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ABSTRACT

Dinosaurs arose in the Late Triassic and diversified during the subsequent periods of the Mesozoic Era. The oldest unequivocal dinosaurs
come from Carnian deposits of Brazil, Argentina, India, and Zimbabwe, with sauropodomorphs representing the bulk of this record. Saturnalia
tupiniquim was described from Brazilian strata in 1999 as the first Carnian member of that group. Although several new species and specimens
of coeval sauropodomorphs have been described in recent years, no new material has been formally assigned to that species. In this contribu-
tion, we describe an association of at least three partially preserved individuals of S. tupiniquim (UFSM 11660), which was excavated from the S.
tupiniquim type-locality (Late Triassic of the Santa Maria Formation) and preserves cranial and postcranial elements, including the first rostrum
known for the species. Assigned to S. tupiniquim according to several lines of evidence, the new specimen has a proportionally short rostrum,
compared to that of coeval sauropodomorphs, providing evidence for a reduced skull in S. tupiniquim. In addition, we investigated the intraspe-
cific variation in S. tupiniquim, highlighting the need to understand the morphological limits of such variations among the earliest dinosaurs, in
order to properly explore their alpha diversity.
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INTRODUCTION worldwide, its type series played a key role in understanding the
body plan of early sauropodomorphs. In the following years, nu-

Dinosaurs are one of the most fascinating groups of land ver- ) ’
merous other sauropodomorphs were discovered from Carnian

tebrates, usually divided in two main lineages, Ornithischia i i i )
and Saurischia, with the latter composed of Theropoda and beds of Argentina, Brazil, and Zimbabwe (Martinez and Alcober

Sauropodomorpha (Nesbitt 2011, Langer et al. 2017, Ezcurra 2009, .Ezcurra 2010, Cabreira et al. 2011, 201§, Ezcurra 2010,
et al. 2020, Novas et al. 2021, Norman ef al. 2022, see Baron et Cabreira et al. 2011, 2016, Pretto et al. 2018, Griffin et al. 2022),
allowing us to understand the first steps of their evolution, dis-

tribution, diversity, and biology (Bronzati et al. 2017, Miiller et

(Novas et al. 2021, Langer et al. 2022), corresponding to small al. 2018b{ Lénger et al. 2022, Dunne et al. 2023). Howev.erf after
bipedal faunivorous animals (Sereno et al. 2013, Cabreira et al. the descrlptlon.of the holotype and paratypes of S.'tup imquim,
2016, Miiller et al. 2018a) that substantially differ from their ex- ™ other material was formally referred to the species (but see

aggeratedly large, quadrupedal, and herbivorous younger ‘suc- Garcia et al. 2019b), hampering a better understanding of the
cessors’ (McPhee et al. 2018, Apaldetti ef al. 2021). intraspecific variation and anatomy of this taxon (Langer et al.
! 2022). In this contribution, we describe a new association of S.

tupiniquim specimens, which provides new data on the rostral
anatomy and intraspecific variation of this dinosaur.

al. 2017 for different interpretations). In the Brazilian Triassic,
Sauropodomorpha is the most abundant dinosaurian clade

Saturnalia tupiniquim was the first Triassic sauropodomorph
discovered from Brazil (Langer et al. 1999) and, as the first
unambiguously recognized Carnian member of the group
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Institutional abbreviations

CAPPA/UESM, Centro de Apoio a Pesquisa Paleontoldgica da
Quarta Colonia da Universidade Federal de Santa Maria, Rio
Grande do Sul, Brazil; LPRP/USP, Laboratério de Paleontologia
de Ribeiriao Preto, Universidade de Sao Paulo, Ribeirao Preto,
Brazil; SMNS, Staatliches Museum fiir Naturkunde, Germany;
PVS], Division of Vertebrate Paleontology of the Museo de
Ciencias Naturales de la Universidade Nacional de San Juan,
San Juan, Argentina; UFRGS-PV, Paleovertebrate Collection of
the Laboratdrio de Paleovertebrados da Universidade Federal
do Rio Grande do Sul, Porto Alegre, Brazil; UFSM, Colegao de
Paleontologia do Laboratério de Estratigrafia e Paleobiologia,
Universidade Federal de Santa Maria, Santa Maria, Brazil;
ULBRA, Centro de Apoio a Pesquisa Paleontolégica da Quarta
Colonia, Universidade Federal de Santa Maria, Sio Joao do
Polésine, Rio Grande do Sul, Brazil (previously Museu de
Ciéncias Naturais, Universidade Luterana do Brasil, Canoas,
Brazil).

MATERIAL AND METHODS

Material

UFSM 11660 comprises an assemblage of at least three indi-
viduals, disarticulated to partially articulated, found in a small
area of about 1 m? (Fig. 1) in the type-locality of S. tupiniquim.
All elements have the typical morphology of early dinosaurs
and there are no significant differences between overlapping
bones, so that we interpret UFSM 11660 as a monotypic asso-
ciation. Although the minimal number of individuals is three,
given the triplicated sacral remains, it is not unlikely that the
association is composed of more individuals (see Systematic
Palaeontology).

Phylogenetic analyses

In order to explore the phylogenetic position of UFSM
11660, it was scored as a whole in two different phylogenetic
matrices. In both analyses we employed the original param-
eters, briefly recapped here. We first scored UFSM 11660 in
the data matrix of Norman et al. (2022) in order to test the pu-
tative placement of UFSM 11660 among sauropodomorphs.
We performed an heuristic search, with 1000 replicates of
Wagner Trees (random seed = 0) + tree bisection reconnec-
tion (TBR) and 20 trees saved per replicate. The characters
were ordered as in the original analysis and all characters re-
ceived the same weight.

The second set of analyses was performed with UFSM 1160
scored in the data matrix of Langer et al. (2022), in order to ex-
plore the position of UFSM 11660 in an alpha taxonomic assess-
ment of Carnian sauropodomorphs. As in the original study, we
performed two analyses with this data matrix. First, all speci-
mens of S. tupiniquim (N = 3), Buriolestes schultzi (N = 2), and
Eoraptor lunensis (N = 3) were treated as separate operational
taxonomic units (OTUs). In the subsequent analysis, the speci-
mens were merged into single OTUs for each one of these three
species. The three analyses were performed employing a heur-
istic search with 1000 replicates of Wagner trees holding 10 trees
per replicate (random seed = 0). The scoring of UFSM 11660
and the modifications in the character matrix are listed in the
Supporting information.

Morphological disparity

To test the position of UFSM 11660 in the early
sauropodomorph morphospace, we performed a morpho-
logical disparity analysis, following the same parameters
and data matrix employed by Langer et al. (2022). The R
package Claddis 0.6.3 (Lloyd 2016) was used to calculate
the distance matrix with the Maximum Observable Rescaled
Distance (Lloyd 2016, Lehmann et al. 2019). An ordination
matrix was generated with a Principal Coordinate Analysis
(PCoA), employing the Lingoes correction for negative
eigenvalues. Subsequently, we performed a PERMANOVA
(Permutational Multivariate Analysis of Variance) with
adonis2 of vegan package (2.6-4) to test for a significant differ-
ence in the morphospace occupied by the referred materials of
S. tupiniquim, Bu. schultzi, and E. lunensis.

Skull Iength estimate

To estimate the skull length, we employed a least squares re-
gression using the maxillary length as a predictive variable to
skull length. This was based on a dataset compiled for Triassic
sauropodomorphs, as seen in Table 1.

SYSTEMATIC PALAEONTOLOGY

Dinosauria Owen, 1842 sensu Langer et al. 2020
Saurischia Seeley, 1888 sensu Gauthier et al. 2020
Sauropodomorpha Huene, 1932 sensu Fabbri et al. 2020
Saturnalia tupiniquim Langer et al. 1999

Holotype

MCP 3844-PV (Langer et al. 1999, Langer 2003, 2007b) com-
prising some skull remains, most presacral vertebrae, two prim-
ordial sacral vertebrae, several proximal caudal vertebrae, several
cervical and trunk ribs, partial scapular girdle and forelimbs,
most of the pelvic girdle and hindlimbs.

