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Pleistocene marine transgressions and regressions repeatedly inundated 
and exposed the Southeastern Brazilian coast, creating alternating phases of 
connectivity and isolation among adjacent river drainages, that may have 
structured freshwater fish diversification. We integrate mitochondrial (COI, 
CytB) and nuclear (RAG1) sequence data with multivariate morphometrics 
to evaluate the phylogeographic relationships among populations historically 
identified as Rineloricaria steindachneri across the lower Paraíba do Sul basin and 
neighboring coastal drainages of Espírito Santo; and to evaluate whether patterns 
are consistent with the hypothesis that Pleistocene sea-level oscillations were the 
primary driver of genetic diversification. Molecular analyses recovered two well-
supported, allopatric lineages that are independently diagnosable by morphology: 
R. steindachneri restricted to the Paraíba do Sul basin, and Rineloricaria capixaba 
n. sp. occurring in the Itabapoana, Itapemirim, and Benevente basins. The two 
lineages show a mean COI divergence of 2.0%, with largely basin-specific 
mitochondrial haplotypes, including a COI haplotype shared between Itapemirim 
and Benevente. Nuclear haplotype sharing is consistent with incomplete lineage 
sorting. Our findings support a history of intermittent inter-basin connectivity 
during marine regressions followed by vicariant isolation associated with 
subsequent transgressions, yielding the present allopatric distributions.

Keywords: Integrative taxonomy, Phylogeography, Pleistocene, Population 
genetics, Sea-level oscillations.
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Phylogeography of Rineloricaria lineages

Transgressões e regressões marinhas durante o Pleistoceno  expuseram e 
inundaram repetidamente sistemas de no Sudeste da costa do Brasil, promovendo 
fases alternadas de conectividade e isolamento entre bacias hidrográficas 
adjacentes que podem ter estruturado a diversificação de peixes de água doce. 
Integramos dados de sequências mitocondriais (COI, CytB) e nucleares (RAG1) 
com morfometria multivariada para avaliar as relações filogeográficas entre 
populações historicamente identificadas como Rineloricaria steindachneri no 
baixo rio Paraíba do Sul e em drenagens costeiras vizinhas do Espírito Santo, 
bem como testar se os padrões observados são consistentes com a hipótese de que 
oscilações pleistocênicas do nível do mar foram o principal fator de diversificação 
genética. As análises moleculares recuperaram duas linhagens alopátricas, 
bem suportadas e independentemente diagnosticáveis pela morfologia: R. 
steindachneri, restrita à bacia do Paraíba do Sul, e Rineloricaria capixaba n. sp., 
ocorrendo nas bacias dos rios Itabapoana, Itapemirim e Benevente. As linhagens 
apresentaram divergência média de 2,0% em COI, com haplótipos mitocondriais 
majoritariamente específicos por bacia, incluindo um haplótipo de COI 
compartilhado entre Itapemirim e Benevente. O compartilhamento limitado de 
haplótipos nucleares é consistente com sorting incompleto de linhagens. Nossos 
resultados sustentam um histórico de conectividade interbacias intermitente 
durante regressões marinhas, seguido por isolamento vicariante associado a 
transgressões subsequentes, resultando nas distribuições alopátricas atuais.

Palavras-chave: Filogeografia, Genética de populações, Oscilações do nível do 
mar, Pleistoceno, Taxonomia integrativa.

INTRODUCTION

Coastal drainages in southeastern Brazil consist of a series of isolated rivers that flow 
directly into the Atlantic Ocean. The palaeohydrological history of these drainages has 
been shaped primarily by sea-level fluctuations, which have driven vicariant events and 
dispersal processes affecting freshwater fish assemblages, with sporadic dispersal events 
connecting them to interior basins (Lima et al., 2021; Pio, Carvalho, 2021; Souza et 
al., 2023; Mejia et al., 2025). During Pleistocene glacial periods, the Brazilian coast 
was impacted by lower sea levels, and exposed palaeodrainages connected currently 
isolated riverine basins (Thomaz et al., 2018). These palaeodrainages may have served as 
dispersal routes for freshwater fishes, with periodic episodes of isolation and secondary 
contact among populations that promoted both speciation and lineage sympatry over 
time (Weitzman et al., 1988; Buckup, 2011; Dias  et al., 2014; Thomaz, Knowles, 
2018; Thomaz et al., 2015, 2017, 2019; Shelley et al., 2020; Pio, Carvalho, 2021).

To test phylogeographic hypotheses, we assessed the genetic diversity of a small group 
of whiptail armored catfish lineages related to Rineloricaria steindachneri (Regan, 1904). 
Rineloricaria steindachneri was described based on specimens previously identified as 
Loricaria lima by Steindachner (1881), with presumed geographic distribution including 
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at least six localities: “Rio Parahyba bei Juiz de Fora, Campos und Mendez, im Rio dos 
Macacos, Rio Preto, Rio Quenda, Rio das Velhas” (Steindachner, 1881). Regan (1904) 
described the species range as “Eastern Brazil, from the Rio Preto to the Rio Parahyba”. 
However, some of the river names listed by Steindachner may refer to more than one 
drainage or cannot be located in current maps, and the geographic limits of the species 
outside of the Paraíba do Sul River basin remain unclear. Therefore, specimens from 
different localities may correspond to more than one species.

In recent intensive ichthyological surveys conducted in the Paraíba do Sul River 
basin and adjacent coastal drainages, R. steindachneri was redescribed and regarded as 
geographically restricted to the lower Paraíba do Sul River (Mejia, Buckup, 2024). 
However, specimens of Rineloricaria from the Itapemirim, Itabapoana and Benevente 
rivers in southern Espírito Santo have long been identified as R. steindachneri in fish 
collections, even though no comprehensive taxonomic review has ever encompassed 
those basins, raising uncertainties about the correct delimitation of the species in 
this region. Therefore, the present study aims (1) to evaluate the phylogeographic 
relationships among Rineloricaria lineages related with R. steindachneri in the Paraíba do 
Sul, Itapemirim, Itabapoana, and Benevente River basins, (2) to test the hypothesis that 
Pleistocene sea-level oscillations were the primary cause of their genetic diversification, 
and (3) describe a newly discovered species of Rineloricaria. If connections among 
palaeodrainages during marine regressions facilitated dispersal among currently 
isolated rivers, the genetic relationships between populations are expected to reflect the 
boundaries of these palaeodrainages (Thomaz et al., 2017). Conversely, if the proposed 
palaeodrainages do not accurately describe past connections between these basins, other 
biogeographic processes such as river capture may have played a more significant role 
(e.g., Lima et al., 2017). To investigate the origin of the genetic structure of Rineloricaria 
in the four drainages, we obtained nucleotide sequences of two mitochondrial genes 
(COI and CytB), as well as the nuclear gene RAG1. Additionally, we examined the 
morphology of Rineloricaria specimens from these hydrographic drainages to assess 
whether there is evidence of morphological differentiation supporting recognition of 
genetic lineages as distinct species.

