriorly.

Dorsal fin with eight pterygiophores, first inserted anterior to neural spine of 18"
vertebrae. Anal fin with six pterygiophores, first inserted anterior to haemal spine of
22" vertebrae. Procurrent caudal-fin rays 16(2) or 17(1) dorsally and 9-11(3) ventrally.
Hypural 3 free and hypurals 4 and 5 fused to each other. Parhypural and hypurals 1 and
2 co-ossified and fused to compound caudal centrum. Free vertebrae 37(1) or 38(2), and
13(2) or 14(1) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous,
with three (20) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior
portion of anterior nostrils, pore s3 at same longitudinal line of pore s1 posteriorly to
posterior nostrils and pore s6 aligned with posterior margin of eyes. Antorbital segment
of infraorbital canal absent. Sphenotic canal present with two (20) pores, i10, located
behind eyes, and pore i11 located laterally to posterior margin of eye. Otic and postotic
canals present with two (20) pores associated: pol located anterolaterally to opercular
odontodophore and po2 located laterally to half-length of opercular odontodophore.
Lateral line canal short with two (20) pores located above pectoral-fin insertion and
posterior to gill opening.
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Coloration in alcohol. Dorsal region of body and head with irregular dark-brown
blotches, with same size as opercular odontodophore, from snout to posterior region
of caudal peduncle. Lateral surface of body composed of conspicuous, wide, with
size of opercular odontodophore, continuous and irregularly bordered dark-brown
longitudinal mid-lateral stripe, extending from the opercular odontodophores to the
base of caudal-fin rays. Rounded dark-brown blotches, with size of two eyes diameter,
randomly distributed between sagittal line of body and lateral line of body, and ventral
portion of lateral surface of body. Background of body yellowish, readily visible in
ventral surface of body and head. Head densely pigmented by smallers rounded blotches,
being scattered on lateral region of head. Pectoral, dorsal, anal, and caudal fins with few
inconspicuous dark-brown blotches equivalent or slightly larger in size to eye diameter,
over yellowish background. Pelvic fin yellowish. Barbels with dark-brown blotches on
dorsal surface. Smallers specimens (< 40.0 mm SL) with longitudinal stripe on lateral
surface of body with few irregular borders (Fig. 16B).

Geographical distribution. Cambeva longistriata, is only known from two unknown
name streams, tributaries of rio Buti, tributary of left margin of the lower section of rio
Iguacu (sensu Ingenito ef al., 2004), Parand State, Brazil (Fig. 5).

Ecological notes. The type locality of C. longistriata is located at an elevation of 1,000
m above sea level. The water level reaches 30—60 cm, and the substrate is composed of
rocks of 5 to 30 cm (Fig. 17). The species occurs in sympatry in the type locality with
Neoplecostomus sp., Pareiorhaphis parmula Pereira, 2005, Phalloceros circummontanus, and
Rhamdia voulezi Haseman, 1911.

Conservation status. Cambeva longistriata can be found in two localities, in the Rio
Butid basin. The new species has an EOO of 164.3 km? (< 5,000 km? in criteria B1 for
EN), although no threat has been found in the localities of occurrence of the new species.
Therefore, C. longistriata does not meet any condition of this criteria, and according to
the International Union for Conservation of Nature (IUCN) categories and criteria
(IUCN Standards and Petitions Subcommittee, 2024), thus our recommendations is that
this species can be classified as Least Concern (LC).

Etymology. The specific name “longistriata” is derived from the Latin words longus

(long) and striatus (striped), in reference to the continuous longitudinal stripe along the
lateral surface of the body of the species. An adjective in feminine form.

Neotropical Ichthyology, 24(3):e250183, 2026 51/77



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

Eight new species of Cambeva from rio Iguagu basin.

FIGURE 17 | Type locality of Cambeva longistriata, unknown name stream, tributary of rio Butia, lower rio Iguagu basin, Parana State, Brazil.

Left downstream, right upstream.

Cambeva ytepopo, new species
urn:lsid:zoobank.org:act:3EC4A216-B1EB-4EA5-8CE6-438 D24AF3E0D
(Figs. 2H-4H, 5; Tab. 8)

Holotype. NUP 25875, 61.6 mm SL, Brazil, Parand State, municipality of Coronel
Domingos Soares, unknown name stream, tributary of rio Butid, lower rio Iguacu
basin, rio Parani system, 26°08°45.10”S 52°05°01”W, 22 Apr 2024, W. J. da Gracga, A.
Frota, W. M. Domingues & V. A. Teixeira.

Paratype. MZUSP 130929, 2, 36.7-42.5 mm SL, NUP 25314, 2, 43.3-49.3 mm
SL, NUP 25427, 2, 34.3—-47.7 mm SL, NUP 25876, 3 c&s, 35.8—43.1 mm SL, UFRGS
30097, 2, 35.5-44.2 mm SL, same data as holotype.

Diagnosis. Cambeva ytepopo, can be distinguished by the congeners except C.
atrobrunnea, C. balios, C. davisi, C. diffusa Costa, Feltrin & Katz, 2021, C. horacioi dos
Reis, Frota, Fabrin & da Graga, 2019, C. longipalata, C. mboycy, C. orbitofrontalis Costa,
Feltrin & Katz, 2021, C. taroba, and C. tropeiro by the color pattern of lateral surface
of body composed of rounded blotches, twice the size of eyes on the inner skin layer
(vs. color pattern of body composed of three paired stripes in C. naipi and C. pascuali;
narrow longitudinal stripe formed by closely spaced dark-brown spots, with size of eye
diameter, from opercle to vertical through anal-fin origin, and continuing posteriorly
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to caudal peduncle in C. tupinamba; conspicuous, wide, continuous and irregularly
bordered dark-brown longitudinal mid-lateral stripe in C. longistriata, C. perkos, and C.
piraquara; dark-grey or brown homogeneous color pattern in C. plumbea, C. papillifera,
C. ventropapillata, and some specimens of C. perobana; rounded light-brown blotches,
sometimes coalescing, and with dark-brown to black marks delimiting blotches on
margins in C. gamabelardense, C. meandrica, C. panthera; or larger blotches coalescing
and forming vermiculations or bars on remaining congeners). Cambeva ytepopo can be
distinguished from C. taroba by the absence of filament on first unbranched pectoral-
fin ray (vs. presence of long filament), and by the number of pectoral-fin rays (1,6 vs.
L,5); from C. tropeiro by the presence of pelvic fin and girdle (vs. absence of pelvic fin
and girdle); from C. mboycy by the number of pectoral fin ray (1,6 vs. 1,5); from C.
atrobrunnea, C. balios, C. davisi, C. horacioi by the tip of pelvic fin not reaching the
vertical through line of origin of dorsal fin, or not reaching anterior margin of anus (vs.
tip of pelvic fin reaching the vertical through line of origin of dorsal fin, or reaching
anterior margin of anus); from C. diffusa, C. longipalata, and C. orbitofrontalis by the
number of vertebrae (37-38 vs. 40-42; 41-42; and 39-40, respectively). Additionally,
C. ytepopo can be distinguished from C. diffusa by the absence of interopercular anterior
concavity (vs. presence of interopercular anterior concavity; see Fig. 12A in Costa et al.,
2021); from C. longipalata by the absence of infraorbitals pores i1, and i3 (vs. presence
of infraorbitals pores i1, i3); and from C. orbitofrontalis by the number of branchiostegal
rays (8 vs. 7).

Description. Morphometric data in Tab. 8. Body elongate, trunk roughly cylindrical
close to head and gradually becoming laterally compressed towards caudal fin. Dorsal
profile of trunk straight to convex on anterior half of body. Ventral profile of trunk
convex. Dorsal and ventral profile of caudal peduncle slightly concave.

Head depressed, trapezoidal in dorsal view, wider posteriorly. Dorsal profile of head
straight, and ventral profile of head convex in lateral view. Snout convex in dorsal view.
Eyes located dorsolaterally on anterior half region of head, at same longitudinal line of
nasal barbel, rounded to anteroposteriorly elliptical, covered by thin and translucent
skin. Orbital rim not free. Each eye located over posterior termination of shallow and
small longitudinal crest beginning at posterior nostril and making eyes visible from
lateral view.

