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Stevardiinae, which consists of 326 species and 44 genera, is a monophyletic subfamily within the family Characidae. 
In a recent classification of the subfamily, the tribe Stevardiini was expanded from three (Corynopoma, Gephyrocharax 
and Pterobrycon) to six genera by the addition of Chrysobrycon, Hysteronotus and Pseudocorynopoma. However, no 
morphological evidence has supported this definition of the tribe and the monophyly of Gephyrocharax. To address 
these issues, a phylogenetic study of most stevardiins focusing on Gephyrocharax was conducted. A data matrix 
including 532 characters and 213 taxa (73 stevardiines, 19 of which were stevardiins) was processed using max-
imum parsimony in TNT 1.5. All characters were analysed under extended implied weighting, exploring 21 k values. 
A strict consensus (comprising the most stables trees obtained) was used as the final topology. The results support 
the current definition of Stevardiini, as well as the monophyly of Chrysobrycon, Gephyrocharax and Pterobrycon. 
Corynopoma was obtained as the sister group of Gephyrocharax, the latter being phylogenetically diagnosed by 
two synapomorphies associated with caudal-fin morphology of adult males. The following interspecific relationships 
within Gephyrocharax are hypothesised: (G. martae ((G. chocoensis (G. major (G. atracaudatus, G. intermedius))) (G. 
venezuelae (G. sinuensis (G. valencia (G. caucanus (G. melanocheir, G. torresi)))))))).

ADDITIONAL KEYWORDS:  caudal muscles – Chrysobrycon – Corynopoma – extended implied weighting – 
pouch scale – sexual dimorphism.

INTRODUCTION

Stevardiinae constitutes a monophyletic subfam-
ily consisting of 326 valid species and 44 valid gen-
era and is one of the most diverse and widespread 
groups of the family Characidae in the Neotropical 
region (Mirande, 2010; Thomaz et al., 2015; Eschmeyer 
& Fong, 2017). Recently, 33 stevardiine genera have 
been classified in 7 monophyletic tribes (leaving out 
11 incertae sedis genera), one of which is Stevardiini 
(the other tribes are Creagrutini, Diapomini, 
Eretmobryconini, Glandulocaudini, Hemibryconini 
and Xenurobryconini) (Thomaz et al., 2015).

The freshwater tribe Stevardiini (=Corynopomini) 
was formerly defined as a monophyletic group 
consisting of Corynopoma Gill, Gephyrocharax 
Eigenmann and Pterobrycon Eigenmann, as part 

of the first morphology-based phylogenetic study 
of Glandulocaudinae (Weitzman & Menezes, 1998). 
Weitzman & Menezes (1998) proposed two synapomor-
phies for Stevardiini: the presence of hypertrophied 
radii confined to the posteroventral border of a pouch 
scale in adult males and the position of this scale 
on the caudal fin, extending from the region of the 
principal caudal-fin ray 12 to the ventral procurrent 
rays. Additionally, the tribe was found within a poly-
tomy including the genera Hysteronotus Eigenmann, 
Phenacobrycon Eigenmann and Pseudocorynopoma 
Perugia (Weitzman & Menezes, 1998). In a recent 
DNA-based phylogenetic study of Stevardiinae, 
Thomaz et al. (2015) added the species Chrysobrycon 
Weitzman & Menezes, Pseudocorynopoma and tenta-
tively Hysteronotus to Stevardiini. This new assem-
blage has not been diagnosed morphologically since.

The stevardiine genus Gephyrocharax has been 
recognised as the most speciose group of stevardiins *Corresponding author. E-mail: anyelovr@fcnym.unlp.edu.ar

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/182/4/808/4080366 by guest on 20 April 2024

mailto:anyelovr@fcnym.unlp.edu.ar?subject=


PHYLOGENY OF GEPHYROCHARAX (STEVARDIINI) 809

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 182, 808–829

(Vanegas-Ríos, 2016). Species of the genus inhabit 
both sides of the Andean Cordilleras from the 
Caribbean and Pacific coastal drainages of Panama 
(including the Pearl Islands) across the Atrato, Cauca, 
Caribbean, Lago Maracaibo, Moruga-Moriquite 
Magdalena, San Juan, San Jorge and Sinu basins to 
the Orinoco and Amazon basins in Bolivia, Colombia, 
Trinidad and Tobago and Venezuela (Weitzman, 2003; 
Vanegas-Ríos et al., 2013; Vanegas-Ríos, 2016). For 
many years, 13 valid species have been included in 
the genus (Weitzman, 2003; Vanegas-Ríos et al., 2013) 
based on the characteristics presented by Eigenmann 
(1912), Myers in Eigenmann & Myers (1929) and 
Schultz (1944). Vanegas-Ríos (2016) recognised 
11 valid species as part of a revision of the genus: 
Gephyrocharax atracaudatus Meek & Hildebrand, G. 
caucanus Eigenmann, G. chocoensis Eigenmann, G. 
martae Dahl, G. melanocheir Eigenmann, G. interme-
dius Meek & Hildebrand, G. major Myers, G. sinuensis 
Dahl, G. torresi Vanegas-Ríos, Azpelicueta, Mirande & 
Gonzales, G. valencia Eigenmann, and G. venezuelae 
Schultz. In that revision, the genus was diagnosed by 
having the second and third ventral procurrent rays 
of the caudal-fin hypertrophied, forming a single spur-
shaped structure in adult males (Vanegas-Ríos, 2016).

To  complement  the  taxonomic  rev iew o f 
Gephyrocharax (Vanegas-Ríos, 2014, 2016), this work 
conducted a phylogenetic analysis of this genus, 
including extensive taxon sampling of stevardiines. 
Secondarily, remarks on the phylogenetic relationships 
within Stevardiinae and especially within Stevardiini 
are provided.

MATERIAL AND METHODS

InstItutIonal abbrevIatIons

Examined specimens are deposited in 33 different 
institutions (AMNH, ANSP, AUM, CAR, CAS, CI-FML, 
CIUA, CZUT-IC, FMNH, IAvH-P, ICNMHN, IMCN, 
INHS, IU, LACM, LBP, MBUCV, MCP, MCZ, MEPN, 
MHNG, MLP, MPUJ, MUSM, MZLU, NRM, ROM, 
STRI, UF, UIST, UMSS, USNM and UWIZM), which 
are abbreviated following Sabaj (2016). In the list of 
examined species (Supporting Information, Appendix 
S1), the standard length (SL) was taken point to point 
with digital calipers.

HIstologIcal, osteologIcal and myologIcal 
preparatIons

Specimens were cleared and stained (c&s) following 
Taylor & Dyke (1985) to observe cartilage and bones. 
For myological observations, specimens were dis-
sected and subsequently stained using a 10% solution 
of methylene blue or a double-stained (ds) protocol 

following Datovo & Bockmann (2010) and Datovo & 
Castro (2012). To confirm the absence of gill glands 
in G. intermedius, the branchial arch of three mature 
males (36.0 mm SL, STRI 1200; 38.1 mm SL, ANSP 
104434 and 33.3 mm SL, ANSP 99856) were processed 
following the histological technique described by 
Terán, Mangione & Mirande (2014).

termInology

Osteological nomenclature follows Weitzman (1962) 
with the following modifications: vomer instead of 
prevomer, intercalar instead of opisthotic (Zanata & 
Vari, 2005), epioccipital instead of epiotic (Patterson, 
1975), posterior ceratohyal instead of epihyal or pos-
terohyal, anterior ceratohyal instead of ceratohyal 
or anterohyal (Nelson, 1969), mesethmoid instead of 
ethmoid (Fink & Fink, 1981), autopalatine instead of 
palatine, endopterygoid instead of mesopterygoid and 
supraneurals 3 instead of neural complex (Hoffmann 
& Britz, 2006; Datovo & Vari, 2013; Mattox, Britz & 
Toledo-Piza, 2014). Total vertebral counts were deter-
mined using radiographs (r) and c&s specimens. These 
include the first preural centrum plus the first ural 
centrum (PU1+U1), which were counted as one ele-
ment, plus all four vertebrae of the Weberian appar-
atus. Pleural ribs were numbered according to the 
vertebral counts (i.e. the rib of the fifth vertebra cor-
responds to the fifth rib). Ventral procurrent rays were 
posteroanteriorly numbered in ascending order, with 
the posteriormost ray as the first ray. Myological ter-
minology follows Winterbottom (1973) and Weitzman 
& Fink (1985) for caudal muscles (e.g. the common 
tendon of hypaxialis muscles or interradialis sections). 
Counts were taken according to Fink & Weitzman 
(1974) and Menezes & Weitzman (2009). The gen-
eral classification of the Characidae follows Mirande 
(2010). Since the monophyly of Stevardiinae (=‘clade 
A’ of Malabarba & Weitzman 2003) was well supported 
in different morphological and molecular studies 
(Javonillo et al., 2010; Oliveira et al., 2011; Mirande, 
Jerep & Vanegas-Ríos, 2013; Thomaz et al., 2015), pre-
vious definitions of the subfamily by Weitzman et al. 
(2005), Menezes & Weitzman (2009) and Ferreira, 
Menezes & Quagio-Grassioto (2011) were not adopted 
in this work. The taxonomy of Gephyrocharax fol-
lows Vanegas-Ríos (2016). Abbreviations are given in 
Table 1.

