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RESUMO

A familia Heptapteridae contém 23 géneros e 231 espécies validas que sdo
encontradas em uma ampla gama de habitats de 4gua doce do sul do México ao norte da
Argentina. A sistematica filogenética atual de Heptapteridae € significativamente
moldada por uma analise baseada em morfologia da maioria dos géneros existentes,
realizada ha mais de 20 anos e ndo publicada. Nos fornecemos uma nova hipotese
filogenética molecular abrangendo 19 dos 23 géneros validos em Heptapteridae,
incluindo todos os géneros validos de Brachyglaniini (4 de 4), 11 dos 14 géneros validos
de Heptapterini e 66% de todas as espécies validas de Heptapterini (58 de 88; além de
muitas espécies nao descritas). A amostragem inclui 15 espécies tipo dos 23 géneros
validos de Heptapteridae. O presente trabalho, baseado em uma analise multilocus de
cinco marcadores moleculares, 3 marcadores mitocondriais (COI, cytochrome oxidase
subunit [; Cyt b: cytochrome b e ND2: NADH dehydrogenase subunit 2), e dois
marcadores nuclear (RAG2: recombination activating 2, e Glyt: glycosyltransferase),
produziu filogenias geralmente consistentes, bem resolvidas e fortemente suportadas.
Com base nesses resultados, fornecemos uma nova classificagdo supragenérica dentro de
Heptapteridae subdividida em: Heptapterinae (contendo Brachyglaniini e Heptapterini) e
Rhamdiinae (contendo Rhamdiini e Goeldiellini); dentro de Heptapterini foram
reconhecidas cinco subtribos novas. O trabalho inclui uma andlise integrativa do género
Heptapterus espécie tipo da familia onde o género foi redefinido e limitado a 4 quatro
espécies validas, com a descri¢cdo de um género novo irmao de Heptapterus contendo
duas espécies novas. Finalmente apresentamos descricdes de novas espécies de

Heptapteridae.
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ABSTRACT

The Heptapteridae family contains 23 genera and 231 valid species that are specific in
a wide range of freshwater habitats from southern Mexico to northern Argentina. A current
phylogenetic systematics of Heptapteridae is significantly shaped by an unpublished
morphology-based analysis of most extant genera carried out over 20 years ago. We provide
a new multilocus molecular phylogenetic hypothesis encompassing 19 of 23 valid genera in
Heptapteridae, including all valid genera of Brachyglaniini (4 of 4), 11 of 14 valid genera of
Heptapterini and 66% of all valid species of Heptapterini (58 of 88, plus many new species).
The analysis includes 15 type species from the 23 valid genera of Heptapteridae. The present
work is based on a multilocus analysis of five molecular markers, being three mitochondrial
markers (COI, cytochrome oxidase subunit [; Cyt b: cytochrome be ND2: NADH
dehydrogenase subunit 2) and two nuclear markers (RAG2: recombination activating 2, and
Glyt: glycosyltransferase), and have recovered generally well-resolved and consistently
supported phylogenies. Based on these results, we provide a new suprageneric classification
within Heptapteridae, subdivided into: Heptapterinae (comprising Brachyglaniini and
Heptapterini) and Rhamdiinae (containing Rhamdiini and Goeldiellini); five new subtribes
were recovered within Heptapterini. This work includes an integrative analysis of the genus
Heptapterus, type genus of the family, that is redefined and limited to four valid species. It
includes the description of a new genus sister of Heptapterus and containing two new

species. Finally, we present the description of new species within Heptapteridae.
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ESTRUTURA DA TESE

Este trabalho esta estruturado em formato de artigos, composta por trés capitulos:

CAPITULO I

Capitulo publicado na revista Molecular Phylogenetics and Evolution. Neste artigo ¢
apresentada a primeira hipotese filogenética molecular de 16 dos 23 géneros da familia
Heptapteridae, baseado numa analise multilocus (trés genes mitocondriais e dois
nucleares). O estudo apresenta uma densa amostragem dos géneros e espécies da tribo
Brachyglaniini, distribuidas ao redor do escudo das Guianas, propondo uma nova
classificagdo supragenérica para a familia Heptapteridae com base em dados moleculares

e estudos prévios disponiveis de morfologia.

CAPITULO I

Capitulo a ser submetido na revista Journal of Zoological Systematics and Evolutionary
Research, neste capitulo sdo apresentadas as relagdes filogenéticas, mas abrangentes da
familia Heptapteridae baseadas em uma analise multilocus (trés genes mitocondriais e
dois nucleares). Os conjuntos de dados foram gerados para os 19 dos 24 géneros validos
de Heptapteridae, com uma densa amostragem das espécies da tribo Heptapterini,
contendo 9 espécies-tipo dos 14 géneros da tribo. Nos propusemos novos clados e

discutimos as relagoes filogenéticas ao nivel genérico dentro de Heptapterini.

CAPITULO 111

12



Capitulo a ser submetido na revista Neotropical Ichthyology. Neste artigo apresenta-se a
revisdo taxonomica de Heptapterus, baseada numa analise integrativa. Nos exploramos
caracteres da morfologia externa e interna para ajudar a delimitar as espécies, assim como
fornecemos informagdes sobre sua distribuicdo, realocamos as espécies que nao
pertenceriam ao género Heptapterus nos géneros correspondentes e apresentamos uma
chave ao nivel de espécie. Além disso, se descreve um novo género, com as descri¢des de

duas espécies novas baseadas em dados morfologicos e moleculares.

CAPITULO IV

Artigos publicados nas revistas Zootaxa e Journal of Fish Biology. Este capitulo mostra a
diversidade que se encontrava escondida para a ciéncia de espécies dos géneros
Mastiglanis e Cetopsorhamdia, produto de grandes esfor¢os realizados nos inventarios
bioldgicos ao longo da Amazonia Peruana, cujo objetivo foi a criagdo de areas naturais

protegidas.
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CAPITULO I. MULTI-LOCUS PHYLOGENY WITH DENSE
GUIANA SHIELD SAMPLING SUPPORTS NEW
SUPRAGENERIC CLASSIFICATION OF THE
NEOTROPICAL THREE-BARBELED CATFISHES

(SILURIFORMES: HEPTAPTERIDAE)
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Faustino-Fuster et al., 2021. Multi-locus phylogeny with dense Guiana Shield sampling
supports new suprageneric classification of the Neotropical three-barbeled catfishes

(Siluriformes: Heptapteridae). Molecular Phylogenetics and Evolution, 162, 107186.

https://doi.org/10.1016/;.ympev.2021.107186
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ARTICLE INFO

ABETHACT

The catfish family Hepapeerdae is ohiquitous across a range of freshwater habitats from southern Modco to
northern Argenting and contains 23 genern and 228 valid species. After o cenmury of mostly morphology-based
syscematic analyses of these fishes, we provide the frst molecular phylogenetic hypothess spanning most valid
Heptapterides genera (16 of Z3). We sxamined eight of 14 valid genera in the Nevmmoghouis sobelade (Hepap-
terini}, all valid geners in the Brachyglenis-subclade {Brachyglaniing) and mos valid Brachyglantis species (17 of
15L Maxtmam hkdihood and Payesan analyses of a 41586-base alignment of five gene regions (three mito.
choodnal: COL Cyt b, and NDE two ouclear: RAGE, Glyt) yielded thoroaghly resolved and statisuenlly robust
phvlogenies thar were largely congraent with each other and with previous morphobogy-based bypotheses. We
propose a revised phylogenetic cdassification consisting of two subfamilies (Rhamdiinae, Heptapterinar) each
with two trihes. Dense taxonamic sampling of Brachyglaniini, including type species of Brochyplanic, Gladinglonis,
Leptorhamidie, end Myogiomds, revealbed widespread paraphyly. Newly recovered clades within Brachyglaniini are
closely associated with either the upper Orinoco or the Essequibo suggesting repaated dispersals and/or range
EXpaRsOns ConTachons across the western Guiana Shield highlands and from there to the upper Amaron and
Brazilinn Shield. These biogeographical processes appear to have been an important diiver of allopainc diver-
sification in the clade,

1. Introduction

iz marketed unider the common names ‘black catfich,” “zilver casfidh ' and
‘jundia® (Grigio aml Meorer, 2030; DRFF pem. obe). Some omaller

The three-barbeled carfizh family Heptapteridas contains 23 genera
and 223 valid opecies {Frickes =c 21 20201, most of which are amall-gized
[ 20 mm 5L with a generalized casfish body thape and appearance. The
family occupies 2 wide range of freshwater habitarz from couthern
Meaxico to northem Argencina but iz especiaily characeeristic of omall
smeams and headwaters. In much habitars the widespread, large-bodied
gemue Rhamdia (€70 cm Tl Machacel 2019) iz often among the
largeat fishes present and iz harvestsd 2z a food fich throughout it range
[DRPP.MEPELobﬂ.}.Miz:kn mmﬂ'uaﬂjnﬂn\mlmbmh
temperate and twopical areas of Argensdna Bracsil, and Ureguay, where it

genera gporadically enter the ooamental aquariom fsh trade. but moat
Heprapteridse hare no gpecific zocial or economic value Qiven the
hiztorical absenes of 2 well-recobeed speciss-level phrlogeny, the thres-
barbeled catfich radiztion has made mo major contributions o marro-
evolutonary theary, wet the comsiderable tawonomic divemin of the
family and itz broad geographic enge make the clade a potentially
wvaluable model for testing biogeographical hypotheses Fin chapes,
mzen, and modifications much a0 2oft 1. pungent fin rayn, semation
mumber and chape, and filament leangth are also highly varizble acros
Heptapteridss, suggesting the family could be an important modal for

* Corresponding author at Departamento de Eothalegia, Museo de Hissoria Natural, Universided Macoral Mayor de San Marcos, Awerads Arenales 1256, Lima 14,

Feru,
K-mmi adidress danarffabgigmail.oam (D.R. Faosbno Foster).

hirpe/ Adnlanz 10,301 0/} Fmpey. 221107 186

Recefved 2 August 2000 Heceived in revised form 7 April 2021; Accepted 26 April 2027

Avmilable ooline 29 Apnd 2021
0557030 2007 Hsevier Ine. All Aghts ressrved.
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DR, Feeslino-Fisted of ol

understanding fim evolution.
Heprapteridas was firet erected by Gill {1561 1 ap 3 subfamiby within
rhe:l:n.cdp Meomopical long-barhelsd catfich family Pimealodidse con-
taining only the species Hepopéenes mustelims (Valencienmes 15350
ﬁl’l]:nlngh no tmigue characters define Heprapteridae, Bockmann and
Cuazzelli (2005] proposed a combination of 10 komoplaatic extemal
characteristico that distinguizh Heptapteridas from other fizhes {Sup-
plementary Table 1) lnternally, three osteological synapomorphies
were proposed by Londbery and McDads (1%36) to support the mono-
phyly of 13 genera now placed in Heptapteridae (Table 1L Bhamdiinae
Bleeher 1862 was the original name given by Lundbecs et al (1591 ) o
the chade dafinad by thess characters, and thiz name waz elevated o
Bhamdiidae in the ungublished theis of le Pims (1995) and the o
togenetic analyniz of Swoarca st 2l {3000]. However, Haptapterinae Gill
1561 had priority over Rhamdiinse Bleeker 1862, thus cementing the
former for the family-level clade (de P, 1993 Sitfvergrip, 19961
Historically, the phylogenesic position of Heptapteridas wathin Sihar-
iformen han greatly varisd acrom shudies (Mo, 1991; Amraria 1993
Pimma, 1995; Bocdmmarm snd Guazzelli 20030 Howewer, the only
phylogenetic hypothesin congiztently mupported by both morphological
anl molecular data places Heptaptesidas a2z cister to Pimelodidas
Poeulopimelodidae (Lundbery and McDmd=, 1935 Londberg et al,
1991 Sollivan =t 2l 2008, 3055 Arcils st al 2017 Batancor sk al
2017).
Heprapteridas intergensric relationships and peneric diagnoces have
been iteratively revized by studies ranging from deccriptions and iden-
tification keva to phylogenstic mymthese: based almost exclugively on
marphological data. Fizenmann (1912} developed an idenrification ey
to ten genera while albo srecting four. Oocline (1541 revworked Eigen-
‘mann'z key with a focus on s lacking a free orbil rim which moatly
comprizsed 12 genera now in Heptapteridae Lundberg and McDade
11936) not only proposed three symapomorphies for Heptapeteridae
{Supplementsl Table 17, but alw ﬂ.lagnmﬁl .Brne.lqﬂrmmﬁuzubgrwp

conmining iz genera amd an
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paucimadiane, diagnosed a newly labeled Nemwroglonis-subcade con-
mining mine geners umited by four oynapomorphiss (Supplemeneal
Table 1; Table 1) Lomdberg ar sl (1991} again foomed on the free
orbital rim and dizgnosed an unnamed dade 1 for 15 genera with a
reduced or abzemnt arbital rim and vnnamed clade 2 for the genus Bra-
chyrhamdin, which retaing the orbital dm (Table 1, Supplemental
Table 1. The 1 clade 1 priced an sxpanded Nemurogioni=-
subclade containing 11 penera plis an unnamed group of four genera
outzide the Nemuroglaniz-gubclade (Tzble 1, Supplemental Table 11
These awthors aloo suggested that the three genera we focus on in this
study - Brochyglanis Bigenmann 1912, Leptorhamdia Bigenmann 1913,
anu Myoplonic Eigenmann 1912 — form a distinct clade supparted by the
thared dorml expanzion of a ruperficial laver of the adductor man-
dibalae munscles over the hyomandibulsr articulstion neardy to the
midline of the dmll roof. In a broad morphological analmiz Boclomarm
11954 expanded Heptapteridae 10 include 21 genera, rediagnossd the
Nemmrogloniz-subclade with 12 additional csteological smapomorphies
[Supp].unmalTaHe 1), and defined two unnamed clsfec within the
Nemmrogiomis-zubeiade based on aspect of the compler cenmim

The Gror exonomically comprehenive cladizric analyziz of Heprap-
teridas waz by Bockmann (1920), who amalyzed 273 marphological
characters from 72 ingroup specien (Bockmann 1993: Gz, 216). This
analyria yielded 3 monophylesic Heprapteridae, incluzive of Phreosobius
Ooeldi 1905, bazed largely on characters highligheed in previous smdies.
Boclmann (1995 generated a partally resoleed hypothesiz of phylo-
genetic relationshipe within Hepi idae, which i the primary alter-
native hypothesio discussed herein (Fig. 1, Table
previously given to resolving intergeneric relasionships lam than half of
These inchsde Brochyrhemdia Myem 927 (Lundbecy amd McDad=,
1058), Heptoptorus Blesler 1858 (Buckup, 1933; Fausting-Paster et al |
2019), Clodinglenis Perrario and Mapo-Leccia 1988 {Londbery =c .IJ.
1991), Mastglanis 1 1994 (Bockmann, 1994), ol

(Table 1) Peoars (1988], in his Jucrr_pnn.u of Nﬂm—g{mu: Bigenmamm and Rigemmann 1889 (Ferrarz, 1988 Bockmanm and
Table 1
Historirally significant classification proposals for Heptapteridas genem. Geous namrs in bold not originally exnmined but were inserted by us based on charsceers
propesed in previous stodies.
Lanudbwerg mond WeDimde | 044 Permaris 106585 Lundbery e al 1550 Bewlunaen 1938 Tl sudy
Bru fiyrbsnadin suly i Hevauresfus . mbelade Netneroglonb subelarde: Clate 130 Hedesierinae
Braclgyriuicalls Avenrevicfbiys Acsrtrminhfiys Clade 119 Hespagaezing
Cesopaoriualiz i Catpaoriawalia Acenronishetys Acogrunciulys
Tentlielle essinorenius [ MR T Cetiypreelumadin Cieguirfimdia
FPivadocdella Hoptagaesiis Hrgtapteria it Chessiianraitii
Fiutvaiells Trgperinis Huorinagrzon Hauapererus Hepsingpiers
Fiaissalia Naerluinth [ Harfnipzin Huriumyain
Unisased Giciap Werasgus Namragdns Figvarfiss gt
Heaeqples Perdoliis Fasiokia Mastlinis Mg
Waarheulic Rhemidizpui Phonnusawalis HNawykns Munnuglunia
sl Peirtolius Puriofias
Brma iyl Rluindiglni Fhemdiogluni
(Tlaaicnglanis Rhvndiypais Fehmeliyaia
Lepaurtusralia Pl
efyoylans Tyl Tunmayi
Ll msse] [}nﬂ Clade 1268 Bearch i
Braky asaliz [——_y Bra gz
Pitealulelly Lezietaundin Laptivfuemulie
Flawadells Mfpglanls My bl
Finekaiclls oinliells
Rlnudaln Alamdiing
Plasriadids Brachyrlemulia
Fleadiaicln
Flavalells
Filuouiis
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Fig. 1. Frevicus phylogenetic hypotheses for Heptapteridae modified from Lundberg et 2l 1991: fig. 10 (), Bocomann, 1995 Gg 216 (b) end Suilivan et al, 2015
fig. & [l (uotation marks ('} indicaie new grnera according to Hockmann's (1954) hypothesis,

Famraria, 2005), Pheocorhomdic Dahl 1961 -(DoMascimisms aml
Milani 2009}, Tounayin Miranda Ribeiro 1918 (Oliv=ira and Briski,
2000, Rhomdella Bigenmann and Bigenmann 1838 (Bodomamm and
Nigoelarena 2003), Rhomdic Bleeker 18558 (Silfvergrip, 1998), and
Rhamdigpsiz Haseman 1911 {Bockmmann and Castro, 20100 All of these
except (Paustino-Fuster = 2l 2019) have been baced exclugively on
morphological dat

In thin stody we examine phylogenstic relationchips throughout the
Heptapteridae uzing a multi-loces molecular phylogenstic approach. We
expecially focus on the Nermuroglonis-subclade (Clade 119 Sockmann,
1995), ite putative gister group the Oladioplomismuibclade (Clade 128:
Bockmann 1995), md within the laster the Brochyglaniz-subciade firse
diagnoged by Lunilberg et 2l (19911 We albo me the results of our
morphological characters az the baciz for a mew supragenesic clas:ifi-
cation for Hepeapteridas. Finally, we discum the major biogeographical
pattemns apparent from our dense phylogenetic sampling of Heptaptar

2, Material and methods
21. Taxon sampling

We generared novel sequence dam for 14 genara, 39 species, and 62
zamples collected from Colombia Brasil, Ecvador, Cuyana Pera, Suri-
name, Unguay and Venecuela benreen the yeam 1992 and 2017, Mowel
data were combined with GenBank repogited data for fowr mosthy our-
of all valid Heptaptesidas genera (16 of 23), 57% of all valid Heptap-
terini [ Nemuroglanis-subclads) genera (3 of 147, 100% of all valid genesa

in the Brochyglanis subclade (4 of 4), and 73% of all valid rpecies in the
Brockyalonis cubclade (11 of 15; plog several undescribed zpecies)
iTable 11 Nine of the Heprapteridae generm sxamined in thic shedy are
represented by gpe species, although two of these species wers
collected far from the type locality, suggesting that 2 mare thorough
ic amabyzin may reveal them to be undescribed species (denoted

by ')

Specimens sxamined in thiz shudy are cataloged at the following
eight ichthyological collections: Amesican Museum of Materal Histoey,
MNew Yok (AMNH), Academy of Natural Sciences of Direxel Univessity,
Philadelphia (ANSP), Aubum Univemity Museum of Matural History,
Avbum (AUM), Univernidsde Pederal do Rio Grande do Sul, Porto Ale-
gre (UFRGE), Museu de Cigncias & Tecnologia, Pontificia Universidade
Catolica do Bio Grande do Sul, Porto Alegre (MCP), Musen de Coologia
da Univerzidads d= S3o Paolo, S&o Paole (MEUSP), Muse: Narional,
Univercidade Pederal do Rio de Janeiro, Rio de Jansiro (MNBF), Roval
Ontaric Museimn, Toromto (ROML Institutional abbreviasions follow

Sabaj {2019}

22 Molecnlor markers, INA ocraction, amplifiestion, and sequencing

We zequenced fragment of three mitochondrial {001 cyrochroms
oxidase subumit [, Oyt b: ortochrome b, and ND2: NADH dehypdrogensse
subunit 2), and two noclear markers (RAGZ: recombination activating
genas 2, and Glyt: ghrooayitransderage). Markers were selected based on.
their eace of umambiguous amplification in Heptapteridae and how they
might enhance phylogenetic resolution 2t variow: depths of the e
with moet having been used in previous phylogenetic amdies of catfich
(Bullivan et al. 2006, 2013; Smith et al | 2016; Supplementary Table 2).

Whole genomic DMNA wan extracted from fin or muscle tissues
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following a standand mlt extracrion protocol (Lujan er al| 202020
Pragments were amplifisd uoing a reaction mix with 25 pl toeal volume,
comprizing 18.8 pk JH0, 2.5 pl. Briks Hagelberg [BH) buffer {Hagel-
berg, 1924 10 mM], 0.1 pL Platinum Taq polymersse (LTE Life Tech-
nologies Inc | Carlzhad GAJ, 1 pl. forvmard primer (10 mM], 1 pb reveme
primer {10 mM), 0.6 L dearyribonuclsotide riphcephate (ANTP, 10
mM], and | pl extracted penomic DNA (gDMNA)L Cenes were amplified
wiz stamddard polymerace chain reaction (PCR) wing an Eppendord
Mastercycler pro & thermocycler (Bppendorf Led., Hambnrg, Germamy).
ﬁﬁﬁbphzmmufﬁ:ﬂﬂ]gme\mmﬁ with an initial dena-
turation mep of 1 min at 94 °C followed by 35 cyclen of 94 °C for 30 g,
annealing ar 52 °C for 40 3, exvension at 72 °C for 1 min, and final
extenzion at 72 “C for 10 min. An 345 bp fragment of the Oyt b gene was
amplified by denanwring at 95" C for & min followed by 35 cples of 95°C
for 30 z, annealing ar 43 “C for | min, extension az 72 *C for 1 min 50 2,
and final extangion 22 72 °C for 5 min. An BS2 bp fragment of the NDZ2
gene was amplified by denaturing at 94 °C for 2 min, followed 35 crcles
of 95 °C for 1 min, anmealing at 58 °C for 1 min, extencion =t 72 °C for 2
i, and final extension 3t 72°C for 10 min. An 356 bp fragment of the
Oyt gene was amplifisd by denaooring az 85 “C for 2 min followed by 40
:fdﬁnfgﬁ:cfnrsﬂu.ma]jng:tsﬁ°ﬂfmlmin,::tﬂ:dmm?2°c
for 1 min 30 g, anal final extension 2t 72 °C for 5 min. 4 979 bp fagmen:
of the BAQT gene was amplified by denaturing ar 94 °C for 2 min fol-
lowed by 31 cycles of 34 °C for 30 5, armealing at 58 °C for 45 g,
mm:t?”’ﬂfw]mnm’ﬁn:lutﬂ'mmat 72 °C for 5 min
Products of each amplification were vimalizad by mmning 5 pl of
amplicon on 2 % agarose gel Bemaining PCR product was purified
using exonuclease | and calf intestine alkaline phocphatase (BxolIAPL
Swooessful amplifications were bidirectionally sequenced waing the dye
terminarion methnd of Sanger =t 3l (19771

2.8 Scquence editing, alignment, and phylogeny inferonoe

Badirectional cequances were amzembled mnto contiges and marmaally
edited uzing the software Jensiow +6.1.7 (Biomasters Lod | Auckland,
Mew Zealand). Seguences for contige having many ambiguities wese
reamplifisd and recequenced. Contigs for each gene region were aligned
uzing the MUSCLE algorithm Bdgar (2004), with the alignment being
manually edited and evaliated baved on zmine acid oandlaticons of
consenmun cequances. ndividual gene alignments were concatenared
creats a zingle mamiz comprizing 4156 bp o« 69 individuals (zee
Table 2}

Maximmurn Ekelibood (ML) phylogenstic analyses of each unpasti-
tiomed gene slignmens wese conducted weing BARML wE 000 {Stamoytalia.
20141, to chack for consiztency in phylogenstic &gnal acroos mackers,
Phylogenatic analyses of the concatenated alignment were partition=d
by both gene and codon position resulting in 15 dam partitions (Sup-
plementary Table 3). The optimal model of molsculsr svolution for each
partition was determined wzing the coftware Parttion Finder v1.1.1
(Lanfear =t 2l 2002), which wa programmed to select from modals

by available in MrBayes w3.2.6 {(Ronguist and Hueloenbech,
200%; Supplementary Table 51 or BAxML using the ‘greedy’ algorithm
an] the Bayesizn information criterion (BIC). For the BATML anabyziz a
OTRCAT model was selacted for all |5 dara partisions
computing clugter {Miller =t 21, 2010). The dade of Pimelodidas
(Pimelodhe ormams Ener 13530 + Pheeatobiidae (Plreamobius civommum
Ooeldi 1905, Fhrecmbing drecumesder Shibarta, Muriel-Cimha, and de
Pinna 2007 and Phrectobis op ) was designated the outgroup based on
previcus molecular studies finding that Heptapeeridae iz dosely related
o Pimelodidas and Phrearobiidae (Sullivan e 2l 2015). Maximum
hkbﬂmimpl:nfme:mﬂﬂw“cmlwcmﬂu:mg
a IEngu:ﬁmmrd&nfmrpm&nBﬂye.i:nmal:ﬂkofﬂlr
concatenared alignment was conducted woing 2 Markow chain Monte
Carlo gearch of tree spare implemented in the program MrBaye=s

Moteuler Phiplogossio and Beodurin 162 (3031 | 107185

MirBanres wan programmed to mm for 10 million generations wing fowr
chaing {nchain = 4, two parallel rung; campling every 1000 meea and
ﬂhnnﬂi:t;g&cﬁl:t!ﬂ% of trees as birn-in. Tracer w1.6 (Ramban: =t al |
2015) wag used to enmure that effective rample gizes (B55) for 2ll metricz
exceaded 200 and that parameser sofimates were flocmating within a
stable range.

24 Presenmtion of phylogenetic result

alignmant are presemted a0 opplemenral Fige 1-5. Resule of maximum.
Likalihiood and Bapesian analyses of the concatenared dam marrice: are
prezsented in a zingle mesged fgure uning the Bawesian topology.
Bayesian poaterior probability | Bapesian inference = BI) and maximum
likelihood (ML) bootstrap support valoes for =ach node are discumed in
the text Support values are described throughout the mammcripe az
cither strong (MI: 951009, Bl: 0.55-1), moderat= (75-04%, BE
0.75-0.94) or weak (ML: < 7486, Bl: < 0.74).

25 Undezeribed fmoa

Samples of putatvely umdescribed opecien are Jesipnated by
zequential numbers, in accordance with 2 separate and ongoing tam-
collected. In cages where geners were found to be paraphyletic, gems
epithats of species found to be more docely related to altermate gerera
rhanmﬂsetypezpa:isnfﬂmmm:nﬂy\'ﬂiﬂgwmmdby
3. Remults
3.1 Major clodes and sibe-loved dlazsification

Rezultn of our phylogenetic analyses of the concatenaed multi-locus
datacet are presented in Fiz. 2, which places node suppart values from
both mavimum likelihood and Bayegian inference analyzer on a mes
topology from the mavimum likelihood analyrin. Both anabyses wiekbed
moderate oupport for the momophyly and mterrelatonchips of oo
geographically widespread cades that we desoibe ac subfamilies:
{Rhamiina= + Hepmprerina=) (zee Discussson).

Within Bhamdiinss, two individuals of the monotypic genuz and
mﬂa&ﬁd}nqﬂhihﬁl&rmﬂﬁmﬂhﬂlm]mhw
River, near the ype localiny of the gpeciec, repregented the new ibe
Opeldiellini Goeldiallini was sister to a2 ctrongly mupparted clade con-
taining the thres genera Pimelodells Biganmann and Bigenmann 1588,
Rhemdella, and Bhomdia, with thiz clade farming the new tribe Bham-
dini. Within Rhamdiini, Pimelodella was strongly supported, dizeribuesd
east and weer of the Andes and cirter to the clade of Rhamdio +
Bhomdella, Monophyly and interrelationchipe of thece taxa wers all
srongly suppoctad (ML: =95, B 11 All remaining Heptapteridas spe-
ciex formed a moderately nepported (ML 84 and BE: 0.75), widerpread,
and tavonomically divesse clade that iz decoribed below ag the newly
recizcumacribed subfamily Heptapterinae

32 Hepmporinas major clade interrelationships ond compasition

Cenara within Heptapterinae were divided into owo widsmpread and
srongly supported (ML: >99 B 1) simter clzdes that are deacribed
below ac tribes Heptapterini contzined the geners Acentromichefys
Bign and Eig 1889, Cempserfamdis Bigenmamm and
'Fm]tﬂ' 1918, C&mmmmu Bigenmann 1912, Hepoopeenus, frparfir:
E.lgemnmnml‘lom: 19040, Hmng!m mlWJ.ﬂmnorhzmdm Brachy-
glomis. With the mptbmuf'ﬁ{)ﬂg{m}'kmpkddnnx 1999 from the
Ucanyrali Risrer in Pern, sxamined species of Brachyglaniini wers sntirely
restricted to drainages of the western Guianas Shield n Cuyana and
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Veneszuels and the northern Brazilian Shield in Brasil The Heptaptesini
clade was broadly Jdistribuzed east and west of the Andes (including
rhmemﬂmimnnd&]mulfmmmnﬁm:wn]ﬂmnfﬂm
outh to Urugoay.

Sz ngupm-nnmmﬁanmshgas

mrapos from the Catmispo River in southem Venscuels formed 2 line-
Heptapterini were divided betwemen 2 strongly supportsd (ML: 100, BE
I, internaily well-resobeed, and peographically widespread clade con-
taining Acentromicheys, Hepagpaoe, Imparfinis, and Nomuroglanis, and 2
pooely resolved mscemblage of three walid geners (Ceopsorbomdic,
ﬂ:wmm,ij}mmﬁm:mlmmlhnmgmmﬂﬂy
mirplaced {'Cotopsorhamdia’ molinae Milsz 1943, and 'Hepeaprerus
Bleekeri Bossamanm 1953).

Within the internally well-remolved, geographically widespread
clalde, a southem Brasilian and Urnsguayan dade of Acentromichsfys
Ieptos Bigenmann and Bigenmann 1339 + Heptoptous mustelinus waz
mm:mﬂ:unmd\mmﬁmncm,ﬁuﬂmmlﬂm
ﬂumdymwmtda:ﬂmmdadaﬂeofm&mkmspm&:
(L fmana Ortega-lara et al. 2011 + L wms Ortega-Lara et al 20115
zizter to a cis-Amdean clale contsining species from the couthwastem
Amm{tmﬁumn!m}}andﬁuimaﬂ:iﬁldubmmi
Seeindachner 1915 + L pijpersi (Hoedeman 1961711
terind ware weakly and or incomiztently resolved, three genuzzpecies
pairg were smongly and consistently supported az recpectively mono-
phyledc (ML: 100, BI: 1x Croopsarhamdia conmined the type species G
naous Bigenmamn anid Ficher 1916 from the Suasa River (Mapdalena
River drainage) sister to Ce inidiosa (Steindachner 1915) from the
from the Inambari River {zouthwestern Amazon) was pister o ‘Cemp-
sorfamdia” molinee from the Susza River (Magdalena Biver drainage),
and Chosmocrame longior Bigenmann 1912 from the BExmequibo River
was dister to ‘Heptuperus' bleckeri from the Marowijn River (both
drzining the northem Guians Shisld).

322 Brochygl I iz
:ml\ﬁiauﬂrmngijmpwmlmmmﬂuplxmmuf
Oladisglari: machadoi Perrariz & Mago-Leccia 1939, which was repre-
sented in our analyzes by a dingle GenBank sequence of COL The Bl
analyrzis found & machadod to be weakly supportesd (BI: 0.39) an sister to
Myoglaniz, whareas the ML analyziz placed 0. mochedoi in 2 palytomy
with Myaglonis ser stricto and a2 strongly supported dade containing all
other cpecisz

Myoglariz formed the zizter lineage o all other Brachyglaniini ope-
cies exchmive of Glodioglonis machadai. Within Myeglonis, the type spe-
ciez M poarosnsis Eigenmoann 1912 war gioter to the unidescribed speciez
Myoglanic ap. 1, with dizzibutions of thepe cperies owerlapping in
md:wmmhmnﬂuiﬂm&mqmbuﬂ.w:r T additional spacies
currently placed in Myssianis (M. sxpredingides Do¥ascimiento and
Limidberg 2005 and ‘M. koepohet) were more clocely related po the gens

Leprorhamdia

Two reciprocally monophyletic and srongly mopported migrer clades
were broadly congruent with the genera Brochyplanis and Leprorfhomdio,
although both contained some genedically mizplaced species. The Bro-
chyglmiz clade contained the type species B. froncto Bigenmann 1912
and mighe additional speciss. One nominal Brochyslonis cpecies (B
rocturnz Myem 19280 was more clocely ralated to Leptorhamdia. Lepso-
rhamdin waa the genua for which our remler posed the greatesr challenge
to existing speciss-level classification. In addition to the type specias 'L
of. emcquibeiz and owo other comently valid opecies (L. momoram
Myers 1923 amd L. schultsi (Miranda Ribeiro 19643, Leptorhomdia
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Brachyglanis phalacea (Lower K
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spd (Upper

Brachyghunis sp. (Upper Kuribron, GU
Brachyglanis sp.1 (Upper Potaro, E
Y| l)mchnghnls p.2 1Sommau. vvmm))
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s
Fig. 2. Phylog hypothesis for Hepeapterid 1 shi duced by likelihood analysis of a 4156 base pair alignment consisting of three
mitochondrial (cof, cyth, ijmnﬂ-wymrwmmfwﬂhm&ﬂn likelthood b ap support value is given first, followed by
the Bayesian inference posterior probability. Specimens representing species that are types for their genus are indicated by an asterisk (*). BRA ~ Brazil, COL -
Colombia, BCU - dor, GUY - PER = Peru, SUR ~ Suriname, VEN - Venezuela.