Anterior nostril slightly smaller than size of eye, surrounded by flap of integument
posterolaterally continuous with base of nasal barbel. Posterior nostril surrounded
anterolaterally by thin flap of integument. Gill openings not constricted united with
isthmus anteriorly, forming free fold reaching pectoral-fin insertion. Mouth subterminal
and slightly curved with corners posteriorly oriented. Upper lip thicker laterally. Lower
lip with conspicuous fleshy lobes in lateral limits, continuous with base of rictal barbels.
Lips with small and numerous rounded papillae of approximately same size.

Barbels with broad base, tapering gradually towards tips. Nasal barbel emerging
from lateral region of anterior nostril with posterior tip surpassing infraorbital pore i11
when adpressed to head. Maxillary barbel emerging from lateral limit of mouth with tip
reaching to posterior region of interopercular odontodophore when adpressed to head.
Rictal barbel emerging from lateral limit of mouth, shorter than maxillary barbel.
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TABLE 8 | Morphometric data for Cambeva ytepopo. N = Number of specimens, Min = Minimum, Max =

Maximum, SD = Standard deviation.

_Immm-

Standard length (mm) 42.5 9

Percents of standard length

Head length 17.9 9 17.7 19.6 18.6 0.8
Predorsal length 63.8 9 611 64.7 64.0 0.8
Prepelvic length 56.1 9 544 58.2 55.9 1.6
Preanal length 71.1 9 68.7 733 71.6 1.8
Pectoral girdle width 13.5 9 135 14.8 13.9 0.5
Trunk length 40.9 9 35.6 40.9 38.1 2.1
Anal-fin Length 15.5 9 15.0 18.0 16.3 1.3
Dorsal-fin length 18.0 9 16.5 18.4 18.1 0.2
Pectoral-fin length 13.9 9 10.7 14.8 13.4 1.6
Pelvic-fin length 8.8 9 8.0 9.7 9.0 0.6
Distance between pelvic-fin base and anus 11.6 9 10.0 12.6 11.1 1.0
Caudal peduncule length 22.1 9 204 24.4 22.3 1.5
Caudal peduncule depth 9.6 9 9.2 11.2 10.1 0.7
Body depth 13.9 9 105 13.9 13.0 0.6
Length of dorsal-fin base 10.0 9 10.0 12.0 11.2 0.9
Length of anal-fin base 10.8 9 6.6 10.8 9.4 0.9
Pelvic anal distance 15.8 9 11.5 19.2 15.6 28))
Percents of head length

Head width 91.9 9 82.1 94.6 90.5 4.2
Rictal barbel length 52.6 7 449 61.0 51.5 6.0
Macxillary barbel length 66.3 7 55.8 74.4 64.3 8.1
Nasal barbel length 71.4 7  53.6 73.6 65.1 8.4
Snout lenght 39.1 9 385 53.0 441 5.8
Interorbital distance 25.7 9 241 26.0 25.1 0.8
Mouth width 40.6 9 39.0 42.5 40.4 1.3
Eye diameter 11.2 9 9.0 11.2 10.0 0.9
Supra-orbital pore distance 18.9 9 10.7 18.9 14.8 2.9

Pectoral fin with distal margin straight to slightly convex, 1,6*(12) rays, and first ray
unbranched, not prolonged as filament* (9), or with rudimentary filament (3) about
one twentieth pectoral-fin length. Pelvic fin with distal margin rounded, distant from
anterior margin of anus; [,4*(12) rays. Pelvic-fin insertion anterior to origin of dorsal-
fin origin. Inner margins of pelvic fins very close basally. Dorsal fin with distal margin
convex, 11,7*(12) rays. Origin of dorsal fin located at vertical line through anal fin
aperture. Anal fin elongated with distal margin convex and smaller than dorsal fin;
11,5*(12) rays. Origin of anal fin located vertical line through last third dorsal-fin base.
Caudal fin with distal margin truncate; upper plate with 1,5(12) rays, lower plate with
1,6*(12) rays.

Osteology. Mesethmoid with anterior margin straight to slightly concave and

cornua short, with tapering distal ends. Anterior cranial fontanel restricted to small,
rounded opening situated between frontals and epiphyseal bar. Posterior cranial fontanel
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long and wide extending from posterior portion of frontals to parieto-supraoccipital.
Epiphyseal bar, wider than long. Antorbital slightly elongate, extending over at least
one-third of autopalatine. Sesamoid supraorbital elongate, with medial process in
anterior third. Anterior portion of sphenotic anterolaterally directed in dorsal view.
Sphenotic, prootic and pterosphenoid fused. Vomer arrow-shaped with long posterior
process extending to parasphenoid. Vomer arrow-shaped with long posterior process
extending to parasphenoid. Parasphenoid with long and pointed posterior process
extending to basioccipital. Weberian capsule with lateral openings and anterior margin
fused to basioccipital (Fig. 2H).

Premaxilla rectangular with 28-31(3) conical to spatulate teeth similar in size and
roughly distributed in three irregular transverse rows. Dentary with 30-39(3) spatulate
to conical teeth, similar in size, distributed in three irregular transverse rows, and
ranging from base of coronoid process to near dentary symphysis (Fig. 3H). Maxilla
boomerang-shaped, shorter than premaxilla. Autopalatine with lateral margin concave;
anterior margin slightly convex; medial margin slightly concave and long posterior
process extending over one-third of metapterygoid. Metapterygoid large and laminar,
connected to quadrate through cartilage. Quadrate L-shaped with concavity in anterior
portion. Hyomandibula well-developed, dorsal margin with concavity (Fig. 4H).
Opercle longer than interopercle. Opercular odontodophores ovoid to rounded with
11(1) or 13(2) conical odontodes, gradually curving medially and increasing in size
posteriorly, arranged in five irregular transverse rows. Interopercular odontodophores
elongate with 22 (2) or 24 (1) conical odontodes, arranged in two transverse rows.

Ventral hypohyal trapezoid-shaped. Anterior ceratohyal elongate and wider at
anterior and posterior ends. Posterior ceratohyal short, rounded with pointed posterior
process. Eight (2) or nine (1) branchiostegal rays: five in contact with anterior
ceratohyal, one with interceratohyal cartilage, two or three with posterior ceratohyal.
Four posteriormost branchiostegal rays, wider distally. Parurohyal with expanded
anterior head, two elongate lateral processes with wide bases and decreasing in width
distally with rounded tips, and sharp and elongate posterior process. Posterior process of
parurohyal shorter than lateral processes.

Basibranchials 2 and 3 elongated, connected to each other by cartilage; basibranchial 2
slightly wider than basibranchial 3. Basibranchial 4 hexagonal and entirely cartilaginous.
Hypobranchial 1 elongated, with cartilaginous tips, approximately same size than
basibranchial 2. Hypobranchials 2 and 3 with narrow anterolateral ossified processes with
large area of cartilage distally; Hypobranchial 2 thinner and longer than Hypobranchial
3. Five elongate ceratobranchials with cartilaginous tips. Ceratobranchials 1 and 4 with
straight margins. Ceratobranchials 2 and 3 with concavity on posterior margin, very
prominent in ceratobranchial 3. Ceratobranchial 5 with 15(1), 16(1), and 17(1) conical,
elongated and pointed teeth arranged in three irregular rows. Four epibranchials;
anteriormost three elongated and narrow with cartilage at tips. Epibranchials 1 and 2
with elongated and pointed process along anterior margins; epibranchial 3 with curved
process on posterior margin. Epibranchial 4 rectangular, wider posteriorly and with
cartilaginous tips. Pharyngobranchial 3 elongated, shorter than hypobranchial 1, with
cartilage at tips. Pharyngobranchial 4 ossified and connected to curved plate with 20(1),
23(1), and 24(1) conical, elongated and pointed teeth, arranged in up to three irregular
rows; teeth increasing in size posteriorly.
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Dorsal fin with eight pterygiophores, first inserted anterior to neural spine of 19*
vertebrae. Anal fin with six pterygiophores, first inserted anterior to haemal spine of
220 or 23t vertebrae. Procurrent caudal-fin rays 17(1) or 18(2) dorsally, and 10(2) or
12(1) ventrally. Hypural 3 free and hypurals 4 and 5 fused to each other. Parhypural and
hypurals 1 and 2 co-ossified and fused to compound caudal centrum. Free vertebrae
37(1) or 38(2), and 13(3) pairs of ribs.