matrIx of cHaracters and sampled  
termInal taxa

To test the phylogenetic position of the genus within 
Characidae and Stevardiinae, the morphological mat-
rix analysed by Mirande et al. (2013), the most recent 
version of the data matrix compiled by Mirande 
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(2010) and Mirande, Aguilera & Azpelicueta (2011) for 
Characidae and Stevardiinae, was used as the initial 
data set. The character 350 (sclerotic bones) of Mirande 
(2010) was observed to be very variable intraspecifi-
cally in many stevardiine species and, consequently, 
was excluded from the cladistic analysis. The data 
matrix included 532 characters combining 365 of the 
366 used by Mirande et al. (2011), 10 used by Mirande 
et al. (2013), 69 analyzed in other literature (e.g. 
Weitzman & Fink, 1985; Weitzman & Menezes, 1998; 
Ferreira et al., 2011), and 88 treated as new here. Most 
of the 69 characters from the literature were included 
in the data matrix because they were used in other 
phylogenetic studies focused on Glandulocaudinae 

sensu Weitzman & Menezes (1998) or on other groups 
allied to Gephyrocharax or the stevardiins (Weitzman 
& Fink, 1985; Weitzman & Menezes, 1998; Ferreira 
et al., 2011). Regarding the 88 new characters, they 
were chosen to be phylogenetically informative for the 
groups under study in the cladistic analysis.

All terminal taxa analysed by Mirande et al. (2013) 
were included. However, only 120 of the terminal taxa 
used by those authors were coded for the 157 charac-
ters added to the data matrix (see list in Supporting 
Information, Appendix S2), whereas the remaining 
62 terminal taxa were not coded for those characters 
because they were irrelevant to the objectives proposed 
here. Scientific names of the following species analysed 

Table 1. Morphological abbreviations

Skeleton Musculature

Anguloarticular aa Common tendon of hypaxialis ct
Antorbital an Epaxialis ep
Cleithrum cl Flexor dorsalis superior fds
Coracoid co Flexor dorsalis fd
Dentary dt Hypaxialis hy
Ectopterygoid ec Hypochordal longitudinalis hyl
Endopterygoid en Interradialis int
Extrascapular exs Lateralis superficialis ls
Frontal fr
Horizontal process hp
Hypural hyp
Infraorbital io
Lateral ethmoid le
Maxilla mx
Metapterygoid mt
Nasal na
Orbitosphenoid or
Parasphenoid psh
Parietal pa
Pelvic bone pb
Postcleithrum pc
Posterodorsal process pdp
Posteroventral lobe pvl
Posttemporal pt
Pouch scale ps
Premaxilla pm
Preopercle po
Principal caudal-fin ray pcfr
Pterosphenoid pt
Retroarticular ra
Rhinosphenoid rh
Scapula sc
Spur shaped-structure sss
Supracleithrum sp
Supraneural sn
Supraoccipital so
Ventral procurrent ray vpr
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by Mirande (2010) were updated based on recent rei-
dentifications (Mirande JM, personal communication): 
Acrobrycon tarijae Fowler was replaced with A. ipan-
quianus (Cope) sensu Arcila, Vari & Menezes (2013); 
Astyanax cf. eigenmanniorum (Cope) 1 and A. cf. eigen-
manniorum 2 were merged into A. cf. eigenmannio-
rum; A. asuncionensis Géry and A. cf. asuncionensis 
were merged into A. lacustris (Lütken) sensu Lucena 
& Soares (2016); Bryconamericus rubropictus (Berg) 
and B. cf. rubropictus were merged into B. rubropictus 
(Berg). In total, 213 terminal taxa were analyzed in the 
data matrix (73 stevardiine species), which included 
all Gephyrocharax species [G. atracaudatus, G. cau-
canus, G. chocoensis, G. martae, G. melanocheir, G. 
intermedius, G. major, G. sinuensis, G. torresi, G. valen-
cia and G. venezuelae; in total, 98 specimens (r, ds and 
c&s) of these species were examined] and 23 terminal 
species (outgroups) that were not analyzed in the data 
matrix of Mirande et al. (2013). Twenty-one of these 
23 terminal species are members of Glandulocaudini, 
Diapomini, Eretmobryconini, Xenurobryconini and 
the group of incertae sedis species sensu Thomaz 
et al. (2015): Chrysobrycon eliasi Vanegas-Ríos, 
Azpelicueta & Ortega; C. hesperus (Böhlke); C. gua-
hibo Vanegas-Ríos, Urbano-Bonilla & Azpelicueta; C. 
myersi (Weitzman & Thomerson); C. yoliae Vanegas-
Ríos, Azpelicueta & Ortega; Corynopoma riisei Gill; 
Diapoma terofali (Géry); D. pyrrhopteryx Menezes & 
Weitzman; Hemibrycon plutarcoi (Román-Valencia, 
Vanegas-Ríos & Ruiz-C.); B. yokiae Román-Valencia; 
Knodus sp.; Landonia latidens Eigenmann & Henn 
(=‘Landonini’ sensu Weitzman & Menezes, 1998); 
Markiana geayi (Pellegrin); Mimagoniates inequa-
lis (Eigenmann); Phenacobrycon henni (Eigenmann) 
(=‘Phenacobryconini’ sensu Weitzman & Menezes, 
1998); Planaltina glandipedis Menezes, Weitzman 
& Burns (before in Diapomini sensu Weitzman & 
Menezes, 1998); Pterobrycon landoni Eigenmann; P. 
myrnae Bussing; Scopaeocharax rhinodus (Böhlke); 
Tyttocharax sp. and Xenurobrycon macropus Myers 
& Miranda-Ribeiro. The species Odontostilbe pul-
chra (Gill) and Nematobrycon lacortei Weitzman & 
Fink were added as non-stevardiine outgroups. In 
the data matrix, G. martae, L. latidens and P. land-
oni were partly coded based on alcohol-preserved and 
radiographed specimens (Supporting Information, 
Appendix S1), and pertinent descriptions (Roberts, 
1973; Bussing, 1974).

cHaracter codIng

The character states that could not be coded are indi-
cated in the data matrix by two symbols: ‘?’ for missing 
data and ‘−’ for logically inapplicable conditions. The 
hierarchical qualitative states (involving the absence/

presence of a structure) were broken into two binary 
characters. The majority of the additive multistate 
characters were tried as binary characters to acceler-
ate the searches under implied weighting (IW) method, 
based on Mirande’s (2009) approach. For counts with 
‘continuous’ distribution, the character states were 
arranged into binary characters with additive ranges 
that represented the limit values where the taxa were 
taxonomically differentiated and/or the ranges where 
the taxa were less variable intraspecifically (fur-
ther details are provided in Supporting Information, 
Appendix S3).

cladIstIc searcHes

All phylogenetic searches and procedures were per-
formed with TNT 1.5 (Goloboff, Farris & Nixon, 2008b; 
Goloboff & Catalano, 2016) using the IW method 
(Goloboff, 1993) under the maximum parsimony cri-
terion (Hennig, 1966; Farris, 1970, 1983). This method 
has been widely detailed in the literature (Goloboff, 
1995, 1997; Arias & Miranda-Esquivel, 2004; Goloboff 
et al., 2008a; Goloboff, 2014).

