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Abstract

Our knowledge of the diversity and evolution of South American Triassic pseu-

dosuchians has greatly improved in the past 15 years, due to new discoveries,

but also to the revision of several historically important specimens. One of the

earliest descriptions of pseudosuchians from the Triassic of Brazil stems from

the classic work of Huene from the first half of the 20th century, who

described several species, including such influential taxa as Rauisuchus

tiradentes or Prestosuchus chiniquensis, which have recently been reviewed.

The more poorly known proposed second species of Prestosuchus, P. loricatus,

is the focus of the present work. The original material included some elements

of the axial skeleton (cervical and caudal vertebrae, ribs, osteoderms) and the

hindlimb (ischia, calcaneum, metatarsus), collected from the Dinodontosaurus

Assemblage Zone of the Chiniqu�a area, west of São Pedro do Sul. “Prestosuchus”
loricatus shows numerous differences to P. chiniquensis, including the shape of

cervical neural spines, presence of epipophyses on the cervical vertebrae, pres-

ence of a pit in the iliac articulation of the ischium, lack of longitudinal furrows

in the dorsolateral surface of the ischial shafts, the more slender calcaneal tuber

and a less pronounced ventral pit in the calcaneum, and is thus referred to a

new genus, Schultzsuchus gen. nov. Phylogenetic analysis indicates an early

branching position within Poposauroidea for Schultzsuchus, making it the oldest

known member of this clade in South America.
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1 | INTRODUCTION

In his overview of the fauna of the Santa Maria Superse-
quence of southern Brazil, van Huene (1938, 1942)

described a new taxon of pseudosuchian, Prestosuchus,
primarily based on a partial, largely articulated skeleton, for
which he coined the specific name Prestosuchus chiniquensis
(see Desojo et al., 2020; Krebs, 1976). This specimen came

Received: 11 January 2024 Revised: 16 January 2024 Accepted: 19 January 2024

DOI: 10.1002/ar.25401

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Authors. The Anatomical Record published by Wiley Periodicals LLC on behalf of American Association for Anatomy.

Anat Rec. 2024;1–27. wileyonlinelibrary.com/journal/ar 1

https://orcid.org/0000-0002-2739-3276
https://orcid.org/0000-0003-3958-603X
mailto:rauhut@snsb.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/ar
http://crossmark.crossref.org/dialog/?doi=10.1002%2Far.25401&domain=pdf&date_stamp=2024-02-12


from the locality “Weg-Sanga,” close to Chiniqu�a, west of
the municipality of São Pedro do Sul (Figure 1). A few
other specimens from the area of Chiniqu�a were referred
to the same species, and a fragmentary specimen from the
“Cynodontier-Sanga,” some 3 km to the north-west of the
original locality (Figure 1), was described as a second

species of Prestosuchus, P. loricatus. As the articulated
specimen of P. chiniquensis (later designated as lectotype
of the species by Krebs, 1976) represented one of the most
complete “rauisuchid” pseudosuchians known at the time,
it became an important reference taxon for these animals.
Furthermore, more material was referred to the same

FIGURE 1 (a) Map of Brazil, showing the location of the Schultzsuchus loricatus site (Cynodontier Sanga in Chiniqu�a region) as

indicated by von Huene (1938) within the state of Rio Grande do Sul. Map modified from Schultz et al. (2020). (b) Chronostratigraphic

column of the Santa Maria Supersequence, showing the sequence where Schultzsuchus was found (Dinodontosaurus Assemble Zone).

Modified from Schultz et al. (2020). (c), Original Map of the Sangas in the Chiniqu�a region by von Huene (1942).
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taxon over the years, starting with a large, complete skull
and partial vertebral column described by Barberena in
1978, and due to the different referred specimens
(e.g., Lacerda et al., 2016; Mastrantonio et al., 2013, 2019,
2024; Raugust, 2014; Rezende et al., 2022; Roberto-da-Silva
et al., 2018; see also Desojo et al., 2020), Prestosuchus chini-
quensus is by now one of the best known non-crocodylo-
morph pseudosuchians. Barberena (1978) and Kuhn (1961,
1976) furthermore independently designated this species
as the type species of the genus Prestosuchus (but see
Kischlat, 2023).