Laterosensory system. Laterosensory canals with simple (non-dendritic) branches
ending in single pores. Nasal and frontal canals of supraorbital branch continuous, with
three (9) paired pores s1, s3 and s6. Supraorbital pore s1 located at posterior portion of
anterior nostrils, pore s3 atsame longitudinal line of pore s1 posteriorly to posterior nostrils
and pore s6 aligned with posterior margin of eyes. Antorbital segment of infraorbital
canal absent. Sphenotic canal present with two (9) pores, i10, located behind eyes, and
pore i11 located laterally to posterior margin of eye. Otic and postotic canals present
with two pores associated: pol located anterolaterally to opercular odontodophore and
po2 located laterally to half-length of opercular odontodophore. Lateral line canal short
with two (9) pores located above pectoral-fin insertion and posterior to gill opening.

Coloration in alcohol. Dorsal and lateral surface of body and head composed of
rounded blotches, twice the size of eyes on the inner skin layer, randomly distributed.
Background of body yellowish, readily visible in ventral surface of body and head. Head
densely pigmented by smallers rounded blotches, being scattered on lateral region of
head. Pectoral, dorsal, anal, and caudal fins with few inconspicuous dark-brown blotches
equivalent or slightly larger in size to eye diameter, over yellowish background. Pelvic
fin yellowish. Barbels with dark-brown blotches on dorsal surface. Smallers specimens
(< 40.0 mm SL) with rounded blotches sometimes coalescing and forming interrupted
longitudinal stripe on lateral surface of body (Fig. 18B).

Geographical distribution. Cambeva ytepopo, is only known from unknown name
stream, tributary of rio Butid, tributary of left margin of the lower section of rio Iguagu
(sensu Ingenito ef al., 2004), Parani State, Brazil (Fig. 5).

Ecological notes. The type locality of C. ytepopo is located at an elevation of 1,000 m
above sea level. The water level reaches 30 cm, and the substrate is composed of rocks of 5
to 30 cm (Fig. 19). The species occurs in sympatry in the type locality with Neoplecostomus
sp., Pareiorhaphis parmula, Phalloceros circummontanus, and Rhamdia voulezi.

Conservation status. Cambeva ytepopo can be found in only one locality, in the rio
Butid basin. The new species has an EOO of 164.3 km? (< 5,000 km? in criteria B1 for
EN), although no threat has been found in the locality of occurrence of the new species.
Therefore, C. ytepopo does not meet any condition of this criteria, and according to the
International Union for Conservation of Nature (I[UCN) categories and criteria [UCN
Standards and Petitions Subcommittee, 2024), thus our recommendations is that this
species can be classified as Least Concern (LC).
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FIGURE 18 | Cambeva ytepopo. A. Holotype, NUP 25875, 61.6 mm SL, B. Paratype, NUP 25427, 42.1 mm SL,

both from Brazil, Parana State, unknown name stream, tributary of rio Butia.

Etymology. The specific name “ytepopo” originates from the Tupi-Guarani people,
where “Y” means “river” or “water”, “fe” is a linking particle, and “po” is the Guarani verb
“to jump”, referring to the waterfalls. When duplicated (popo), it takes on a superlative
meaning, which can be interpreted as “river that jumps a lot”, “river of many jumps”
or simply “jumping river”, referring to the many waterfalls in the rio Chopim basin. It
can also be understood as “boiling river”, referring to the water vapor rising from the

waterfalls.

Molecular data. A total of 226 sequences of ingroup and outgroup species were
utilized for COX1 gene, of which 27 are newly generated or have not yet been tested
in a gene tree (see Tab. S1). The final alignment comprised 510 base pairs (bp), and 136
unique haplotypes (Tab. $2) were used for analysis (Fig. 20). The best-fitting model for
the unique haplotypes alignment was TIM+F+I+G4. The nucleotide composition of
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Eight new species of Cambeva from rio Iguagu basin.

FIGURE 19 | Type locality of Cambeva ytepopo, unknown name stream, tributary of rio Butid, lower rio Iguagu basin, Parana State, Brazil. Left

upstream, right downstream.

the unique haplotype alignment was 29.1% (T), 27.5% (C), 25.8% (A), and 17.6% (G),
with 121 parsimony informative sites, 160 distinct site patterns, and 348 constant sites.

The genetic distance among the newly proposed species ranged from the lowest,
0.9% between C. longistriata and C. kaingang, to the highest, 4.9% between C. ytepopo
and C. naipi, and 5.3% between C. eriveltoi and C. naipi. A summary of the genetic
distance among species in the rio Iguacu is provided in Tab. 9, while the full genetic
distance matrix for all unique haplotype sequences is available in Tab. S3.

The iterative application of methodologies in this study enabled the delimitation of
eight new species of Cambeva in the rio Iguacu region. For all species analyzed, at least
one molecular species delimitation method supports the morphological hypothesis of the
new species (see Fig. 20). Cambeva eriveltoi, C. meandrica, and C. tessellata are consistently
delimited by all methods. In contrast, the remaining five species were lumped together
with congeneric species based on the sGMYC and mGMYC. However, geographic
overlay is not observed in species lumpered, and morphological diagnosis characters can
be seen in all species (see diagnosis of species). The sympatric species C. kaingang and C.
wosiackii, recorded in the rio Gongalves Dias, and C. rupan and C. meandrica, recorded
in the rio Chopim are separated by all species delimitation methods, and belong to
different sub-clades.
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Cambeva zonata KY232032
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Cambeva sp. 2 MN995703
Cambeva orbitofrontalis MN995702
Cambeva galactica PP448189
Cambeva ventropapillata PP448191
Cambeva papillifera NUP 25073
Cambeva guaratuba MN995722
Cambeva guaratuba MN995721
Cambeva chrysornata MN995724
Cambeva cubataonis MN995723
Cambeva eriveltoi NUP 24850B
Cambeva eriveltoi NUP 24850A
Cambeva aff. perkos KY232018
Cambeva guareiensis PP448192
Cambeva aff. perkos KY232008
Cambeva aff. perkos KY232019
Cambeva aff. perkos KY232014
Cambeva aff. perkos KY232016
Cambeva aff. perkos KY232015
Cambeva aff. perkos OR918878
Cambeva aff. perkos OR918876
Cambeva aff. perkos OR918871
Cambeva cf. luteoreticulata KY231985
Cambeva luteoreticulata PP443186
Cambeva NUP 15631A
Cambeva kaingang NUP 24847
Cambeva aff. davisi KY231973
Cambeva ytepopo NUP 25314
Cambeva aff. davisi KY231986
Cambeva longistriata NUP 25234
Cambeva davisi KY231979
Cambeva castroi NUP 21918
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Cambeva wosiackii NUP 24848
Cambeva davisi KY231967
Cambeva tupan NUP 24857
Cambeva igobi NUP 24870
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Cambeva melanoptera PP496403
Cambeva melanoptera NUP 24871
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FIGURE 20 | Ultrametric gene tree of Cambeva by Bayesian inference constructed from gene COX1. Black circles represent posterior probability
> 95. Species highlighted in red represent new species described here. Vertical bars represent species delimitation methods. New species
corroborated by the species delimitation methods are represented as red bars. Bars marked with texture indicate species delimitation split,

but not in accordance with the tree topology shown.
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TABLE 9 | Mean genetic distance k2p between and within species of Cambeva from rio Iguagu basin using COX1 gene using unique haplotypes.