22



DR Foesrino-Fuomer et ol

conminsd thres species corrently plared in other genera (‘B macarma,
‘M.” mzpredimsides, and 'M." koepekeil and o undescribed species.

3221 Brochygloniy interrelafionshipz. With the sxception of one node
having ML = 54, interrelationahipa within Brochyglanis were fully and
:Dunﬁ:n:rly r:ﬂnéftdandmmgl_rmmdmmympgodﬁllaﬂo&lﬂ
nodex ML =31 and BE: =0.95). The bagal node in Brachygloni: produced
ome clade restricted to eastern and western dopes of the westem Gubians
Shield in Cuyana and Venezuels and 2 zizter clade spanning upper
Orinoco and Negro tributaries draining the western Cuiam Shisld in
Venecuela and Xinge trhbutaries draining the nocthem zlope of the
Braczilian Shield in Bracil The basal node in the sorictdy western Cuiana
Shield dade producs] lneages endemic o opposite (eastem vz western)
dopen of the wertern Juiana Shield highlands in Cuoyana and Venszuels
respectively. The western lineage contained undeccribed sizter cpecies
from digjunct regions of the wpper Orinoco watershed: Brochyglanizap. 2
from the Soromoni Biver near Bomeraldas, and Brochyglonis zp. 3 from
the upper Venmari River, —60 iver km wpatream of Salto Tencua. The
exstern lineage contaimed fnre examined rpecies, with the basal node in
thiz lineage giving rize to clades respectively endemic to habitas above
vi- beloww the Onisna Shield sscarpmen: separawsd by Amails and
Eaisteur waterfalln Samples of the sister species B frenmw and
B, phalacre Bigenmann 1912 were from the Kuribrong River balow the
eacarpment whereas samples of the undescribed spacies Brachy glaniz op.
I were from upper reaches of the Huribrong and Potaro rivers above the
eocarpment In the crons-chield dade, the first oo lineages o branch
wrere for indescribed species from nearby right-hank tributaries of the
upper Orinoco south of Puerto Avacacha: Brackyplonis gp. & from the
Cataniapo River and Brackyglonis mp. 5 from the Cuao River. Megted
within thiz clade were the sister cpecies Brochyploniz op. 4 from the Siapa
Hiver (a tributary of the CasiquisreMegro drainsge} and
B. microphthalmus Bizerril 1991 from the lower (northern) Xingw Riner
dramage Althowgh this gister rel=stionchip was stconghy supported in the
Baprezian anabyziz (BE0.97), it recaived weaker mupport in the mavimm
likelihood anabyziz (ML: 54).

3122 Leptorhamdia interrelmionships. Interrelationchips within the
moderately o smonglhy upported. With the exception of four nodes
having ML: 43 83 and ane node haring Bl: 0.77, all other nodes had ML-
&0 and Bl: >0.91. The fimt lineage to branch within thizs clads pro-
duced the sole Andean,‘upper Amacon species “Myoglomis' kocpokei from
the Ucayali River in Peru. All remaining species formed a Lepeochamdia
semn s#icte clade. The bagal node of thiz clade produced 2 stricdy
Cuians Shield linesge restrictsd to southem Venssoels and a orons-
chield lineage dizstibuted zcross southermn Venesuels and the lover
Xingu River in northemn Brazil The bagal node within the sricdy Guians
Shield lineage produced 2n wndescribed opecies (Leptorhamdin op. 2]
from the Siapa River gister to 2 clade containing mister gpecies from
tributariez to oppoite banks of the upper Orinoco River: “Myoglanis”
cspredinaides from the right-bank clearwater Ventuasi River and Orinoco
River imelf and L mormoram from the lefe-bank bizdowater Atabapo
River. The only node in Lepearhomdic with weak maximem likelihood
mapport (ML: 48) but moderate Bayesian support (Bl 0L91) woax thiz
bmnnd:mﬂ:mdnm:uyﬁlm“whnﬂg: The firt lineage to
bramch from the bagal node in the rans-chield clads gave rize o Lepoo-
rhomdio of. emequibensiz from the upper Orinoco. The next lineage to
bramch waz L. sehulii from the middle Xings Biver, followed by the
zizter species ‘Brachyglmis’ mocamo from the lower Ventiard Biver and
Leprorhamdio zp. 1 from the upper Venmari River, —60 river km up-
stream of Salto Tencua

Molemuler Fiogenedes wad Evelwion 153 (2021 ) FO7 186
4. Diseussion
4.1 Owarvicw

After over a cenmry of mostly morphology-based analyzes of the
rpecies-rich family Hepopteridae we provide the firse well-resalwed,
robustly zupportsd moleculsr phylogenedc hypothesc for 31 walid
tpeciez, tpanming 7% of Heptapreridas genera (163, 57% of Heptap-
terini {Nemuroglanit-clade) genera (5}, anid 73% of valid species m the
Brochyglenis mbclade {111 Only nine cpecies disributed in eight hep-
mapterid genera have previously been included in molecular phyloge-
m&:an.ﬂpenl;::_:i'-':u eral 2013, Arcils =t 2l | 23017 Betancur st al

20173, leaving many morphology-based bypotheses for inmafamilial
relationchips pmtected by independent dats Our phylogen=tic hypoth-
enio provides 2 robuot banio on which to resvalnate mprageneric clazsi-
.ﬁmmnac'bﬂn::ﬂumad:mu]u[:mﬂj mulmpnpmrmmbnﬁ:r
intrafamilial clades that have been previoushy hypothesized based on
marphology and which receive addisional molecular suppart here. The
claczification scheme we propose for Heptapteridae

Pamily Heprapoeridae Gill 1361
Subfamily Rhamdiinse Bleskar 1562 new uzage
Tribe Goeldielling nevw oribe
Tribe Rhamiliini Blaekar 1562, new usxge
Subfamily Heptaprerina= Gill 1861
Tribe Heptapterini Qill 1861, new usage
Tribe Brachyglaniini, Sitva & Bockmarm 2021

of Heptapteridas While thiz iz an area of ongoing research we conclude
our discuszion with a review of biogeographical partsrng revealsd by our
phyvlogeny and reinforced by other frechwater mos

42 Subfomily Rhomdinae Blecker 1862, new wage

421 Rhamdine Blecker 1662 {in Blecker, 166263 11, 68
Type genum Rhamdia Blesher 1358

422 Included tribes (2)
Ooeldielling and Bhamdiini (see descriptions below).

425 Dingrosis
orbital rim well-defined {vs. reduced or abeent) and having the principal
pectoral-fin ray oosfied and pumgens with anterior margms having
anrorse serrations (ve principal pectoral-fm ray segmented and Sexible
or omified and pmpent with anterior morgine having retroree
oerTational.

424 Distibution

Rhamliinae is the most broadly Jictributed and ubiquitous Hep-
tapteridas subfamily, being encountersd throughout lake and stream
habitan from headwaten m large main chamels in drainages both weest
of the Andes {rons-Andean) from southemn Mexico to northern Pere and
exst of the Ande: (ci-Andean) from Colombia and Venscuels,
throughout the Cuisnae, and south to Argentins

4.15. Remarks

Rhomdia Bleeker 1350 iz the second ollest geniz name in Heptap-
teridas. Pour yeary after erecting Rhamdic, Blesber | 1562) erected the
family group name Bhamdine, in which ke placed various members of
Prewdopimelodidas Bhamdiae fall into dinse doe o itz heteropensous
compocsition amd the superimpocition of the constinsent family groups.
Prom 1991 (Londberg =t 21 1991) to Silfvergrip's (1996) recognition
tha: Heptapterinae Gill 1561 had priosity, Phamdize was recurrected az
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2 name for the subfamily group Rhamdiinae, which waz aquivalen: o
the modern Heptaptesidas. We resurrect Bhamdiinae again for 2 moee
reatmicted clade that in consistently smongly supported in our miolecular
phylogeny and iz morphologically cearly diagnosed from our other
propozed heptaprerid subfamily. Some Bhamdiinas species reach the
largeat body cizes in Heprapteridas up to approximately 70 cm TL for
Rhamdia quelen (heoy and Gaimard 1824 (Machaeel 2018)

4.3 Oocdicllini, new aihe

Type genum Gocldiello Eigenmann and Mozriz 1900,

Included genera (1) Goeldiclls Bigenmann and Norriz 1900,

Dingnosim Ooaldiellin in distinguiched from Rhamidiing by having
cephalic laterocenoory canaly dendritic with multiple pores (v simple
with zingle pores), pectoral-fin cpine anterior and postericr margine
with well-developed semrations, hypobranchial 1 quadmngalar (v
rectangularh and hypobranchial 3 lacking anterolazeral projection (va.
present) (Bockmann and Miguelarena 2000 Bechmann and Slobodian,
2017; DRFF parn. oba. 1.

I:Il'mri:!hnndupﬂ 'P.mwnqmly maorphological data (Bockmarnn,
1998: Bockmarm and Migoelsrena 2008) and Bayesian analypis of
concatenated meclear and mitochondrial masherm (Sullivan et 2l 201 3)
placed Gocldiclla 23 sister o :.'llod'l.cngpL\phmbr_ Heoweever, sequence
data fu:mmu:l.e:r moarkere exchmively (Snllivan et 2l 2006) = parsi-
mony of i ] and mitoct Irial mackes
{Sullivar -.:a..!-:]?}pacbdﬂaﬂldicﬂa i.n:p-nmmmnﬂ:rmt]ﬂ::mﬂy,
az zister to Pimeoddls + Rhamdia which together formed a dlade gister to
all other Hepraptaridae. Our analyoe: congistendy found Gocldiclla o be
sister to 3 more inclusive clade containing Rhamdella, Rbamdia, and
Pimelodefla (Fig. 1), whick comprize our newly recircumocribed tribe
Phamudiini.

Distribubions Although Goddiclla curently contains only the species
@. eques, thiz cpecies iz broadly distributed acroes nosthern cis-fAndean
South America from the lower cournes of right-bank (southern) mibu-
taries of the Ama=on River northward mo the Orinoco and Basegquibo.

Remarks In the dadistic anabmiz of Sockmanm (19981 (Fig. 1,
Ooeldidlls eques was diagnosed by 15 autapomorphies. OF these char
actern, the following fise are umigue {numbered az in Boclonann, 1553k
character 115 pharymgobranchial 1 absent character 17%: pectoral-fin
mpine anterior and posterior margine with well-defined serrations;
character 219 mumber of branched candal-fin myn on ventral lobe nine:
character 233: ventral casdal-fin lobe longer than Joroal lobe: characrsr
237: epiphyzeal branch opening of the supraorbizsl canal large.

4.4, Rhamdiini Bleckor 1962, new wiese

Diagnostz Bhacdiind & distnguished from Ooeldialling by having
dendritic, terminating in multiple pores), and ¢ l-fin cpine i

Moleuler Flodopeatics aud Becbeion [83 (2020) H7T8E

Bruchyrbamdiz in clogaly related to Pimelodells (Boclmann and Migoe-
Iarera, 2000 Ferraci:, 19008; Lund herg anil McDad=, 1986, Slobadian
and Bockmann 2013} Thum, we ako ndude Brochyrhemdia ag part of
thic msbiEacnily.

4.5 Subfomily Heptaprertnae il 1061

Heptaptesinae 0il 1261- 54, Type genun Heptoptorus Bleekes 1358,

Included tribes Brachyglaniini and Heptapterini {see definitions
belowry.

Diagnosizi Heptapterinae iz distinguished from Bhamdiinae by
hming&ueu:bﬁnlﬂmmhmdulﬂwm[vs.w:ﬁd:ﬁmj]mdh:ﬁng
nu&mmmmhnuqm:mm[mpempﬂpeﬂml
B ray osvified and with having
eerrationa) -u.._'ldzcrf et al 189]-
DRFF perm. oba. .

Distributions Heptaptermae in distribwted in drainages west of the
Andaz (rons-Andsan) from Panama o northern Pern, and in drainsges
ext of the Ands: (cis-Andean) from Colombia and Venacuals
throughout the Cuisnag south to central Argentine Species of Hep-
npmnmurgmﬂymd:mm:ofhmﬁnmnmﬂzm
thlg\:mamnm:h:um-_k.

Remarks Heptapterinss was ariginaily propoced by Gill (1361 for
the then monotypic genus and mpecies Hepimpterus murselimes. Cruer mub-
family Heptapterinae ic closest in compocition to an unmamed clade
proposed by Lundberg =t al (1991} and Clade 129 in Bockmann (1995)
{Fig. 1} In the Latter cladistic anslymia Clade 129 war disgnosed by 19
mmapomorphiss, the following seven of which were unigus (number=d
2z in Bockmann 1995 character 108: lateral profile of cartilaginos
hbead of ceratobranchial 4 =raight; character 110: length of distal
cartilage of ceratobranchial 5 short; character 113: baze of wncinate
procesz of epibranchial 3 wide; character 138: arborescent portion of
posterior branch of tranzverss process of vertebra 4 undivided; characrer
141 distal end of ransvesse procem of vert=bra 5 simple; character 150:
mezial cartilages of basipterygia ficed along midline; character 276:
orbital margin poody defined, with challow grooves around epe or
without grocwes. We fikewrize find strong support for thiz clade, and find
that it comprises two srongly supported subcades for which we erect
new tribez.

Boclanann :m] Slobodian, 2017,

4.6. Trbe Heplaptermm Gill 1861, new usage

46.1. Type genus: Hepropeeno Blecker 1858

Included genera (14 Acenronichdys Ei and Ei
[fiie Eigenmoann and Ficher 1916; Chosmacranur Bi-
genmann 1912 Heptopeeris Blesher 1058; Homomyron Srewars 1006;
Imparfinis Bigenmann and Moreiz 1900; Mﬂs.‘igﬁ:m'shd.amam 1984,
M rlariz Bol 1657, N, and Eigenmann

margin having only weakly developed cemations (1= anterior and poc-
terior marging mrhwdldn'ﬂupd sexrations) {Bockmenn and Migue
Larers 2008; Bochomnn and Slobodian, 2017; Perrariz, 1988; Lundbers
etal | 1991 Londberg and McDade, 1536, DRFF pess. obe ).

Incloded generm (40 Brochyrhomdic Myerm 1927 Ponelodella
Bigenmann and Eigenmoann 1883 Rhamdelr Bigenmann and Eigen-
marn 1333; and Rhamdic Bleeker 1053

Distribubion 4 described for Bhamdiinae

Remarkai The dadistic analypin of Bodomann and Migoelorems
12000} identified two putative cynapomorphiss thar place Rhomdella a
mrter o 2 clade containing Brochyplams, Gledisglans, Leptorhamdio, and
Myoglanis pluz the Nemeroglanis sub-clade: phanmgobranchial 1 abzent,
and tip of ransverse procesz of vertebra 5 zimple. Howewer, ours and
previous molecular anatyges (Sullivan = ol 2006; Ascils er al | 20107;
Betancur stal | 2017} fnd Rhamdelle o be strongly suppartsd a2 sistes to

R‘ermﬁqwhdiweﬂurﬂ]g,mm:d,pmwmhmlmfmmdlhu

1350 I‘armimsﬂu:p-e 1872; T*:mn:\orﬁanﬁul]ahl 1961; Rhamdisglani-
= Thering 1907; Rhomdigpsiz Haseman 1911; I'm_rwhﬁr:ndnkibei:u
1918,
having the princpal unbranched pectogal- and domal-fin rays
segmented and fexible (ve oszified and rigid) (Stewart, 1956; Perariz,
1588 lundberg =t sl 1991; Bockmarn, 1994; Bockmann ami Slo-
boilizn, 2017; DRFP perz. oba.l

Intervelationships In hiz description of the genus Mofgdani,
Bockmanm (1994 described 2 oynapomorphy thar unived all mambers of
the Nenuroglonir-gubclade exclusve of Maorgslonit and Nenwroglanics:
triangular poatecior lamina of the Weberian trangverse process having
an additional distal notch. Based on thiz evidence and one additional
distinguithing feature of Mosdglonis that distinguiches it from other
membesz of the Nomwmoglanis-sobclade (medial notch separating wwo
mymmesrical arme of pocterior Weberian limb mre attemaned), Bock-
mann (1984 mggested thar Masiglonis may be zister o all other
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members of the subciade. However, Bocdomann and Ferraris (2005)
proposed a different hypotheain: that within the NMemuroglanizs-mubclade,
Mastiglaniz iz part of a clade with Imparfinis, Horfomyzson ol Nenwr-
oglaniz based on a zingle purative symapomorphy: contacting bondems
between frontale, sphenotica, pterotica, and suprscccipitl meatly
continuous and cmpoth. Char molecnlar analyses conzistently mupporesd
the hypothesiz of Boclmann (1994 thar Mestgloms iz cister to all other
members of the Nemuroglonis-subclade (our tribe Heptapearing), but alao
foumd zome suppart for the second hypothesio of Bockomarnm sl Ferrarz
(2005) by finding that Imparfinis and Nemwroglonis are zister Lineages
{Horiomyron was not examined here). Onur remnlts paraliel those of other
moleculsr anabymes having more limited tavon campling, much az Solli-
'-'mui'lﬂ?almﬂaqm&pmnamdﬂmﬂﬂﬂgumﬁum
a clade gigter to Frparionis, and Arcila et 2l (2017 and Betancue-Boes al.
12017 ) who alse founl Masiglmnic to be sister to other Heptapterini.
Bockmann and Slobodian (20171 suggested that ‘Cotopserhamdia™
molinge likely belongz m a different gemss, which our anabyzes support
by congitenily fmiling thiz species to be more dosely related to Phe-
nacorhamdia than to Cempserhandic (Ce. nasus).

4.6.2. Distribuftonr As desertbed for Heptopterinae

Remarks Historical noage of the subfamily and family growp name
Heptapterinae, Heptapteridae in reviewed above. Our tribe Heptapterini
iz conpintent with the ‘Nemmroglanis-mbelade " which was firet propoged
by St=veart (19950 an the ‘Heptoptrno group” based on the principal
unhranched pectoral-fin ray being cegmented and flexible (v oozified
and rgidi The group wag further expandead and disgnoced by Ferrars
1238} and Bockmann (1994} and by the cladistic analyziz of Boclumann
11995; Fig |, Clade 119: ses Inmroduction). Bockmars = (1990 dadistic
anzbyia dizsgnozed clade 119 by 12 synapomorphiee, the following =ight
of which are 1mique (mumbered 22 in Bockmann 1995): chararter 22
nacal bone long: character $4: junction berwesn antesior and posterior
cesatohyal synchondral character 13% peural arch of wertabra 4
approximately mraight, ot covering neural arch of vereebra 5; character
138: subdivinion of arborescent portion of pogterior branch of trancverme
procens of vertebra 4 separating two main arms; character 140z laminar
partion of Weberian tranmrerse process posterior o branched segment
triangular, sxtending nearly to lateral tip of fifth vertebral franoverme
proceas; character 151: frat doreal-fm apine elemen: (=derzal-fin lock)
ahoent; character 1558: pogt-cleithral process ahoent or chort character
176: principal unbranched pectoral-fin ray weakly or moderately ozai-
fiad. Bockrann (1980 dircwmscribed clade 119 wo inclode the following
genera: Acenmromichthyz, Cempsorhomdin, Chammocromes, Hepropeena,
Horiomyson, Imparfiniz, Mastiglanis, Memuroglenis, Poriolius, Phenaco-
rhomdin, Rhomdiogloms  Rhomdiopsis, and Toumrpie OF the gener
examined hers, our anabpre: i dy ctrongly I the
monophyly of 2 dade conmining Acentonichdiys, Cemprorhomdio,
Chasmocrarus, Hepmpoerus, Imparfni:, Masifglanis, Nemuregloniz, and
Fﬁmﬂrﬂﬁmﬂﬂ.lﬂmld:ummdmnemwhmhmdxmnﬁjum
ined, we also include the following genera in this tribe based on previews
unlp]lmog]r—b:md studies: Horiomyzon, Nameglanis, Poriolins, Rhom-
dioglamis, Rhemdiapss, and Tmmoyia (Tabls 1; Bockmann 1994
mann and Castro, 2010 Bockmann 2nd Perracis, 2005 Perraris, 1968;

Bock-
lamnifberg et sl | 1991; Bockmann s Slobodian, 20175
4.7, Tribe Brockyglomiini Sther and Bockmanm 2021:

Trpe genus Brochyslmic Bigenmarmm 1912

Included penera (40 Brochyplonis Bigenmarm 1912, Glodi-
oglanis Perrariz and Mago-Leccia 1989, Leptorhandia Bigenmann 1910,
Myoglanis Eigenmoann 1912
havmglhgpnnﬂpﬂlmbmcbeﬂpemnlﬁnravmnnmgmumm
rigid cpine (vz. segmented and fexible). Additionally, Brachyglmiz,
Myoglonis and Lepeorhamdic can be distinguizhed from all other Hep-
tapterini by having the adductor mandibulae puscle sxtending Jormally
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to the cramial midline (vs. restricesd o the cheak) (Limfbergar 2l 1951
DoMascimisnto and lunidhery, 3005; Bockmarn and Globodian, 2017
thiz srudyl.

Interrelationshipar The firot shady to suggest 2 close relationchip
between Brachyelonis, Leptorhomdic, and Myoplonis was Myes (1923)
based on gestair In the phylogenstic hypothesis of Lundberg =t al
11991 Brachyglaniz, Gladioglonis, Leptorhomdia, and Mysglenis formed
an unresobved polytomy cutzide the Nerwroglorr-mbeclade st within
the clade having a reduced or abcen: free orbital rim Nonetheles,
Liznfhery e 2l (19917 suggested that at least Brochyplomis, Lepeo-
rharndia, and Myoslomis might form a dade based on adductor man-
dibulae muscle morphology. Although cur analyees failed to resolve the
position of Gladisglmiz within Brachyglaniind thiz moephological =vi-
hcmwmﬁatihﬂ;mm:ﬂnﬂ:&m‘bﬂnufdm tribe. Bock-

1905} and DeNascimis=nte and Limdbers (3005) soggected that
lmhn&nmﬂ%mmmlgh:b:mtuhm‘:g&bﬂwmulh
reject thiz hypothesiz.

Brochygloms pooitiom We ! fourr of zix currensy valid
Brackyglanis specien phuz aix new species, all of which will be redescribed
or described in a forthcoming species-level tawonomic revision. Bro-
chyglanis waz recognized a= monophylesic with the exclusion of ‘Bro-
chygloniz* nocarna, which was more clossly related to Lepmrhomedin of
casequibensis, type species of Leporhmmdia, than to B. froneie, oype spe-
ciez of Brochyglanic ‘Brochyglmic nocommo was considered to be a2
member of Leptorfamdia by Boclomann (1993 and Boconem and Slo-
boddian (2017) bue without a formal tazenomic decisfion.

Leptorhamdis compomntions We examined all three orently valid
mpecies of Leptorhamdia plun owo new species, all of which will be
redeceribed or described in a forthroming species-level Dxonomic
revision. Leptoramdic was found o be monophyletic ondy with the in-
chmion of ‘Brachyglonit’ nocarna and “Myoglanis' aspredingides. *Myo-
Fanis” kegpeke was found to be zister to this Leptorhamafia semsw stinmo,
leaving open the poszibiliny thar thiz meciaz either be inchaded in Lep-
sorhamdic or be treated ag a distine: new genps.

Myoglonis poation: We ex I all three corrently wvalid
mpecies of Myoglonis pluz one new species, all of which will be rede-
scribed or described in a forthcoming species-level mxonomic revizion
Myoglanis waz found to be monophyletic only with the exchmion of
‘Myoglanis’ asprediroides and *Myoglanis” kmpﬂk:

Remarkm Bockmann'= ( 1993) dadivtic analyiz disgnoosd clade 128
with 15 symapomorphies, gix of which are unique (numbered a2z in
Sockmanm, 19251 character 25: posterior portion of lateral sthmpid half

a1 long ar anterior portion; character 153: principal unbranched domal-
fin ray [ =gpine) flattened: character 130 semrations of anterior margin
of principal unbranched pectoral-fin rap (<apine) retrorse; character
155 ;nmuinrpmufin:haluruhg:poéﬁomlmmjmﬂy
dorzally; character 241: parietal branch of the supracchital senoory canal
abgent. Bockmoann |

19201 circumocribed the clade o the following

van et al.
12015}, Phreatobius waz removed from Heptapteridae and oested a2
dﬂi:rhmtn:sﬂiiswnnnuﬁmﬂvwiﬂiﬂﬂudmh:minlngﬂcu-
mpdnmhz,?mdndulu and Prendopimelodidae. Oor anabmes consiz
r.:nrl:,r zqug.? :upp-urbed the mmnp]l.yl:. of a2 clade contaiming
Brockyglanis, Gledinglenis, Leprorhamdia, and Myoglanis. Plreatobile was
aomgned a priori to the outgroup in our analyzes.

4.0 Bisgeographical inferences

Ahamdiinae and Heptapterini are geographicalty widespread and /o
species-rich clades from which we sxamine] few lineages I iz none-
thelap: cear from our Emited sampling that Rhamdiini containg at leaat
wo onr-Andean nodes (node: leading to sicter lineagesz on oppoaits
adm th]:\zﬂmi::'Mum.mz], anil H:pupn:nm comtaing af :lem*'rhmq
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impacts of Andean uplift on frechwater fich diversification. The primary
focus of this study, tribe Brachyglaniini, is entirely restricted to east of
the Andes (cis-Andean) with moot species distributed around the western
Guiana Shield highland: of hem V ds and Guyana
(Y‘w 3), makmnavﬂuahkch‘kfu\mdmmnlm;d\eunpmof

and Bolein 162 (2021) 107186

koepekei) and two i hern Brazilian Shield (Brochy-
glanis microphthalmus, Ltpa:rhnndundmluﬂ (Fig. 3). Independent
nestedness of these lineages within the core Cuiana Shield cade in-
dicates that they Iy disp ] from Guiana Shield an-

:mmlmwﬂbo&thudm&nhmwm

B. phthalmus and L. schulsxi are i to the upper Negro River

(Brachyglaniz sp. 4) and nearby upper Orinoco River (‘Brachyglanis'
nocturna + Leptorhamdia sp. 1; Fig. 5), suggesting that these Brazilian
Mlm:gumy;hsexmﬂxdmdhmfmdmOm
Shield. N quatic taxa are codistributed across the Brazilian and
Ouunanhddn(nemmmxyml.umr:.._ 2020), although few have
bemnwuug:mdunnga i phylogeny to differentiste

1 ioa. A dated phylog
dissld disnil 1 loricariid Pseudolith wmgs'nm‘"plnml
occurred very recently, since the end of the Pliocene, posibly during a

puek ‘that ch amd.‘dn.,m.lpa;:l]glbumal
} B3 ‘rl ] mw 1s 13 lm
;hvadym&xkyﬂmhmge&mw&em
Shield are a zingle lineag h - (Myoglanis*
Brachyglanis
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$334 333 2§
$88% 5§88 ° 3
o n o a6 o
FH
GUIO“ NWw -
0ike o1 r 04

Myoglanls
ﬁ"%fﬁ i

Zmyos 7

. sisuaqinbesse ‘o 7

Bwnjoou |'g,
|'ds eipuwieyi0joa

ejelouLew 7

1ax9deoy |,
L ds spebolpy
sisusauejod ‘W

saploulpaidse ‘W,
[] Z'dseipweyiojoa]

L
B, s

\i‘—: Brazilian
¢ Shield

26



DR, Fesstine-Puiter e @l

pea-level low {=glarial magimem) when the Negro and Amamomn river
main channel would have been much challower { Collin: 2015). In
conmase, 2 dated phylogeny for oons-chield linsages in the dreiopemnid
bivalve genus Rheodrrizwens supports much earlier disperzal in the aary-
o mid-Miocene, posnibly before formarion of the Amason az 2 ro-
continantal basin (Ceda et 2l 2013). The abundance of cladss that aze
endemic to either the Brazilian or Guiana Shield, or that comprize dater
lin=ages in oppoaite chislidy ;upports the lower Amacon River channel iz
an important barrier to dispercal, and thiw an important driver of
cladogensgio after upland lineages disperse acroaz it
Gladinglanit gave rise to Myoglanis semu smrickp, which in entireby
of the western Ouiana Shisld in Guyama (Fiz. 3). Most remaining
members of the Brachyglaniini, comprizing opecien of Brachyglonis and
Lepeorhamndic, occupy tibwtaries of the upper Orinoco deaining the
western 2lope of the weotern Cuisns Shield in Venscuels Neverthelssa
both of these predominanitly upper Orinoco clades conin at least one
negted lineage precent in Cunpana (Fig. 51 Thas, it i clear that Jimeages in
M&dﬂkhﬂrm@eﬂyiﬁwﬂdmmmuﬂﬂﬁmmﬂlﬁn
Cuiana Shield highlands, or sxpanded and comtracted their range arroaz
graphical procemes leading to allopatric divenification acroas the
cation in Brachyglaniini: howeever, differentiating between hypotheses
based on active dirpermal verme passive range sxpansioncontraction i
challenging in the abgence of dense geographic sampling. Habitar
prefarances the aboence of records from key wall-zampled regions, and
thareil patterns in codistributed taxa can nonetheless provwide important
cliax

In Brochyglonis, the Bmequibo clade comprizes bwo sister species
from below the sscarpment (Brochygloris fronem + B, phaloore; lower
Furibrong 2nd Potaro riverd) sister to one speciez from above the
eocarpment | Brochyslaniz op. 1, upper Euribrong and Potaro rivers). This
Bosequibo clade iz sister to an Orinoco apecies from the npper Ventuari
River abowve Salto Tencua i Brachyglanis zp. 51 A pattern similar to this i
observed in Evasilichaous, with B fimbrizms from the upper Caroni Ribrer
(near Venszuela's b-urﬂer\nrhﬂm]bemgm to an undescribed
species that co-ocoum with Brochyelenis sp. 3 in the upper Venmari River
{Lojan =t 2l 2015). Remarkably, these Bxerrlitons sister gpecies have
< 5% Oyth sequence divergence, decpite = 450 km linear diztance, the
Pantepui highlanda, amd muldple headwarers betwesn them {Lujan
et =zl 101G} Both Evaondlithowus and Brochyglonis are headwarer
endemic faxa not kmowm from intervening lowland river chanmelz 4
commpelling explanation for much repeated dizeributions of dlosslr-selated
hesdhwrarer endemic fiches arrocs the Cuisns Shield highlands, mootly
upstream of major waterfalls, iz pamsive gecdicpersal via headwater
capmure. However, an altemative “relicooal dismibwtion’ lypothesi can
be propoged based an the hirtorical existence and relatively recent
breakup of the proto-Berbice pal=odrainags which waz comparable in
size o the modern Orinoco and drained the southern clope of the
western Guiana Shield saztwand to the Atlantic from the Late Cretacsous
o the Pliocene {Lujan and Armbroster, 200 1L Headwaters of sewveral
north- ar west-flowing tributaries of the modem Orinoco, mch az the
Ventuari, Caura, and Caroni, may hanve floveed south and eact into the
proto-Barbice during this period, before tectonic chifis, fanle resc-
tivation, and increased Amazon head-cusing divided the proto-Bechice
into portiona of the modem Orinoco, Branco, Emequibo, s Berhice
watershads {Lisjan 2l Annbrsrer, 30115 fupland Guizna Shisk] s
ruch a0 Exazalichoxus and Brochyplonis were once widely and conrigu-
ouzly distributed acrom headwaterm of the proto-Berbice, then their
modern dizhmt populations may be relicts left after breabup of the
proto-Barbice and the changing drainage affilistion of ito haatharaters.

In contragt to Frochyglanis, the Leptorhomdia clade has a predomi-
nantly lowland dizeribwtion, being locally abvmdane in rocky choals of
the lowwer Venmari, upper Orinoco, 2nd Xinge main dver channels The

Medeeuler Fipdopectin ad Brelieon 152 (202F) 107186

only member of thic clade known from Guyana iz the type species
L emequibentiy (Bigenmann 1912}, which has not been collected from
the Bavequibo mince it wan firt collected by Eigenmann in 1908
Although we were only able to include in this snady 2 sample from the
upper Oringoo River identified ag L cf.mm.u‘.ﬁami:&ﬁ!mmmﬁm—
logical zimilarity to the nominal cpecies, this morphological similariy
mﬁﬁ:m:bmgcognphxmmm:chmhchmﬂmnppuonmauﬂ
Emequibo. There iz corrently no contiguous, lowland, hydrelogical
corridor bepween the upper Orinoco and the Eseequibo. Hydrolegic
continuity iz derupeed by the “Bupununi Partal” which iz 2 seasonally
flocded savannzh berween the Bszequibe and upper Branco that lachs
mitable habitat for Leprorhemdia. Historically, though, the prowo-
Berbice had a large main river channel that flowsd through the Bupu-
nuni Savammah region and united the modern wpper Branco, Megro with
the Exzequibo, poomibly az Late az the Pliccans The upper portion of the
proto-Berbice main river channel is now the main chanmel of the Urar-
icoera River. a tmbutary of the upper Branco in northernmost Brazil
Given the Uraricoera's hiotorical pocition at the center of the upper
proto-Berbice it iz 3 critical watemhbed to examine for cloes m broader
biog=ographical patternz acrocz the western Quiana Shield Unform-
nately, we are unaware of 2ny Brachyplamiing having besn regoreed from
the Uraricoera. Most of thiz important drainage remaing poody sampled,
making it a high priocity for fumre Geldwork

5. Concluzionm

Mew weell-recolved phylogenetic hypotheses for the neotropical
thres-harheled carfich family Heptapteridss are largely concictent with
relxtionships previouzly hypothesized based on morphological data
Cambinad morphological and melecylar evidence mppor: the recogni-
tiom of mo newly circumacribed sabfamilies (Rhamdimnae and Heptap-
terinae) thas are each subdivided into two new tibes (Goeldiallini and
Ahamdiini; Heptapterini and Brachyglaniinil. Tribe Brachyglaniini iz
diseributed mosly 2round the western Cuiana Shield n southermn
Venezuels ani westem Guyana bot conming one upper Ama=on linsage
pamerme in Brachyglaniini acrom the western Cuiana Shisld suggest
that active dispersal or, more likely, passive range sxpansions/con-
tractions {driven in part by break-up of the proto-Berbice palecdrainage)
have bean impartant drivers of allopamic diverification in this cdade.
Dlﬁﬂ:nmtmg}wpm:hm'lnndm\hrpn‘ulvm range sxparzion,
contraction will require more dence peographic sampling overall, and
ezpecially denzer zampling of Brazil' = Uraricoera River watarshed.
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Supplementary Table 3. Summary for each gene partitions and best molecular model of
evolution based on Bayesian Information Criterion (BIC).