In contrast, the much more poorly known Prestosu-
chus loricatus received little attention in the literature.
The specimen is based on a single tooth crown, some ver-
tebral remains, an ischium, calcaneum, a metatarsal, and
several osteoderms. A few other elements from the
Weg-Sanga (the area of the type locality of P. chiniquensis),
including a dorsal neural arch, a vertebral centrum, and
a calcaneum, were also tentatively referred to P. loricatus
by von Huene (1942). The latter material was erroneously
referred to as “paralectotype of P. loricatus” by Desojo
et al. (2020), but, as pointed out by Kischlat (2023) and
Krebs (1976), this material was only tentatively referred
to this species (as indicated by the use of “?” by Huene)
and should thus be regarded as referred material. In sub-
sequent publications that commented on P. loricatus, this
species was considered to be probably synonymous with
P. chiniquensis by several authors (Barberena, 1978;
Krebs, 1976), and this was apparently also accepted by
Parrish (1993), who used Prestosuchus in his phylogenetic
analysis indiscriminantly, and figured materials of the
type specimens of both P. chiniquensis and P. loricatus
under this name. However, Krebs (1976, p. 76) also noted
that a new analysis of the type specimen of P. loricatus
would be necessary to establish this synonymy. On the
other hand, Kischlat (2002) obviously regarded the type
specimen of P. loricatus as representing more than a
single individual (although this was not clearly stated in
this work, but see also Kischlat, 2023, p. 75), as he
referred the calcaneum of the type specimen to a newly
proposed taxon, Karamuru vorax (nomen nudum, see
Kischlat, 2023), and described “3 arcos vertebrales” under
the name Abaporu loricatus, but without previous or fur-
ther mention of the generic name (see Desojo et al., 2020
and below). Although three vertebral arches are men-
tioned, their identity is not further clarified, and only one
specimen number is given (see below). Kischlat (2002)
furthermore provided a short description of characters
distinguishing these neural arches from those of P. chini-
quensis. Desojo et al. (2020) agreed with Kischlat (2002)
that the type material of P. loricatus represents a different
genus than P. chiniquensis and suggested further detailed
study of these materials. This study is presented here.

1.1 | Institutional abbreviations

CPEZ, Coleção Municipal, São Pedro do Sul; Brazil;
GPIT, Institut und Museum für Geologie und Paläontolo-
gie, Universität Tübingen, Germany; ISI, Geological Stud-
ies Unit of the Indian Statistical Institute, Calcutta, India;
MACN-Pv, Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia”, Paleontología de Vertebrados,
Buenos Aires, Argentina; MCZD, Museo de Ciencias Nat-
urales y Antropol�ogicas de Mendoza (J. C. Moyano),
Mendoza, Argentina; PULR, Paleontología, Universidad
Nacional de La Rioja, La Rioja, Argentina; PVL, Paleon-
tología de Vertebrados, Instituto “Miguel Lillo”, San
Miguel de Tucum�an, Argentina; PVSJ, Divisi�on de
Paleontología de Vertebrados del Museo de Ciencias
Naturales y Universidad Nacional de San Juan, San
Juan, Argentina; QR, National Museum, Bloemfontein,
South Africa; SAM, South African Museum,
South Africa; SMNS, Staatliches Museum fur Natur-
kunde, Stuttgart, Germany; SNSB BSPG, Staatliche
Naturwissenschaftliche Sammlungen Bayerns, Bayer-
ische Staatssammlung für Paläontologie und Geologie,
Munich, Germany; TMM, Texas Memorial Museum,
Austin, Texas, USA; TTUP, Texas Tech University
Museum, Lubbock, Texas, USA; UCMP, University of
California Museum of Paleontology, Berkeley, CA, USA;
UFRGS, Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil; ZPAL, Institute of Paleobiology of
the Polish Academy of Sciences in Warsaw, Poland.