MATERIAL AND METHODS

Sampling and morphological identification. Specimens of  Rineloricaria from the 
Itabapoana, Itapemirim, and Benevente River basins, available from the Ichthyological 
Collection of the Museu Nacional (MNRJ), Universidade Federal do Rio de Janeiro, 
and the fish collection of the Museu de Biologia Prof. Mello Leitão (MBML) of Instituto 
Nacional da Mata Atlântica were examined and compared with specimens from the 
Paraíba do Sul River basin previously identified as R. steindachneri in a redescription of 
this species (Mejia, Buckup, 2024). Standard morphological and morphometric data 
were collected from the specimens for further analysis and comparison with molecular 
results (see Morphological data and analysis section below). The morphometric data of 
R. steindachneri used in the present analyses was obtained from Mejia, Buckup (2024).

https://www.ni.bio.br/
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DNA extraction, amplification, and sequencing. Genomic DNA was extracted 
from muscle tissue preserved in anhydrous ethanol (see Tab. S1) using the salting-out 
method (Miller et al., 1988). Three molecular markers were sequenced: the cytochrome 
oxidase subunit I (COI) and cytochrome b (CytB) genes from the mitochondrial 
genome, and the recombination activating gene 1 (RAG1) from the nuclear DNA. 
Partial sequences of these genes were amplified by Polymerase Chain Reaction (PCR) 
using primers FishF1 / FishR1 (Ward et al., 2005) for the COI gene; primers CYTBFc 
/ CYTBRc (Lujan et al., 2015) for the CytB gene, and primers RAG1Fa / RAG1R1186 
for the RAG1 gene (Lujan et al., 2015).The amplification reactions were performed in a 
volume of 25 μl, each reaction containing 1 μl of genomic DNA (approximately 50–100 
ng), 1.5 units of Taq polymerase (Invitrogen Life Technologies São Paulo, Brazil), 1× 
PCR Buffer, 5 mM MgCl2, 0.2 µM of each primer, and 0.25 mM of each dNTP; the 
remainder of the mixture consisted of distilled water. The thermal cycling conditions 
for COI included an initial denaturation at 94°C for 1 min, followed by 35 cycles of 
denaturation at 94°C for 30 s, annealing at 48°C for 1 min, and extension at 72°C 
for 1 min 30 s. Final extension at 72°C for 6 min terminated the reactions. The PCR 
reactions for CytB and RAG1 started with denaturation at 94°C for 3 min, followed by 
35 cycles at 94°C for 30 s, 30 s at 57.8°C (CytB) or 58.3°C (RAG1), and 1 min at 72°C, 
with a final extension step at 72°C for 10 min followed by an indefinite hold at 4°C. 

Quality of the amplified products was verified using 2% agarose gel electrophoresis. 
PCR products were purified using Exo-SAP (Handy et al., 2011). Each PCR product was 
sequenced bidirectionally on an ABI3730xl (Applied Biosystems) automated sequencer 
at the Fundação Oswaldo Cruz (FIOCRUZ). The forward and reverse sequencing 
chromatographs were manually edited and trimmed in BioEdit v. 7.1 (Hall, 1999). New 
nucleotide sequences and associated data (chromatograms, geospatial coordinates, and 
primer details) are available under their respective Sample ID and Process ID codes 
in BOLD Systems and GenBank databases (see Tab. S1 for a full list of species and 
sequence accession codes).

Genetic diversity, phylogenetic reconstruction and population structure. 
Pairwise genetic distances among COI sequences were computed in MEGA X (Kumar 
et al., 2018) under the Kimura 2-parameter model (K2P; Kimura 1980). Genetic 
polymorphism of the COI dataset for Rineloricaria populations was quantified with the 
DNASP v. 5 (Librado, Rozas, 2009). For each morphotype, the following parameters 
were calculated: number of sequences, number of haplotypes (h), haplotype diversity 
(Hd), number of polymorphic sites (S), and nucleotide diversity (π), following Nei 
(1987). Population differentiation was assessed using Fst (Hudson et al., 1992), and Dxy 
(average nucleotide divergence between populations), and gene flow was estimated 
as Nm derived from the Fst values. Neutrality tests (Tajima’s D and Fu’s Fs) were also 
performed on the COI sequences. Calculation of F statistic (Φst) and analysis of molecular 
variance (AMOVA) of the COI gene were performed in R (R Development Core 
Team, 2016) using the packages ‘pegas’ (Paradis, 2010) and ‘adegenet’ (Jombart, 2008). 
Groups in the AMOVA were defined considering (1) each population corresponding to 
the four drainages currently isolated by the sea (Paraíba do Sul, Itabapoana, Itapemirim, 
Benevente), (2) three palaeodrainages following Thomaz, Knowles (2018) (Benevente 
+ Itapemirim, Itabapoana, Paraíba do Sul), and (3) two morphotypes (Benevente + 
Itapemirim + Itabapoana, Paraíba do Sul). 
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Phylogeographic relationships among populations were inferred using aligned 
sequences of the three loci (COI, CytB and RAG1) concatenated in sequences of 2712 
bp, without gaps or missing data. A haplotype network was constructed using the 
Median-Joining method in PopArt (Leigh, Bryant, 2015), and a maximum likelihood 
(ML) phylogeographic tree was estimated using RAxML v. 8 (Stamatakis, 2014). The ML 
analysis was run using the GTRGAMMA model and 1000 bootstrap pseudoreplicates 
with Rineloricaria zawadzkii Costa-Silva, Silva & Oliveira, 2022 as the outgroup (Tab. 
S1). A parsimony analysis using PAUP* v. 4.0a (Swofford, 2002) was also performed, 
with a heuristic search employing the TBR (tree-bisection-reconnection) branch 
swapping method. To identify apomorphic nucleotide states associated with single-
nucleotide polymorphisms (SNPs) in the resulting tree, we used the “Describe Trees” 
option in PAUP*. The SNPs of the Rineloricaria morphotypes were then mapped on the 
ML tree using the sequence of R. zawadzkii as the outgroup to polarize the character 
transformations. The SNPs were numbered sequentially according to their position in 
the concatenated matrix of genes, in the following order: COI, CytB and RAG1.

Reconstruction of palaeodrainages. To test the paleogeographic drainage 
hypothesis, we imported the palaeodrainage shapefiles as modeled by Thomaz, Knowles 
(2018) (DeepBlue repository: http://dx.doi.org/10.7302/Z2HH6H8P) into the QGIS 
software 3.16 (QGIS Development Team, 2017; Fig. 3). All layers were re-projected to 
WGS84 (EPSG:4326). Contemporary river courses were digitized as vector polylines 
directly over the palaeodrainage channels estimated by Thomaz, Knowles (2018: fig. 
3). Modern shorelines (0 m) and Last Glacial Maximum shorelines (–125 m) were 
obtained from the Thomaz, Knowles (2018) shapefiles. Final map symbology, point 
locations of sampled specimens, and labeling were arranged in QGIS. We used the 
palaeodrainage reconstructions as a spatial hypothesis framework; these reconstructions 
have uncertainty and do not exclude river capture or ecological filtering.

