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Abstract

In this contribution we report the first occurrence of the enigmatic African probainognathian
genus Aleodon in the Middle-early Late Triassic of several localities from the state of Rio
Grande do Sul in southern Brazil. Aleodon is unusual among early probainognathians in
having transversely-expanded postcanine teeth, similar to those of gomphodont cynog-
nathians. This genus was previously known from the Manda Beds of Tanzania and the
upper Omingonde Formation of Namibia. The Brazilian record of this genus is based upon
multiple specimens representing different ontogenetic stages, including three that were pre-
viously referred to the sectorial-toothed probainognathian Chiniquodon theotonicus. We
propose a new species of Aleodon (A. cromptoni sp. nov.) based on the specimens from
Brazil. Additionally, we tentatively refer one specimen from the upper Omingonde Formation
of Namibia to this new taxon, strengthening biostratigraphic correlations between these
strata. Inclusion of A. cromptoniin a phylogenetic analysis of eucynodonts recovers it as the
sister-taxon of A. brachyrhamphus within the family Chiniquodontidae. The discovery of
numerous specimens of Aleodon among the supposedly monospecific Chiniquodon sam-
ples of Brazil raises concerns about chiniquodontid alpha taxonomy, particularly given the
extremely broad geographic distribution of Chiniquodon. The discovery of Brazilian Aleodon
and new records of the traversodontid Luangwa supports the hypothesis that at least two
subzones can be recognized in the Dinodontosaurus Assemblage Zone.

Introduction

The South American fossil record of non-mammalian eucynodonts is one of the most diverse
known worldwide [1-3] and includes representatives of most of the major Triassic subclades
(e.g., cynognathids, gomphognathids, traversodontids, chiniquodontids, ecteniniids,

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017

1/54


https://doi.org/10.1371/journal.pone.0177948
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0177948&domain=pdf&date_stamp=2017-06-14
https://doi.org/10.1371/journal.pone.0177948
https://doi.org/10.1371/journal.pone.0177948
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

analysis, decision to publish, or preparation of the

manuscript.

Competing interests: The authors have declared

that no competing interests exist.

probainognathids, ictidosaurs, and mammaliaforms; for review see [1, 4]). While most South
American Triassic eucynodont species appear to be local endemics, several have trans-basinal
distributions that are useful for strengthening biostratigraphic correlations both among South
American basins and with other rock units globally. Notable examples of South American taxa
with trans-Gondwanan distributions include the cynognathian species Cynognathus craterono-
tus and Diademodon tetragonus from the Middle Triassic of southern Africa, Antarctica, and
Argentina [5-10] (see also Discussion), the traversodontid genus Luangwa from the late Mid-
dle Triassic of Brazil, Namibia, and Zambia [11-13], the chiniquodontid genus Chiniquodon
from the late Middle to middle Late Triassic of Argentina, Brazil, Namibia, and Madagascar
[13-15], and the traversodontid species Menadon besairiei from the Late Triassic of Brazil and
Madagascar [16-18].

In this contribution we report the first occurrence of the enigmatic African probainog-
nathian Aleodon in the Middle-early Late Triassic of several localities from the state of Rio
Grande do Sul in southern Brazil (Fig 1). Aleodon is unusual among early probainognathians in
having transversely-expanded postcanines, similar to those of gomphodont cynognathians. The
new record is based upon multiple specimens, including three that were previously referred to
the sectorial-toothed probainognathian Chiniquodon [14, 19]. We propose a new species of
Aleodon based on the new specimens from Brazil (Fig 1) and discuss its biostratigraphic
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Fig 1. Localities with Aleodon cromptoni sp. nov. Map of the main Middle to early Upper Triassic outcrops in the state of Rio Grande do

Sul, southern Brazil, highlighting the occurrence of Aleodon (A) and its skeletal reconstruction with available bones (in yellow) based on all
known specimens (made by VDPN).

https://doi.org/10.1371/journal.pone.0177948.9001
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importance, as well as commenting on other Middle to Late Triassic faunal associations in
South America.

Aleodon crompton 1955 —Background

Aleodon brachyrhamphus was initially described by Crompton [20] based on a partial skull and
lower jaws (the holotype, UMZC T906) collected by F. R. Parrington in 1933 in the Lifua
Member of the Manda Beds of Tanzania [21]. The holotype was found at locality B29 of Stock-
ley [22], located between Gingama and Tschikongo in the southwestern portion of the Ruhuhu
Valley. Crompton [20] originally described Aleodon as a gomphodont cynodont, and diag-
nosed it as a new genus based on the possession of a short snout and only two lower incisors.
Referral to Gomphodontia was based primarily on the presence of three types of postcanines,
including circular anterior, transversely expanded, ovate middle, and sectorial posterior teeth,
similar to the postcanine pattern of the well-known gomphodont Diademodon tetragonus [23-
24].

Hopson and Kitching [25] disputed the gomphodont affinities of Aleodon based on unpub-
lished specimens with less worn dentition, and transferred Aleodon to the Chiniquodontidae.
This proposal was accepted in the majority of subsequent studies (e.g., [26-28]). In their revi-
sion of the Chiniquodontidae, however, Abdala and Giannini [14] excluded Aleodon from the
family because of well-developed lingual cingular platforms on the postcanines, which are sup-
posed to be absent in Chiniquodon. They also noted that the majority of Aleodon specimens
from the Manda Beds, such as those housed in the collections of the Natural History Museum
in London, are currently undescribed [14] and that further study is necessary to elucidate the
phylogenetic position of this taxon. More recently, Abdala and Smith [13] described a partial
skull with poorly preserved dentition as Aleodon sp. from the upper Omingonde Formation of
Namibia, extending the geographic distribution of the genus. They also provided an emended
diagnosis of the species A. brachyrhamphus. Finally, Sidor et al. ([29]; see also [30-31]) briefly
reported on new finds from the Manda Beds of Tanzania, including multiple more complete
specimens of A. brachyrhamphus currently awaiting description.

Compared to coeval cynodonts known from extensive cranial material, Aleodon brachyr-
hamphus has been included in relatively few analyses of phylogenetic relationships. Hopson
and Kitching [32] were the first to include A. brachyrhamphus in a phylogenetic analysis, fol-
lowed by Sidor [28] and Ruta et al. [33]. All of these analyses recovered Aleodon as the sister
taxon of Chiniquodon, with this clade nested between Lumkuia/Ecteninion and the large clade
containing Probainognathus plus other, more crownward probainognathians.

Materials and methods
Access to specimens

The specimens described here (Table 1) and those used for comparison belong to public col-
lections and were examined with the explicit permission of appropriate curators and/or
collection managers (see Acknowledgments). Repository locations and abbreviations for all
specimens cited in the text are listed below. We followed all Brazilian regulations for fossil
studies and we complied with the PLoS Paleontological Ethics Statement.

Materials

Cynodont specimens from the Dinodontosaurus Assemblage Zone (AZ; Fig 2) [34-35] of
southern Brazil were examined firsthand by the lead author, leading to the discovery of eight
specimens referable to Aleodon. Comparisons with the type species A. brachyrhamphus were
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Table 1. List of specimens referred to Aleodon cromptoni sp. nov. from the Dinodontosaurus Assemblage Zone, state of Rio Grande do Sul,

Brazil.

Specimen
MPDC-501-117
UFRGS-PV-0071-T
UFRGS-PV-0122-T
UFRGS-PV-0125-T
MMACR-PV-018-T
UFRGS-PV-0146-T
MCN-PV 10338
MCP-PV-1695T
UFRGS-PV-0274-T

https://doi.org/10.1371/journal.pone.0177948.t001

Locality Original assignment Main references
Vale Verde Traversodontidae indet. Museum specimen catalog
Sanga Pinheiro Chiniquodon Museum specimen catalog
Sanga Pinheiro Chiniquodon theotonicus Abdala and Giannini [14]
Sanga Nicanor Chiniquodon Museum specimen catalog
Sanga Nicanor Chiniquodon Museum specimen catalog
Sanga Pascual Chiniquodon cf. C. theotonicus Oliveiraetal. [19]
Cortado site Chiniquodon Museum specimen catalog
Porto Mariante 2 Chiniquodon Museum specimen catalog
Exact locality unknown Chiniquodon theotonicus Abdala and Giannini [14]

based on direct examination of specimens housed at the UMZC (Cambridge) and NHMUK
(London). Measurements of the Aleodon specimens from Brazil are detailed in Table 2.

The database of localities and tetrapod species from the Dinodontosaurus AZ (Fig 2) was
based on the literature (see S1 File) and personal observation of various specimens (other than
probainognathians), particularly those deposited in institutions in Rio Grande do Sul (e.g.,
MCN-PV, MMACR-PV-T, MPDC, UFRGS-PV-T, UFSM,; see Institutional Abbreviations).
For the study of similarities among localities we used the Jaccard Similarity Coefficient to con-
struct the dendrograms, using the software Past v3.13 [37]. The GPS coordinates of the men-
tioned Dinodontosaurus AZ localities are available by contacting the corresponding author.

Phylogenetics

The new species named herein (Aleodon cromptoni) was included in the phylogenetic data
matrix of Ruta et al. [33], which includes 54 cynodont operational taxonomic units (including
A. cromptoni) and 150 discrete cranial, dental, and postcranial characters. Modifications of
character-states of some taxa (i.e., Chiniquodon, Aleodon brachyrhamphus, Probainognathus)
and the complete data matrix are available in the S1 and S2 Files.

The modified data matrix (S2 File) was analyzed under equally-weighted parsimony using
TNT 1.5 [38]. A heuristic search of 500 replicates of Wagner trees, followed by TBR branch-
swapping algorithm (holding 10 trees per replication), was performed. All characters were
treated as non-additive. Bremer support [39] and bootstrap resampling analysis [40] were
conducted.

Nomenclatural acts

The electronic edition of this article conforms to the requirements of the amended Interna-
tional Code of Zoological Nomenclature, and hence the new names contained herein are avail-
able under that Code from the electronic edition of this article. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration system
for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated
information viewed through any standard web browser by appending the LSID to the prefix
http://zoobank.org/. The LSID for this publication is: urn:lsid:zoobank.org:pub:BFF11AF1-
742F-4446-9871-3908F70F2E93. The electronic edition of this work was published in a journal
with an ISSN, and has been archived and is available from the following digital repositories:
PubMed Central and LOCKSS.
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Cynodontia
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Fig 2. Chrono- and biostratigraphy of Triassic units with vertebrate Assemblages Zones (AZ) from southern Brazil, and the tetrapod
fossil content of the Dinodontosaurus AZ. The ages of the column follow Gradstein et al. [36].

https://doi.org/10.1371/journal.pone.0177948.g002

Institutional Abbreviations

GPIT, Institut und Museum fiir Geologie und Paldontologie der Universitét Tiibingen,
Tiibingen, Germany; GSN, Geological Survey of Namibia, Windhoek, Namibia; MCN-PV,
Museu de Ciéncias Naturais (Paleovertebrate Collection), Fundacio Zoobotanica do Rio
Grande do Sul, Porto Alegre, Brazil; MCP-PV, Museu de Ciéncias e Tecnologia (Paleoverte-
brate Collection), Pontificia Universidade Catodlica do Rio Grande do Sul, Porto Alegre,
Brazil; MCT, Museu de Ciéncias da Terra, Rio de Janeiro, Brazil; MMACR-PV-T, Museu
Municipal Aristides Carlos Rodrigues (Paleovertebrates-Triassic Collection), Candelaria,
Rio Grande do Sul, Brazil; MPDC, Museu Padre Daniel Cargnin, Mata, Rio Grande do Sul,
Brazil; NHMUK (ex BMNH), Natural History Museum (PV, Vertebrate Paleontology; R,
Reptiles), London, United Kingdom; PVL, Instituto Miguel Lillo, Universidad Nacional

de Tucuman (Paleovertebrate Collection), San Miguel de Tucuman, Tucuman, Argentina;
UFRGS-PV-T, Universidade Federal Rio Grande do Sul (Paleovertebrate, Triassic Collec-
tion), Porto Alegre, Brazil; UFSM, Laboratdrio de Estratigrafia e Paleobiologia, Universidade
Federal de Santa Maria, Santa Maria, Brazil; UMZC, University Museum of Zoology, Cam-
bridge, United Kingdom.
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Table 2. Measurements (in mm) of Aleodon cromptoni sp. nov. specimens from the Middle-early Late Triassic of southern Brazil. Measurement
parameters were taken from Abdala and Giannini [14]. *Estimated measure.

MPDC-Holotype 501-117, right maxilla
Canine | PC1 | PC2 | PC3 | PC4 PC5 PC6 | PC7
Mesio-distal length 12 2.5 3 5 5.5 5.5 6.2 6.5
Labio-lingual length 8.3 3 4 6.2 8.2 7.9 8.6 9.6
Upper postcanine row length 34.5
UFRGS-PV-071T, snout
Muzzle length 56.8
Upper postcanine row length 31
Maxillary bicanine width 42.4
Palate length 58.6
Anterior postcanine distance 17*
Posterior postcanine distance 43*
Canine mesio-distal length (right) 8.7
Canine labio-lingual length (right) 6.1
MMACR-PV-018T, left maxilla
Upper postcanine row length (9 alveoli) 32.1*
Canine mesio-distal length 8.9
Canine labio-lingual length 6
UFRGS-PV-0125T, skull
Total skull length 226
Maxillary bicanine width 74.4
Muzzle length 86
Temporal region length 88.4
Palate length 97
Zygomatic height 60.2
MCN-PV-10338, lower jaws
Left side c pci pc2 | pc3 pc4d pc5 | pc6 | pc7 | pc8 | pc9 | pc10 | pcil | pci2
Mesio-distal length 16 4 _ 4.1 4.7 _ 5.2 5.5 7.4 8.5 7.8 8 8.5
Labio-lingual length 11 3 _ 3.5 5.3 _ 5.7 5.5 5.2 5.3 5.6 6.2 7
Lower postcanine row length 66.1
UFRGS-PV-0146T, skull and jaws
Total skull length 236
Maxillary bicanine width 65.3
Muzzle length 87.2
Temporal region length 107
Palate length 117.2
Zygomatic height 78
Upper canine mesio-distal length (left) 21.4
Upper canine labio-lingual length (left) 11.6
Mandibular lenght (left) 211
Lower canine mesio-distal length (right) 18
Lower canine labio-lingual length (right) 11
UFRGS-PV-0274T, skull
Total skull length 277
Maxillary bicanine width 123
Muzzle length 127
Temporal region length 107

(Continued)
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Table 2. (Continued)

Palate length
Upper canine mesio-distal length (left)
Upper canine labio-lingual length (left)
UFRGS-PV-0122T, skull and jaws
Total skull length
Muzzle length
Temporal region length
Palate length
Zygomatic heigth
Upper canine mesio-distal length (right)
Upper canine labio-lingual length (right)
Mandibular length (left)

https://doi.org/10.1371/journal.pone.0177948.t1002

133
22
14

310
126.3
147.8
146.4

93

23.9

17.4

274

Anatomical Abbreviations

A, main upper cusp A; a-b-c-d, lower cusps on crown; al-4, alveoli for incisors 1 to 4; al-9,
alveoli for postcanines 1 to 9; a8, alveolus for lower postcanine 8; ac, alveolus for lower canine;
ai3, alveolus incisor for i3; bs/ps basisphenoid/parasphenoid; C, upper canine; aPC, alveolus
for upper postcanine teeth; ¢, lower canine; Ca, upper canine alveolus; co, condyle of exoccipi-
tal; Cr, upper canine root; cre, canine reconstruction; d, dentary; de, dentine; di, diastema; eal,
empty alveolus; enl, enamel layer; fpal, facet for palatine; fr, frontal; gr, groove; I, upper incisor;
i, lower incisor; in, interlocking; ju, jugal; lae, labial edge; lie, lingual edge; IPC, last upper post-
canine tooth; Ipl, lingual platform; max, maxilla; mpm, medial process of maxilla; na, nasal; pa,
parietal; pal, palatine; PC, upper postcanine; pc, lower postcanine; pdc, postdentary bone com-
plex; pf, paracanine fossa; pfr, prefrontal; pm, premaxilla; po, postorbital; pp, postparietal; pt,
pterygoid; r, root; ral, resorbed alveoli; sm, septomaxilla; spl, splenial; sq, squamosal; v, vomer.

Results
Systematic Paleontology

Therapsida Broom, 1905

Cynodontia Owen, 1861

Eucynodontia Kemp, 1982

Probainognathia Hopson, 1990

Aleodon Crompton, 1955

Type species. Aleodon brachyrhamphus Crompton, 1955

Diagnosis. Probainognathian cynodonts characterized by the following combination of
features (autapomorphies denoted by an asterisk): dental formula of 14/i3, C1/c1, PC9-11/
pcl0-12, long osseous secondary palate extending to the posterior end of the tooth row; dorso-
ventrally deep zygomatic arch formed by jugal and squamosal; strongly labially concave upper
postcanine tooth row; upper and lower postcanines ovoid to ellipsoid in outline in occlusal
view, bearing a sectorial labial margin with two to three cusps in line and a well-developed lin-
gual platform (more expansive than the lingual cingulum of other basal probainognathians)
without a transverse crest*; cusps of upper and lower postcanines less recurved posteriorly and
apicobasally shorter than in Chiniquodon species.

Aleodon brachyrhamphus Crompton, 1955

Holotype. UMZC T906, partial skull and lower jaws from the Ruhuhu Valley, Tanzania
[20]. Lifua Member, Manda Beds, Ruhuhu Basin [21].
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Emended diagnosis. Distinguished (autapomorphies denoted by an asterisk) from its
congener A. cromptoni sp. nov. by a gradual increase in upper postcanine size between PC1
and PC4; mesiodistally narrower lingual platform of the upper and lower postcanines*; rela-
tively labiolingually elongate upper and lower postcanine crowns, with the occlusal surface of
the uppers notably constricted between the labial cusp and the lingual platform*; slightly con-
cave mesial edge and slightly convex distal edge of middle and posterior lower postcanines;
enlargement of canine-postcanine diastema during growth and, consequently, fewer upper
and lower postcanines at adult size.

Aleodon cromptoni sp. nov.

urn:lsid:zoobank.org:act:2AC78692-01 AC-4CE1-8E39-3349B14214F6

Holotype. MPDC-501-117, right partial maxilla with broken canine and the first seven
postcanines (Figs 3 and 4).

Diagnosis. Species of Aleodon distinguished (autapomorphies denoted by an asterisk)
from A. brachyrhamphus by a distinct size increase between PC2 and PC3*; mesiodistally
wider lingual platform of upper and lower postcanines®; less labiolingually elongate upper and
lower postcanine crowns, without distinct constriction between labial cusp and lingual plat-
form in the uppers; reduced transverse contact between lower postcanine crowns along tooth
row"; and very reduced or absent canine-postcanine diastema in all ontogenetic states, result-
ing in an elevated number of postcanines compared with A. brachyrhamphus (up to 12).

Etymology. Named in honor of Alfred W. “Fuzz” Crompton, original describer of the
genus Aleodon, for his many contributions to cynodont research.

Referred specimens. MCN-PV 10338, partial lower jaws with well-preserved dentition
(Fig 5); UFRGS-PV-0071-T, anterior half of the skull with partial upper dentition (Fig 6);
MMACR-PV-018-T, left maxilla with broken canine and nine alveoli for postcanine teeth (Fig
7); UFRGS-PV-0122-T, skull and partial jaws (Fig 8); UFRGS-PV-0125-T, distorted skull (Fig
9); UFRGS-PV-0146-T, skull (Figs 10-12), jaws (Figs 13 and 14), 26 presacral and four sacral
vertebrae with some ribs, partial pelvis, left femur, two metapodials, and some indeterminate
bones; UFRGS-PV-0274-T, skull (Fig 15). Specimens tentatively referred to this species
include: GSN EN-3, complete skull with heavily worn teeth (Fig 16); MCP-PV-1695T, par-
tially-prepared skull with incomplete dentition.