Paratypes

MCP 3845-PV (Langer et al. 1999, Langer 2003, 2007b, Bronzati
etal.2017,2019a, b) is composed of a semi-articulated skeleton,
comprising a partial skull with braincase, natural cast of man-
dibular ramus with teeth, most presacral vertebrae, two primor-
dial sacral vertebrae plus a dorsosacral vertebra, several cervical
and trunk ribs, right scapular girdle and forelimb, most of the
pelvic girdle and hindlimbs. MCP 3846-PV (Langer et al. 1999,
Bittencourt et al. 2012, Garcia et al. 2019b) is an incomplete skel-
eton, comprising some presacral and caudal vertebrae and parts

of the pelvic girdle and hindlimbs.

Referred specimen UFSM 11660 (A-N)

An association of at least three individuals with different degrees
of articulation. It comprises a partial skull with braincase, lower
jaws, vertebrae from distinct portions of the column, ribs, chev-
rons, pelvic girdle, femora, tibiae, metatarsals, and phalanges.
Because of its gracile morphology, the specimen was affectionately
nicknamed as ‘Gracinha, meaning graceful in Portuguese. The spe-
cific preserved elements are: UFSM 11660A, skull, right maxilla,
braincase elements; UFSM 11660B, dorsal vertebrae; UFSM
11660C, sacrum articulated against the ilium, ischium, pubis;
UFSM 11660D, partial sacrum; UFSM 11660E, damaged sacrum;
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Figure 1. Study area and geological context of UFSM 11660: (A) location and geological context of Cerro da Alemoa outcrop, (B) general
view of the Cerro da Alemoa outcrop, (C) plaster jacket containing the elements of UFSM 11660 partially exposed and reconstruction of
preserved elements of UFSM 11660 (artwork by Mauricio S. Garcia). The sites indicating where the type-specimens were found are based on
the recollection of one of the authors (M.C.L.), who excavated the three specimens back in 1998; henceforth, they are not totally precise.
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Table 1. Measurements employed in order to estimate skull length of UFSM 11660 and Pampadromaeus barberenai (ULBRA-PVT 016)

Taxa Skull length (mm) Maxilla length (mm) Source

Buriolestes schultzi (CAPPA/UFSM 0035) 108.5 60 Miiller ef al. 2018a

Macrocollum itaquii (CAPPA/UFSM 001a) 147 73.1 Miiller et al. 2020, Personal obser-
vation

Macrocollum itaquii (CAPPA/UFSM 001b) 154 72.1 Miiller et al. 2020, Personal obser-
vation

Bagualosaurus agudoensis (UFRGS-PV-1099-T') 125.4 57.56 Pretto et al. 2019

Eoraptor lunensis (PVS] 512) 123 57.11 Sereno et al. 2013

Plateosaurus trossingensis (SMNS 13200) 321 180 Galton 1988, Schaeffer 2024

Plateosaurus engelhardti (AMNH FABR 6810) 330 179.4 Prieto-Marquez and Norell 2011

Leyesaurus marayensis (PVS] 706) 147.4 56.5 Apaldetti et al. 2011, Peyere de
Fabreégues, personal observation

Pampadromaeus barberenai (ULBRA-PVT 016) 124.54* 57.39 Personal observation

UFSM 11660 104.37¢ 46.5 Personal observation

‘estimated.

UEFSM 11660F, proximal caudal vertebrae; UFSM 11660G, ar-
ticulated caudal vertebrae; UFSM 11660H, caudalmost caudal
vertebrae; UFSM 116601, complete right femora; UFSM 11660],
proximal right femora; UFSM 11660K, proximal portion of a left
tibia; UFSM 11660L, right tibia; UFSM 11660M, metatarsus I, II,
III and phalange; UFSM 11660N, metatarsus I and II.

Locality and horizon

UFSM 11660 was excavated from the Cerro da Alemoa (=
Waldsanga) site (Langer 2005, Da-Rosa 2015, Garcia et al.
2019a; 29° 417 51.0” S, 53° 467 26.5” W), in the municipality
of Santa Maria (Fig. 1), which exposes rocks of the Candelaria
Sequence (Horn et al. 2014) of the Santa Maria Supersequence
(Zerfass et al. 2003). The outcrop is composed of reddish
mudstones, typical of the Alemoa Member of the Santa Maria
Formation (Andreis et al. 1980). The occurrence of the rhyn-
chosaur Hyperodapedon places the site in the Hyperodapedon
Assemblage Zone (Langer et al. 2007a, Schultz et al. 2020).
In addition to rhynchosaurs, it yielded dinosaur, silesaurid,
lagerpetid, and cynodont remains (Langer et al. 1999, Martinelli
et al. 2017, Garcia ef al. 2019a, Marsola et al. 2019, Mestriner
et al. 2023). Radioisotopic dating indicates a maximum depos-
itional age of 233.23 + 0.73 Mya (Langer et al. 2018).

Ontogenetic remarks

Bones of UFSM 11660 have some osteological indicators of
skeletal maturity, such as a raised scar on the lateral surface
of the dorsal portion of the iliac blade (Garcia et al. 2019b)
and a proximal portion of the femur with a craniolateral scar,
a well-developed trochanteric shelf, and a rounded dorsolat-
eral trochanter (Piechowski et al. 2014, Griffin and Nesbitt
2016a, Miiller 2022). In addition, all neurocentral sutures are
closed (Brochu 1996, Henrich et al. 2021, but see Irmis 2007).
Although the specimens are not skeletally immature, it is uncer-
tain if they reached their maximum size.

DESCRIPTION AND COMPARISONS

The description followed the veterinarian anatomical terms (i.e.
‘cranial’/‘rostral’ and ‘caudal’ are used rather than ‘anterior’ and

‘posterior’), the complete list of specimens used for comparison
is in Table 2 and measurements of UFSM 11660 in Table 3.

Cranial remains
The association includes one skull with articulated to partially
articulated elements (Fig. 2). Hence, the following description
of the rostral region, braincase, and partial lower jaws refers to
a single individual. The bone surface of the elements is usually
well-preserved, but the extremities of some bones are not en-
tirely preserved.

Premaxilla: Both premaxillae are preserved, although slightly
displaced from their original position (Fig. 3). The bone has a
convex rostroventral margin and the narial fossa occupies the
dorsal half of its main body. The right premaxilla preserved the
caudolateral and medial processes, whereas only the dorsal pro-
cess is present in the left bone. The anterior premaxillary for-
amen (sensu Sereno et al. 2013) pierces the lateral surface of the
bone and an additional, smaller foramen is seen dorsal to that.
The rostral tip of the left premaxilla is not preserved, exposing
a tooth root. The dorsal process is short and tapers dorsally.
Similarly, the caudolateral process is short, as in Pampadromaeus
barberenai and Bu. schultzi (Cabreira et al. 2011, 2016, Miiller et
al. 2018b). On the other hand, in E. lunensis the process is well
developed and elongated, composing the caudal margin of the
external nares (Sereno et al. 2013). The medial process forms a
thin blade and is not completely preserved. The displacement
of the premaxillae prevents the defining the presence and shape
of the subnarial foramen. Unlike Bu. schultzi (Miiller et al.
2018b), the caudoventral corner of the bone lacks a notch
forming a marked gap at the maxilla premaxilla contact. There
are at least three teeth preserved in the right premaxilla and al-
though the tooth number cannot be accessed in the left bone, it
is possible to see that the first tooth starts in its rostralmost part.