DWG = Distance within group.

e[ 1151 L3 Lo ] e Lo Lo [nln [ oLl Ll L Lo o o

1. Cambeva
kaingang

2. Cambeva
tessellata

3. Cambeva
eriveltoi

4, Cambeva

tupan

5. Cambeva

meandrica

6. Cambeva .
wosiackii

7. Cambeva
longistriata

8. Cambeva

‘ytepopo

9. Cabeva
atrobrunnea

10. Cambeva
cauim

11. Cambeva
castroi
12. Cambeva
avisi
13. Cambeva
galactica
14. Cambeyva
igobi
15. Cambeva
luteoreticulata
16. Cambeva
mboycy
17. Cambeva
melanoptera
18. Cambeya
naipi
19. Cambeya
rotundipinna
20. Campeva .
stawiarski
21. Cambeva
taroba
22. Cambeva
papillifera
23. Cambeva
plumbea

24. Cambeva cf.
zonata

0.024

0.039 0.043

0.024 0.024 0.039

0.004

0.042 0.042 0.044 0.034 0.002

0.020 0.027 0.039 0.024 0.042 -

0.008 0.016 0.035 0.016 0.034 0.020

0.018 0.025 0.045 0.018 0.040 0.029 0.010 =

0.014 0.022 0.031 0.014 0.030 0.018 0.014 0.020

0.025 0.025 0.039 0.016 0.042 0.027 0.018 0.027 0.022 0.004

0.016 0.020 0.035 0.016 0.028 0.020 0.012 0.018 0.014 0.022 -

0.015 0.019 0.037 0.019 0.032 0.019 0.011 0.021 0.017 0.021 0.007 0.004

0.029 0.033 0.051 0.033 0.040 0.027 0.029 0.035 0.027 0.039 0.029 0.033 =

0.020 0.024 0.037 0.014 0.040 0.025 0.016 0.025 0.016 0.010 0.020 0.019 0.037 °

0.018 0.018 0.033 0.018 0.032 0.022 0.010 0.020 0.016 0.016 0.014 0.013 0.027 0.018 °

0.045 0.041 0.047

0.021 0.021 0.038

0.051 0.049 0.053

0.018 0.022 0.033

0.020 0.019 0.036

0.039 0.047 0.051

0.024 0.029 0.041

0.022 0.025 0.039

0.049 0.051 0.067

0.039 0.042 0.039 0.037 0.043 0.039 0.045 0.037 0.039 0.039 0.043 0.035 =
0.011 0.035 0.023 0.013 0.023 0.017 0.007 0.015 0.014 0.034 0.005 0.015 0.040 0.002
0.045 0.044 0.043 0.045 0.051 0.043 0.052 0.045 0.047 0.044 0.050 0.043 0.009 0.047 0.010
0.014 0.036 0.018 0.014 0.024 0.012 0.022 0.018 0.017 0.035 0.012 0.016 0.039 0.017 0.045 °
0.020 0.037 0.021 0.014 0.024 0.017 0.020 0.015 0.016 0.033 0.017 0.016 0.042 0.015 0.048 0.016 0.013
0.047 0.034 0.043 0.039 0.045 0.037 0.053 0.039 0.041 0.035 0.047 0.041 0.041 0.046 0.043 0.045 0.045 -
0.025 0.040 0.029 0.024 0.029 0.016 0.027 0.024 0.027 0.029 0.020 0.022 0.041 0.025 0.046 0.020 0.025 0.043 -
0.016 0.042 0.027 0.018 0.027 0.018 0.012 0.022 0.021 0.039 0.002 0.020 0.045 0.007 0.050 0.014 0.018 0.049 0.022 =

0.051 0.042 0.047 0.049 0.047 0.045 0.053 0.049 0.051 0.043 0.051 0.047 0.049 0.048 0.050 0.049 0.052 0.041 0.047 0.053 -

A total of 44 sequences of ingroup and outgroup species were utilized for CYTB
gene, of which 16 are newly generated or have not yet been tested in a gene tree (see
Tab. S1). The final alignment comprised 666 base pairs (bp), representing one outgroup
and 42 valid Cambeva species, of which seven are described here (C. fupan could not be
amplified; Fig. 21).

The best-fitting model for the CYTB alignment was TN+F+I+G4. The nucleotide
composition of alignment was 28.0% (T), 30.0% (C), 26.9% (A), and 15.1% (G), with
152 parsimony informative sites, 230 distinct site patterns, and 433 constant sites. The
genetic distance among the newly proposed species ranged from the lowest, 1.4%
between C. ytepopo and C. tessellata, to the highest, 8.1% between C. wosiackii and
C. meandrica. A summary of the genetic distance among species in the rio Iguagu is
provided in Tab. 10, while the full genetic distance matrix for all sequences is available
in Tab. S4.
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FIGURE 21 | Ultrametric gene tree of Cambeva constructed from gene CYTB. Black circles represent posterior probability > 95. Vertical bars
represent species delimitation methods. New species corroborated by the species delimitation methods are represented as red bars. Bars

marked with texture indicate species delimitation split, but not in accordance with the tree topology shown.
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TABLE 10 | Genetic distance k2p between species of Cambeva from rio Iguagu basin using CYTB gene.

T I I I S D R D R N EN N R E A R T

1. Cambeva
kaingang
2. Cambeva

.034
tessellata Ol

3. Cambeva
longistriata

4. Cambeva
meandrica

0.039 0.024

0.079 0.063 0.072

5.Cambeva o1 659 0037 0.082
wosiackii
6. Cambeva
‘ytepopo
7. Cambeva
eriveltoi

0.029 0.017 0.022 0.064 0.030

0.055 0.029 0.041 0.066 0.042 0.037

8. Cambeva
castroi

9. Cambeva
cauim NUP  0.032 0.020 0.032 0.068 0.034 0.022 0.034 0.027
24931

10. Cambeva
cauim NUP ~ 0.032 0.020 0.032 0.068 0.034 0.022 0.034 0.027 0.000

0.037 0.022 0.027 0.070 0.036 0.024 0.036

15709
11. Cambeva 415 019 0033 0.074 0036 0027 0039 0025 0.014 0.014
melanoptera
12. fl‘}l’i’:l.’e"a 0.092 0.071 0.068 0.082 0077 0072 0072 0.071 0.080 0.080 0.079
13. Cambeva 1) 0057 0039 0.068 0037 0028 0.037 0034 0.022 0022 0.027 0.076
papillifera
14.Cambeva 035 030 0,025 0.064 0034 0025 0037 0.024 0009 0009 0014 0077 0.025
plumbea
15. Cambeva 011 (035 0037 0074 0039 0030 0043 0029 0020 0020 0025 0087 0030 0020
stawiarski

16. Cambeva

- 0.069 0.046 0.049 0.060 0.055 0.044 0.051 0.049 0.054 0.054 0.056 0.053 0.052 0.054 0.060

17. Cambeva

A 0.040 0.019 0.027 0.062 0.029 0.020 0.032 0.022 0.024 0.024 0.025 0.074 0.030 0.020 0.029 0.049
luteoreticulata

18. Cambeva

0.037 0.016 0.027 0.066 0.029 0.020 0.032 0.022 0.020 0.020 0.022 0.076 0.027 0.021 0.025 0.049 0.019
atrobrunea

19.Cambeva  \35 (017 0025 0.064 0034 0022 0037 0027 0022 0022 0023 0065 0025 0.022 0030 0044 0024 0.020

rotundipinna
zzﬁggﬁ‘?}a 0.059 0.039 0.055 0.059 0.054 0.048 0.046 0.046 0.045 0.045 0.046 0.076 0.045 0.045 0.046 0.062 0.043 0.043 0.041
21. Cambeva
e 0.060 0.037 0.040 0.073 0.053 0.042 0.040 0.047 0.045 0.045 0.047 0.075 0.044 0.042 0.047 0.056 0.040 0.040 0.038 0.055

Key of the Cambeva species from the rio Iguacu basin

la. Presence of papillae on ventral region of head........cccceuvuviuvcrcinnnnce. C. papillifera
1b.  Absence of papillae on ventral region of head.......c.cccouuviuevcinincncrcrnirernenennnns 2
2a. Presence of continuous longitudinal mid-lateral dark-brown stripe ........ccc........ 3

2b. Absence of continuous longitudinal mid-lateral stripe, or when present, formed
by large dark-brown blotches, with the size of opercular odontodophore, but
NEVET CONETITIUOUS tuuvrerrureeesrreessreersssesssseesssseessssesssssessssssssssesssssessssessssasessssessasssssaesssnes 5
3a. Presence of three paired dark-brown stripes on body: dorso-sagital,
dorso-lateral, and mid-lateral; and 1,5 pectoral-fin rays......ccccecoveuncuereecunce C. naipi
3b. Presence of one paired dark-brown stripes on body; and 1,6 pectoral-fin rays.... 4
4a. Presence of dorso-sagital dark-brown stripe .......ccccoeeviuviunciciniincincnanns C. piraquara
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4b.
5a.
5b.
6a.