Locality and horizon. The holotype MPDC-501-117 was found in a railroad cut that
crosses the Cria Farm (“Fazenda Cria”), about 300 meters north from the main house, in the
municipality of Vale Verde (Fig 1). UFRGS-PV-0071-T and UFRGS-PV-0122-T were found
in Sanga Pinheiro (also written as Sanga Pinheiros), UFRGS-PV-0125-T and MMACR-PV-
018-T in Sanga Nicanor (also known as Sanga do Z¢), and UFRGS-PV-0146-T in Sanga Pasc-
ual. Sanga Pinheiro, Sanga Nicanor, and Sanga Pascual outcrops are located about 10 to 20
kilometers south of the city of Candelaria; the first two are in the Pinheiro region and the
latter in the Bom Retiro region. MCN-PV 10338 was found in the Cortado site (also called
Rincdo da Porta), next to the highway RST-287 [41], municipality of Novo Cabrais (Fig 1).
UFRGS-PV-0274-T lacks precise locality data. Based on its style of preservation it could possi-
bly come from the classical Pinheiro region. The tentatively-referred specimen MCP-PV-
1695T comes from the Porto Mariante 2 locality, municipality of Bom Retiro do Sul. All speci-
mens come from the state of Rio Grande do Sul, Brazil.

All Brazilian specimens of Aleodon cromptoni are from the Dinodontosaurus AZ, Pinheiros-
Chiniqua Sequence, Santa Maria Supersequence [35, 42] (Fig 2). Based on radiometric dating
of the overlying unit (Santa Cruz Sequence; [43]) and tetrapod correlation with the Chafares
Formation of Argentina (Ischigualasto-Unidn Basin; [44-45]), the Dinodontosaurus AZ is con-
sidered to be Ladinian—early Carnian in age. The only potential non-Brazilian specimen of A.
cromptoni is the isolated skull GSN EN-3 from the upper Omingonde Formation of Namibia
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Fig 3. Aleodon cromptoni sp. nov. from southern Brazil. Photographs and accompanying drawings of right maxilla MPDC-501-117 in lateral (A),
ventral (B), and medial views (C). Scale bar equals 10mm. Abbreviations: A, main cusp A; C, upper canine; Cr, canine root; fpal, facet for palatine;
Ipl, lingual platform; max, maxilla; mpm, medial process of maxilla; PC, upper postcanine; pf, paracanine fossa; r, root.

https://doi.org/10.1371/journal.pone.0177948.9003

[13]. The upper Omingonde Formation was previously correlated with the Dinodontosaurus
AZ based on the shared presence of the dicynodont Stahleckeria potens [46].

Remarks on specimens. The holotype MPDC-501-117 was found in 1988 by the twin
brothers Daniel (1930-2002) and Abrado (1930-2006) Cargnin, the renowned fossil-hunter
priests of Rio Grande do Sul. For many years, MPDC-501-117 was listed as an indeterminate
traversodontid cynodont in the exhibition of the Museu Padre Daniel Cargnin, located in the
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Fig 4. Aleodon brachyrhamphus and A. cromptoni sp. nov. Comparison of the left maxilla of A. brachyrhamphus (NHMUK PV
R9390) from Tanzania (A), with the right maxilla of the specimen MPDC-501-117 from southern Brazil (B), in ventral view, with
accompanying line drawing, and detail of the root through a natural section of the last preserved postcanine tooth in posterior view
(C). Scale bar equals 10mm. Abbreviations: A, main cusp A; C, upper canine; Ca, upper canine alveolus; de, dentine; fpal, facet for
palatine; gr, groove; in, interlocking; max, maxilla; PC, upper postcanine; ral, resorbed alveoli.

https://doi.org/10.1371/journal.pone.0177948.9004
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Fig 5. Aleodon cromptoni sp. nov. from southern Brazil. Specimen MCN-PV 10338, jaws in lateral (A), medial (B) and dorsal (C) views, with details
of left pc10 and pc11 in labial (D) and lingual (E) views, and all the left postcanine tooth row in occlusal view (F). Aleodon brachyrhamphus from
Tanzania. Holotype UMZC T906, detail of the left tooth row (canine and postcanines) in occlusal view (G). Scale bar equals 20mm in A-C and 10mm in
D-G. Abbreviations: a-b-c-d, lower cusps on crown; ai3, alveolus incisor for i3; ¢, lower canine; di, diastema; i, lower incisor; Ipl, lingual platform; pc,
lower postcanine; spl, splenial.

https://doi.org/10.1371/journal.pone.0177948.g005
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Fig 6. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0071-T, anterior half of skull in ventral view (A), detail of
the right postcanine row (B), and detail of PC5 in lingual view (C). Scale bar equals 20mm in A. Abbreviations: C, upper canine; eal, empty
alveolus; pf, paracanine fossa; I, upper incisor; Ipl, lingual platform; max, maxilla; pal, palatine; PC, upper postcanine; pt, pterygoid; v,
vomer.

https://doi.org/10.1371/journal.pone.0177948.9006

small town of Mata (municipality of Mata, Rio Grande do Sul). This material was unearthed at
the railroad cut located a few kilometers from the train station Prof. Parreira, in the Vila Melos
region. Specimens collected by the Cargnin brothers and also by the technician Valdor Costa
(working at the UFRGS, under the direction of Prof. Mario Barberena) at this locality were
previously catalogued as coming from the municipality of General Camara. As was noted by
Raugust [47], this area belonged to the 5° District of the municipality of General Camara at
the time, but in 1995 it became an independent district and was renamed municipality of
Vale Verde (Fig 1). Drawings in situ of some specimens from this site (e.g., the rauisuchian
UFRGS-PV-0152-T) are available in the field notes of Valdor Costa, deposited at the UFRGS.

UFRGS-PV-0122-T and UFRGS-PV-0274-T were previously listed as large specimens of
Chiniquodon theotonicus by Abdala and Giannini [14], and UFRGS-PV-0146-T was described
by Oliveira et al. [19] as Chiniquodon cf. C. theotonicus.
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Fig 7. Aleodon cromptoni sp. nov. from southern Brazil. Specimen MMACR-PV-018-T, left maxilla in
lateral (A) and ventral (B) views. Scale bar equals 20mm. Abbreviations: apc, alveolus for upper postcanine
teeth; C, upper canine.

https://doi.org/10.1371/journal.pone.0177948.9007

UFRGS-PV-0125-T is catalogued as having been found in Sanga Nicanor, Candeldria, by
Padre Daniel Cargnin in 1969. Historical data at the MMACR indicates that Sanga Nicanor
refers to the old name for Sanga do Z¢é (located in the Pinheiro region), where specimen
MMACR-PV-018-T was also found.

Fossil associations. In the same outcrop that yielded the holotype of Aleodon cromptoni
were found: (1) the holotype skull of the traversodontid Massetognathus ochagaviae (UFRGS-
PV-0255-T) [48], which is now lost; (2) an isolated osteoderm (UFRGS-PV-0285-T) and the
partial skeleton of a rauisuchian (UFRGS-PV-0152-T), referred to Prestosuchus chiniquensis
(see [49]); (3) at least two skulls of the dicynodont Dinodontosaurus sp. (UFRGS-PV-0128-T,
UFRGS-PV-0228-T); and (4) additional fragmentary dicynodont and cynodont remains
unidentifiable to genus.

At least five specimens of Aleodon come from Sanga Pascual, Sanga Pinheiro, and Sanga
Nicanor (= Sanga do Z¢). These outcrops are well-known for their fossil content (see [50-52]),
including the dicynodonts Dinodontosaurus pedroanum and Stahleckeria potens [53-58], the
cynodonts Massetognathus ochagaviae [59-60] (and at least one specimen identified as M. pas-
cuali [61-63]), Chiniquodon theotonicus, and Bonacynodon schultzi [3, 14], indeterminate pro-
terochampsians (Chanaresuchus/Gualosuchus), and the rauisuchian Prestosuchus chiniquensis
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Fig 8. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0122-T, skull in dorsal (A), ventral (B) and lateral (C) views, left
lower jaw (D) in lateral view, and detail of righ upper tooth row (E) in occlusal view. The arrow (B) indicates the level of the posterior edge of
secondary palate. Scale bar equals 50mm. Abbreviations: C, upper canine; IPC, last upper postcanine tooth; PC, postcanine tooth.

https://doi.org/10.1371/journal.pone.0177948.g008
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Fig 9. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0125-T, skull in lateral (A), ventral (B) and dorsal (C) views, with
details of the left canine-postcanine tooth row in occlusal view (D) and of left postcanine 3 in distal view. Scale bar equals 50mm in A-C, 10mm in D, and
5mm in E. Abbreviations: a1-4, alveoli for incisors 1 to 4; a1-9, alveoli for postcanines 1 to 9; a8, alveolus for postcanine 8; ac, alveolus for canine; lae,

labial edge; lie, lingual edge; pf, paracanine fossa; PC, upper postcanine.

https://doi.org/10.1371/journal.pone.0177948.9009
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Fig 10. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0146-T, skull in lateral view
with accompanying line drawing. Scale bar equals 50mm. Light gray indicates most affected areas with breakages.
Abbreviations: bs/ps basisphenoid/parasphenoid; C, upper canine; |, upper incisor; ju, jugal; max, maxilla; na, nasal;
pa, parietal; PC, upper postcanine; pfr, prefrontal; pm, premaxilla; po, postorbital; pt, pterygoid; sm, septomaxilla; sq,
squamosal.

https://doi.org/10.1371/journal.pone.0177948.g010

[64-69]. The holotype of the procolophonian Candelaria barbouri comes from the Pinheiro
region, without a more precise location [70].

The Cortado site (also called Rincdo da Porta), which yielded MCN-PV 10338, has also
yielded specimens of Candelaria barbouri, dicynodonts, and fragmentary cynodont material
[41, 71]. Based on firsthand examination of this material by the lead author, we identify the
synapsid specimens from this site as Dinodontosaurus sp. and Massetognathus sp. One speci-
men (UFSM 11079) from this locality, published as Cynodontia indet. [41], may belong to a
new specimen of the probainognathian Candelariodon barberenai. The holotype of the archo-
sauriform Barberenasuchus brasiliensis is also considered to be from this locality [52, 72].
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Fig 11. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0146-T, skull in dorsal view
with accompanying line drawing. Scale bar equals 50mm. Light gray indicates most affected areas with breakages.
Abbreviations: fr, frontal; ju, jugal; max, maxilla; na, nasal; pa, parietal; PC, upper postcanine; pfr, prefrontal; pm,
premaxilla; po, postorbital; pp, postparietal; sm, septomaxilla sq, squamosal.

https://doi.org/10.1371/journal.pone.0177948.9011
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Fig 12. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0146-T, skull in ventral view
with accompanying line drawing. Scale bar equals 50mm. Light gray indicates most affected areas with breakages.
Abbreviations: bs/ps basisphenoid/parasphenoid; C, upper canine; co, condyle of exoccipital; |, upper incisor; ju,
jugal; max, maxilla; pal, palatine; PC, upper postcanine; pf, paracanine fossa; po, postorbital; pt, pterygoid; sq,

squamosal.
https://doi.org/10.1371/journal.pone.0177948.9012
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Fig 13. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0146-T, jaws in lateral view
with accompanying line drawing. Scale bar equals 50mm. Abbreviations: ¢, lower canine; cre, canine reconstruction;
d, dentary; pc, lower postcanine; pdc, postdentary bone complex. Dark gray indicates the right jaw and light gray
indicates broken bone.

https://doi.org/10.1371/journal.pone.0177948.9013

Description and comparisons

Descriptions of the known specimens of Aleodon cromptoni are presented below. The postcra-
nial elements of specimen UFRGS-PV-0146-T are not described here, as they have been stud-
ied in detail by Oliveira et al. [19].

MPDC-501-117 (holotype). This specimen consists of a partial right maxilla (Fig 3) bear-
ing the base of the canine crown and the subsequent seven postcanines. The maxillary facial
process is partially preserved, and is tall and dorsoventrally convex. There is also strong surfi-
cial convexity around the bulging canine root, followed by a conspicuous constriction delimit-
ing a shallow concave surface above the postcanine row. The dorsal tips of the canine root and
last three postcanine roots are exposed due to abrasion of the dorsal surface of the maxilla. A
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Fig 14. Aleodon cromptoni sp. nov. from southern Brazil. Specimen UFRGS-PV-0146-T, detail of left upper postcanine row
(A) and left lower postcanine row, with accompanying line drawings. Scale bar equals 10mm. Abbreviations: C, upper canine; Ca,
upper canine alveolus; enl, enamel layer; Ipl, lingual platform; PC/pc, upper, lower postcanine.

https://doi.org/10.1371/journal.pone.0177948.9014
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Fig 15. Aleodon cromptonifrom southern Brazil. Specimen UFRGS-PV-0274-T in dorsal (A) and ventral (B) views, and detail of the
snout in ventral view (C) with interpretative drawing of the right postcanine tooth row and detail of left PC6. Scale bar equals 50mm.
Abbreviations: aPC, alveolus; PC, upper postcanine.

https://doi.org/10.1371/journal.pone.0177948.9015

number of small vascular foramina are distributed across the lateral face of the maxilla. The
majority is associated with the canine root, but a few larger foramina are also present above
the postcanine tooth row. The alveolar edge is straight in lateral view, at the level of the canine;
posteriorly, interdental processes are present as sharp projections that define successive ven-
trally-concave alveolar outlines for each postcanine. There is no maxillary platform, as in most
non-gomphodont cynodonts (e.g., Procynosuchus, Thrinaxodon, Lumkuia, Chiniquodon, Pro-
bainognathus, Bonacynodon, Irajatherium; [3, 32, 73-80]). In ventral view, the palatal process
of the maxilla is partially preserved. It bears two large foramina, the larger one positioned
medial to the level of PC1-PC2 and the smaller one medial to the level of PC3-PC4. Just medial
to the canine root, the maxillary wall is broken, but there is clearly a space (the paracanine
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Fig 16. Specimen GSN EN-3 from the upper Omingonde Formation, Namibia, tentatively referred to Aleodon cromptoni sp. nov. Skull in
dorsal (A), lateral (B), ventral (C) views, and detail of the right (D) and left (E) upper postcanine tooth rows in occlusal view. Alveoli of the right
postcanine tooth row are highlighted in white. Scale bar equals 50mm in A-C and 10mm in D-E. Abbreviations: C, upper canine; PC, upper
postcanine.

https://doi.org/10.1371/journal.pone.0177948.g016

fossa) for housing the lower canine. This fossa is deep and is positioned anteromedial to the
upper canine. The lateral suture for the palatal process of the palatine starts at the level of the
PC4-PC5 contact and is strongly interdigitated. Medial and parallel to the postcanine tooth
row, there is no longitudinal groove on the ventral surface of the maxilla as in A. brachyrham-
phus and in contrast to the condition in most probainognathians (e.g., Chiniquodon, Prozostro-
don; [32, 78, 81-82]) where this groove houses the tips of sectorial lower postcanines. In
medial view, the maxillary surface is strongly concave, delimiting the wall of the nasal cavity.

The canine of MPDC-501-117 lacks most of its crown, but based on the cross-section of the
preserved root it was a relatively large tooth, similar to other specimens of A. cromptoni. Its
cross-section at base is ovoid, with the main axis slightly rotated in an anteromedial-to-pos-
terolateral direction. The alveolus of the canine has a rounded pit at its posterior edge, which
could represent a replacement pit. However, an erupting canine is not evident. The medial
edge of the canine is offset lateral to the beginning of the postcanine tooth row.
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The postcanine tooth row of MPDC-501-117 starts just posterior to the canine alveolus,
without a diastema or evidence of resorbed teeth (Fig 3). There are seven postcanines, but this
count is unlikely to reflect the original number of upper postcanines, based on breakage after
PC7 and the condition seen in other specimens of Aleodon (see below). The postcanine crowns
are in contact with each other and they diverge posterolaterally, forming a laterally concave
tooth row. The general crown morphology consists of a bulbous main labial cusp that forms a
sectorial crest and a lingual occlusal platform. They increase in absolute size posteriorly. How-
ever, the most evident variation in the teeth is that posteriorly, they exhibit greater expansion
in transverse width than mesiodistal length. Consequently, in occlusal view, the postcanines
go from being roughly circular anteriorly to transversely ovoid posteriorly. There is a kind of
mesio-distal rudimentary interlocking among the postcanine teeth, where the convex distal
edge of a preceding tooth contacts the lingually-offset convex mesial edge of the subsequent
one (for a well-developed example of this, see the contact between PC5 and PC6 in Fig 3B).
The tooth row shows no clear evidence of tooth replacement; most of the crowns are at the
same height (with the exception of PC7), with a comparable degree of wear. There is a clear
distinction between crown and root—a layer of enamel is visible labially and lingually on the
former and it is also distinctly broader than the root. PC1 is the smallest of the series. It has a
bulbous main cusp on its mesiolabial corner that bears a distal crest. The labial and mesial
edges of the main cusp form a strong convex surface, whereas the distolingual edge is flat-to-
concave and slopes gradually towards the lingual platform. The presence of a distal accessory
cusp on the distal crest of the main cusp is not evident. A weak crest arises at the mesiolingual
corner of the main cusp and descends to border the lingual platform. It bounds an oval con-
cave surface restricted to the distolingual portion of the tooth. PC2 is similar in morphology
to PC1 but the main cusp has a more labial position, with a convex labial edge and a slightly
convex lingual edge that forms an abrupt angle with the lingual platform. The main cusp is
mesiodistally asymmetrical with the distal crest more elevated than the mesial one, possibly
indicating the presence of a worn-off accessory distal cusp. In this postcanine, the lingual plat-
form extends across the mesiodistal length of the crown. It is slightly transversely broader in
its distal portion. The lingual platform is bounded by a rim of enamel and the occlusal surface
exposes the underlying dentine. Between PC3 and PC2 there is a considerable increase in size,
whereas in the rest of the row this change is more gradual. PC3 has a main cusp with mesial
and distal crests that in occlusal view form an almost 90° angle. The lingual platform is circular
in outine in occlusal view, with a shallow fossa on its distolabial side. The PC4 and PC5 are
similar in morphology to PC3 but the distolabial fossa on the lingual platform is deeper. PC5
seems to be slightly smaller than PC4, but this is an artifact, because most of the lingual enamel
layer of PC5 is broken. PC6 is not well preserved. The crown has a more ovoid shape than the
preceding teeth. The main cusp is bulbous and situated on the mesiolabial side where the lin-
gual platform develops from the mesial to the distal positions of the crown. The last postca-
nine, PC7, is also badly preserved. The crown seems to be slightly nearer to the alveolar level,
with no exposure of the root in labial view. Consequently, it could represent a more recently
erupted postcanine, at the back of the series. In PC7, the lingual platform is more developed in
comparison to the other postcanines.