Maxilla: Both maxillae are preserved, but only the left one in
its full length (Figs 3, 4). The rostral process is short and its lat-
eral surface bears some foramina. As in Pam. barberenai, two de-
pressed areas excavate the medial surface of the dorsocaudally
oriented dorsal process. The longitudinal ridge delimits the
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Table 2. Sources of anatomical data used for comparison

Taxon

Specimen and reference

Bagualosaurus agudoensis
Buriolestes schultzi

Chromogisaurus novasi
Eoraptor lunensis

Macrocollum itaquii
Mbiresaurus raathi

Nhandumirim waldsangae
Pampadromaeus barberenai
Panphagia protos

Saturnalia tupiniquim

Unaysaurus tolentinoi

UFRGS-PV-1099-T (Pretto et al. 2019)

ULBRA-PVT 280 (Cabreira et al. 2016)
CAPPA/UFSM 0035 (Miiller ef al. 2018a)
CAPPA/UFSM 0244 (Moro et al. 2023)

PVS]J 845 (Ezcurra 2010, Martinez et al. 2013)
PVSJ 512 (Sereno et al. 2013)

CAPPA/UFSM 0001a (Miiller et al. 2018c, Miiller 2020)
CAPPA/UFSM 0001b (Miiller et al. 2018c, Miiller 2020)

NHMZ 2222 (Griffin et al. 2022)
NHMZ 2547 (Griffin et al. 2022)

LPRP/USP 0651 (Marsola et al. 2019)
ULBRA-PVTO016 (Cabreira et al. 2011, Langer et al. 2019)
PVSJ 874 (Martinez and Alcober 2009, Martinez et al. 2013)

MCP 3844-PV (Langer et al. 1999, Langer 2003, 2007b)
MCP 3845-PV
MCP 3846-PV

UFSM 11069 (Leal et al. 2004)

ventral margin of the antorbital fossa, which extends along the en-
tire length of the bone. Dorsal to that, six neurovascular foramina
pierce the fossa, forming a row parallel to the alveolar margin.
Unlike unaysaurids (Miiller ef al. 2018c), the rostralmost por-
tion of the antorbital fossa lacks any evidence of a promaxillary
fenestra, or of any other excavation. Both internal and external
antorbital fenestrae are rostrocaudally elongated. The rounded
rostroventral corner of the internal antorbital fenestra forms a
straight to slightly obtuse angle (Fig. 2C). The maxillary caudal
process is elongated and tapers at the distalmost portion, which
has a longitudinally elongated slot on its dorsolateral margin to
receive the jugal. The tooth margin is straight along its entire
length and bears 19 tooth positions.

Nasal: The specimen preserves the left nasal, which is not com-
pletely preserved (Fig. 2). It corresponds to a thin blade of
bone, with a dorsal recess in its lateral side. In dorsal view, the
rostral process tapers medially. In lateral view, it projects ven-
trally to form the dorsal rim of the external nares. The lateral
margin of the bone is poorly preserved. As a consequence, it
is uncertain if it forms a well-projected shelf, as in other early
sauropodomorphs (Martinez and Alcober 2009, Sereno et al.
2013, Miiller et al. 2018a). There is no evidence of crests or orna-
ments on the dorsal surface of the nasal.

Lacrimal: Only the left lacrimal is preserved. It has an inverted
L-shape and contributes to the dorsal and caudal margins of
the antorbital fenestra (Fig. 2). The bone also contributes to the
caudal margin of the antorbital fossa, which invades the ventral
and anterior processes. The ventral process is slightly longer than
the rostral. The lateral margin of the rostral process folds ven-
trally, forming a ventral crest that extends longitudinally. The
lateral surface of the boundary between the rostral and ventral
processes is slightly striated. Yet, this region lacks the flange pre-
sent in Bu. schultzi (CAPPA/UFSM 0035). The ventralmost
portion of the ventral process expands caudally, overlapping dor-
sally the rostral tip of the jugal when in articulation.

Prefrontal: The left prefrontal is disarticulated and preserves the
caudal process (Fig. 2). The preserved dorsal portion is flat. The
corner between the dorsal and lateral surfaces is convex in lateral
view. The caudal process tappers caudally and is slightly concave
in lateral view. Its general morphology resembles that of coeval
sauropodomorphs (e.g. Panphagia protos, S. tupiniquim, and Bu.
schultzi).

Frontal: The left frontal is partially preserved and longer than
wide. Its ventral surface is exposed, revealing a deep fossa for
the olfactory bulb. A laterally concave crest extends along the
bone, separating the orbital margin and the cranial fossa, as in
S. tupiniquim (MCP 3845-PV) and Pam. barberenai (Bronzati
et al. 2019b, Langer et al. 2019). The crest differs from that of
Pan. protos, which is formed by two parallel ridges (Martinez et
al. 2013).

Jugal: ‘The jugal is not entirely preserved (Fig. 2), lacking
the caudal portion. The rostral portion of the bone is elong-
ated and gracile, unlike the taller main body of the bone in
herrerasaurs (Sereno and Novas 1993, Nesbitt et al. 2009,
Pacheco et al. 2019). The rostral tip is particularly thin dorso-
ventrally (Fig. 4), where it articulates with the maxilla ventrally
and dorsally to the lacrimal. The preserved part of the jugal has
a smooth lateral surface, a sharp ventrolateral corner, and al-
most parallel dorsal and ventral margins. The dorsal surface is
gently convex on the region that forms the ventral margin of
the orbit. On the preserved caudal portion of the bone, there
is a dorsal expansion (= dorsal process), which is not entirely
preserved.

Braincase: Of the braincase elements, only the basioccipital,
parabasisphenoid and prootic (Fig. S) are partially exposed. A
future contribution will present additional details with the aid
of CT-scan data. Forming the caudal portion of the basioccipital,
the occipital condyle is kidney shaped, with a more expanded
and concave dorsal portion, tapering ventrally in caudal view.
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Table 3. Measurements of the elements of UFSM 11600 (in mm).

Element Measurement

Skull Left Right
Skull length (UFSM 11660A) 104.37°

Premaxilla length 11.67° 14.89
Premaxilla height 8.64* 5.21
Maxilla length 46.5 18.94*
Maxilla height at the base of ascending process 6.19 6.45
Antorbital fenestra length 34.16

Antorbital fenestra maximum height 1S

Lacrimal rostral process length 11.56*

Lacrimal ventral process length 15.20

Jugal length 26.03°

Frontal length 19.87*

Dentary length 43.46° 28.98*
Dentary height 5.24 5.64
Dentition Apicobasal length Mesiodistal length
1st Premaxillary tooth 6.56 3.31
2nd Premaxillary tooth 5.51 3.09
3rd Premaxillary tooth 5.49 291
1st Maxillary tooth 6.11 3.60
2st Maxillary tooth 4.99 3.26
18th Maxillary tooth 2.36 1.92
Sth Dentary tooth 4.65 2.36
Axial series Length

Dorsal centrum UFSM 11660B 22.37

Dorsal centrum UFSM 11660B 23.46

Dorsal centrum UFSM 11660B 23.48

1st Sacral centrum UFSM 11660C 18.47

2nd Sacral centrum UFSM 11660C 19.30

1st Sacral centrum UFSM 11660D 19.30°

2nd Sacral centrum UFSM 11660D 21.32

1st Sacral centrum UFSM 11660E

2nd Sacral centrum UFSM 11660E

1st Caudal centrum UFSM 11660F 17.14

2nd Caudal centrum UFSM 11660F 17.15

3rd Caudal centrum UFSM 11660F 17.93

4th Caudal centrum UFSM 11660F 18.69

Sth Caudal centrum UFSM 11660F 11.33*

6th Caudal centrum UFSM 11660F 16.39

7th Caudal centrum UFSM 11660G 14.36°

8th Caudal centrum UFSM 11660G 20.18

9th Caudal centrum UFSM 11660G 20.18

10th Caudal centrum UFSM 11660G 19.58

11st Caudal centrum UFSM 11660G 18.03

12nd Caudal centrum UFSM 11660G 19.23

13rd Caudal centrum UFSM 11660G 19.24

14th Caudal centrum UFSM 11660G 18*

15th Caudal centrum UFSM 11660H 14.69

16th Caudal centrum UFSM 11660H 14.70

17th Caudal centrum UFSM 11660H 11.92

18th Caudal centrum UFSM 11660H

12.36
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Table 3. Continued

Element Measurement

Left Right
Hind limb Left Right
Ilium pubic peduncle to ala postacetabular (length) UFSM 11660C 88.71
Ilium acetabulum length UFSM 11660C 29.54
Ilium acetabulum height UFSM 11660C 23.37°
Pubis length UFSM 11660C 117.38 49.17¢
Ischium length UFSM 11660C 102.40
Ischium proximal width UFSM 11660C 14.08
Ischium proximal length UFSM 11660C 24.77
Ischium distal width UFSM 11660C 10.55
Ischium distal length UFSM 11660C 16.39
Femur length UFSM 116601 157
Femur head longer length UFSM 116601 29.97
Femur head shortest UFSM 116601 16.27
Femur distal craniocaudal width (with crista tibiofibularis) UFSM 116601 24.86
Femur distal mediolateral width UFSM 116601 30.38
Circumference UFSM 116601 49.18
Femur length UFSM 11660] 54.85°
Femur head longer length UFSM 11660] 27.89
Femur head shortest length UFSM 11660] 18.80
Circumference UFSM 11660] 53
Tibia length UFSM 11660K 71.94
Tibia proximal craniocaudal length UFSM 11660K 27.45
Tibia proximal lateromedial length UFSM 11660K 20.80
Tibia length UFSM 11660L 36.81°
Tibia proximal craniocaudal length UFSM 11660L 30.32¢
Tibia proximal lateromedial length UFSM 11660L 20.11°
Metatarsal I length UFSM 11660M 47.44
Metatarsal II length UFSM 11660M 49.31*
Metatarsal III length UFSM 11660M 68.20
Metatarsal I length UFSM 11660N 36.17°
Metatarsal III length UFSM 11660N 76.32

“Incomplete.
"Estimate.