Morphological data and analysis. Counts and measurements were taken on the left 
side of the specimens. Measurements were taken using digital calipers and recorded in 
0.01 mm and are presented as percent of standard length (SL), except for subunits of the 
head, which are expressed as percent of head length (HL). Meristic and morphometric 
data followed Isbrücker, Nijssen (1978), and Vera-Alcaraz et al. (2012). Nomenclature 
and counts for the lateral-plate series followed Schaefer (1997) with modifications 
proposed by Vera-Alcaraz et al. (2012). Identification of mid-dorsal series followed 
Mejia et al. (2023: fig. 1). Terminology for anterior, median, and posterior plates of the 
abdominal complex followed Isbrücker, Nijssen (1978). Counts of dorsal-fin rays do not 
include the spinelet as the first unbranched ray.

Specimens were initially assigned to operational morphotypes based on discrete 
morphological differences observed during taxonomic examination, mainly caudal-fin 
filament development, color pattern, and body plate ornamentation. These preliminary 
groupings were subsequently evaluated using morphometric and molecular analyses 
to test whether the observed variation was congruent with the proposed taxonomic 
hypotheses rather than with geography alone. To explore morphological differentiation 
among populations, a Principal Component Analysis (PCA) was performed in R 
using ‘factoextra’ (Kassambara, Mundt, 2017), ‘FactoMineR’ (Lê et al., 2008), ‘ggplot2’ 

https://www.ni.bio.br/
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(Wickham, 2011), and ‘adegenet’ (Jombart, 2008) packages. The specimens used 
in these analyses are indicated in parentheses in the list of examined material (see 
taxonomy section in Results). The PCA was conducted with size-adjusted multivariate 
morphometric data, with all measurements expressed as percent of standard length (SL) 
and head length (HL). Prior to the analyses, variables were centered and standardized 
to unit variance in R using the functions scale() and prcomp(), to minimize the 
influence of absolute body size and differences in measurement scale among variables. 
Additionally, to minimize possible effects of allometric components on comparisons 
among groups we only included adults and subadults so as to ensure that the groups 
are comprised of specimens with similar size ranges. To identify statistically significant 
differences in overall morphometric variation among the two morphotypes, we applied 
a permutational multivariate analysis of variance (PERMANOVA; Anderson, 2001) 
using the adonis2 function in the ‘vegan’ package (Oksanen et al., 2013) on a Euclidean 
distance matrix of the full dataset. To visualize the variance explained by each principal 
component and the clustering of individuals, a scatter plot of the first two principal 
components was generated using ‘ggplot2’ and ‘factoextra’ packages. We generated 
PCA eigenvalue plots (scree plots) and PC1–PC2 scatterplots to summarize the variance 
explained and visualize sample clustering. We then extracted the component loading 
scores to identify which measurements contributed most to the separation among 
groups. All figures were finalized in ‘ggplot2’. A formal description of the new species 
is provided in the Taxonomy section in Results.

Taxonomy. We used an integrative taxonomic approach (sensu Padial et al., 2010) to 
delimitate species, formally recognizing lineages that are independently diagnosed by 
morphologic and molecular characters. In the lists of examined specimens (comparative 
and type material), museum acronyms and catalog numbers are followed by the number 
of specimens preserved in ethanol indicated as “alc”, the range of standard length, the 
number of specimens within the lot with the range of their standard lengths, the number 
of specimens measured for morphometric analyses, with the range of their standard 
lengths in parentheses; the number of specimens used for molecular data indicated as 
“tis”, and, when available, the number of cleared and stained specimens indicated as 
“c&s”. To avoid unnecessary proliferation of paratypes, only lots of specimens that 
were measured, photographed or representative of adult morphology were formally 
designated as paratypes of the newly described species, the remaining specimens were 
listed as additional non-type material.

Specimens examined for comparative purposes are listed in Mejia et al. (2023, 2025), 
and Mejia, Buckup (2024). Comparative data for species not directly examined were 
obtained from published species descriptions and/or high-resolution photographs of 
type specimens available in the All Catfish Species Inventory Image Base (Morris et al., 
2006). Institutional abbreviations follow Sabaj (2020). In species descriptions, values 
within parentheses denote the number of specimens corresponding to the associated 
counts, and an asterisk indicates values corresponding to the holotype. 

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

Genetic diversity, phylogenetic reconstruction and population structure. Analysis 
of COI gene polymorphism revealed notable differences between two Rineloricaria 
morphotypes from the Paraíba do Sul, Itabapoana, Itapemirim, and Benevente River 
basins. Genetic distances based on the COI gene reflect divergence by geographical 
origin. Average pairwise distances between the Paraíba do Sul population and the other 
basins ranged from 0.019 to 0.022 (Tab. 1). The lowest pairwise distance was observed 
between Itapemirim and Benevente populations (0.002). When populations were 
grouped according to the operational morphotypes defined above, the average genetic 
distance between morphotypes was 0.020 (2.0%).

The Paraíba do Sul morphotype exhibited lower haplotype (Hd = 0.476) and nucleotide 
diversity (π = 0.00073) than the Itabapoana+Itapemirim+Benevente morphotype (Hd 
= 0.867; π = 0.00501; Tab. 2). Pairwise Fst values (0.861) and estimated gene flow (Nm = 
0.08) indicated strong genetic differentiation between morphotypes (Tab. 1). Neutrality 
tests (Tajima’s D and Fu’s Fs) did not deviate significantly from neutral expectations in 
either morphotype (Tab. 1).

TABLE 1 | Mean K2P genetic distances based on COI sequences among populations (below diagonal) 

and within populations (diagonal) of Rineloricaria. Standard error estimates are presented above the 

diagonal. Note that the mean distances between populations of the lower Paraíba do Sul River basin 

and those of the other coastal rivers in Southern Espírito Santo are much greater than those among the 

latter basins. 