In general, the postcanine morphotype of MPDC-501-117 is most similar to that of Aleodon
brachyrhamphus among cynodonts ([20]; NHMUK PV R9390, UMZC T906) (Fig 4), differing
considerably from that of other known taxa [3, 14, 32]. Although gomphodont cynodonts also
possess transversely wide postcanines, the crown morphology in these taxa is fundamentally
different: the upper postcanines have a conspicuous transverse crest, often with three discrete
cusps, that divides or bounds the occlusal basin and opposes a transverse crest with two main
cusps generally present on the lower postcanines (e.g., [80]).
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MCN-PV 10338. This specimen consists of a partial mandible with the best preserved
lower dentition for A. cromptoni (Fig 5). Both mandibular rami are broken, the left at the base
of the coronoid process and the right somewhat anterior to that, at the level of pc9. The den-
taries are fused at the symphysis. The symphysis is long and extends posteriorly to the fourth
postcanine. It has a flat anterior surface that projects anteroventrally. The anteroventral edge
of the symphysis and the ventral edge of the dentary form a conspicuous mentum. The hori-
zontal ramus of the dentary is anteroposteriorly short and dorsoventrally tall, with a robust
aspect. The alveolar border is almost straight whereas the ventral edge is gently concave. The
base of the coronoid process is preserved on the left side. It is stout and its preserved portion
has an angle of ~140° relative to the alveolar edge. Based on the preserved portion of left den-
tary, the masseteric fossa is relatively shallow and extends anteriorly to the level of the antepen-
ultimate tooth. In medial view, the splenial is a flat and tall bone covering the Meckelian
groove (Fig 5B). The groove is positioned below the mid-height of the dentary and runs paral-
lel to the ventral edge of the dentary.

There are five partial incisors (left i1-i2 and right i1-i3) and the alveolus for an extra one
(left i3) preserved in the lower jaw. The whole crown is not preserved for any of these incisors.
The incisors are large with a mesiodistally flattened cross-section. The il and i2 are similar in
size and slightly larger than i3, based on the preserved cross-sections. The incisors are tightly
packed, and lack a diastema with the canine. As in the previous specimen, the canine is large,
with an oval cross-section. The canine tip is acute and prominently recurved. The left and
right canines are close to one another across the midline (separated by only 9mm), although
this may be due in part to postmortem deformation. There is not a clear diastema with the
postcanine tooth row, although this portion of the jaw is poorly preserved. The left mandibular
ramus preserves 12 postcanines whereas the right ramus partially preserves nine teeth. The
postcanines increase in size posteriorly and go from being circular (in the anterior half) to oval
(in the posterior half) in occlusal view, with a short labial sectorial crest and a lingual platform
with basin. Due to wear or breakage, a cuspidate sectorial labial edge is not observed in pcl to
peo.

The left pcl to pc3 only preserve the root. The left pc1 has no crown and the small portion
of root seems to have been in the process of resorption, which also seems to be the case for the
right pcl and pc2. The left pc4 is circular in cross-section and exhibits an unusually tall root,
which probably slipped out of the alveolus post-mortem. The shape of the left pc5 is distorted
by a large, transverse crack running across it. The left pc6 and pc7 are the last circular-shaped
teeth of the row. In these teeth, the crown is low, with elevated labial and lingual edges border-
ing a concave occlusal basin. This basin is not covered by enamel, although a thick layer of
enamel covers the crown externally. The pc8 and pc9 are ovoid, with completely worn-off
crowns. The enamel layer that covers the crown on the labial surface is very thin. The pc10 to
pcl2 are the best preserved elements, with nearly unworn crowns. They are oval in cross-sec-
tion, with a low crown. The crown is conspicuously wider than the root, which is circular in
cross-section. The labial crest is low with a main cusp a that is curved posteriorly and slightly
laterally. There are three accessory cusps: a tiny mesial cusp b and two distal cusps, cand d
(Fig 5D and 5E). The main cusp a is separated from cusp ¢ by a deep notch. The lingual surface
of the sectorial crest slopes towards the lingual platform gradually, without a distinctive step.
This lingual surface and the occlusal platform have a thin layer of enamel, whereas the enamel
that covers the crown externally is relatively thick. Accessory cusps on the lingual edge of the
lingual platform are not evident. In lateral view, the last three postcanines have a similar cusp
pattern to that of Chiniquodon (see Discussion), although the crown is lower and the cusps are
more discrete. The right postcanines do not provide further details and their crowns are largely
worn off.
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UFRGS-PV-0071-T. This specimen consists of the anterior half of a skull without lower
jaws (Fig 6). This specimen is poorly-preserved overall, having suffered from the calcitic
replacement and secondary expansion typical of Santa Maria fossils. It is referred to A.
cromptoni because of the presence of transversely-expanded postcanines, with a labial cusp
and broad lingual platform (Fig 6B). The snout as preserved is similar to that of other Aleo-
don specimens. UFRGS-PV-0071-T is much smaller than the holotype and represents one of
the smaller known specimens of A. cromptoni (58.6mm palatal length and 56.8mm muzzle
length). Four upper incisors are preserved on each side of the snout. They are sub-conical,
evenly spaced, posteroventrally angled, and decrease in size posteriorly. The right 12 and left
I1 and I3 were in process of eruption at the time of the animal’s death, with 12 and I3 less
erupted than I1. The canine is large and ovoid in cross section. There is a deep paracanine
fossa positioned anteromedial to the canine. All of the postcanine crowns in this specimen
are damaged, with numerous cracks across their surface, but the postcanine tooth row is
somewhat better preserved on the right side of the skull. The right tooth row consists of
seven postcanines plus an alveolus at the rear with an erupting tooth. The postcanines in this
specimen are circular to oval in cross section, and their overall morphology indicates the
presence of a lingual platform, which is clearly evident in the right PC5-6. The right PC5
exhibits an elevated labial crest and a very small accessory cuspule on the distolingual corner
of the lingual platform. This cuspule is worn off apically, but can be distinguished from the
rest of the crown by the presence of a short vertical notch. Cuspules of this kind would be
quickly eroded during mastication and, therefore, are worn out in functional teeth. The post-
canine tooth row is concave laterally and projects lateral to the subtemporal fenestra. The
last postcanine is positioned posterior to the level of the anterior orbital edge and just poste-
rior to the anterior edge of the subtemporal fenestra. The secondary palate is long, reaching
the level of the last postcanines (Fig 6A). It is made up almost equally by the maxilla and pala-
tine. The anterior half of the secondary palate is almost flat, outside of the conspicuous para-
canine fossae, whereas the posterior half is transversely wider and slightly convex. Just
medial to the last postcanine teeth there is a shallow concavity on the palate. The medial pro-
cess of the palatine, which contacts the primary palate, projects posteromedially onto the
pterygoid body by means of a triangular process. The pterygoid wings are wide and, based
on the preserved portion, are shorter and less sharply pointed at tip than in Chiniquodon
[14]. They are posteriorly and slightly ventrally projected. Along the midline, the pterygoids
unite to form a sharp medial crest. The dorsal and lateral aspects of the skull are in need of
futher preparation.

MMACR-PV-018-T. This specimen consists of a left maxilla with the root of the canine
and nine postcanine alveoli (Fig 7). The size of this specimen is similar to UFRGS-PV-0071-T;
together these represent the smallest known individuals of A. cromptoni. The maxilla is tall
with a convex surface on the bulging canine root and a concave constriction posteriorly. There
is a large maxillary foramen, positioned above the level of the alveolus for PC2. The canine
root is oval in cross section and, as in other specimens of A. cromptoni, the postcanine row
diverges posterolaterally. The first postcanine alveolus is oval. Posteriorly, the alveoli are trans-
versely elongated until the alveolus of PC6, which is the transversely widest of the row. After
this point, the PC8 and PC9 alveoli become transversely narrow and oval, with the main axis
mesiodistally oriented (Fig 7). The presence of transversely narrow alveoli (or teeth) at the rear
of the upper tooth row is also observed in specimens UFRGS-PV-0071-T (see above) and
UFRGS-PV-0125-T (see below). This indicates the presence of a few sectorial postcanines in
the last position of the tooth row, another feature convergent on the condition in gompho-
donts like Diademodon. The alveolus of PC10 preserves only its mesial edge. It apparently
housed a sectorial tooth, as did two preceding alveoli.
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UFRGS-PV-0122-T. Although very poorly preserved, this specimen is important in rep-
resenting the largest known individual of Aleodon (310mm basal skull length). It consists of
the skull (Fig 8) and a complete right and partial left lower jaw. The preorbital region is shorter
than the postorbital, and this does not appear to be due to deformation. The temporal region is
wide, and bounded by a deep, prominently arched zygoma (Fig 8). The zygomatic arch is simi-
lar to that of UFRGS-PV-146T. Its ventral edge is strongly concave ventrally and at its antero-
ventral corner there is a marked angulation, as in Chiniquodon [14]. The parietal crest is tall
and the skull roof tapers anteriorly. The secondary palate is also well-developed posteriorly,
differing from gomphodont cynodonts. The precise number of incisors and postcanines is
unknown. The upper canines are extremely large, with the preserved portion of the right
crown being 46 mm long. The shape of most postcanines is indiscernible but a few ones from
the right side clearly exhibit a circular cross-section in occlusal view, indicating a lingual plat-
form. The first postcanine is positioned medially to the level of the canine, similar to other
specimens (small and large) of Aleodon, and differing from Chiniquodon, in which the canine
and first postcanines are aligned [73, 81-82]. The jaw is robust with an elongated symphysis,
high horizontal ramus, and tall coronoid process (Fig 8). The angular process of the dentary is
posteriorly broken and part of the post-dentary complex is preserved. The lower postcanines
are not available.

UFRGS-PV-0125-T. This specimen consists of a laterally compressed, poorly preserved
cranium (Fig 9) suffering from calcitic expansion. The majority of the dentition has fallen out,
with the exception of the first three left postcanines. There are four alveoli for incisors, which
decrease slightly in size posteriorly. The canine alveoli are large, as in other specimens of A.
cromptoni. The left postcanine tooth row preserves the PC1 to PC3 plus five alveoli, and the
right side preserves at least nine alveoli. The postcanine tooth row is laterally concave, with its
posterior end angled posterolaterally even though the skull is compressed (unlike the condi-
tion described for UFRGS-PV-0146-T below). The PC1 and PC2 are smaller than PC3, peg-
like in shape and without a diastema with the canine. Their crowns are poorly preserved. The
PC3 is an intact but heavily worn crown. PC3 bears a low labial cusp and lingual platform and
is transversely expanded and ovoid, similar to that of other Aleodon specimens. The last two
alveoli in the right tooth row are markedly narrower in their transverse dimensions than the
preceding ones, suggesting that these teeth may have been sectorial (Fig 9). In addition to post-
canine morphology, identification of this specimen as Aleodon rather than as a gomphodont is
supported by the great length of the secondary palate (terminating posterior to the postcanine
tooth row), lack of maxillary platform, and the proportionally small size of the incisor alveoli.
The zygomatic arch of this specimen (best preserved on the right side) and is extremely tall
and robust, as in other large specimens of Aleodon. The dorsal profile of the skull is also similar
to other Aleodon specimens, with a tall parietal crest at its posterodorsal edge.

UFRGS-PV-0146-T. Oliveira et al. [19] previously described this specimen in detail, albeit
focusing on the postcranial elements. It was referred to Chiniquodon because of the presence
of a relatively short snout, very deep zygomatic arch (Fig 10), angulation between the postero-
lateral portion of the maxilla and anteroventral margin of the zygomatic arch (Fig 10), and
long secondary palate [19], following the taxonomic proposal of Abdala and Giannini [14].
With regard to the postcanines, they mentioned that because the postcanine crowns are bro-
ken, their presumable sectorial morphology could not be observed. The few differences
observed between the postcranium of this specimen and that previously known for Chiniquo-
don [83] were considered to be attributable to intraspecific variation [19].

Although the postcanines of UFRGS-PV-0146-T are poorly preserved, they are not all bro-
ken (contra [19]) (see Figs 12 and 14). Several of the crowns are intact, albeit heavily worn, and
exhibit the characteristic postcanine morphology of Aleodon (especially the left PC5; see Fig 14
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and description below). The morphology of the dentition and its biostratigraphic (i.e., Dino-
dontosaurus AZ) and geographic provenance allow us to refer UFRGS-PV-0146-T to A. cromp-
toni. This specimen is larger than the holotype, but smaller than UFRGS-PV-0122-T (see S1
File).

The skull is slightly laterally compressed and bears several cracks that obscure the recogni-
tion of cranial sutures. The snout is shorter than the temporal region and the orbits face ante-
rolaterally. Although deformed, the temporal fossae are clearly sub-rectangular, widening
posteriorly. The zygomatic arch, postorbital bar, parietal and lambdoidal crests are robust. In
lateral view, the profile of the skull is roughly triangular, with an elevated parietal crest that
gradually slopes downwards anteriorly. The maxillary facial process is tall, with a prominent
convexity produced by the canine root. The premaxilla is small and has a conspicuous ascend-
ing internarial process. The septomaxilla has a large lateral process extending posterodorsally
between the nasal and maxilla. The zygomatic arch is composed of the squamosal and jugal.
The jugal projects far posteriorly to reach the ventrolateralmost portion of the squamosal, lon-
ger than in most Chiniquodon specimens [14]. The squamosal projects anteriorly over the
jugal, terminating below the posterior portion of the postorbital bar. The ventral edge of the
zygomatic arch is highly concave, producing a prominent angulation at its anterior edge
(below the postorbital bar) as in Chiniquodon. The deepest part of the zygomatic arch is in its
posterior portion, which is as tall as the snout height at the middle of the tooth row. In ventral
view, the secondary palate is long, extending to the level of the last postcanine. Based on a par-
tial suture preserved on the left side, the lengths of the maxilla and palatine in the secondary
palate are similar, as in other specimens of A. cromptoni (see above). The pterygoids are not
well preserved and the primary palate and basicranial region are badly distorted. In posterior
view, the occipital plate is triangular, with a deep, v-shaped notch separating the lambdoidal
crest from the zygomatic arch.

The dental formula is 41/3i, 1C/1c, 8PC/9pc. The upper incisors are subconical and slightly
posteroventrally projected. The incisors are closely spaced. They increase in size posteriorly
and there is a short diastema with the canine. The canine is a very large tooth (see S1 File) that
is oval in cross section at the base. The upper and lower canines are recurved, although this is
less evident in the somewhat-distorted left upper canine (Fig 10). There is no evidence of
canine serrations. The postcanine tooth rows are not well preserved and slightly deformed, but
it is evident that there is no diastema with the canine. The left tooth row is laterally concave
and projects lateral to the subtemporal fossa, as in the holotype of A. cromptoni. On the other
hand, the right tooth row seems to be straighter due to deformation of the maxillary body and
zygomatic arch. The left tooth row preserves evidence of eight teeth, of which only four retain
remnants of crowns. One in particular, the PC5, is largely intact and exhibits the diagnostic
morphology of Aleodon, with a single labial cusp and large, transversely expanded lingual plat-
form (Fig 14). The circular to ovoid cross-section of the crown, due to the development of the
lingual platform, is also evident in PC3 to PC7 on the left side and the middle postcanines of
the right side. On the right side, the precise number of teeth is uncertain due to poor preserva-
tion; parts of at least five crowns are preserved.

UFRGS-PV-0274-T. This specimen is a relatively large skull, with a total length of
277mm. The skull is dorsoventrally compressed and there are several cracks on its surface (Fig
15). Part of the zygomatic arch, all the incisors, and both canines are reconstructed with plaster
and resin. It has the same features observed in the aforementioned specimens, including a
short and wide snout, with a conspicuous bulging at the canine root. The secondary palate is
long and slightly convex at its posterior portion. The postcanine tooth rows only preserve por-
tions of the right PC2 and PC7 and left PC6. The right postcanine row includes a very mesio-
distally short alveolus for PC1. The PC2 crown is broken with a circular cross section. The
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alveoli for PC3 to PC6 are oval with their main axis, transversely oriented. The PC7 preserves
part of the crown. It is oval shaped, in occlusal view, with a lingual platform. It seems to be an
erupting tooth but due to the poorly preserved portion of the maxilla this is uncertain. At this
point, the maxilla is obliquely crushed and the posterior portion slightly shifted laterally on the
anterior portior, so the exact orientation of these teeth is difficult to discern. For example, the
alveolus for PC8 seems to be almost at the same tranverse level as the alveolus of PC7. The alve-
oli for PC7 and PC8 are transversely narrow and decrease in size posteriorly, indicating the
presence of sectorial teeth at the back of the tooth row. On the left side, the postcanine row
preserves two circular alveoli for PC1-PC2. The alveolus for PC3 is considerably larger trans-
versely, indicating a conspicuous change in tooth size at this point. The following alveoli are
also transversely wide until reaching the alveolus for PC7. The last alveoli are partially pre-
served and the total number in this side is unknown. This row preserves part of the crown of
PC6. It is somewhat oval in cross-section and bears the lingual platform characteristic of Aleo-
don. As in the previously-described specimens and differing from large specimens of A. bra-
chyramphus, there is no diastema between the canine and postcanine teeth.

Discussion
Assignment of the Brazilian specimens to Aleodon

MPDC-501-117 is referred to the genus Aleodon based on the presence of labiolingually-
expanded postcanines with a tall main labial crest, dominated by a main cusp and a well-devel-
oped lingual platform in the preserved upper postcanine teeth. The lingual platform is not
developed to the same degree in any other Triassic probainognathian, including chiniquodon-
tids [14, 15, 78-79, 84], ecteniniids [85-87], probainognathids [3, 74], and prozostrodontians
[3, 34, 78,79, 88-91]. A posterior lower postcanine of Candelariodon barberenai, from the
Dinodontosaurus AZ, was originally thought to be similar to Aleodon [92]; however, it has
since been demonstrated that its dentition more closely resembles that of some prozostrodon-
tians (e.g., Prozostrodon) and that the tooth in question is actually broken [93]. Another inter-
esting taxon in this regard is the Middle Triassic Cromptodon mamiferoides (holotype PVL
3858) from Mendoza Province, Argentina [94]. It also has postcanines with a wide lingual cin-
gulum, but unfortunately only the lower jaws are known. Nonetheless, the lower dentition of
Cromptodon is clearly distinct from that of both Aleodon species. In Cromptodon, the lower
postcanines have a sectorial labial crest with a conspicuous main cusp a, mesial cusp b and dis-
tal cusps ¢ and d (cusp height = a>b>c>d), whereas in Aleodon the sectorial labial crest bears
a conspicuous and bulbous main cusp, one very tiny mesial cusp, and two small distal cusps.
The sectorial labial border of the lower postcanines of Aleodon is more similar to the morphol-
ogy of Chiniquodon and ecteniniids, with the main cusp strongly posteriorly angled, than that
of Cromptodon, in which the main cusps are more vertically positioned. In Cromptodon, the
lingual cingulum is less developed, bears discrete cusps, and reaches its maximum width in the
middle of the tooth row (pc3-pc4), then decreases in width in the posterior teeth. In contrast,
in the well-preserved jaw MCN-PV 10338 of Aleodon cromptoni the lingual cingulum is the
most conspicuous structure in all the postcanine teeth, being greatly expanded in both labio-
lingual and mesiodistal dimensions relative to the labial portion of the crown. The only known
specimen of Cromptodon is extremely small (~27mm dentary length), contrasting considerably
with the size sample for Aleodon cromptoni. Nonetheless, the presence of a canine-postcanine
diastema in the former taxon would indicate a sub-adult or adult individual; therefore, the size
difference between both taxa is notable and probably reflective of real taxonomic distinction.
The postcanine dentition of Aleodon is distinctive even when compared with gomphodont
cynodonts. In the latter group, the upper postcanines bear a transverse crest, with a different
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position in each family, which is connected to the labial sectorial crest [80, 95-96]. The lower
postcanines are usually subrectangular with a transverse crest, usually positioned on the mesial
edge in traversodontids. Both upper and lower postcanine teeth develop conspicuous basins
that, in conjunction with the crests, produce a mechanism for grinding [80, 96]. In Aleodon,
the upper and lower postcanines have a sectorial labial crest and a lingual platform, capable of
rudimentary crown-to-crown occlusion, without a transverse crest. Also, the upper and lower
postcanine teeth of Aleodon exhibit a similar pattern of cusp and basin, differing from traverso-
dontids in which the morphology of the upper postcanine teeth is clearly differentiated from
that of the lowers.