6b.

7a.
7b.
8a.
8b.
9a.
9b.

10a.

10b.

11a.

11b.
12a.

12b.
13a.
13b.
14a.
14b.
15a.
15b.
16a.
16b.
17a.

17b.

18a.

18b.

Absence of dorso-sagital dark-brown stripe.........coccveuuruncee. C. longistriata (Fig. 16)
Presence of [,5 Pectoral—fIn Tays c.....c.euucucveceeiueuceneiineirenenieniesiesensenseessessensenaens 6
Presence of 1,6 or 7 pectoral-fin rays ........ccocucueieiuniuncinienieniiciciscisise s 9

The color pattern of dorsal and lateral surface of body composed of rounded
light-brown blotches, sometimes coalescing, and with dark-brown to black
marks delimiting blotches on margins.........cccoecuecueiuniincianee C. meandrica (Fig. 13)
The color pattern of dorsal and lateral surface of body composed of scattered
small dark-brown spots, or mottled pale-brown blotches coalescing along the

body and head ... 7
Presence of long filament on first pectoral-fin ray (Fig. 22C).......cccnevunee C. taroba
Absence of filament on first pectoral-fin ray ........ccceeereenceereineinererennerensennens .8
Caudal fin strongly rounded.........ccccoeuuiiiicinininciiciiiicccces C. mboycy
Caudal fin subtruncated, slightly rounded at corners........ccccccveuvcucuunce. C. galactica
Presence of [,7 pectoral—fIn Tays c..c..c..ccueuceecreerereuncrenmerineieneneneeeesessensenseesessennes 10

Presence of 1,6 pectoral-fin rays (except for C. cauim 1,6, 1,7, and 1,8; and C.
SEAWIArsRi 1,6 AN 1,7) cecvurvrerieeeerieeieisieiesis et ss st sss st ssenes 14
Absence on the caudal fin of a pale-yellow to unpigmented stripe in the

PrOXiMal TEZIOMN ...ovvuiuieciiiicic i 11
Presence of a pale-yellow to unpigmented stripe in the proximal region of
CAUAAL FIN ettt bbb s s e s s s s s s s s s aeneaes 12
Caudal fin strongly forked; more than 22.8% of caudal peduncle
depth in ST s C. crassicaudata
Caudal fin truncate; less than 19% of caudal peduncle depth in SL............. C. igobi
Presence of rounded, well-defined and variated in size of dark-brown blotches
on the lateral surface of body; and inferior mouth........cccccveuvcuciniuncunnce. C. castroi
Presence of dark-brown blotches with irregulars shape on the lateral surface of
body; and subterminal mouth.........c.cccviuiiiiiiiiii e 13
Presence of blotches with two or three times the diameter of the eyes in distal
Margin of all fiNS.....ccceeceeeiierneneeeeeereeeie e C. tupan (Fig. 11)
Presence of a broad black bar in distal margin of all fins................... C. melanoptera
Presence of pores i1 and 1,3 (Fig. 22) ..cccevuuereereeeenreeniereennn. C. wosiackii (Fig. 15)
Absence of pores i1 and 13 ....ccucueeeeeriueenereeiiiieiereneeeesesesensesseesse e seesasesesaens 15
Color pattern of body composed of uniform dark-gray ........ccceeuuuuuce. C. plumbea
Color pattern of body composed of blotches, spots, or blotches forming
VETIMUCUIATION 1.vcvieiereveveveteieeer ettt tere e s s st s esesese s s esesesesenssesesesensnsenesene 16
Presence of filament on first unbranched pectoral-fin ray........ccoocecivininicianes 17
Absence of filament on first unbranched pectoral-fin ray .......ccoocvcucivinenncnaees 18

Color pattern of body composed of blotches coalescing and forming
VETMICULALIONS 1uvvverererieiiaeeeseicesiese ettt sessessesessssssessssassesnns C. eriveltoi (Fig. 9)
Color pattern of body composed of rounded dark-brown spots or blotches,
variable in size, sometimes coalescing and being densely mottled on the lateral
surface of the body, forming a mosaic pattern ........ccccoccuueunce. C. tessellata (Fig. 7)
Maxillar ~ and  rictal  barbels = not  reaching  interopercular
0dONtOdOPROTES ...ceeiiit e C. luteoreticulata
Maxilar and rictal barbels reaching or surpassing interopercular
0dONtOdOPROLES ....uviiii s 19
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19a. Presence of relative shorter and rounded caudal fin.........cccccoeuuuccce C. rotundipinna
19b. Presence of relative bigger and truncate or emarginate caudal fin..................... 20
20a. Emarginate caudal finl ...
20b. Truncated caudal fin ..o

21a. Caudal fin with deep concavity in distal margin........ccccoecvcuvciviucciuvcinns C. cauim
21b. Caudal fin slightly concave in distal margin..........cccccvcevcuniunceurcuncnnn. C. stawiarski

22a. Color pattern of body composed of large dark-brown rounded blotches
coalescing and forming irregularly bordered and interrupted longitudinal

DaNd e aes C. kaingang (Fig. 1)
22b. Color pattern of body composed of small dark-brown spots or small rounded
DIOECRES .ttt ettt e et sttt et e sttt eaeen et et e e e e eae st et e e enenee 23

23a. Tip of pelvic fin not reaching the vertical through line of origin of dorsal fin,
or not reaching anterior margin of anus.......coc.eeeevererererereenens C. ytepopo (Fig. 18)
23b. Tip of pelvic fin reaching the vertical through line of origin of dorsal fin, or
reaching anterior Margin of ANUS .........c.ccccucueieerenciinence e aaeseaes 24
e C. davisi
24b. Anterior margin of snout relatively straight in dorsal view............... C. atrobrunnea

24a. Anterior margin of snout relatively convex in dorsal view ....

FIGURE 22 | Variations of the first pectoral-fin ray in the form of the filament and the presence of the antorbital segment of the infraorbital

canal with two pores, i1, and i3. A. Rudimentary filament; B. Short filament; and C. Long filament.
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DISCUSSION

Our study, incorporating external morphology, osteological features, and molecular
data, identified the presence of eight new species in the basin. The rio Iguagu harbor
a high level of endemism for Cambeva species (Costa et al., 2021; dos Reis et al., 2023,
2022; Wosiacki, Garavello, 2004; Wosiacki, de Pinna, 2008a,b), and considering the
significant anthropogenic impacts on the rio Iguagu basin, the restricted distribution
ranges of Cambeva species, morphological variation, and the relative low genetic
divergence observed between some species, we emphasize the necessity to describe and
understand these species before they potentially face extinction in the wild (dos Reis e
al,, 2023).

Iterative methodologies to delimit Cambeva species. Relying solely on genetic
distance variation of COX1 to delimit small-sized fish species and groups with recent
speciation may obscure local diversity (Ward er al., 2005; Hubert et al., 2008; Pereira et
al., 2011, 2013, 2021; Costa-Silva et al., 2015; Reis et al., 2020; Reis, de Pinna, 2023).
The genetic distances between congeneric species in the rio Iguagu basin ranged
from 0.9%, with most species exhibiting values higher than 2% (see Tabs. 9, S3). The
intraspecific genetic distance ranged from 0.2%, in C. longistriata and C. meandrica, to
0.4% in C. eriveltoi. Thus, applying the 2% threshold for new species, as explored by
Pereira ef al. (2013) for Neotropical fishes, and the barcode gap of ten times the distance
of intraspecific genetic distance, some species described here would not be validated
based only on DNA barcode data. However, Pereira ef al. (2013) highlighted that this
barcode gap cutoff should be used with caution and that the implementation of species
delimitation methods is advised (e.g, as used in Mesonauta species delimitation by de
Oliveira et al. (2025)). These methods were utilized here to delimit species and iterating
with morphological diagnosis.