Subset Locus Codon Position Range in alignment Length (bp) Best model

1 col 1 229 GTR+I+G
2 col 2 1 —686 229 HKY+I
3 col 3 228 GTR+G
4 cyth 1 282 SYM+I+G
5 cyth 2 687 — 1531 282 GTRH+G
6 cyth 3 281 GTR+G
7 nd?2 1 287 GTRHI+G
8 nd?2 2 1532 — 2393 287 HKY+I+G
9 nd?2 3 288 GTR+G
10 glyt 1 285 K80+G
11 glyt 2 2394 — 3247 285 F81+I1
12 glyt 3 284 K80+G
13 rag2 1 303 K80+G
14 rag2 2 3248 — 4156 303 K80+I
15 rag2 3 303 K80+G
Total 4156 4156
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Supplementary Figure 1. Phylogenetic hypothesis for interrelationships of Heptapteridae
based on maximum likelihood analysis of 686 bp alignment of the col mitochondrial gene
region. Node numbers correspond to bootstrap support values (ML).
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Supplementary Figure 2. Phylogenetic hypothesis for interrelationships of Heptapteridae
based on maximum likelihood analysis of an 845 bp alignment of the cyth mitochondrial gene

region. Node numbers correspond to bootstrap support values (ML).
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Supplementary Figure 3. Phylogenetic hypothesis for interrelationships of Heptapteridae

based on maximum likelihood analysis of an 862 bp alignment of the nd2 mitochondrial gene

region. Node numbers correspond to bootstrap support values (ML).
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Supplementary Figure 4. Phylogenetic hypothesis for interrelationships of Heptapteridae
based on maximum likelihood analysis of 856 bp alignment of the glyt nuclear gene region.
Node numbers correspond to bootstrap support values (ML).
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Supplementary Figure 5. Phylogenetic hypothesis for interrelationships of Heptapteridae
based on maximum likelihood analysis of 979 bp alignment of the rag2 nuclear gene region.
Node numbers correspond to bootstrap support values (ML).
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Supplementary Newick tree 1: COI

(((C((((((((Brachyglanis_sp1 UprKuribrong AUFT2043:0.0041722851855294785,Brachyglanis_spl UprKuribrong T17250:1.0000005001
842283E-

6):0.005620451645144797 Brachyglanis_spl UprPotaro T17164:0.020541500253886902):0.08824598399786643,(B_frenata LwrKuribro
ng_AUFT2071:1.0000005001842283E-

6,B frenata LwrKuribrong T15600:0.003985223334792121):0.14042923547812958):0.07475985883957792,Brachyglanis_sp3 Ventuari
T09674:0.04229310528279395):0.020032437793090274,(Brachyglanis_sp2 Soromoni_ AUFT3180:1.0000005001842283E-
6,Brachyglanis_sp2_Soromoni AUFT3181:0.004002684419310842):0.049650216674460346):0.07116298933215814,((((Brachyglanis_sp
4 Siapa t9772:1.0000005001842283E-6,Brachyglanis_sp4_Siapa_ t652:1.0000005001842283E-
6):0.08695240522865477,(B_microphthalmus_AcaraiXingu t11380:1.0000005001842283E-
6,B_microphthalmus_AcaraiXingu_t11497:1.0000005001842283E-
6):0.05882952224149296):0.02181366550155639,Brachyglanis_sp5_Cuao_T09181:0.009037348970199588):0.1118339151228036,Brachy
glanis_sp6_Cataniapo_T09914:0.13079242665645419):0.029890602296249735):0.20940068390085553,(((((B_nocturna_Orinoco_T09302
:0.0039012511677178896,B_nocturna_Orinoco_T09306:1.0000004999621837E-

6):0.02849121216366246,B nocturna LwrVentuari T09452:0.03313134006215823):0.08915599482617709,(Leptorhamdia spl UprVent
uari_T09653:0.003950328698954397,Leptorhamdia_spl UprVentuari T09642:1.0000005001842283E-
6):0.028115109369305058):0.1932132119059531,(L_cf_essequibensis_Orinoco_T09242:0.002483300737897931,L_cf essequibensis_Ori
noco_T09262:0.005058970546909736):0.23679317219593132):0.05604670574711346,((L_aspredinoides_Ventuari_T09447:0.007550556
570168343,L _aspredinoides_Orinoco_t3883:1.0000005001842283E-

6):0.23314971589442557,L._marmorata_Atabapo AUFT3174:0.14239386447685742):0.09223600115746455):0.030756115787326177):0.
020049392150870204,((My_koepckei_Ucayali_ GH14201:1.0000004999621837E-
6,My_koepckei_Ucayali_GH14202:1.0000004999621837E-
6):0.3401516040075263,My_potaroensis_LwrKuribrong_T15593:0.47968276206032323):0.15753928999572153):0.052171010277000995
,(Leptorhamdia sp2 Siapa t5566:1.0000004999621837E-6,Leptorhamdia sp2 Siapa t656:1.0000004999621837E-
6):0.30586696942763925):0.11890691171485956,((((((((I_pijpersi_Saramacca River T22565:0.12269430419556349,1 hasemani Berbice
_T18325:1.0000005001842283E-

6):0.008256562161352399,1 hasemani_Takutu T14941:0.013063103242084484):0.1974532461115288,1_guttatus MdD_T10382:0.22828
404560419768):0.2967545970940102,1_cf timana Guarapa_ River T25012:0.15419213621370842):0.19750511883073107,N_pauciradiat
us_Soromoni_AUFT3184:0.5861944925513387):0.26378564509267544,(C_nasus_Rio_Suaza T24601:0.23476836797721012,C_insidiosa
_Rio_Orteguaza_T24800:0.22990405649523482):0.257219484320651):0.1574170373073096,(((M_asopos_Cataniapo_T09910:1.0000005
001842283E-6,M_asopos_Cataniapo_T09911:1.0000005001842283E-
6):1.4486267681745846,Ph_boliviana_Inambari_T10136:0.4614782335508518):0.15556296034564232,(C_molinae_Suaza_T24588:1.000
0004999621837E-6,C_molinae_Suaza_T24586:1.0000004999621837E-
6):0.3281607351414093):0.14963884034201347):0.06864037916991617,(Ch_longior_Essequibo_ AUFT3167:0.19948096490793277,H_bl
eekeri_Marowijne AUFT4772:0.3796929458801708):0.24695132335681946):0.11210266439751759):0.09921246292096142,(((((Pimelod
ella_sp_Waini_T02817:1.0000004999621837E-6,Pimelodella_sp_Waini_T02818:1.0000004999621837E-
6):0.22823679566735278,Pimelodella_sp Parhuena T09547:0.19637212934832404):0.05933651128189266,P_modestus SantaRosa T13
894:0.14889509345065366):0.08849246504773278,R_quelen_UprPotaro_T12676:0.41005340035392934):0.2356751786162279,(Go_eque
s_Esequibo_River AUFT3168:1.0000004999621837E-6,Go_eques_Esequibo_River AUFT3164:1.0000004999621837E-
6):0.4607074769557966):0.07299677513149838):0.6070211524266373,Pimelodus_ornatus:0.6070211524266376);
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Supplementary Newick tree 2: CYTB

((((((((((B_frenata_LwrKuribrong T15600:1.0000004999621837E-6,'B._frenata LwrKuribrong AUFT2071":1.0000004999621837E-
6):0.05573346456041195,(Br_phalacra LwrKuribrong T15599:1.0000004999621837E-

6,Br _phalacra LwrKuribrong T15598:1.0000004999621837E-

6):0.0976078192145935):0.13751186190748288,((Brachyglanis spl UprKuribrong T17250:0.0031347375599928284,Brachyglanis spl
UprKuribrong_ AUFT2043:1.0000004999621837E-
6):0.004704646272215118,Brachyglanis_spl_UprPotaro_T17164:0.014741506463450182):0.18357588759778953):0.03055762014985719
,((Brachyglanis_sp2_Soromoni_AUFT3181:1.0000004999621837E-6,Brachyglanis_sp2_Soromoni_AUFT3180:1.0000004999621837E-
6):0.13217632273287627,Brachyglanis_sp3_Ventuari_T09674:0.10314732771594226):0.11093247016407126):0.11953782647108846,((((
B_microphthalmus_AcaraiXingu_t11497:1.0000004999621837E-6,B_microphthalmus_AcaraiXingu_t11380:1.0000004999621837E-
6):0.0646596698023032,(Brachyglanis_sp4 Siapa_t652:1.0000004999621837E-6,Brachyglanis_sp4_Siapa_t9772:1.0000004999621837E-
6):0.10624998929961094):0.017257249056475743,Brachyglanis_sp5_Cuao_T09181:0.0517470364499375):0.0883757684215627,Brachyg
lanis_sp6_Cataniapo_T09914:0.20594858860206933):0.02010988016747084):0.17413874601379575,((((((((B_nocturna_Orinoco_T09302
:0.002823033779609574,B_nocturna_Orinoco_T09306:0.006000461510761612):0.040329975962707376,B_nocturna_LwrVentuari_T0945
2:0.04901342203737569):0.07243113022516168,(Leptorhamdia_spl UprVentuari T09653:0.02454287985486503,Leptorhamdia spl Up
rVentuari_T09642:0.005774733437861945):0.16157842299731007):0.027789671902796353,(L_cf schultzi_Xingu t7907:0.01608622116
2067593,L cf schultzi_Xingu t5908:0.013617044168859671):0.06032247544976177):0.12547499272631435,(My_koepckei_Ucayali GH
14201:1.0000004999621837E-6,My_koepckei_Ucayali_ GH14202:1.0000004999621837E-
6):0.5094011401880796):0.012816983489569056,(L_cf essequibensis_Orinoco_T09242:1.0000004999621837E-

6,L_cf essequibensis_Orinoco_T09262:1.0000004999621837E-
6):0.2849759133608005):0.022724206462716445,(Leptorhamdia_sp2_Siapa_t656:1.0000004999621837E-
6,Leptorhamdia_sp2 Siapa t5566:1.0000004999621837E-
6):0.3570800436868089):0.03596432917535197,((L_aspredinoides_Orinoco_t3883:1.0000004999621837E-

6,L aspredinoides Ventuari T09447:0.021006139028476367):0.21195780283601673,L._marmorata Atabapo AUFT3174:0.30170631357
434785):0.0917122920433513):0.03577487913859456):0.16644585539687573,((Myoglanis_spl_Mazaruni_T20563:1.0000005001842283
E-

6,Myoglanis_spl_Konawaruk T17930:0.015503764862617508):0.4813492412777802,My_potaroensis LwrKuribrong_T15593:0.2706501
653219022):0.7661478269161137):0.1806584113419627,(((((((I_hasemani_Takutu_T14941:0.021821204754230328,1 hasemani_Berbice
T18325:1.0000004999621837E-

6):0.04999227575264853,1 pijpersi_Saramacca River T22565:0.08593213331047522):0.09519382234448992,1 guttatus MdD_T10382:0
.23564886601369595):0.2672525929415923,(I_cf timana_Guarapa_River T25012:0.17049734391998284,1 usmai_Cauca_River_T24490:
0.1314934628497384):0.22370203103561748):0.29021697623323783,(((H_mustelinus_Uruguay T23708:0.013692143617674235,H_must
elinus_Uruguay T23652:0.0024489246009178345):0.2643913189964773,A _leptos_Iguape_TEC8330:0.21097490493156323):0.34957832
365573394,N_pauciradiatus_Soromoni_AUFT3184:0.6644681548346041):0.07367011286721858):0.15569317300775953,(C_nasus_Rio_
Suaza_T24601:0.18960036771388555,C_insidiosa_Rio_Orteguaza_T24800:0.39138213307787884):0.4546574891195212):0.0528997105
71770564,(((C_molinae_Suaza_T24586:1.0000004999621837E-6,C_molinae_Suaza T24588:1.0000004999621837E-
6):0.47468473751117135,Ph_boliviana_Inambari_T10136:0.5343556768626629):0.19227789653189964,(Ch_longior Essequibo_ AUFT31
67:0.4430227083679097,H_bleckeri Marowijne AUFT4772:0.2795874094947426):0.26326679651271756):0.07311522167865614):0.279
16543504789737):0.15890488131706548,((((Pimelodella_sp_Waini_T02818:1.0000005001842283E-
6,Pimelodella_sp_Waini_T02817:1.0000005001842283E-

6):0.3146004418870785,Pimelodella_sp Parhuena T09547:0.2489368563010661):0.09418521389921741,P_modestus_SantaRosa T1389
4:0.204540433601494):0.31367860771758216,((Rhamdella_eriarcha KX379765:0.007114634318261093,Rhamdella_longiuscula KX379
764:1.0000005001842283E-
6):0.3839826566058764,Rhamdia_quelen_UprPotaro_T12676:0.27891835329633796):0.22473763184732687):0.622248601530142):0.733
645025358856,Pimelodus_ornatus:0.7336450253588562);
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Supplementary Newick tree 3: ND2

(((((((((B_frenata_LwrKuribrong AUFT2071:1.0000004999621837E-6,B frenata LwrKuribrong T15600:1.0000004999621837E-
6):0.04130770325138311,(Br_phalacra LwrKuribrong T15598:1.0000004999621837E-

6,Br _phalacra LwrKuribrong T15599:1.0000004999621837E-
6):0.08261775037834007):0.17948075372388939,((Brachyglanis_spl_UprKuribrong_T17250:1.0000004999621837E-
6,Brachyglanis spl UprKuribrong AUFT2043:1.0000004999621837E-
6):0.004625302382119001,Brachyglanis_spl_UprPotaro_T17164:0.010925100074488547):0.13919897646797597):0.07446535985230285
,((Brachyglanis_sp2_Soromoni_AUFT3180:1.0000004999621837E-6,Brachyglanis_sp2_Soromoni_AUFT3181:1.0000004999621837E-
6):0.06736988248244091,Brachyglanis_sp3_Ventuari_T09674:0.08909055225224627):0.07403338923519809):0.05606285764778818,((((
B_microphthalmus_AcaraiXingu_t11380:1.0000004999621837E-6,B_microphthalmus_AcaraiXingu_t11497:1.0000004999621837E-
6):0.10786545761356492,Brachyglanis_sp5_Cuao_T09181:0.03558062385394778):0.015903778853851636,(Brachyglanis_sp4_Siapa t97
72:1.0000004999621837E-6,Brachyglanis_sp4 Siapa_t652:1.0000004999621837E-
6):0.07380273041084395):0.11432547281776206,Brachyglanis_sp6_Cataniapo_T09914:0.1962666062840146):0.10408392526853905):0.
20285062984824997,((Myoglanis_spl Konawaruk T17930:0.013260866013981687,Myoglanis spl Mazaruni_T20576:0.005468760371
748704):1.0000005001842283E-

6,Myoglanis_spl Mazaruni T20563:0.0026807605118310818):0.20102648438057757,My_potaroensisLwrKuribrong T15593:0.435724
868394304):0.6244339286856533):0.06275070837222496,(((((((B_nocturna_Orinoco_T09306:0.0026085661839727603,B_nocturna_Ori
noco_T09302:0.002252542660609702):0.020698863733294326,B_nocturna_LwrVentuari_T09452:0.028478721676264085):0.065656154
36760064, (Leptorhamdia_spl_UprVentuari_T09642:0.0036596040340663993,Leptorhamdia_spl_UprVentuari_T09653:0.0116454773249
79892):0.057905096788478216):0.03771361885010771,(L_cf schultzi Xingu t7907:0.02233470396216397,L_cf schultzi Xingu_ t5908:1
.0000004999621837E-6):0.10937074145512993):0.215018046905614,(Leptorhamdia_sp2_Siapa_t656:1.0000004999621837E-
6,Leptorhamdia_sp2 Siapa t5566:1.0000004999621837E-
6):0.38784105362789223):0.009515952482837875,((L_aspredinoides Orinoco t3883:0.00240850633162748,L aspredinoides Ventuari T
09447:1.0000004999621837E-
6):0.18318512000111786,L._marmorata_Atabapo_AUFT3174:0.19734068955775985):0.1639832622615378):0.06982522000426572,(L_cf
_essequibensis_Orinoco_T09262:1.0000004999621837E-6,L._cf essequibensis Orinoco T09242:1.0000004999621837E-
6):0.23046853816388024):0.04828045241177148,(My_koepckei_Ucayali GH14202:1.0000004999621837E-
6,My_koepckei_Ucayali_ GH14201:0.0030000447590556867):0.5313735247001068):0.10539035999891344):0.20678037876601785,((((((
((I_hasemani_Berbice T18325:0.007229716096989192,1 hasemani_Takutu_T14941:0.010934075850244529):0.06664321717559463,1 pij
persi_Saramacca_River T22565:0.07446101348326661):0.16453140032350033,1 guttatus MdD_T10382:0.19220708452315316):0.23672
84345630467,(1_usmai_Cauca_River T24490:0.2571429917912358,1 cf timana Guarapa_River T25012:0.1082475447065867):0.262399
3153879949):0.30724960345213637,(((H_mustelinus_Uruguay T23708:1.0000005001842283E-

6,H_mustelinus_Uruguay T23652:0.01895819187176606):0.14887174044413332,A_leptos_Iguape TEC8330:0.3224151845756942):0.28
249122502611534,N_pauciradiatus_Soromoni_AUFT3184:0.9155326515280264):0.07037508913722945):0.2906173132390295,(((C_moli
nae_Suaza_T24586:1.0000004999621837E-6,C_molinae_Suaza_T24588:1.0000004999621837E-
6):0.6441123155030408,Ph_boliviana_Inambari_T10136:0.5445977404609199):0.2468858506230338,(C_nasus_Rio_Suaza_T24601:0.23
59065300592198,C_insidiosa_Rio_Orteguaza_T24800:0.2149469286739878):0.4262041163043446):0.16821101427541052):0.043319181
32643864,(H_bleckeri Marowijne AUFT4772:0.25867010305764193,Ch_longior_Essequibo_ AUFT3167:0.4442367352140373):0.54523
03039870254):0.14531935158142595,((((Pimelodella_sp Waini_T02817:1.0000004999621837E-
6,Pimelodella_sp_Waini_T02818:1.0000004999621837E-

6):0.26162906199194835,Pimelodella_sp Parhuena T09547:0.2650806591629742):0.05891885766141125,P_modestus_SantaRosa_T138
94:0.177237646099474):0.21189130761714492,R_quelen_UprPotaro_T12676:0.41312234836436):0.24077996281849012):0.0337284020
2804195):0.30062970066510303,(Go_eques_Esequibo_River AUFT3168:1.0000004999621837E-

6,Go_eques_Esequibo_River AUFT3164:1.0000004999621837E-6):0.30062970066510314);
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Supplementary Newick tree 4: GLYT

(((((((((((Brachyglanis_spl UprKuribrong T17250:1.0000005000176948E-

6,Brachyglanis spl UprPotaro T17164:1.0000005000176948E-6):1.0000005000176948E-

6,Brachyglanis spl UprKuribrong AUFT2043:1.0000005000176948E-

6):0.006750256890865863,(Br_phalacra LwrKuribrong T15599:1.0000005000176948E-

6,Br _phalacra LwrKuribrong T15598:1.0000005000176948E-

6):0.002230072807720529):0.002263398425639801,(B_frenata LwrKuribrong_T15600:1.0000005000176948E-

6,B_frenata LwrKuribrong_ AUFT2071:1.0000005000176948E-
6):0.004453487654823202):0.010737569854011877,((((B_microphthalmus_AcaraiXingu t11497:1.0000005000176948E-
6,B_microphthalmus_AcaraiXingu_t11380:1.0000005000176948E-
6):0.004476473954264898,(Brachyglanis_sp4_Siapa_t652:1.0000005000176948E-
6,Brachyglanis_sp4_Siapa_t9772:1.0000005000176948E-
6):0.006773008878342673):0.002301167843945684,Brachyglanis_sp5_Cuao_T09181:0.0067743950867493186):0.005274295520935557,
Brachyglanis_sp6_Cataniapo T09914:0.006042844925153418):0.004330788757507767):0.005836580070050196,((Brachyglanis_sp2 Sor
omoni_ AUFT3180:1.0000005000176948E-6,Brachyglanis_sp2 Soromoni AUFT3181:1.0000005000176948E-
6):0.014177822587340835,Brachyglanis_sp3_Ventuari_T09674:0.005326748249419491):0.0027413371519643126):0.0235667500588655
2,((((((((B_nocturna_Orinoco_T09306:0.0028111751712363853,B_nocturna_Orinoco_T09302:1.0000005000315726E-
6):1.0000005000315726E-6,B_nocturna_LwrVentuari_T09452:1.0000005000315726E-

6):0.0044823744443265034,(L_cf schultzi_Xingu t5908:1.0000005000315726E-6,L_cf schultzi_Xingu t7907:1.0000005000315726E-
6):0.004526125645347517):0.004477201277079262,(L_cf essequibensis_Orinoco_T09242:1.0000005000315726E-

6,L_cf essequibensis_Orinoco_T09262:1.0000005000315726E-6):0.009025627041347031):1.0000005000315726E-

6,(Leptorhamdia spl UprVentuari T09642:1.0000005000315726E-6,Leptorhamdia spl UprVentuari T09653:1.0000005000315726E-
6):0.0044827294801123435):0.003077131620434076,((L_aspredinoides_Ventuari_T09447:1.0000005000176948E-

6,L _aspredinoides Orinoco_t3883:1.0000005000176948E-

6):0.0022016583256808386,L._marmorata_Atabapo_ AUFT3174:0.0022118234306594264):0.01600686988865481):0.00187455045776878
38,My_koepckei_Ucayali_GH14202:0.035260668016163815):0.0023202120778176433,(Leptorhamdia_sp2_Siapa_t5566:1.00000050003 1
5726E-6,Leptorhamdia_sp2_Siapa_ t656:1.0000005000315726E-
6):0.013929090929918356):0.011079812090562274):1.0000005000315726E-
6,(((Myoglanis_spl_Mazaruni_T20563:1.0000005000176948E-6,Myoglanis_spl Konawaruk T17930:1.0000005000176948E-
6):1.0000005000176948E-6,Myoglanis_spl_Mazaruni_T20576:1.0000005000176948E-
6):0.02004829241506377,My_potaroensis_LwrKuribrong T15593:0.02158856618926082):0.022923424422811547):0.0096278718710653
41,((((((((1_hasemani_Berbice_T18325:0.002479020854834868,1_hasemani_Takutu_T14941:1.0000005000176948E-
6):0.002503030183131111,I_guttatus_ MdD_T10382:0.004924702987300772):0.009569102085098383,1_usmai_Cauca_River_T24490:0.0
29197514115730586):0.04719184803697653,N_pauciradiatus_Soromoni_ AUFT3184:0.104800436843318):0.04309696106056596,((H_m
ustelinus_Uruguay T23652:1.0000005000176948E-6,H mustelinus_Uruguay T23708:1.0000005000176948E-
6):0.017948684133503534,A_leptos_Iguape TEC8330:0.026868165770461888):0.010816095555290256):0.021582953856182807,(C_mol
inae_Suaza T24586:1.0000005000315726E-

6,C_molinae_Suaza T24588:0.005020389354945323):0.05043451405726035):0.003150817144558185,(M_asopos_Cataniapo_T09911:1.0
000005000315726E-6,M_asopos_Cataniapo_T09910:1.0000005000315726E-

6):0.0463023333778903):0.012356370193979407,(H_bleckeri Marowijne AUFT4772:0.008664742952822754,Ch_longior Essequibo A
UFT3167:0.01606836601843563):0.02378644811991408):0.018646202234736675):0.011250052397990914,(((Pimelodella_sp Waini_TO
2817:0.0027510353973863033,Pimelodella_sp_Waini_T02818:0.00499575728554949):0.005723111798695196,P_modestus_SantaRosa_T
13894:0.018299972545904736):0.011036994940973793,R_quelen_UprPotaro_T12676:0.02671318708558132):0.044341810793974604):0
.020860662209423134,(Go_eques_Esequibo_River AUFT3168:1.0000005000176948E-

6,Go_eques_Esequibo_River AUFT3164:1.0000005000176948E-6):0.02086066220942312);
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Supplementary Newick tree S: ND2

CCCCCOCL_cf _schultzi_Xingu_t5908:1.0000005000454504E-6,L_cf schultzi_Xingu t7907:1.0000005000454504E-
6):0.001548281716646005,(Leptorhamdia_spl_UprVentuari_T09642:1.0000005000454504E-

6,Leptorhamdia_spl UprVentuari T09653:1.0000005000454504E-6):1.0000005000176948E-
6):0.0031057564028378337,(L_cf essequibensis Orinoco T09242:1.0000005000176948E-

6,L_cf essequibensis_Orinoco_T09262:1.0000005000176948E-6):0.0015514509225118545):1.0000005000176948E-
6,(((La_marmorata_Atabapo_AUFT3174:0.0015384916276384442,L_aspredinoides_Ventuari_T09447:1.0000005000176948E-
6):1.0000005000176948E-
6,L_aspredinoides_Orinoco_t3883:0.0016271370893973791):0.008594792265866347,(Leptorhamdia_sp2_Siapa_t5566:1.00000050004545
04E-6,Leptorhamdia_sp2_Siapa_t656:1.0000005000454504E-
6):0.013933583010814127):0.002639884381978763):1.0000005000176948E-
6,((B_nocturna_LwrVentuari_T09452:1.0000005000454504E-6,B_nocturna_Orinoco_T09302:1.0000005000454504E-
6):1.0000005000176948E-6,B_nocturna_Orinoco_T09306:1.0000005000176948E-
6):0.004657613548299244):0.004723461728698752,(My_koepckei_Ucayali_ GH14201:1.0000005000454504E -

6,My_koepckei Ucayali GH14202:1.0000005000454504E-
6):0.022580739221347124):0.004669372973952729,(((((((Br_phalacra_LwrKuribrong_T15598:1.0000005000176948E-
6,Br_phalacra_LwrKuribrong_T15599:1.0000005000176948E-
6):0.003105247827900559,(Brachyglanis_spl_UprKuribrong_T17250:1.0000005000454504E-
6,Brachyglanis_spl_UprPotaro_T17164:1.0000005000454504E-6):1.0000005000176948E-6):1.0000005000176948E-
6,Brachyglanis_spl_UprKuribrong AUFT2043:0.0031062300800233367):0.0015397584792447572,(B_frenata_ LwrKuribrong AUFT207
1:1.0000005000176948E-6,B_frenata_LwrKuribrong_T15600:1.0000005000176948E-
6):0.0031229706311620697):0.004709400540155784,(((((B_microphthalmus_AcaraiXingu_t11497:1.0000005000176948E-
6,B_microphthalmus_AcaraiXingu t11380:1.0000005000176948E-
6):0.003115400614059405,Brachyglanis_sp4_Siapa_t652:1.0000005000454504E-6):1.0000005000176948E-
6,Brachyglanis sp4 Siapa t9772:0.001675044832541911):0.0015474687068377235,Brachyglanis_sp5 Cuao T09181:0.00314573545546
97003):0.009520615382465625,Brachyglanis_sp6_Cataniapo_T09914:0.004834809302447285):0.0031206551475675692):0.00155135620
62227648, (Brachyglanis_sp2_Soromoni_ AUFT3180:1.0000005000176948E-
6,Brachyglanis_sp2_Soromoni_AUFT3181:1.0000005000176948E-6):0.009388407773552099):1.0000005000176948E-
6,Brachyglanis_sp3_Ventuari_T09674:0.010261897868814207):0.007842206514069111):0.0032737503453771077,(((Myoglanis_spl_Ma
zaruni_T20576:1.0000005000315726E-6,Myoglanis_spl_Mazaruni_T20563:1.0000005000315726E-
6):0.0030974492871738285,Myoglanis_spl_Konawaruk_T17930:1.0000005000315726E-
6):0.006229325573686398, My _potaroensis_LwrKuribrong_T15593:0.015988771774957514):0.031573170994464994):1.00000050001769
48E-

6,G1_machadoi_JX899765:0.04782984842921931):0.0074854601785679376,(((((A_leptos_Iguape TEC8330:0.011318840897401289,H_
mustelinus_Uruguay T23708:0.027200986070794853):0.007237226059080837,(1_hasemani_Takutu_T14941:0.0019025506482828747,1_
hasemani_Berbice T18325:0.006920438455025352):0.031136355698715423):0.0046803626768188444,N_pauciradiatus_Soromoni AUF
T3184:0.06408865884706955):0.00751019883269996,((Ch_longior_Essequibo_ AUFT3167:0.007634462997454211,H_bleekeri_Marowijn
e_AUFT4772:0.01468705153699476):0.019289144049518675,(C_molinae_Suaza_T24588:1.0000005000176948E-
6,C_molinae_Suaza_T24586:0.0019354944281312625):0.0476898859262902):0.006588808225168052):0.003660030787580648,(M_asop
os_Cataniapo_T09910:0.001633297712538062,M_asopos_Cataniapo_T09911:0.0034438181605056517):0.03415917036432525):0.009060
144566895412):0.004087650277185051,((((Pimelodella_sp_Waini_T02818:0.0031630360126857493,Pimelodella_sp_Waini_T02817:0.0
050888897797723015):0.023306013365530343,Pimelodella_sp_Parhuena_T09547:0.013015424759526037):0.003624104912593379,P_m
odestus_SantaRosa_T13894:0.008646325996863158):0.00479327073944999,R_quelen_UprPotaro_T12676:0.022453934175832677):0.01
6911787297899883,(Go_eques_Esequibo_River AUFT3168:1.0000005000176948E-

6,Go_eques_Esequibo_River AUFT3164:0.006859088210146025):0.013288776020512594):0.005569007046126728):0.07412197094314
432,((Phr_dracunculus_JX899763:0.00996828652351947,Phreatobius_sp INPA_JX899762:0.01663714528047988):0.0228738257901312
53,Phr_cisternarum_JX899764:0.02354580338427137):0.051377809715969336):0.0383346445558223,Pimelodus_ornatus:0.03833464455
582231);
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ABSTRACT

The family Heptapteridae contains 23 genera and 231 valid species that are found in a
wide range of freshwater habitats from southern Mexico to northern Argentina. Current
phylogenetic systematics of Heptapteridae are significantly shaped by an unpublished
morphology-based analysis of all extant genera and two recent, taxonomically incomplete
molecular analyses. We provide a new multi-locus molecular phylogenetic hypothesis
encompassing 19 of 23 valid genera in Heptapteridae, all valid Brachyglaniini genera, 11 of
14 valid Heptapterini genera, and 66% of all valid Heptapterini species (58 of 88; plus,
several undescribed species). Maximum likelihood analyses of a 3,972 base alignment of five
gene regions (three mitochondrial: COI, Cyt b, and ND2; two nuclear: RAG2, Glyt) yielded
generally consistent, well-resolved, and strongly supported phylogenies. Based on these
results, we provided a new suprageneric classification within Heptapterini subdivided in five
clades. Dense taxonomic sampling of Heptapterini, including type species of

Acentronichthys, Cetopsorhamdia, Chasmocranus, Heptapterus, Imparfinis, Mastiglanis,
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Rhamdioglanis, Rhamdiopsis, and Taunayia, supports previous observations of widespread

paraphyly and several new genera in the current genus-level classification.

Key words: Classification, integrated taxonomy, molecular systematics, cis-Andean, trans-

Andean.

INTRODUCTION

Heptapteridae was first erected by Gill (1861) as a Pimelodidae catfish subfamily
containing only the species Heptapterus mustelinus (Valenciennes 1835). Currently,
Heptapteridae contains 23 genera and 231 valid species (Fricke et al., 2022) that are common
inhabitants of a wide range of freshwater habitats from southern Mexico to northern
Argentina. Although no single externally diagnostic character exists for Heptapteridae,
Bockmann & Guazzelli (2003) stated that a combination of 10 homoplastic external
characteristics can serve to distinguish Heptapteridae from other fishes.

Lundberg & McDade (1986) were the first to propose three synapomorphies to
support the monophyly of a clade including Brachyrhamdia Myers 1927, Brachyglanis
Eigenmann 1912, Cetopsorhamdia Eigenmann & Fisher 1916, Goeldiella Eigenmann &
Norris 1900, Heptapterus Bleeker 1858, Imparfinis Eigenmann & Norris 1900, Myoglanis
Eigenmann 1912, Nannorhamdia Regan 1913 (junior synonym of Imparfinis), Pariolius
Cope 1872, Pimelodella Eigenmann & Eigenmann 1888, Rhamdella Eigenmann &
Eigenmann 1888, Rhamdia Bleeker 1858, and Typhlobagrus Eigenmann & Eigenmann 1888
(junior synonym of Pimelodella), now placed in Heptapteridae. However, the first taxon
name given to the clade diagnosed by these characters was Rhamdiinae Bleeker, 1862 by

Lundberg et al. (1991), a name that was subsequently elevated to Rhamdiidae in the
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unpublished cladistic analysis by de Pinna (1993) and the cytogenetic analysis of Swarca et
al. (2000). Around that same time, Silfvergrip (1996) noted that the group name
Heptapterinae Gill (1861) had priority over Rhamdiinae Bleeker (1862), thus cementing the
former name, Heptapteridae, for the family-level clade first proposed by de Pinna (1993).