The additional Brazilian specimens described above can also be referred to Aleodon based
on the presence of postcanine teeth with a large lingual platform, and excluded from gompho-
donts due to some combination of lengthy secondary palate, lack of tranverse crest on upper/
lower postcanine teeth, and lack of maxillary platform. Although some of these specimens are
poorly preserved, taken together they provide a nearly-complete view of various aspects of the
osteology of A. cromptoni, such as dentition (MPDC-501-117; MCN-PV 10338, UFRGS-PV-
0071-T, UFRGS-PV-0146-T), primary and secondary palates (UFRGS-PV-0071-T, UFRGS-
PV-0125-T, UFRGS-PV-0274-T, UFRGS-PV-0146-T), dentary morphology (MCN-PV 10338,
UFRGS-PV-0122-T, UFRGS-PV-0146-T), parietal and temporal morphology (UFRGS-PV-
0122-T, UFRGS-PV-0125-T, UFRGS-PV-0146-T), and postcranial morphology (UFRGS-PV-
0146-T).

Aleodon brachyrhamphus and A. cromptoni

Aleodon cromptoni and A. brachyrhamphus are clearly closely-related taxa, and at present can
only be distinguished based on features of the dentition. The publication of better preserved
cranial specimens of A. brachyrhamphus (hopefully forthcoming) will be required to establish
additional autapomorphies of these species. Here we discuss the key points of comparison cur-
rently available between Aleodon cromptoni and A. brachyrhamphus:

1. Although both species have a well-developed lingual platform on the upper and lower post-
canine teeth, in A. cromptoni it is mesiodistally wider and labiolingually narrower than in
A. brachyrhamphus. Consequently, in the latter taxon, the upper postcanine crowns are
more transversely elongated.

2. Within the analyzed sample, the upper postcanine teeth of A. cromptoni have a distinct size
increase between PC2 and PC3, as clearly shown in the holotype (Fig 4). By contrast, A. bra-
chyrhamphus has a gradual increase in upper postcanine size between PC1 and PC4. Simi-
lar-sized specimens of both species (Fig 4) show different proportions in the absolute size of
the postcanines. A. cromptoni has larger postcanine teeth in relation to A. brachyrhamphus,
with the lingual platform two to three times wider than the sectorial labial crest in the mid-
dle and posterior postcanines.

3. The presence of an upper and lower diastema between canine and postcanine teeth is
clearly evident in A. brachyrhamphus. This is related to the loss of the anteriormost postca-
nines during ontogeny, enlarging this space. In the holotype (UMZC T906) and referred
(NHMUK PV R9390) specimens of A. brachyrhamphus, the diastema is conspicuous and
the dentary exhibits the presence of resorbed bone in the shed alveoli. By contrast, A.
cromptoni does not show an enlargement of the diastema during ontogeny. Both small
(UFRGS-PV-0071-T; MMACR-PV-018-T) and large (MPDC-501-117, UFRGS-PV-
0146-T, UFRGS-PV-0122-T) specimens lack a discrete space between the canine and post-
canine tooth row, apparently independent of ontogenetic stage. Similar-sized specimens of
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A. brachyrhamphus (NHMUK PV R9390) and A. cromptoni (MPDC-501-117) show oppos-
ing conditions for this feature (Fig 4). In fact, in none of the specimens referred to A. cromp-
toni is there a conspicuous diastema. Therefore, it is possible that there are some differences
in tooth replacement between these species, with limited or absent alveolar resorption in
the anterior postcanine row of A. cromptoni.

4. The lower postcanines of the two Aleodon species are different in crown morphology. In A.
brachyrhamphus (UMZC T906), the first three teeth are circular in occlusal view and they
increase in width abruptly, with the fourth tooth considerably wider than the previous
ones. From pc4 to pc7, they widen slightly and maintain almost constant width. They are
more transversely elongated than in A. cromptoni, being about two times broader than
long. However, in A. cromptoni the teeth remain circular in occlusal outline until pc5, and
then have a less-developed lingual platform than in A. brachyrhamphus. The labial edge of
the crown bears a main cusp in A. brachyrhamphus, whereas in A. cromptoni there is a sec-
torial crest with three discrete cusps descending in size posteriorly plus a tiny mesial one.
The contact area between teeth of the same row is larger in A. brachyrhamphus than in A.
cromptoni, due to the more elongated lingual platform in the former. As was mentioned in
point (c), the smaller number of postcanines in A. brachyrhamphus would be related to the
loss of anterior teeth, as clearly observed in UMZC T906, which has a large diastema and
fewer postcanines than MCN-PV 10338.

5. In the holotype of A. brachyrhamphus (UMZC T906), only two lower incisors were
described in each jaw [20], differing a priori from the condition of A. cromptoni, which has
three incisors, a number common in probainognathians [32]. However, based on personal
observations of UMZC T906 (by AGM), it seems to have three incisors in the left side and
two in the right, with the left mediolabial border of the dentary broken off. Therefore, we
assume that A. brachyrhamphus had three lower incisors, like A. cromptoni. Upper incisors
are unknown in the holotype of A. brachyrhamphus. A referable specimen, NHMUK PV
R9390, has four upper incisors, also as in A. cromptoni.

6. The upper postcanines of the A. brachyrhamphus specimen NHMUK PV R9390 have a lon-
gitudinal depression on the lingual face of the crown, such that there is a distinct ‘notch’ on
the lingual platform (Fig 4A). This feature is more evident in postcanines in the mid-length
of the row. The consistent presence of this character-state in A. brachyrhamphus specimens
is uncertain, in large part because of poor preservation of the postcanine crowns in other
specimens of this species. However, this feature is clearly not present in any specimen of A.
cromptoni.

7. There is evidence of posterior sectorial teeth in the upper postcanine tooth row of the known
sample of A. cromptoni, based on changes in shape of the alveoli of specimens UFRGS-PV-
0071-T, UFRGS-PV-0125-T, and MMACR-PV-018-T. Unfortunately, the crown morphol-
ogy of these teeth is unknown. The available lower jaws of A. cromptoni do not show such a
conspicuous difference between transversely wide and sectorial teeth, especially in MCN-PV
10338 in which the postcanine row is well preserved (in specimen UFRGS-PV-0146-T the
posterior portion of the lower tooth row is poorly preserved). In A. brachyrhamphus (e.g.,
NHMUK PV R9390) there are also sectorial postcanines at the rear of the upper tooth row.
There is no clear evidence for lower sectorial teeth in the lower jaws of A. brachyrhamphus;
although the posterior portions of the jaws in this taxon are generally poorly preserved.

8. Based on the size range present in the sample of A. brachyrhamphus from the Manda Beds
(for those specimens deposited in the UMZC and NHMUK collections), it seems that the
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Brazilian A. cromptoni reached considerably larger skull size than its congener, as illustrated
by specimens UFRGS-PV-0122-T, UFRGS-PV-0146-T, and MCN-PV 10338, and also by
the tentatively-referred specimen GSN EN-3 from Namibia. In the sample of A. brachyr-
hamphus complete skulls are unavailable and, consequently, its total skull length is
unknown. The holotype UMZC T906 represents one of the largest A. brachyrhamphus spec-
imens; its jaw is smaller than the A. cromptoni jaw MCN-PV 10338 (see Fig 5), here consid-
ered a mid-sized specimen.

Identification of the Namibian specimen GSN EN-3 as A. cromptoni

Abdala and Smith (2009) described an isolated skull with worn dentition (GSN EN-3) from
the upper Omingonde Formation of Namibia as a specimen of Aleodon (Fig 16). This speci-
men was referred to Aleodon on the basis of its snout proportions, secondary palate length,
and tooth morphology (specifically the labiolingually-expanded, ovoid-ellipsoid postcanine
crowns). Abdala and Smith [13] did not identify this specimen to species (leaving it as Aleodon
sp.), presumably because of its great geographic separation from the Manda Beds of Tanzania.
The only possible difference they noted between this specimen and the Tanzanian material
was the presence of a pineal foramen in UMZC T906 (holotype of A. brachyrhamphus), which
was mentioned as present by Crompton [20]. However, they also noted that they could find no
evidence of a pineal foramen when re-examining UMZC T906, and subsequent examination
of that specimen by the authors of this paper (AGM and CFK) corroborates its absence.

The cranial morphology of GSN EN-3 is typical for Aleodon, with a tall, well-developed
parietal crest and deep, robust zygomatic arches (Fig 16A and 16B), but the cranium alone
does not exhibit any characters that permit identification as either A. brachyrhamphus or A.
cromptoni. The postcanine tooth rows in this specimen are externally concave and point pos-
terolaterally, terminating lateral to the subtemporal fossa in ventral view. The right postcanine
tooth row preserves only one tooth (PC8), but also 11 alveoli. The left postcanine tooth row
preserves 11 intact but badly worn crowns. The high degree of wear on these teeth makes spe-
cies referral based on their morphology somewhat suspect, which is why we consider the fol-
lowing identification to only be tentative. With this noted, two features of the postcanine tooth
row of GSN EN-3 are notable. One is the marked increase in tooth size between PC2 and
PC3 (seen via alveolar dimensions on the right side) (Fig 16D and 16E). The other is the very
broad, rounded lingual platform present in the best-preserved postcanine crowns (particularly
the left PC6, 7, and 11). These are both characteristics that distinguish A. cromptoni from
A. brachyrhamphus. Although it is possible that the Namibian material represents a third,
endemic species of Aleodon, based on the above characters, the close geographic proximity of
Rio Grande do Sul and Namibia during the Triassic, and the recent discovery of other charac-
teristic elements of the Dinodontosaurus AZ in the upper Omingonde Formation (i.e., Stah-
leckeria potens; [46]), we consider it more likely that this specimen represents A. cromptoni.

Aleodon versus Chiniquodon

Abdala and Giannini [14] revised the taxonomic composition of Chiniquodontidae, which at
the time was restricted to the Middle-Late Triassic of Argentina and Brazil. They synonymized
Probelesodon [73, 75, 82, 84] and the large-bodied taxon Belesodon [97] with the genus Chini-
quodon [97], a taxon initially described from the Santa Maria Formation of southern Brazil.
Previously stated differences between these taxa were explained as ontogenetic factors. Subse-
quently, material referred to Chiniquodon sp. was recognized in the Santacruzodon AZ of
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southern Brazil [98] and the upper Omingonde Formation of Namibia [13], and a new species,
C. kalanoro, was described from the basal “Isalo II” beds of Madagascar [15]. As a result, the
Chiniquodontidae currently includes: Chiniquodon theotonicus from the Chafniares Formation
of Argentina and Dinodontosaurus AZ of Brazil, C. sanjuanensis from the Ischigualasto Forma-
tion of Argentina, and C. kalanoro from basal “Isalo II” beds of Madagascar. Consequently,
this genus spans a remarkably broad geographic and temporal range, extending across much
of Gondwana and minimally from the Carnian to the Norian. Aleodon was excluded from the
Chiniquodontidae by Abdala and Giannini [14], in contrast to the previous proposals of Hop-
son [26] and Hopson and Kitching [32].

The features diagnosing Chiniquodontidae include (see [14]): (a) robust zygomatic arch,
flared laterally; (b) angulation between the ventral edge of the maxillary zygomatic process and
the anteroventral margin of the jugal; (c) pterygoid flanges greatly elongated, ending in a thin
projection; (d) long secondary osseous palate; and (e) postcanines with backwardly recurved
main cusps, lacking cingula or with tiny lingual cingular cusps. The new described specimens
of Aleodon clearly demonstrate that both Chiniquodon and Aleodon possess the same general
cranial morphology, because they share the aforementioned traits (a-d), differing only in the
dental feature (e). Aleodon is characterized by having non-sectorial postcanine teeth bearing a
conspicuous, basined lingual platform, not sharply-recurved sectorial teeth throughout the
postcanine row. The posteriormost upper postcanines of Aleodon are more sectorial in shape
and bear recurved main cusps, however. The morphology of these teeth adds additional sup-
port for a close relationship between these taxa, as previously proposed by Hopson and Kitch-
ing [32] and Ruta et al. [33]. It is noteworthy how congruent the skull and jaw morphologies
are between Chiniquodon and Aleodon despite their disparate dental forms.

Skull morphology is fairly consistent among the specimens referred to A. cromptoni, in
which the skull length ranges from ~13cm (estimated from UFRGS-PV-0071-T) to 31cm
(UFRGS-PV-0122-T). They have a short, wide snout, large zygomatic arches, robust jaws, and
large canines (even in the smallest specimen). By contrast, the sample of specimens referred to
Chiniquodon theotonicus is noticeably more heterogeneous. Specimens from the Chafiares For-
mation from Argentina are usually smaller in size and more slenderly built, with long, narrow
snouts. This morphotype is also observed in at least one specimen that comes from the Dino-
dontosaurus AZ, the holotype of Probelesodon kitchingi (MCP-PV-1600-T; [81, 82]) (Fig 17).
Most other specimens of Chiniquodon from Brazil are poorly preserved [14, 97] and several
referred specimens are still unprepared and in concretions. Independent of size, this morpho-
type bears a short snout and robust zygomatic arches (UFRGS-PV-0066-T, UFRGS-PV-
1331-T (ex UFRGS-PV-0066-Tg by Abdala and Giannini [14]), with a marked concave outline
between the parietal crest and the roof of the snout in lateral view (see dotted line in Fig 17). In
contrast, the sample from the Chafnares Formation and the specimen MCP-PV-1600-T from
the Dinodontosaurus AZ have a more straight dorsal outline in lateral view, slightly tapering
anteriorly (Fig 17). This outline in the Chiniquodon sample from Brazil is not considered a
product of postmortem processes because it appears in several specimens, with different sizes
and states of preservations. In both cases, robust or gracile forms, all the postcanine teeth are
sectorial (Fig 17), distinguishing Chiniquodon from Aleodon. Further preparation of the exten-
sive Brazilian sample of “Chiniquodon” would be greatly beneficial towards resolving the Chi-
niquodon-Belesodon-Probelesodon complex, and permit testing whether the aforementioned
heterogeneity is attributable to taxonomy, ontogeny, and/or sexual dimorphism.

The referred sample for Aleodon cromptoni includes specimens reaching skull lengths
greater than any known for Chiniquodon. The specimens UFRGS-PV-0274-T (27.7cm) and
UFRGS-PV-122-T (31cm), both cited as the largest Chiniquodon individuals by Abdala and
Giannini [14], are here considered to belong to A. cromptoni. Therefore, the largest specimen
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Fig 17. Chiniquodon from South America. Skull of specimen MCP-PV-1600-T (holotype of Probelesodon kitchingi) in lateral view
(A). Skull and articulated jaws of specimen UFRGS-PV-1331-T (ex UFRGS-PV-0066-Tg) in lateral (B) and dorsal (C) views, and of
specimen PVL 4444 in lateral view (D). Detail of posterior upper left postcanines of PVL 4674 in labial (E) and ventrolingual (F) views.
Details of posterior lower left postcanines of PVL 4444 in labial (G) and lingual (H) views. Note the absence of a lingual platform. The
arrow points to the mesial side. The dotted lines indicate the shape of the dorsal profile of the skull. Scale bar equals 20mm in A-D
and 5mm in E-H.

https://doi.org/10.1371/journal.pone.0177948.9017
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Fig 18. Phylogenetic relationships. Strict consensus tree of 75 most parsimonious trees, showing the phylogenetic position of Aleodon
cromptoni sp. nov. within Chiniquodontidae. The numbers at nodes indicate Bremer support and Bootstrap values, respectively.

https://doi.org/10.1371/journal.pone.0177948.g018

currently retained in Chiniquodon is the holotype of Belesodon magnificus (GPIT/RE/7112) at
26cm. The remaining specimens from Brazil and Argentina range from ~5 to ~20cm, with the
most common size range between 10 and 15cm (see [14]).

Phylogenetic placement of Aleodon cromptoni

The cladistic analysis resulted in 75 most parsimonious trees of 529 steps (Ci = 0.35, Ri = 0.72).
A selected part of the strict consensus tree is shown in Fig 18 (see S1 File for the complete
tree), depicting Aleodon cromptoni as sister-taxon of A. brachyrhamphus, within Chiniquodon-
tidae. Both species are supported by three ambiguous sinapomorphies: tooth-to-tooth contact
because of widened postcanines (ch. 108(3)), bucco-lingually expanded upper postcanines (ch.
110(3)), and well developed lingual cingulum in lower postcanines (ch. 124(2)). Chiniquodon-
tidae, including Chiniquodon plus Aleodon species, is supported by four ambiguous synapo-
morphies: large extranasal process of the premaxilla but not contacting nasal (ch. 2(1)),
suborbital angulation between maxilla and jugal (ch. 26(1)), posterolateral end of maxilla
forms right angle ventral to jugal contact (ch. 49(1)), and length of the secondary palate longer
than the anterior border of orbit (ch. 52(2)). Although the inter-relationships of probainog-
nathians are not the scope of the present contribution, the clade Chiniquodontidae and the
placement of the new species (A. cromptoni) are well-supported within Probainognathia, with
high Bremer support values (see Fig 18).
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Biostratigraphic implications

In recent years, radioisotopic dating from various continental formations has substantially
altered our understanding of Triassic chronology and the relative ages of the major tetrapod
clades. In particular, these dates have cast doubts on the reliability of vertebrate biostratigraphy
for establishing the age of Triassic faunal assemblages. However, interbasinal correlations were
historically made at very rough levels, often establishing equivalency based on "family"-level
taxa. More recently, new fieldwork and re-evaluation of historic specimens has revealed signif-
icant lower-level taxonomic overlap between cynodont faunas in South America and southern
Africa (Fig 19). We discuss these biostratigraphic issues below, establishing context for the
importance of Aleodon in Brazil.

South American correlations. Tetrapod associations from South America classically
thought to represent the Middle Triassic (Anisian-Ladinian) are those from the Rio Seco de la
Quebrada Formation (Puesto Viejo Group; e.g., [10, 99-101]), Cerro de Las Cabras Formation
(Cuyo Basin; e.g., [94, 101, 102]) and Chailares Formation (Ischigualasto-Villa Unién Basin;
e.g., [44, 45, 103, 104]) from western Argentina and the Dinodontosaurus and Santacruzodon
AZs (Santa Maria Supersequence; Parana Basin; e.g., [35, 51, 52]) from southern Brazil.
Recently, however, radioisotopic dates from the Chaiares Formation have placed its typical
vertebrate faunal association (from the upper half of the Lower Section; sensu [44]) in the early
Carnian (236.1+0.6 Ma; [45]). Concomitantly, preliminary results from the Santacruzodon AZ
(Santa Cruz Sequence) have also recovered an early Carnian age (236+1.5 Ma; [43]). These
new radiometric data fit well into a unified biostratigraphic framework when the Parana and
Ischigualasto-Villa Unidn basins are compared, as there are strong resemblances in synapsid
and archosauromorph content between the Dinodontosaurus AZ and the Chanares Formation
(e.g., [51, 52]). The Santacruzodon AZ of Brazil is situated between the Dinodontosaurus and
overlying Hyperodapedon AZs [18, 35, 96]; the latter AZ has been biostratigraphically corre-
lated with the Ischigualasto Formation in western Argentina, which is dated as late Carnian/
early Norian, 231.4+0.3 to 225.9+0.9 Ma (e.g., [105]).