Although, using more than one mitochondrial gene (e.g., as CYTB used here) can
accurately help with species description (de Santana et al., 2019). Species like C. longistriata
and C. kaingang have a low genetic distance (0.9%) using only COX1. Although,
when compared each other by using CYTB the distance was 3.7%, greater than the
threshold of approximately 3% widely used as indicative interspecific differences in
fishes (Wang et al,, 2019) and other groups of organism (Johnston ef al., 2011; Chappell
et al., 2012; Koroiva, Santana, 2022). The ASAP species delimitation method applied to
the CYTB marker successfully distinguished all species described herein and included
in the analyses. The bPTP recovered six of the seven species, whereas sGMYC and
PTP grouped several taxa together, including lineages that are morphologically and
genetically distinct (see Fig. 21). The divergences in results of CYTB and COX1
exemplify the use of iterative methodologies and the cumulative information to accurate
delimited species (Yeates et al., 2011). Therefore, comparing multiple lines of evidence,
such as the use of both mtDNA and the morphology diagnosis, our species boundaries
can be considered rigorous, even in a group with recent speciation and few individuals
to be used for molecular data.

The considerable variation in color patterns and even in the counts of pectoral fin
rays difficulties the diagnosis of some species (Silva ef al., 2010; Nascimento ef al., 2017;
dos Reis ef al., 2022; Martins ef al,, 2024). However, with the aid of osteological data,
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increasingly detailed species descriptions within the group, and molecular methods
being implemented (eg, Bockmann er al, 2004; Ferrer, Malabarba, 2013; Costa et
al,, 2024b), allowed species comparisons not only for diagnosis purposes but also for
the establishment of intrageneric groups (Costa ef al., 2021). In the present study,
we applied an iterative taxonomic approach combining two mitochondrial markers
(COX1 and CYTB) with analyses of external morphology and osteological characters.
This framework allowed us to evaluate congruence among independent lines of
evidence, and reduce uncertainties associated with highly variable diagnostic traits.
Using molecular and morphological datasets a more comprehensive understanding of
diversification patterns within Cambeva can be achieved.

Insights about Cambeva species delimitation and future perspective. Instances
of low genetic distance between morphologically distinct and already described species
are well documented in Cambeva (Donin et al, 2022; Martins et al, 2024; dos Reis
et al., 2025b), such as C. davisi and C. diabola (see fig. 2 from dos Reis ef al., 2025b),
as well as C. castroi (see Tab. S1). In this case, the genetic divergence between C.
davisi and C. castroi was only 0.7%, highlighting the importance of iterative species
delimitation frameworks using more than one molecular marker, species delimitation
methods, and morphological data to achieve accurate species delimitation, specially in
Trichomycteridae (Reis, de Pinna, 2023). Another group that our results indicated to
be genetically closely related comprises C. tupan, C. igobi, C. plumbea, C. melanoptera,
and C. cauim, which cluster together in a genetic group. Notably, C. melanoptera and
C. cauim exhibit a low genetic distance of 0.7%, and C. igobi and C. plumbea 0.2%
(Tab. 9). In addition to these species, C. naipi and C. mboycy also exhibit low genetic
divergence, 0.4%, and are consistently clustered together by molecular delimitation
methods. However, they display several distinct morphological characters that clearly
differentiate them (Wosiacki, Garavello, 2004).

Several factors may influence genetic distances measured from a single m¢tDNA gene,
including past introgression events resulting from historical contact between species
(Funk, Omland, 2003), as well as lineages undergoing recent speciation that have not
yet surpassed the “gray zone” from De Queiroz (2007). These patterns could be driven
by the low genetic distance (i.c., 0.9%) between C. longisiriata, from rio Butid, tributary
of the left margin of Rio Iguagu, and C. kaingang, from rio Gongalves Dias, tributary of
the right margin of rio Iguagu. Despite the low genetic distance, the species could be
diagnosed for several morphological characters (see Diagnosis) including osteological
features, such as the absence of epiphyseal bar in C. longistriata (vs. the presence of
epiphyseal bar in C. kaingang, see Figs. 2A, H), and high genetic distance using CYTB
gene (3.7%, see Tab. 10).

On the other hand, the high genetic distances observed here correspond to groups
that likely colonized the basin during an older geological period and independently, and
then co-occurring in a secondary contact (e.g., C. kaingang and C. wosiackii, recorded in
the rio Gongalves Dias, C. tupan and C. meandrica, recorded in the rio Chopim, and C.
longistriata and C. ytepopo, recorded in the rio Butid). Consequently, probably with the
arrival of species in more recent periods, these newly dispersal taxa established themselves
in sympatry with the preexisting species in the region, a pattern also found for other
Neotropical river basins (Albert er al., 2020). Given that these groups are genetically

66/77 Neotropical Ichthyology, 24(3):e250183, 2026 ni.bio.br | scielo.br/ni



https://www.ni.bio.br/
https://www.scielo.br/ni
https://www.ni.bio.br/content/v24n3/1982-0224-2025-0183/supplementary/1982-0224-ni-24-03-e250183-Sup.pdf

Renan B. dos Reis, Bruno H. M. Stabile, Alessandra V. Oliveira, Juliano Ferrer and Weferson J. da Graga

ni.bio.br | scielo.br/ni

highly distinct and likely more ancient, such as the group formed by C. taroba and C.
meandrica, as well as C. mboycy and C. naipi, they may have undergone speciation due to
prezygotic factors concerning to other species-rich groups of potentially more recent
origin in the basin. This process could have prevented recent introgression events and
the mixing of mtDNA.

Species of Cambeva have shown significant morphological variation (see Silva er
al., 2010; Nascimento ef al,, 2017; Martins ef al., 2024). When analyzing only a single
source of data (eg., exclusively molecular or morphological data), there is a risk of
misinterpreting species delimitation. This is exemplified by species delimiters in the
present study, particularly in the case of C. horacioi and C. taroba, where a population of
C. horacioi appears to be separated by C. taroba. However, the population of C. horacioi
occurs in the same localities, and the morphological differences between these species
are substantial (see Wosiacki, Garavello, 2004; dos Reis ef al., 2020b). Another example
involves C. orbitofrontalis and C. panthera, which are grouped as a single potential species
based on molecular data. Nevertheless, these taxa exhibit pronounced morphological
differences, such as distinct coloration patterns and the presence of a long filament on
the first pectoral-fin ray in C. panthera (see Costa et al., 2021). This pattern has also been
reported in other trichomycterids, such as Trichomycterus alternatus (Eigenmann, 1917),
T. astromycterus Reis, de Pinna & Pessali, 2019, and T vinnulus Reis & de Pinna, 2022,
which are morphologically distinct yet exhibit low genetic divergence. Conversely,
morphologically similar species (eg., T immaculatus (Eigenmann & Eigenmann, 1889)
and T. melanopygius Reis, Santos, Britto, Volpi & de Pinna, 2020) may show high genetic
distances in the COX1 gene (Reis ef al., 2020; Reis, de Pinna, 2023).

However, a particularly noteworthy case is the lumping of C. papillifera and C.
ventropapillata, with the former being at risk of extinction (MMA, 2022). The species
shares a haplotype (see Tab. S2), and shows low genetic variation between these
two haplotypes (0.4%, see Tab. $3). Furthermore, all species delimiters indicated the
existence of a single taxon. Despite the morphological differences proposed by Costa
et al. (2023b), these differences appear to represent intraspecific variation within C.
papillifera. In this case, a recent headwater capture event likely separated the lineages,
leading to population structuring with morphological differences in different river basins
(Iguassu, and Southeastern Mata Atlantica sensu Abell et al. (2008), for C. papillifera, and
C. ventropapillata, respectively). Here, we do not propose any synonymization, however,
further studies involving both species are necessary to better understand the distribution
pattern of C. papillifera, its conservation status, and the potential senior synonymy of this
species in relation to C. ventropapillata.