In the cladistic analysis, the extended IW method 
(Goloboff, 2014), implemented in TNT with the ‘xpiwe’ 
command, was used to avoid the characters with miss-
ing data having artificially lower numbers of steps, 
and hence higher weights when they are optimised 
on most parsimonious trees. All search conditions and 
procedures for choosing a final phylogenetic hypoth-
esis using the IW scheme were based on the method-
ology widely explained by Mirande (2009, 2010) and 
Mirande et al. (2013) and they are not treated here in 
detail. In total, 21 k values were explored under a set of 
parameters [the minimum number of steps of the most 
parsimonious trees, number of the most parsimonious 
trees, fit, average similarity index and average subtree 
pruning and regrafting (SPR) distances] to compare 
among the different optimal trees obtained at each 
k value. Higher simultaneous values in two of those 
parameters: the similarity index (‘Tcomp’), a variation 
of distortion coefficient of Farris (1989), and the SPR 
distances (‘Sprdiff ’), were used to select the most sta-
ble trees (or k values) obtained. A strict consensus tree 
(the final hypothesis) was constructed from these trees 
as a balance between robustness and resolution. Clade 
supports were estimated through relative Bremer sup-
port (rbs) (searching suboptimal trees and then using 
only trees within absolute support) and symmetric 
resampling expressed as the difference in frequencies 
for group present/contradicted (GC) (Bremer, 1994; 
Goloboff et al., 2003). For calculations of the GC val-
ues, the data matrix was resampled 300 times using 
sectorial searches and tree drifting, calculated for the 
most stable k value (Goloboff, 1999). Clade stabilities 
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were estimated as raw frequencies and frequency dif-
ferences using the consensus obtained at each k value 
explored as the source. All IW searches were made 
using a TNT script provided by Mirande et al. (2013) 
with the following indications: ‘hits = 3, search level = 
7’. The stability and support measures are presented 
together for each node in the following order, sepa-
rated by a slash: the raw frequencies, frequency differ-
ences, GC values and rbs. Cases where these measures 
have (artificially) negative values are indicated with 
a dash (−). For each character of the data matrix, the 
number of optimal steps (s), consistency index (ci) and 
retention index (ri) were calculated.

For comparative purposes, the data set was analyzed 
using equal weighting (EW) for all characters (‘xmult 
= hits3 level7 rat10 drift10 plus hold 30000 bb’). A 
strict consensus tree was constructed from the result-
ing trees. The clades of this consensus that were found 
in agreement with the IW consensus were indicated in 
the final consensus topology of the Stevardiinae.

RESULTS

matrIx analysIs and cladIstIc results

The analyzed matrix consisted of 532 characters and 213 
terminal species (Supporting Information, Appendix 
S4). From these characters, 116 were associated 
with sexual dimorphism of adult males (Supporting 
Information, Appendix S3). Based on the Tcomp and 
Sprdiff values, the three most stable consensuses were 
those obtained from the 8th to the 10th k values (=10.6–
12.7), which comprise nine trees ranging from 3598 
to 3599 steps (Supporting Information, Appendix S5). 
The strict consensus obtained from these optimal trees 
is presented as the final tree topology (with 3601 steps 
and 207 nodes, Supporting Information, Appendix 
S6). The monophyly of Chrysobrycon, Gephyrocharax, 
Pterobrycon and Stevardiini was resolved consist-
ently in all consensuses explored at the 21 different 
k values under IW as well as in the EW consensus 
(Figs 1, 2). This result was expressed at the maxi-
mum values (=100) of absolute frequencies and fre-
quency differences (stability measures) obtained for 
these clades. The support measures obtained for each 
clade were estimated from the trees obtained at the 
10th k value (=12.7), which is the most stable concav-
ity explored under conditions of IW for the characters 
(Supporting Information, Appendices S5 and S7). The 
Chrysobrycon and Pterobrycon clades received higher 
support values (>50) than the Gephyrocharax clade 
(<50). In the stevardiin clade, a higher value was 
obtained in the GC value (77) than in the rbs (30). 
Within the Gephyrocharax clade, only two sister-group 
relationships, consisting of G. atracaudatus plus G. 

intermedius and G. melanocheir plus G. torresi, were 
recovered with high supports in both GC values and 
rbs (>50).

major clades and synapomorpHIes

A complete list of common synapomorphies optimising 
on the nine trees used to construct the final consen-
sus is presented in Supporting Information, Appendix 
S7. In the following section, the main clades related to 
the groups under study and their common synapomor-
phies are presented using the node numbers depicted 
on the tree (Figs 1, 2 and Supporting Information, 
Appendix S7). The respective convergences and rever-
sals are provided only within Stevardiinae because 
it is the larger group of interest and importance for 
this work. Each common synapomorphy is accompa-
nied by the number of optimal steps (s), consistency 
index (ci) and retention index (ri) (provided for all 
characters in Supporting Information, Appendix S8). 
The character numbers plus the optimised states are 
indicated between parentheses, that is, plesiomorphic 
> apomorphic.

Node 363 (76/62/0/29) Stevardiinae
Acrobrycon Eigenmann & Pearson, Argopleura 
Eigenmann, Aulixidens Böhlke, Attonitus Vari & 
Ortega, Bryconamericus Eigenmann, Carlastyanax 
Géry, Chrysobrycon, Corynopoma, Creagrutus Günther, 
Diapoma Cope, Eretmobrycon Fink, Gephyrocharax, 
Hemibrycon Günther, Knodus Eigenmann, Landonia 
Eigenmann & Henn, Microgenys  Eigenmann, 
Mimagoniates Regan, Phenacobrycon, Planaltina 
Böhlke, Piabarchus Myers, Piabina Reinhardt, 
Pseudocorynopoma, Pterobrycon, Scopaeocharax 
Weitzman & Fink, Tyttocharax  Fowler  and 
Xenurobrycon Myers & Miranda-Ribeiro.

1. Dorsal margin of lateral ethmoids in dorsal view 
(21: 0 > 1): misaligned, oriented anteriorly (s = 7, 
ci = 0.1, ri = 0.9).

2. Ventral margin of third infraorbital (86: 1 > 0): 
reaching horizontal arm of preopercle (s = 30, 
ci = 0, ri = 0.7). Reversed in Bryconamericus 
indefessus (Mirande, Aguilera & Azpelicueta), 
B. rubropictus , Carlastyanax aurocaudatus 
(Eigenmann), Creagrutus meridionalis Vari & 
Harold, Creagrutus taphorni Vari & Harold, and 
node 391.

3. Number of teeth on inner premaxillary row (147: 
1 > 0): four or fewer (s = 17, ci = 0.1, ri = 0.7). 
Reversed in Bryconamericus indefessus, B. lethostig-
mus (Gomes), B. rubropictus, Chrysobrycon eliasi, 
C. hesperus, C. myersi, C. yoliae, Diapoma albur-
nus (Hensel), D. obi (Casciotta, Almirón, Piálek & 
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Figure 1. Final consensus topology showing the phylogenetic relationships of most stevardiines lacking hypertrophied 
caudal-fin squamation in adult males (Stevardiinae = node 363). Black arrows indicate common nodes obtained in the equal 
weighing consensus (L = 4605, ci = 0.11, ri = 0.54). Underlined node numbers represent nodes in common with Thomaz 
et al. (2015). Only higher supports are depicted on nodes: circles = GC values and relative Bremer supports (rbs) ≥50; 
squares = one of them ≤49. Node numbers correspond to those in the text and in Supporting Information, Appendix S7. See 
full tree in Supporting Information, Appendix S6.

Figure 2. Final consensus topology showing the phylogenetic relationships of the Gephyrocharax species with remain-
ing stevardiins (also including those stevardiines not presented in Fig. 1). Black arrows indicate common nodes obtained 
in the equal weighing consensus (L = 5142, ci = 0.12, ri = 0.55). Underlined node numbers represent nodes in common 
with Thomaz et al. (2015). Only higher supports are depicted on nodes: circles = GC values and relative Bremer sup-
ports (rbs) ≥50; squares = one of them ≤49. Node numbers correspond to those in the text and in Supporting Information, 
Appendix S7. See full tree in Supporting Information, Appendix S6.
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Říčan), D. terofali, D. pyrrhopteryx, Gephyrocharax 
martae, Hemibrycon surinamensis Géry, and nodes 
375, 391, 396, 409, 416, 417 and 419.

4. Dorsal margin of third postcleithrum (303: 0 > 1): 
reaching or surpassing second-postcleithrum 
midpoint (Fig. 3: s = 21, ci = 0.1, ri = 0.4). Reversed 
in Bryconamericus indefessus, B. rubropictus, 
Carlastyanax aurocaudatus, Creagrutus anary 
Fowler, Creagrutus atrisignum Myers, Creagrutus 
meridionalis, Creagrutus taphorni, Diapoma spe-
culiferum Cope, Knodus meridae Eigenmann, 
Phenacobrycon henni, and node 382.

Node 397 (100/100/77/30) Stevardiini
1. Anterior convergence of ventral diverging lamellae 

with nasal septum of mesethmoid (7: 1 > 0): conver-
gence absent or, when present, located near anter-
ior end of nasal septum (s = 16, ci = 0.1, ri = 0.6). 
Reversed in Creagrutus anary, C. cracentis Vari & 
Harold, C. meridionalis, and node 361. Convergent 
in Aulixidens eugeniae Böhlke, Bryconamericus 
lethostigmus, Carlastyanax aurocaudatus, Knodus 
breviceps (Eigenmann), K. pectinatus (Vari & 
Siebert), Mimagoniates inequalis, Piabina argentea 
Reinhardt, and nodes 383, 388 and 416.