Historically, the hypotheses of relationships of Heptapteridae within Siluriformes has
greatly varied according to the type and amount of data analyzed and the phylogenetic
optimality criterion used. Parsimony analyses of morphological data have suggested that
Heptapteridae is most closely related to Pimelodidae and Pseudopimelodidae (Lundberg &
McDade, 1986; Lundberg et al., 1991), with this relationship supported by a derived lip
condition in which the lower and upper lips are subdivided into two or (rarely) three fleshy
ridges. Alternatively, Mo (1991) hypothesized a close relationship to Ariidae,
Auchenipteridae, Doradidae, Mochokidae, and Pimelodidae based on numbers of infraorbital
bones. Arratia (1992) found Heptapteridae to be paraphyletic, with species separately
grouped with Rhamdia or Heptapterus and these groups related to Pimelodidae and Ariidae
based on the caudal-fin skeleton and junctures between the autopalatine, metapterygoid,
hyomandibula, and quadrate. Pinna (1993) found Heptapteridae to be closely related to
Bagridae based on variation in the quadrate, branchial cartilages, and Weberian complex
vertebrae, and Bockmann & Guazzelli (2003) found the family to be sister to large clade
spanning 15 families. Recent molecular studies have confirmed the earliest morphology-
based hypotheses of Lundberg et al. (1991), and consistently place Heptapteridae as sister to
the clade of Pimelodidae + Pseudopimelodidae (Sullivan et al., 2006, 2013; Arcila et al.,
2017; Betancur et al., 2017; Silva et al., 2021; Faustino et al., 2021).

Diagnostic characters and interrelationships of genera within Heptapteridae have been
presented and discussed by several authors. Eigenmann (1912) differentiated 10 heptapterid

genera, which he treated together with Neotropical catfishes now placed in Ariidae,
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Pimelodidae, and Pseudopimelodidae. Gosline (1941) reworked these genera with a focus on
genera lacking a free orbital rim, including mostly 12 genera now placed in Heptapteridae
plus some current members of Pimelodidae and Pseudopimelodidae. Lundberg & McDade
(1986) not only proposed three internal synapomorphies for Heptapteridae, but they also
diagnosed a Brachyrhamdia subgroup (Cetopsorhamdia, Goeldiella, Pimelodella,
Rhamdella, Rhamdia and Typhlobagrus (junior synonym of Pimelodella)) and the unnamed
subgroup containing Heptapterus, Nannorhamdia (junior synonym of Imparfinis),
Brachyglanis, Myoglanis, and Pariolius, based on variation of transverse process of anterior
vertebrae. Ferraris (1988) also diagnosed some species of the unnamed subgroup within
Heptapteridae called the Nemuroglanis-subclade, based in four putative synapomorphies, in
which he placed Acentronichthys Eigenmann & Eigenmann 1889, Cetopsorhamdia,
Chasmocranus Eigenmann 1912, Heptapterus, Imparfinis, Nannorhamdia (junior synonym
of Imparfinis), Nemuroglanis Eigenmann & Eigenmann 1889, Pariolius, and Rhamdiopsis
Haseman 1911.

Lundberg et al. (1991) found that lack or reduction of a free orbital rim is a
synapomorphy for an unnamed “clade 1” that includes this expanded Nemuroglanis-subclade
(all genera proposed by Ferraris (1988) plus Horiomyzon Stewart 1986, Phenacorhamdia
Dahl 1961, Phreatobius Goeldi 1905) plus the unnamed group 1 (Brachyglanis, Gladioglanis
Ferraris & Mago-Leccia 1989, Leptorhamdia Eigenmann 1918, and Myoglanis Eigenmann
1912). Also, they recognized an unnamed clade 2 that have the free orbital rim
(Brachyrhamdia, Goeldiella, Pimelodella, Rhamdella, Rhamdia). Additionally, Lundberg et
al. (1991) further suggested that Brachyglanis, Leptorhamdia, and Myoglanis likely form a
distinct clade supported by the shared dorsal expansion of a superficial layer of the adductor
mandibulae muscles over the hyomandibular articulation nearly to the midline of the skull

roof.

50



Bockmann (1994) further expanded the Rhamdiinae/Heptapteridae (all previous
species plus Nannoglanis Boulenger 1887, Rhamdioglanis Thering 1907 and Mastiglanis
Bockmann 1994) and diagnosed the Nemuroglanis-subclade by proposing 12 additional
osteological characters that distinguish the Nemuroglanis-subclade as a whole. Also,
Bockmann (1994) defined two more inclusive unnamed clades within the Nemuroglanis-
subclade (Mastiglanis and Nemuroglanis plus all remaining Nemuroglanis-subclade genera)
based on putative derived condition of complex centrum. Additionally, Bockmann (1994)
alternatively stated two unnamed groups within the Nemuroglanis-subclade, based on
variations of last vertebrae character (Bockmann, 1994: 774-776).

Bockmann (1998) conducted the first taxonomically comprehensive cladistic analysis
of Heptapteridae, analyzing 278 morphological characters from 72 ingroup taxa and
generated a partially resolved hypothesis of phylogenetic relationships within Heptapteridae
(Bockmann 1998: Fig. 216). This analysis supports a monophyletic Heptapteridae including
Phreatobius Goeldi 1905, based largely on characters previously highlighted by Lundberg &
McDade (1986), Ferraris (1988), Lundberg et al. (1991), and Bockmann (1994).

Despite the richness of Heptapteridae genera and the attention that has been given to
resolving intergeneric relationships, less than half of all heptapterid genera have undergone
species-level taxonomic revisions. Genera that have received detailed individual treatments
include Brachyrhamdia (Lundberg & McDade, 1986), Heptapterus (Buckup, 1988; Faustino-
Fuster et al., 2019), Gladioglanis (Lundberg et al., 1991), Mastiglanis (Bockmann, 1994),
Nemuroglanis (Ferraris, 1988; Bockmann & Ferraris, 2005), Phenacorhamdia
(DoNascimiento & Milani, 2008), Taunayia Miranda Ribeiro 1918 (Oliveira & Britski,
2000), Rhamdella (Bockmann & Miquelarena, 2008), Rhamdia (Silfvergrip, 1996), and
Rhamdiopsis (Bockmann & Castro, 2010). Also, the most recently phylogenetic relationship

within Heptapteridae was conducted based on integrative data (Silva et al., 2021 and
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Faustino-Fuster et al., 2021), and both proposing a new suprageneric classification within
Heptapteridae. The first study was based on ultraconserved elements (UCEs) representing 24
described species and 18 undescribed species classifying them in Rhamdiinae +
Heptapterinae (Heptapterini + Brachyglaniini); while the second work was based on
multilocus analyses representing 26 described species and 15 undescribed species of the
family, classifying them into Rhamdiinae (Rhamdiini + Goeldiellini) + Heptapterinae
(Heptapterini + Brachyglaniini).

In the present study we examine phylogenetic relationships throughout the
Heptapteridae using multi-locus molecular phylogenetic techniques with a focus on
Heptapterini, representing 79 described species and 64 undescribed species. Moreover, we
use the results of our phylogenetic analysis in conjunction with various previously proposed
morphological characters and molecular hypothesis as the basis for a new generic

classification within Heptapterini.

MATERIAL AND METHODS

Taxon Sampling and DNA sources

We generated novel sequence data for 28 genera, 145 species, and 219 samples
collected in Argentina, Bolivia, Brazil, Colombia, Ecuador, Guyana, Peru, Suriname,
Uruguay and Venezuela between the years 1992 and 2020. Novel data were combined with
GenBank data for four outgroup species and 39 ingroup species so that sampled taxa
encompassed 83% of all valid Heptapteridae genera (19 of 23); 80% of all valid Rhamdiinae
genera (3 of 4); within Heptapterinae, 79% of all valid Heptapterini genera (11 of 14) and

66% of all valid Heptapterini species (58 of 88; plus several undescribed species), 100% of
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all valid Brachyglaniini genera (4 of 4), and 73% of all valid species in Brachyglaniini (11 of
15; plus several undescribed species) (Table 1). Sixteen of the Heptapteridae genera
examined in this study are represented by type species. Specimens examined in this study are
cataloged at the following ichthyological collections: Academy of Natural Sciences of Drexel
University, Philadelphia (ANSP); Auburn University Museum of Natural History, Auburn
(AUM), Coleccion Ictiologica Fundacion Miguel Lillio, Tucuman (CI-FML); Museu de
Ciéncias e Tecnologia, Pontificia Universidade Catolica do Rio Grande do Sul, Porto Alegre
(MCP); Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro (MNRI);
Museo de Historia Natural Universidad Nacional Mayor de San Marcos, Lima (MUSM),
Royal Ontario Museum, Toronto (ROM), Universidade Federal do Rio Grande do Sul, Porto

Alegre (UFRGS). Institutional abbreviations follow Sabaj (2020).

Molecular markers and DNA extraction, amplification, and sequencing

We sequenced fragments of three mitochondrial (COI: cytochrome oxidase subunit I,
Cyt b: cytochrome b, and ND2: NADH dehydrogenase subunit 2), and two nuclear markers
(RAG2: recombination activating genes 2, and Glyt: glycosyltransferase). Genetic markers
were selected based on their ease of unambiguous amplification in Heptapteridae, with most
having been used in previous phylogenetic studies of catfishes (Sullivan et al., 2006, 2013;

Smith et al., 2016; Faustino et al., 2021; Supplementary Table 1).

Whole genomic DNA was extracted from fin or muscle tissues following a standard
salt extraction protocol (Lujan et al., 2020) and a modified method of cetyltrimethyl
ammonium bromide (CTAB; Doyle & Doyle, 1987). Fragments were amplified using a
reaction as described by Faustino et al. (2019; 2021). Genes were amplified via standard

polymerase chain reaction (PCR) using an Eppendorf Mastercycler pro S thermocycler
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(Eppendorf Ltd., Hamburg, Germany). A 567 bp fragment of the COI gene was amplified
with an initial denaturation step of 1 min at 94°C followed by 35 cycles of 94°C for 30 s,
annealing at 52°C for 40 s, extension at 72°C for 1 min, and final extension at 72°C for 10
min. A 724 bp fragment of the Cyt b gene was amplified by denaturing at 95°C for 2 min
followed by 35 cycles of 95°C for 30 s, annealing at 48°C for 1 min, extension at 72°C for 1
min 30 s, and final extension at 72°C for 5 min. A 1039 bp fragment of the ND2 gene was
amplified by denaturing at 94°C for 2 min, followed 35 cycles of 95°C for 1 min, annealing
at 58°C for 1 min, extension at 72°C for 2 min, and final extension at 72°C for 10 min. An
811 bp fragment of the Glyt gene was amplified by denaturing at 95°C for 2 min followed by
40 cycles of 95°C for 30 s, annealing at 56°C for 1 min, extension at 72°C for 1 min 30 s, and
final extension at 72°C for 5 min. An 831 bp fragment of the RAG2 gene was amplified by
denaturing at 94°C for 2 min followed by 31 cycles of 94°C for 30 s, annealing at 58°C for
45 s, extension at 72°C for 1 min, and final extension at 72°C for 5 min. Products of each
amplification were visualized by running 3uL or 2 pL of amplicon on a 1% agarose gel.
Remaining PCR product was purified using exonuclease I and calf intestine alkaline
phosphatase (EXOCIAP) or exonuclease I and shrimp alkaline phosphatase (EXOSAP).
Successful amplifications were bidirectionally sequenced using the dye termination method

of Sanger et al. (1977).

Sequence editing, alignments, and phylogeny inference

Bidirectional sequences were assembled into contigs and manually edited using the
software Geneious v6.1.7 (Biomatters Ltd., Auckland, New Zealand). Sequences for contigs
having many ambiguities were reamplified and sequenced. Contigs for each gene region were

aligned using the MUSCLE algorithm Edgar (2004), with the alignments being manually
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edited and evaluated based on amino acid translations of consensus sequences. Individual
gene alignments were concatenated to create a single matrix comprising 3.965 bp x 294

individuals (see Table 1).

Maximum likelihood (ML) phylogenetic analyses of each unpartitioned gene
alignment were conducted using RAXML v8.0.0 (Stamatakis, 2014), to check for consistency
in phylogenetic signal across markers. Phylogenetic analyses of the concatenated alignment
were partitioned by both gene and codon position resulting in 15 data partitions
(Supplementary Table 2). The RAXML analysis a GTRCAT model was selected for all 15
data partitions. All phylogenetic analyses were conducted on the CIPRES supercomputing
cluster (Miller et al., 2010). The clade of (Pimelodidae (Sorubim lima (Bloch & Schneider
1801), Megalonema platanum (Giinther 1880), Pimelodus ornatus Kner 1858, lheringichthys
labrosus (Liitken 1874), Pimelodus blochii Valenciennes 1840, Parapimelodus nigribarbis
(Boulenger 1889), Pimelodus pintado Azpelicueta, Lundberg & Loureiro 2008, Pimelodus
absconditus Azpelicueta 1995, Pimelodus maculatus Lacepede 1803) + Phreatobiidae
(Phreatobius cisternarum Goeldi 1905, Phreatobius dracunculus Shibatta, Muriel-Cunha,
and de Pinna 2007 and two Phreatobius sp.)) + Pseudopimelodidae (Pseudopimelodus
mangurus (Valenciennes 1835), Rhyacoglanis pulcher (Boulenger 1887), Microglanis
cottoides (Boulenger 1891), Microglanis eurystoma Malabarba & Mahler 1998) was
designated the outgroup based on previous molecular studies finding that Heptapteridae is
closely related to Pimelodidae, Phreatobiidae and Pseudopimelodidae (Sullivan et al., 2013;
Faustino-Fuster et al., 2021). Maximum likelihood analysis of the concatenated alignment
was conducted using RAXML programmed with workflow bootstrap and consensus, based on

a 1000 generation search of tree space.
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Comparative Material

All comparative material from Faustino-Fuster et al, 2019; Faustino-Fuster & Ortega,
2020; Faustino-Fuster et al, 2021; Faustino-Fuster & de Souza, 2021 and Faustino-Fuster &

Malabarba in prep., see chapter II).
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Figures Captions
Figure 1. Phylogenetic hypothesis for interrelationships of Heptapteridae made by maximum
likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col, cytb, nd2)
and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap support

values (ML).

Figure 2. Phylogenetic hypothesis for interrelationships of Heptapterina made by maximum
likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col, cytb, nd2)
and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap support
values (ML). Specimens representing species that are types for their genus are indicated by

an asterisk (*).

Figure 3. Phylogenetic hypothesis for interrelationships of Nemuroglaniina made by
maximum likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col,
cyth, nd2) and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap
support values (ML). Specimens representing species that are types for their genus are

indicated by an asterisk (*).

Figure 4. Phylogenetic hypothesis for interrelationships of Cetopsorhamdiina made by
maximum likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col,
cyth, nd2) and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap
support values (ML). Specimens representing species that are types for their genus are

indicated by an asterisk (*).
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Figure 5. Phylogenetic hypothesis for interrelationships of Chasmocranina made by
maximum likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col,
cyth, nd2) and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap
support values (ML). Specimens representing species that are types for their genus are

indicated by an asterisk (*).

Figure 6. Phylogenetic hypothesis for interrelationships of Mastiglaniina made by maximum
likelihood of a 3,965 base pair alignment consisting of three mitochondrial (col, cytb, nd2)
and two nuclear (glyt, rag2) gene regions. Node number correspond to bootstrap support
values (ML). Specimens representing species that are types for their genus are indicated by

an asterisk (*).
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Supplementary Table 2. Summary for each gene partitions.

Subset Locus Codon Position Range in alignment Length (bp)

1 col 1 189
2 col 2 1-567 189
3 col 3 189
4 cyth 1 241
5 cyth 2 568 — 1291 241
6 cyth 3 242
7 nd2 1 346
8 nd2 2 1292 - 2330 346
9 nd2 3 347
10 glyt 1 270
11 glyt 2 2331 - 3141 270
12 glyt 3 271
13 rag2 1 277
14 rag2 2 3142 -3972 277
15 rag2 3 277
Total 3972 3972
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CAPITULO III: INTEGRATIVE TAXONOMY OF THE
HEPTAPTERUS BLEEKER, 1858 (HEPTAPTERIDAE:
HEPTAPTERINI) WITH DESCRIPTION OF A NEW GENUS

AND TWO NEW SPECIES
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Integrative taxonomy of the Heptapterus Bleeker, 1858 (Heptapteridae:

Heptapterini) with a description of a new genus and two new species.
Dario R. Faustino-Fuster'** and Luiz R. Malabarba!
"Departamento de Zoologia, Universidade Federal do Rio Grande do Sul, Programa de Pos-

Graduacdo em Biologia Animal, Porto Alegre, Brazil

“Departamento de Ictiologia, Museo de Historia Natural, Universidad Nacional Mayor de San

Marcos, Jesus Maria, Peru

ABSTRACT

The genus Heptapterus is revised based on molecular and morphological data, and
includes only four valid species: H. carnatus Faustino-Fuster, Bockmann & Malabarba,
2019; H. exilis Faustino-Fuster, Bockmann & Malabarba, 2019; H. mustelinus
(Valenciennes, 1835), and H. gengo Aguilera, Mirande & Azpelicueta 2011. Heptapterus
eigenmanni Steindachner, 1907, H. ornaticeps Ahl, 1936 NEW SYNONYM, and H.
mbya Azpelicueta, Aguilera and Mirande, 2011 NEW SYNONYM are considered junior
synonyms of H. mustelinus. We designate the neotype for Heptapterus mustelinus. The
relationships of most nominal species of Heptapterus sensu lato are discussed based on
molecular dataset. We transfer the species currently known as Chasmocranus lopezae to
a new genus, Leptoheptapterus gen. n., and provide the descriptions of two new species.

Morphological features are used to diagnose the genera and species.

INTRODUCTION
The family Heptapteridae comprises 231 valid species (Fricke et al., 2022)
distributed throughout the Neotropics from northern Mexico to southern Argentina,

including the trans-Andean region reaching southern Peru (Bockmann and Guazzelli,
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2003). Heptapteridae is diagnosed exclusively by synapomorphies related to the internal
anatomy (see Lundberg and McDade, 1986; Ferraris, 1988; Lundberg et al., 1991).
Despite of that, externally, heptapterids can be identified by the features summarized by

Bockmann and Guazzelli (2003) and Bockmann and Slobodian (2017).

Heptapterus Bleeker, 1858 has been characterized by an elongate slender body,
elliptical in cross section through the dorsal-fin origin, bearing a typical eel-like aspect;
and several other characters related to the external morphology, osteology, and
musculature (Bockmann and Slobodian, 2017). Faustino-Fuster et al. (2019) recently
described Heptapterus carnatus Faustino-Fuster, Bockmann and Malabarba, 2019 and H.
exilis Faustino-Fuster, Bockmann and Malabarba, 2019 following the generic definition
of Bockmann and Slobodian (2017) and further restricted the genus to include both
species plus H. mandimbusu Aguilera, Benitez, Teran, Alonso and Mirande, 2017, H.
mbya Azpelicueta, Aguilera and Mirande, 2011, H. mustelinus (Valenciennes, 1835), H.
ornaticeps Ahl, 1936, H. genqo Aguilera, Mirande and Azpelicueta, 2011, H. stewarti
Haseman, 1911, and H. sympterygium Buckup, 1988. All nine valid species of
Heptapterus considered by Faustino-Fuster et al. (2019) are distributed along the
following ecoregions proposed by Abell (2008): Mar Chiquita- Salinas Grande, Chaco,
Paraguay, Upper Parana, Lower Parana, Iguacu, Lower Uruguay, Upper Uruguay,

Laguna dos Patos, Tramandai-Mampituba, and Southeastern Mata Atlantica.

An ongoing integrative study based on morphological and molecular data revealed
a new composition of Heptapterus, containing only four species. Seven clades tentatively
classified as new genera are recognized, four of them previously proposed as new genera
in an unpublished thesis (Bockmann, 1998). one of the clade is described herein as a new
genus, composed by Chasmocranus lopezae Miranda Ribeiro, 1968 and two markedly

rare new species.
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MATERIAL AND METHODS

Measurements were made point to point with digital caliper and are expressed to
the nearest 0.1 mm. Measurement were taken according to Lundberg and MacDade
(1986), Bockmann (1994), and Faustino-Fuster et al. (2019). The position of landmarks
of all measurements obtained were illustrated by Faustino-Fuster et al. (2019; fig. 1).
Standard length (SL) is given in mm and other measurements are expressed in percent of
standard length (LS) or, for subunits of the head, head length (HL). Principal Component
Analysis (PCA) was used to compare all morphometric variables among species using the

software PAST 2.17C (Hammer et al., 2001).

Paratypes and comparative material were cleared and stained (CS) according to
the protocol of Taylor and Van Dyke (1985). Osteological nomenclature follows
Lundberg and McDade (1986), and Bockmann and Miquelarena (2008). Branchiostegal
rays, pterygiophores, ribs, and vertebrae were counted only in CS specimens, as well as
the insertion of the first fins elements to vertebral number. Vertebral counts include the
first five vertebrae of the Weberian apparatus and the pleural + ural centra as a single
element. Nomenclature and homologies for laterosensory system follow Arratia and
Huaquin (1995) with modifications provided by Schaefer and Aquino (2000).
Quantitative variables were represented by Tukey box plots to provide a visual
representation of the counts that differed among species using SigmaPlot (Systat
Software, San Jose, CA). Such graphs better display the skewed or other nonparametric
shapes of the meristic data than the mean and standard deviation. The graphs presented
here display the sample median (= 50™ percentile) and the 25" and 75™ percentiles
represented as the lateral borders of the box plots. The 10" and 90'" percentiles are

represented by error bars. Institutional abbreviations followed Sabaj (2020).
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Comparisons with congeners were undertaken directly through examination of
specimens, including types, and checking original literature of the description of species
and taxonomic studies (Valenciennes, 1835, 1840; Haseman, 1911; Ahl, 1936; Buckup,
1988; Azpelicueta et al., 2011; Aguilera et al., 2011, 2017; and Faustino-Fuster et al.,

2019).

Molecular analysis included a multilocus analyses for the available samples of
Heptapterus species (H. bleekeri, H. carnatus, H. exilis, H. mandimbusu, H.
multiradiatus, H. mustelinus, H, mbya, H. genqo, H. stewarti, H. panamensis, H.
sympterygium, H. tapanahoniensis) and Heptapteridae species used by Faustino-Fuster et
al. (2021) and Faustino-Fuster et al. (in prep). Extraction, amplifications, sequencing,
edition, alignment, and molecular analyses was conducted following the methods of

Faustino-Fuster et al. (2021).

A species delimitation analysis was performed using an arbitrarily ultrametric col
gene tree for a general mixed Yule coalescent model (GMYC; Pons et al., 2006) and
Poisson Tree Processes (PTP, Zhang et al., 2013) on the webserver for GMYC and PTP
(Zhang et al., 2013). The ultrametric gene tree was constructed using the HKY + G
(Hasegawa et al., 1985) model of molecular evolution with relaxed molecular clock using
a lognormal time distribution and birth—death prior implemented in the BEAST v1.7.5.
program (Drummond et al., 2012). BEAST was programmed to run for total of
10,000,000 generations, sampling every 1000 trees. For the MCMC analysis each
parameter fluctuating within a stable range, the effective sample size (ESS) for all metrics
exceeded 200 was checked using the program Tracer 1.6 (Rambaut et al., 2013). The first
10% of trees were discarded as burn in using TreeAnnotator 1.7.5 program (Rambaut and
Drummond, 2013). Genetic distances for col between a pair of sequences were calculated

using the Kimura 2-parameter (K2P) model in MEGAG®.

124



Conselho Nacional de Desenvolvimento Cientifico e Tecnologico, CNPq (Process

#307890/2016-3 and 401204/2016-2 to LRM).
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Figure 1. Phylogenetic relationships of Heptapterus clade based on Maximum likelihood
(ML) analysis of a 3972 bp alignment consisting of three mitochondrial loci (col, cytb and
ND?2) and two nuclear loci (Glyt and Rag2). Node numbers correspond to ML support.
Colour bars correspond to species delimitation methos; black barr correspond to
morphological (MOR), red bar correspond to coalescent branching process of all sequences,
estimated by using the Poisson Tree Processes (PTP) and blue bar correspond to General

Mixed Yule Coalescent model (GMYC). *= type species of the genus.

Figure 2. Heptapterus carnatus, holotype, UFRGS 22840, 106.9 mm SL, Brazil, Rio Grande
do Sul State, Vacaria Municipality, Passo do Portdo Creek, tributary of the Pelotas River,

Uruguay River basin. (A) Lateral, (B) dorsal and (C) ventral views. Scale bar 1 cm.

Figure 3. Distribution of Heptapterus species: Heptapterus carnatus (yellow circle)
Heptapterus exilis (blue circle); Heptapterus mustelinus (green circle) and H. gengo (red
circle). Star symbol represents the type locality. Start symbol represent type localities. Each

symbol may represent more than one lot.

Figure 4. Heptapterus exilis, holotype, UFRGS 22500, 64.0 mm SL, Brazil, Rio Grande do
Sul State, Quevedos Municipality, sanga das Tunas, tributary of the Ibicui River, Uruguay

River drainage. (A) Lateral, (B) dorsal and (C) ventral views. Scale bar 1 cm.

Figure 5. Heptapterus mustelinus, UFRGS 21199, 117.6 mm SL, Brazil, Rio Grande do Sul, Sdo
Gabriel, tributary of creek Caiboate-Mirim, rio Jacui drainage, Laguna dos Patos system. (A) Lateral,

(B) dorsal and (C) ventral views. Scale bar 1 cm.

Figure 6. Heptapterus genqo, CI-FML 3954, 182.7 mm SL, Argentina, Tucuman State,
Trancas Municipality, Rearte River tributary to Sali River drainage. (A) Lateral, (B) dorsal

and (C) ventral views.
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Figure 7. Leptoheptapterus lopezae, UFRGS 24777, 82.1 mm SL, Brazil, Sdo Paulo State,
Iporanga Municipality. Betari River tributary to Ribeira do Iguape drainage. (A), dorsal (B),

and ventral views (C). Scale bar =1 cm.

Figure 8. Lateral view of the caudal skeleton of (A) Leptoheptapterus lopezae, UFRGS
247717, 82.1 mm SL; (B) Leptoheptapterus longipinnis, paratype, UFRGS 25401, 71.4 mm
SL; and (C) Leptoheptapterus robustus, paratype, UFRGS 22597, 42.3 mm SL.
Abbreviations of the anatomical parts: ep = epural; hil + hi2 = complex plate formed by
hypurals 1 and 2; hi3 + hi4 + hi5 = complex plate formed by hypurals 3, 4, and 5; ph =
parhypural; pul +ul = complex centrum formed by preural centrum 1 and ural centrum 1;

pu2 = preural centrum 2; ur = uroneural. Arrows = anterior processes.

Figure 9. Dorsal view of cranium of (A) Leptoheptapterus lopezae, UFRGS 24777, 82.1 mm
SL; (B) Leptoheptapterus longipinnis, paratype, UFRGS 25401, 71.4 mm SL; and (C)
Leptoheptapterus robustus, paratype, UFRGS 22597, 42.3 mm SL. Anatomical
abbreviations: afo = anterior fontanel; apa = autopalatine; epo = epioccipital; exo =
exoccipital; exs = extrascapula; fro = frontal; let = lateral ethmoid; max = maxilla; nas =
nasal; pfo = posterior fontanel; pmx = premaxilla; pto = pterotic; soc = supraoccipital; sph =

sphenotic; trp4 = transverse process 4; trp5 = transverse process 5.

Figure 10. Lateral view of suspensorium of (A) Leptoheptapterus lopezae, UFRGS 24777,
82.1 mm SL; (B) Leptoheptapterus longipinnis, paratype, UFRGS 25401, 71.4 mm SL and
(B) Leptoheptapterus robustus, paratype, UFRGS 22597, 42.3 mm SL. Anatomical
abbreviations: ent = entopterygoid; hyo = hyomandibula; iop = interopercle; met =

metapterygoid; ope = opercle; pop = preopercle; and qua = quadrate.

Figure 11. Dorsal view of the branchial arch of (A) Leptoheptapterus lopezae, UFRGS
247717, 82.1 mm SL. (B) Leptoheptapterus longipinnis, paratype, UFRGS 25401, 71.4 mm
SL and (C) Heptapterus robustus, paratype, UFRGS 22597, 42.3 mm SL. Anatomical
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abbreviations: bb,.3 = second and third basibranchials; gr = gill rakers; cbi.s = first to fifth

ceratobranchials; ebi4 = first to fourth epibranchials; hb;.3 = first to third hypobranchials.

Figure 12. Distribution of Leptoheptapterus lopezae (blue circle), Leptoheptapterus
longipinnis (green circle) and Heptapterus robustus (red circle). Start symbol represent type

localities. Each symbol may represent more than one lot.

Figure 13. Leptoheptapterus longipinnis, UFRGS 11590, 61.3 mm SL, holotype. Brazil, Rio
Grande do Sul State, Panambi Municipality, rio Palmeira tributary to rio [jui, Uruguay River

basin. Lateral (A), dorsal (B), and ventral views (C). Scale bar = 1 cm.

Figure 14. Leptoheptapterus robustus, MCP 51365, 67.1 mm SL, holotype. Brazil, Santa
Catarina State, Piratuba Municipality, rio do Peixe tributary to Upper rio Uruguai, Uruguay

River basin. Lateral (A), dorsal (B), and ventral views (C). Scale bar = 1 cm.

Figure 15 (A) Principal component analysis (PCA) of the two new species, Leptoheptapterus
longipinnis (red circle) and L. robustus (blue circle). Linear regression of the most
discriminatory measurements between L. longipinnis (black circle) and L. robustus (white
circle). (B) Body depth (M6) vs. standard length. (C) Caudal peduncle length (M8) vs.
standard length. (D) Body width (M9) vs. standard length. Line means trend line (95%).

Figure 16. Variation of (A) number of vertebrae at dorsal fin insertion, and (B) total number

of anal-fin rays for species of Heptapterus and Leptoheptapterus.
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CAPITULO IV: KNOWING THE HIDDEN DIVERSITY
WITHIN HEPTAPTERINI BLEEKER, 1858 GENERA

(SILURIFORMES: HEPTAPTERIDAE)
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Article 1: Faustino-Fuster, D. R., & Ortega, H. (2020). A new species of Mastiglanis
Bockmann 1994 (Siluriformes: Heptapteridae) from the Amazon River basin, Peru.
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Abstract

Muaznglanis is 3 genms of heptaptenid carfish reprezented by mwo valid species. These fresharster species are widely
distributed along the Amaron Orinoco, and Mzront River basins. However, a taxonomic review of specimens collected
in the Pummayo snd Menay nvers, Amazon Fiver basin in Pern revesled & new species of Masriglanis. A morphological
analysis was completed for morphomemic {34 measurements) and merstic {20 counts) data. Osteclogical counts and
descriptions were made from clear and stained specimens and X-rays images. The new species of Mastiglanis differs from
M. azopos and M. durantent by having a long pelvic fin, short smont, eight branched anal-fin rays, and a higher number of
vertebrae and zill rakers. The distibution of the new species is restricted to the upper Amazon River basin

Key words: small carfish, Feshwater morphelogy, taxonomy

Resumen

Muaznglaniz es un género de bagres heptapiéridos representado por dos especies validas. Estos peces dulceacuicolas
se encuentran amplismente distmibuidos @ lo largo de la cusnca de los rios Amazonas, Ornoco ¥ Maroni. La revision
taxondmica de ejemplares colectados en las cuencas de los fos Pomamayo y Manay, cuenca del rio Amazonas en Pem, raveld
uma especie mieva de Masriglaniz. El analisic morfoldgico fue realizado considerando datos morfométricos (36 medidas)
v meristicos (20 conteos); algumes conteos y descripciones esteclogicas faeron realizados de material diafamizade e
imagenes de rayos X. La especie oueva de Masielanis se diferencia de M. asopes y M. duranion: por tener la altea pelvica
larga, bocico coro, ocho radios ramificados en 1a aleta anal, v un mayer oimero de vértebras v espinas branquiales. La
nueva espacie se encuentra distribuida en los rios Yaguas, tributario del o Putumayo; v en ol rio Nanay, tributarios de la
cuenca del ric Amszonss en Perd La diswibucion de 1a especie nuevs esta restricts a la regica zlta del rio Amazonas.

Palabras clave: bagre pequeilo, dulceacuicols, morfologiz. taxonomia

Introduction

Within the order Silonformes, Heptaptenidae 15 the fourth most species-nich fanuly, represented by 226 valid spe-
c1es and 23 genera (Fricke sr al | 2020}, The systematic stmation of Heptaptendae has been very confusing, and it
was ongnally melided as subfamily m the Pomelodidas. The first study that recozmzed this group as monophyletie
was conducted by Lundberg & McDade (1988), who treated them as an unnamed clade wathun Prmelodidae. Lun-
dberg e gl (1991) formally named this group 25 Rhamdimae (Bleeker 1862) within Pimelodidae. Subsequently,
this subfamily was raised to the family level by de Pmna (1993), m lus doctoral thesis {umpublished); but the first
publich nsage on fanuhial rank as Rhamdndae was made by Swarea er al (2000}, Silfvergnp (1996) demonstrated
the pnionty of the name Heptaptermae ((all 1861) over Rhamdnnae (Blesker 1862); and Bockmamm (1998), m s
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doctoral thesys (unpublished), use the new fanuly level: but the first pubhsh family raking was used by Bockmann
& Guazelh (2003). Bockmann (1998) m his unpubhished doctoral thesis; proposed the most comprehen=ive phyio-
genetic relationships, redafiming the current penera and proposing new ones based on morphelogical data. Howevar,
pone of these new generz have been formally desenbed to date, despite being referred in other published works (&
£ Bockmann & Slobodian, 2018).