Basin 1 2 3 4

1 Paraíba do Sul 0.001 0.005 0.005 0.005

2 Itabapoana 0.019 0.002 0.003 0.003

3 Itapemirim 0.022 0.009 0.003 0.001

4 Benevente 0.022 0.007 0.002 0

Parameter
Rineloricaria 
steindachneri 

(M1)

Rineloricaria 
capixaba 

(M2)

Between 
Morphotypes

Number of sequences 7 15 22

Number of haplotypes (h) 2 6 8

Haplotype diversity (Hd) 0.476 0.867 0.892

Number of polymorphic sites (S) 1 11 20

Nucleotide diversity (π) 0.00073 0.00501 0.01174

Average nucleotide divergence (Dxy) - - 0.02066

Fixation index (Fst) - - 0.861

Estimated gene flow (Nm) - - 0.08

Tajima’s D 0.012 -0.885 -

Fu’s Fs 0.589 0.501 -

TABLE 2 | Genetic diversity, population differentiation metrics, and neutrality statistics based on COI 

gene for two Rineloricaria morphotypes. Morphotype M1 from Paraíba do Sul River basin; Morphotype 

M2 from Itabapoana, Itapemirim, and Benevente rivers. Neutrality tested with Tajima’s D and Fu’s Fs; 

“ns” = not significant at P ≥ 0.05.

https://www.ni.bio.br/
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Phylogenetic relationships were inferred from a 2,712 bp concatenated dataset 
(COI 654 bp, CytB 1,050 bp, RAG1 1008 bp) for 22 specimens representing the two 
Rineloricaria morphotypes (Paraíba do Sul, n = 7; Itabapoana + Itapemirim + Benevente, 
n = 15). Maximum‐likelihood analysis recovered two well‐supported clades (Fig. 1), 
each diagnosed by multiple apomorphic nucleotide substitutions. Clade A comprised 
exclusively specimens from the Paraíba do Sul basin (the type locality of R. steindachneri) 
and was characterized by 16 apomorphic sites; within Clade A, two haplotypes (present 
in MNLM9621_MNRJ54703 and MNLM6223_MNRJ42476, respectively) formed 
internal subclades. Clade B included all specimens from the Itabapoana, Itapemirim, and 
Benevente basins and was further subdivided into an Itabapoana subclade (supported 
by seven synapomorphies), sister to an Itapemirim + Benevente subclade (supported by 
nine synapomorphies), reflecting fine‐scale geographic structuring (Figs. 1, 2).

FIGURE 1 | Maximum-likelihood tree among 22 specimens of Rineloricaria with nucleotide substitutions 

optimized under parsimony. Letter codes within circles indicate the two species recognized in this study. 

Nucleotide substitutions are numbered according to the concatenated matrix of genes (COI: 1–654, CytB: 

655–1704, RAG1: 1705–2712). The concatenated matrix included R. zawadzkii as outgroup. Polymorphic 

positions, where chromatograms showed overlapping peaks, are indicated by their IUPAC codes (Y = 

C/T; S = G/C). Palaeodrainages P-numbers follow Thomaz, Knowles (2018). 

https://www.ni.bio.br/
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Median‐joining networks for COI and CytB genes closely mirrored the ML tree, 
with mitochondrial haplotypes exhibiting stronger geographic clustering than the 
nuclear RAG1 haplotypes (Fig. 3). Eight COI and 11 CytB haplotypes were detected, 
each confined to a single river basin except for one COI haplotype shared between the 
Benevente and Itapemirim basins (Fig. 3). In contrast, only three RAG1 haplotypes were 
detected, two of which were found in both Paraíba do Sul and Itapemirim specimens.

AMOVA (Tab.  3) corroborated the strong geographic structure inferred from 
pairwise K2P distances, haplotype networks, and the ML tree. A highly significant 
genetic structure was recovered under all grouping schemes (Tab. 3). The strongest 
structure was observed when populations were grouped according to the palaeodrainage 
hypothesis, separating the Paraíba do Sul, Itabapoana, and Benevente + Itapemirim 
drainages (ΦST = 0.9783). A high differentiation was also recovered when the four 
contemporary drainages were treated separately (ΦST = 0.9728), whereas grouping 
samples into two morphotypes resulted in a slightly lower, although still very high, 
structure value (ΦST = 0.9397). These results indicate strong genetic differentiation 
among coastal basins, while also supporting a closer historical relationship between the 
Benevente and Itapemirim drainages.

FIGURE 2 | Geographic distribution of Rineloricaria steindachneri and R. capixaba. Color indicates river basins: Paraíba do Sul basin (blue), 

Itabapoana basin (red), Itapemirim basin (yellow), and Benevente basin (purple). Symbols indicate species: squares represent R. steindachneri 

and circles represent R. capixaba. Black symbols indicate localities from which molecular data were not obtained. Each symbol may represent 

more than one sample. 
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FIGURE 3 | Haplotype network of Rineloricaria samples generated with median-joining approach, with geographic locations identified by 

colors.

Population grouping ΦST
Variance 
between 
groups

Variance 
within 
groups

(1) Four separated populations (Paraíba do Sul, Itabapoana, 
Itapemirim, and Benevente)

0.9728* 1.4188e-04 3.9711e-06

(2) Three populations (Paraíba do Sul, Itabapoana, 
Benevente+Itapemirim)

0.9783* 1.6521e-04 3.6631e-06

(3) Two populations (Paraíba do Sul vs. Benevente + 
Itapemirim + Itabapoana)

0.9397* 2.1252e-04 1.3629e-05

TABLE 3 | Molecular Variance Analysis (AMOVA) and genetic diversity in Rineloricaria populations. *= 

Significant ΦST values (P < 0.05).
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Morphological differentiation. Results of the Principal Component Analysis 
(PCA) confirmed the morphological and geographic separation between the two 
Rineloricaria morphotypes (morphotype 1: Paraíba do Sul; morphotype 2: Itabapoana 
+ Itapemirim + Benevente). The first three principal components together explained 
75.0 % of the multivariate diversity (PC1 = 55.9%, PC2 = 11.7%, PC3 = 7.4%; Fig. 
4B). Specimens of each morphotype formed distinct clusters along the PC1–PC2 axes, 
without overlap (Fig. 4A). PC1 was driven primarily by distances correlated with 
overall body‐length and caudal‐peduncle width, and PC2 was mostly influenced by 
unbranched fin‐ray counts and eye diameter. Group membership explained 76.6% of 
the variance in the Euclidean distance matrix (R² = 0.7658, F₁,₃₁ = 101.37, P = 0.001). 
The variables with the strongest contributions to each axis are highlighted in Tab. 4. In 
addition to the multivariate separation revealed by PCA, the two morphotypes differ 
in diagnostic characters detailed in the Taxonomy section below.

FIGURE 4 | Morphometric differentiation of Rineloricaria morphotypes. A. Scatterplot of individual 

scores on the first two principal components (PC1 vs. PC2) for morphotype 1 (R. steindachneri, Paraíba do 

Sul; red), morphotype 2 (R. capixaba, Itabapoana + Itapemirim + Benevente; blue). Ellipses represent 95% 

confidence intervals for each group. B. Eigenvalues plot showing the percentage of variance explained 

by the first ten principal components.

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


Neotropical Ichthyology, 24(3):e260024, 2026 12/25 ni.bio.br | scielo.br/ni

Phylogeography of Rineloricaria lineages

TABLE 4 | Variable loadings for the first three axes of the Principal Component Analysis of Rineloricaria 

morphometric data, highlighting the highest eigenvector values.