Figure 3. Pectoral girdle of Bryconamericus yokiae (A), male, 44.7 mm SL, MBUCV 12505, and Gephyrocharax caucanus 
(B), female, 39.8 mm SL, IMCN 3084. Arrows indicate characters analyzed in the data matrix. Abbreviations in Table 1. Left 
lateral view. Scale = 1 mm.
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2. Parietal bone (41: 0 > 1): with its lateral border 
longer than its medial border (Fig. 4: states 0 and 1; 
s = 7, ci = 0.1, ri = 0.8). Reversed in Gephyrocharax 
melanocheir, G. major and G. sinuensis Convergent 
in Knodus breviceps, Mimagoniates rheocharis 
Menezes & Weitzman, and node 402.

3. Anterior tip of premaxilla (99: 0 > 1): horizontally 
aligned with upper half of orbit (Fig. 5: states 0 and 
1; s = 23, ci = 0, ri = 0.6). Convergent in Diapoma 
obi, Hemibrycon surinamensis nodes 415, 416 and 
420.

4. Anterior margin of basihyal (205: 0 > 1): margin 
expanded, its width two-thirds or more of basi-
hyal length (s = 11, ci = 0.1, ri = 0.4). Reversed in 
Chrysobrycon guahibo, nodes 408, 409 and 411. 
Convergent in Aulixidens eugeniae, Bryconamericus 
exodon  Eigenmann, Diapoma speculiferum , 
Gephyrocharax major, G. torresi, Mimagoniates 
inequalis, Planaltina glandipedis, and nodes 375 
and 411.

5. Anterior tip of cleithrum (284: 0 > 1): reaching 
posterior margin of metapterygoid (Fig. 5A: s = 
12, ci = 0.1, ri = 0.6). Reversed in Gephyrocharax 
caucanus, G. sinuensis, Mimagoniates inequalis, 
Pterobrycon landoni, and node 418. Convergent in 

Bryconamericus mennii Miquelarena, Protogino, 
Filiberto & López, Carlastyanax aurocaudatus, 
Diapoma alburnus, D. speculiferum, Eretmobrycon 
scleroparius (Regan), Hemibrycon dariensis Meek 
& Hildebrand, Knodus breviceps, K. heteresthes 
(Eigenmann), Piabarchus analis (Eigenmann), 
Planaltina glandipedis, and nodes 403 and 404.

6. Size of second postcleithrum relative to cleithrum 
(302: 0 > 1): postcleithrum small, almost completely 
covered by cleithrum (Fig. 3: states 0 and 1; s = 5, 
ci = 0.2, ri = 0.8). Convergent in Scopaeocharax rhi-
nodus, and nodes 417 and 419.

7. Location of anterior pelvic bone tip (314: 1 > 0): tip 
anterior to rib of sixth vertebra (Fig. 5B: s = 20, 
ci = 0.1, ri = 0.5). Reversed in Chrysobrycon guahibo, 
Eretmobrycon scleroparius, Gephyrocharax cau-
canus, G. chocoensis, G. martae, G. major, G. torresi, 
G. valencia, G. venezuelae, and node 362. Convergent 
in Bryconamericus yokiae, Carlastyanax aurocau-
datus, Piabina thomasi (Fowler), nodes 416 and 419.

8. Length of middle dorsal-fin rays (329: 0 > 1): mid-
dle rays longer than anterior and posterior rays 
(s = 8, ci = 0.1, ri = 0.7). Convergent in Knodus tan-
aothoros (Weitzman, Menezes, Evers & Burns) and 
nodes 417 and 420.

Figure 4. Frontal and parietal bones of Bryconamericus cf. iheringii (A), female, 62.4 mm SL, CI-FML 6107, and 
Gephyrocharax intermedius (B), female, 35.6 mm SL, CI-FML 6107. Arrows indicate characters analyzed in the data mat-
rix. Abbreviations in Table 1. Left dorsal view. Anterior to left. Scale bar: 1 mm.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/article/182/4/808/4080366 by guest on 20 April 2024



816 J. A. VANEGAS-RÍOS

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 182, 808–829

9. Proximal and medial radials of anal fin (335: 
0 > 1): fused in most pterygiophores (s = 16, 
ci = 0.1, ri = 0.6). Reversed in Chrysobrycon eli-
asi, Chrysobrycon guahibo, Corynopoma riisei, 
Gephyrocharax caucanus, G. chocoensis, G. major, 
and node 412. Convergent in Scopaeocharax 
rhinodus, Tyttocharax sp. and Xenurobrycon 
macropus.

10. Grooves with neuromasts in head above eyes (406: 
0 > 1): present, well developed (s = 2, ci = 0.5, ri = 1). 
Convergent in node 417.

Node 401 (100/100/93/55) Chrysobrycon
1. Frontal fontanel (26: 0 > 1): absent (s = 9, ci = 0.1, 

ri = 0.5). Reversed in G. intermedius. Convergent in 

Figure 5. Skull and anterior region of body of Gephyrocharax chocoensis (A), male, 38.9 mm SL, IMCN 4830, and 
Scopaeocharax rhinodus (B), male, 25.7 mm SL, MUSM 8441. Arrows indicate characters analyzed in the data matrix. 
Abbreviations in Table 1. Left lateral view. Scale bar: 1 mm.
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Gephyrocharax martae, G. torresi, Pterobrycon myr-
nae, and node 406.

2. Parietal fontanel in adults (40: 0 > 1): absent or 
reduced (s = 8, ci = 0.1, ri = 0.5). Convergent in 
Gephyrocharax chocoensis, G. major, Pterobrycon 
myrnae, and node 418.

3. Height of dorsolateral process of anguloarticular (130: 
0 > 1): greatest vertical dimension of dorsolateral pro-
cess as large as that of posterior region of horizontal pro-
cess of anguloarticular (s = 3, ci = 0.3, ri = 0.8). Reversed 
in Chrysobrycon guahibo (Fig. 6: state 0). Convergent 

in Acrobrycon ipanquianus, Gephyrocharax chocoensis, 
and nodes 403, 386 and 385.

4. Length of posterior margin of hypural 2 (347: 0 > 1): 
posterior margin as large as vertical distance between 
bases of caudal-fin rays 11–13 (Fig. 7B: s = 18, 
ci = 0.1, ri = 0.3). Reversed in Bryconamericus yokiae, 
Creagrutus anary and Piabina argentea. Convergent 
in Acrobrycon ipanquianus, Argopleura magdale-
nensis (Eigenmann), Attonitus ephimeros Vari & 
Ortega, Bryconamericus rubropictus, Eretmobrycon 
scleroparius, Gephyrocharax intermedius, G. major 

Figure 6. Lower jaw of Odontostilbe pulchra (A), female, 33.9 mm SL, MBUCV 33839, and Pterobrycon myrnae (B), female, 
29.2 mm SL, ANSP 164243. Arrows indicate characters analyzed in the data matrix. Abbreviations in Table 1. Left lateral 
view. Scale bar: 1 mm.
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Planaltina glandipedis, Pseudocorynopoma doriae 
Perugia, and nodes 381 and 384.

5. Terminal position of interradialis muscles relative 
to pouch scale in adult males (483: 1 > 0): fibres not 
exceeding posterodorsal border of such scale (s = 3, 

ci = 0.3, ri = 0.8). Reversed in node 414 (Fig. 8). 
Convergent in node 408.

6. Pouch-scale form in adult males (502: 0 > 1): pouch 
scale horizontally folded, forming laterally concave 
pocket (s = 1, ci = 1, ri = 1).

Figure 7. Detail of the lower caudal-fin skeleton of Gephyrocharax intermedius (A), male, 42.6 mm SL, STRI 1209, and 
G. major (B), male, 49.4 mm SL, MUSM 8518. Arrows indicate characters analyzed in the data matrix. Abbreviations in 
Table 1. Left lateral view. Scale bar: 1 mm.
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7. Number of pouch-scale radii in adult males 
(507: 1 > 0): 35 or fewer (Fig. 9A: s = 6, ci = 0.2, 
ri = 0.6). Reversed in Gephyrocharax melanocheir. 
Convergent in Corynopoma riisei, G. sinuensis, 
G. venezuelae, and nodes 405, 411 and 413.