Although the new dates from Chanares and the Santacruzodon AZ shift the age of these fau-
nas from Middle (Ladinian) to Late (Carnian) Triassic, the effects of this change on tetrapod
correlation are relatively minor. The taxa such as traversodontid cynodonts, rhynchosaurs,
and rauisuchians that dominate these assemblages were previously known from Carnian
deposits, so a younger age for these faunas is not particularly surprising; the major novelties
are the implications for the diversification of dinosauromorphs (e.g., [45]). By contrast, dates
produced by Ottone et al. [106] for the Quebrada de los Fosiles Formation (San Rafael Group,
Argentina) require a substantial overhaul of our understanding of Triassic biochronology if
accurate. Ottone et al. [106] provided a SHRIMP ***U/*°°Pb age of 235.8+2.0Ma from an
ignimbrite blow at the top of the Quebrada de los Fésiles Formation, placing the tetrapod asso-
ciation of the younger Rio Seco de la Quebrada Formation in the beginning of the Carnian. A
similar age had been obtained by Valencio et al. [107] based on a *’K/*’Ar dating of 232+10Ma
from an ignimbrite at the middle section of the Rio Seco de la Quebrada Formation. This pro-
posal is extremely problematic in terms of biochronology, because the Rio Seco de la Quebrada
Formation is the only South American unit bearing cynodonts (Cynognathus crateronotus and
Diademodon tetragonus; [6, 9, 10]) typical of the Cynognathus AZ of the Karoo Basin in South
Africa, an assemblage traditionally considered Early to Middle Triassic (Olenekian-Anisian)
[7, 108-111]. Cynognathus crateronotus and Diademodon tetragonus have been widely-utilized
in biostratigraphic correlations, since they achieved a broad Gondwanan distribution (Argen-
tina, South Africa, Namibia, Zambia, Antarctica) during the Triassic and are relatively abun-
dant in the fossil record [8, 10, 109, 110, 112]. Based upon the new radiometric dating from
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https://doi.org/10.1371/journal.pone.0177948.9019
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San Rafael Group and the traditionally older inferred age of the Cynognathus AZ of the Karoo
(although see [113]), Ottone et al. [106] suggested two possible scenarios: (a) that the classical
Cynognathus AZ of South Africa is much younger than previously thought or (b) that the bio-
chron of Cynognathus and Diademodon is longer than previously thought, and thus their rec-
ords in Argentina reflect the persistence of this fauna for nearly 20 million years. Both of these
scenarios are highly problematic for Triassic faunal correlation (Fig 19). Other studies dating
the top of the lower section of the Quebrada de los Fésiles Formation produced an age of
~245Ma [114, 115]. Based on these dates, the upper section of the Quebrada de los Fésiles For-
mation would have a span of about 9Ma (i.e., almost all of the Ladinian) [115].

The other tetrapod assemblage from the Triassic of Argentina is the traditional “Rio Men-
doza local fauna” of the Cerro Bayo of Potrerillos (Mendoza Province) [94, 101] referred to the
Cerro de Las Cabras Formation (Uspallata Group, Cuyo Basin [102]; it was originally assigned
to the Rio Mendoza Formation, see also [116]). The Cerro de Las Cabras Formation includes
the dicynodont Vinceria andina, the traversodontid cynodont Andescynodon mendozensis, and
the probainognathian cynodont Cromptodon mamiferoides [94, 101]. Due to the shared pres-
ence of Vinceria, this association was correlated with the Rio Seco de la Quebrada Formation
of the Puesto Viejo Group (e.g., [117-118]), with both considered as Anisian in age. Martinelli
et al. [10] suggested that the tetrapod association of the Cerro de las Cabras Formation may
prove to be somewhat younger than the Puesto Viejo association (as also suggested by [119])
based on the phylogenetic relationships of the traversodontids from Cerro de las Cabras and
Puesto Viejo [96, 120] in combination with the presence of Cynognathus and Diademodon in
the latter unit. Nevertheless, based on dating from the Cuyana Basin [121-122], the tetrapod
association from the Cerro de Las Cabras Formation does appear to be Middle Triassic, possi-
bly Anisian, in age (Fig 19).

Based upon the dates from the Puesto Viejo Group [106] and those from the Cerro de Las
Cabras Formation (Cuyana Basin; [121-122]), biostratigraphic correlations between both
units are quite problematic and do not fit with previous faunistic interpretations (e.g., [10, 117,
123]), especially because of the occurrence of Cynognathus and Diademodon in the supposed
early Carnian Rio Seco de la Quebrada Formation. As was briefly commented on by Sues
[124] and Martinelli and Soares [4], the tetrapod composition of the Rio Seco de la Quebrada
Formation is highly bizarre when compared to other basins from South America (i.e., Ischi-
gualasto-Villa Union Basin in Argentina and Parand Basin in Brazil). Even if the hypothesis of
Ottone et al. [106] is accepted, in which the biochron of Cynognathus and Diademodon is lon-
ger than the African one, the absence of both genera in other well-sampled basins of Argentina
and Brazil of early Carnian age would be a remarkably aberrant distribution (Fig 19). Also,
the “evolutionary grade” of the entire tetrapod fauna, not only the cynodonts, is much more
derived in the Carnian-Norian formations of the Ischigualasto-Villa Unién and Parana basins.
It is possible that the San Rafael Group may be younger than the typical Cynognathus AZ of
the Karoo, but its proposed position as coeval to the Chafniares Formation in Argentina and the
Dinodontosaurus AZ in Brazil makes little sense in the evolutionary scenario of Triassic tetra-
pod communities. Determination of the exact stratigraphic provenance of Cynognathus and
Diademodon within the Puesto Viejo Group, their stratigraphic correlation with the traverso-
dontid Pascualgnathus, and new radiometric data are urgently needed to elucidate these bio-
stratigraphic issues.

Brazilian Aleodon and African biostratigraphy. With regard to the continental African
Triassic assemblages, several biostratigraphic problems have been also highlighted (e.g., [13]).
The Karoo Supergroup has traditionally been used as the standard for correlating Permo-Tri-
assic units worldwide, due to its vast temporal span, the abundance of collected fossils, and
their taxonomic diversity (e.g., [111]). In particular, the Lystrosaurus and Cynognathus AZs of
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the Karoo have been fundamental to our understanding of the evolution of Early and Middle
Triassic communities after the end-Permian mass extinction. More recently, studies on the
Cynognathus AZ have permitted the recognition of three subzones based initially on temnos-
pondyl amphibian taxa [110, 125] and subsequently reinforced by other faunal elements [126].
For cynodonts, the oldest Subzone A includes Cynognathus, Langbergia, and indeterminate
cynodonts with allotherian-like teeth [127] and has traditionally been considered upper Olene-
kian. Subzone B corresponds to the ‘classical’ Cynognathus AZ and besides Cynognathus and
Diademodon also includes Trirachodon, Bolotridon and Lumkuia [32, 109] and has tradition-
ally been considered lower Anisian. Finally, in the youngest Subzone C [126, 128-130] the
dominant cynodont is Cricodon [126], with rarer records of Cynognathus and Diademodon.
This subzone has traditionally been considered upper Anisian. Thus, the Cynognathus AZ as a
whole has been thought to span from the upper Olenekian (late Early Triassic in age) to the
upper Anisian (mid Middle Triassic in age).

Other well-studied African basins with Middle Triassic tetrapod assemblages include the
Manda Beds of the Ruhuhu Basin, Tanzania [20-21], the upper Omingonde Formation of the
Otiwarongo Basin, Namibia [13, 131-133], and the Ntawere Formation of the Luangwa Basin,
Zambia [11, 134-135]. Among cynodonts, Cynognathus, Diademodon and trirachodontids
have been used for correlations among these rocks; although the non-Karoo basins from conti-
nental Africa exhibit a combination of taxa that makes it difficult to straightforwardly correlate
these units (e.g., [13, 113]).

The discovery of the genus Aleodon in the Dinodontosaurus AZ of Brazil bears directly on
these biostratigraphic questions. Aleodon brachyrhamphus comes from the Lifua Member of
the Manda Beds in Tanzania [20-21] where it is found in association with gomphodont cyno-
donts: the trirachodontid Cricodon metabolus [20] and the traversodontids Scalenodon angusti-
frons [20], Mandagomphodon hirschsoni, and M. attridgei [120, 136] (Fig 19). Recently, new
stratigraphically controlled collections have subdivided the Lifua Member into lower and mid-
upper sections, but these faunal associations hold: the higher section includes Aleodon, trira-
chodontids and traversodontids, whereas the lower includes Cynognathus (e.g., [112, 137]).

In Namibia, in the upper Omingonde Formation, GSN EN-3 (the specimen here tentatively
referred to Aleodon cromptoni; Fig 16) was reported exclusively associated with traversodon-
tids (Luangwa sp. and an indeterminate form) and Chiniquodon sp. in the upper levels of the
unit. Significantly, Aleodon in Namibia is not found in association with Cynognathus and
Diademodon, because these taxa occur only in the middle and lower portions of the upper
Omingonde Formation [13]. Abdala and Smith [13] suggested the distribution of these taxa
indicates that the middle and lower levels can be correlated with the Cynognathus AZ of the
Karoo Basin and that the upper level can be correlated with the upper portion of the Ntawere
Formation in Zambia (based on the shared presence of the traversodontid Luangwa; [11, 135])
and part of the Santa Maria Formation in Brazil (based on Luangwa sudamericana and Chini-
quodon theotonicus; [12]). In addition, the presence of Stahleckeria potens [13] and a large
rauisuchian [138] in the upper Omingonde Formation strengthens its relationships with the
Dinodontosaurus AZ of southern Brazil.

The presence of Aleodon in Brazil permits a biostratigraphic correlation with the upper
levels of the Manda Beds in Tanzania [112, 137] and the upper Omingonde Formation in
Namibia, and its association with the basal traversodontid Luangwa sudamericana extends this
correlation to the upper horizons of the Ntawere Formation in Zambia (Fig 19), as was previ-
ously argued by Abdala and Sa-Teixeira [12].

Aleodon cromptoni, Luangwa sudamericana and the Dinodontosaurus AZ. The Dino-
dontosaurus AZ of the Pinheiros-Chiniqua Sequence, Santa Maria Supersequence [35, 42],
is presumably its oldest faunal association [51] with several outcrops in Rio Grande do Sul
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(Figs 1 and 20). Below this sequence the Triassic fossil content is confined to the Procolophon
AZ of the Sanga do Cabral Supersequence of Early Triassic age [139-140], both separated by a
marked disconformity from the Gondwanides II paroxysm [42]. The Dinodontosaurus AZ, a
denomination coined by Lucas [141], was traditionally known as the Therapsid Cenozone,
restricted to the Alemoa Member of the Santa Maria Formation and placed below the Rhynch-
osauria Cenozone (defined as the Hyperodapedon AZ in [141]). Although many of the
taxonomic and biostratigraphic proposals advanced by Lucas [137] have not stood up to subse-
quent scrutiny (see comments in [49, 142]), this terminology was maintained in latter contri-
butions (e.g., [34, 35, 52]). Originally, the Therapsid Cenozone was established based on the
Chiniqua and Pinheiros Local Faunas [51, 143-144] including several outcrops with a diverse
fauna dominated by the dicynodont Dinodontosaurus and the cynodonts Massetognathus and
Chiniquodon (see [52]). Other, less abundant components of the Chiniqua and/or Pinheiro
regions (see typical outcrops in Fig 20) are the dicynodont Stahleckeria [57, 58, 145, 146], the
cynodont Traversodon [97, 147], and the archosauriforms Prestosuchus, Spondylosoma, and
indeterminate proterochampsians [65, 69, 148-150]. In recent decades, several new outcrops
were discovered yielding typical components of the Dinodontosaurus AZ such as Cortado [41,
151], Linha Varzea [152], and Dona Francisca (Posto outcrop) sites [54, 153-154]. Langer
etal. ([52], see also [155]) provided a detailed account of taxa and localities of the Dinodonto-
saurus AZ. In Table 3 (see also S1 File) we update this information including new records and
taxonomic reappraisals.

The recognition of Luangwa sudamericana in the Triassic of Brazil, closely related to
Luangwa drysdalli from Zambia, opened new queries about the temporal significance of this
taxon [12] and its age and possible inclusion into the Dinodontosaurus AZ. This taxon sug-
gested the occurrence of a hidden faunal association, older than the known typical fauna of the
Dinodontosaurus AZ. Problematically, the precise location of the holotype specimen of L. suda-
mericana is unknown, but comes from an area between Vera Cruz and Candelaria cities [12].
After that contribution, there were brief reports of new Luangwa material coming from the
Dona Francisca region (Antonini Bortolin site; [156-157]), but these specimens remain
unpublished. In addition, the specimen UFRGS-PV-0265-T (Fig 21; see description in S1 File)
can be referred to Luangwa and it comes from the same outcrop as the holotype of Aleodon
cromptoni. Another possible specimen deposited in the UFRGS-PV collection that can be
referred to Luangwa is UFRGS-PV-0140-T, found in the Sanga Hintz (Bom Retiro region,
Candelaria), but this specimen needs further preparation to be certain of this referral. As previ-
ously mentioned, at least one specimen of A. cromptoni (UFRGS-PV-0146-T) comes from
Sanga Pascual, located nearby Sanga Hintz.

The “Mariante rhynchosaur” (from Porto Mariante 1 locality), recently formally named as
Brasinorhynchus mariantensis by Schultz et al. [158], was also considered a species that sug-
gests the existence of an older, poorly sampled fauna [50, 52, 158-159]. This assumption is
supported by the inclusion of Brasinorhynchus mariantensis within typical Middle Triassic ste-
naulorhynchine rhynchosaurs, forming a clade with Stenaulorhynchus stockleyi [160] from the
Manda Beds (Tanzania) [158].

Taking into consideration the new Brazilian Aleodon and the already known Luangwa suda-
mericana and Brasinorhynchus mariantensis, there appears to be evidence for an older faunal
assemblage in the Pinheiros-Chiniqua Sequence, mixed within the traditional Dinodonto-
saurus AZ. However, there are several problems with this idea: (1) several records from
traditional outcrops lack stratigraphic control; therefore, the stratigraphic and taxonomic
characterizations of two possible subzones or zones become impossible. For example, the lack
of this information precludes the recognition of two subzones or fossiliferous levels in the
same outcrop. (2) The geographical locations of several specimens are not always precise or
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Fig 20. Selected outcrop of the Dinodontosaurus AZ of the state of Rio Grande do Sul, Brazil (see Fig 1 for geographical location
of the outcrops). A, Vale Verde (in 2016); B, Sanga Menezes in Bom Retiro region (in 2015); C, Sanga Pinheiro (in 1996); D, Cortado Site
(in 2013); E, Posto site of Dona Francisca (in 2005); F, Sanga Baum in Chiniqua region (in 2000).

https://doi.org/10.1371/journal.pone.0177948.9020

known. (3) Although the fossiliferous sites are located in a fairly restricted region of the state
of Rio Grande do Sul, lateral correlations are impossible to perform and there is no absolute
dating at fossiliferous localities. (4) Several tetrapod specimens referred to classical taxa (e.g.,
Dinodontosaurus, Massetognathus, Chiniquodon) are often partially preserved and/or not
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Fig 21. Specimen UFRGS-PV-0265-T of Luangwa sp. (Traversodontidae) from Vale Verde locality, Rio
Grande do Sul State, Brazil. Lower jaws in lateral (A) and dorsal view (B). Scale bar equals 20mm.

https://doi.org/10.1371/journal.pone.0177948.9021

prepared, hampering the recognition of diagnostic features. Traditionally, the presence of any
Dinodontosaurus-like kannemeyeriiform remains was enough to place strata in the Dinodonto-
saurus AZ, but these specimens may not be robustly referable to Dinodontosaurus on a strict
apomorphy basis. (5) The taxonomic referral of numerous Dinodontosaurus AZ specimens
remains controversial, as should be evident from the Aleodon case detailed here.

The association of Aleodon and Luangwa, their relationship with other Gondwanan fau-
nas (see Fig 19), and the stenaulorhynchine affinities of Brasinorhynchus are likely indicative
of the occurrence of an older subzone within the Dinodontosaurus AZ, although this is
admittedly based on a ‘stage of evolution’ argument. This older subzone can be characterized
by the presence of Aleodon-Luangwa-Brasino rhynchus. However, with available stratigraphic
data we cannot determine their precise temporal span. Langer et al. (Fig 2 in [52]) suggested
that the Sanga Baum (Chiniqua region) and the Sanga Pascual and Bom Retiro area (see
S1 File for references of these localities) could have a younger faunal association than the
remaining Dinodontosaurus AZ localities (e.g., Cynodontier Sanga, Weg Sanga, Pinheiro
region, Dona Francisca, Cortado sites) due to the presence, in the former, of the toothless
dicynodont Stahleckeria potens. However, due to the aforementioned problems this hypothe-
sis is difficult to test.

For example, in the Pinheiro region, without precise biostratigraphic control, Aleodon is
associated with Dinodontosaurus, Massetognathus, Chiniquodon, and Prestosuchus (see S1 File).
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Therefore, for this locality the possibilities are: (1) both subzones are represented and the fossil
sample is mixed; (2) the biochron of the taxa is not strictly bounded and the Dinodontosaurus
AZ spans from the Ladinian to the early Carnian with a succession of forms that do not neces-
sarily define two clearly distinctive subzones.

In Chiniqua region, there is no record of Aleodon, Luangwa, or Brasinorhynchus at the
moment. Of note, in that region was found the doswelliid Archeopelta arborensis, which is phy-
logenetically closer to Tarjadia ruthae [161] from the lower member of the Chanares Forma-
tion (e.g., [44, 162]).

In the area of Dona Francisca (Figs 1 and 20) there is a predominance of Dinodontosaurus,
Massetognathus, and the rauisuchians Decuriasuchus and Prestosuchus [154, 163-164]. At
present there is no record of Aleodon and there are mentions of possibly Chiniquodon and
Luangwa based only on abstract meetings [156-157] and have not been confirmed by thor-
ough description.

Outwardly the genus Dinodontosaurus seems to be present in most localities (e.g., [41, 54,
152]), although several specimens merit further taxonomic analysis. With the taxonomic base
at hand, this suggests a lengthy temporal span of the genus. In fact, a critical aspect we noted is
that during fieldwork prospections the presence of dicynodont elements (skulls and/or post-
cranial elements) is ambiguously thought as indicative of the Dinodontosaurus AZ.