Characters Axis 1 Axis 2 Axis 3

1 Head length -0.234 -0.010 0.073

2 Predorsal length -0.239 -0.003 0.025

3 Postdorsal length 0.236 -0.004 0.038

4 Prepectoral length -0.224 0.118 0.021

5 Postpectoral length 0.183 -0.209 0.172

6 Prepelvic length -0.226 -0.102 -0.062

7 Postpelvic length 0.232 0.017 0.113

8 Preanal length -0.232 -0.124 0.033

9 Postanal length 0.236 0.066 0.021

10 Unbranched dorsal-fin ray -0.186 0.146 0.278

11 Unbranched pectoral-fin ray -0.141 0.284 0.329

12 Unbranched pelvic-fin ray -0.145 0.303 0.290

13 Unbranched anal-fin ray -0.124 0.358 0.155

14 Thoracic length -0.171 -0.250 -0.063

15 Abdominal length -0.187 -0.170 0.221

16 Cleithral width -0.228 0.055 0.069

17 Depth at dorsal-fin origin -0.217 -0.011 -0.175

18 Width at anal-fin origin -0.218 -0.147 -0.023

19 Caudal peduncle depth -0.232 -0.113 0.010

20 Caudal peduncle width -0.234 0.014 0.025

21 Snout length -0.091 0.247 -0.243

22 Eye diameter 0.082 0.387 0.018

23 Maximum orbital diameter 0.148 0.232 0.121

24 Interorbital width -0.040 0.096 -0.170

25 Internarial width 0.043 0.107 -0.174

26 Head depth -0.152 0.046 -0.408

27 Head width -0.164 0.152 0.046

28 Free maxillary barbel 0.005 0.321 -0.303

29 Ventrorostral length 0.181 0.035 0.217

30 Lower lip length 0.035 0.214 -0.348
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Taxonomic account

Rineloricaria capixaba, new species

(Figs. 5–6A, B; Tab. 5)

urn:lsid:zoobank.org:act:4089CE38-79E5-454A-828A-E1292D556093

Rineloricaria steindachneri (non Regan, 1904). —Sarmento-Soares, Martins-Pinheiro, 2013:13 (checklist). —

Vieira-Guimarães et al., 2024:15 (checklist).

Rineloricaria sp. —Vieira et al., 2014:79 (checklist).

Holotype. MBML 10371, 171.1 mm SL, Brazil, Espírito Santo State, Conceição do 
Castelo, Itapemirim River basin, Castelo River upstream of Viçosa Small Hydrolectric 
Powerplant, 20°23’57”S 41°15’58”W, 7 Jul 2015, E. H. de Barros.

FIGURE 5 | Rineloricaria capixaba, holotype, MBML 10371, 171.1 mm SL, male, Brazil, Espírito Santo State, 

Conceição do Castelo municipality, Itapemirim River. Lateral, dorsal, and ventral views.
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Paratypes. All from Brazil, Espírito Santo State. Itabapoana River basin: MNRJ 
23005, 1 alc, 93.6 mm SL, Mimoso do Sul, Córrego do Farol (tributary of Preto River), 
BR-101, downstream from São José das Torres, 21°04’43”S 41°13’59”W, 6 Aug 2001, 
P. A. Buckup, A. T. Aranda & F. A. G. Melo. MNRJ 51332, 1 alc (177.52 mm SL), 
Bom Jesus do Itabapoana, Itabapoana River, 21°07’24”S 41°43’14”W, 8 Oct 2010, I. 
Verissimo. MNRJ 54075, 1 alc (107.3 mm SL), 3 tis, Mimoso do Sul, Ribeirão das Flores 
(tributary of Preto River), 160 m W of BR-101 highway, near exit to São José das 
Torres, 21°04’18”S 41°13’44”W, 12 Oct 2022, P. A. Buckup, I. C. A. Souto-Santos 
& J. E. Mejia de Loayza. Itapemirim River basin: MBML 3202, 2 alc, (2, 1.73–166.12 
mm SL), Castelo, Itapemirim River basin, on ES-475 road, 20°36’20”S 41°11’59”W, 
no date, J. L. Helmer. MBML 3923, 1 alc (173.4 mm SL), Cachoeiro de Itapemirim, 
Itapemirim River upstream of the mouth of Córrego Jacaré, 20°47’48”S 41°08’09”W, 
14 Oct 2010, M. P. Gomes. MBML 7358, 2 alc (2, 159.9–166.1 mm SL), Conceição do 
Castelo, Castelo River at the site of Viçosa Small Hydroelectric Powerplant, Itapemirim 
River basin, 20°23’48”S 41°15’58”W, 27 Set 2013, E. H. Barros & R.  L. Teixeira. 
MBML 10364, 2 alc, 136.7–139.3, (1, 139.3 mm SL), Conceição do Castelo, Castelo 
River upstream of Viçosa Small Hydroelectric Powerplant, 20°24’32”S 41°16’10”W, 
6 Jul 2005, E. H. Barros. MBML 11215, 1 alc (100.9 mm SL), Castelo, Ribeirão Bateia, 
tributary of Prata River, Parque Estadual do Forno Grande, 20°33’03”S 41°05’52”W, 24 
Nov 2014, K. R. Santos. MNRJ 36652, 2 alc, 69.5–128.1 mm SL, (1, 128.1 mm SL), 1 tis, 
Cachoeiro de Itapemirim, Ribeirão Floresta, Burarama, 20°41’04”S 41°20’39”W, 1 Oct 
2009, L. Sarmento-Soares & R. Martins-Pinheiro. MNRJ 54102, 1 alc (107.3 mm SL), 
2 tis, Atílio Vivacqua, Muqui do Norte River, secondary road east of Atílio Vivacqua, 
tributary of Muqui River, 20°55’53”S 41°10’25”W, 13 Oct 2022, P. A. Buckup, I. C. 
A. Souto-Santos & J. E. Mejia de Loayza. MNRJ 54152, 2 alc, 111.1–129.5 mm SL, (1, 
129.5 mm SL), 2 tis, Cachoeiro de Itapemirim, Ribeirão Floresta, bridge upstream of 
Burarama, 20°40’42”S 41°20’50”W, 13 Oct 2022, P. A. Buckup, I. C. A. Souto-Santos 
& J. E. Mejia de Loayza. Benevente River basin: MNRJ 54181, 6 alc, 37.5–114.9 mm 
SL, (1, 114.9 mm SL), 3 tis, Alfredo Chaves, channelized stream, near Cachoeira de 
Cima, upstream from the Alfredense Temple, 20°40’51”S 40°46’15”W, 15 Oct 2022, P. 
A. Buckup, I. C. A. Souto-Santos & J. E. Mejia de Loayza.