8. Medial accessory pouch scale in adult males (525: 
0 > 1): present (s = 1, ci = 1, ri = 1).

Node 418 (100/100/98/100) Pterobrycon
1. Location of anterior pelvic bone tip (313: 1 > 0): 

tip anterior to rib of fifth vertebra (Fig. 5B: s = 5, 
ci = 0.2, ri = 0.3). Convergent in Chrysobrycon 
yoliae, Mimagoniates inequalis, Tyttocharax sp., 
and node 419.

2. Number of rays on posteriormost anal-fin ptery-
giophore (337: 0 > 1): 1 (s = 5, ci = 0.2, ri = 0.2). 
Convergent in Diapoma pyrrhopteryx  and 
Tyttocharax sp.

3. Size of pelvic-fin rays in adult males (422: 0 > 1): 
middle, especially fifth to seventh rays longer than 
remaining rays (s = 1, ci = 1, ri = 1).

4. Flank scales located near humeral region of body in 
adult males (494: 0 >1): one or two modified, pad-
dle-shaped scales (s = 1, ci = 1, ri = 1).

Node 394 (100/100/38/16) Corynopoma + 
Gephyrocharax
1. Second, third and occasionally fourth ventral pro-

current caudal-fin rays in adult males (445: 0 > 1): 

curved, and flattened, with similar length, and 
forming one or two spur-shaped structures (Figs 
7–9A: s = 1, ci = 1, ri = 1).

2. Ventral margin of first ventral procurrent ray in 
adult males (451: 0 > 1): margin concave on middle 
portion of ray (Fig. 7: states 0 and 1; s = 2, ci = 0.5, 
ri = 0.7). Reversed in Gephyrocharax major.

3. Pouch-scale size in adult males (513: 0 > 1): pouch 
scale very large, its greatest vertical dimension 
equal or greater than half distance between hypural 
fan and distal tips of middle caudal-fin rays (Fig. 9A: 
s = 2, ci = 0.5, ri = 0.9). Convergent in node 419.

4. Spermatozeugmata (532: 0 > 1): present (s = 3, 
ci = 0.3, ri = 0.7). Reversed in node 351. Convergent 
in node 357.

Node 409 (100/100/31/16) Gephyrocharax
1. Development of interradialis between caudal-fin rays 

12 and 13 in adult males (489: 0 > 1): interradialis 
muscles greatly developed posteroventrally, result-
ing in strong separation between rays (Fig. 8: s = 2, 
ci = 0.5, ri = 0.9). Reversed in Gephyrocharax chocoen-
sis and G. major (Fig. 10). Convergent in Landonia 
latidens, Pterobrycon landoni and P. myrnae.

2. Number of terminal vertically arranged scales 
overlapping pouch scale in adult males (522: 0 > 1): 
4 or 6 (Fig. 8: s = 4, ci = 0.3, ri = 0.7).

Node 408 (52/4/−15/16) Gephyrocharax 
atracaudatus + G. caucanus + G. chocoensis 

Figure 8. Caudal fin of Gephyrocharax melanocheir, male (A), 32.8 mm SL, CAR 73. Arrows indicate characters analyzed 
in the data matrix. Black dots delimit scales overlapping pouch scale. Abbreviations in Table 1. Left lateral view. Scale bar: 
1 mm.
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+ G. intermedius + G. major + G. melanocheir 
+ G. sinuensis + G. torresi + G. valencia + 
G. venezuelae
1. Humeral spot (394: 0 > 1): present (s = 2, ci = 0.5, 

ri = 0.8). Reversed in Gephyrocharax caucanus, 

G. chocoensis, G. valencia, Knodus tanaothoros, 
Planaltina glandipedis, and nodes 364, 396 and 
415. Convergent in nodes 408 and 414.

2. Length of third ventral procurrent ray in adult 
males (454: 0 > 1): ray reaching or exceeding mid-
point of first ventral procurrent ray (s = 9, ci = 0.1, 
ri = 0.5). Reversed in Gephyrocharax valencia 
and node 405. Convergent in Acrobrycon ipanqui-
anus, Bryconamericus cf. iheringii (Boulenger), 
B. rubropictus, Diapoma obi, Planaltina glandip-
edis, Pseudocorynopoma doriae, and node 400.

3. Posterior extent of interradialis bundles on upper 
caudal-fin lobe in adult males (481: 1 > 0): most 
interradialis bundles not distinctively developed 
or lengthened posteriorly (Fig. 10: s = 3, ci = 0.3, 
ri = 0.8). Reversed in Gephyrocharax atracaudatus. 
Convergent in Pseudocorynopoma doriae.

4. Posterior extent of interradialis bundles on lower 
caudal-fin lobe in adult males (482: 0 > 1): inter-
radialis bundles, especially those located between 
caudal rays 11 and 14, extending slightly more pos-
teriorly than interradialis bundles located on dor-
sal lobe (Fig. 10: s = 3, ci = 0.3, ri = 0.8). Reversed 
in Gephyrocharax chocoensis and G. atracaudatus. 
Convergent in Pseudocorynopoma doriae.

5. Terminal position of interradialis muscles relative 
to pouch scale in adult males (483: 1 > 0): interra-
dialis fibres not exceeding posterodorsal border of 
this scale (s = 3, ci = 0.3, ri = 0.8). Reversed in node 
414 (Fig. 8). Convergent in node 401.

Node 407 (33/−14/−40/23) Gephyrocharax 
atracaudatus + G. chocoensis + G. intermedius + 
G. major
1. Posterior extent of pouch scale in adult males 

(515: 0 > 1): pouch scale extending beyond vertical 
crossing distal tip of second ventral procurrent ray 
(s = 5, ci = 0.2, ri = 0.4). Reversed in Argopleura 
magdalenensis, Gephyrocharax major, and node 
396 (Fig. 9). Convergent in G. caucanus, G. sinuen-
sis, G. martae, Pterobrycon landoni, and nodes 401 
and 419.

Node 406 (52/4/−18/30) Gephyrocharax 
atracaudatus + G. intermedius + G. major
1. Frontal fontanel (26: 0 > 1): absent (s = 9, ci = 0.1, 

ri = 0.5). Reversed in Gephyrocharax intermedius. 
Convergent in G. martae, G. torresi, Pterobrycon 
myrnae, and node 401.

2. Types of spur-shaped structures in adult males 
(447: 0 > 1): second and third ventral procurrent 
rays straight or slightly curved along their lengths 
(Figs 7B, 9A: s = 1, ci = 1, ri = 1).

Figure 9. Detail of lower caudal-fin skeleton of Corynopoma 
riisei (A), male, 34.1 mm SL, MBUCV 285, and Pterobrycon 
myrnae (B), paratype male, 30.6 mm SL, LACM 338.001. 
Arrows indicate characters analyzed in the data matrix. 
Abbreviations in Table 1. Left lateral view. Scale bar: 1 mm.
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Figure 10. Most caudal-fin muscles of Gephyrocharax major, male, 44.9 mm SL, UMSS 5289. At the top, some fibre bundles 
of epaxialis and interradialis were removed. Scales and skin were removed. Abbreviations in Table 1. Left lateral view. Scale 
bar: 1 mm.
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3. Posterior lobes on posterior border of pouch scale 
in adult males (503: 1 > 0): absent or reduced 
(Fig. 9A: s = 4, ci = 0.3, ri = 0.7). Reversed in 
Pseudocorynopoma doriae, Pterobrycon myrnae, 
Xenurobrycon macropus, and nodes 396 and 409 
(Fig. 9B). Convergent in Corynopoma riisei and 
Pterobrycon landoni.

Node 405 (100/100/93/100) Gephyrocharax 
atracaudatus + G. intermedius
1. Hemiradii of posterior portion of third ventral pro-

current ray in adult males (449: 0 > 1): strongly 
expanding laterally, especially on anterior portion 
(Fig. 7: states 0 and 1; s = 1, ci = 1, ri = 1).

2. Morphology of first and second ventral procurrent 
rays in adult males (452: 0 > 1): rays well associ-
ated spatially, ventral margin of middle region of 
first procurrent ray greatly concave and postero-
dorsal margin of second procurrent ray extremely 
expanded sagittally (s = 1, ci = 1, ri = 1).

3. Length of second ventral procurrent ray in adult 
males (453: 0 > 1): ray shorter or equal to half-
length of first ventral procurrent ray (Fig. 7: states 
0 and 1; s = 1, ci = 1, ri = 1).

4. Length of third ventral procurrent ray in adult males 
(454: 1 > 0): ray not reaching midpoint of first ven-
tral procurrent ray (Fig. 7A: s = 9, ci = 0.1, ri = 0.5). 
Reversed in Acrobrycon ipanquianus, Axelrodia lin-
deae Géry, Bryconamericus cf. iheringii, B. rubrop-
ictus, Diapoma obi, Pseudocorynopoma doriae, and 
nodes 400 and 408.