The main body of the parabasisphenoid is preserved, with
the basipterygoid process, projecting cranioventrally as in
a paratype of S. tupiniquim (MCP 384S-PV; Bronzati et al.
2019a), but not laterally as in Bu. schultzi (CAPPA/UFSM
0035; Miiller et al. 2020). The pituitary fossa excavates the
rostral surface of the main body of the bone, in the same
craniocaudal level of the basipterygoid process. The fossa
is relatively short, resembling the condition of Bu. schultzi
(CAPPA/UFSM 0035; Miiller et al. 2020) and differing from
the enlarged fossa of latter sauropodomorphs (Carabajal
2012). There are two foramina interpreted as the path of the
internal carotid foramina, they are in a position similar to that
seen in a paratype of S. tupiniquim (MCP 3845-PV; Bronzati
et al. 2019a). Dorsally to the parabasisphenoid, the prootic is
preserved. Additionally, it is possible to observe the floccular
fossa in cross-section.

Dentary: Both dentaries are partially preserved (Figs 2-4). The
bone is relatively slender, unlike the robust dentary of latter
sauropodomorphs. The dorsal margin of its rostral end is ventrally
deflected, such as in other early sauropodomorphs (Matinez and
Alcober 2009, Sereno et al. 2013, Cabreira et al. 2016, Miiller
et al. 2018a, Langer et al. 2019). On the contrary, the ventral
margin is straight, differing from the ventrally directed margin
of taxa like Unaysaurus tolentinoi (Leal et al. 2004). The lateral
surface of the dentary is pierced by a series of foramina, which
starts at the rostralmost portion of the bone and extends caud-
ally as in Pan. protos, Bu. schultzi, and Bagualosaurus agudoensis.
In contrast, there is a gap between the first and the next foramen,
as in Pam. barberenai. In medial view, the Meckelian groove ex-
cavates the ventral portion of the bone, as in Pan. protos. The first
alveolus is inset 2.4 mm from the rostralmost end of the bone.
The rostralmost teeth are slightly rostrally inclined relative to the
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Figure 2. Skull of UFSM 11660A: (A, B) lateral and (C, D) medial views. Abbreviations: d, dentary; fob, fossa for the olfactory bulb; j, jugal; |,
lacrimal; mx, maxilla; n, nasal; pm, premaxilla; prf, prefrontal. L. left and r. right.

alveolar margin. The mandibular symphysis is short, restricted
to the rostral end of the dentary. In medial view, it is possible
to identify the interdental plates, which are triangular. The pos-
terior portion of both dentaries is poorly preserved.

Dentition: UFSM 11660A bears typical ziphodont teeth, resem-
bling the condition of other early sauropodomorphs, such as
E. lunensis (Sereno et al. 2013) and Bu. schultzi (Cabreira et al.
2016, Miiller et al. 2018a, Moro ef al. 2024). The right premaxilla
preserves three teeth caudal to an empty tooth position (Fig. 3).
The apicobasal length of the first preserved crown (second pre-
maxillary tooth) is 7 mm. All teeth lack basal constrictions. The
second tooth has serrations (eight per millimetre) only in the
mesial margin. These are also seen in the distal margin of the 2™
(CAPPA/UFSM 0244) (Miiller et al. 2018a, Moro et al. 2024)
and 3" (CAPPA/UFSM 0035) premaxillary teeth of Bu. schultzi,
whereas Pam. barberenai has serrations in both carinae of the 4™
and in the distal carina of the 3" premaxillary tooth (Langer et al.
2019). The premaxillary teeth are longer and thinner than those
of the maxilla (Table 3).

In the maxilla, UFSM 11660A has at least 19 tooth positions
(Fig. 4), whereas Bu. schultzi has 24, Pam. barberenai has 21, and
Ba. agudoensis 23. In labial/lingual views, the mesial margin of
the rostral teeth is slightly convex and the distal is almost straight,
resulting in a blade-like shape. In more caudal teeth, both mar-
gins are slightly convex. The longer tooth crown is 5.5 mm in
apicobasal length and the smaller is 2.7 mm. The wider crown
is 3.07 mm in mesiodistal width, whereas the smaller is 1.5 mm.
The teeth bear ~8 serrations per millimetre. The number of den-
tary teeth cannot be defined, as the bone is not complete (Fig.
4). The apical parts of the rostral teeth are broken. The 5 tooth
has the mesial margin convex and the distal one almost straight
in labial/lingual views.

Axial remains

The preserved axial elements of UFSM 11660 include at least
three dorsal vertebrae, three sets of sacral vertebrae, and 18
caudal vertebrae, only some of them partially articulated. One of
the sets of sacral vertebrae is quite damaged, hampering mechan-
ical preparation and, consequently, reliable observations. Due to
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Figure 3. Premaxilla and maxilla of UFSM 11660A: (A, B) lateral and (C, D) medial views. Abbreviations: clp, caudolateral process; dp,
dorsal process; f, foramen; idp, interdental plate; 1. mx, left maxilla; mk, Meckelian groove; mp, medial process; n, nasal; r.d, right dentary; pm,
premaxilla; pmf, premaxillary foramen; t, tooth.

the impossibility to assign the vertebrae to specific individuals,
they are described below simply according to their position on
the axial series.

Dorsal vertebrae: UESM 11660B includes three dorsal verte-
brae, two of which in articulation (Fig. 6). The centra are longer
(2.3 mm) than tall (1.4 mm) and lack a ventral keel. Both ar-
ticular facets are concave and almost as tall as wide. Their
parapophysis are located above the centrum, contacting the
diapophysis, so the elements are considered as part of the caudal

half of the series (Sereno et al. 2013, Miiller ef al. 2018a, Langer
et al. 2019). Neurocentral sutures are observed in all vertebrae
and a slight depression is seen on the lateral surface of their
centra. In the neural arches, the diapophyses are dorsolaterally
oriented and subretanctangular in dorsal view. The neural spines
are caudally inclined and lack any evidence of spine tables. Pre-
and postzigapophyses are broken.

Sacral vertebrae: The two best-preserved sets are composed of
two articulated primordial sacral vertebrae. UFSM 11660C is
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Figure 4. Dentition of UFSM 11660A: (A) overview of the left maxilla in lateral view; (B, C, D) maxillary teeth in labial view, (E) right
maxilla in lateral view, (F) anterior maxillary teeth in labial view, (G) magnification of the anterior maxillary teeth, (H) interdental plates of the
dentary, and (I) right dentary in medial view. Abbreviations: idp, interdental plates.
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Figure S. Braincase elements of UFSM 11660A: (A) cranial, (B) dorsal, (C) ventral, and (D) caudal views. Abbreviations: bt, basal tubera;
bp, basipterygoid process; cp, cultriform process; fr, floccular recess; icaf, foramina for the internal carotid artery; oc, occipital condyle; pf,
pituitary fossa; ssr, subsellar recess.

articulated with the ilium and UFSM 11660D is isolated (Fig. 7).
The centra of UFSM 11660D are slightly wider lateromedially
and shallower dorsoventrally than those of UFSM 11660C. In
UFSM 11660C, the S1 cranial articular surface is concave. In
both sets, the S2 caudal articular surface is concave and almost
as wide as deep. The sacral centra are not co-osified in both sets
and lack ventral keel.

In UFSM 11660C, sacral ribs and transverse processes form a
single structure, which connects to the ilium. In UFSM 11660D,
in lateral view, the first sacral rib and transverse process form a
C-shape, whereas the S2 rib is S-shaped. The neural spines of
UFSM 11660C are dorsocaudally inclined, but this might be af-
fected by taphonomy. The prezygapophysis of UFSM 11660C is
rounded and projects craniodorsally. In dorsal view of both sets,
the transverse processes of S1 and S2 do not contact one an-
other. The S1 transverse process of UFSM 11660D is wider, ex-
hibiting a fan shape. The S2 transverse process is laterocaudally
oriented in both sets.