Non-types. All from Brazil, Espírito Santo State. Itabapoana River basin: MBML 3724, 
1 alc, 134.37 mm SL, Mimoso do Sul, Ribeirão da Flores, tributary of Preto River, on 
José Alves Toledo road, 21°04’18”S 41°13’44”W, 22 Oct 2010, L. M. Sarmento-Soares, 
R. F. Martins-Pinheiro, M. M. C. Roldi, M. M. Lopes & M.  M. Martinelli. MNRJ 
55819, 1 alc, 154.2 mm SL, 1 tis, Bom Jesus do Itabapoana, Itabapoana River, about 100 
m upstream of bridge on Santo Eduardo road, 21°08’03”S 41°39’42”W, 30 Oct 2024, 
T. F. Barros & R. G. Pereira. Itapemirim River basin: MNRJ 54158, 4 alc, 28.1–62.9 
mm SL, 3 tis, Conceição do Castelo, Castelo River between the access bridge to Viçosa 
Small Hydroelctric Powerplant and upstream waterfall (site of an abandoned old Small 
Hydroelctric Powerplant), 20°23’48”S 41°16’00”W, 13 Oct 2022, P. A. Buckup, I. C. 
A. Souto-Santos & J. E. Mejia de Loayza. MBML 9628, 1 alc, 92.3 mm SL, Conceição 
do Castelo, Castelo River downstream of Viçosa Small Hydroelectric Powerplant, 
20°24’37”S 41°16’12”W, 3 Nov 2014, E. H. Barros. Iconha River basin: MBML 
8432, 1 alc, 120.9 mm SL, Iconha, Itapoama River near BR-101 highway, 20°48’28”S 
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40°49’59”W, 16 May 2014, T. A. Volpi, M. M. Lopes, K. B. S. de Paula & E. L. Muhl. 
MBML 12205, 2 alc, 93.5–113.1 mm SL, Iconha, Iconha River, upstream near ES-375 
highway, 20°47’09”S 40°49’26”W, 14 Dec 2016, G. I. Almeida & A. Anastácio.

Diagnosis. Rineloricaria capixaba is distinguished from its congeners except 
R.  aequalicuspis Reis & Cardoso, 2001, R.  altipinnis (Breder, 1925), R. anhaguapitan 
Ghazzi, 2008, R. anitae Ghazzi, 2008, R. baliola Rodriguez & Reis, 2008, R. buckupi 
Mejia, Ferraro & Souto-Santos, 2025, R. cacerensis (Miranda Ribeiro, 1912), R. cachivera 
Urbano-Bonilla, Londoño-Burbano & Carvalho, 2023, R. capitonia Ghazzi, 2008, 
R. caracasensis (Bleeker, 1862), R. daraha Rapp Py-Daniel & Fichberg, 2008, R. eigenmanni 
(Pellegrin, 1908), R. fallax (Steindachner, 1915), R. formosa Isbrücker & Nijssen, 1979, 
R. hasemani Isbrücker & Nijssen, 1979, R. heteroptera Isbrücker & Nijssen, 1976, R. 
isaaci Rodriguez & Miquelarena, 2008, R. jaraguensis (Steindachner, 1909), R. jubata 
(Boulenger, 1902), R. konopickyi (Steindachner, 1879), R. latirostris (Boulenger, 1900), R. 
maacki Ingenito, Ghazzi, Duboc & Abilhoa, 2008, R. malabarbai Rodriguez & Reis, 2008, 
R. maquinensis Reis & Cardoso, 2001, R. melini (Schindler, 1959), R. microlepidogaster 
(Regan, 1904), R. morrow Fowler, 1940, R. nudipectoris Mejia, Ferraro & Buckup, 2023, 
R. osvaldoi Fichberg & Chamon, 2008, R. pentamaculata Langeani & de Araujo, 1994, 
R. phoxocephala (Eigenmann & Eigenmann, 1889), R. platyura (Müller & Troschel, 1849), 
R. quilombola Chamon & Fichberg, 2022, R. reisi Ghazzi, 2008, R. rodriquezae Costa-
Silva, Oliveira & Silva, 2021, R.  rupestris (Schultz, 1944), R.  teffeana (Steindachner, 
1879), R. steindachneri, R. stewartia (Eigenmann, 1909), R. tropeira Ghazzi, 2008, R. zaina 
Ghazzi, 2008, and R. zawadzkii by having five lateral series of plates below the dorsal 
fin (vs. four lateral series). It differs from R.  aequalicuspis, R.  anhaguapitan, R. baliola, 
R. capitonia, R. latirostris, R. maacki, R. malabarbai, R. maquinensis, R. microlepidogaster, 
R. nudipectoris, R.  reisi, and R.  tropeira by the extensive plate covering of the ventral 
surface of the pectoral girdle (vs. absence of plates on most of ventral surface of pectoral 
girdle). It differs from R.  cacerensis, R. fallax, R. formosa, R. hasemani, R.  jubata, R. 
melini, R.  morrowi, R.  quilombola, R. teffeana, and R. zaina by the mid-dorsal series 
consisting of five or six inconspicuously keeled plates (vs. mid-dorsal series consisting 
of six to twelve keeled plates extended posteriorly to approximately posterior end of 
dorsal-fin base). It differs from R. isaaci, R. jaraguensis, R.  pentamaculata, R. rupestris, 
R. stewarti, and R. zawadzkii by presenting the mid-ventral and lateral abdominal plates 
series in contact with each other (vs. series of mid-ventral and lateral abdominal plates 
separated by an area of skin). It differs from R. altipinnis, R. caracasensis, R. eigenmanni, 
R. heteroptera, R. konopickyi, R. osvaldoi, R. phoxocephala, and R. platyura by the lack of 
hypertrophied odontodes on the dorsum of the head and predorsal region of breeding 
males (vs. hypertrophied odontodes on the dorsum of the head and predorsal region 
present in breeding males). It differs from R. anitae and R. daraha by having three or 
four longitudinal series of plates in the median complex of abdominal plates (vs. several 
irregularly organized abdominal plates on the median complex in R. daraha; or five 
to six longitudinal series of abdominal plates on the median complex in R. anitae). It 
is distinguished from R.  cachivera and R. rodriquezae by its narrow head (head width 
61.1–70.8% vs. 73.5–93.5% in R. cachivera and 71.6–81.2% HL in R. rodriquezae). It is 
distinguished from R. buckupi by the smaller eye diameter (14.4–17.1% vs. 20.1–22.3% 
HL). The new species (Figs. 6C–E) differs from R. steindachneri (Figs. 6A–B), the most 
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similar and geographically closest species, by having less pronounced keeled pre-dorsal 
and mid-dorsal plate series (vs. strongly keeled), by a conspicuous black marginal band 
on the distal portion of dorsal and caudal-fin rays (vs. faint black marginal band formed 
by conspicuous dark dots), and by the lack of a caudal-fin filament (vs. upper caudal-
fin filament present). A genetic distance comparison with Rineloricaria steindachneri is 
presented in Tab. 1.