The distribution of taxa in Table 3 visually suggests that the taxa of the Dinodontosaurus AZ
are randomly distributed and that there is a predominance of taxa indicative of a presumably
older age (i.e., Aleodon, Luangwa, and Brasinorhynchus) in the east portion of the Triassic out-
crops. Although not conclusive, it would suggest that at these areas the two subzones appear in
the same outcrops or region, and the lack of stratigraphic control of collected fossils biases the
recognition of both fossil assemblages. The obtained dendrogram, based on the analysis of 11
localities versus 19 taxa (S1 File), shows two main clusters, with two main sub-clusters in each
one (Fig 22). The outcrops of the Chiniqua region are clustered together with Ring¢do do Pinhal
and Linha Varzea sites, by the absence of Aleodon and Luangwa. The position of Porto Mar-
iante 1 on the dendrogram is due to its incomplete fossil record. Cortado site and Pinheiro
region are clustered together, being more similar than Dona Francisca, Bom Retiro region,
and Vale Verde, which are clustered together. Particularly, Cortado site and Pinheiro region
have the higher number of taxa from the center and east regions. As aforementioned, the dis-
similarity of the west and east regions is conspicuous, and localities from the central region
seems to represent “transitional” faunas. This dissimilarity would be an artifact result of selec-
tive effort for paleontological collections and thus a bias in this analysis. However, if the Dino-
dontosaurus AZ includes in fact mixed faunal elements of two biozones (or subzones) the
present analysis would be indicating that these are more likely to be represented in the central
and east outcrops, due to the shared presence of Aleodon and Luangwa, two cynodonts that are
supposed to indicate an older age. Moreover, the amount of unpublished, unprepared speci-
mens, and the lack of accurate geographical and stratigraphical data are also issues that hamper
a better resolution of the similarities among Triassic outcrops in Rio Grande do Sul. In addi-
tion, the Triassic rocks in the center of the state of Rio Grande do Sul have different thickness
along their east-west distribution. The younger portions of the Triassic package and its greater
thickness are located in the central portion of the state [165]. To the east and west, the Triassic
package thins out and the basal most portions (i.e., oldest rocks) of the Santa Maria Superse-
quence are exposed. Consequently, there are several outcrops of the Dinodontosaurus AZ on
the east and west sides (see Figs 1 and 22 and Table 3); however, in the west side, the basal
most portions are partially covered by the Guara Formation (e.g., [42, 165]).

Dinodontosaurus and Santacruzodon AZs. The Santacruzodon AZ was recently included
within the Santa Cruz Sequence (see historical and geological review in [35]), being considered
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Similarity
01 02 03 04 05 06 07 08 09

Porto Mariante 1 (E)
Dona Francisca (C)

Bom Retiro region (E) 3
{Vale Verde (E) %
Cortado (C) 3
_-I Pinheiro region (E) 3

Rincao do Pinhal (C)
Weg Sanga (W)
—— Linha Varzea (C)
Baum Sanga (W)
{ Cynodontier Sanga (W)

3k Aleodon cromptoni

Fig 22. Dendrogram of main localities of the state of Rio Grande do Sul yielding fossil tetrapods of the
Dinodontosaurus AZ (see data matrix in S1 File). Cophenetic correlation coefficient = 0.8474. (W), and
(C), and (E) refers to the West, Central, and East portions, respectively, of the state of Rio Grande do Sul.

https://doi.org/10.1371/journal.pone.0177948.9022

“intermediate” between the Dinodontosaurus (older) and the Hyperodapedon (younger) AZs.
Representative outcrops of this AZ are geographically confined to the east portion of the Trias-
sic rocks, in the municipalities of Venancio Aires, Santa Cruz do Sul, and Vera Cruz [35, 98].
The fossil content of the Santacruzodon AZ is limited when compared to other assemblages
from the Santa Maria Supersequence. This is represented by the traversodontids Santacruzo-
don hopsoni [93], the most common form, Menadon besairiei [18], and Massetognathus sp.
[98], the probainognathians Chiniquodon sp. [98] and Santacruzgnathus abdalai [3], the archo-
sauriform Chanaresuchus bonapartei [166], the rauisuchian Dagasuchus santacruzensis [167],
and few unpublished fragmentary cranial remains of tusked dicynodonts, compared in mor-
phology to Dinodontosaurus (Pers. Obs.).

The shared presence of Massetognathus sp., Chiniquodon sp., and Chanaresuchus; the close
phylogenetic relationship of Santacruzodon with Massetognathus [120, 168] and of Dagasuchus
with Prestosuchus [167]; and the presence of Dinodontosaurus-like specimens are significant
points that do not clearly demonstrate the distinctiveness of the Santacruzodon AZ compared
to the Dinodontosaurus AZ (Fig 23). In addition, the traversodontid Menadon, apparently
restricted to the Santacruzodon AZ in Brazil (and also recorded in Madagascar), also has a
close phylogenetic relationship with Protuberum, from the Dinodontosaurus AZs, being posi-
tioned basal to the former taxon in some phylogenetic hypotheses (e.g., [120, 168]). To this
scheme, the age obtained for the Santacruzodon AZ as early Carnian (236+1.5 Ma; [43]) is the
same that the typical faunal association of the lower section of the Chanares Formation [44,
45]. However, traditional correlations have been done directly between the Dinodontosaurus
AZ with the Chafares Formation (e.g., [51, 143]). The taxa recovered in both Brazilian AZs
and the Chanares Formation have an interdigited pattern and only further detailed taxonomic
studies and stratigraphically controlled specimens, mainly from Brazil, will elucidate these
issues summarized in Fig 23. As such, the standard idea that the Santacruzodon AZ (and the
Santa Cruz Sequence as a whole) is a clearly distinctive tetrapod assemblage from the Dinodon-
tosaurus AZ requires reevaluation with new paleontological data.
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Fig 23. Biostratigraphy of the Dinodontosaurus and Santacruzodon AZs. Tetrapod fossil comparisons and shared taxa with the
Chanares Formation of western Argentina. The ages of the column follow Gradstein et al. [36]. The radiometric dating of 236.1, 231.4 and
225.9 Ma on the Ischigualasto-Villa Unién Basin column correspond to the first half of the Chafiares Formation [45], the base of the
Ischigualasto Formation, and the base of Los Colorados Formation [105], respectively, and the one in the Santacruzodon AZ follows Philipp
etal. [43].

https://doi.org/10.1371/journal.pone.0177948.9023

Conclusions

We describe a new species of Aleodon, A. cromptoni, based on several specimens from the
Dinodontosaurus AZ of the Pinheiros-Chiniqua Sequence, Santa Maria Supersequence of Rio
Grande do Sul, Brazil. One specimen, GSN EN-3, from the upper Omingonde Formation of
Namibia is also tentatively referred to this species. Aleodon cromptoni is clearly differentiated
from A. brachyrhamphus from the Manda Beds of Tanzania [20] on the basis of its upper

and lower postcanine dentition, and includes individuals that reached larger skull sizes (up to
31cm skull length) than the known sample of the Tanzanian species. Inclusion of this taxon in
a phylogenetic analysis provides further evidence for close relationship between Aleodon and
Chiniquodon, as originally proposed by Hopson and Kitching [25], and we include both taxa
in the family Chiniquodontidae. Both genera share a very similar cranial morphology despite
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conspicuous differences in their dentition. The recognition of Aleodon in Brazil, hidden in
most collections with cynodonts from the Dinodontosaurus AZ, and the comparisons with the
known sample of Chiniquodon from Argentina and Brazil brings to light taxonomic problems
with the latter genus that require additional study. The presence of Aleodon cromptoni in the
Dinodontosaurus AZ reinforces its similarity to the upper Omingonde Formation of Namibia,
which also share the dicynodont Stahleckeria potens [46] and the cynodonts Luangwa sp. and
Chiniquodon sp. [13], making this one of the most strongly-correlated Gondwanan Triassic
faunal associations. Biostratigraphic issues in South America are still controversial and further
taxonomic refinements and new radiometric and geological data are required to resolve the
biostratigraphy for the Middle-Late Triassic of Gondwana.

Supporting information

S1 File. In this file are included phylogenetic analysis details, additional figures, descrip-
tion of Luangwa (UFRGS-PV-0265-T), a table with references of fossil occurrences in dif-
ferent localities of the Dinodontosaurus AZ of Brazil, comments on fossiliferous localities,
the data matrix of the cluster analysis, and Jaccard similarity indices.

(DOCX)

S2 File. Modified data matrix.
(TXT)

Acknowledgments

We are grateful to Claudio Bortolas, Elaine G. Della Pace, and Cassia A. H. Schalemberger
(SMED-Mata RS) for access and loan of the holotype of Aleodon cromptoni housed at the
Museu Padre Daniel Cargnin (Mata, RS, Brazil) and for their kindness during our (AGM,
CFK) visit. Carlos Nunes Rodrigues and Belarmino Stefanello have helped with historical data
on the Sangas in the municipality of Candelaria. For field work assistance at Vale Verde local-
ity we thank Marcel Lacerda, Morgan Guignard, and Tiago Raugust. Most of the photographs
of Aleodon specimens from the UFRGS were skillfully taken by Luiz Flavio Lopes (UFRGS).
We thank Fernando Abdala, Sérgio Dias-da-Silva, Lucas Fiorelli, Julia Desojo, Martin Ezcurra,
Max Langer, Martin Hechenleitner, Jeremias Taborda, Marcelo de la Fuente, Jorge Ferigolo,
Ricardo Bertoni, Federico Agnolin, Marcel Lacerda, Elisabete Dassie, Heitor Francischini, and
Ana Zavattieri for taxonomic and/or biostratigraphic discussions. For access to collections we
acknowledge Sandra Chapman (NHMUK), Pamela Gill NHMUK), Pip Brewer (NHMUK),
Mathew Lowe (UMZC), Carlos Nunes Rodrigues (MMACR), Marco Brandalise de Andrade
(MCP), Carolina Hoffmann (MCP), Tania Dutra (UNISINOS), Gabriela Corréa (UNISINOS),
Jaime Powell (PVL), Rodrigo Gonzalez (PVL), and Rodrigo Machado (MCT). This work is
supported by the Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq)
and the Paleontological Society International Research Program (PalSIRP)—Sepkoski Grant
(2016) to AGM. Finally, we appreciate the comments and suggestions of the Academic Editor
Matt Friedman and the reviewers Christian Sidor and J6rg Frobisch, which greatly improved
the MS.

Author Contributions
Conceptualization: AGM.

Funding acquisition: AGM.
Investigation: AGM CFK TPM VDPN AMR AASD-R CLS MBS.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 46/54


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177948.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177948.s002
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

Writing - review & editing: AGM CFK TPM VDPN AMR AASD-R CLS MBS.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Abdala F, Ribeiro MA. Distribution and diversity patterns of Triassic cynodonts (Therapsida, Cynodon-
tia) in Gondwana. Palaeogeogr Palaeoclimatol Palaeoecol. 2010; 286:202—-217. https://doi.org/10.
1016/j.palaeo.2010.01.011

Bonaparte JF, Migale LA. Protomamiferos y Mamiferos Mesozoicos de América del Sur. Mercedes,
Buenos Aires, Argentina. 2st ed. Mercedes: Museo Municipal de Ciencias Naturales Carlos Ame-
ghino; 2015.

Martinelli AG, Soares MB, Schwanke C. Two new cynodonts (Therapsida) from the Middle-early Late
Triassic of Brazil and comments on South American probainognathians. Plos ONE. 2016; 11(10):
e€0162945. https://doi.org/10.1371/journal.pone.0162945 PMID: 27706191

Martinelli AG, Soares MB. Evolution of South American cynodonts. Contrib Mus Arg Cienc Nat “Ber-
nardino Rivadavia”. 2016; 6:183—-197.

Broili F, Schréder J. Zur osteologie des kopfes von Cynognathus. Sitzugsberichte der Bayerischen,
Akademie der Wissenschaften, 1934; 95-128.

Bonaparte JF. Cynognathus minor n. sp. (Therapsida-Cynodontia). Nueva evidencia de vinculacién
faunistica Afro-Sudamericana a principios del Tridsico. Gondwana Stratigraphy, 1.U.G.S., Coloquio
Mar del Plata. 1967; 273-281.

Kitching JW. The distribution of the Karoo vertebrate fauna. Bernard Price Institute for Palaeontologi-
cal Research, Memoir. 1977; 1:1-131.

Sidor CA, Smith RMH, Huttenlocker AK, Peecook BR. New Middle Triassic tetrapods from the upper
Fremouw Formation Antarctica and their depositional setting. J Vertebr Paleont. 2014; 34:793-801.

Abdala F. Redescripcion del craneo y reconsideracion de la validez de Cynognathus minor (Eucyno-
dontia-Cynodonthidae) del Tridsico Inferior de Mendoza. Ameghiniana. 1996; 33:115-126.

Martinelli AG, de la Fuente M, Abdala F. Diademodon tetragonus Seeley, 1894 (Therapsida: Cyno-
dontia) in the Triassic of South America and its biostratigraphic implications. J Vertebr Paleont. 2009;
29:852—-862. https://doi.org/10.1671/039.029.0315

Kemp TS. Aspect of the structure and functional anatomy of the Middle Triassic cynodont Luangwa. J
Zool. 1980; 191:193-239. https://doi.org/10.1111/j.1469-7998.1980.tb01456.x

Abdala F, Sa-Teixeira AM. A traversodontid cynodont of African affinity in the South American Trias-
sic. Palaeontologia Africana. 2004; 40:11-22.

Abdala F, Smith RM. A middle Triassic cynodont fauna from Namibia and its implications for the bioge-
ography of Gondwana. J Vertebr Paleont. 2009; 29:837-851. https://doi.org/10.1671/039.029.0303

Abdala F, Giannini NP. Chiniquodontid cynodonts: systematic and morphometric considerations.
Palaeontology. 2002; 45:1151-1170. https://doi.org/10.1111/1475-4983.00280

Kammerer CF, Flynn JJ, Ranivoharimanana L, Wyss AR. The first record of a probainognathian
(Cynodontia: Chiniquodontidae) from the Triassic of Madagascar. J Vertebr Paleont. 2010; 30
(6):1889—1894. https://doi.org/10.1080/02724634.2010.520784

Flynn JJ, Parrish JM, Ranivoharimanana L, Simpson WF, Wyss AR. New traversodontids (Synapsida:
Eucynodontia) from the Triassic of Madagascar. J Vertebr Paleont. 2000; 20:422—427. https://doi.org/
10.1671/0272-4634(2000)020[0422:NTSEFT]2.0.CO;2

Kammerer CF, Flynn JJ, Ranivoharimanana L, Wyss AR. New material of Menadon besairiei (Cyno-
dontia: Traversodontidae) from the Triassic of Madagascar. J Vertebr Paleont. 2008; 28(2):445-462.
https://doi.org/10.1671/0272-4634(2008)28[445:NMOMBC]2.0.CO;2

Melo T, Abdala F, Soares MB. The Malagasy cynodont Menadon besairiei (Cynodontia; Traversodon-
tidae) in the Middle-Upper Triassic of Brazil. J Vertebr Paleont 2015; 1:e1002562. https://doi.org/10.
1080/02724634.2014.1002562

Oliveira TV, Schultz CL, Soares MB. A partial skeleton of Chiniquodon (Cynodontia, Chiniquodonti-
dae) from the Brazilian Middle Triassic. Rev Bras Paleont. 2009; 12:113—-122.

Crompton AW. On some Triassic cynodonts from Tanganyika. Proc Zool Soc Lond. 1955; 125:617—
669. https://doi.org/10.1111/j.1096-3642.1955.tb00620.x

Wopfner H. Tectonic and climatic events controlling deposition in Tanzanian Karoo basins. J Afr Earth
Sci. 2002; 34:167-177. https://doi.org/10.1016/S0899-5362(02)00016-7

Stockley GM. The geology of the Ruhuhu coalfields, Tanganyika territory. Quart J Geol Soc. 1932;
88:610-22.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 47/54


https://doi.org/10.1016/j.palaeo.2010.01.011
https://doi.org/10.1016/j.palaeo.2010.01.011
https://doi.org/10.1371/journal.pone.0162945
http://www.ncbi.nlm.nih.gov/pubmed/27706191
https://doi.org/10.1671/039.029.0315
https://doi.org/10.1111/j.1469-7998.1980.tb01456.x
https://doi.org/10.1671/039.029.0303
https://doi.org/10.1111/1475-4983.00280
https://doi.org/10.1080/02724634.2010.520784
https://doi.org/10.1671/0272-4634(2000)020[0422:NTSEFT]2.0.CO;2
https://doi.org/10.1671/0272-4634(2000)020[0422:NTSEFT]2.0.CO;2
https://doi.org/10.1671/0272-4634(2008)28[445:NMOMBC]2.0.CO;2
https://doi.org/10.1080/02724634.2014.1002562
https://doi.org/10.1080/02724634.2014.1002562
https://doi.org/10.1111/j.1096-3642.1955.tb00620.x
https://doi.org/10.1016/S0899-5362(02)00016-7
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42,

43.

44.

45.

Seeley HG. Researches on the structure, organization and classification of the fossil Reptilia. Part IX,
Section 3. On Diademodon. Phil Trans Royal Soc Lon Ser B. 1894; 185:1029-1041. Proc.

Grine F.E., 1977. Postcanine tooth function and jaw movement in the gomphodont cynodont Diade-
modon (Reptilia; Therapsida). Palaeontologia Africana. 1977; 20:123-135.

Hopson JA, Kitching JW. A revised classification of cynodonts (Reptilia, Therapsida). Palaeontologia
Africana. 1972; 14:71-85.

Hopson JA. Systematics of the non-mammalian Synapsida and implications for patterns of evolution
in synapsids. In: Schultze HP, Trueb L, editors. Origins of the Higher Groups of Tetrapods. Contro-
versy and Consensus. Ithaca and London: Comstock Publishing Associates; 1991. pp. 635—-693.

Battail B. Les cynodontes (Reptilia, Therapsida): une phylogénie. Bull Mus Nat d’Hist Nat. 1991;
13:17-105.

Sidor CA. Simplification as a trend in synapsid cranial evolution. Evolution. 2001; 55:1419-1442.
https://doi.org/10.1554/0014-3820(2001)055[1419:SAATIS]2.0.CO;2 PMID: 11525465

Sidor CA, Angielczyk K, Hopson JA, Nesbitt S, Smith R. New vertebrate fossils from the Permo-Trias-
sic Ruhuhu Basin of Tanzania. J Vertebr Paleont. 2008; 28(3):142—-143A.

Sidor CA, Angielczyk K, Hopson JA, Kammerer C, Smith R. New information about cynodonts from
the Middle Triassic Manda beds (Ruhuhu Basin) of Tanzania. J Vertebr Paleont. 2009; 29(3):181A.

Sidor CA. New information on the Middle Triassic cynodonts of Tanzania and Zambia. Ameghiniana.
2011; 48(4):R113.

Hopson JA, Kitching JW. A probainognathian cynodont from South Africa and the phylogeny of non-
mammalian cynodonts. Bull Mus Comp Zool. 2001; 156:5-35.

Ruta M, Botha-Brink J, Mitchell SA, Benton MJ. The radiation of cynodonts and the ground plan of
mammalian morphological diversity. Proc R Soc B. 2013; 280:20131865. https://doi.org/10.1098/
rspb.2013.1865 PMID: 23986112

Soares MB, Schultz CL, Horn BL. New information on Riograndia guaibensis Bonaparte, Ferigolo &
Ribeiro, 2001 (Eucynodontia, Tritheledontidae) from the Late Triassic of southern Brazil: anatomical
and biostratigraphic implications. An Acad Bras Ciénc. 2011; 83:329-354. https://doi.org/10.1590/
S0001-37652011000100021 PMID: 21437390

Horn BL, Melo TM, Schultz CL, Philipp RP, Kloss HP, Goldberg K. A new third-order sequence strati-
graphic framework applied to the Triassic of the Parana Basin, Rio Grande do Sul, Brazil, based on
structural, stratigraphic and paleontological data. J S Am Earth Sci. 2014; 55:123-132. https://doi.org/
10.1016/j.jsames.2014.07.007

Gradstein FM, Ogg JG, Schmitz MD, Ogg G, editor. The Geologic Time Scale. 1sted. Boston: Else-
vier; 2012.