Caudal series: The caudal series is composed of 18 vertebrae (Fig.
8), including an articulated set of eight mid-caudal vertebrae with
chevrons (UFSM 11660G), and ten disarticulated elements,
six located proximal (UFSM 11660F) and four distal (UFSM
11660H) to the articulates segment. The centra become longer in
the direction to the distal portion of the tail. None of the caudal
centra has a ventral keel and both their articular facets are concave.
The six proximalmost vertebrae (UFSM 11660F) are ax-
ially shortened, with their transverse processes dorsolaterally
oriented. The prezygapophysis projects craniodorsally, whereas
the postzigapophysis projects caudoventrally. The eight articu-
lated vertebrae (UFSM 11660G) have centra longer than deep,
the ventral surface of which lacks a keel. The transverse pro-
cess is thin and the neural spine is low. The prezygapophysis is
craniodorsally inclined, with a rounded and elongated articular
facet. The postzygapophysis are rounded. The distalmost verte-
brae (UFSM 11660H) are very elongated. These elements are
proportionally smaller and do not preserve neural arches.
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Figure 6. Dorsal vertebrae of UFSM 11660B: (A, D, E) Lateral, (B) cranial, and (C) caudal views. Abbreviations: c, centra; ded, dorsal
extensor depression; dp, diapophysis; ncs, neurocentral; ns, neural spine; pa, parapophysis; ph, phalange; poz, postzygapophysis; prz,

prezygapophysis.

Pelvic girdle and hindlimb

Ilium: One partial ilium is preserved with sacral vertebrae in
the association UFSM 11660C (Fig. 9). It is almost complete,
lacking the preacetabular ala and part of the iliac blade. A disar-
ticulated caudal vertebra is attached to the acetabular wall.

The postacetabular ala is elongated, unlike that of herrera-
saurids. There is a conspicuous rugose area on the lateral sur-
face of this structure, identified as the origin of the flexor tibialis
externus (Langer 2003). The brevis shelf delimits the brevis
fossa, but does not connect to the supracetabular crest. The

supracetabular crest is lateroventrally oriented, its maximum
width is at the centre of the acetabulum, and it does not reach
the distal end of the pubic peduncle. The acetabular wall of
the ilium is not perforated and its ventral margin is straight to
slightly concave. The pubic peduncle is cranioventrally directed
and its extremity has a subtriangular distal outline. The ischiadic
peduncle is ventrally directed. It has an ovoid distal outline and
lacks a heel-like projection on the caudal margin.

Pubis: The pair of partially articulated pubis (UFSM 11660C;
Fig. 10) are assigned to a single individual. The most complete
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Figure 7. Sacral vertebrae of UFSM 11660C (A, B) and UFSM 11660D (C-F): (A, C) dorsal, (B, D) ventral, (E) caudal, and (F) lateral
views. Abbreviations: ns, neural spine; prz, prezygapophysis; sr, sacral rib; tp, transverse process; 1, first primordial sacral vertebra; 2, second
primordial sacral vertebra.

left bone is 117.38 mm long, with the main axis caudodorsally to
cranioventrally oriented. The proximal outline of the iliac ped-
uncle is rounded and the ambiens process forms a raised pro-
tuberance on the lateral surface of the main body of the bone.
The shaft encompasses a thin medial lamina and its distal end
expands dorsoventrally, but not as much as in herrerasaurids or
theropods (Novas 1994).

Ischium: A single left ischium (UFSM 11660C) was preserved.
It is ¢. 100 mm long and almost complete, lacking only part of
the obturator plate. Its main body is subtriangular in lateral/
medial views and the shaft is elongated, expanding dorsoven-
trally at the distal end (Fig. 11). The main proximal articulation
(for the ilium and femur) has an ovoid outline, and the lateral
(antitrochanteric) margin is convex, whereas the medial is
straight to convex. The angle formed between the dorsal margin
of the ischial body and the ischial shaft is more acute in UFSM
11660C, Bu. schultzi (ULBRA-PVT 280), other specimens of S.
tupiniquim, and Mbiresaurus raathi, than in Pan. protos.

The antitrochanter is well-expanded laterally, so that its tran-
sition to the main body is concave (proximodistally) and well-
marked in the lateral surface of the bone. At the dorsal surface
of the ischium, a groove extends from near the proximal articu-
lation until the distal end of the bone. Another longitudinal
groove extends along the medial surface of the ischial shaft, as
also seen in other specimens of S. tupiniquim (Langer 2003). A
distinct protuberance is seen on the laterodorsal margin of the
distal half of the shaft, which is less developed in the other speci-
mens of S. tupiniquim. The distal end expands dorsoventrally and
has a convex margin in lateral view. The distal outline of the bone
is semi-circular, resembling the condition in Pan. protos.

Femur: There are two right femora in the association (Fig. 12):
one almost complete (UFSM 116601), 157 mm long, and one
preserving only the proximal part (UFSM 11660]), c. SS mm
long as preserved. UFSM 116601 is sigmoid in cranial/caudal
and lateral/medial views. Its proximal portion is poorly pre-
served. The craniomedial tuber is reduced and the craniolateral
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Figure 8. Caudal vertebrae of UFSM 11660F (A-K), UFSM 11660G (L-M), and UFSM 11660H (N-P): (A-B, G-P) lateral, (C) cranial,
(D) caudal, (E) dorsal, and (F) ventral views. Abbreviations: ch, chevron; ns, neural spine; poz, postzygapophysis; prz, prezygapophysis; tp,
transverse process.
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Figure 9. Ilium of UFSM 11660C: (A) lateral, (B) dorsal, and (C) ventral views. Abbreviations: av, attached vertebra; bf, fossa brevis; bs, brevis
shelf; fteo, flexor tibialis externus origin; ip, ischiatic peduncle; poa, postacetabular ala; pp, pubic peduncle; prz, prezygapophysis; S1, first
primordial sacral vertebra 1; S2, second primordial sacral vertebra; sac, supra-acetabular crest; tp, transverse process.

Figure 10. Pubis of UFSM 11660C: (A) cranial, (B) lateral, (C) caudal, and (D) distal views. Abbreviations: ap, ambiens process; ed,
expanded distal; ml, medial lamina; 1, rib; s, striated surface.
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is connected to a well-developed craniomedial crest (‘emc’ in The far better-preserved femoral head of UFSM 11660] has
Fig. 12) that extends distally along the proximal portion of the ~ a transverse groove on its proximal surface. The craniolateral
bone. tuber is poorly developed and connects to the craniomedial




16 « Damkeetal

=
=
=
o
-

50 mm

Figure 11. Left ischium of UFSM 11660C: (A) lateral, (B) medial, (C) dorsal, (D) proximal, and (E) distal views. Abbreviations: at,
antitrochanter; bp, bump; Is, lateral surface; ms, medial surface; obp, obturator plate area; rd, ridge.

crest (sensu Bittencourt and Kellner 2009), which extends dis-
tally along the cranial surface of the bone. The craniomedial
tuber is the largest of the femoral head tubers and is separated
from the caudomedial tuber by the sulcus for the capitis femoris
ligament. Lateral to the caudomedial tuber, the facies articularis
antitrochanterica slopes distally.

In both femora the dorsolateral trochanter forms a protuber-
ance located at the level of the femoral head, with its cranial and
lateral surfaces covered by striations. The craniolateral scar, lo-
cated between the dorsolateral trochanter and the craniomedial
crest is faint in UFSM 11660], but well-marked in UFSM
116601 In UFSM 11660, the cranial (= lesser) trochanter forms
a proximodistally oriented small prominence, the proximal tip
of which is completely connected to the shaft. The distal por-
tion of the cranial trochanter is continuous to the femoral cranial
intermuscular line, as seen in craniomedial view (Langer 2003).
The trochanteric shelf is set distal to the dorsolateral trochanter
and corresponds to a rugose area connected to the cranial tro-
chanter. This part of the femur is fractured in UFSM 116601,
hampering reliable observations of those elements.