Description. Morphometric data of holotype and paratypes in Tab. 5. Body 
depressed at caudal peduncle, tapering posteriorly from dorsal fin. In lateral view, dorsal 
profile slightly convex from tip of snout to origin of dorsal fin, concave at dorsal-fin 
base insertion, straight from base of dorsal fin to base of caudal fin. Head elongated in 
dorsal view, with triangular profile. Body widest at pectoral-fin origin, progressively 
narrowing until end of caudal peduncle. Snout tip with small area of skin without 
odontodes, not reaching anteriormost pore of infraorbital ramus of sensory canal. Eye 
elliptical, with large, deep postorbital notch; iris operculum present. Lower lip covered 
by irregularly sized papillae randomly distributed around mouth. Maxillary barbel short. 
Teeth bicuspidate; dentary teeth larger than those of premaxilla; premaxilla with 6*(7), 
7(7); dentary teeth with 6(4), 7*(10).

FIGURE 6 | Morphological variation of Rineloricaria steindachneri (A. MNRJ 54703, 112.7 mm SL; B. MNRJ 54725, 107.9 mm SL), and R. capixaba 

from the Itabapoana River basin (C. MBML 3724, 134.4 mm SL), the Itapemirim River basin (D. MBML 10364, 139.3 mm SL) and the Benevente 

River basin (E. MBML 54181, 114.8 mm SL).
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TABLE 5 | Morphometric data of holotype and paratypes of Rineloricaria capixaba. Range includes the 

holotype. N = Number of specimens measured; SD = Standard deviation.

Holotype N Range Mean SD

Standard length (mm) 171.1 – 93.6–177.5 – –

Percent of standard length

Head length 25.1 15 21.8–25.1 23.6 1.1

Predorsal length 35.1 15 31.3–35.7 33.8 1.5

Postdorsal length 65.0 15 63.9–68.6 66.2 1.3

Prepectoral length 19.9 15 17.2–20.2 19.0 0.8

Postpectoral length 81.9 15 81.4–84.6 82.8 1.0

Prepelvic length 34.9 15 30.9–35.6 33.2 1.7

Postpelvic length  66.8 15 66.3–71.4 68.2 1.5

Preanal length  50.0 15 43.4–51.8 48.3 2.1

Postanal length  50.1 15 49.1–54.8 52.0 1.6

Unbranched dorsal-fin ray 20.5 15 16.3–21.3 19.4 1.6

Unbranched pectoral-fin ray  15.4 15 13.1–16.8 15.3 1.1

Unbranched pelvic-fin ray  13.6 15 12.2–15.6 14.1 1.0

Unbranched anal-fin ray  15.3 15 14.3–18.2 16.2 1.1

Pectoral-pelvic fin distance 15.8 15 13.2–17.0 14.9 1.3

Abdominal length 17.5 15 15.4–19.4 17.3 1.0

Cleithral width 17.0 15 15.2–18.1 16.7 0.9

Depth at dorsal-fin origin  9.9 15 8.1–10.7 9.7 0.7

Width at anal-fin origin 12.5 15 10.1–14.0 12.2 1.0

Caudal peduncle depth  1.9 15 1.3–2.1 1.7 0.2

Caudal peduncle width 3.5 15 2.7 – 3.7 3.4 0.3

Percent of head length

Snout length 52.7 15 51.2–54.5 52.9 0.9

Eye diameter  13.7 15 12.2–17.1 14.7 1.5

Maximum orbital diameter  18.7 15 17.8–22.1 19.9 1.4

Interorbital width  19.8 15 18.8–21.7 20.3 0.9

Internarial width  7.7 15 6.3–8.7 7.6 0.6

Head depth  35.9 15 34.1–39.8 36.8 1.4

Head width  64.8 15 61.7–69.5 65.5 2.1

Free maxillary barbel  4.9 15 4.6–10.5 6.7 1.7

Ventro-rostral length  6.3 15 5.1–7.7 6.3 0.8

Lower-lip length 16.6 15 12.8–19.5 16.9 1.9
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Two predorsal plates between parieto-supraoccipital and nuchal plate with two low 
ridges. Five (dorsal, mid-dorsal, median, mid-ventral, ventral) lateral series of plates 
below dorsal fin. Lateral line complete. Plates of dorsal series 21(6), 22*(8), 23(1). Plates 
of mid-dorsal series 5(7), 6*(8), weakly keeled. Plates of median series 28*(14), 29 (1). 
Plates of mid-ventral series 15(2), 16(5), 17*(8). Median and mid-ventral series with 
slightly pronounced keels; keels coalescent in 10th(2), 11th*(7), 12th(5), 13th(1) plate 
of median series. Ventral series with 21(1), 22(5), 23*(9) plates. Lateral abdominal series 
with 6(7), 7*(8) plates between pectoral and pelvic-fin origin. Number of plates on 
opposite sides of body sometimes different. Adjacent lateral and medial abdominal plates 
series in contact with each other. Abdomen entirely covered by plates, from opercular 
region to urogenital papilla. Posterior abdominal plate complex with large well-
developed preanal plate anteriorly bordered by three polygonal plates; these polygonal 
plates bordered anteriorly by five plates. Middle abdominal plate complex, between 
lateral abdominal plates, with two or three longitudinal series posteriorly and four to six 
series anteriorly. Anterior complex of abdominal plates irregular and smaller anteriorly; 
anterior margin of complex with small polygonal plates.

Dorsal-fin spinelet present. Dorsal-fin rays i,7*(15); unbranched ray (dorsal spine) 
length shorter than head length (Tab. 5). Dorsal-fin origin slightly posterior to pelvic-
fin origin; tip of dorsal fin when adpressed surpassing anal-fin origin, reaching seventh 
plate posterior to fin origin. Pectoral-fin rays i,6*(15); distal pectoral-fin margin slightly 
convex, when adpressed, surpassing pelvic-fin origin. Pelvic-fin rays i,5*(15); pelvic-
fin margin reaching anal-fin origin; distal pelvic-fin margin convex; second and third 
branched rays slightly longer than unbranched ray. Anal-fin rays i,5*(15); posterior 
anal-fin margin rounded. Caudal fin slightly emarginated with i,10,i*(15) rays; upper 
unbranched ray slightly longer than lower one; caudal-fin filament absent.

Coloration in alcohol. Background color of dorsal surface of head and body light 
brown, with four (or five) transverse dark brown bars; first at dorsal-fin origin, three (or 
four) on the dorsum of caudal peduncle. Dorsal fin with conspicuous dark brown band 
across distal region, reaching margin of fin; bands with chromatophores more densely 
distributed on two anterior branched rays, becoming inconspicuous along posterior 
rays. Pectoral, pelvic, and anal fin with dark dots aligned across fin rays forming weak 
bands. Caudal fin with two vertical dark bands: one basal, one distal at margin of 
fin; both bands equally broad, solidly pigmented. Ventral surface pale yellow (Figs. 5, 
6C–E).

Sexual dimorphism. Mature males with abundant hypertrophied odontodes on 
lateral margins of head. Dorsal surface of pectoral-fin rays of mature males covered 
almost entirely with thin, long odontodes with curved tips. Unbranched pectoral-fin 
ray thick, strongly curved, with short, densely arranged odontodes (Fig. 5).