5. Distal portion of fourth ventral procurrent ray in 
adult males (456: 0 > 1): portion flattened sagittally 
and slightly curved (Fig. 7: states 0 and 1; s = 3, 
ci = 0.3, ri = 0.7). Convergent in Axelrodia lindeae, 
Gephyrocharax martae, and node 412.

6. Number of pouch-scale radii in adult males (507: 
1 > 0): 35 or fewer (Fig. 9A: s = 6, ci = 0.2, ri = 0.6). 
Reversed in Gephyrocharax melanocheir, G. sinuen-
sis and G. venezuelae. Convergent in nodes 401, 411 
and 413.

Node 413 (42/4/−27/23) Gephyrocharax 
caucanus + G. melanocheir + G. sinuensis + 
G. torresi + G. valencia + G. venezuelae
1. Synchondral articulation between lateral ethmoid 

and anterodorsal border of orbitosphenoid (23: 
1 > 0): present (s = 9, ci = 0.1, ri = 0.7). Reversed in 
node 410. Convergent in Bryconamericus rubropic-
tus, Chrysobrycon guahibo, Knodus pectinatus, and 
nodes 390 and 416.

2. Horizontal process of anguloarticular (127: 1 > 0): 
laterally covered by dentary only anteriorly (Fig. 

6: s = 15, ci = 0.1, ri = 0.8). Reversed in Hemibrycon 
plutarcoi Román-Valencia and nodes 359, 395, 
397, 401 and 420. Convergent in Aulixidens 
eugeniae, Bryconamericus mennii, B. indefes-
sus, Gephyrocharax chocoensis, G. intermedius, 
Pseudocorynopoma doriae, nodes 354, 365 and 
367.

Node 412 (33/−4/−7/43) Gephyrocharax 
caucanus + G. melanocheir + G. sinuensis + 
G. torresi + G. valencia
1. Urogenital papilla in adult females (408: 0 > 1): 

inconspicuous, not projecting externally to urogeni-
tal pore (s = 2, ci = 0.5, ri = 0.8).

2. Distal portion of fourth ventral procurrent ray in 
adult males (456: 0 > 1): flattened sagittally and 
slightly curved (s = 3, ci = 0.3, ri = 0.7). Convergent 
in Axelrodia lindeae, Gephyrocharax martae, and 
node 405.

Node 411 (52/14/−10/29) Gephyrocharax 
caucanus + G. melanocheir + G. torresi + 
G. valencia
1. Connective tissue extending over dorsal portion 

of pouch scale in adult males (506: 0 > 1): tissue 
attaching pouch scale to point between caudal-fin 
rays 15 and 17 (s = 1, ci = 1, ri = 1). Reversed in 
Corynopoma riisei, Gephyrocharax venezuelae, and 
nodes 401, 405 and 413. Convergent in G. melano-
cheir and G. sinuensis.

Node 410 (52/14/3/50) Gephyrocharax caucanus 
+ G. melanocheir + G. torresi
1. Synchondral articulation between lateral ethmoid 

and anterodorsal border of orbitosphenoid (23: 
0 > 1): absent, with orbitosphenoid distant from 
lateral ethmoid (s = 9, ci = 0.1, ri = 0.7). Reversed 
in Bryconamericus rubropictus, Chrysobrycon gua-
hibo, Knodus pectinatus, and nodes 390, 413 and 
416.

2. Form of external urogenital papilla form in adult 
females (409: 1 > 0): triangular, partially oriented 
posteroventrally (s = 1, ci = 1, ri = 1).

Node 414 (100/100/87/55) Gephyrocharax 
melanocheir + G. torresi
1. Outermost branched pectoral-fin in adult males 

(419: 0 > 1): with its distal branches forming fan-
shaped structure (s = 1, ci = 1, ri = 1).

2. Pectoral-fin bony hooks in adult males (461: 0 > 1): 
present (s = 10, ci = 0.1, ri = 0.4). Convergent in 
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Bryconamericus cf. iheringii, B. rubropictus, and 
nodes 380 and 404.

3. Bony hooks on outermost pelvic-fin ray in adult 
males (466: 0 > 1): present (s = 14, ci = 0.1, ri = 0.4). 
Reversed in Gephyrocharax major. Convergent in 
Aulixidens eugeniae, Bryconamericus indefessus, 
B. lethostigmus, B. cf. iheringii, Diapoma pyrrhop-
teryx, G. atracaudatus, G. chocoensis, Xenurobrycon 
macropus, and nodes 400, 407 and 416.

4. Terminal position of interradialis muscles relative 
to pouch scale in adult males (483: 0 > 1): fibres sur-
passing posterodorsal border of this scale (Fig. 8: 
s = 3, ci = 0.3, ri = 0.8). Reversed in nodes 401  
and 408.

5. Distal portion of outermost branched pectoral-fin 
ray (526: 0 > 1): pigmented, chromatophores form-
ing dark spot, sometimes diffuse (s = 3, ci = 0.3, 
ri = 0.3). Convergent in Gephyrocharax martae and 
Pseudocorynopoma doriae.

DISCUSSION

monopHyly and InterspecIfIc relatIonsHIps of 
Gephyrocharax

The results obtained support the monophyly of 
Gephyrocharax, as currently defined taxonomically by 
Vanegas-Ríos (2016), and constitute the first phylo-
genetic hypothesis of all its species. However, in the 
present study, the presence of a spur-shaped structure 
formed by the second and third ventral procurrent 
rays in adult males, which is considered as the main 
diagnostic characteristic of Gephyrocharax (Vanegas-
Ríos, 2016), was not recovered as a synapomorphy for 
the genus. Comparatively, Corynopoma has two spur-
shaped structures formed by the second and third ven-
tral procurrent rays and the third and fourth ventral 
procurrent rays. The spur-shaped structures are coded 
in the data matrix as an additive series divided into 
two characters: presence/absence and the number of 
the spur-shaped structures. The presence of spurs is a 
synapomorphy for the clade formed by Corynopoma + 
Gephyrocharax, but the presence of one spur (vs. two) 
was not obtained for the Gephyrocharax clade. This 
result was independent of the coding strategy used; 
when the character was coded in either an ordered or 
unordered multistate series, the same conclusion was 
reached.

Character 489, which resulted in one of the two syn-
apomorphies supporting the Gephyrocharax clade, had 
some reversals and convergences with other stevardi-
ines. This character describes the development of the 
interradialis fibres that are located between caudal-
fin rays 12 and 13 in adult males. Most Gephyrocharax 
species have these f ibres greatly developed 

posteroventrally in adult males, resulting in a strong 
separation between caudal-fin rays 12 and 13 (state 
1). In G. chocoensis, L. latidens, P. landoni and P. myr-
nae, character 489 was coded as polymorphic because 
of the lack of appropriate specimens or the observa-
tion of an intermediate condition (additional details in 
Supporting Information, Appendix S3). As result, the 
synapomorphy was not optimised without homoplasy 
on the final topology. Additionally, character 489 was 
coded with state 0 in G. major (i.e. the interradialis 
fibres are little developed posteroventrally, resulting 
in a moderate separation between caudal-fin rays 12 
and 13), which consequently constitutes a reversal 
within the genus. Despite these homoplastic varia-
tions, all Gephyrocharax species were assigned to the 
same node because they shared other synapomorphies, 
supporting clades that are more inclusive.

Corynopoma and Gephyrocharax were found as sis-
ter genera. Conversely, Weitzman & Menezes (1998) 
proposed that Corynopoma and Pterobrycon were sis-
ter genera based on a single synapomorphy (character 
46, herein numbered 428 in Supporting Information, 
Appendix S3): the presence in adult males of ‘…an 
expansive anal-fin size in terms of the long length of 
the fin rays…’. In comparison with the phylogenetic 
study of Weitzman & Menezes (1998), the Corynopoma 
plus Gephyrocharax clade was recovered based on four 
synapomorphies related to sexual dimorphism of adult 
males (characters 445, 451, 513 and 532). Weitzman 
& Menezes (1998) used 40 sexually dimorphic charac-
ters and 11 non-dimorphic characters, most of which 
are associated with caudal-fin morphology of adult 
males. The phylogenetic significance of the charac-
ters of Weitzman & Menezes (1998) was re-evaluated 
in the present cladistic analysis, which resulted in a 
different scheme of phylogenetic relationships for 
Gephyrocharax [(node 395, (Pterobrycon (Corynopoma, 
Gephyrocharax)) vs. (Gephyrocharax (Corynopoma, 
Pterobrycon))]. Most of the morphological evidence used 
by Weitzman & Menezes (1998) was further reanalysed 
by Ferreira et al. (2011) as part of a phylogenetic study 
of most stevardiines (sensu Weitzman et al., 2005), 
but Corynopoma and Pterobrycon were not included. 
Ferreira et al. (2011) recovered Gephyrocharax as the 
sister group of a clade comprising Xenurobryconini 
plus Hysteronotini (sensu Weitzman et al., 2005). 
Here, Gephyrocharax and Corynopoma are recovered 
as sister genera in the final consensus topology, which 
agrees with the results of recent molecular studies 
that did not include Pterobrycon (Oliveira et al., 2011; 
Thomaz et al., 2015).