Another noteworthy case is the potential merging of C. zonata from the rio Ribeira
de Iguape (type locality) with specimens from the upper rio Iguagu basin identified
as C. davisi in Morais-Silva ef al. (2018). The specimens were collected in the Amola
Faca stream, near the type locality of C. davisi, Serrinha (see Haseman, 1911). The
morphological variation between these two species, particularly in small individuals
of C. davisi, difficulties their identification. A possible explanation for this pattern is
the occurrence of C. zonata in the upper rio Iguagu basin, with the distribution range
confirmation based on the specimens identified here as C. cf. zonata (see Fig. 20). Thus,
the type-series individuals of C. davisi that exhibit a wide and broad longitudinal stripe
(FMNH 54242, see Haseman, 1911; Nascimento ef al., 2017) may correspond to C.
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zonata, and one specimen with thin and paired stripe (also FMNH 54242) present the
diagnosis character of C. naipi (see Wosiacki, Garavello, 2004). Therefore, testing the
hypothesis and confirming the presence of C. zonata in the rio Iguagu could provide
valuable insights into the morphological variation of C. davisi, allowing for a more
precise delimitation of this species and its distribution range.

Biogeographic patterns and conservation of rio Iguagu basin. Significant
biogeographic and intrageneric patterns were identified by Costa et al. (2024b),
revealing that species from the rio Iguacu in the Serra do Espigio (RISE sensu Costa
et al., 2024b) exhibit two distinct distributional patterns: western and eastern. Eastern
species are phylogenetically closer to species from coastal basins, whereas western species
share a closer relationship with species from the rio Iguagu. Additionally, species from
the lower rio Iguagu region, along with the phylogenetic topology generated here,
suggest multiple colonization events of the rio Iguagu by Cambeva species. This aligns
with Costa et al. (2024b), who found that species from RISE are not monophyletic.
Despite the description and delimitation of these eight species in this study, their precise
phylogenetic placement within the group is still under investigation to improve our
understanding of both phylogenetic relationships and the biogeographic patterns that
shaped the distribution and speciation in this basin (RBR, work in progress).

The rio Iguagu has proven to be an important area of endemism and harboring,
currently, 24 endemic species of Cambeva, and approximately one-third of all diversity
of the group, reinforcing the hypothesis of a hotspot for the genus (dos Reis e al,
2022; Frota, da Graga, 2025). Despite extensive sampling throughout its course, the
rio Iguagu basin still presents sample gaps, particularly in left-bank tributaries, such as
the rio Chopim (where two new species have been recorded here), as well as the rio
Jangada, Iratim, and some tributaries from Santa Catarina and in the Misiones region in
Argentina. Therefore, it is likely that additional endemic species remain undiscovered
and formally undescribed by science.

Throughout its course, the rio Iguagu is subject to numerous anthropogenic impacts,
including pollution, urbanization, extensive agriculture, flow modification caused by
dams, and the introduction of non-native species (Garavello er al., 1998; Baumgartner
et al., 2012; Daga et al., 2016; Mezzaroba et al., 2021). Among these, the construction of
hydroelectric dams is the most detrimental to fish species with restricted distributions.
As a result, four species of Cambeva are threatened in the basin: C. crassicaudata (EN;
Endangered), C. igobi (VU; Vulnerable), C. mboycy (EN), and C. papillifera (EN); and
C. piraquara is considered a potential species to be included in this list as CR; Critically
Endangered (MMA, 2022; dos Reis ef al., 2023).