Hammer &, Harper DAT, Ryan PD. PAST: Paleontological statistics software package for education
and data analysis. Palaeontologia Electronica. 2001; 4(1):1-9.

Goloboff P, Catalano S. TNT version 1.5, including a fullimplementation of phylogenetic morpho-
metrics. Cladistics. 2016; 32:221-238.

Bremer K. Branch support and tree stability. Cladistics. 1994; 10:295-304.
Felsestein J. Phylogenies and the comparative methods. The American Naturalist. 1985; 125:1-15.

Da-Rosa AAS, Schwanke C, Cisneros JC, Neto LW, Aurélio PLP, Poitevin M. “Sitio Cortado”—uma
nova assembléia fossilifera para o Triassico Médio do sul do Brasil. Rev Bras Paleont. 2004; 7:289—
300.

Zerfass H, Lavina EL, Schultz CL, Garcia AJ, Faccini UF, Chemale F Jr.. Sequence stratigraphy of
continental Triassic strata of southernmost Brazil: a contribution to Southwestern Gondwana palaeo-
geography and palaeoclimate. Sediment Geol. 2003; 161:85—105. https://doi.org/10.1016/S0037-
0738(02)00397-4

Philipp RP, Closs H, Schultz CL, Basei M, Horn BL, Soares MB. Proveniéncia por U-Pb LA-ICP-MS
em zirc&o detritico e idade de deposicéo da Formagéo Santa Maria, Tridssico da Bacia do Parana,
RS: evidéncias da estruturagéo do Arco do Rio Grande. In: VIl Symposium International on Tectonics
—XIV Simpdsio Nacional de Estudos Tectonicos, 2013, Cuiaba, Mato Grosso. Anais VIII Symposium
International on Tectonics—XIV Simpdsio Nacional de Estudos Tectonicos. 2013;154—157.

Fiorelli LE, Ezcurra MD, Hechenleitner EM, Arganaraz E, Taborda JRA, Trotteyn MJ, et al. The oldest
known communal latrines provide evidence of gregarism in Triassic megaherbivores. Sci Rep. 2013;
3:3348. https://doi.org/10.1038/srep03348 PMID: 24287957

Marsicano CA, Irmis RB, Mancuso AC, Mundile R, Chemale F. The precise temporal calibration of
dinosaur origins. PNAS. 2015; 113(3):509-5183. https://doi.org/10.1073/pnas.1512541112 PMID:
26644579

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 48/54


https://doi.org/10.1554/0014-3820(2001)055[1419:SAATIS]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/11525465
https://doi.org/10.1098/rspb.2013.1865
https://doi.org/10.1098/rspb.2013.1865
http://www.ncbi.nlm.nih.gov/pubmed/23986112
https://doi.org/10.1590/S0001-37652011000100021
https://doi.org/10.1590/S0001-37652011000100021
http://www.ncbi.nlm.nih.gov/pubmed/21437390
https://doi.org/10.1016/j.jsames.2014.07.007
https://doi.org/10.1016/j.jsames.2014.07.007
https://doi.org/10.1016/S0037-0738(02)00397-4
https://doi.org/10.1016/S0037-0738(02)00397-4
https://doi.org/10.1038/srep03348
http://www.ncbi.nlm.nih.gov/pubmed/24287957
https://doi.org/10.1073/pnas.1512541112
http://www.ncbi.nlm.nih.gov/pubmed/26644579
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Abdala F, Marsicano CA, Smith RMH, Swart R. Strengthening Western Gondwanan correlations: A
Brazilian dicynodont (Synapsida, Anomodontia) in the Middle Triassic of Namibia. Gondwana Res.
2013; 23(3):1151-1162. https://doi.org/10.1016/j.9r.2012.07.011

Raugust T. Descricao osteoldgica e analise filogenética de um novo material de Rauisuchia (Archo-
sauria, Crurotarsi) da Formag&o Santa Maria, Triassico Médio Sul-Rio-Grandense, Brasil. PhD The-
sis, UFRGS, Porto Alegre. 2014.

Barberena MC. Uma nova espécie de Massetognathus (Massetognathus ochagaviae, sp. nov.) da
Formagao Santa Maria, Tridssico do Rio Grande do Sul. Pesquisas. 1981; 14:181-195.

Nesbitt SJ. The early evolution of archosaurs: Relationships and the origin of major clades. Bull Am
Mus Nat Hist. 2011; 352:1-292. https://doi.org/10.1206/352.1

Schultz CL. 1995. Subdivisao do Triassico do RS com base em macrofosseis: problemas e perspecti-
vas. Comunicagdes do Museu de Ciéncias e Tecnologia, UBEA/PUCRS, Série Ciéncias da Terra.
1995; 1:25-32.

Schultz CL, Scherer CM, Barberena MC. Biostratigraphy of southern Brazilian Middle-Upper Triassic.
Rev Bras Geociéncias. 2000; 30:491—494.

Langer MC, Ribeiro AM, Schultz CL, Ferigolo J. The continental tetrapod bearing Triassic of south
Brazil. Bulletin of the New Mexico Museum of Natural History and Science. 2007; 41:201-218.

Romer AS, Price LI. Stahleckeria lenzii, a giant Triassic Brazilian dicynodont. Bull Mus Comp Zool.
1944; 93:463-491.

Machado M. Estudo taxondmico-populacional dos dicinodontes com presas do RS mediante o
emprego da andlise discriminante candnica (independente do tamanho). MSc Thesis, UFRGS. 1992.

Peruzzo CS, Araljo-Barberena DC. Sobre a ocorréncia do género Ischigualastia Cox, 1962 na For-
macao Santa Maria, Triassico do Rio Grande do Sul. An Acad Bras Ciénc. 1995; 67:175-181.

Lucas SG. Barysoma lenzii (Synapsida: Dicynodontia) from the Middle Triassic of Brazil, a synonym
of Stahleckeria potens. J Paleont. 1993; 67:318-321. https://doi.org/10.1017/S0022336000032285

Lucas SG. A new dicynodont from the Triassic of Brazil, and the tetrapod biochronology of the Brazil-
ian Triassic. New Mexico Mus Nat Hist Sci Bull. 2002; 21:131-141.

Vega-Dias C, Maisch MW, Schwanke C. The taxonomic status of Stahleckeria impotens (Therapsida,
Dicynodontia): redescription and discussion of its phylogenetic position. Rev Bras Paleont. 2005;
8:221-228.

Barberena MC. Contribuicdo ao conhecimento dos cinodontes gonfodontes (Cynodontia, Tritylodon-
toidea) do Brasil. Tese para obtengéo do titulo de Livre Docente inédita. Ministério de Educagéo e Cul-
tura, Universidade Federal do Rio Grande do Sul. 1974.

Bertoni-Machado C, Soares MB, Kislowski FF, Dentzien-Dias PC. Uma peculiar tafocenose contro-
lada por agao biogénica no Tridssico Médio do Rio Grande do Sul, Brasil. Rev Pesq Geociéncias.
2008; 35(1):57-69.

Teixeira AMS. A familia Traversodontidae (Therapsida, Cynodontia) no sul do Brasil e suas relagdes
com formas afins no dominio gonduénico. PhD Thesis, UFRGS. 1995.

Liu J, Soares MB, Reichel M. Massetognathus (Cynodontia, Traversodontidae) from the Santa Maria
Formation of Brazil. Rev Bras Paleont. 2008; 11:27-36.

Teixeira AMS. Novas observagdes osteoldgicas e taxondmicas sobre Massetoganthus ochagaviae
Barberena, 1981 (Reptilia, Cynodontia). Paula-Coutiana. 1987; 1:39-49.

Barberena MC. A huge thecodont from the Triassic of Brazil. Pesquisas. 1978; 9:62—75.

Dornelles JEF. Cerritosaurus binsfeldi Price 1946 e Chanaresuchus sp. (Thecodontia, Proterosuchia,
Cerritosauridae) da Formagao Santa Maria, Tridssico do Rio Grande do Sul, Brasil. MSc Thesis,
UFRGS. 1992.

Dornelles JEF. Um tecodonte proterosuchideo (Chanaresuchus sp.) do Tridassico do Rio Grande do
Sul. Comunicagdes do Museu de Ciéncias e Tecnologia UBEA/PUCRS (Série Ciéncias da Terra).
1995; 1:63-68.

Kischlat EE. Tecodoncios: a aurora dos arcossaurios no Tridssico. In: Holz M., De Ros L.F. (Eds.),
2000. Paleontologia do Rio Grande do Sul. Porto Alegre, CIGO/UFRGS, 2000; p. 273-316.

Hsiou AS, Abdala F, Arcucci A. Novo registro de proterocampsideo (Reptilia-Archosauriformes) do
Tridssico médio—superior do Brasil. Rev Bras Paleont. 2002; 3:48-55.

Ezcurra MD, Desojo JB, Rauhut OWM. Redescription and phylogenetic relationships of the protero-
champsid Rhadinosuchus gracilis (Diapsida: Archosauriformes) from the early Late Triassic of south-
ern Brazil. Ameghiniana. 2015; 52(4):391—417.

Price LI. Um procolofonideo do Tridssico do Rio Grande do Sul. Boletim da Divisdo de Geologia e
Paleontologia. 1947; 122:7-27.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 49/54


https://doi.org/10.1016/j.gr.2012.07.011
https://doi.org/10.1206/352.1
https://doi.org/10.1017/S0022336000032285
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

Cisneros JC, Damiani R, Schultz CL, Da-Rosa AAS, Schwanke C, Neto LW, et al. A procolophonoid
reptile with temporal fenestration from the Middle Triassic of Brazil. Proc Royal Soc Lon Ser B. 2004;
271(1547):1541-1546. https://doi.org/10.1098/rspb.2004.2748 PMID: 15306328

Mattar LCB. Descricdo ostedlogica do cranio e segunda vértebrata cervical de Barberenasuchus bra-
siliensis Mattar, 1987 (Reptilia, Thecodontia) do Mesotridssico do Rio Grande do Sul, Brasil. An Acad
Bras Ciénc. 1987; 61:319-333.

Romer AS. The Chafares (Argentina) Triassic reptile fauna. V. A new chiniquodontid cynodont, Pro-
belesodon lewisi-cynodont ancestry. Breviora. 1969; 333:1-24.

Romer AS. The Brazilian Triassic cynodont reptiles Belesodon and Chiniquodon. Breviora. 1969;
332:1-16.

Romer AS. The Chanares (Argentina) Triassic reptile fauna. XVIII. Probelesodon minor, a new spe-
cies of carnivorous cynodont; family Probainognathidae nov. Breviora. 1973; 401:1-4.

Fourie S. The cranial morphology of Thrinaxodon liorhinus Seeley. Ann South Afr Mus. 1974; 65:337—
400.

Kemp TS. The primitive cynodont Procynosuchus: functional anatomy of the skull and relationships.
Philos Trans R Soc Lond B Biol Sci. 1979; 285:73—122. https://doi.org/10.1098/rstb.1979.0001

Bonaparte J F, Barberena MC. On two advanced carnivorous cynodonts from the Late Triassic of
Southern Brazil. Bull Mus Comp Zool. 2001; 156:59-80.

Martinelli AG, Bonaparte JF, Schultz CL, Rubert R. A new tritheledontid (Therapsida, Eucynodontia)
from the Late Triassic of Rio Grande do Sul (Brazil) and its phylogenetic relationships among carnivo-
rous non-mammalian eucynodonts. Ameghiniana. 2005; 42:191-208.

Crompton AW. Postcanine occlusion in cynodonts and tritylodonts. Bull British Mus (Nat Hist), Geol.
1972; 21:29-71.

Teixeira AMS. Um novo cinodontes carnivoro (Probelesodon kitchingi sp. nov.) do Tridssico do Rio
Grande do Sul, Brasil. MSc Thesis, UFRGS. 1979.

Teixeira AMS. Um novo cinodonte carnivoro (Probelesodon kitchingi sp. nov.) do Triassico do Rio
Grande do Sul, Brasil. Comunicagdes do Museu de Ciéncias da PUCRS. 1982; 24:1-31.

Romer AS, Lewis AD. The Chafares (Argentina) Triassic reptile fauna. XIX. Postcranial materials of
the cynodonts Probelesodon and Probainognathus. Breviora. 1973; 407:1-26.

Martinez RN, Forster CA. The skull of Probelesodon sanjuanensis, sp. nov., from the Late Triassic
Ischigualasto Formation of Argentina. J Vertebr Paleont. 1996; 16:285-291. https://doi.org/10.1080/
02724634.1996.10011315

Martinez RN, May CL, Forster CA. A new carnivorous cynodont from the Ischigualasto Formation
(Late Triassic, Argentina), with comments on eucynodont phylogeny. J Vertebr Paleont. 1996;
16:271-284. https://doi.org/10.1080/02724634.1996.10011314

Martinez RN, Fernandez E, Alcober OA. A new nonmammaliaform eucynodont from the Carnian-Nor-
ian Ischigualasto Formation, northwestern Argentina. Rev Bras Paleont. 2013; 16:61-76.

Oliveira TV, Soares MB, Schultz CL. Trycidocynodon riograndensis gen. nov. et sp. nov. (Eucynodon-
tia), a new cynodont from the Brazilian Upper Triassic (Santa Maria Formation). Zootaxa. 2010;
2382:1-71.

Gow CE. The dentitions of the Tritheledontidae (Therapsida: Cynodontia). Proc Royal Soc Lon Ser B.
1980; 208:461-481.

Bonaparte JF, Martinelli AG, Schultz CL. New information on Brasilodon and Brasilitherium (Cynodon-
tia, Probainognathia) from the Late Triassic of southern Brazil. Rev Bras Paleont. 2005; 8:25—46.

Soares MB, Martinelli AG, Oliveira TV. A new prozostrodontian cynodont (Therapsida) from the Late
Triassic Riograndia Assemblage Zone (Santa Maria Supersequence) of Southern Brazil. An Acad
Bras Ciénc. 2014; 86(4):1673-1691. https://doi.org/10.1590/0001-3765201420140455 PMID:
25590707

Oliveira TV, Martinelli AG, Soares MB. New material of /rajatherium hernandezi Martinelli, Bonaparte,
Schultz & Rubert 2005 (Eucynodontia, Tritheledontidae) from the Upper Triassic (Caturrita Formation,
Parana Basin) of Brazil. Palédont Z. 2011; 85:67-82.

Oliveira TV, Soares MB, Schultz CL, Rogrigues CN. A new carnivorous cynodont (Synapsida, Therap-
sida) from the Brazilian Middle Triassic (Santa Maria Formation): Candelariodon barberenai gen. et
sp. Zootaxa. 2011; 3027:19-28.

Martinelli AG, Soares MB, Schwanke C. Nuevos aportes al conocimiento de los cinodontes probai-
nognatios (Therapsida) del Tridsico Medio (Zona de Asociacion de Dinodontosaurus) del Sur de Bra-
sil. In: V Congreso Latinoamericano de Paleontologia de Vertebrados, Colonia del Sacramento.
Abstracts. 2015; 64.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 50/54


https://doi.org/10.1098/rspb.2004.2748
http://www.ncbi.nlm.nih.gov/pubmed/15306328
https://doi.org/10.1098/rstb.1979.0001
https://doi.org/10.1080/02724634.1996.10011315
https://doi.org/10.1080/02724634.1996.10011315
https://doi.org/10.1080/02724634.1996.10011314
https://doi.org/10.1590/0001-3765201420140455
http://www.ncbi.nlm.nih.gov/pubmed/25590707
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

Bonaparte JF. Cromptodon mamiferoides, Galesauridae de la Formacion Rio Mendoza, Mendoza,
Argentina (Therapsida-Cynodontia). Ameghiniana. 1972; 9:343-353.

Hopson JA. Late Triassic traversodont cynodonts from Nova Scotia and southern Africa. Palaeontolo-
gia Africana. 1984; 25:181-201.

Abdala F, Ribeiro AM. A new traversodontid cynodont from the Santa Maria Formation (Ladinian—
Carnian) of southern Brazil, with a phylogenetic analysis of Gondwanan traversodontids. Zool J Lin-
nean Soc. 2003; 139:529-545. https://doi.org/10.1111/.1096-3642.2003.00096.x

Fv Huene. Lieferung 2. Cynodontia. Die Fossilen Reptilien des Stidamerikanischen Gondwanalandes.
Ergebnisse der Sauriergrabungen in Sudbrasilien 1928/29. C. H. Beck’sche Verlagsbuchhandlung,
Munchen. 1936; 83—160.

Abdala F, Ribeiro AM, Schultz CL. A rich cynodont fauna of Santa Cruz do Sul, Santa Maria Formation
(Middle—Late Triassic), southern Brazil. N Jb Geol Paldont. 2001; 669-687.

Bonaparte JF. Sobre nuevos terapsidos tridsicos hallados en el centro de la Provincia de Mendoza,
(Therapsida, Dicynodontia y Cynodontia). Acta Geol Lilloana. 1966; 8:95—-100.

Bonaparte JF. Una nueva “fauna” Tridsica de Argentina. (Therapsida: Cynodontia—Dicynodontia).
Consideraciones filogenéticas y paleobiogeograficas. Ameghiniana. 1966; 4:243-296.

Bonaparte JF. Dos nuevas “faunas” de reptiles tridsicos de Argentina. Gondwana Stratigraphy, .U.G.
S., Coloquio Mar del Plata 1967. 1969; 283-302.

Zavattieri AM, Arcucci AB. Edad y posicion estratigrafica de los tetrapodos del Cerro Bayo de Potreril-
los (Triasico), Mendoza, Argentina. Ameghiniana. 2007; 44:133-142.

Romer AS. The Chafiares (Argentina) Triassic reptile fauna. XX. Summary. Breviora. 1973; 413:1—
20.

Rogers RR, Arcucci AB, Sereno PC, Forster CA, May CL. Paleoenvironment and taphonomy of the
Chanares Formation tetrapod assemblage (Middle Triassic), Northwestern Argentina: Spectacular
preservation in volcanogenic concretions. Palaios. 2001; 16:461-481. https://doi.org/10.1669/0883-
1351(2001)016<0461:PATOTC>2.0.CO;2

Martinez RN, Apaldetti C, Alcober OA, Colombi CE, Sereno PC, Fernandez E, et al. Vertebrate suc-
cession in the Ischigualasto Formation. Soc Vertebr Paleont Mem 12, J Vertebr Paleontol. 2013; 32
(Suppl 6):10-30. https://doi.org/10.1080/02724634.2013.818546

Ottone EG, Monti M, Marsicano CA, de la Fuente MS, Naipauer M, Armstrong R, et al. A new Late Tri-
assic age for the Puesto Viejo Group (San Rafael depocenter, Argentina): SHRIMP U—Pb zircon dat-
ing and biostratigraphic correlations across southern Gondwana. J S Am Earth Sci. 2014; 56:186—
199. https://doi.org/10.1016/j.jsames.2014.08.008

Valencio DA, Mendia JE, Vilas JF. Paleomagnetism and K/Ar ages of Triassic igneous rocks from the
Ischigualasto-Ischichuca Basin and Puesto Viejo Formation, Argentina. Earth and Planetary Science
Letters. 1975; 26:319-330.

Martinelli AG, de la Fuente M. Los cinodontes no-mamaliaformes de la Formacién Puesto Viejo, San
Rafael, Mendoza. Actas Tercer Encuentro Cientifico ICES (International Center of Earth Sciences),
Malargiie. 2008; 67—74.