2 | MATERIALS AND METHODS

The original material of P. loricatus was collected by von
Huene during his expeditions to the Triassic of Brazil
from 1928 to 1929. The material was brought to the
University of Tübingen, the workplace of von Huene,
where it was prepared and studied. As his expeditions
were partially financed by the Bavarian Academy of
Sciences, a part of the material, notably a specimen of
Stahleckeria and the non-dinosaurian archosaur remains,
were later transferred to the Bayerische Staatssammlung
für Paläontologie (BSPG) in Munich, where they are kept
to the present day. Unfortunately, the exact circum-
stances of the transfer and the original catalogue and
specimen numbers were lost when the building of the
BSPG was bombed during WW II, and new specimen
numbers were given subsequently, as also no numbers
were mentioned in the publications of von Huene (1938,
1942). The new main inventory number for the material
was AS (=Alte Sammlung, a general acronym for speci-
mens from before the war for which numbers were lost)
XXV, with individual specimens being given consecutive
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numbers, including the different elements of a single skel-
eton, such as the lectotype of Prestosuchus, which received
individual specimen numbers. At some later stage, the
main number 1933 L was recovered for the remains from
the Huene collection from Brazil in the collections of the
BSPG, and the numbers were transferred to this number in
the BSPG catalogue. These numbers were referred to by Kis-
chlat (2023). However, the AS XXV numbers are marked on
the bones themselves and on the labels kept with the mate-
rial in the collections, and these numbers have generally
been used in the past decades (e.g., Brusatte et al., 2010;
Desojo et al., 2020; Ezcurra et al., 2015; Krebs, 1976; Lacerda
et al., 2016; Lautenschlager & Rauhut, 2015; Mastrantonio
et al., 2019; Nesbitt, 2011; Parrish, 1993; Rezende
et al., 2022). To avoid confusion, we thus use these numbers
here. It might be worth noting, though, that the consecutive
numbers following the main number are the same for both
main inventory numbers AS XXV and 1933 L.

The remains of P. loricatus came from the
“Cynodontier-Sanga,” one of the natural trenches in
the vicinity of Chiniqu�a where von Huene collected
(Figure 1). According to him (von Huene, 1942, p. 185)
they were found c. 30 m away and in a layer 1 m lower
than the paralectotype of P. chiniquensis. The material
was part of his locality 1045, which, apart from the type
of P. loricatus, has also yielded a partial cervical vertebra
referred to Spondylosoma, a long bone identified as a
partial tibia of a saurischian (see below), and dicynodont
and cynodont therapsids (von Huene, 1942, p. 325).
Although fragmentary, the material is of matching size
and preservation. Furthermore, the serial elements
(vertebrae, ribs, osteoderms) show matching morphol-
ogy, and the fact that the supposed scapula fragment
actually represents the iliac peduncle of the ischium and
fits onto the preserved ischial shafts also argues for the
association of the materials. Thus, we follow von
Huene's (1942) assumption that this material most prob-
ably belongs to a single individual. It might be worth
noting though, that Huene was not completely certain
about this, as he mentioned that, “in the case of doubt,
the name should be attached to the presacral vertebral
remains” (von Huene, 1942, p. 186; see also
Kischlat, 2023). The material is currently kept in the col-
lections of the BSPG under the specimen numbers SNSB
BSPG AS XXV 13 (cervical neural arch), AS XXV
14 (caudal neural arch), AS XXV 15, 16, 17 (three caudal
vertebrae), AS XXV 18, 19 (two partial cervical ribs), AS
XXV 20 (tooth), AS XXV 21a, b (two partial dorsal ribs),
AS XXV 22 (articulated ischia), AS XXV 23 (distal right
metatarsal III), AS XXV 24 (right calcaneum), AS XXV
26a, b (two osteoderms), AS XXV 27 (osteoderm), AS
XXV 43 (proximal end of right ischium, described as
partial scapula by von Huene, 1942), AS XXV 44 (two

articulated osteoderms), AS XXV 45 (partial axial neural
arch, described as partial dorsal neural arch by von
Huene, 1942), AS XXV 46 (two osteoderms, metatarsal frag-
ment), AS XXV 46a (caudal neural spine), AS XXV 47 (cau-
dal vertebra), and AS XXV 48 (cervical neural arch). von
Huene (1942, p. 186) listed a total of six cervical vertebrae
fragments, but also described and figured only the three
neural arches listed above. Likewise, he listed six caudal
vertebrae, but two of these are currently only represented
by their neural arch and neural spine, respectively. Again,
however, Huene's description and figures of the materials
fit the preserved elements. Finally, first von Huene (1942,
p. 186) lists only five osteoderms, but later mentions seven
such elements in his description (p. 190), a number that fits
with the preserved remains.