Masriglanis Bockmann 1994 15 considered 3 member of Nemuroglaniz subclade within Heptapteridae (Bock-
mane 1994} and it 15 the mest recently defined germs for the family It was described as monotypic, represented by
Mastglanis asropos Bockmann 1994, widely distibuted along the Amaron basin and Capmm niver m Brazil The
most recently described species, M duremitoni de Pinna & Kexth, 2019, was deseribed from Maroma Rrver basm,
French Garyana. Mastiglaniz 15 considered 3 member of Nemmroglaniz subclade based on 16 synapomorphies (Fer-
rans, 1935; Bockmann 1994,

Masniglanis 15 differentiated from all members of Heptapteridze based on the followmg diagnostic characters
(Bockmann 1994): (1) a very small amount of infegument prgmentation; (2) anterior element of the dorsal fin
{(hemologous to the spine) prolonged a5 a long filament; (3) first alement of the pectorzl fin (homelogous to the
pectaral-fin spine) prolonged as a filament; (4) anterior internanal width greater than the posterior internanal width;
{3) nayrow frontal bones in the supraorbital portion; (6) presence of a plate-like process at the anteromedial mergsin
of the premaxilla; (7) angled mesethmoid corou, wiich bends abruptly laterally at midlength; (8) elongate, roughly
rectangular metapterygoid; () dorsal flange of the opercle i the same plane as the rest of the bone; (10} ventmlly
cwved pesterior portion of the opercle bone. Addibonally, external characters are used for identification: lage eye;
long mamllary barbels. extending bevond the crizm of the adipose fin; ventrzl mouth; and mangular pectoral fins.
A revision of matenial from the Upper Amazon tributaries in Peru revealed a new form of Mastglamis (Faustino-
Fuster, 2019, Almeidz 2019). The new species 15 found in the Manay and Yaguas rivers from Peru. shanng most of
the distinctive charactenistics of Mastiglaniz, but identified by 1ts vnigue morphelogical charactenstics and pattern
of coloration desenbed hers.

Material and methods

Measarements were faken with digital calipers (to 0.1 mm) followang the landmarks illustrated by Faustino-Fuster
af al. (2019, Fig. 1). The ternunologies used for the measurements were following Bockmamm (19%4). A prmeipal
component analysis (PCA) was performed nsing PAST 3 .x software, veraon 2018 (Hammer et al, 2001} to reduce
the dumensionality datasets and maonmee morphometne vanance (between all specimens m Table 1), Morpho-
mehical vanables found to better discrimunate between thess specias are presented as hrear regressions using Sig-
maFlot (Systat Soffware, San Jose, CA). Standard length (SL) was expressed in nullimeters and body measurements
az percentages of 5L or head length (HL) for the head parts {(except for barbels).

Counts of pectoral-, peliic-, anal-, dovsal-, and candal-fins rays, gl rakers, nbs, vertebmae {including the first
five vartebrae of the Webenan apparatus and one of the bvpawral plate), and morphelogcal desenption were taken
from cleared and stamed (ofes) and H-rzy specimens (x). Cleared and stamed specimens were prepared according
to Taylor & Van Dyke (1983); and X-rays images were tzken with the AXE 110 Hotshot X-Fay System at the fish
drvision, Field Musemm of Matwral Histooy, Chicago, Unted States. Quantitative variatons were represented by
box-plot diagrams that show the median of the sample (= 30th percentile), 25th and 75tk percentiles. The 10th and
S04h percentiles ave represented by emor bars. Nomenclatwe of the laterosensory cephalie system followed Bock-
mann & Miguelarena (2008). Geographie distnbution map was made wsmg Chuantum GIS version 2.18.10 {Sherman
et al., 2012). Inshintional abbreviations follow Sabaj (2019

Comparisons were undertaken directly throngh exammation of specimens, including types and onginal desenp-
tions of Mastiglaniz azopos (Bockmann 1994) and A dwrantoni (de Pmna & Eexth 3019),
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FIGURE 1. Masniglanis yaguas, new species, MUSM 66612, holotype, 49.1 mm SL. (A) Lateral view of right side (image
flipped), (B) Dorsal view, (C) Ventral view. Bar=1cm

Results

Masniglanis yaguas, new species
(Frzures 1 A—C. 2, 3. 4; Table 1)
urn-lsid:zoobank org:act:F33BDFEC-872C-45D0-BCFS-700D28CDC999

Masnigianis sp5.: Almeida, 2019: 71-75. Fig. 22 (taxonomic revision)

Holotype. MUSM 66612, 49.1 mum SL. Peru, Loreto Department. Putumayo Province, Yaguas District, Putumayo
River basm, Yaguas River, 2°43°5.317S; 70°31°42.12"W, 29 November 2010, M. Hidalgo & A. Ortega-Lara
Paratypes. All from Peru: Nanay Province. Iquitos District, Nanay River: ANSP 167653, 1, 43.1 mm SL. beach
downstream from Nma Rumi commmumty, 3°44°0.007S; 73°19°60.00"W, 8 September 1990, Dan & Pat Fromm:
ANSP 167654, 1, 37.9 mm SL. beach downstream from Nina Rumi community, 3°44°0.007S; 73°19°60.00"W, 8
Sep. 1990, Dan & Pat Fromm: ANPS 167715, 5, 30.3-37.2 mm SL. beach downstream from Minchana commumty,
3°53'0.00"S; 73°27'0.00"W, 10 September. 1990, Dan & Pat Fromm; ANSP 178449, 7, 37.0-55.4 mm SL, beach in
Pampachica, 3°45°9.00"S; 73°16'60.00"N, 2 August 2001, M. Sabaj, M. Littmann N. Lovejoy, C. Skelton, K. El-
km M. Thomas & J. Stewart; ANSP 180407, 20, 37.5-52.7 mm SL, beach upstream from Santa Clara community,
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3°46'45.00"S; T3"22'6.00"W, 14 August 2003, M. Sabaj, M. Salcedo & B. Sidlanskas; ANSP 181127, 6, 40.0—43.4
mm 5L beach m Pampackiea 3°459.00"S; 73°16'60000"N, 21 August 2005, M. Sabay & C. Parez; ANSF 182474,
7, 386477 mm 5L, beach in Pampachica 3°45'9.00"5; 73°16'60.00'N, 7 Auz. 2005, M. Sabaj, C. Peez M
Arce & A Bullard; ANSP 182565, 1, 41.7 mm 5L, beach in Pampachica, 3°45°9.00"S; 73°16'60.00"N, 3 Augnst
2005, ML Sabaj, C. Perez. A Bullard C. DeMascimiento, 0. Castille, 5. Soyder; ANSP 182750, 1, 46.8 mm SL,
beach upstream from confluence with the Amazenas River, 3°42'49.00"%; T3°16'43.00"W, 15 August 2005, ML
Sabaj, C. DoMasemuento & 0. Caszhllo; ANSP 191830, 5, 29.7—46.6 pum SL, beach upstream from Pampachica,
3°45'10.00"5; T3°16%60.00"W, 6 August 2010, M Sabaj, B. Sidlanskas, C. Phillips, I. Tiemann & E. Correa. Loreto
Department, Putumnaye Provinee, Yaguas District: FMNH 140321 3 (all xr), 41,5471 mom ST MCP 54155, 1,433
mm SL; MUSM 61686, 5 (1 cfs), 42.7-51.3 mm SL; UFRGS 27250, 1, 38.0 mm 5L, collected with the holotype
MUSM 61545, 1, 38.2 mm SL. Yapuas Baver, 2°43'53175; 70°31°42.12"W. 27 November 2010, M. Hidalgo &£ A
Ortega-Lara.

Diagnosiz. Mastiglanis yaguas differs from all its congeners by having enght branched anal-fin rays (vs. seven),
longzer pelvic fin, exceading the origin of the adipose fin (21 2-26.1% 5L) (v=. not exceeding the adipose-fin ongin
17.7-19.1% SL m M asopos and 16.0-18 4 % 5L in M. duranteni), 39 vertebrae (va. 3738 vertebrae m M asopos
and 38 1 M dwrantoni), anterior process on postenormost newal spmes (vs. lacking of anterior process), process
at symphysial remion of premaxilla absent (vs. present), postenor fontanel two tomes wider than antenor fonfanel
{vz. one and a half}, anterior process of premasxilla sheet (v, long). Additonally A yagnas is differentiated from 3
azopos by having more epibranchial gl rakers (2 v 0), more ceratobranchial @l rakers (13 ws. 11), slender body
(body wadth 1291499 SL s, 15.6-17.2% 5L}, deeper head (5%.5—-67.9% HL . 38.547.8% HL}, narrow head
{44.7-50.9% HL vz 57.9-70.9% HL). wider mterorbital distance (30.3—36.4% HL vo. 223-24.6% HL), larger
aye (21 4-24.7% HI v=. 18.6-20.5% HL), and wider postenior mier-panal distanee {10.3—14.2% HL v=. 7.7-9.1%
HL).

Dezcription: Mormphometic data presented in Table 1. Body shightly elongated, elliptical in anferior cross sec-
tiom at lavel of dorsal-fin ongin. then gradually compressed along caudal paduncle (Figure 1), Diorzal profile of body
more convex than vental profile; dorsal profile convex from mmout tip to last dorsal-fin my; almost straight from last
dorsal-fin ray to adipose-fin ongin, and shghtly comvex from adipose-fin ongm to caudal-fin ongin. Ventral profile
of head shghtly comvex from snout tip to gl opening Ventral profile of body shehtly convex from zill opening to
pelvie-fin ongin, nearly straight fom pelvic-fin ongin to anal-fn engn, and shghtly convex to candal peduncle
Anus and wogenttal pore close to each other.

Head short, narow, depressed, and traperoudal 1 dovsal view (Figure 1B}, Antenor nostnl near to upper hp and
postenor nostril slightly closer to antenior edze of eye than to anferior nostril Distance between anferior nosinls
greater than distance between postenior noshils, nostnls arranged as vertices of trapezoid. Mouth subtermunal with
soout projected bevend lower jaw. Barbels very long, tapenng distally, Maallary barbel ongn dorsally to upper lip
and lateral to antenor nostils, reachimg half of adipose fin when adpressed along body axs. Mental barbel ongin
between anterior edge of lower jaw and gular fold, Chater mental barbel longer than mner mental barbel, tip reach-
ing pelvic-fin origin when adpressed along body axs. Inner mental barbel ongin closer to gular fold. fip swpassing
pectoral-fin crigin when adpressed along body axs. Eye large; honzontally elliptical; shghtly antenor at midpoint
between fip of snout and edge of opercular membrane; dorsal remon shightly covered by sk, lens visible and pupil
rounded Branchiostegal rays seven (1) (Gill rakers on first ceratobranchual 13 (1} (including one on angle formed
with epibranchial). and two (1) oo first epibranchual

Dorsal fin with 1+6 (11) rays: mangular, first dorsal-fin rav unbranched, wath stiffened prosimal egon, ap-
proxamately as long as first branched ray, and distal region soft and long, surpassing half-length of adipose fin
when adpressed; followed by six branched rays; dorsal-fin onigin antenor to vertical through pelvic-fin engin. First
pterygiophore of dorsal fin inserted between bifid neural spines of vertebrae 6-7 (4).

Pectoral fin with 1+% {11} rays; tnangular; procumal region of fist ray shiffened. approcomately as long as first
branched vy, distal remon zoft and filamentous, reaching verbecal through half-length of adipose fin when ad-
pressed; second ray of pectoral fin (first branched 1ay) almost as long as thurd =y (second branched ray) followed
by branched rays decreasing moderately m length

Pelvic fin wath 1+5 (11} rays; rounded distal margin- first pelic-fin 1ay, completely flamble and shghily shorter
than second and third rays (first and second branched r=ys, respectrvely), ongin of pelvic-fin antertor to wertical
through half-lensth of body standard length and between the verticals through fousth and ffth dorsal-fin branched
rays; tip of adpressed pelvic-fin reaching vertical through anal-fin on@n.
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FIGURE 2. Dorsal view of cranium of Masniglams yaguas, paratype, MUSM 61686, 42.7 mum SL_ Abbreviations: af = antenior
fontanel; ap = autopalatine; ep = epioccipital; ex = exoccipital; fr = frontal; le = lateral ethmoid; mx = maxilla: na = nasal; pf
= posterior fontanel; pm = premaxilla; pt = pterotic; soc = supraoccipital; sp = sphenotic; tpda = antenor branch of ransverse
process of vertebra 4; tp4b = postenior branch of transverse process of vertebr 4: tp5 = ransverse process of vertebra 5 . Ammow
= symphysial rezion of premaxilla
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TABLE 1. Morphomemmic data of MWasnglanis yaguar and M. asopos. H (Holotype); W (mumber of specimens); Min
(minimam}; Max (maximum) 5D {standard devistion).

M yaguar Mew species M azopo: Bockmann 1994

H N Mmn M Mem 5D H H M M 5D
Standard length {mm) 491 17 3151 6878 470 - 454 10 422 654 -
Percentage of SL
M1—Predorsat length 340 17 318 353 336 09 3446 10 318 351 07
M2—Preanal length 658 17 658 4680 674 10 &0EF 10 678 71O 11
W3—Prepelvic length 424 17 3@ 427 414 190 425 10 411 4346 07
M4—Preadipose leagth 598 17 585 654 615 16 647 10 6231 68E 13
MMF—Caudsl-peduncle length 13 17T 207 237 127 09 201 0 17T I1E 11
Mé—Candsl-peduncle depth 59 T 55 62 59 02 &2 1 %7 467 03
MT—Adipose-fin length 267 17 ;W6 271 M4 16 227 10 190 M4 15
ME—Dworsal fin to adipose fin 150 17 130 194 171 12 172 10 150 183 18
MMP—Anal-fin base length 11.7 17 &5 11 10& 06 104 10 104 120 04
M1{—TUnbranched dorsal-fin ray length 132 14 203 381 334 17 - 5 3465 407 21

MI1l—Length of 1st branched dorsal-fintay 270 17 216 271 246 17 1538 & 22§ 240 10
M12—I ength Ind branched dorsal-fin ray 2192 17 14 240 204 18 181 10 181 223 12
M13—Dworsal-fin base 122 17 11% 145 131 06 135 10 131 HME 05
M14—Pelvic-fin length 257 17 23 M1 239 13 1BE 0 177 191 04
M15—Unbranched pectoral-fin ray length 371 6 494 508 546 T4 653 % 506 653 46
M16—Length Ist branched pectoral-finray 221 13 187 256 217 18 200 10 180 214 14
M17—Length Ind brenched pecroral fimray 174 14 145 213 181 15 175 0 153 177 0%

M1i—EBody depth 113 17 103 134 11% o0& 126 10 1035 12468 07
M1%—DBody width 134 17 12% 149 13% 06 172 10 156 172 O3
20— Miarcillary barbel length 657 17 608 B22 641 55 T64 10 662 Bl 47
M2 1—Owuter mental-barbel length 430 17 343 589 421 67 #H4 10 259 H4 53
M2 2—Inner metal-barbe] langth 250 17 202 428 265 5B 172 10 143 2040 17
M23—Head lensth 2046 17 198 233 216 0% 227 10 X7 47 08
Percentagze of HL

MMI4+—Haad depth 615 17 585 679 625 27 478 10 385 478 28
M2 5—Haad width 458 17 47 s00 45 20 TO 0 579 T09 38
M2 6—Bony Interorbital 140 17 131 159 146 08 117 10 96 117 06
M2 7—Flachy Interarbital 347 17 303 364 338 18 M5 10 1731 M4 08
MM2E—Eye dismeter 227 17 M4 247 228 08 198 10 186 205 06
M2%—Preorhital langth 482 17 #4217 481 17 514 10 462 337 20
ME3{—Snout length 375 17 319 375 3546 16 419 10 365 439 21
3 1 —Internarial length 153 17 118%8 159 140 12 148 10 128 185 16
W32 —Anterior internarial width 154 17 113 160 138 15 110 1¢ 102 130 09
M3 3—Postenor intemnarial width 138 17 103 141 121 10 21 10 77 91 04

Amnal fin with m+8 (11) rays (Figue 64-8); mangular in lateral profile; shoot (3.5—11.9% of 5L). Anal-fin base
ongm anterior to verhcal through adipose-fin ongin, and reachims the vertical through kalf-length of adipose-fin
when adpressed Fust pteryziophore of anal-fin mserted between hemal spines of vertebrae 22-23 (3) or 23-24
{1).

Adipose fin shghtly long (21.6~27.1 % of 5L}, convex in lateral profile; distance from last dorsal-finray to adi-
pose-fin ongin shorter than adipese-fin base length Adipose-fin ongin posterior to vertical through body mudpomt
{excludmg caudal fin), postenor region of adipose fin shghtly postenior to verhical through anal-fin fip.

328 - Zooraxa 4820 () & 7020 Magmolis Prass FAUSTINO-FUSTER & OETEGA

274



Caudal fin bifurcated. dorsal and ventral lobes of same zize Dorsal caudal-fin lobe with seven (11) branched
rays: ventral caudal-fin lobe with eight (11) branched rays. Caudal fin wath 45 total rays; with 22 (1) rays on dorsal
lobe and 23 (1) rays on ventral lobe. Dorsal caudal plate (hypurals 3, 4 and 5) with eight (4) rays; ventral caudal
plate (parhypwral plus hypwals 1 and 2) with nme (4) rays (Fizure 4).

hy

pop
FIGURE 3. Lateral view of suspensorium of Mastigianis yaguas, paratype, MUSM 61686, 42.7 mm SL. Abbreviations: en =
entopterygoid; hy = hyomandibula; jo = interopercle; mt = metapterygoid: op = opercle; pop = preopercle; and qu = quadrate.

hu3+hud+hus

pul+ul ph :
hul+hu2

FIGURE 4. Lateral view of caudal skeleton of Maszigianis yagua:, paratype, MUSM 61686, 42.7 mm SL. Abbrevistions: epu
= epural; ml + b2 = hypurals 1 and 2; hu3 + bud = buS = hypurals 3, 4, and 5; ph = parhypural: pul + ul = preural centum 1
and ural centrum 1; pu2 = preural centrum 2: ur = uroneural. Amows: anterior processes.
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Total vertebrae 39 (4). Furst complete hemal spme on vertebra 14 (4). 13 (4) pre-caudal vertebrae (including five
vertebrae of Webenan apparatus) followed by 26 (4) caudal vertebrae. Postennormost vertebrae 6-9 wath antenor
newral process; and last 2—3 vertebrae (except on pul + ul) with antenior hemal process (Fizure 4). Six (1) or seven
(3) nbs.

Laterosensory canals of head wath simple tubes ending m single pores. Suprzorbital canal wath seven branches:
sl, 52, 53, 54, 56, 57 and s8; each one opening into its own pore, except branch 52 (fused with 12 into complex s2+12
pore). Infraorbital canal with six branches 11,12, 13, 14, 15 and 16; each one opening into its own pore, except branch
12 (fused with branch 2 into complex 52 + 12 pore). Preoperculomandibular canal wath 10 branches: pml. pm2. pm3.
pmd, pm5, pm7, pm8, pm9, pm10 and pml1. all opening mto 1ts own pore except branch pmll, fused with branch
pol (into complex pol + pml1 pore). Postotic canal with three branches: pol. po2 and po3, each one opening into
1ts own pore except branch pol (pol + pml] pore). Lateral line complete and continue until caudal fin base.

Color in alcohol. Body overall pale cream, with dark brown chromatophores dismbuted mdistmetly on lateral
region of body and head: ventral surface unpigmented (Figwre 1). Nammow and indistinet lateral strip, dark brown,
clearer on postenor region, extending from adipose-fin ongin to caudal-fin base. Dorsal rezion wath six conspicuous
blotches of dark brown chromatophores: first posterior to supraoccipital process, second antenor to dorsal-fin on-
gm, thurd postenor to last dorsal-fin ray, fourth between last dorsal-fin ray and adipose-fin ongin. fifth at adipose-fin
ongm. and sixth located at end of adipose-fin base. Dorsal surface of head (supraoccipital) covered with dark brown
chromatophores fading laterally. and ventral surface pale. Maxillary barbel. outer mental barbel, and mner mental
barbel shightly pigmented with dark brown chromatophores dorsally; and unpizmented ventrally. Dorsal, pectoral,
pelvic, anal and caudal-fin rays hightly pigmented with Light brown chromatophores, inter-radial membranes hya-
line. Adipose fin with dark brown chromatophores mregularly dismbuted. more concentrated at proximal region
than distal rezion (hyahine).

Geographic distribution. Mastiglaniz yaguas 15 distbuted in the Yaguas River, mbutary of the Putumayo
nver basm, and i the Nanay River mbutary of the western Amazon River; in Putumayo and Maynas provinces,
Loreto department. Peru, Upper Amazon bazin. (Figure 5).

-79.0 -69.0 -59.0 -49.0

~16.0

FIGURE 5. Geographical dismibution of Masnglaniz yaguas (red circle), M asopos (white mangle), and M durantom: (vellow
square). Stars represent the type localities of each species. Each symbol may represent more than one specimen
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Etvmmology, The species name, yaguas, 15 mn reference to the Yaguas National Park (Parque MNactonal Yaguas)
in northeastern Pem; created recently as a conservaton area to protect the florz and fauma, and the hidden Amazon
brodiversity. The name 15 treated as 2 noun in apposition.

Identification key of Mastnglanis

1A, Anpal fin with eight branched rays and tips of the pelvic fin reaching or swrpazsins the adipese finenzin ... ... ... ...,
oo Mastiglaniz mgm'ﬁ]pper-’l.ma.mnhmn,‘l

1B. A.ualﬁ.umthseianbmxhsdm'f,mdn;lsmthepd\uﬁnmtmaﬁhm_m!ad.qmseﬁnmgm e 1
1A, Candal-paduncle depth 5.7- E'“.ufilhiursmnndl‘wnmlpa‘ocmcmdalﬁum ......
. . Massgl :m:umpa: flwerﬁ.ma.mn biazin)
1B C‘zuduped'untﬂdepth-t}—:l'mucfﬁl a.mdl“mn‘aucndalmms
. .Hartigf.:lw dmmn\.r' (Ha:{mz' tlasin]l

Discusszion

Masriglaniz belonzs to the Nemuroglanis subclade, which is defined by 16 synapomarphies proposed by Femans
(1988) and Bockmann (1924}, All synapomorphies were found m the new species. Mastiglaniz yaguas also pres-
ents all the synapomorphies of the genus as suggested by Bockmann {1994} with some vanation m the following
characters: character 3 (frontals narrow at supraorbital portion), M. yaguas has wider frontals than congeners, width
0.4 times of frontal length (0.3 in M asope: and M. durantoni); character § (an anterodorsal oriented shelf-like
process at the symphy=al remon of premaalla), this structre 15 absent in A yaguas (Figure 1); character 8 (elem-
gated metaptervgord), M yaguas has an even longer metapterygoid (Figure 1) than in M asepos (Bockmann 1994:
Fig. 6) and M dwrantoni (de Pinna & Eeith 2019: Fig. 12); character 9 (a lanuna at the antercdorsal marzin of the
opercle), M yaguas has smaller lamina (Figure 3) than m M asopos (Bockmann 1994: Fig. 6) and M durannoni
{de Pmnna & Eerth, 201%: Fiz. 12}: character 10 (rear portion of opercular bone tapered and cwved ventraliy), m A
yaguas the postenior regon of opercle & not curved (Figure 3), while m M asopos (Bockmann 1994: Fiz. §) and
M. duranroni (de Piona & Eeith 2019 Fiz, 12), 1t 15 cwrved.

A B

=10 n=11

@
5

Unbranched anal-fin rays
Branched anal-fin rays

a
o

=] m

a n

] & & : &
> f’é’ -1"‘? J fé .,}‘F éfgf @"‘

FIGURE #. Boxplot showing merjstic varation among Mastglaiz. {A) Towm] mumber of unbranched ansl-Sn rays. (B) Toal
oamber of branched anal-fin rays.

Additionally. Mastislaniz yaguas has osteclogical characteristics that differ from all congeners. Cranmm- in
the new species the mesethmoid 1= shorter (Figure 2} than i M asepers and M. durantoni {Bockmann 1994: Fig 4;
de Pmna & Keith, 2019: Fig. 8); the postenior region of anfenior fontanel 15 narrower than the postenor fontanells
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(Fipwre 1}, while in M. asopos and M dirantoni the postenor region of the antenor fontanalle has the same wadth
as the postenor fontanelle (Bockmann 1994 Fiz_ 4; de Pmna & Eeth 2019: Fig. 8); anteropostenor width of pre-
maxilla approxmmately a5 broad as antenior portion of mesethmeoid m M yoguas (Figure 2), mearwhile M. asopos
and M durantoni have the anteropostenior premaalla width larger than antenor portion of mesethmeoid (Bockmann,
1994: Fig. 4: de Pinma & Keith, 2019: Fiz. 11). Short nasal bone (approximately 10 times its width) m M vaguas
while A asopos has a long nasal bone (up to 20 times 1ts wadth) (Bockmann, 1994: Fiz, 4). Suspensermon: ovoed
entopteryveod (Figure 3), while M asopes and M. durantoni have a quadrangular entopteryzoid (Bockmann 19594
Fig. 6 as mesopteryzoid; de Pmna & Eaith 2019: Fig. 12); aricular carhlage between metapteryzoird and quadrate
hugher (seven times its length) (Fizure 3) than m M aropes (1.3 tomes its length) (Bockmann 1994: Fiz. 6); quad-
rate without dorsal process (Figure 3), while M. azopos and M. duranton have a dorsal process (Bockmann, 1994-
Fig. 6; de Pinna & Eeith 2019: Fag 12); pomted arbeular condyle of quadrate for lower jaw (Fizure 3, vs. rounded
in M azopos (Bockmann 1994; Fig. 6) and slightly rounded m M durantoni (de Pinna & Eeith 2019: Fig. 12);
and metaptervgoid longer (2.3 its height) (Figure ) than in M asopos (1.8 times its height) (Bockmann 1994 Fiz.
6) and Af durantoni (1.9 times tts height) (de Pinna & Eeith, 2019: Fig. 12). Posterior caudal vertebrae: M. yaguas
has medizn anterior processes nearly parallel to the vertebral columm axs; at the base of newal spimes of the last
6—0 vertebras, and at the base of hemal spines of last 2—3 vertebrae {except on PT1 + Ul) (Fizure 4, black amrowrs);
while A asopes with any process (Bockmarm 1994: Fig. 104).

Prncipal component analy=is (PCA) comoborate the morphometric differences between M yagnas and M aso-
pos (Figure 7). The most vanable component was PC1, PC? and PC3 with 38 4%, 7.7% and 1.8% of total vanance,
respectively. PC1 reflects size vanaton, therefore we represented the plot of PC2 v=. PC3. The most significant
measurement to distingush these species are pelvic fin length (M14), body wadth (MI1%), head depth (M24) and
width (M25), mberorbatal width (M26), and pestenor intemanal wadth (3033}, These differences are further sup-
ported for the linear regression analyvses with the 93% confidence intervals not overlapping (Figure B).

L I

Component 3

-10 8 6 4 2 0 2 4 6 8
Component 2

FIGURE 7. Scaner plo¢ of Pnncipal Componens Analysis (PCA) berwvesn component I and component 3, of Miarnslmis aro-
pos {red), and Mernielamis yaguas (biue].

Mastiglamizs asopos is wadely distributed along the Lower Amazon basn (Bockmann, 1994; de Pinna S Eeath,
2019). Meanwhile Maztiglamiz durantoni is restricted fo the Maroni Fiver of Eastern Guyara (de Pinna & Kerth
2019). Mastiglaniz yaguas 15 distibuted in the Yaguas an Nanay nvers, mbufaries of the Upper Amazon basin
Despate several wchthyological expediions bemg camed out along the mam nvers of the Perinian Amaron the new
species was only found m the upper Amzron Fiver of Paru.
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FIGURE 8. Linear regression of the main morphological measures to differentiate Masnglani yasue (white circle), and Adas-
ngiams asopes (black drcle). Dashed lines represent the 25% confidence interval

Comparative material examined

Mausniglanis asopes

Brazil: Para State: Holotype: MNET 12227, 654, mm SL, Izarape Saraczzmho (frbutary of Trombetas Faiver)
pear fo Porto Trombetas, Porto Trombetas. Paratypes: MNET 12228, 9 paratypes, 42.2-53.3 mm SL, collected
with the bolotype MINET 12229, 1 {cfcs), 48.8 mm SL, collected wath the holotype. Non-Types: Para State: MCP
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26881, 1, 494 mm 51, Igarape Pwaguequara, Churem MCP 26883, 1, 247 mm 5L, Izarape 5, Concordia do
ParaBR 010 road 10km to east from Czpim Biver, Concordia do Para. MCP 26884, 1, 24 4 mm 5L, Guama Frver,
Urucwitéma, 530 Miguel do Guama, Amazeonas State: MCP 29564, 9, 30.9-359 mm SL. Japura River, Nova
Colombia commumity, Alvardes. MCP 33972, 62, 24 338 8 mm 5L Izarape do Vinte e Diots, Recanto do Saman, 20
km to east from Humaits, Humarta, BMCP 35975, 112, 20.9—43.2 mom S Ippoma FEiver, balnearo Porto Alegre, 7.6
km to west fom BR-319, Humata. Rondonda State: MCP 35969, 1, 384 mm 51 Izarape Bananewrs, BRA423 road
to north from Guajars-Moim Guzjara-Mum, MCP 35573, 1, 31.2 mm 51, Dia Lape Frver, BR-425 road, between
BE-364 and Guajara-Minm Nova Mamore MCP 35878, 27, 25.8-37.8 wom 5L, Jaci-Parana Fiver, BE-364 road
between Porto Velho and Jaci-Parana, Jaci-Parana. Roraima Stace: MCP 46191, 1. 362 mm 5L, Izarepe Jabum
BE-174 road between Jundia and Reraindpols, Roramopolis.

Masniglamis aff, asepos
Brazil: Amazonas State: ANSP 196198, 1, 50.7% mm 5L, Punis Faver, upstream from the confluence with the Am-
azon Raver, Berwn ANSP 196199, 1, 33.2-34.2 mm 51, Amaronas River, upstream from the Puris River mouth,
Anon, MCP 24207, 1, 47.2 mom 5L, Amazon River between Madetra River mouth and Itacoatiars, Itacoatiana. MIOP
24468, 1, 491 mm 5L, Amazon River, 30 km upstream from Haccatiarz, ftacoatiara. Alato Grosso State: ANSP
187247, 99, 22.9-33.7 mm 5L mbutary of Cristaline River, Araguaia Brver, 42 km northwvest fiom Cocalinha,
MWT-326 road Conxao do Meia MCP 33060, 1. 28 8 mm 5L, arovo Tame, MT-423 wad to a 14 km west from
Clandia, Claudia MCP 33692, 1, 38.7 mm SL, Ferre River, road between Nowo Mato Grosso and Mova Ubuatd, 25
km to southrarest from Moo Mato Grosse, Nova Ubnatd. MCP 40305, 1, 34.3 mm 5L, Trés stream. 30 km to south
from Posto da Mata, BE. 138 between Posto da Matz and Als Branl Posto da Mata. Para State: ANSP 194592
2, 25.5-30.1 mm SL, Bacajai River, upstream from the confluence with MNingu River, Altanira. ANSP 198692, 4,
23.6~34.7 mm SL. ¥ingu Fwver, Boa Esperanca, 40 km southwest from Altamara, Altawura. AMNSP 198739, 30,
258476 mm SL. Xingu River, 45 km southwest from Altamnra, Altaoura. ANSP 198795, 2. 24 6—35.6 mm SL,
Bacajai River, tnbutary to Mingu Frver, Altamua. ANSP 199569, 4, 29 53592 pum 51, Xingu Fiver, 44 km south-
west from Altansiva, Altamira. ANSP 199648, 2 25.1-31.3 mm 5L, Ird River, § km upstream from the confluence
with the Mg Frver, Altarnra, MCP 26882, 1, 40.5 mumn 5L, Izarape 530 Joaquum, road between 530 Domingos do
Capim and Belem-Brasilia (BE. 010), mbutary of Guama River, Sio Demmzos Czpim. MCP 51554, 1. 52.9 mm 5L,
Amazen River, Siho Pajau, Santarem ROM 103716, 1, 35.0 mn 51, Irin River, tnbutary of Mingu Rrver, Urnara
ROM 103743, 14, 204-26.7 mom 5L, e Inn, nbutary frem Mingu Brver, Uniara. Rondonda State: MCP 35870,
&0, 22.0—46 8 mm 5L, Izarapé 5. mbutary of Madewra River, BR-364 road, 51 km southwest from Jacl Parana.
Guyana: Potare-Siparund Region: ANSP 173773, 1, 45.0 mm 5L, pool 1solate to 40 mumuates from the mam
channel from Ezsequibo River, 15 mumtes upstream from Maipun eamp, Siparum: VIT-2 ANSP175774. 2 349-359
pum SL, Essequibo Rrver, 1.5 hows upstream from Maipun camp. AWNSP 177253, 4, 26.1-56.8 mum 5L, Essequibo
Faver, Ezsequbo. ROM 91460, 3, 28.7-43.6 mm 5L, Imbaima stream. Potaro Fiver, Essequibo River basin. ROM
21488 1. 234 mm 5L, Litle Watlans stream. Potaro River, Esseqmbo Fiver basin. ROM 97143, 1. 23.7 mm SL,
Eonawaruk River, Konawarnk-Esseqmbo River basan. ROM 97198, 1, 36.9 mm S, Eonawaruk River, Konawa-
ruk-Eszequibo River basin. Alte Demerara-Berbice Region: ANSP 177251, 17, 21 3—60.5 mm 5L, Buwro Buro
Fiver, Deer stream upstream from Diogs falls, Dlemerara. ANSP 175730, 2. 24.7-38.8 mm 5L, Essequbo Fiver,
Ewukupan. Alte Takutu-Alto, Eszequibo River: ANSP 179731, 1, 57.9 mun LE. Ireng Raver, Tekutu-Branco-2e-
gro Rmver basin, 6.9 ko southwest from Earasaban vallage. ANSP 179732, 25, 26 6-53.7 mm 5L, Fupunum Rrver,
Ewatamang, 4 km southeast from Annzn AWSP 179733, 7, 36.9—66 8 mm 5L, Takutn River, Negro Fiver, 2.75 km
west from Saint Ignatins. ANSP 179734, 1, 52.0 pon 5L, Ireng Brver, Takutu-Branco-Negro Frver basin, 6.9 km
southwest from Karasaban village. ANSP 179735, 7, 33.5—64.0 mm SL, Rupunumni River, Karanambo ranch. ANSP
180748, 5, 29 6—50.5 mun ST, Araquai stream, Fupummi Fiver, 77.3 km southeast from Lethem ANSP 180950, 2,
31.1-31.6 mm 5L, Takutu Fiver, Branco-Negro River basm, 3.77 km southwest from Lethem ANSP 197720, 2,
32.8-33.3 pm 5L, Manan Erver, Takuiu-Brance Brver basin, 102 km portheast from Lethem ANSP 202247, 14,
36.4—66.7 mm SL. Takutu Fiver, Branco-Negro River basin, 3.77 km southeast from Lethern  Cuwyvuni-Mazarund
Region, Essequibo River basin: ROM 69508, 3, 27.0-38.3 oo 5L, Mazarum Rrver FOM 84034, 1, 256 oo 5L,
Semang River, Mazamm Frver ROM 84078, 1. 41 8 mm 5L Mararuni Biver ROM 86202, 26_ 23.6—35.7 mom SL,
Rupunum River ROM 36402, 9, 28.8-54.3 mm 51, Fupunum Brver ROM 97623, 7, 23.7-36.6 mm SL. Epng
stream Mazarum Frver ROM 97654, 2, 24.7-36.4 mm SL. Mazarm River. ROM 101635, 3. 34 1-34.7 mm SL.