Only the proximal tip of the UFSM 11660] fourth trochanter
is preserved. In UFSM 11660], it is located in the caudomedial
surface of the bone and merges gently with the shaft proximally.
In Bu. schultzi, Mbiresaurus raathi, Pam. barberenai, and other
specimens of S. tupiniquim, the distal portion of the fourth tro-
chanter is acute, forming an asymmetrical structure. Instead,
in UFSM 116601, the distal portion of the fourth trochanter
merges smoothly to the shaft, forming a symmetrical structure.
However, this area is damaged and we interpret it as a tapho-
nomic feature. A fossa for the m. caudofemoralis longus (Langer
2003) excavates the medial surface of the femoral shaft right cra-
nial to the fourth trochanter.

In cranial view, the distal end of the femur preserves a rugose
area towards its lateral portion. The popliteal fossa marks the
caudal surface of the distal portion of the bone. Its distal portion
is well-delimited, but the proximal portion merges smoothly with
the shaft. The distal articulation is composed of three main struc-
tures: the lateral and medial condyles and the crista tibiofibularis. A
distal groove separates the lateral condyle and crista tibiofibularis.
The latter is the smallest of the three structures and projects
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Figure 12. Right femora of UFSM 116601 (A-E) and UFSM 11660] (F-K): (A, F) cranial, (B, G) medial, (C, H) caudal, (D, I, K) lateral, (E)
distal, and (J) proximal views. Abbreviations: 4th, fourth trochanter; cmt, caudomedial tuber; crlt, craniolateral tuber; crmt, craniomedial
tuber; cil, cranial intermuscular line; clil, caudolateral intermuscular line; cls, craniolateral scar; cme, craniomedial crest; ct, cranial trochanter;
ctf, crista tibiofibularis; dlt, dorsolateral trochanter; lc, lateral condyle; mc, medial condyle; pf, popliteal fossa; ts, trochanteric shelf.
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caudally forming a rounded tip. In distal view, the craniomedial
margin of the bone is rounded, whereas that of E. lunensis is more
projected and almost rectangular. Compared to Mbiresaurus raathi
and some specimens of both S. tupiniquim (MCP 3844-PV) and
Bu. schultzi (CAPPA/UFSM 0035), the distal end of the femur is
more mediolaterally expanded in UFSM 116601, as in other speci-
mens of the latter taxon (ULBRA-PVT 280).

A fragmentary shaft was associated with the proximal portion
of UFSM 11660]. Although they do not perfectly fit, both elem-
ents are equivalent in size. The segment is 31.61 mm long, the
minimum shaft circumference is 42.97 mm, and the bone wall is
3.98 mm thick. Both caudolateral and cranial intermuscular lines
are present and well developed.

Tibia: UFSM 11660 includes a pair of left/right partial tibiae
with their proximal portions preserved, but it is not possible to
assume that they belong to the same individual (Fig. 13). The
left bone (UFSM 11660K) is better preserved and 71.94 mm
long, whereas the right one (UFSM 11660L) is ‘swollen’ and
36.81 mm in length. Their general anatomy resembles that of
early sauropodomorphs tibiae, including Pan. protos, E. lunensis,
and other specimens of S. tupiniquim.

In proximal view, UFSM 11660K has a subtriangular shape,
comprising the cnemial crest, and medial, and lateral condyles.
The cnemial crest arcs craniolaterally and is rugose on its cranial
surface. The medial condyle is more expanded than the lateral
and a cleft/notch is seen between them as in E. lunensis and other

Figure 13. Tibiae of UFSM 11660K (A-C, G; left) and UFSM 11660L (D-F; right): (A, D) lateral, (B, E) medial, (C) caudal, and (F-G)
proximal views. Abbreviations: cn, cnemial crest; fcr, fibular crest; Ic, lateral condyle; mc, medial condyle; rs, rugose surface.
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specimens of S. tupiniquim. Unlike Bu. schultzi (ULBRA-PVT
280), the medial condyle lacks a caudal projection in UFSM
11660K. The condyles and the cnemial crest are poorly pre-
served in UFSM 11660L, but the latter is less arched than in the
left tibia.

An excavated area for the articulation with the fibula is ob-
served in the lateral surface of both tibiae. In UFSM 11660K it
starts at the level of cnemial crest and extends for 17.35 mm dis-
tally. A fibular crest extends caudally to its depression, as seenin E.
lunensis, Mbiresaurus raathi, and other specimens of S. tupiniquim.
There is a rugose area on the medial surface of the tibiae, as ob-
served in many sauropodomorphs (e.g. S. tupiniquim, E. lunensis).

Metatarsals and phalanges: The preserved pedal parts include
two sets of right metatarsals with similar morphology (Fig. 14).

=
=
o=
-
Iy

UFSM 11660M is slightly smaller, comprising metatarsals I, II,
and I1I. UFSM 11660N comprises longer metatarsals II (lacking
the diaphysis) and II1.

The proximal portion of metatarsal I is lateromedially com-
pressed. The bone expands distally, as the shaft arcs medially.
This resembles the general morphology seen in the metatarsal I
of other S. tupiniquim specimens. Yet, its proximal portion is not
‘L-shaped’ as in Pam. barberenai (Langer et al. 2019).

The metatarsal IT of UFSM 11660M lacks the proximal por-
tion, but in UFSM 11660N the bone has a subrectangular prox-
imal outline. At the distal end, the medial condyle projects more
distally in both specimens. Unlike in Chromogisaurus novasi
(Martinez et al. 2013 ), the distal condyles are symmetrical.

The proximal outline of metatarsal III is subtriangular in
both individuals, but it is more lateromedially compressed in

=

Figure 14. Right pes of UFSM 11660M (A-D, G-H) and UFSM 11660N (E-F): (A, E) metatarsal I in proximal (top), anterior (middle),
distal (bottom) views; (B, F) metatarsal I in proximal (top), anterior (middle), distal (bottom) views; (C) metatarsal I in lateral and (D)
medial views; (G-H) phalanx in lateral view. Abbreviations: a.mt, articulates with metatarsal; clp, collateral ligament; ed, extensor depressions;

rdg, ridge.
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UFSM 11660M. The outlines resemble those of other speci-
mens of S. tupiniquim, differing from the parallelogram shape
outlines of Pan. protos and E. lunensis (Martinez and Alcober
2009, Sereno et al. 2013). The distal articulation has the medial
condyle slightly displaced medially.

Some phalanges are preserved in the association (UFSM
11660M), but it is not possible to assign their position in the
pes. A non-terminal phalanx was preserved articulated with an
ungual (Fig. 14). Their morphology resembles that of other early
sauropodomorph phalanges. The non-terminal phalanx is longer
than wide and presents a constriction at the mid-length. This
condition differs from the stouter phalanx of sauropodiforms.
Collateral ligament pits excavate the distal condyles. The ungual
phalanx is ventrally curved and presents a conspicuous ridge on
the lateral surface. It lacks a well-developed tuber on the ventral
surface of the proximal portion.

RESULTS

Phylogenetic analysis

Theanalysis employing the datamatrix of Normanetal. (2022) re-
covered 96 MPTs of 1109 steps (CI = 0.289; RI = 0.680). As ex-
pected, UFSM 11660 was recovered within Sauropodomorpha,
in a polytomy with the saturnaliids S. tupiniquim, C. novasi,
and Nhandumirim waldsangae (Fig. 15). The IterPCR (Pol and
Escapa 2009) method was used in order to detect any floating
OTUs. The protocol identified Saltopus elginensis, Manidens
condorensis, Echiodon drummondii, and Dongusuchus efremovi as
the main floating OT'Us. The reduced strict consensus tree with
these OTUs were pruned a posteriori is better resolved, but the
Saturnaliidae polytomy is still found.

In the analysis using the data matrix of Langer ef al. (2022),
UFSM 11660 was recovered within S. tupiniquimin both
scenarios and the general topology was the same as recovered
in the former study (Fig. 16). In the per specimen analysis 35
MPTs of 1554 steps (CI=0.449, RI =0.449), with UFSM
11660 nested amid the type-series of S. tupiniquim. In the ana-
lysis with the combined specimens, UFSM 11660 was recovered
as the sister-taxon of S. tupiniquim (four MPTs of 1464 steps,
CI =0.476,RI = 0.551).