Geographical distribution. Rineloricaria capixaba is known from the Itabapoana, 
Itapemirim, Iconha and Benevente river basins, Espírito Santo state, Brazil (Fig. 2). 
Specimens were collected in moderately large streams (1–2 m deep) with variable current 
speeds, typically associated with sandy or muddy bottoms and marginal submerged 
vegetation. Rineloricaria capixaba is restricted to the southeastern region of the Espírito 
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Santo state, south of the Jucu River basin. Based on extensive sampling of northern streams 
of Espírito Santo documented in the MBML and MNRJ ichthyological collections, 
species of Rineloricaria does not occur northward of the Benevente River basin.

Conservation status. Rineloricaria capixaba is restricted to coastal river basins in 
the southern region of the Espírito Santo state, Brazil. The Extent of Occurrence of 
Rineloricaria capixaba is estimated to be approximately 3249 km², determined through 
the minimum convex polygon method. No significant threats to the species have been 
identified. Therefore, Rineloricaria capixaba may be classified in the Least Concern (LC) 
category according to the IUCN criteria for evaluation of risks of extinction (IUCN 
Standards and Petitions Committee, 2024).

Etymology. The specific epithet, capixaba is used as an adjective. This is a Brazilian 
Portuguese word derived from the Tupi-Guarani native American language. It 
originally meant “plantation land” but the term is currently used as the demonym to 
designate inhabitants of the Brazilian State of Espírito Santo, where the new species is 
distributed.

DISCUSSION

Our analysis revealed clear genetic and morphological distinction between the two 
Rineloricaria morphotypes: R. steindachneri and the newly described R. capixaba. These 
results confirming our earlier delimitation of the former species (Mejia, Buckup, 2024), 
which restricted R. steindachneri to the lower Paraíba do Sul basin, while the geographic 
distribution of R. capixaba is assigned to the coastal Itabapoana, Itapemirim, Iconha, and 
Benevente river basins of southern Espírito Santo. Mitochondrial COI data demonstrate 
strong differentiation (Fst = 0.861; Nm = 0.08) and an average K2P divergence of ~2.0%, 
supporting their recognition as distinct evolutionary lineages and matching the 2–3% 
threshold commonly used to delimit freshwater fish species (Ward et al., 2009; Pereira 
et al., 2013; Ribolli et al., 2017). 

Neutrality tests (Tajima’s D and Fu’s Fs) were not significant, in both species for the 
COI gene, so we cannot reject the standard neutral model; in other words, we found 
no evidence of recent selection or demographic change in this marker given our sample 
sizes (n = 7 and n = 15). Furthermore, R. capixaba shows higher haplotype diversity than 
R. steindachneri (Tab. 2), which is expected for a lineage distributed across three isolated 
basins, each with its own isolated haplotype, compared with the single-basin range of 
R. steindachneri (Fig. 2).

Our results reveal pronounced population structuring in R. capixaba. AMOVA results, 
the multiloci tree (COI + CytB + RAG1), and the median-joining haplotype networks 
demonstrate strong phylogeographic partitioning, with basin-specific mitochondrial 
haplotypes (Fig. 3). However, the persistence of a shared RAG1 haplotype in the 
Paraíba do Sul species indicates that nuclear haplotypes are not fully sorted, a pattern 
expected under relatively recent isolation (i.e., slower coalescence of nuclear loci). 
The distribution of lineages of freshwater fishes in the coastal region of Brazil has 
been influenced by geomorphologic (river-capture events) and Pleistocene sea-level 
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oscillations (Weitzman et al., 1988; Ribeiro, 2006; Dias et al., 2014; Thomaz, Knowles, 
2018; Oliveira-Silva et al., 2023). Our results are partially consistent with the hypothesis 
that marine regressions intermittently exposed palaeodrainage (at depths of up to –130 
m below current sea level during the Last Glacial Maximum), allowing brief inter-basin 
connections, followed by subsequent transgressions that fragmented rivers drainages 
and isolated headwater populations (Thomaz, Knowles, 2018). The lowering of sea 
level during glaciations may have led to connection among coastal rivers facilitating 
brief dispersal pulses (Thomaz, Knowles, 2018; Oliveira-Silva et al., 2023).

Our findings indicate that alternating marine regressions and transgressions have 
played a key role in the present geographic distribution of populations of R. capixaba. 
A comparison between the current limits of coastal river basins with the extent of 
palaeodrainages proposed by  Thomaz, Knowles (2018) suggests that the Itapemirim 
and Benevente rivers belonged to the same palaeodrainage (Palaeodrainage 119) during 
the Last Glacial Maximum, whereas the Itabapoana was isolated in a separate system 
(Palaeodrainage 120). Thus, the shared nuclear haplotype between the Itapemirim and 
Benevente basins likely reflects their past connection, while the relationship between the 
Itabapoana population and those in these northern basins is more likely to be the result 
of headwater‐capture events rather than direct dispersal through paleochannels. River‐
capture has been identified as one of the main reasons for the sharing of ichthyofauna 
between adjacent drainages in Brazilian coastal basins (Ribeiro, 2006; Buckup, 2011; 
Camelier et al., 2018). Even though no explicit capture event has been documented 
between the Itapemirim and Itabapoana rivers, their geographic proximity and low 
watershed divide make this a plausible hypothesis (Piol et al., 2019). Comparable 
scenarios have been proposed to account for parapatric distributions in the region, such 
as the armored catfish Loricariichthys melanurus Reis, Vieira & Pereira, 2021 (Reis et al., 
2021) and the characiform Oligosarcus acutirostris Menezes, 1990 (Souza et al., 2023).

Comparisons between modern coastal basins configurations and the palaeodrainage 
reconstructions of Thomaz, Knowles (2018) indicate that the phylogeographic structure 
of R. capixaba is consistent with alternating phases of connectivity and isolation during 
the Pleistocene. The affinity between the Itapemirim and Benevente populations 
matches their inferred shared palaeodrainage under lowered sea levels, whereas the 
distinctiveness of Itabapoana is more plausibly explained by persistent isolation and/
or headwater capture. Together, these patterns support a scenario in which marine 
regressions intermittently exposed palaeodrainage connections enabling short-lived 
dispersal, followed by transgressions and drainage rearrangements that promoted 
vicariant divergence in southeastern Brazilian coastal rivers.

We conclude that mitochondrial and nuclear DNA sequence data, together 
with multivariate morphometrics, support the recognition of two allopatric and 
independently diagnosable species within populations formerly identified as R. 
steindachneri. Accordingly, R. steindachneri is restricted to the lower Paraíba do Sul River 
basin, whereas the northern coastal populations are described herein as R. capixaba, 
occurring in the Itabapoana, Itapemirim, Iconha, and Benevente basins of southern 
Espírito Santo.
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