The majority of the interspecific relationships of 
Gephyrocharax species were defined by synapomor-
phies related to caudal-fin morphology of adult males. 
Based on the results obtained, two large clades (nodes 
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407 and 413) are hypothesised within Gephyrocharax: 
(1) G. chocoensis + (G. major + (G. intermedius + G. 
atracaudatus))) and (2) G. venezuelae + (G. sinuensis 
+ (G. valencia + (G. caucanus + (G. melanocheir + G. 
torresi))))). The first clade (node 407) was supported by 
a single synapomorphy (character 515, state 1: pouch 
scale extends beyond a vertical through the distal tip 
of the second procurrent rays in adult males) that is 
reversed in G. major (state 0: pouch scale reaching but 
not extending beyond a vertical through the distal tip 
of the second procurrent rays in adult males), a species 
in which the character was coded as polymorphic. The 
second clade (node 413) is supported by two synapo-
morphies [state 0: characters 23 and 127), one of which 
is reversed in the node 410 [character 23, state 1: (G. 
caucanus + (G. melanocheir + G. torresi)]. Despite the 
large amount of morphological evidence analyzed in 
the data matrix, the number of synapomorphies (espe-
cially optimised without homoplasy) obtained for each 
clade within Gephyrocharax is relatively low (ranging 
from one to six). In fact, only two sister-group relation-
ships found within Gephyrocharax were recovered 
with relatively high support values (>60 in GC values 
and rbs): G. atracaudatus + G. intermedius and G. mel-
anocheir + G. torresi.

In the data matrix, three characters (526–528) asso-
ciated with pigmentation of adult males were ana-
lyzed, but only one of these (526, state 1: the presence 
of dark pigmentation on the distal tip of outermost 
branched pectoral-fin ray in adult males) supported 
a clade within Gephyrocharax (node 414: G. melano-
cheir + G. torresi). The presence of a humeral spot 
(character 394: state 1) was obtained as a synapo-
morphy of node 408 (including most Gephyrocharax 
species except G. martae). However, this character 
was found moderately homoplastic (ci = 0.5, ri = 0.8) 
within Stevardiinae and Gephyrocharax, being 
reversed in G. chocoensis, G. caucanus and G. valen-
cia. It seems that characters associated with body 
pigmentation can be informative at some phylogen-
etic level, as occurred here (e.g. humeral spot), but 
these can be as homoplastic as the diagnostic char-
acteristics (e.g. lateral line) that Eigenmann (1917) 
used to define the intergeneric limits within the 
Characidae (Mirande, 2010).

Previous morphology-based studies of Glandulo-
caudinae or Stevardiinae (sensu Weitzman et al., 
2005) have investigated intergeneric relationships 
with other characids, but none of these have tested 
interspecific phylogenetic relationships (Weitzman & 
Fink, 1985; Weitzman & Menezes, 1998; Castro et al., 
2003; Ferreira et al., 2011). In their phylogenetic stud-
ies of Characidae (Mirande, 2010) and Stevardiinae 
(Mirande et al., 2013), Mirande (2010) and Mirande et 
al. (2013) did not include any Gephyrocharax species 

in their morphological data sets and did not code most 
of the morphological variation associated with sexu-
ally dimorphic features that had been previously used 
to support the phylogeny of the Glandulocaudinae and/
or its tribes (Weitzman & Menezes, 1998; Menezes & 
Weitzman, 2009). However, the interspecific relation-
ships of some Gephyrocharax have been partly resolved 
in two genetic-based studies (Bonilla-Rivero & López-
Rojas, 2013; Thomaz et al., 2015). As part of a phyloge-
ographic study including three Gephyrocharax species, 
Bonilla-Rivero & López-Rojas (2013) found that G. 
venezuelae was more related to an unidentified species 
of Gephyrocharax than to G. valencia. In the results 
found here, conversely, G. venezuelae was resolved as 
the sister species of a clade formed by G. caucanus, G. 
melanocheir, G. sinuensis, G. torresi and G. valencia. 
Thomaz et al. (2015) analyzed five Gephyrocharax spe-
cies and recovered a sister-group relationship between 
G. atracaudatus and G. intermedius, consistent with 
the phylogenetic hypothesis obtained here (Fig. 2). 
Additionally, Thomaz et al. (2015) found that G. choc-
oensis was the sister species of the clade consisting of 
G. atracaudatus plus G. intermedius. However, based 
on my results, G. chocoensis was resolved as the sister 
species of the clade formed by G. major + (G. atracau-
datus + G. intermedius) (Fig. 2: node 406). During the 
preliminary searches using the IW method, the pos-
ition of G. martae was found to be variable within the 
Gephyrocharax clade, often exchanged with G. major. 
However, despite this, the phylogenetic position of G. 
martae could be estimated based on the characters, 
only two of which were coded as missing entries for 
the species, that supported the different interspecific 
relationships within the genus.

In conclusion, the present study represents an 
advance of our understanding of the phylogeny of 
Gephyrocharax and Stevardiini. Both the IW and EW 
methods resolved the monophyly of the genus and the 
tribe (Fig. 2) and, additionally, several resulting clades 
of the IW consensus topology (Figs 1, 2) were congru-
ent with those clades presented in the largest molecu-
lar phylogenetic study of Stevardiinae (Thomaz et al., 
2015).

monopHyly of chrysobrycon and pterobrycon

This is the first phylogenetic study proposing the 
monophyly of these genera, with Chrysobrycon being 
the sister group of the remaining stevardiins. The 
monophyly of Chrysobrycon was supported by eight 
synapomorphies, most of which are associated with 
caudal-fin squamation of adult males. The majority of 
these synapomorphies present reversals and/or con-
vergences with other stevardiines, especially with gen-
era that have a hypertrophied caudal-fin squamation 
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in the lower lobe of adult males (e.g. Acrobrycon, 
Gephyrocharax and Pterobrycon). The synapomor-
phies of Chrysobrycon involving the pouch scale of 
adult males (state 1 of the characters 502 and 525) 
were not observed in any other examined stevardiine. 
Chrysobrycon mojicai Vanegas-Ríos & Urbano-Bonilla 
(2017) was recently described from the Amazon Basin 
in Colombia. In that study, the presence of an exten-
sive contact between the frontals (rarely the parietals) 
along the midline was identified as a diagnostic char-
acteristic of the genus. Based on the results found here, 
this characteristic, which was coded in two characters 
(26 and 40), supports the monophyly of Chrysobrycon. 
The phylogenetic placement of C. mojicai, which could 
not be analyzed here, will be tested in a later study.

Thomaz et al. (2015) found that an unidentified spe-
cies of Gephyrocharax was more related to C. myersi 
(the single species of Chrysobrycon included) than to 
the Gephyrocharax clade. In the results, conversely, 
both Chrysobrycon and Gephyrocharax were resolved 
as monophyletic groups in the consensus topologies, 
independent of the weighting scheme used (Fig. 2). 
Furthermore, the support measures obtained for the 
Chrysobrycon clade were relatively high (>50) in the 
final consensus topology. The findings of the taxonomic 
revision of Gephyrocharax (Vanegas-Ríos, 2016) suggest 
that the unidentified species of Gephyrocharax from the 
southwestern Amazon (Thomaz et al., 2015) might cor-
respond to G. major. Further examination of the speci-
mens used by Thomaz et al. (2015) and molecular data 
for all Chrysobrycon species are needed to better under-
stand the incongruences between both hypotheses. The 
two known species of Pterobrycon were resolved as a 
sister clade to Corynopoma and Gephyrocharax. This 
result differs from the traditional phylogenetic concept 
under which Pterobrycon and Corynopoma have been 
considered sister genera (Weitzman & Menezes, 1998). 
The Pterobrycon clade was supported by four synapo-
morphies related to anal and pelvic fins and body squa-
mation of adult males. Additionally, only two of these 
synapomorphies were optimised without homoplasy on 
the most parsimonious trees used to calculate the final 
consensus topology (characters 422, state 1: the middle 
pelvic-fin rays are longer than the remaining rays; char-
acter 494, state 1: the presence of one or two paddle-
shaped scales on the body in adult males). Even though 
the monophyly of Pterobrycon is not an unexpected 
result, it is indispensable for endorsing its current tax-
onomy (Bussing, 1974).