Morphospace occupancy

The analysis recovered a pattern similar to that described by
Langeretal. (2022) and Moroetal. (2024 ). PCoAl corresponded
to 21.45% of the total variance, whereas PCoA2 corresponded
to 16.71% (Fig. 16C). The morphospaces of the hypodigms of
E. lunensis, Bu. schultzi, and S. tupiniquim did (including UFSM
11660) not overlap. Additionally, the PERMANOVA recovered
a significant difference (P < .0S) in the position occupied by
each of those hypodigms. The plot showing the specimen’s posi-
tions can be found in the Supporting information.

Skull Iength estimate

The skull size of UFSM 11660 is estimated in 104.37 mm ac-
cording to the linear regression (p = 4.27 x 10~%; R? = 0.9403).

DISCUSSION

Taxonomic assignation

The analysis of the data matrix of Langer et al. (2022) pro-
vides support to assign UFSM 11660 as a new specimen
of S. tupiniquim. Similarly, the PERMANOVA recovered a

Lagurpehipe

Ornithischia

i ciaaibocus
Gy

Thasro et

Figure 15. Abbreviated consensus tree of the first phylogenetic analysis.
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Figure 16. Phylogenetic relations and morphospace position of UFSM 11660 among Carnian sauropodomorphs: (A) per specimen analysis;
(B) combined analysis; (C) morphospace represented by PCoAl (21.45%) and PCoA2 (16.71%). Sauropodomorph silhouette by Mauricio S.

Garcia.

significant ( p<.0S) difference between the hypodigms of
Bu. schultzi, E. lunensis, and S. tupiniquim (including UFSM
11660). Indeed, S. tupiniquim differs from other coeval
sauropodomorphs based on a unique combination of features
(Langer et al. 2022), which is observed in the preserved bones

of UFSM 11660. In addition, the latter differs from all other
coeval sauropodomorphs according to the following list of dif-
ferences (sources: Table 2; Fig. 17):

Buriolestes schultzi differs from UFSM 11660 in: proportion-
ally longer skull compared to its femoral length; marked gap
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Figure 17. Selected differences among Carnian sauropodomorphs. A-D, Right premaxillae showing the differences in the caudolateral
process and number of foramina: (A) UFSM 11660; (B) Eoraptor lunensis; (C) Pampadromaeus barberenai; (D) Buriolestes schultzi (ULBRA-
PVT 280). E, F, Left frontal in ventral view of (E) UFSM 11660 composed of one ridge and (F) Panphagia protos with two parallel ridges.
G-I, Parabasisphenoid in ventral view; it projects anteroventrally in (G) UFSM 11660 and (H) Saturnalia tupiniquim (MCP 384S-PV),
whereas it projects laterally in (I) Buriolestes schultzi (CAPPA/UFSM 0035). ], K, Tibiae in proximal view of (J) UFSM 11660 and Buriolestes
schultzi (ULBRA-PVT 280). Note that Bu. schultzi presents the medial condyle projection. L-O, Anterior maxillary dentition of Carnian
sauropodomorphs (L) UFSM 11660*, (M) Buriolestes schultzi (ULBRA-PVT 280), (N) Pampadromaeus barberenai, (O) Bagualosaurus
agudoensis®. Abbreviations: bp, basipterygoid process; clp, caudolateral process; cn, cnemial crest; cp,cultriform process; f, foramen; fob, fossa
for the olfactory bulb; I, lateral condyle; mc, medial condyle; mcp, medial condyle projection; pmf, premaxillary foramen; 1, ridge. Not to

scale; * = reversed (redrawn from sources in Table 2).

between the premaxilla and maxilla; excavated area in the rostral
region of the maxilla; further maxillary teeth; projection in the
lacrimal dorsoventral corner; laterally projected basipterygoid
process of the parabasisphenoid; caudal projection of the medial
condyle of the tibia.

Chromogisaurus novasi differs from UFSM 11660 in:
unexpanded medial condyle of the tibia; markedly asymmetrical
distal end of metatarsal II.

Eoraptor lunensis differs from UFSM 11660 in: proportion-
ally longer skull compared to its femoral length; elongated
caudoventral process of the premaxilla; no extra foramen above
the anterior premaxillary foramen; further maxillary teeth;
subtriangular distal end of the ischium.

Panphagia protos differs from UFSM 11660 in: possessing two
crests on the ventral margin of the frontal; no postacetabular em-
bayment in the postacetabular ala of the ilium; no conspicuous
crest on the lateral surface of the iliac peduncle of the ischium;
more laterally arched cnemial crest of the tibia

Pampadromaeus barberenai differs from UFSM 11660 in: pro-
portionally longer skull compared to its femoral length; maxillary

teeth serrations forming oblique angles to the main axis of the
tooth; no foramen above the anterior premaxillary foramen; fur-
ther maxillary teeth; intercondylar groove more expanded than
the lateral and medial condyles of the femur; hypertrophied fibular
condyle of the femur; ‘L-shaped’ proximal portion of metatarsal I.

Bagualosaurus agudoensis differs from UFSM 11660 in: max-
illary teeth serrations forming oblique angles to the main axis of
the tooth; no marked fibular crest in the tibia.

Mbiresaurus raathi differs from UFSM 11660 in: ventrally
projected ventral margin of the rostral end of the dentary;
co-ossified sacral centra (NHMZ 2547); craniodorsally short
postacetabular ala of the ilium.

UESM 11660 was excavated from the type-locality of S.
tupiniquim and the shared morphology and phylogenetic affin-
ities with its type-material support assigning the new specimen to
the species. However, it shares no unequivocal autapomorphies
of S. tupiniquim and bears some differences when compared to
the other specimens. This morphological variation is discussed
below in order to highlight putative intraspecific variations for
S. tupiniquim.
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Intraspeciﬁc variation in Saturnalia tupiniquim
The alpha taxonomy of the earliest sauropodomorphs became a
challenging topic after the discovery of several new species and
specimens (Miiller and Garcia 2020, Langer et al. 2022). Because
the limits of the intraspecific variation present in these dinosaurs
are poorly known, it is important to search for new data on the
issue. During the description of UFSM 11660, we observed traits
that vary among specimens of S. tupiniquim, especially in the

LPRP/USP 0651
N. waldsangae

UFSM 11660

MCP 3846-PV

pelvic girdle and hindlimb. This is in line with recent works that
revealed some degree of variation in the early sauropodomorph
Bu. schultzi (Miiller et al. 2018a, Miiller 2022, Moro et al. 2024).
The ilium of UFSM 11660 presents a muscle scar in the
postacetabular ala. As observed by Garcia et al. (2019b), among
the paratypes of S. tupiniquim, MCP 3845-PV has some rugosities
in the area, whereas MCP 3846-PV has faint muscle scars. In the
holotype (MCP 3844-PV) there is a strongly marked rugosity

MCP 3845-PV MCP 3844-PV

Figure 18. Intraspecific variation regarding the hindlimb elements of S. tupiniquim and N. waldsangae. Femora in (A, D, H, L, P) lateral, (B, E, I,
M, Q) cranial, and (G, F, J, N, R) medial views. Tibia in proximal view (G, H, K, O, S). Arrows indicate characters that vary among specimens.

Scale bars A-F, H-J, L-N, P-R 50 mm; G, K, O, S 10mm.
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Figure 19. Reconstruction of the skull of S. tupiniquim in left lateral view based on the available specimens. Artwork by Mauricio Garcia.

in the same area, identified by Langer (2003) as the origin of
the muscles the flexor tibialis externus and the iliotibialis. The
morphology of the holotype matches the advanced ontogenetic
stage proposed by Garcia et al. (2019b).

The distal end of the ischial shaft of UFSM 11660 is slightly
dorsally expanded, a condition that resembles that of the spe-
cimen MCP 3845-PV. On the other hand, the homologous re-
gion is more expanded in the holotype of S. tupiniquim. The
condition observed in the holotype differs from that of other
early sauropodomorph (e.g. Pan. protos; Bu. schultzi) ischia, the
distal ends of which are far less expanded.