334 - Zoorgms 4820 (2) © 2020 Magnolia Press FAUSTDNO-FUSTER & ORTEGA

280



Mazarmu River, ROM 101765, 11, 253431 mom SL_ Mazarum Rrver. ROM 101798, 47, 257449 mm 51, Kn-
rupung River, tibutary of Mazauni Rrver. ROM 101878, 1, 40.8 mm 5L, Kunapung River, mbufary of Mazarum
Roiver ROM 101900, 4, 27.0-38.1 mom ST, Mazarom River, ROM 102059, 1. 26.5 mm 5L, Mazarom River. ROM
102095, 16, 26.9—40.7 mm SL, Mazeruni Brver ROM 102141, 1. 350 mm SL, Meamm stream Mazarnmi River
ROM 102183, 3. 26.7-40.6 mm 5L, Epmg stream, Mararum Fiver

Veneruela: Bolivar State: ANSP 160405, 1, 43.1 mm 51, Onnoco Faver confluence with Cawa Fiver, near
to Puerto Las Majadas. ANSP 166955, 1, 41.0 mun SL., cafio Chuaporio confluence with Caura Brver, Caura River
ANSE 166936, 2, 42,2472 mm 5L, Caura River, 112 nules upstream from Jaballzl ANSP 166958, 4, 34 6417
mm 5L, Michare Fiver, La Raya beach, 15-20 munutes upstream from the confluence with the Caurz Brver Ama-
zonas State: Orineco River bazin: ANSP 1680629, 134, 28 7-55.3 mm 5L, Sipapo Eiver, 3-2 km upstream from
Pendare. AWSF 182259, 2, 50.4-54.1 mom 5L, Ventuan Fiver, beach in Preua village, 34 km from Macwruco, 104
km to east froms San Fernande de Atabapo. ANSP 182653, 1. 32.0 mm 5L, Manapiare River, Venfuan Rrver, 20 km
northwest from San Tuan de Manapiare. ANSP 182789, 3, 30 8—46 6 nm 51, Manapiare River, Ventnan Fiver, 10
km neathwrest from San Tuan de Manapiare. ANSE 182973 1 31 8 mm S1, Manapiare River, Ventuan Rrver, 17 km
northwest from San Juan de Manapiare. ANSP 191332, 1, 50.8 mm 51, Ventnan Fiver, upstream from the end of
the axtensive rocky rapid, 1 km upstream from Salto Tencna, 227 km southeast from Puerto Ayacucho, Manaprara.
ANSP 191406, 2 32.1-32.7 mm 5L, catio Palmells. upstream fom bndge of Ruta 12 road, 35 km northeast from
Puerto Ayacucho, Atures, AWSP 202203, 2, 41.4-56.5 mm 5L, Cataniapo Faver, bndge main crossing and down-
stream from confluence with Oninoce Frver, 5.6 km south from Puerto Avacucho. ANWSP 206024, 1, 28.3 mm 5L,
Guapucht Rrver, Ventuan River, 10355 km to east from San Femando de Atabapo. EOM 944133, 403463 mm
5L, Catamiapo Fiver.

Mastiglanis aff, durantons
Surinam: AMSP 189106, 2, 40.8-55.2 mm 5L, Litame River, confluence with Marowim River, upstream from
Ecnya Kondre, Sipalawim.
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1 | INTRODUCTION

Cetopsarhamda Eipenmann & Fisher 1916 5 a pemes of Neotrop-
ical thres-harbeled catfish distributed along the os/trans Andean
drainapes of Magdalena, Amazon, Oninooo, 550 Francisco, Parana
and Unogeay River besins (Bockmann & Guaerdll 2003
Bockmann & Slobodian, 2017 This gems was previously classi-
fied with the larger bodied catfishes Siuridse within subfamily
Pimaodinee by Eigemann & Fldver in Epenmann (1923, After-
wards, Gosline {1945) and Gomes and Schubart (1958) consid-
ered Cefopsorhamdia a member of Pimelodidae. Stewart (19B85)
was the fird to plce Cetopsorhomefla within the Heptaptens
poup, which became part of the lrge monophwietie dade
proposed by Lundbeg and McDade (1964) Subseguent monpho-
logical analysts placed Cefogsochamndla within the Nemeroglanis
clade (Ferrans Jr, 1988 Lundberg of al. 19%1) and thus formaily
within Rhamdiinee (Lundberg of ol 1991) but shorty thereafter
raimd to Rhamdiidee by de Pinea (1993) In bis  enpueblished
Pl thesis.  Although Bockmann  (19%4)  corroborated
Cetopsorhamda x5 8 membar of the Nemuroglanis dade within
Rhamdiinae, Sivergrp (1%76] pointed out proorty of Hepta-
pterinae Gill (1B51) over Rhamdiinse Bleeler (1862) Swarca
et al (2000) was the first to formally we Rhamdildse baed on

A new species of Cetopsorhamdiz is described from material collected on rapid inven-
taries and ichthyological expeditions in the Amazon region of Peru, Ecuador and
Colombia The new species can be differentiated from all other species of
Cetopsorhamdia by the colouration pattern on fins number of vertebre, number of
ribs, level insertion of dorsal fin, number of =ys on dorsal and pectoral fin, osteclogi-
cal characters and several other momhometric charsctars. The new species is distrib-
uted along tributaries of the upper Amazon River basin in Peru, Colombia and

fresh water, Neotropical taxonony, three-hare] catfish

de Pinna's thesis 1993, but has thareafter been recognized &
the family Heptapteridse by Bockmann & Guazzelli (2003]
Cetapsarhamdia is 5 member of Heptapterind hased on monp ho-
logical and molecular anakysis (Fermans Jr, 1988; Bockmann, 1996,
Silva et al., 2021, Faustino-Fuster et ol 2021 Cetopsarhamdia can
be disgnosed from all other genera within Heptapterind by four
imarphol oical char acters: (4] presence of 3 medial ossification over
the medisn porion of the shull coverdng the epiphyseal bar
and leaving reduced anterior and pocterion fontmnds (b orbital
|= opti) foramen small; (¢} mouth ventral and ) snout condcal
{Bockimann & Reis. J021). In addiBon, the previows authoms suppest
a strict defindtion of Cetopsorhamdio based on bwo putative synapo-
manphies: (a] presence of a medial ossification over the median por-
tion of the shull covenng the epiphyseal bar and leaving reduced
anterior and posterion fontanels; (b) orbital i= optic) foramen small
Therelore, Cetogsothamdia sensu stricto (following Bockmann &
Reis, 3021) inchedes Cetopsorhamdla boguilae Eigenmann, 1922
Cetopsorhamdio clathrata Bockmann & Rels, 3021, Cetapsarhamdio
theringl Schubart & Gomes 1959, Celopsorhamdls insidicsa Ste-
indachmer 1915, Cetopsarhamdia nasis Eigenmann & Fisher 1916,
Cetopsorhamdio pick el Schaslix 1944 and Cetoparhamdia spll opleura
Bockmann & Reis, 2021 Recent momphological work suppests
that Cetopsorhamdla malinge Miles 1943, Cetopsorhamdia o knoco
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Schaltz 1944, Cetopsodhamdia phantasla  Stewart 1985 and
Cetoporhomdo shermand Schaliz 1944 belong to three cumently
wnrerognized  genera (Bockmann, 19PE,  Bockmann &
Siobodian, 2017 with molecslar evidence that further supports
this finding for C. modnoe (Faustino-Fuster ef al, 2021)
Cetopsarhamda flomentasa Fowler 1945 appears o be related to
Rhamda (Bodanann, 1998, DRFF pers_ obs ). These hypotheses are
mot yet formally published; therefore, in this study the ssthors con-
sidered the following 12 valid spedes a5 Cetopsorhamda (Fricke
ot ol MM} C boquillae. © clathvata, C spllopleura, © flamentasa,
C lheringl, C imidlosa, C. malinae. C. nagus, C arlnoco, C. ph 1,

3 | RESULTS

31 | Cetopsorhamdia hidalzol new species
urndsidroobank org pul OF 10781 3-B3AT 46 TE-B2D0-6C D BE TBAIIF
umdsidroobank orgact 1B608T 54-ETEE-400A-BO3E-2502EESALT 1Y
(Figures 1a-c. 2 3,4 and 5; Tahle 1a)
Cetopsorhamdia sp: Hidalgo & Pesl, 2006 42 73, 77, 79-80,
144, 173 177179 254, Figere 5 (apd biological and sodal
liventaryl.

C pecklel and £ shermant.

Recent sxpaditions camied out by natural history wassems gov-
ermmental ones and Non-g) tal organizations slong, the
Ammaron basin in Peru and Eosador revealed one new spedies of
Cetapsashamda herein described.

2 | MATERIALS AND METHODS

Measurements were taken with digital calipers and are expressed o
the nearest 0.1 mime All measurements were taken point to polnt and
followed Lundborg and McDade (1986] Bockmann (1994) and
Faustine-Fuster et al. 2019). Standard length (L) is given in mill-
metres. and the other vis are @xp in percentage of
L or head length (HL) (Table 1a-c). Couwnts of fins rays, ribs and wer-
tetwrae {incheding the first five vertebrae in the Webedan apparatus
and one from the hypural plate) were taken from cleared and stained
{ckes) specimens prepared scoonding o Taylor and Van Dyke [1985],
and digtal radicgraphs (o) were taken with the AXR 110 Holtshot X-
Ray System in the fish division. Field Museum of Natwral History,
Chicago, United States. Asterisis within parenthesi () represent
holotype count Numbers between parenthess | are number of
specimens. Ostealogy analyses wene done followd ng Bockmann and
Miguelsrena  (2008) and Ortega-lara (2013), and  Carvalho
af al (2013, Nomendatere of e latercsensory cephalic system
foliowed Amatia and Huaguin {1%%5), Schaefer and Aguino (2000
and Bocknann and Miguesa (2008 & distyibution map

was prepared in the Cuantusm GIS version 21810 software
(Shemman et ol 301 Isttwbonal  abbreviations  follow
Sabaj (2019,

Compansons wefe performed twough the examination of sped-
mens, incheding types onginal descriptions and revisionary works on
valid species of Catopsarhamda: C boguillae, C. lamentosa, C lherkngl,
C isidlosa, © molinae, C noss (Ortega-lara, 2007, C orinoos,
C phantasia, C ek led and C shenmand

21 | Ethical statement

This shedy wsed only ethanol-presened specimens deposited in
e and did not imohve animal experdmentation.

et el sp Hidalpo & Willind, 2007 34, 56, 59—&0,
105, 125, 137-128 198, Figure o (apd biolepical and socal
imventoryl

Cetopsovhamdia sp. i 1: Bodanann & Slobodian, 2015: 22-323
{fish imemtony)

€ phantasa: Canvalho et ol 2014: 417, 437 lspecies list).

Hebotype. MUSM 69550, 30.7 mm L. Pera Lometo Deparrent
Remguena Provines, Tapiche Rber, Mational Park Skema del Didsor, 7=
12 29700 §; T3 55 2557 W, 14 Acpust 2005, M. Hidaleo &
1. Pezsd

35 Paratypes: All from Pene, Manay drainage. FMNH 139553
1 256 mm Ly, Loseto Depanment. Maynas Province, Allo Nanay, 2¢
AT 20007 & T40 4% 34845 W, 22 Avpust 2006, M. Hidalpgo E
P Williede MUSM 55034, 1 25 22 mim L, collected with FMNH
139553 Moraon drainage, Amazons Department. Condorcangs
Province: ALUM 48744, 4, 26.3—27 2 mm L, Marafdn Rives, 4° 35
2245 5 T 514 10,19 W, 08 August 2006, MK Lugan, 5. Fledker,
A Capps, P. German, [ Osodo. AUM 71300, 3. 24.1-26 4 Lg.
Conspa Fiver, 45 3¥ 37.76" S 78 117 7087, 02 Aupust 2008,
M Ligam 00 Taphom 5 Flecker, B. Rengifo, 0 Osono. Uervali
drainage. Lorsto Depatment, Reguena Provincs: FMNH 143004,
1, ZB% mm Ly, Unnamed creek tributary to Tapiche River, National
Park Sierra del Divisor, 70 49 3979 5. 73° 56 34007 W, 14 Awguist
005, M. Hidsipo & 1. Perrl FMNH 143018 1, 283 mm L, collectad
with holotype, FMNH 143069, 2, 234 -300 mim Ls, Unnamed creel
tritustary to Tapiche River. National Park Siera del Divisor, 7% 12
21307 5 TEF 56 7A%T W, 16 August 2005, M. Hidalgo & 1. Pexxl
FMNH 143084, 2, 27E-314 mm L., Unnamed creek tributary to
Tapiche River, National Park Seva del Divisor, 7 11 38.48" § 75
5Y 160" W 19 Augest 2005, M. Hidalgo & 1 Persl MUSM 62615,
2 235-23 Tmn L, collected with FMNH 143004 MUSM 62715,
2 (1 chs)l 260-275 mm Ls. collected with FMNH 14306 MUSM
63924, 1, 281 mm Ly, collected with holotype. MUSM &3%24,
1 280mm La. collected with holotype Cusco Department, La Con-
wvencion Province: MUSM 35639, 1. 232 mm Ly, Bl Dorado oneel trib-
utary to Mishahes River, Unsbamba River, 117 27 35.70" 5, 72° 500
QU399 W, 25 July 2009, H Ortega st al MUSM 54758, 1 297 mm Ls.
Serjall River tributary to Mishahus River. 11° 458" §.67° 5, 77 30
24.85" W, 10 December 2015, L Sipidn, J. Esping & P. Andia MUSH
S06E7T. 31 chg, 244-329 mm Ls, Megantond District. Serjall River
tributany to Mishabun River, 11° 45 1934% 5 72 20 44865 W,
01 September 2017, | Siplon. A Mendoza & P. Andla UFRGS 2BS45,
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8
% il= =55
&
% 3 g oo @
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slz % §
21=
5
i o % A
Sl 55
% g
dla ™o 3 FIGURE 1 Cetopsorhamdia hidaigal. MUSM 69550, hodotype
H Peme, Lorebo, Regueena, Tapche Bhvar tibwtary to Ucayali
‘g % {a) Lateral view, |b) dorsal view and i) ventral view. Black
L . =1 = 9 B . 3
Py = | iCabes e wropenital papillae Scale bar = 1om
§|l. Y% 8 3
o =& W E 2 285307, collected with MUSM S0587. Madre de Dies drainage.
S
a ; = ¥ Madre de Dies Department. Manue Province: MUSM 23596
.E _2" 1. 263 mm Ly Amipolllos Bocs cresk tribstary to Amipelles Rher
:E o 9 0 3 Amigos Rlver, 12° 22 1593 § 70° 22 1385 W, 21 June 2004
= A R I
o E 3 B E M Hidalgo et sl AN from Eosador, Mapo drainage All from
E é = Sescuemibios. Pronvince, Shaeshafundi Cotore FMNH 103260, 1. 27 0mm
3 R [ £ Ls. Napo River, 0° 10r 59687 5,767 307 Q.00 W, 25 November 1985
-E - u : 0. ) Stewart M. C lbarra R Bamiga-Salazar. FMMH 1032461
g
-g i = 1L ZBBmm Ls, Mapo Fiver, 0° 10r 5412 5 76° 50" 3588 W,
E‘ 4 ~ 5 E € 27 September 1981 D. J. Stewart. M. C |bama, R Barriga-Salazar. All
wix L] 5 fram Ovallans Prov . Francisco de Ordlana Cantore FMNH
E E 103242, 2 28 9-2B9 mm Ls. Mapo River, O° 40 Q127 5 76" 53
E : AZ00 W, 04 November 1981, [n ). Stewart. M. T Ibama. B. Barriga-
1:=_ f Salazar: Colombiz ROM 107277 2 286-315mm L: Cagueta
b B ; Demrtment. Florenca, Orteguara River, 1= 3% 29707 N 757 32
A o= 4
£ x i 5 FLOE" W, 08 July 2007 N. K Lujan, A Ortega-Lara G € Sancher
T E5 C. Conde, V. Meza-Vanzas
T EREz g
« % ¢ Bl & : Diagnosis
g £ 5 5 E B C haolgel mew species |5 distinguished from afl congenss by
o ® J g
= g g 2 = ﬁ g having one of two dark brown Snipes on dorsal, pehdc and amal fins
= R
.ﬁ E ﬁ E E ':-: 5 Vi stripes on previows Tins absent]. in addition, C. hidalgod can be dis-
o 5 f_ bing dl from all congeners except from C malinge by having fewer
- &
w @ B35 vertebrae (34-35 wvertebrae . 36 in C. shenman: 36-37 in
pr oloeogl TR
@ v h Ty = C. phantasia; 36-38 in €. plekdei; 36- 3% in C nasus;, 37 in C boguillae
< = e g B x5 3
- s 2 and O nsidlosa; 37-3% in O deringl; 38-40 in O ofbnacd; 3940 in
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FIGURE 2 Left lateral view of the ur
caudal skeleton of Cetopsorhamdia
hidalgal, MUSM 80687, paratype.

28.7 mm Ls. Abbreviations of the
anatomical parts: ep: epural; hul + hu2:
complex plate formed by hypurals 1 and
2 hu3 + hud + huS: complex plate
formed by hypurals 3.4 and 5; ph:
parhypural; pul + ul: complex centrum
formed by preural centrum 1 and ural
centrum 1; pu2: preural centrum 2; ur:
wroneural Scale bar = 1 mm

FIGURE3 Dorsal view of cranium of Cetopsorhamdia hidalgol,
MUSM 60687, paratype. 28.7 mm L, Abbreviations of the anatomical
parts: afo: anterior fontand; apa: autopalatine; fro: frontal; let: lateral
ethmoid; max: maxilla; mes: meset hmoid; nas nasal; pfo: posterior
fontanel, prmx: premaxilla; pto: pterotic; soc: supraocdipital; sph:
sphenotic; trpd: transverse process 4; trps: transverse process 5.
Scale bar = 1 mm

C spbplewa; 40-42 in C. cathvata and 45 in C fillamentosa)
C hidalgoi can be distinguished from all Cetopsarhamdia except from
C boquiliee and C. spilopleura by having fewer number of paired ribs
(7 ribs vs. 8 ribs in C. molinae, C. phantasia and C. filor 8-9ribs

hu3+hud+hus

FIGURE 4 Right lateral view of rium of Ce topsorhamdl

hidalgoi, MUSM 62715, 27.8 mm L. Abbreviations of the
anatomical parts: ent: entopterygoid; hyo: hyomandbula; lop:
interopercle; met: metapterygoid; ope operdle; pop: preopercle; gua:
quadrate Scale bar = 1 mm

in C ornoco and C. dathrata; 9 ribs in C insdicsa, C. picklel and
C. shermani; 10 ribs in C nasus; and 9-12 ribs in C. lheringl). Moreover,
C. hidalgoi can be distinguished from all cong except from
C. malinae and C. shermani by having the first anal fin pteryglophore
inserted on vertebrae 18-19 and 19-20 (vs. inserted on vertebrae
21 in C. boquillae, C. insidiosa, C. orinoco, C phantasia and C picklel;
21-22 in C theringl, 22-24 in C splloplewra; 22-25 in C dativata;
23 in C nasus and C flamentasa). It s further distinguished from all
Cetopsarhamdla  spedes except from C. malinge, C pickdel and
C. shermani by having the first dorsal fin pterygiophore inserted on
vertebra 7 (vs. inserted on vertebrae 4 in C. fbmentosa; 8 in
C. boquillae, C lheringl, C. insdiosa, C orinoco; 9 in C nasus;, 10 in
C. phantasla; 11-12 in C dativata and C. spllopleural. 1t is further dis-
inguished from C. clath C. spiloph C molinge and C. sh |
by having homogeneous dark brown colouration on body sides with
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FIGURES Dorsalview of the branchial arch of Cetepsorhamdia feescres gh ks ,\\ :
Ak Lt Avesones Lowands
hidalga, MUSM 60687, paratype. 287 mm L. of the pecpes e ? 12°S
anatomical parts: bb, ¢ basibranchial 2 to 4; cb,_¢: ceratobranchial 9 Ucayek - Wuserse o 1y 29 300 S
1-5; eby_4: epibranchial 1-4; gr: gill rakers; hby _s: hypobranchial 1-3; e — AN

phs_s: pharyngo-branchial 3- 4. Scale bar = 1 mm
FIGURE 6 Geographical distribution of Cetopsarhamdia hidalgol.
Red star symbol represents the type locality. Each symbol may
represent more than one collection lot

two more intense dark brown bars, first one ventral to adipose fin and
second one at the caudal-fin base (vs. two longitudinal rows of 10-12
quadrangular dark brown marks in C dativata; 18-22 imegular, verti-
cal brown bars in C splloplewra; four well-defined vertical dark brown

bars, first anterior to dorsal-fin, second posterior to dorsal-fin, third ”C,!vamnnl n=1 |
bedow adipose fin and a last one at the caudal-fin base in C malinge " C pickde z =
and C. shermani). Furthenmore, C. hidalgoi can be distingusished from C.orinoco In=a [ ]
C phantasia by having six branched rays on dorsal-fin {vs. 10 branched C nasus {n=4 ==
rays on dorsal-fin). In addition, other proportional measurements dis- énﬂme' :-41 = |
tinguish C. hidagal from all congeners (except C. clathrata and C theringl |n=4 ER
C spilapleura) as highlighted in Table 1a-c. & C. hidalgoi "::‘ — :
Description. Morphometric data presented in Table 1a C boguillae |n=1 |
Body elongate, cylindrical in cross section until adipose-fin and
kil ahpaiity gl Suly Bl Ao 32 34 36 38 40 42 44 4
dorsal-fin origin ¢ 0.12-0.18 of Ly and less than HL. Lateral line on TOTALVERTEBRAE
body complete until anterior edge of the hypural plate. Dorsal profile )
of body slightly convex, mildly straight from nape to adipose fin inser- C-m": e I
tion, slightly convex from insertion to end of adipose-fin and slightly c n=a |
straight from end of adipose-fin to caudal-fin base. Ventral profite of C.orinoco |m=a [ =i]
body sightly comvex from opercle opening to pelvic girdie, mildly ke pre “ !
straight from that point to anal-fin origin, slightly convex from anal-fin C.insidiosa {n=1 |
insertion to caudal-fin origin. Caudal-peduncie depth dmateh cct:ﬂ:: ":” e ]
twice of caudal-pedundle length. C flamentosa {n=1 ‘
Head small. slightly depressed with conical snout In dorsal view. C boguillae {n=1 |
Dorsal profile of head forming convex arch from snout tip to supra- é 7 8 pe 10 1 12 14
occipital, and ventral profile of head slightly convex from tip of lower TOTALRIBS

lip to operdle opening. Antertor nostril tubular and doser to upper lip.

Posterior nostril opening nearly round and with flap of skin extending
along aperture. doser to anterior margin of eye than to antesior nos-
tril. Four nostrils arranged as in vertices of a trapezold; anterior nostril

FIGURE 7 Boxplot showing meristic variation among
Cetopsarhamdia. {3} Number of total vertetrae. (b) Number of ribs. |

median; @ 25th to 7 5th percentiles; T, 95% range: n. sample size
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distance namower than posterior nostrll distance; all nostrils lacking
barbels Eve diameter similar to inter nostril distance.

Mausth wide subtemminal {appiood mately hall of HL); margin of
lower jaw slipghtly conves, latersl commissure reaching to vertical
thramh middle of internostrl relon.  Premasdilary  fectangular,
length approcdmately fowr tines its width teeth on premasdlls small
contal and sharply pointed and arranged in fhee OF St nearly ree-
lar roows. Madllary, infer and outer mental barbels short, slender
and tapering distally. Mauxillary berbs readhing pectoral-fin onigin
when adpresed jmore than one time its HLL inserted postedion Lo
upper lip. Owter meontal barba inserted 8t middle of verticsl
through regon betwesn masllary barbel Irsertion and anterior eye
margin its tip reaching pectoral-fin inserton when adpressed jone
stuth to one-sghth of HLL e mental barbed insented anedor to
vertical thiouph insertion of mental barbel its tip reaching inner
bearder of branchiostepal membrane when adpresed

Dharsal fin moderately large, with langth of dorsal-fin base 04-05
of HL, distally triangular in lateral profile. Dorsal-fin spinget absent.
first dorsal fin ray unbranched with prosdmal one-fifth rigid and
remnainder flexible lacking distal filament in 2l examined spedmens.,
dx branched rays (18], fist pterygiophore inserted on bifid newral
pine of venebrae 7 (12

Pectoral fin length approsimately fowr-fifths of HL, with § + 8
(18 ori +F (2] rays and distal margin triangedar: first pectoral fin ray
dighily longer than other fin rays, proximal portion of first pectoral-fin
ray shightly rigid and distal porton soft. and not prolonged as filament
in amy examined spedmens, tip of pectorsl-fin dose o pehic-fin
insertion

Pedvie fin small, approodmately half of HL with | + & {21), all rays
completely soft distal margn shghtly comvest Palvic fin insention
located halfwary between pectoral and anal fin insertions, tip of pelic
fin ing anars and wropenital papill

Analfin @ -+ 7 (1L & -+ 8 (2, v+ 7 (13) and v + B{27);

-~ FISHBIOLOGY |

arsd dhstal vegion free. Uroneoral present and fesed to bypural fha, with
vedtlye of subwe. Epuml rod-lke and conmected to dorsal region of
prewral centnam 1 and wral centrom 1 dpaed + wll Hypuapophysis oom-
plest with foramen (pasage of dorsal branch of caudal atery) posterior to
pul + ul centran Posterlonmost newral spines withow any proces.
Diorsal coibal plate fvvpuml 3.4 and 5) with B {12 raye Venlnal cousdal
plate frypunl 1 and 2} with 7 (12) rays. Totl vertebese 34 (2] or 35 (7L
12 1) of 43 {200 procweds ] vertebrae and 2 (3, 22 (8] or 24 (1] cowdal
vertehrae jcomphete haenal spine). Ribs 8 {11) pairs

Cramial skelaton | Figure 31 Cranial roof bones lacking omamenta-
tion: dorsal surface shphtly conves and without crests: arbital region
well defined dorzaily; concave and limited anterody by lateral eth-
mokd, laterally by frontal and postetordy by sphenobic; intenorbital
wider than its length; bwio crandal fontansls separsted by eplplyseal
bar; posteriorn fontans] lomper than anterior fontand {mone than thrice
of antenor fortand lengthl anteriof region of pesterior fontane] twice
the width of its posterior regon, snberor region of antetior fortaned
elongated. posterior region of rhor T i ded: epiphyseal
bar located anterior to midpoint of frontals length. Mesethmodd in
dorsal and ventral plane; anterolsteral mesethmodd in dorsal horizontal
plane, anterolstersl mesethmodd comar shart thick . bhant-tipped and
antenols terally directad; p ot eral mesethmoid in ventral horiz
tal plane laterally projected; reglon between posterion border of pos-
temdsteral mesethmold and anterior border of lateral ethmodd
separated (connected only by ethmoidean cartilage]. Lateral ethmoid
shigivily rectangular; anteror and lateral mangins shightly concave; pos-
terior portion longer than anteror portion; lstersl region of posterior
portion pointed Vomer amow-dhaped, small (half sive of posterolat-
el mesethmodd). Premaxilla rectanguelar, width more than thrice its
ety fof margn contineous, poteslatersl sdge dmilar o
posteromedia angle five or siv irregular rows of villiform testh. M-
ila small and traperoidal (distal longer than mesial regon). distal

margin on Lteral profile, small fin base (011-015 of L) Anal-fin base
insertion anberor bo vertical through the adipose fin insertion. Firsd
anterior pterygophone of anal fin inserted between 18 and 1% {8) or
157 and 20 (3] ver tebrae

Adipese fin shart (0.15-0.29 of L), distal mangin triangulsr in Lit-
eral profile. Adipose fin insertion sliphtly posteror to bady midpodnt
andl pogteniof to vertical throwph anal fin insertion. Adipose fin inser-
tiasn babwween vertelrae 20 and 21 (¥)and 21 and 22 (2.

Cansclal fin deepty fofied, with vertral bbe sightly longer than dersal
b and tips of lobes rouended. Tobl cnsdal fin rays 40 {21 41 (51 42 (2.
43 (1) andt 44 (2% 19 (1), 20 (4] 21 (5] and 22 |2) on dorsal coasd] lube
and 20 44, 24 (5] 22 (2) and 23 (1) on ventral casdal lobe. Dorsal caedal
babe with ¥ {199 branched rays and ventml curtsl kobe with 8 (197
branched rays Caudal fin {Figere 2 with fve hyporals seties bud, hu,
hud, bt and S, Ventral cowdsl plate (il and ) and dorsal caedsl
plate (3, hed and hab) separated distalty Hyporals 1 and 2 completaly
fesed inio single vental caudsl plate. without any wvestipe of subme ine
Partsypural very chse to ventral rnamin of bl with sove prosdmal sulsene:

region. Thind and fourth hypurals compietely Rised into single darsal caw-
il plate. Fifth byporal and basS -+ bt with procimal reglon subune. medial

region v Doy tulbke around madilany barbe base Autopalating
rod-ike: size longer than ontital region; small cantilages at anterior and
postedor margins, antenior dightly Jonger than postenor cartilage.
Hasal shorter than mstopalatine. s ghtty wider than sutopalstine, and
pooily ossified Frontal smooth and lacldng processes; antenorty lim-
Ited by lateral ethmon, posterolsterally limited by sphenotic and pos-
tenody limited by aupracccipital; postenor and anterior portion with
similar width. Sphenotic smaller than pterotic sphemotic shightly
narrower than plerotic. antenor and posterion portions with similar
width. Plerotic longer than sphenotic anterior portion than
posterior portion. Sopracccipitsl Bmited laterally by sphenoid, and
antenioy by posterion mangin of sphenotic and frontsls; supraoccipdtal
process nartow, bifid and mediem-sized (similar size of anten o fonta-
el length), reaching midpoint of complax cent rd {in dorsal view].
Complex anterior vertebwa (Figure 3. Composed of verebrse
1 2.3 4and 5 vertebrae 1 disc-like element and atiac hed to oomples
wvertebia; complex wertebra (vertebrae 2-4] attached o vertebra
5 with surturne ventrally; nesral spine of vertebra 4 not coverning newrsl
spine of verebm 5 Transverse process of vertelra 4 divided inte
anteror and posteror branches Anterior branch of transwese process
of vertebra 4 wide, laminar and expanded laterally;, proximal porton
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wwider than distal portion. Posteror branch divided in anterjor and pos-
terior portion; anterior portion arborescent, divided into two main
anms fantenor and posterior amms], posterior amms with consplosouws
notch; postedor portdon triangular and expanded Laterally one-third
length of anterior portiens Tranverse process of verebra 5 &
expanded and not beanched

Suspensory (Figure 41 Entopterygoid small and slightly

postedor portion cartilaginous, ossified portlon twice longer than car-
tilaginows portion. Hypobranchial 3 completely cartilagnous, rectan-
gular and elongate anterolaterally; hypobranchial 4 absent Fiwe
ceratobranchial sedes: cbl cb2, cbl, chu and chS; fully cssified with
cartilage anly ot their datal and prosximal sxtromi tes; ceratodran hial
1 and 2 similar sire, longer and wider than ceratobranchisl 3. 4 and
5. Cer chial 3 longer and wider than ceratobranchial

gslar dorsal and post ral margins p d and h

margin attachad to lateral process of vomer; postedor marngn shghthy
concave and attached to avterodorsal mangin of metapterygoid. Mat-
aptenypold gusdrangular, smooth and approsdmately fouwr tmes
entopterypoid size; dorsal, antenior and ventral mangns shightly con-
cave, postersdorsal and posteroventral margin of metapterygoid
sttached with dentste subwre and small cafilagines bar Lo
anterodorsal margin of Quadrate, and vertral margin joint with
anterodornsyl process of guadrate. Quadrate approsdmately rectangs-
lar, smaller than by nedifsla ; rhor and postedor portions sepa-
rate ench other; avtenor margin of guadrate with long anterodorsal
proces Covering ventrolater al mangin of metaptenvecld; dorsal margn
dightly concme posterodonsal and post tral mangins connected
to hyomandibuts with dentate sutures and lirge cartilaginows bar;
anvterior portion of gueadrste with robust triangulsr process to artio-
labe with: angulo-anti culo-retroar towlar. Hyom andibala vect angular and
sightly smonth {with crest for the inser tion of the levatar arcus palatin
miesclel; anterodorsal mangin concave; dorsal mangin with wide pro-
oesies to conmect o newno P al vy dibilar pro-
o5 shender and trianguler finsertion of lovator operaull irnescle] with
posterior mangn pointed; medial face of hyomandibula with slender
dliiptical f oramen for lyoldeomandibedar nerve trunk pessage. Opercle
trisngutar and longer than hyomandibata, anterior snd posterentral
mangins shightly convesx: dorsal mangsin mostly straight: posterior and
venitral margins sounded, with posterion margin orlented ventrally; lat-
exal surface flat with conspioes crest and fosae for accommodat] on
of levator opercull muscle Interoperde i lar; antesior, posted

4. Ceratobranchisl 4 and 5 with shmilar length but chS expanded
anteromedially to ppont one patoh of conicsl teath, teath with simi-
lar size and covering more than half of chS length. Fowr epibranchial
series phis accessory element of coratobranchial 4: ebl, eb2 b3, ebd
and aechd; first fowr rod-shaped, anteromedially narmower than post-
emolaterally portion; mostly osified; sbl_ eh® a3 and ebd extremi-
ties and sechd cartilaginomes; epbranchial 1 and 2 with smilar size,
el and eb2 longer than b3 and abd. Epitranchial 3 with triangulir
posterion undnste process united to medial port on to itsal flooks lke
foramen on posterior portion of cb3l Epibanchial 4 expanded at
mntenior and postenor portion. Two pharynpobranchis sedes: pb3 and
pbd; pharyngobranchial 1 and 2 absent. Phanmgobranchial 3 rectangu-
lar, casified and anteror portion namower than posterior portion.
Phanmgobranchial 4 ossified, semiciroudar wi th patch of conteal teeth.