Despite these impacts on their habitats, the region still contains areas of high
biodiversity, a characteristic shaped by the geomorphological evolution of the landscape,
being a result of long-term isolation of the rio Iguagu drainage from the remaining parts
of rio Parand basin by the Cataratas do Iguagu, and compartmentalization of sub-basins
due to biogeographic barriers (Haseman, 1911; Garavello, Sampaio, 2010; Baumgartner
et al., 2012; Mello et al,, 2015; dos Reis et al., 2020a; Costa ef al., 2024a). Thus, mitigating
anthropogenic impacts in the region and knowing the basin’s biodiversity and the
range distribution of species are crucial for the conservation of freshwater fish species,
avoiding the known Linnean and Wallacean Shortfalls (Bini er al,, 2006; Hortal et al.,
2015; Haelewaters et al., 2024).
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Comparative material examined. Argentina. Trichomycterus pseudosilvinichthys Fernindez & Vari, 2004:
FMNH 112974, 1 paratype, 52.1 mm SL, Province de La Rioja, Departamento Chilecito, Valle Gauchin.
Brazil. Parand State: Cambeva cauim: rio Iguagu basin: all paratypes, MPEG 39109, 4, 29.2-82.3 mm SL,
municipality of Mangueirinha, cérrego Verde. NUP 2416, 19, 20.0-97.4 mm SL, municipality of
Mangueirinha, cérrego Verde. NUP 22756, holotype, 89.6 mm SL, municipality of Cruz Machado, unnamed
stream. Cambeva castroi: rio Iguagu basin: NUP 3127, 3, 110.0-140.0 mm SL, municipality of Reserva do
Iguacu, Jordio reservoir, rio Jorddo basin. Cambeva crassicaudata: rio Iguagu basin: MHNCI 12297, 4, 47.0—
164.3 mm SL, municipality of Candéi/Pinhdo, rio Jorddo, UHE Santa Clara. MZUSP 88519, 1, paratype,
105.6 mm SL, municipality of Foz do Jordio, rio Jordio. MZUSP 88517, 2, 110.9-121.3 mm SL, municipality
of Candéi, rio Jordio. NUP 3123, 1, 52.3 mm SL, municipality of Foz do Jorddo, Cérrego Passo do Aterrado.
NUP 3783, 3, 78.6-134.5 mm SL, municipality of Candéi, rio Jordio. NUP 4006, 3, 107.5-114.3 mm SL,
municipality of Candoi, rio Jorddo. NUP 4826, 1, 109.7 mm SL, municipality of Canddi, rio Jorddo. NUP
9998, 1, 95.1 mm SL, municipality of Guarapuava, rio Pinhiozinho. NUP 10827, 4, 50.7-102.4 mm SL,
municipality of Foz do Jordio, Jordio reservoir. Cambeva davisi: rio Iguagu basin: NUP 4008, 11, 22.1-82.1
mm SL, municipality of Santa Clara, rio da Lage, tributary to the rio Jorddo. NUP 15914, 67, 21.3-78.2 mm
SL, municipality of Cruz Machado, rio Jacutinga, tributary to the rio Santana. NUP 17364, 34, 38.7-74.3 mm
SL, municipality of Pinhdo, unnamed river, tributary to the rio Lajeado Feio. Cambeva diabola: rio Tibagi
basin: NUP 17403, 4, 31.9-67.2 mm SL, municipality of Teixeira Soares, arroio Lajeado, tributary to the
arroio Chapada. NUP 17447, 2, 109.3-114.8 mm SL, municipality of Palmeira, rio Sdo Benedito, tributary to
the rio Caniti. NUP 17457, 2, 53.8-92.9 mm SL, municipality of Carambei, rio Jotuba, tributary to the rio
Pitangui. NUP 17471, 2, 57.8-83.2 mm SL, municipality of Carambei, unnamed river, tributary to the rio
Maracani. NUP 18830, 2, 46.1-59.6 mm SL, municipality of Palmeira, rio Sio Benedito, tributary to the rio
Canit. NUP 18832, 1, 62.5 mm SL, municipality of Carambet, rio Jotuba, tributary to the rio Pitangui. NUP
14772, 3, 34.9-78.2 mm SL, municipality of Jacarezinho, ribeirio Ub4, tributary to the rio das Cinzas. NUP
20510, 10, 39.9-54.8 mm SL, municipality of Ibaiti, unnamed river, tributary to the rio das Pedras. Rio Itararé
basin: NUP 20439, 9, 40.5-62.9 mm SL, municipality of Sengés, rio Pelame, tributary to the rio Itararé. Rio
Pirap6 basin: NUP 4802, 2, 55.0-60.0 mm SL, municipality of Pulinépolis, rio Atlantico, tributary to the rio
Pirap6. NUP 5579, 2, 46.0-72.7 mm SL, municipality, corrégo Remo. Rio Ivai basin: NUP 5482, 3, 19.4—
35.3 mm SL, municipality of Prudentépolis, rio Barra Grande, tributary to the rio Ivai. Cambeva horacioi: rio
Ivai basin. MCP 54181, holotype, 88.1 mm SL, municipality of Prudentépolis. NUP 15669, 2 paratypes,
51.8-57.4 mm SL, municipality of Iretama. NUP 16016, 3 paratypes, 39.8-91.7 mm SL, municipality of
Peabiru. NUP 16059, 10 paratypes, 64.4-72.2 mm SL, municipality of Iretama. NUP 16091, 6, 35.8—61.7 mm
SL, municipality of Prudentépolis. Cambeva igobi: rio Iguagu basin: MHNCI 12298, 1, 170.0 mm SL,
municipality of Cand6i/Pinhio, rio Jorddo, UHE Santa Clara. MZUSP 94843, 3 paratypes, 63.0-89.8 mm SL,
municipality of Candéi, rio Jorddo. NUP 611, 4, 107.6-150.2 mm SL, municipality of Foz do Jordio, c6rrego
Passo do Aterrado. NUP 3704, 4, 59.4-129.9 mm SL, municipality of Candéi, rio Capivara. NUP 3824, 2,
21.2-68.0 mm SL, municipality of Candéi, rio Jorddo. NUP 4007, 2 paratypes, 62.0-66.3 mm SL, municipality
of Candéi, rio do Sobradinho, tributary to the rio Jordio. NUP 4009, 4, 20.8-32.3 mm SL, municipality of
Pinhio, rio Capivara. NUP 4743, 3, 119.4-144.1 mm SL, municipality of Reserva do Iguagu, rio das Torres.
NUP 4827, 1, 66.2 mm SL, municipality of Candéi, rio Sobradinho. NUP 9866, 1, 125.9 mm SL, municipality
of Guarapuava, rio Pinhiozinho. NUP 16101, 74.4 mm SL, municipality of Pinhdo, unknown name stream.
NUP 18280, 6, 69.0-99.6 mm SL, municipality of Guarapuava, unnamed river stream. NUP 18873, 2, 71.2—
82.9 mm SL, municipality of Guarapuava, unnamed river stream. Cambeva iheringi: rio Itararé basin: NUP
20440, 1, 57.9 mm SL, municipality of Sengés, rio Pelame. NUP 20463, 2, 61.6-77.8 mm SL, municipality of
Jaguariaiva, unnamed river, tributary to the rio Espigio Alto. NUP 20480, 1, 74.1 mm SL, rio das Langas,
tributary to the rio Jaguariaiva. NUP 21042, 1, 51.0 mm SL, municipality of Sengés, rio Pelame. NUP 21059,
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1, 69.2 mm SL, municipality of Jaguariaiva, unnamed river, tributary to the rio Espigio Alto. Cambeva mboycy:
rio Iguagu basin: NUP 612, 7, 39.3-88.0 mm SL, municipality of Foz do Jorddo, rio Jordio. NUP 632, 2,
57.9-59.9 mm SL, municipality of Foz do Jordio, rio Jorddo. Cambeva melanoptera: rio Iguagu basin: NUP
24871, 2, 35.2-91.0 mm SL, municipality of Coronel Domingos Soares, rio Iratim. Cambeva naipi: rio Iguagu
basin, municipality of Rebougas: NUP 15548, 4, 57.5-59.6 mm SL. NUP 16013, 7, 15.9-64.8 mm SL.
Cambeva perobana: NUP 23907, holotype, 75.9 mm SL, rio Mouro, basin of rio Piquiri. Cambeva taroba: rio
Iguagu: NUP 23891, 34, 16.6-41.1 mm SL, municipality of Reserva do Iguagu, tributary of rio Capdo Grande,
rio Jorddo basin. NUP 1616, 3 paratypes, 47.4-53.8 mm SL, municipality of Foz do Jordio, cérrego Passo do
Aterrado, tributary of rio Jorddo basin. Cambeva papillifera: NUP 1615, 1 paratype, 94.4 mm SL, municipality
of Foz do Jorddo. NUP 2415, 3, 35.6-62.3 mm SL, municipality of Mangueirinha. NUP 2418, 4, 100.0-126.2
mm SL, municipality of Mangueirinha. NUP 10828, 3, 100.6-114.4 mm SL, municipality of Foz do Jord3o.
NUP 15883, 1, 96.5 mm SL, municipality of Cruz Machado. NUP 17363, 1, 83.2 mm SL, municipality of
Pinhido. NUP 20131, 1, 66.6 mm SL, municipality of Pinhio. NUP 25073, 2, 59.6-89.5 mm SL, municipality
of Pinhdo. NUP 25470, 7, 58.0-98.0 mm SL, municipality of Foz do Jordio. NUP 25535, 2, 71.0-82.3 mm
SL, municipality of Coronel Domingos Soares. NUP 25558, 1, 69.6 mm SL, municipality of Pinhdo. Cambeva
pascualiz rio Paranapanema: NUP 23341, 1, 45.0 mm SL, municipality of Jaguariaiva. NUP 23342, 2, 43.0—
48.0 mm SL, municipality of]aguariaiva, Parana State. NUP 23343, 3, 40.5-48.0 mm SL, municipality of
Jaguariaiva. Cambeva piraquara: upper rio Iguacgu, municipality of Piraquara: MCP 39091, 2 paratypes, 23.5—
25.3 mm SL. MHNCI 9135, 1 paratype, 30.4 mm SL. MPEG 39144, holotype, 41.6 mm SL. MPEG 39115, 1
paratype, 60.9 mm SL. MZUSP 126889, 1 paratype (c&s), 61.3 mm SL. NUP 23642, 1 paratype, 26.5 mm SL.
Cambeva plumbea: rio Iguagu basin: NUP 1614, 3 paratypes, 72.5-78.5 mm SL, municipality of Foz do Jordio.
Cambeva stawiarski: rio Iguagu basin: MNR] 9739, holotype, 67.1 mm SL, municipality of Bituruna. NUP
1378, 239, 24.3-89.5 mm SL. NUP 3240, 59, 24.8-66.7 mm SL, municipality of Foz do Jordio. Minas Gerais
State. Ituglanis paralybae (Eigenmann, 1918): FMNH 58576 [formerly CM 7598], holotype, 28.1 mm SL,
municipality of Sio José da Barra, rio Parahyba (rio Paraiba do Sul). Santa Catarina State: Cambeva balios:
NUP 18123, 38, 33.3-80.7 mm SL, municipality of Sio Joaquim, rio Pelotas. Sdo Paulo State: Cambeva
pascuali: tio Paranapanema: MZUSP 121681, holotype, 48.8 mm SL, municipality of Itatinga. Cambeva
zonata: FMNH 58573, holotype, 52.5 mm SL, FMNH 58574, 2 paratypes, 42.3-47.4 mm SL, rio Ribeira de
Iguape, Agua quente, Cubatio, 7 miles west from Santos. Microcambeva triguttata (Eigenmann, 1918): FMNH
58670 [formerly CM7600a], holotype, 30.0 mm SL, Jacarahy (Jacarei), rio Paraiba do Sul. Trichomycterus
paolence: FMINH 58085, holotype, 59.4 mm SL, district of Paranapiacaba, municipality of Santo André, near
to Alto da Serra, rio Jurubatuba/Grande, basin of rio Tieté, upper rio Parand system. FMNH 58119, 11,
18.9-25.0 mm SL, municipality of Mogi das Cruzes, rio Tieté, upper rio Tieté basin. LBP 7684, 1 (tissue
36308), municipality of Sio Paulo, stream tributary of Guarapiranga reservoir, upper rio Tieté basin.
Trichomycterus cf. mimonha Costa, 1992: paratype of Pygidium paolence: FMNH 58575, 1, 56.5 mm SL, rio
Paranahyba bridge, 15 Aug 1908, J. D. Haseman. Colombia. Trichomycterus bogotense (Eigenmann, 1912):
EMNH 56030, holotype, 65.3 mm SL, Puente de Supa, beyond Chapinero, near Bogoti. Guyana.
Trichomycterus guianensis (Eigenmann, 1909): FMNH 52676 [formerly CM 1003], holotype, 64.4 mm SL,
Aruataima Falls, upper Potaro River. Peru. Ituglanis gracilior (Eigenmann, 1912): FMNH 142659, 2, 71.6-83.4

mm SL, municipality of La Convencion, rio Ticumpini, sub-basin of rio Ucoyali, tributary of rio Amazonas.
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