Considering the femoral anatomy (Fig. 18), the craniolateral
scar (sensu Griffin and Nesbitt 2016a) is present in some femora
of S. tupiniquim. In the type-series, it is well developed only in
the left femur of MCP 3845-PV, whereas it seems absent in the
right one. Likewise, the scar is well marked in UFSM 116601,
but not in 11660]. This reinforces that the craniolateral scar is
a plastic structure (Griffin and Nesbitt 2016a, Miiller 2022).
Another variable feature in the femora of S. tupiniquim is the
presence of a faint cleft between the proximal tip of the cranial (=
lesser) trochanter and the femoral shaft (Miiller et al. 2016). Yet,
this is seen only in the holotype (MCP 3844-PV), whereas the
proximal tip of the cranial trochanter is completely connected to
the shaft in the paratypes (MCP 3845-PV; 3846-PV) and UFSM
11660J. Finally, there is also variation regarding the angle formed
between the distal margin of the fourth trochanter and the fem-
oral shaft within the type-series (Fig. 18).

We also compared the femoral anatomy of the S.
tupiniquim hypodigm with that of Nhandumirim waldsangae, aju-
venile early saurischian sharing the same type-locality (Marsola
etal. 2019, Pacheco et al. 2019). The femur of N. waldsangae lacks

the trochanteric shelf, a feature that is ontogenetically variable
in early dinosauromorphs (Griffin et al. 2019). The dorsolateral
trochanter is slightly more distally located then in individuals of
S. tupinquim, which are all more ontogenetically advanced. In
fact, the femur of N. waldsangae bears juvenile traits recognized
in specimens of Asilisaurus kongwe (Griffin and Nesbitt 2016a),
such as the fourth trochanter formed of a sharp ridge, the pres-
ence of a poorly developed cranial (=lesser) trochanter, and the
absence of a craniolateral scar. Considering the changes in fem-
oral morphology during ontogeny (Griffin and Nesbitt 2016a,
b), it is plausible that the femoral anatomy of a skeletally mature
individual of N. waldsangae would resemble that of S. tupiniquim.

As for the tibia, the S. tupiniquim holotype (MCP 3844-PV)
has a deep cleft between the medial and lateral condyles, forming
a concave area (Fig. 18), whereas the cleft is faint in MCP 3845
and UFSM 11660K. Likewise, although the proximal end of the
tibia of MCP 3846 is stouter, the cleft forms only a small inci-
sion. In addition, the cnemial crest of MCP 38440-PV is strongly
arched laterally, but far less so in UFSM 11660K.

Although some of these differences are subtle, most of them
correspond to distinct character states in phylogenetic data
matrices (e.g. raised scars on the iliac blade; shape of the prox-
imal tip of the cranial trochanter). A recent study by Miiller et
al. (2024) demonstrated that skeletally immature individuals
of early dinosaurs nest together in the phylogenetic trees in re-
sponse to shared ontogenetic traits. Several authors agree that
early dinosaurs had high morphological plasticity during its de-
velopment (Griffin and Nesbitt 2016a, Miiller 2022, Otero and
Pol 2022). Therefore, new specimens and additional efforts to
clarify the range of the intraspecific variation of early dinosaurs
are necessary.
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Table 4. Measurements for the ratio of skull and femoral length

Taxa Skulllength ~ Femoral Ratio (skull/  Source
(mm) length (mm)  femur)
Buriolestes schultzi (CAPPA/UFSM 0035) 108.5 136 0.79 Miiller et al. 2018a
Macrocollum itaquii (CAPPA/UFSM 001a) 147 270 0.54 Miiller et al. 2020, Personal observation
Macrocollum itaquii (CAPPA/UFSM 001b) 154 364 0.42 Miiller et al. 2020, Personal observation
Bagualosaurus agudoensis (UFRGS-PV-1099-T)  125.4 225.79 0.55 Pretto et al. 2019
Eoraptor lunensis (PVS] 512) 123 152 0.80 Sereno et al. 2013
Plateosaurus trossingensis (SMNS 13200) 321 680 0.47 Galton 1985, Schaeffer 2024
Saturnalia tupiniquim (MCP 3845-PV) 89,5 156 0.57 Bronzati et al. 2019b, Langer 2003
Saturnalia tupiniquim (UFSM 11660) 104.37° 157 0.66 This contribution
Pampadromaeus barberenai (ULBRA-PVT 016)  124.54° 128.16 0.97 Personal observation

“Estimated."Note that the femora of Pampadromaeus might be affected by sedimentary compression, biasing its measurements.
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Figure 20. Skulls of some Carnian and Norian sauropodomorphs: (A) Saturnalia tupiniquim (based on MCP 3845-PV and UFSM 11660); (B)
Buriolestes schultzi (based on CAPPA/UFSM 0035), (C) Pampadromaeus barberenai, (D) Bagualosaurus agudoensis, (E) Macrocollum itaquii,
(F) Unaysaurus tolentinoi. Grey areas = unpreserved bones. Scale = 25 mm. Reconstructions by Mauricio S. Garcia.

Rostral anatomy of Saturnalia tupiniquim

Although S. tupiniquimis one of the best studied Carnian
sauropodomorphs (Langer et al. 1999, 2007, Langer 2003,
Bronzati et al. 2017, 2019a, b), its rostral anatomy was unknown
until the discovery of UFSM 11660 (Fig. 19), which revealed
several phylogenetically significant traits. The premaxilla differs
from that of E. lunensis, which bears an elongated caudolateral
process (Sereno ef al. 2013). As suggested by Bronzati et al.
(2017, 2019b), the dentition of S. tupiniquim resembles that of
Bu. schultzi, being composed of ziphodont teeth with small ser-
rations (Cabreira et al. 2016, Miiller et al. 2018a). Conversely, it
was initially described as composed of lanceolate and coarsely
serrated in the first general description of the taxon (Langer et
al. 1999). In addition, the maxilla bears 19 tooth positions, con-
trasting with the 24 positions of Buriolestes. schultzi (Miiller et al.
2018a). The reduced number of tooth positions of UFSM 11660
reflects the proportionally shorter rostrum of S. tupiniquim,
compared to that of Bu. schultzi (CAPPA/UFSM 0035), which
matches the difference in relative length between the skulls of
both species (see below; Table 4).

The new data on UFSM 11660 provides further support
(Bronzati et al. 2019b) for a proportionally shorter skull in S.
tupiniquim, when compared to forms such as Bur. schultzi and
E. lunensis (Sereno et al. 2013, Cabreira et al. 2016, Miiller et
al. 2018a). This information is particularly interesting because
the skull shortening is a typical sauropodomorph trait (Fig. 20;
Yates 2007, Langer et al. 2009, Bronzati et al. 2019b). Saturnalia
tupiniquim is the oldest sauropodomorph exhibiting this condi-
tion, indicating that it was acquired during the early evolutionary
history of the group (Fig. 21). Moreover, the rostral anatomy of
the new specimen demonstrates that the first steps towards the
reduction of the skull occurred by the shortening of the rostrum,
as the caudal portion of the skull of S. tupiniquim is about the
same size as that of taxa with longer skulls (e.g. Bu. schultzi and E.
lunensis). Although remains of S. tupiniquim and Bu. schultzi have
not been excavated from the same site so far, both species are pu-
tatively coeval (Miiller and Garcia 2020, Novas et al. 2021, Langer
et al. 2022). If this hypothesis is correct, the co-occurrence of two
faunivorous sauropodomorphs with distinct skull proportions
could demonstrate some degree of niche partitioning.
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Figure 21. Ratios between skull and femoral length of earliest sauropodomorphs. Life reconstruction of S. tupiniquim by Johnny ‘Mingau’

Pauly Vieira.

CONCLUSION

After 25 years of the first description of the type-series of
Saturnalia tupiniquim, a new specimen is formally assigned to the
species. This attribution is supported by first-hand comparisons,
phylogenetic data, and morphospace occupation analyses. The
new specimen provides the first record of the rostral anatomy of
S. tupiniquim, revealing a short rostrum in comparison to that of
coeval sauropodomorphs. Although the role of this feature is still
uncertain, it was kept in the sauropodomorph lineage, becoming
even more marked in post-Carnian forms. The new specimen
also revealed variable traits for S. tupiniquim, highlighting the
need to better understand the limits of the intraspecific variation
experienced by the earliest sauropodomorphs, in order to ex-
plore the alpha diversity of these animals. Finally, the specimen
confirms the presence of a small carnivorous dinosaur in the
palaeofauna of the Cerro da Alemoa site, putatively coexisting
with large herrerasaurids, silesaurids, and rhynchosaurs (Garcia
et al. 2021, Mestriner et al. 2023).

SUPPORTING INFORMATION

Supplementary data is available at Zoological Journal of the
Linnean Society online.
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