32 | Colourin alcohol

Droreal and lateral body swriaces mostly dark brown with cream details
and ventral sl ace cream (Figure 1) Dorsal region of head and cheels
covered by dark brown plgnent. ventral region oream with scattered
dark brown chromatophores fading ventrally and cream blotches.
anteniorn to adipose fin insertion and on dorsal region of cawdal pedan-
de. Distal portion of madliany barbel with dark brown plgment dor-
sally ard prosdmal portion enpigmented Outer mental barbsed dark
iown dorsally onty on distal porton and  prowimal | portion

i sted Inaver mental barbel dark brown pl gment only on inser-

and dorsal margin pointed,; ventral margin and posterodorsal region
ooncave; anterodorsal regon diphtly concave. Preopende rod- g pe:
anterior margin wider than posterior mange; anterodorsal bonder
articulating with ventral margin of quadrate and posterdonsal bonder
articulating with anteroventral border of hyomandibula.

Branchial arches |Figere 5). Thiee basibranchial seres bb2 Bb3
and bb4 (basbranchisl 1 absent). Basibranchial 2 and 3 antero-
posteniofly elongate. largely ossified, anterior portion wider than pos-
torior portion, B2 fowr tmes longer than bb3 Basbranchisl

thon, and prosdmal portion enpligmented

Base of caudal fin with =W shape dark brown biotch. Caudal-fin
rays prey and Inter-radial caudal-fin membrane transhecid with one
wedl-defined dark brown verticsl =V shape stripe and one diffuses
dark broswn vertical =y~ shape stripe Dorssl, anal, pectoral and pelvic
fins with two dark brown Sripes, with concentration of grey Chwo-
matophomes along rays and interradial membranes transhecent; fin
bases with concentration of dank brown chipmatophores. Adipose fin
with distal grey plementation. base with concentration of dark brown

4 completely cartilaginous, hesagona dhaps anterior and poster

portions pointed and lateral portions slightly concave: bordered by
cartilaginme heads hypobranchisl 3 anteriorly, ceratobr anchisl 5 pos-
teriniy and cesatobranchial 4 lsterafly. Theee hypobrandhial senes
hbl. hb2 and kb3 Hypobranchial 1 laterally elongate. larpety ossified,
sre more than twice its greatest width, largely emified, cartilage just
in proodinal and distal exremities. antenion portion with wndinate pre-
oess. Hypobranchial 2 sliphtly elongate. triammelarwith medial portion
more pointed than lateral portion anterior porton  ossified and

ch shasies reaching maore than hall is depth. Black and namow
stripe along Lateral line, shigitly convest above pectoral fin and straght
along midbody line from that point to caedal-fin base.

33 | Sexual dimorphism

Uregenital region triamgslar and slightly elongate in males (Figure 1o
black amow], raperobdal and short in females.
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34 | Etymology

Marmed in honoor of the mrthors” colleage and friend Mo Hidastgo,
professor, and curator of the ichthyoiogy Depantment at the huses
de Historla Matural In the Universidad Macional Mayer de San Maroos
[MUSH] fior his devation and dedication to Penu ichithyology. Hidalgo
codlacted the holotype in addition to many specimens of the bype
series an expeditions incheding several rapid inventories in Peru that
have led to the creation of multiple comservation aness.

35 | Geographic distribution

C hidalgad s known from the Ucayall, Marafbbn Napo and Orbemears
rhvers mibutanes of the Upper Amazon River in Pens, Ecussdor and
Colombia and from the Madre de Dics River tributary of the Madeia
River basim In Pens {Figene &).

346 | Ecology
Found in dearwater stieams with modest flow, substrate often with
ssbmmenged leaves and sand

4 | DISCUSSION

Cetopserhamdia belongs to Heplaptednl which k& bosed on 12
synapomorpiies  (Bockmann, 1998 Femaris k. 1988, Siha
etal, 2021). All these synapomorphis were found in the new species
C hidalgad, most of them shown in Figeres 1-5.

Based on modphological (Bodkmamn, 19%8) amd  moleostar
(Fausting Ruster et al. 2(21] phylogenies, Cetopsotamdia do not form
& manaphyletic gens. and some species ane to be mowed to diferent
peneta ot vel formaly described (Bockamann & Slobodlan 2017).

Bodmann and Res (3021) fhased on Bockmann, 1998) diagnosed
the pemus Cetopsoshamdia by hindng fouwr syra poma phies (a) presence
of a madial ossfication over the madian portion of the shall, covering

. hidalged s more similar to © molinge (Figure 73] or . boguillae.
Despite this difference all previows C. hidalgol monphological data
are most  congroent  with the phydogenstic hypothesis of
Ceatopsarhamdia proposed by Bockmann (1 998] and F mest no-Fuster
et al. (2021).

Dristribartional pattems of C. hidaged sugpest that the new species
is found in the pledmont region of the Amaron basin in Ecuador,
Codombia and Peru and the lowlands in tribwstaries of the Upper
Madsira River. Bockmann and Skobodian (2013) recorded a similar
morphotype distributed in the Boni River (Bolivial Guapore River
(Brazill and Madetra River {Brazill bot the suthors of this study oould
not access this matenal to inchede them in the anshyses of this stedy
Based on jphot hic and morphologeal information provided by
these asuthors, the suthors of this shedy found colourstion patterms
and some manidic data similar to O hidalgn, thas posdibly expandng
the distribation of C. hidalgod to Bolivia and Brazil

4.1 | ~Comparative material examined
In addition to the comparathe materisl listed by Faestino-Fuster
et al (2019, the following lols were examined:

€ boguiliee. All from Colombis Holotype FMNH 55212 xi,
Tiimm L, Boguillh Cawca River. Pamtype FMMH 55213
&, 445602 mim Ly Boguilla, Cawsca River.

C Bamentsa Al from Penw Junin Department Mon-type:
Perene River bagin: MUSM 15605, 3, 621-T24 mm Le. Tulsmayo
River, San Ramon. MUSM 125657, & 25.4—423 mm Ly, cresk tributary
ta Chanchamayo Rver, Chanchamayo.

€ theringl All from Braxil. Mon-type: MCP 471%1, 4 (1cks]
43 T-64 B mm Ly, Parand River. Pratinka Minas Gerais. MCP
a058, 5 (icks] 368-560mm L. 530 Frndso  Rhver,
Jaboticatubas. Minas Gerais. UFRGS 10277, 3 (cBs), 56.0-72.9 mm
L;. Parand River. Planalting. Distrite Federal UFRGS 25408
10 {1cks] 353781 min Ls, Urugeai River, e, Rio Grande do Sel
USHM 313192, 4, 56.5-758 mm L, Cubatso River, Upper Parana
River, Mear Cajune, 550 Pado State. USHNM 345663, 1, 63 2mm Ls,

the epipiysesl bar and leaving rdeced anterior and posterir fonta-
reeds; ] cobibal | = optic] foramen amall; o) mouth ventral and {d) snost
oo al According to monphodopical data {(Figures 1 ard J) C hidalpol
daes nat cantain the first previouws syra pomonphy of the four monpho-
kical chamcters to dignests Cetopserhomala. it 5 more Smilar to
C malinge, © arindca, C phantasia and C shermand by the sbence of a
medial osdfication ower the medial portion of the skl covernng the
epiphyseal bar and kaving reduced anteror and postenion fontanels.
This character s present in & boguiloe, © chithrata, © spdlaplern.
C msrs . heingl and C bsadoss (Bedamann 1998, Ontega-
Lara, 3012, Bockmann & Ress, 2021; ORFF pers ate |

The modphometric dats of this stwdy (Table 13 indicate that
C hidalged |s most similar to C nases, £ lnsdidasa, C oilmoco and
C pickdel wheress the vertebrse and fibs oount dsta suggest that

Pedin L o cresle tribwtary to Das Velhas River lapeara, Minas
Gorals State.

C imsidissa All from Venemels Amaronss State. Non-type: ANSP
150596, 1, 327 mm L. Onnoco River, Puerto Ayscucho. AMSP
165534, 1, 366 mm Ly, Catanlapo River, Puerto Ayacucho.

C modinee. All from Colombis, Magdalens Basin. Non-type: Huills
Department ICH-MNH 5719 1, 35 mm Ls, Mapdalera River ICN-
MMH 20307, 5, 33 7-40.2 mm L, Suaza Rher, Garzon Municipalby.
JCH-MNH 23039, £ 312 mim Le Swam River, Gareon Municipally.
IEH-MNH 23049, 5 2323-239mm Ly, Mapdalena River confluence
with PAez River, Gigante Municipalty, ICN-MMH 23131 1, 348 mim La.
Susara River, Garen Mumdpality. ICN-MNH 2315410, 225-24.6 imm
La, Magdalena River mear to Betanda, Gigante Mumicipality. KKN-MNH
23317, 2, 242-268min Ly, Padz River, Tesaln Muntcipbly. Caldas
Drpartiment. KoN-MMH 13829 1 230 mim Ls. Magdalona River
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€. neses. Holotype: FMNH 58126, w. 54.3mm Lo Honda,
Codomibia

C. arinocn. Holotype: USHM 121254, s, 543 mm L. Torbes
Miver, Orinoos River basin, Tariba Vensresls Parstype: USNM
121215 % 323-52 3mm L same data of holotype. Non-type: (CH-
13391, 1 &% %mm L, Colombla (CMN-14%83 1 Tidmm Ly
Colombda.

. phantasa. All from Eosador, Orellana Provines. Holotype
FhIMH 24601, wr, 38 8mm Ly Jivino River. Paratype: FRMNH 94602
1, 390 mm Ly, Rvine Rbver

C. picklel. All from Vemouels Holotype USNM 131217, s,
BEdAmm Ly, Mobian Rher, Motatan, Mamcaibo Basin Paratype
LENM 121218, 28, 45.3-114.9 min Ls. same dats of holotype. LSNM
121219, 22 370-T8Emm Ly, San Juan River, tributary to Motatan
River, Mene Grands, Maracaibo Basin USNM 1212200 7. 514-
faamm L, Motstan River, Motstan Marscaibo Hasin USMM
121321 17, 369-702min La Palmar fver, Totuma, southwest of
Maracaibo, Fulla Province. USNM 121222 24, 460-957mm L.
Amadlas River, Motatan, tributary of Motatan Rives, Marsicaibo Basin
UMMZ 141935, 5 504-775 mm L, Mmafes Rher, tibutary 1o
Motatan River, Matatan

C. shermanl. Holotype: USNM 121226, s 305 mm L. Guanco
River, Aragiea State, Veneruda,
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ABSTRACT

The genus Pariolius is monotypic heptapterid genus represented by P. armillatus
distributed along the upper Amazon River basin. A taxonomic revision of Pariolius from
Colombian Rivers revealed two new species. A morphological, morphometric, and meristic
data were used to distinguished between congeners. Osteological descriptions and counts
were conducted from clear and stained specimens and X-rays images. The two new species
are distinguished from congeners by the caudal-fin shape and numbers of rays, colorations
patterns and several morphometric characters. The two new species of Pariolius are restricted

from tributaries of the Upper Orinoco and Upper Negro River in Colombia.
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INTRODUCTION

Pariolius is a monotypic genus represented by Pariolius armillatus Cope 1872. This
species was described within the current Trichomycteridae, but reassigned to Pimelodidae by
Gosline in 1940. Mees (1974) considered Pariolius Cope 1872 as junior synonym of
Heptapterus Bleeker 1858 and listed as Heptapterus armillatus by Ortega & Vari (1986) and
Burgess (1989). After previous studies, Pariolius was considered as a valid genera by several
authors (Ferraris, 1988; Lundberg et al., 1988; Lundberg et al. 1991; Bockmann, 1994;
Bockmann & Guazzelli, 2003; Bockmann & Ferraris, 2005; Ferraris, 2007; Bockmann &
Miquelarena, 2008; Bockmann & Castro, 2010; Bockmann & Slobodian, 2017) and assigned
within Nemuroglanis subclade (Ferraris, 1988; Lundberg et al., 1991; Bockmann, 1994;
Bockmann & Ferraris, 2005, Bockmann & Castro 2010). Currently, Pariolius armillatus is
included in Heptapterini (Silva et al. 2021 and Faustino-Fuster et al. 2021) and mostly
restricted to the upper of the Amazon River basin along Brazil, Ecuador, Colombia, and Peru

(Fricke et al. 2022).

Previous studies about Pariolius were just to compare with others heptapterids
(Bockmann & Ferraris, 2005; Bockmann & Miquelarena, 2008; Bockmann & Castro, 2010,
Silva et al, 2021) since the original description by Cope (1872). Among heptapterids
Pariolius Cope 1872 is characterized by the following features: mouth dorsal, posterior
portion of the head with unpigmented collar, region anterior to dorsal fin with unpigmented
mark, dorsal lobe of caudal fin slightly longer than ventral lobe, (Bockmann & Slobodian,
2017). An ongoing taxonomic study of Pariolius from the Orinoco and Amazon River basin

in Colombia, reveal two species new to science, and are described herein.

299



MATERIALS AND METHODS

Measurements were taken with a digital caliper (to 0.01 mm) on the left side of
specimens following landmarks proposed by Faustino-Fuster et al. (2019, fig. 1), adding
length of dorsal and ventral lobes of caudal fin. Standard length (SL) is given in mm and
other measurements were expressed as percentages of standard (SL) or head length (HL) for
subunits of the head. Principal Component Analysis (PCA) was used to compare all
morphometric variables among species using the software PAST 2.17C (Hammer et al.,

2001), the statistical analyses were for all specimens provided in Table 1.

Pectoral, pelvic, dorsal, anal, and caudal fin rays were counted in preserved
specimens. Six paratypes were clear and stained (c&s) following Taylor & van Dyke (1985)
using ethanol with the alizarin red as were proposed by Springer & Johnson (2000).
Pterygiophores, branchiostegal rays, branchial rakers, ribs, and vertebrae were counted in
c&s specimens, as well as the insertion of the first fins elements related to vertebral number.
Vertebral counts include the five vertebrae of the Weber apparatus and the caudal compound
centrum (PU1+U1) counted as one. Osteological nomenclature and laterosensory canals
system follows Bockmann & Miquelarena, 2008 and Bockmann & Castro (2010), Carvalho

et al, 2013. Institutional codes followed Sabaj (2020).
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RESULTS

Pariolius pax new species

Figure 1 a-c, and Table 1, 2.

Holotype

MHNU-I, 3258, 38.8 mm SL, Colombia, Meta, Mapiripan Municipality, vereda San
Jorge, Cano Ovejas, tributary of the Guaviare River, 03°5'26.82"N; 72°42'33.14"W, 28
February 2021, J. M. Vasquez-Ramos, M. A. Cortés-Hernandez, J. M. Quifiones-Montiel, Y.

A. Rojas-Molina, J. A. Lopez-Castaiio.

Paratypes

Twelve specimens, all from Colombia, Orinoco basin, IAVH-P 11228, 4, 25.8-27.3
mm SL (1C&S), Puerto Gaitan municipality, vereda Alto Neblinas, Finca Unillanos, Cafio La
Insula, 4°18'59.8"N; 72°03'57.6"W, 5 March 2008, E. Aya-Baquero, Rincon M. Meta: MPUJ
10047, 5 (2 C&S), 26.9-36.7 mm SL, Mapiripan Municipality, Caio Claro, tributary of the
Guaviare River, 03°7'5.1"N; 72°30'14.8"W, 16 September 2013, J. E. Zamudio. MPUJ
10048, 3 (1 C&S), 24.5-29.1 mm SL, Mapiripan Municipality, Cafio La Division,
3°7"26.60"N; 72°32'18.50"W, 17 September 2013, J. E. Zamudio. MPUJ 10790, 2, 36.1-37.0
mm SL, Vista Hermosa municipality, Sardinata River, 3°1'7.10"N; 73°50'27.40"W, 25
January 2014, J. E. Zamudio. MPUJ 11256, 2, 31.8—32.6 mm SL, Mapiripan Municipality,
3°5'19.86"N; 72°352.31"W, 6 June 2011, J. E. Zamudio. MHNU-I 3256, 6, 27.2-33.4 mm

SL. Same data as holotype. MHNU-I XXX, 5, 17.2-34.8 mm SL, Puerto Gaitan municipality,
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11 March 2021. MHNU-I XXXX, 4, 20.8-25.6 mm SL, Puerto Gaitan Municipality, 24

March 2021.

Diagnosis

Pariolius pax is distinguished from all congeners by absent of well-defined white
nuchal collar (vs. present), absent of white spot anterior to dorsal and adipose-fin origin (vs.
present), six branched caudal fin rays on dorsal lobe (vs. 4=5 in P. maldonadoi sp. nov. and
five in P. armillatus), deeper body (13.3—17.0% SL vs. 8.8—13.2% SL), wider head
(70.6—73.0% SL vs. 64.3—68.3%SL in P. maldonadoi and 68.3—69.7% SL in P. armillatus),
and shorter outer mandibular barbel (66.4—76.9% SL vs. 77.5—88.2% SL in P. maldonadoi
and 83.4—102.4% in P. armillatus) deeper head at supraoccipital (48.0—51.5% SL vs.
35.7-42.1% SL in P. maldonadoi and 37.7-45.1% SL in P. armillatus), deeper head at
interorbital (34.5—38.8% SL vs. 26.3—29.9% SL in P. maldonadoi and 23.7-30.3% in P.
armillatus), and wider head at posterior nostril (60.8—64.7% SL vs. 54.2—59.4% SL in P.
maldonadoi and 53.3—60.3% SL in P. armillatus). Additionally, it is further distinguished
from P. maldonadoi by having shorter caudal fin lobe (20.7-24.0% SL vs. 24.4—34.8% SL).
It is further distinguished from P. armillatus by having shorter preadipose distance
(70.2—73.3% SL vs. 74.0-76.7% SL), deeper adipose fin (3.1-4.6% SL vs. 2.1-2.2% SL),
bigger eye (8.5—11.5% SL vs. 6.8—7.3% SL), wider internostril distance (9.5—11.5% SL vs.

6.3-9.0% SL).

Description
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Morphometric data present in Table 1. Body moderately elongated. Cylindrical in
cross section at dorsal-fin origin and compressed on caudal peduncle. Dorsal body profile
nearly straight from snout tip to supraoccipital, slightly convex from supraoccipital to dorsal-
fin origin, straight from dorsal-fin origin to adipose-fin origin, slightly convex from adipose-
fin origin to posterior base of adipose-fin, straight from posterior adipose-fin base to caudal-
fin origin. Ventral profile of head slightly convex from snout tip to pectoral-fin origin, nearly
convex from pectoral-fin origin to pelvic-fin origin, straight descending from pelvic-fin to
anal-fin origin, and slightly convex from anal-fin origin to caudal-fin origin. Anus pore
localized at level of one third of pelvic fin length, urogenital papilla close to anus pore

(approximately eye diameter).

Head small, depressed ascending to supraoccipital, and trapezoidal in dorsal view
(Figure 1). Mouth wide and subterminal. Snout short and rounded in dorsal view. Barbels
shorts, slender, flatted. Maxillary barbel longest; inserted dorsal to upper lip, lateral and
nearly posterior to anterior nostrils; anterior portion extending in superficial groove under
anterior- and posterior-nostril region; tip of maxillary barbel surpassing pectoral-fin origin
(one third pectoral-fin length). Mental barbels inserted midway between the anterior border
of lower jaw and gular fold. Inner mental barbel shorter than outer barbel and inserted
approximately posterior to third pore of preoperculomandibular laterosensory canal (pm3);
tip of inner mental barbel surpassing the inner margin of branchiostegal membrane. Outer
mental barbel inserted posterior to fourth pore of preoperculomandibular laterosensory canal
(pm4); tip of outer mental barbel surpassing the pectoral-fin origin. Eye small, elliptical
horizontally, slightly dorsal, and anterior to midpoint of head length. Orbital margin not free
and pupil rounded. Nostrils arranged as in vertices of squared, anterior internostril distance

similar than posterior internostril distance. Anterior nostril tubular, closer to upper lip than
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posterior nostril. Posterior nostril closer to anterior margin of eye than anterior nostril,

anterior margin with flap.

Pectoral fin rays i + 7 (7), distal margin rounded; unbranched pectoral-fin ray soft and
short (0.8—0.9 times length of pectoral-fin ray); second pectoral-fin ray (first branched rays)
as long as third ray (second branched ray); last branched rays short and decreasing gradually;
tip of pectoral fin not reaching pelvic-fin origin. Pelvic fin rays i + 5 (7), distal margin
rounded; unbranched pectoral -fin rays soft and short (0.8 times length of pelvic-fin ray);
second pelvic-fin ray (first unbranched ray) shorter than third ray (second branched rays);
third pelvic-fin ray (second branched ray) as long as and fourth ray (third branched ray);last
two branched rays short and decreasing gradually; pelvic-fin origin anterior to midpoint body
(excluding caudal fin) and anterior to vertical through dorsal-fin origin; tip of pelvic fin
surpassing the urogenital papilla (one half its length). Insertion of first pelvic-fin ray on

basipterygium at vertical through between centra 13—14.

Dorsal fin rays i + 6 (7), distally rounded in lateral profile, unbranched dorsal-fin soft
and short (0.7—0.8 times length of longest dorsal-fin rays) followed by six branched rays
decreasing gradually in length; dorsal-fin origin anterior to vertical through pelvic-fin origin;
First dorsal-fin pterygiophore inserted on bifid neural spine of vertebrae 13 (2). Last dorsal-
fin pterygiophore inserted between space of neural spine of vertebrae 15—16 (1) or 16—17 (1).
Anal fin rays iv+ 7 (1), v+ 7 (1), iii + 8 (1), iii +9 (3), v+ 9 (1). Anal fin convex and short
(0.2 times its standard length). Anal-fin origin anterior to vertical through adipose-fin origin,
and last anal-fin ray slightly posterior to half adipose-fin base length. First anal-fin
pterygiophore inserted between hemal spines of vertebrae 22—23 (2). Last anal-fin
pterygiophore inserted between haemal spines of vertebrae 29—30(1) or 30—31 (1). Anal fin

with 11 (1) and 12 (1) pterygiophores. Adipose fin short (0.2 times of standard length),

304



rectangular and gently convex in lateral profile (Figure 1a); adipose-fin base longer than
dorsal to adipose fin distance (1.3—2.1 times its length) and anal-fin base (1.3—1.5 times its
length). Adipose-fin origin posterior of anal-fin origin and posteriorly not continuous with
dorsal procurrent caudal-fin rays. Insertion of adipose fin at vertical through vertebrae centra

27-28; and terminus of adipose fin at vertebrae 38—39.

Caudal fin gently emarginate with rounded border, dorsal lobe slightly longer than
ventral lobe; dorsal caudal lobe with six (15) branched rays; ventral lobe with five (9) or six
(6) branched rays. Total caudal-fin rays 40 (2) or 42 (1); with 20 (1) or 21(2) rays on dorsal
lobe and 19 (1), 20 (1) or 21(1) rays on ventral lobe. Five hypural series: hil, hi2, hi3, hi4,
and hi5. Ventral caudal plate (hil and hi2) free from parhypural, and dorsal caudal plate hi3,

hi4 separated from h5 or fused (Figure 2A).

Canals of laterosensory system with simple pores and arrangement according to
Figure 3. Supraorbital canal with four branches: s1, s2, s3 and s8; each supraorbital
laterosensory opening into a single pore, except branch s2 fused with antorbital branch
(s2+12). Infraorbital canals with six branches: i1, i2, 13, i4, 15 and i6; all opening into its own,
except branch i2 fused with s2 opening into a single pore (s2+i2). Preoperculomandibular
canal with 11 branches: pm1, pm2, pm3, pm4, pmS5, pm6, pm7, pm8, pm9, pm10 and pm11;
all opening into its own pore except branch pm11, fused with branch pol (pm11+pol).
Postotic canal with three branch: pol, po2 and po3; all opening into its own pore except
branch pol fused with pm11 opening into a single pore (pm11+pol). Lateral line incomplete,

last pore approximately at vertical through the end of anal-fin base.

Total of vertebrae 40 (1) or 41 (2). 14 (2) or 15 (1) vertebrae with incomplete haemal

spine on vertebrae. 26 (2) or 27 (1) vertebrae with complete haemal spine. Six (3) pair ribs.

Osteology
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Cranial skeleton (Figure 4) not ornamented; dorsal surface straight or slightly
convex and without crests; orbital region well defined dorsally; slightly concave and limited
by lateral ethmoid anteriorly, frontal laterally, and sphenotic posteriorly; interorbital
approximately half its length; two cranial fontanels separated by epiphyseal bar; posterior and
anterior fontanels similar width; posterior fontanel longer than anterior in length; anterior and
posterior region of anterior fontanel rounded; anterior region of posterior fontanel triangular
and posterior region rounded; epiphyseal bar located to midpoint of frontal length.
Mesethmoid with dorsal and ventral horizontal plane; anterolateral mesethmoid in dorsal
horizontal plane, anterolateral mesethmoid ramus shorter, thicker, and more blunt-tipped than
posterolateral mesethmoid, and anterolaterally directed; posterolateral mesethmoid
anterolaterally projected forming a conspicuous cornu; region between posterior border of
posterolateral mesethmoid and anterior border of lateral ethmoid filled by ethmoidean
cartilage. Vomer arrow-shape, posterior portion longer than lateral arms, anterior margin of
vomer anterior of posterolateral mesethmoid cornu. Lateral ethmoid slightly quadrangular;
posterior and anterior face straight and lateral face concave; posterior portion longer than
anterior portion; posterolateral angle more pointed than anterolateral angle. Premaxilla
rectangular, size three times its width, anterior margin continuous and without process,
posterolateral angle not pronounced; six or seven irregular rows of villiform teeth. Maxilla
small and trapezoidal (distal margin longer than proximal margin), distal region forming
bony tubule attached to maxillary barbel. Autopalatine rod-like, shorter than orbital region;
small cartilages at extremities, anterior cartilage longer than posterior one. Nasal bone poorly
ossified, shorter and narrower than autopalatine. Antorbital poorly ossified triangular, and
shorter than autopalatine. Frontal smooth and lacking any process; anteriorly limited by
lateral ethmoid, posterolaterally limited by sphenotic and posteriorly limited by

supraoccipital; posterior portion slightly wider than anterior portion; orbital face straight.
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Sphenotic longer and gently narrower than pterotic length; anterior portion with anterior and
lateral process. Pterotic shorter and wider than pterotic; anterior and posterior portion with
similar width. Supraoccipital limited laterally by posterior portion of sphenoid and the
pterotic; supraoccipital process thin and not reaching the anterior region of complex centra

(in dorsal view).

Complex anterior vertebra (Figure 5SA). Composed by vertebrae 1, 2, 3, 4 and 5;
vertebrae 1 disc-like element and attached to complex vertebra with tissues ventrally;
complex vertebra (vertebrae 2 to 4) attached to vertebra 5 with suture ventrally; neural spine
of vertebra 4 not covering neural spine of vertebra 5. Transverse process of vertebra 4 divided
in anterior and posterior branches. Anterior branch of transverse process of vertebra 4 wide,
laminar, and expanded laterally; proximal portion wider than distal portion. Posterior branch
of transverse process of vertebrae 4 arborescent; proximal region wider than distal region;
distal region divided in anterior and posterior portion; anterior portion laminar, rectangular,
notched and joined to distal region of the posterior portion; posterior portion triangular.

Transverse process of vertebra 5 is expanded and not branched.

Suspensory (Figure 6A). Entopterygoid small and slightly triangular; posterior edge
concave and attached to anterior margin of metapterygoid. Metapterygoid quadrangular,
smooth, and approximately three times entopterygoid size; dorsal margin convex;
posteroventral and medial margin of metapterygoid attached with dentate suture and
cartilaginous bar to dorsal margin of quadrate; and ventral margin joint with anterodorsal
process of quadrate. Quadrate approximately quadrangular and slightly shorter than
hyomandibula; anterior and posterior portion separates; anterior margin of quadrate with long

anterodorsal process covering ventrolateral margin of metapterygoid; dorsal margin gently
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concave along its free dorsal margin; posterior and ventral margin join to hyomandibula with
denticulate suture and cartilaginous bar; antero-ventral portion of quadrate with robust
quadrangular process to articulate to angulo- retroarticular. Hyomandibula quadrangular;
mostly smooth; anterodorsal margin slightly concave; posterodorsal hyomandibular process
slightly rectangular with posterior margin gently pointed. Opercle triangular and two times
interopercle length; anterior and posterior margins convex, ventral-posterior margin slightly
convex, and dorsal margin straight; Interopercle triangular; anterior, posterior, and dorsal
margin pointed; ventral margin slightly convex, anterodorsal and posterodorsal region

concave.

Branchial arches (Figure 7A). Three basibranchial series: bb2, bb3, and bb4
(basibranchial 1 absent). Basibranchial 2 ante-posteriorly elongate, largely ossified, size is
three times bb3 length, anterior portion wider than posterior portion. Basibranchial 4
completely cartilaginous, quadrangular shape; bordered by cartilaginous heads of hb3
anteriorly, cb5 posteriorly and cb4 laterally. Three hypobranchial series: hbl, hb2, hb3.
Hypobranchial 1 laterally elongate, largely ossified, size more than three times its greatest
width, cartilage in extremities, anterior portion with uncinate process. Hypobranchial 2
slightly elongate, L-shape, anterior portion ossified and posterior portion cartilaginous with
similar size. Hypobranchial 3 completely cartilaginous, rectangular, elongate anterolaterally.
Five ceratobranchial series: cbl, cb2, cb3, cb4, cb5; fully ossified with cartilage only at their
distal and proximal extremities; ceratobranchial 1, 2 and 3 similar size and longer than
ceratobranchial 4 and 5. Ceratobranchial 1 to 4 with similar width along its length.
Ceratobranchial 5 expanded anteromedially to support patch of conical teeth, teeth with
similar size and covering more than two-thirds of cb5 length. Four epibranchial series plus
accessory element of ceratobranchial 4: eb1, eb2, eb3, eb4, and aecb4; first four rod-shaped,

anteromedial narrower than posterolateral portion; ebl, eb2, eb3 and eb4 mostly ossified;
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aecb4 cartilaginous; epibranchial 1 and 2 similar size and longer than epibranchial 3 and 4.
Epibranchial 3 with triangular posterior uncinate process close to epibranchial 4. Epibranchial
4 expanded at anterior and posterior portion. Two pharyngobranchial series: pb3 and pb4;
pharyngobranchial 1 and 2 absent. Pharyngobranchial 3 rod-like, ossified, anterior portion
narrower than posterior portion; posterior margin mostly expanded. Pharyngobranchial 4

ossified; quadrangular and ante-posteriorly elongate.

Color in alcohol

Dorsal and lateral surface of body cream covered by brown marbled melanophores in
preserved specimens and rosy light in life specimens (Figure 8A). Ventral surface of head
cream. Upper portion of head covered by brown pigment; checks with brown scattered
melanophores fading ventrally. Dorsal surface of head between eyes and supraoccipital with
dark brown quadrate spot. Very faint cream bar (collar) above pectoral fins contacting each
other dorsally. Region between posterior margin of eye and maxillary barbel insertion with
dark brown bar. Maxillary barbel pigmented with dark brown dorsally (until one half its
length) and ventrally unpigmented. Outer mental barbel pigmented with dark brown dorsally
(until one half its length) and ventrally unpigmented. Inner mental barbel unpigmented (some
brown melanophores at base). At least seventeen brown chevron-shape lines marking the
myosepta, progressively narrower, more angled, and intense posteriorly. Dorsal, anal, caudal,
pectoral, and pelvic fins with dispersal brown melanophores along rays and inter-radial
membranes devoid of melanophores. Base of caudal fin with dark brown semilunar spot.
Base of dorsal and anal fins with concentration of dark brown melanophores. Adipose fin
with concentration of brown melanophores (half its height) and distal region unpigmented.
Lateral line with dark brown and narrow stripe, nearly convex above pectoral fin and straight
along midbody from that point to caudal-fin base and more intense anteriormost (Figure 2),

lateral stripe more intense in life (Figure 8A).

309



Geographic distribution

Pariolius pax is distributed along small creeks tributaries to the Guaviare River and

Meta River in the Orinoco River basin, Meta State, Colombia (Figure 9).