Kitching JW. Biostratigraphy of the Cynognathus Assemblage Zone. In: Rubidge B. (Ed.), 1995. Bio-
stratigraphy of the Beaufort Group (Karoo Supergroup). Biostratigraphic Series 1. Pretoria, South
African Committee for Stratigraphy, 1995; 40—45.

Hancox PJ, Shishkin MA, Rubidge BS, Kitching JW. A threefold subdivision of the Cynognathus
Assemblage Zone (Beaufort Group, South Africa) and its palaeogeographic implications. South Afri-
canJ Sci. 1995; 91:143-144.

Rubidge BS. Re-uniting lost continents—fossil reptiles from the ancient Karoo and their wanderlust.
South African J Geol. 2005; 108:135-172.

Wynd BM, Sidor CA, Peecook BR, Whitney M, Smith RMH, Nesbitt SJ, et al. First occurrence of
Cynognathus in Tanzania and Zambia, with biostratigraphic implications for the age of Triassic strata
in southern Pangea. J Vertebr Paleont. 2016; 36 (Suppl):254A.

Peecook BR, Sidor CA, Nesbitt SJ, Smith RMH, Steyer JS, Angielczyk KD. A new silesaurid from the
upper Ntawere Formation of Zambia (Middle Triassic) demonstrates the rapid diversification of Sile-
sauridae (Avemetatarsalia: Dinosauriformes). J Vertebr Paleont. 2013; 33:1127-1137.

Domeier M, Van der Voo R, Tomezzoli RN, Tohver E, Hendrinks BW, Torsvik TH, et al. Support for an
“A-type” Pangea reconstruction from highfidelity Late Permian y Early to Middle Triassic paleo-
magnetic data from Argentina. J Geophys Res. 2011; 116:B12114.

Monti M, Franzese JR. Andlisis tectonoestratigrafico del Grupo Puesto Viejo (San Rafael, Argentina):
evolucion de un rift continental tridsico. Latin Am J Sedim Basin Analy. 2016; 23(1):1-33.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 51/54


https://doi.org/10.1111/j.1096-3642.2003.00096.x
https://doi.org/10.1669/0883-1351(2001)016<0461:PATOTC>2.0.CO;2
https://doi.org/10.1669/0883-1351(2001)016<0461:PATOTC>2.0.CO;2
https://doi.org/10.1080/02724634.2013.818546
https://doi.org/10.1016/j.jsames.2014.08.008
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

116.

117.

118.

119.

120.

121.

122,

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Bonaparte JF. Comentarios criticos sobre el Triasico Inferior de Puesto Viejo y Potrerillos. Boletin de
la Academia Nacional de Ciencias. 2000; 64:147—152.

Bonaparte JF. Faunal replacement in the Triassic of South America. J Vertebr Paleont. 1982; 2:362—
371. https://doi.org/10.1080/02724634.1982.10011938

Stipanicic PN, Gonzalez Diaz E, Zavattieri AM. Grupo Puesto Viejo nom. transl. por Formacion Puesto
Viejo Gonzalez Diaz, 1964, 1967: nuevas interpretaciones paleontoldgicas, estratigraficas y cronolé-
gicas. Ameghiniana. 2007; 44:759-761.

Bonaparte JF. Edades/Reptil para el Triasico de Argentina y Brasil. Actas V Congreso Geoldgico
Argentino. 1973; 3:93-129.

Liu J, Abdala F. Phylogeny and taxonomy of the Traversodontidae. In: Kammerer C.F., Angielczyk K.
D., Frébisch J. (Eds.), 2014. Early evolutionary history of the Synapsida, Springer.2014; 255-279.

Avila JN, Chemale F Jr, Mallmann G, Kawashita K, Armstrong R. Combined stratigraphic and isotopic
studies of Triassic strata, Cuyo Basin, Argentine Precordillera. Geological Society of America Bulletin.
2006; 118:1088—1098. https://doi.org/10.1130/B25893.1

Spalletti LA, Fanning CM, Rapela CW. Dating the Triassic continental rift in the southern Andes: The
Potrerillos Formation, Cuyo Basin, Argentina. Geologica Acta. 2008; 6:267—-283. https://doi.org/10.
1344/105.000000256

Abdala F, Martinelli AG, Soares MB, de la Fuente M, Ribeiro AM. South American Middle Triassic con-
tinental faunas with amniotes: Biostratigraphy and correlation. Palaeontologia Africana. 2009; 44:83—
87.

Sues H-D. Dating the origin of dinosaurs. PNAS. 2016; 113(3):480—-481. https://doi.org/10.1073/
pnas.1523058113 PMID: 26747603

Shishkin MA, Rubidge BS, Hancox PJ. Vertebrate biozonation of the Upper Beaufort Series of South
Africa—A new look on correlation of the Triassic biotic events in Euramerica and southern Gondwana.
In: Sun, A., Wang, Y. (Eds.), 1995. Sixth symposium on Mesozoic terrestrial ecosystems and biota,
Short papers. Beijing, China Ocean Press. 1995; 39—41.

Abdala F, Hancox PJ, Neveling J. Cynodonts from the uppermost Burgersdorp Formation, South
Africa, and their bearing on the biostratigraphy and correlation of the Triassic Cynognathus Assem-
blage Zone. J Vertebr Paleont. 2005; 25:192—-199. https://doi.org/10.1671/0272-4634(2005)025
[0192:CFTUBF]2.0.CO;2

Gaetano LC, Mocke H, Abdala F, Hancox PJ. Complex multicusped postcanine teeth from the Lower
Triassic of South Africa. J Vertebr Paleont. 2012; 32(6):1411-1420. https://doi.org/10.1080/
02724634.2012.697086

Hancox PJ. The Continental Triassic of South Africa. Zentralblatt fiir Geologie und Pal&ontologie, Teil
I, Heft11-12. 2000; 1998:1285-1324.

Hancox PJ, Rubidge BS. Breakthroughs in the biodiversity, biogeography, biostratigraphy and basin
analysis of the Beaufort Group. J Afr Earth Sci. 200; 33:563-577. https://doi.org/10.1016/S0899-5362
(01)00081-1

Damiani R, Hancox PJ. New mastodonsaurid temnospondyls from the Cynognathus Assemblage
Zone (Upper Beaufort Group; Karoo Basin) of South Africa. J Vertebr Paleont. 2003; 23:54—66.
https://doi.org/10.1671/0272-4634(2003)23[54:NMTFTC]2.0.CO;2

Keyser AW. A new Triassic vertebrate fauna from South West Africa. Palaeontologia Africana. 1973;
16:1-15.

Keyser AW. New Triassic vertebrate fauna from South West Africa. South African J Sci. 1973;
69:113—-115.

Smith RMH, Swart R. Changing fluvial environments and vertebrate taphonomy in response to cli-
matic drying in a Mid-Triassic rift valley fill: the Omingonde Formation (Karoo Supergroup) of central
Namibia. Palaios. 2002; 17:249-267. https://doi.org/10.1669/0883-1351(2002)017<0249:
CFEAVT>2.0.CO;2

Drysdall AR, Kitching JW. A re-examination of the Karoo succession and fossil localities of part of the
Upper Luangwa Valley. Memoir of the Geological Survey of Northern Rhodesia. 1963; 1:1-62.

Kemp TS. Vertebrate localities in the Karroo System of the Luangwa Valley, Zambia. Nature. 1975;
254:415-416. https://doi.org/10.1038/254415a0

Hopson JA. The traversodontid cynodont Mandagomphodon hirschsonifrom the Middle Triassic of
the Ruhuhu Valley, Tanzania. In: Kammerer C.F., Angielczyk K.D., Frobisch J. (Eds.), 2014. Early
evolutionary history of the Synapsida. Dordrecht: Springer. 2014; pp. 233-253.

Smith RM, Sidor CA, Angielczyk KD, Nesbitt SJ, Tabor NJ. Taphonomy and sedimentary environ-
ments of Mid-Triassic vertebrate accumulations, Lifua Member (Manda beds), Ruhuhu Rasin, Tanza-
nia. J Vertebr Paleont. 2016 SVP Meeting, Program and Abstracts. 2016; 227.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 52/54


https://doi.org/10.1080/02724634.1982.10011938
https://doi.org/10.1130/B25893.1
https://doi.org/10.1344/105.000000256
https://doi.org/10.1344/105.000000256
https://doi.org/10.1073/pnas.1523058113
https://doi.org/10.1073/pnas.1523058113
http://www.ncbi.nlm.nih.gov/pubmed/26747603
https://doi.org/10.1671/0272-4634(2005)025[0192:CFTUBF]2.0.CO;2
https://doi.org/10.1671/0272-4634(2005)025[0192:CFTUBF]2.0.CO;2
https://doi.org/10.1080/02724634.2012.697086
https://doi.org/10.1080/02724634.2012.697086
https://doi.org/10.1016/S0899-5362(01)00081-1
https://doi.org/10.1016/S0899-5362(01)00081-1
https://doi.org/10.1671/0272-4634(2003)23[54:NMTFTC]2.0.CO;2
https://doi.org/10.1669/0883-1351(2002)017<0249:CFEAVT>2.0.CO;2
https://doi.org/10.1669/0883-1351(2002)017<0249:CFEAVT>2.0.CO;2
https://doi.org/10.1038/254415a0
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

138.

139.

140.

141.
142,

143.
144.

145.

146.

147.

148.

149.

150.

151.

152,

153.

154.

155.

156.

157.

158.

159.

160.

Arcucci AB, Smith RMH. A large “rauisuchid” archosaur from the Omingonde Formation (Early Middle
Triassic), Namibia. Ameghiniana, Suplemento Restimenes. 2011; 48(4):R35.

Dias-da-Silva S, Da-Rosa AAS. Granja Palmeiras, a new fossiliferous site for the Lower Triassic of
southern Brazil. Rev Bras Paleont. 2011; 14:157-168. https://doi.org/10.4072/rbp.2011.2.04

Pinheiro FL, Franga MAG, Lacerda MB, Butler RJ, Schultz CL. An exceptional fossil skull from South
America and the origins of the archosauriform radiation. Sci Rep. 2016; 6:22817. https://doi.org/10.
1038/srep22817 PMID: 26965521

Lucas SG. Age and correlation of Triassic tetrapod assemblages from Brazil. Albertiana. 2001; 26:13-20.

Schultz CL. Biostratigraphy of the non-marine Triassic: is a global correlation based on tetrapod fau-
nas possible? In: Koutsoukos E.A.M. (Org.), 2005. Applied Stratigraphy. 1ed. Dordrecht: Springer.
2005; 23:123-145. https://doi.org/10.1007/1-4020-2763-X_6

Barberena MC. Bioestratigrafia preliminar da Formagéo Santa Maria. Pesquisas. 1977; 7:111-129.

Barberena MC, Araujo DC, Lavina EL. Late Permian and Triassic tetrapods of southern Brazil. Nat
Geog Resear. 1985; 1:5-20.

Fv Huene. Lieferung 1. Anomodontia. Die Fossilen Reptilien des Stidamerikanischen Gondwana-
landes. Ergebnisse der Sauriergrabungen in Stdbrasilien 1928/29. C. H. Beck’sche Verlagsbuchhan-
dlung, Minchen. 1935; 1-82.

Maisch MW. Observations on Karoo and Gondwana vertebrates. Part 2. A new skull-reconstruction of
Stahleckeria potens von Huene, 1935 (Dicynodontia, Middle Triassic) and a reconsideration of kanne-
meyeriiform phylogeny. N Jb Geol Palaeont Abh. 2001; 127-152.

Barberena MC. Novos materiais de Traversodon stahleckerida Formagéo Santa Maria (Tridssico do
Rio Grande do Sul). Pesquisas. 1981; 14:149-162.

Fv Huene. Lieferungen 3/4. Pseudosuchia, Saurischia, Rhynchosauridae und Schlussabschnitt. Die
Fossilen Reptilien des Stidamerikanischen Gondwanalandes. Ergebnisse der Sauriergrabungen in
Sudbrasilien 1928/29. C. H. Beck’sche Verlagsbuchhandlung, Miinchen. 1942; pp. 161-332.

Langer MC. Basal saurischians. In: Weishampel D., Dodson P., Osmolska H. (Eds.), 2004. The Dino-
sauria, 2nd edition: Berkeley, University of California Press. 2004; pp. 25—46.

Lacerda M, Mastrantonio BM, Fortier DC, Schultz CL. New insights on Prestosuchus chiniquensis
Huene, 1942 (Pseudosuchia, Loricata) based on new specimens from the “Tree Sanga” Outcrop, Chi-
niqua Region, Rio Grande do Sul, Brazil. Peerd. 201; 4:e1622. https://doi.org/10.7717/peer].1622
PMID: 26855866

Reichel M, Schultz CL, Soares MB. A new traversodontid cynodont (Therapsida, Eucynodontia) from
the Middle Triassic Santa Maria Formation of Rio Grande do Sul, Brazil. Palaeontology. 2009; 52
(1):229-250. https://doi.org/10.1111/j.1475-4983.2008.00824.x

Da-Rosa AAS, Schwanke C, Aurélio PLP, Poitevin M, Neto LW. 2005. Sitio Linha Varzea—uma nova
assembléia fossilifera do Triassico Médio do sul do Brasil. Geociéncias. 2005; 24:115-129.

Bonaparte JF, Soares MB, Schultz CL. A new non-mammalian cynodont from the Middle Triassic of
southern Brazil and its implications for the ancestry of mammals. Bull N Mex Mus Nat Hist Sci. 2006;
37:599-607.

Franca MA, Ferigolo J, Langer MC. Associated skeletons of a new middle Triassic "Rauisuchia” from
Brazil. Naturwissenschaften. 2011; 98(5):389-395. https://doi.org/10.1007/s00114-011-0782-3
PMID: 21445632

Dassie ECG. Tetrapodes triassicos brasileiros: uma investigagdo envolvendo banco de dados e ana-
lise de cluster. [Master’s Dissertation]. Universidade de S&o Paulo (USP). Faculdade de Filosofia,
Ciéncias e Letras de Ribeirdo Preto. 2014.

Da Silva LR, Cabreira SF. Novo achado de Luangwa sudamericana Abdala & Teixeira, 2004 do Trids-
sico Médio da Formag&o Santa Maria, Rio Grande do Sul, Brasil. Palaeontologia em Destaque. 2009;
24:23-24.

Hanich D, Bertoni RS, Abdala F, Ribeiro AM. Traversodontidae da Zona Assembleia de Dinodonto-
saurus (Triassico Medio), Dona Francisca, RS, Brasil. In: XXIII Congresso Brasileiro de Paleontologia,
2013, Gramado. Boletim de Resumos. 2013; 234-235.

Schultz CL, Langer MC, Montefeltro FC. A new rhynchosaur from south Brazil (Santa Maria Forma-
tion) and rhynchosaur diversity patterns across the Middle-Late Triassic boundary. Paldont Z. 2016;
90(8):593-609. https://doi.org/10.1007/s12542-016-0307-7

Schultz CL, Azevedo SAK. Dados preliminares sobre a ocorréncia de uma nova forma de rincossauro
para o Triassico do Rio Grande do Sul, Brasil. Paula-Coutiana. 1990; 4:35-44.

Fv Huene. Stenaulorhynchus, ein Rhynchosauride der ostafrikanischer Obertrias. Nova Acta Leopol-
dina, Neue Folge. 1938; 6:83—121.

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 53/54


https://doi.org/10.4072/rbp.2011.2.04
https://doi.org/10.1038/srep22817
https://doi.org/10.1038/srep22817
http://www.ncbi.nlm.nih.gov/pubmed/26965521
https://doi.org/10.1007/1-4020-2763-X_6
https://doi.org/10.7717/peerj.1622
http://www.ncbi.nlm.nih.gov/pubmed/26855866
https://doi.org/10.1111/j.1475-4983.2008.00824.x
https://doi.org/10.1007/s00114-011-0782-3
http://www.ncbi.nlm.nih.gov/pubmed/21445632
https://doi.org/10.1007/s12542-016-0307-7
https://doi.org/10.1371/journal.pone.0177948

@° PLOS | ONE

The African cynodont Aleodonin the Triassic of South America

161.

162.

163.

164.

165.

166.

167.

168.

Desojo JB, Ezcurra M, Schultz CL. An unusual new archosauriform from the Middle-Late Triassic of
southern Brazil and the monophyly of Doswelliidae. Zool J Linnean Soc. 2011; 161:839-871. https:/
doi.org/10.1111/j.1096-3642.2010.00655.x

Arcucci A, Marsicano CA. A distinctive new archosaur from the Middle Triassic (Los Chafares Forma-
tion) of Argentina. J Vertebr Paleont. 1998; 18:228-232. https://doi.org/10.1080/02724634.1998.
10011046

Mastrantonio BM, Schultz CL, Desojo JB, Garcia JB. The braincase of Prestosuchus chiniquensis
(Archosauria: Suchia). In: Nesbitt S., Desojo J.B., Irmis R.B. (Eds.), 2013. Anatomy, Phylogeny and
Palaeobiology of Early Archosaurs and their Kin. London: The Geological Society of London.
2013; pp. 425-440.

Pavanatto AEB, Miiller RT, Da-Rosa AAS, Dias-da-Silva S. New information on the postcranial skele-
ton of Massetognathus ochagaviae Barberena, 1981 (Eucynodontia, Traversodontidae), from the Mid-
dle Triassic of Southern Brazil. Historical Biol. 2016; 28(7):978-989. https://doi.org/10.1080/
08912963.2015.1070148

Da-Rosa AAS. Geological context of the dinosauriform-bearing outcrops from the Triassic of Southern
Brazil. J S Am Earth Sci. 2015; 61:108-119.

Raugust T, Lacerda M, Schultz CL. The first occurrence of Chanaresuchus bonapartei (Archosauri-
formes, Proterochampsia) of the Middle Triassic of Brazil from the Santacruzodon Assemblage Zone,
Santa Maria Formation (Parana Basin). In: Nesbitt SJ, Desojo JB, Irmis RB, editors. Anatomy, Phylog-
eny and Paleobiology of Early Archosaurs and their Kin. London: The Geological Society of London;
2013. pp. 303-318.

Lacerda MB, Schultz CL, Bertoni-Machado C. First 'rauisuchian’ archosaur (Pseudosuchia, Loricata)
for the Middle Triassic Santacruzodon Assemblage Zone (Santa Maria Supersequence), Rio Grande
do Sul State, Brazil. PLoS ONE. 2015; 10(2):e0118563. https://doi.org/10.1371/journal.pone.
0118563 PMID: 25714091

Kammerer CF, Flynn JJ, Ranivoharimanana L, Wyss AR. Ontogeny in the Malagasy traversodontid
Dadadon isaloi and a reconsideration of its phylogenetic relationships. Fieldiana Life Earth Sci. 2012;
5:112—-125. https://doi.org/10.3158/2158-5520-5.1.112

PLOS ONE | https://doi.org/10.1371/journal.pone.0177948 June 14, 2017 54/54


https://doi.org/10.1111/j.1096-3642.2010.00655.x
https://doi.org/10.1111/j.1096-3642.2010.00655.x
https://doi.org/10.1080/02724634.1998.10011046
https://doi.org/10.1080/02724634.1998.10011046
https://doi.org/10.1080/08912963.2015.1070148
https://doi.org/10.1080/08912963.2015.1070148
https://doi.org/10.1371/journal.pone.0118563
https://doi.org/10.1371/journal.pone.0118563
http://www.ncbi.nlm.nih.gov/pubmed/25714091
https://doi.org/10.3158/2158-5520-5.1.112
https://doi.org/10.1371/journal.pone.0177948