comments on tHe monopHyly and 
InterrelatIonsHIps of stevardIInI

Weitzman & Menezes (1998) carried out the first 
phylogenetic study that supported the monophyly of 

Stevardiini (=Corynopomini) consisting of the gen-
era Corynopoma, Gephyrocharax and Pterobrycon. 
In subsequent morphology-based phylogenetic stud-
ies, including at least one stevardiin species, that def-
inition of the tribe remained unchanged (Castro et 
al., 2003; Weitzman et al., 2005; Ferreira et al., 2011). 
Mirande (2010) did not analyze any stevardiin species 
in his phylogenetic study of Characidae, but he tenta-
tively assigned them to several nodes of his phylogen-
etic hypothesis (nodes 235–244 and 244) based on the 
placement of Stevardiini within the ‘clade A’ (sensu 
Malabarba & Weitzman, 2003) and the phylogenetic 
hypothesis of Glandulocaudinae (sensu Weitzman & 
Menezes, 1998). In my results, those nodes were not 
recovered with the same composition supposed by 
Mirande (2010) (Figs 1, 2).

Although Hysteronotus megalostomus Eigenmann 
and Pseudocorynopoma heterandria Eigenmann could 
not be coded in this work, the number of analyzed 
stevardiins is greater (20 species and 5 genera vs. 11 
species and 4 genera) than that included in the most 
recent phylogenetic study of Stevardiinae (Thomaz et 
al., 2015). The stevardiins are recovered as a mono-
phyletic group in the final consensus topology [Fig. 
2: (Chrysobrycon (Pseudocorynopoma (Pterobrycon 
(Gephyrocharax, Corynopoma))))]. Such congruence 
between morphological and molecular data reinforces 
the monophyly of the tribe as currently defined. The 
monotypic genus Hysteronotus is a putative mem-
ber of Stevardiini (Thomaz et al., 2015). Weitzman & 
Menezes (1998) and Ferreira et al. (2011) obtained a 
sister-group relationship between Hysteronotus and 
Pseudocorynopoma, a hypothesis also pointed out by 
Thomaz et al. (2015). In the results obtained here, 
Stevardiini was supported by ten synapomorphies, 
three of which can be observed in H. megalostomus 
(Menezes, Weitzman & Teixeira, 2016): the middle 
dorsal-fin rays are longer than the anterior and pos-
terior dorsal-fin rays, the anterior tip of the premaxilla 
is horizontally aligned with the upper half of the orbit, 
and the presence of well-developed grooves with neu-
romasts along the dorsal surface of the head. Although 
none of the synapomorphies defining Stevardiini were 
optimised without homoplasy on the final phylogenetic 
hypothesis, the majority of these had relatively high 
values in the retention indices (ranging from 0.6 to 1).

In the final consensus, Acrobrycon was obtained as 
the sister group of Stevardiini, which disagrees with 
the traditional phylogenetic position of the genus as 
part of the Diapomini (Weitzman & Menezes, 1998; 
Arcila et al., 2013). In a phylogenetic study using 
morphological, reproductive and spermatic charac-
ters, Ferreira et al. (2011) found Acrobrycon sister 
to a clade consisting of Gephyrocharax plus other 
xenurobryconin and hysterotonin genera (sensu 
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Weitzman & Menezes, 1998). However, more recently, 
Acrobrycon has been considered to be the sister group 
of Hemibrycon (Thomaz et al., 2015).

Another stevardiine genus with a contentious 
position between the tribes allied to Stevardiini is 
Argopleura, which was obtained as the sister group 
of a clade including Scopaeocharax, Tyttocharax 
and Xenurobrycon. These genera have been grouped 
together in Xenurobryconini, a tribe related to the 
Stevardiini (Weitzman & Fink, 1985; Weitzman & 
Menezes, 1998). In the DNA-based phylogenetic study 
by Thomaz et al. (2015), Argopleura was resolved 
as the sister group of Glandulocaudini in most of 
their phylogenetic results, but in their ML tree it 
was obtained as the sister group of Glandulocaudini 
and Stevardiini. Based on these results, Thomaz 
et al. (2015) placed Argopleura as incertae sedis in 
Stevardiinae. The phylogenetic position obtained for 
Argopleura in the final consensus topology agrees 
more with that found by Weitzman & Fink (1985) and 
Weitzman & Menezes (1998) than with that found 
by Thomaz et al. (2015). Despite this disagreement 
between the molecular and morphological data, which 
should be investigated further, Argopleura is tenta-
tively considered the sister genus of Xenurobryconini 
based on the results of the present study.

comments on tHe InterrelatIonsHIps wItHIn 
stevardIInae

Based on the type of cells constituting part of the glan-
dular pocket (mucous vs. club), Weitzman et al. (2005) 
defined the stevardiines as a group consisting of the 
six tribes (Stevardiini = Corynopomini, Diapomini, 
Hysteronotini, Landonini, Phenacobryconini and 
Xenurobryconini) that had been previously placed in 
Glandulocaudinae by Weitzman & Menezes (1998). 
Later, Mirande (2010) expanded the phylogenetic con-
cept of the subfamily to include the species of ‘clade A’ of 
Malabarba & Weitzman (2003). Since then, the mono-
phyly of Stevardiinae has been widely supported based 
on molecular data (Javonillo et al., 2010; Oliveira et al., 
2011; Thomaz et al., 2015). In the final tree topology 
(Figs 1, 2), the monophyly of Stevardiinae was resolved 
with 26 of the 44 genera recognised in this subfamily 
by Mirande (2010), Mirande et al. (2013) and Thomaz 
et al. (2015). In total, 73 stevardiine species were ana-
lyzed in the data matrix, whereas Mirande (2010) and 
Mirande et al. (2013) analyzed 27 and 41 stevardiines, 
respectively (excluding Creagrutus species added in 
their extended matrix). After comparing the results 
with those presented by Mirande (2010) and Mirande 
et al. (2013), most of the differences found among the 
final topologies are associated with the placement of 
the species of Bryconamericus, Diapoma and Knodus, 

which in all cases did not constitute monophyletic 
groups. Additionally, the final tree topology (Fig. 
1) recovered the monophyly of a group consisting of 
Carlastyanax, Creagrutus and Piabina, which was pro-
posed by Mirande et al. (2013).

Markiana was obtained within the Astyanax Baird 
& Girard clade instead of the stevardiine clade 
(Supporting Information, Appendix S6), which disa-
grees with recent molecular phylogenetic studies that 
placed the genus within Stevardiinae (Oliveira et al., 
2011; Thomaz et al., 2015). According to Baicere-Silva 
et al. (2011), the genus should be considered a puta-
tive member of Stevardiinae since the spermatozoa of 
its type species [M. nigripinnis (Perugia)] share the 
characteristics of the non-inseminating members of 
the subfamily.

In respect to other stevardiines, the Eretmobrycon 
species were found within the Stevardiinae clade, 
which is consistent with the phylogenetic result pro-
posed by Thomaz et al. (2015). This finding was not 
obtained in previous morphology-based phylogenetic 
studies (Mirande, 2009; Mirande et al., 2011; Mirande 
et al., 2013). Other genera such as Phenacobrycon and 
Landonia were resolved as sister groups within the 
subfamily and, remarkably, they were not found to 
be closely related to the genera with which they have 
been traditionally placed in Glandulocaudinae (sensu 
Weitzman & Menezes, 1998), in the Stevardiinae 
(sensu Weitzman et al. 2005), or in the node 237 (simi-
lar to Glandulocaudinae in Weitzman & Menezes, 
1998) by Mirande (2010).

Although the purpose of the present work may be 
considered as a reappraisal of the phylogenetic study 
of Stevardiinae by Mirande (2010) and Mirande et al. 
(2013), the primary object was the study of the phyl-
ogeny of Gephyrocharax and other stevardiins based 
on a large data matrix. The effect of adding Stevardiini 
(and other terminal taxa) to the data matrices of 
Mirande (2010) and Mirande et al. (2013) can be con-
sidered as a secondary result of the cladistic analysis 
presented herein, which represents an advance in the 
phylogenetic knowledge of the subfamily. It is evident 
that our understanding of the phylogenetic relation-
ships of many stevardiines has improved in recent 
years (Malabarba & Weitzman, 2003; Mirande, 2010; 
Mirande et al., 2013; Thomaz et al., 2015), but further 
research is still needed to achieve a more consensual 
view of the internal classification of this subfamily.
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