Etymology

The specific epithet is given in allusion to the PAX, peace movement from the
Netherlands, which since the early nineties has been working to protect human security,
prevent armed conflicts and build societies with peace and justice in Colombia. A noun in

apposition.

Pariolius maldonadoi new species

Figure 10 a-c, Table 1, 2

Holotype

MHNU-I 3257, 32.6 mm SL, Colombia, Guaviare State, Retorno Municipality, Caiio Potosi,
tributary of the Inirida River, Orinoco River basin, 2°10'50.8"N; 72°38'48.8"W, 27 February
2021, J. M. Vasquez-Ramos, M. A. Cortés-Hernandez, J. M. Quifiones-Montiel, Y. A. Rojas-

Molina, J. A. Lépez-Castafio.

Paratype

Thirty specimens, all from Colombia: Amazon River basin: Guaviare State: MPUJ 13074,

11, 19.3-38.8 mm SL, Calamar Municipality, Cafio Balsamo, tributary of the Unilla River,
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Upper Negro River, 1°57'59.0"N; 72°37'16.5"W, 11 January 2017, C. Moreno-Arias.
Orinoco River basin: Meta State: IAvH-P-16263, 1, 22.5 mm SL, La Macarena
Municipality, unnamed creek tributary to El Silencio Lake, Guayabero River, 02°14'57.5"N;
73°45'33.8"W, 28 October 2016, L. Mesa Salazar, C. A. Lasso, P. Herrera. IAvH-P-16293, 1,
26.6 mm SL, La Macarena Municipality, Canoas creek, tributary to Guayabero River,
02°28"29.8"N; 73°44'33.2"W, 31 October 2016, C. A. Lasso, M. Morales-Betancourt, P.
Herrera. Guaviare State: MPUJ 13075, 1, 33.5 mm SL, El Retorno Municipality, Cafio
Platanales, tributary of Inirida river, 2°10'50.81"N; 72°38'48.80"W, 11 January 2011, C.
Moreno-Arias. MPUJ 13076, 5, 23.2—35.4 mm SL, El Retorno Municipality, Cafio Blanco,
tributary of the Inirida river, 2°11'1.72"N; 72°41'26.99"W, 12 January 2017, C. Moreno-
Arias. MPUJ 13077, 5, 17.8-27.3 mm SL, El Retorno Municipality, Caiio Potosi, tributary of
the Inirida river, 2°12'18.40"N; 72°38'14.71"W, 12 January 2017, C. Moreno-Arias. EX-

MHNU-I 3257, 6, 20.7-29.9 mm SL, same data as holotype.

Diagnosis

Pariolius maldonadoi is distinguished from all congeners by having six branched
pectoral fin rays (vs. seven branched rays) and longer dorsal caudal lobe (24.4—34.8 % SL vs.
20.7-24.0% in P. pax and 18.5-23.1% SL in P. armillatus). Additionally, Pariolius
maldonadoi can be distinguished from P. pax by having well-defined white nuchal collar (vs.
undistinguishable white nuchal collar), white spot anterior to dorsal and adipose-fin origin
(vs. absent), five branched caudal fin rays on dorsal lobe (vs. six branched rays), deeper body
(9.5-13.2% SL vs. 13.3—17.0% SL), narrow head (64.3—68.3% SL vs. 70.6—73.0% SL),
longer outer mandibular barbel (77.5—88.2% SL vs. 66.4—76.9% SL), deeper head at

supraoccipital (35.7-42.1% SL vs. 48.0—51.5% SL), deeper head at interorbital (26.3—29.9%
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SL vs. 34.5-38.8% SL), narrow head at posterior nostril (54.2—59.4% SL). It is further
distinguished from P. armillatus by having longer adipose fin (22.7-25.1% SL vs. 18.2% SL
vs. 20.7% SL), and shorter snout to anterior nostril distance (7.7-12.0% SL vs. 12.8—13.3%

SL).

Description

Morphometric data present in Table 1. Body moderately elongated. Cylindrical in
cross section at dorsal-fin origin and compressed on caudal peduncle. Dorsal body profile
straight from snout tip to supraoccipital, nearly convex from supraoccipital to dorsal-fin
origin, straight from dorsal-fin origin to adipose-fin origin, slightly convex from adipose-fin
origin to caudal-fin origin. Ventral profile of head gently convex from snout tip to pectoral-
fin origin, convex from pectoral-fin origin to pelvic-fin origin, straight from pelvic-fin to
anal-fin origin, and from anal-fin origin to caudal-fin origin. Anus pore localized at level of
one third of pelvic fin length, urogenital papilla close to anus pore (separated approximately

eye diameter).

Head small (0.2—-0.3 times of SL), depressed (ascending to supraoccipital), and
trapezoidal in dorsal view (Figure 10). Mouth wide and subterminal. Snout short and rounded
in dorsal view. Barbels shorts, slender, flatted. Maxillary barbel longest; inserted dorsal to
upper lip, lateral and gently posterior to anterior nostrils; anterior portion extending in
superficial groove under anterior- and posterior-nostril region; tip of maxillary barbel
surpassing pectoral-fin origin (one third pectoral-fin length). Mental barbels inserted midway
between the anterior border of lower jaw and gular fold. Inner mental barbel shorter than
outer barbel and inserted posterior to third pore of preoperculomandibular laterosensory canal

(pm3); tip of inner mental barbel reaching pectoral-fin origin. Outer mental barbel inserted
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approximately posterior to midway between fourth and five pore of preoperculomandibular
laterosensory canal; tip of outer mental barbel surpassing the pectoral-fin origin. Eye small,
elliptical horizontally, slightly dorsal, and anterior to midpoint of head length. Orbital margin
not free and pupil rounded. Nostrils arranged as in vertices of squared, anterior internostril
distance similar than posterior internostril distance. Anterior nostril tubular, closer to upper
lip than posterior nostril. Posterior nostril closer to anterior margin of eye than anterior

nostril, anterior margin with flap.

Pectoral fin rays i +6 (9), distal margin rounded; unbranched pectoral-fin ray soft and
short (0.8—0.9 times length of pectoral-fin ray); second pectoral-fin ray (first branched rays)
as long as third ray (second branched ray); last branched rays short and decreasing gradually;
tip of pectoral fin behind vertical through pelvic-fin origin. Pelvic fin rays i + 5 (9), distal
margin rounded; unbranched pectoral -fin rays soft and short (0.7 times length of pelvic-fin
ray); second pelvic-fin ray (first unbranched ray) shorter than third ray (second branched
rays); third pelvic-fin ray (second branched ray) as long as and fourth ray (third branched
ray);last two branched rays short and decreasing gradually; pelvic-fin origin anterior to
midpoint body (excluding caudal fin) and anterior to vertical through dorsal-fin origin; tip of
pelvic fin surpassing the urogenital papilla (one half its length). Insertion of first pelvic-fin

ray on basipterygium at vertical through between centra 13—14.

Dorsal fin rays i + 6 (9), distally rounded in lateral profile, unbranched dorsal-fin soft
and short (0.8—.96 times length of longest dorsal-fin rays) followed by six branched rays;
dorsal-fin origin anterior to vertical through pelvic-fin origin; First dorsal-fin pterygiophore
inserted on bifid neural spine of vertebrae 13 (2). Last dorsal-fin pterygiophore inserted
between space of neural spine of vertebrae 16—17 (2) or 17—18 (1). Anal fin rays iv + 7 (1),

iii + 8 (2), iv +8 (4), v + 8 (2). Anal fin convex and short (0.1-0.2 times its standard). Anal-
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fin origin anterior to vertical through adipose-fin origin, and last anal-fin ray slightly anterior
to half adipose-fin base length. First anal-fin pterygiophore inserted between hemal spines of
vertebrae 24—25 (3). Last anal-fin pterygiophore inserted between haemal spines of vertebrae
31-32(3). Anal fin with 12 (2) pterygiophores. Adipose fin short (0.2—0.25 times its standard
length), rectangular and slightly convex in lateral profile (Figure 1a); adipose-fin base longer
than dorsal to adipose fin distance (1.1—1.5 times its length) and anal-fin base (1.2—1.6 times
its length). Adipose-fin origin posterior of anal-fin origin and terminus not continuous with
dorsal procurrent caudal-fin rays. Insertion of adipose fin at vertical through vertebrae centra
28-29 (2); and terminus of adipose fin at vertebrae 39—40 (2). Caudal fin gently emarginate,
dorsal lobe longer and pointed than ventral lobe; dorsal caudal lobe with rarely four (2) or
usually with five (12) branched rays; ventral lobe with rarely four (4) or usually five (10)
branched rays. Total caudal-fin rays 36 (2) or 37 (1); with 18 (2) or 19 (1) rays on dorsal lobe

and 18 (3) rays on ventral lobe (Figure 2B).

Canals of laterosensory system with simple pores and arrangement according to
Figure 11. Supraorbital canal with four branches: sl, s2, s3 and s8; each supraorbital
laterosensory opening into a single pore, except branch s2 fused with antorbital branch
(s2+12). Infraorbital canals with six branches: i1, i2, 13, i4, 15 and i6; all opening into its own,
except branch i2 fused with s2 opening into a single pore (s2+i2). Preoperculomandibular
canal with 11 branches: pm1, pm2, pm3, pm4, pmS5, pm6, pm7, pm8, pm9, pm10 and pm11;
all opening into its own pore except branch pm11, fused with branch pol (pm11+pol).
Postotic canal with three branches: pol, po2 and po3; all opening into its own pore except
branch pol fused with pm11 opening into a single pore (pm11+pol). Lateral line incomplete,

last pore approximately at vertical through end of dorsal-fin base.
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Total of vertebrae 41 (1) or 41 (2). 14 (1) or 15 (1) vertebrae with incomplete haemal

spine. 27 (1) or 28 (2) vertebrae with complete haemal spine. Six (3) pair ribs.

Osteology

Cranial skeleton (Figure 12) not ornamented; dorsal surface straight or
slightly convex and without crests; orbital region well defined dorsally; slightly concave and
limited by lateral ethmoid anteriorly, frontal laterally, and sphenotic posteriorly; interorbital
region similar its length; two cranial fontanels separated by epiphyseal bar; anterior fontanel
wider than anterior one; posterior fontanel longer than anterior in length; anterior and
posterior edge of anterior fontanel slightly rounded; anterior region of posterior fontanel
triangular and posterior region rounded; epiphyseal bar located to anterior to midpoint of
frontal length. Mesethmoid with dorsal and ventral horizontal plane; anterolateral
mesethmoid in dorsal horizontal plane, anterolateral mesethmoid ramus shorter, narrower,
and more blunt-tipped than posterolateral mesethmoid, and anterolaterally directed;
posterolateral mesethmoid anterolaterally projected forming a conspicuous cornu. Vomer
arrow-shape, posterior portion longer than lateral arms, anterior margin of vomer at same
level of posterolateral mesethmoid cornu. Lateral ethmoid slightly quadrangular; posterior
and anterior face straight and lateral face concave; posterior portion longer than anterior
portion; posterolateral angle more pointed than anterolateral angle. Premaxilla rectangular,
size three times its width, anterior margin continuous and without process, posterolateral
angle not pronounced; five or six rows of villiform teeth on premaxilla. Maxilla small and
trapezoidal (distal margin longer than proximal margin), distal region forming bony tubule
attached to maxillary barbel. Autopalatine rod-like, shorter than orbital region. Nasal bone

poorly ossified, and shorter and narrower than autopalatine. Antorbital poorly ossified
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triangular, and shorter than autopalatine. Frontal smooth and lacking any process; anteriorly
limited by lateral ethmoid, posterolaterally limited by sphenotic and posteriorly limited by
supraoccipital; posterior portion slightly wider than anterior portion; orbital face straight.
Sphenotic longer and gently narrower than pterotic length; anterior portion with anterior and
lateral process. Pterotic shorter and wider than pterotic; anterior and posterior portion with
similar width. Supraoccipital limited laterally by posterior portion of sphenoid and the
pterotic; supraoccipital process thin and not reaching the anterior region of complex centra

(in dorsal view).

Complex anterior vertebra (Figure 5B). Composed by vertebrae 1, 2, 3, 4 and 5;
vertebrae 1 disc-like element and attached to complex vertebra with tissues ventrally;
complex vertebra (vertebrae 2 to 4) attached to vertebra 5 with suture ventrally; neural spine
of vertebra 4 not covering neural spine of vertebra 5. Transverse process of vertebra 4 divided
in anterior and posterior branches. Anterior branch of transverse process of vertebra 4 wide,
laminar, and expanded laterally; proximal portion wider than distal portion. Posterior branch
of transverse process of vertebrae 4 arborescent; proximal region wider than distal region;
distal region divided in anterior and posterior portion; anterior portion laminar, rectangular,
notched and joined to distal region of the posterior portion; posterior portion triangular.

Transverse process of vertebra 5 is expanded and not branched.

Suspensory (Figure 6B). Entopterygoid small and rectangular; posterior edge concave
and attached to anterior margin of metapterygoid. Metapterygoid rectangular, smooth, and
approximately three times entopterygoid size; dorsal margin convex; posteroventral and
medial margin of metapterygoid attached with dentate suture and cartilaginous bar to dorsal
margin of quadrate; posterodorsal margin joint with dentate suture to anterodorsal margin of
hyomandibula and ventral margin joint with anterodorsal process of quadrate. Quadrate

approximately rectangular and similar size than hyomandibula; anterior and posterior portion
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separates; anterior margin of quadrate with long and strong anterodorsal process covering
ventrolateral margin of metapterygoid; dorsal margin straight along its free dorsal margin;
posterior and ventral margin join to hyomandibula with denticulate suture and cartilaginous
bar; dorsal margin joint to posterodorsal margin of metapterygoid and anteroventral margin
of hyomandibula; anteroventral portion of quadrate with rectangular process to articulate to
angulo- retroarticular. Hyomandibula quadrangular; mostly smooth; anterodorsal margin
slightly concave; posterodorsal hyomandibular process triangular with posterior margin very
pointed. Opercle triangular and less than two times interopercle size; anterior and posterior
margins rounded, ventral margin slightly convex, posterior and dorsal margin slightly
concave. Interopercle triangular; anterior, posterior, and dorsal margin pointed; ventral

margin convex, anterodorsal straight and posterodorsal margin concave.

Branchial arches (Figure 7B). Three basibranchial series: bb2, bb3, and bb4
(basibranchial 1 absent). Basibranchial 2 ante-posteriorly elongate, largely ossified, anterior
portion wider than posterior, size is three times bigger than bb3 length, anterior portion wider
than posterior portion. Basibranchial 3, completely cartilaginous, size two times its anterior
width size, anterior portion wider than posterior region. Basibranchial 4 completely
cartilaginous, rectangular shape; bordered by cartilaginous heads of hb3 anteriorly, cb5
posteriorly and cb4 laterally. Three hypobranchial series: hbl, hb2, hb3. Hypobranchial 1
laterally elongate, largely ossified, size three times its greatest width, cartilage just in
proximal and distal extremities, anterior portion with uncinate process. Hypobranchial 2
slightly elongate, L.-shape, anterior portion ossified and posterior portion cartilaginous with
two times ossified size. Hypobranchial 3 completely cartilaginous, triangular, elongate
laterally. Five ceratobranchial series: cbl, cb2, cb3, cb4, cb5; fully ossified with cartilage at
their extremities; ceratobranchial 1, 2 and 3 similar size and longer than ceratobranchial 4 and

5. Ceratobranchial 1 to 4 with similar width along its length. Ceratobranchial 5 expanded
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anteromedially to support patch of conical teeth, teeth with similar size and covering one-half
of cb5 length. Four epibranchial series plus accessory element of ceratobranchial 4: ebl, eb2,
eb3, eb4, and plus accessory element of ceratobranchial 4; first four epibranchials rod-
shaped, anteromedial narrower than posterolateral portion; ebl, eb2, eb3 and eb4 mostly
ossified; aecb4 cartilaginous; epibranchial 1 and 2 similar size and longer than epibranchial 3
and 4. Epibranchial 3 with rectangular posterior uncinate process. Epibranchial 4 expanded at
anterior and posterior portion. Two pharyngobranchial series: pb3 and pb4;
pharyngobranchial 1 and 2 absent. Pharyngobranchial 3 rod-like, ossified, anterior portion
narrower than posterior portion; posterior margin mostly expanded. Pharyngobranchial 4

ossified; rectangular and ante-posteriorly elongate.

Colour in alcohol

Dorsal and lateral surface of body dark brown (Figure 9) and dark grey in life (Figure
8B). Ventral body surface cream. Upper portion of head covered by brown pigment, surface
between posterior eye margins and supraoccipital more intense; checks with brown
melanophores fading ventrally. Cream bar (collar) above pectoral fins contacting each other
dorsally. Region between posterior margin of eye and maxillary barbel insertion with dark
brown bar. Maxillary barbel pigmented with dark brown dorsally (one half its length) and
ventrally unpigmented. Outer mental barbel pigmented with dark brown dorsally (until one
third its length) and ventrally unpigmented. Inner mental barbel unpigmented (some brown
melanophores at base). At least twenty four brown chevron-shape lines marking the myosepta
at the posterior region of the body, progressively narrower, more angled, and intense
posteriorly. Dorsal-, anal-, pectoral-, and pelvic-fin with some dispersal brown (preserved)

and grey (life) melanophores along rays and inter-radial membranes devoid of melanophores.
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Caudal- and adipose-fin with marbled. Caudal-fin base with triangular spot dark brown
(preserved) and dark grey (life). Lateral line with dark brown and narrow stripe; nearly
convex above pectoral fin and straight along midbody from that point to caudal-fin base and

more intense anteriormost.

Geographic distribution

Pariolius maldonadoi is distributed along small creeks tributaries to Inirida River and
Guayabero River in the Orinoco River basin, Meta State and Vaupes River in the Rio Negro

basin, Guaviare State, Colombia (Figure 9).

Etymology

The specific name in honour of the authors’ colleague and friend in memoriam to
Javier Maldonado-Ocampo, professor of the Pontificia Universidad Javeriana in Bogota,
Colombia for his great contribution and devotions to the Colombian and Neotropical

Ichthyology. A noun in apposition.

Identification key of Pariolius

1A. Body of color light brown; caudal-fin base with a triangular dark brown spot;
indistinguishable white nuchal collar; head wide, 70.6—73.0 % of HL; head depth, 48.0-51.5

% of HL. P. pax sp. nov.
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1B. Body of color dark brown; caudal-fin base with a semilunar dark brown spot; well-
defined white nuchal collar; head narrow, 64.3—69.7% of SL; head depth, 35.7-45.1 % of

HL. 2

2A. Six branched rays in pectoral fin; dorsal caudal-fin lobe longest, 24.4-42.6% of SL;
subterminal mouth, upper jaw longer than lower jaw; long adipose-fin base, 22.7-25.1 % of

SL. P. maldonadoi sp. nov.

2B. Seven branched rays in pectoral fin; dorsal caudal-fin lobe shortest, 18.5-23.1% of SL;
upper mouth, lower jaw longer than upper jaw; short adipose-fin base, 18.2—21.0 % of SL.P.

armillatus

DISCUSSION

Bockmann & Slobodian, 2017 propose some features to distinguished Pariolius from
all Heptapteridae (see above), according to our analysis and inclusion of the new species we
found most of them no exclusive to Pariolius. Posterior portion of the head with unpigmented
collar and region anterior to dorsal fin with unpigmented mark; those feature is present in
most species of Cetopsorhamdia, and Chasmocranus too. Dorsal lobe of caudal fin slightly
longer than ventral lobe, most of Heptapterinae have this character. Mouth dorsal, present in

Phenacorhamdia too.

The most recent phylogenetic study which include Pariolius was done by Silva et al.
(2021). The previous study found Pariolius sister to Phenacorhamdia, and all previous

species sister to Cetopsorhamdia species.

Based on previous studies and our result Pariolius is distinguished from all

Heptapterini genera by having the apomorphic character, distal region of anterior and the
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posterior portion of posterior branch of trp4 joined (Figure 5 A-B) and absent. Additionally, it
can be distinguished from its sister genera Phenacorhamdia and Cetopsorhamdia by having

the dorsal caudal-fin lobe longer than ventral lobe.

Principal component analysis (PCA) corroborates the morphometric differences
between Pariolius species (Figure 13). The most significant measurement to distinguish those

species are body width, head width, and head depth (Table 1).

Pariolius armillatus is widely distributed along Upper Amazon River basin in Brazil,
Colombia, Ecuador, and Peru (Ortega & Vari 1986; Bockmann & Guazzelli 2003; Ferraris
2007; Barriga Salazar 2014; Donascimiento et al. 2017). Despite several ichthyological
expeditions being carried out along the main rivers of the Colombian River and well recorded
Heptapteridae species in literature (Donascimiento et al, 2017); Pariolius pax was found only
small creeks tributaries of the upper Orinoco River basin; while P. maldonadoi was found in
small creeks tributaries of the Upper Orinoco and Negro Rivers; thus, making the two new

species very restricted to these two Colombian basins.

Comparative Material Examined

In addition to the comparative material listed by Faustino-Fuster et al. (2019), Faustino-
Fuster & Ortega (2020) and Faustino-Fuster & de Souza (2021) the following lots were

examined:

Pariolius armillatus Cope, 1872: Colombia: Amazonas State: IAvH-P 08680, 3, 27.1-27.8
mm SL, Tucuchira creek, Leticia. IAVvH-P 08935, 1, 32.3 mm SL, Sufragio creek, Leticia.

IAvH-P 09003, 3, 30.3-31.4 mm SL, Sufragio creek, Leticia. IAvH-P 09087, 1, 30.5 mm SL,
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Unnamed creek tributary to Calderdn, Leticia. IAvH-P 09113, 1, 32.0 mm SL, unnamed
creek tributary to Calderdn, Leticia. IAVH-P 09389, 1, 28.5 mm SL, unnamed creek tributary
to Purité River, Leticia. IAVH-P 09433, 1, 21.8 mm SL, unnamed creek tributary to Purité
River, Leticia. MPUIJ 3460, 1, 24.5 mm SL, Leticia. Peru: Loreto State: FMNH 139554, 1,
29.2 mm SL, Maynas. FMNH 140844, 1, 32.1 mm SL, Putumayo. FMNH 140850, 1, 27.8
mm SL, Putumayo. FMNH 142189, 2, 26.7-29.3 mm SL, Putumayo. FMNH 142297, 1, 30.2
mm SL, Putumayo. MCP 35607, 1, 21.7 mm SL, Parnayari creek, Jenaro Herrera. MCP
37408, 3, 12.3-27.2 mm SL, Chica creek, Jenaro Herrera. MCP 37496, 4, 14.2-28.9 mm SL,
unnamed creek tributary to Parnayari cree, Jenaro Herrera. USNM 176001, 1, 31.3 mm SL,

Peru, Mariscal Ramon Castilla, Pebas, Shansho Cafio tributary to Rio Amazon.

Pariolius cf. armillatus: All from Ecuador: All from Napo: FMNH 98303, 1, 26.5 mm SL,
Sucumbios. FMNH 98304, 5, 14.9-39.6 mm SL, Sucumbios. FMNH 103238, 5, 27.1-36.5
mm SL, Sucumbios. FMNH 103237, 3, 13.1-20.5 mm SL, Sucumbios. FMNH 103239, 1,

19.4 mm SL, Palma Roja. FMNH 103240, 1, 24.1 mm SL, Palma Roja. FMNH 103241, 2,
25.2-26.7 mm SL, Orellana, San Sebastian del Coca. FMNH 103242, 9, 17.9-34.2 mm SL,

Sucumbios, Palma Roja.

Pariolius sp: All from Ecuador: Napo State: ANSP 130595, 3, 24.1-34.2 mm SL, unnamed
stream tributary to Conejo River, Santa Cecilia. ANSP 130596, 6, 16.0-35.8 mm SL,
unnamed stream tributary to Aguarico River, Santa Cecilia. ANSP 130597, 3, 20.5-31.2 mm
SL, unnamed stream tributary to Aguarico River, Santa Cecilia. ANSP 130598, 3, 33.5-35.1
mm SL, effluent to unnamed Lake, Santa Cecilia. ANSP 170611, 1, 34.4 mm SL, unnamed

stream tributary to Aguarico River, Santa Cecilia. All from Peru: Loreto: FMNH 142750, 5,
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28.5-44.4 mm SL, Contamana. FMNH 142855, 1, 32.8 mm SL, Yaquerana. FMNH 142905,
5,31.2-37.1 mm SL, Contamana. FMNH 142912, 3, 30.7-40.2 mm SL, Contamana. FMNH
142916, 2, 36.8-38.2 mm SL, Contamana. FMNH 142925, 3, 37.1-41.1 mm SL, Contamana.
FMNH 142986, 1, 39.2 mm SL, Contamana. FMNH 142988, 2, 36.0-37.7 mm SL,

Contamana. FMNH 143087, 2, 19.4-24.9 mm SL, Contamana.
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Figures Captions
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Figure 1. Pariolius pax, new species, MHNU-I, 3258, holotype, 38.8 mm SL, Ovejas creek
tributary to Guaviare River, Meta State. (A) Lateral view. (B) Dorsal view. (C) Ventral view.

Bar=1 cm.

Figure 2. Lateral view of the caudal skeleton of (A) Pariolius pax, MPUJ 10047, paratype,
34.0 mm SL (B) Pariolius maldonadoi, MPUJ 13076, paratype, 28.4 mm SL. Abbreviations
of the anatomical parts: ep = epural; hil + hi2 = complex plate formed by hypurals 1 and 2;
hi3+hi4 = complex plate formed by hypurals 3, 4; hi5 = hypural 5; ph = parhypural; pul +ul
= complex centrum formed by preural centrum 1 and ural centrum 1; pu2 = preural centrum

2; ur = uroneural.

Figure 3. Laterosensory pores of Pariolius pax MPUJ 10047, paratype, 34.0 mm SL. (A)
Lateral view. (B) Dorsal view. (C) Ventral view. Abbreviations of the anatomical parts: il =
infraorbital sensory pore 1; i3-6 = infraorbital sensory pores 3—6; 111-3 = lateral line sensory
pores 1-3; pm1-10 = preoperculomandibular sensory pores 1-10; pol + pm11 = postotic
sensory pore 1 + preoperculomandibular sensory pore 11; po2 = postotic sensory pore 2; po3
= postotic sensory pore 3; s1 = supraorbital sensory pore 1; s2 + i2 = supraorbital sensory
pore 2 + infraorbital sensory pore 2; s3 = supraorbital sensory pore 3; s8 = supraorbital

sensory pore 8.

Figure 4. (A) Dorsal view and (B) Ventral view of cranium of Pariolius pax, MPUJ 10047,
paratype, 34.0 mm SL. Abbreviations of the anatomical parts: afo = anterior fontanel; apa =

autopalatine; boc: basioccipital; epo = epioccipital; exo = exoccipital; exs = extrascapula; fro
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= frontal; let = lateral ethmoid; max = maxilla; mes = mesethmoid; nas = nasal; opf: optic
foramen; osp: orbitosphenoid; par: parasphenoid; pfo = posterior fontanel; pmx = premaxilla;
pro: prootic; pto = pterotic; pts: pterosphenoid; soc = supraoccipital; and sph = sphenotic; tff:

trigeminofacial foramen; vom = vomer.

Figure 5. Dorsal view of the complex anterior vertebra of (A) Pariolius pax, MPUJ 10047,
paratype, 34.0 mm SL and (B) Pariolius maldonadoi, MPUJ 13077, paratype, 27.3 mm SL.
Abbreviations of the anatomical parts: scl = supracleithrum; tri = tripus; trp4 = transverse

process 4; trp5: transverse process 5 and vc6: sixth vertebral centrum.

Figure 6. Lateral view of suspensorium (A) Pariolius pax, MPUJ 10047, paratype, 34.0 mm
SL. (B) Pariolius maldonadoi, MPUJ 13076, paratype, 28.4 mm SL. Abbreviations of the
anatomical parts: hyo = hyomandibula; ent = entopterygoid; iop = interopercle; met =

metapterygoid; ope = opercle; pop = preopercle; qua = quadrate and spo = subpreopercle.

Figure 7. Dorsal view of the branchial arch of (A) Pariolius pax, MPUJ 10047, paratype,
36.7 mm SL. (BO Pariolius maldonadoi, MPUJ 13076, paratype, 28.4 mm SL. Abbreviations
of the anatomical parts: bby.4 = basibranchial 2 a 4; cbi.5s = ceratobranchial 1 to 5; ebj.4 =

epibranchial 1 to 4; pbs.4 = pharyngo- branchial 3 to 4; hb;.3 = hypobranchial 1 to 3.

Figure 8. Live specimen of (A) Pariolius pax collected in Mapiripan Municipality, vereda

San Jorge, Cafio Ovejas tributary of the Guaviare River, Orinoco River basin, Meta,
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Colombia (not preserved) and (B) P. maldonadoi collected in Retorno Municipality, Cafo

Potosi tributary of the Inirida River, Orinoco River basin, Guaviare, Colombia.

Figure 9. Geographical distribution of Pariolius pax (yellow) and Pariolius maldonadoi (red)
from Colombia. Star represents the type localities. Each symbol may represent more than one

specimen.

Figure 10. Pariolius maldonadoi, MHNU-I 3257, holotype, 32.6 mm SL, Potosi creek
tributary to Inirida River, Guaviare State. (A) Lateral view. (B) Dorsal view. (C) Ventral

view. Bar=1 cm.

Figure 11. Laterosensory pores of Pariolius maldonadoi, MPUJ 13077, paratype, 27.3 mm
SL. (A) Lateral view. (B) Dorsal view. (C) Ventral view. Abbreviations of the anatomical
parts: il = infraorbital sensory pore 1; i3-6 = infraorbital sensory pores 3—6; 111-3 = lateral
line sensory pores 1-3; pm1-10 = preoperculomandibular sensory pores 1-10; pol + pml1 =
postotic sensory pore 1 + preoperculomandibular sensory pore 11; po2 = postotic sensory
pore 2; po3 = postotic sensory pore 3; s1 = supraorbital sensory pore 1; s2 + 12 = supraorbital
sensory pore 2 + infraorbital sensory pore 2; s3 = supraorbital sensory pore 3; s8 =

supraorbital sensory pore 8.

Figure 12. (A) Dorsal view and (B) Ventral view of cranium of Pariolius maldonadoi, MPUJ

13076, paratype, 28.4 mm SL. Abbreviations of the anatomical parts: afo = anterior fontanel;
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apa = autopalatine; boc: basioccipital; epo = epioccipital; exo = exoccipital; exs =
extrascapula; fro = frontal; let = lateral ethmoid; max = maxilla; mes = mesethmoid; nas =
nasal; opf: optic foramen; osp: orbitosphenoid; par: parasphenoid; pfo = posterior fontanel;
pmx = premaxilla; pro: prootic; pto = pterotic; pts: pterosphenoid; soc = supraoccipital; and

sph = sphenotic; tff: trigeminofacial foramen; vom = vomer.

Figure 13. Scatter plot of Principal Component Analysis (PCA) between component 2 and

component 3 of Pariolius armillatus (black), P. maldonadoi (red), and P. pax spB (blue).
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CONCLUSOES GERAIS

A monofilia de Heptapteridae e confirmada baseado em uma analise filogenética
multilocus incluindo 142 espécies (82 espécies nominais mais 60 espécies novas) e 3965
caracteres. A monofilia da subfamilia Rhamdiinae contendo as tribos Goeldiellini e
Rhamdiini foram fortemente suportadas. A subfamilia Heptapterinae foi a mais
densamente representada e dentro dela as tribos Brachyglaniini e Heptapterini também
foram suportados como monofiléticos. Brachyglaniini agora contém aos géneros
Brachyglanis Eigenmann 1912, com cinco espécies mais oito espécies novas;
Gladioglanis Ferraris and Mago-Leccia 1989, com trés espécies; Leptorhamdia
Eigenmann 1918, com trés espécies mais uma espécie nova; e Myoglanis Eigenmann
1912, com uma espécie mais uma espécie nova; mais 3 géneros novos contendo duas

espécies mais duas espécies novas.

Enquanto as relacdes filogenéticas dentro de Heptapterini agora se encontram
representada por 5 novas subtribos: Heptapterina a subtribo mais diversa representados por os
géneros Heptapterus Bleeker 1858, com quatro espécies; Rhamdioglanis Thering 1907,
monotipico; Acentronichthys Eigenmann & Eigenmann 1889, com uma espécie mais trés
espécies novas; Rhamdiopsis Haseman 1911, com duas espécies; Taunayia Miranda Ribeiro
1918, monotipico; mais 8 novos géneros. Nemuroglaniina representada por os géneros
Imparfinis Eigenmann & Norris 1900, com 14 espécies mais seis espécies novas;
Nemuroglanis Eigenmann & Eigenmann 1889, com quatro espécies; mais um género novo,
com duas espécies mais duas espécies novas. Cetopsorhamdiina contendo os géneros
Cetopsorhamdia Eigenmann & Fisher 1916, com sete espécies mais uma espécie nova;
Phenacorhamdia Dahl 1961, com 12 espécies mais seis espécies novas; Pariolius Cope 1872,

com uma espécie mais duas espécies novas; mais 3 géneros novos. Chasmocranina contendo
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o género Chasmocranus Eigenmann 1912, com seis espécies. E Mastiglaniina contendo
Mastiglanis Bockmann 1994, com trés espécies mais nove espécies novas; mais um género

novo, monotipico.

A analise integrativa do género tipo da familia delimitou Heptapterus a quatro
espécies, e as outras espécies nominais descritas no género foram realocadas nos respetivos
géneros ou colocados como incertae sedis in Heptapteridae aguardando a descricdo formal
dos géneros novos a onde eles pertenceriam, baseado na nossa analise molecular. Além da
limitagdo do genro tipo um novo género irmao foi descrito contendo trés espécies, sendo dois

de elas espécies novas.

A analise morfoldgica do material examinado dos Heptapterinae permitiu registrar
muitas novas espécies novas, sendo algumas delas publicado neste trabalho e muitas outras

sendo descritas assim como aguardando ser divulgados para a comunidade cientifica.
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