In order to test the phylogenetic position of P. lori-
catus, we included this taxon in the phylogenetic matrix
published by Butler et al. (2022), which incorporated
the same character list as Nesbitt, Zawiskie, & Dawley,
(2020). We furthermore included the new iliac character
proposed by Rezende et al. (2022) and, based on own
observations and the literature, we added 14 new post-
cranial characters and modified four characters of the
original list of Nesbitt, Zawiskie, & Dawley, (2020). In
addition, we added a further, rather complete specimen
of Prestosuchus, UFRGS PV 0629 T, recently described
by Mastrantonio et al. (2013, 2019, 2024) as an addi-
tional operational taxonomic unit (OTU). The primary
dataset initially included 103 OTUs, scored for 454 oste-
ological characters (Data S1). Giving the different phy-
logentic results for the position of Stagonosuchus
nyassicus in Desojo et al. (2020) and Nesbitt, Zawiskie,
and Dawley (2020); also in Butler et al. (2022), we
revised all the codings for this taxon, based on direct
observations of the original material. Following Nesbitt,
Zawiskie, and Dawley (2020), we a priori excluded the
following terminal taxa: Archosaurus rossicus, Lewisu-
chus admixtus, and Pseudolagosuchus majori (combined
into Lewisuchus, following Ezcurra, Nesbitt, Fiorelli, &
Desojo, 2020), P. loricatus paralectotype, P. chiniquensis
lectotype, and P. chiniquensis paralectotype, as the latter
two were combined in the OTU Prestosuchus type
series. We furthermore excluded the OTU with all spec-
imens of Prestosuchus combined in the P. chiniquensis
ALL terminal taxon (sensu Nesbitt, Zawiskie, & Daw-
ley, 2020), and preferred analyzing this taxon with dif-
ferent specimens referred to this species as separate
OTUs, as in Desojo et al. (2020) and Mastrantonio
et al. (2024). Thus, the dataset evaluated the phyloge-
netic position of “Prestosuchus” loricatus within a
framework of 96 OTUs.

The matrix was analyzed with TNT 1.5 (Goloboff &
Catalano, 2016), using a new technology search to find
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the shortest tree length 30 times, followed by TBR branch
swapping of trees in memory. Both analyses were run
using equally weighted parsimony and implied weighing
with different k values (k = 3, 6, 9, 12; Goloboff et al., 2018).
The nonarchosauriform archosauromorph Mesosuchus
browni was set as the outgroup. In case of multiple equally
parsimonious trees, we used reduced consensus methods
using the IterPCR method (Pol & Escapa, 2009), with the
TNT command “pcrprune/>0;nelsen//{0};.” Character opti-
mizations and characters supporting different nodes were
evaluated using the trace character option of Mesquite
(Maddison & Maddison, 2021).

3 | SYSTEMATIC PALEONTOLOGY

Archosauria Cope, 1869, sensu Gauthier, 1985.
Pseudosuchia Zittel, 1887–1890 sensu
Gauthier, 1985.
Paracrocodylomorpha Parrish, 1993 sensu
Nesbitt, 2011.

Schultzsuchus nov. gen.

3.1 | Type species

Schultzsuchus loricatus (von Huene, 1938).

3.2 | Etymology

The generic name is in honor of Cesar Schultz, who
devoted his career to the discovery and study of the fossil
vertebrates from the Santa Maria Supersequence of
Brazil.

3.3 | Diagnosis

Schultzsuchus can be differentiated from all other pseudo-
suchians by the following characters (autapomorphies
are noted with *): axial postzygapophyses more laterally
than posteriorly directed and slightly convex anteropos-
teriorly; axis and postaxial cervicals with epipophyses on
the postzygapophyses; articular surface of the mid-
cervical prezygapophyses face slightly posterodorsally*;
mid-cervical neural pedicles with a sharp edged, medially
placed centroprezygapophyseal lamina*; midcervical neu-
ral arch without intrapostzygapophyseal lamina*; acces-
sory neural process anterior to the neural spine in middle
to posterior caudal vertebrae; presence of a postspinal
lamina in the mid-caudal vertebrae, defined by more

laterally than posteriorly attaching spinopostzygapophy-
seal laminae; ridge connecting the pre- and postzygapo-
physes in the distal caudal vertebrae*; and presence of an
ischial pit in the iliac articular surface of the ischium.

3.4 | Comment

The species S. loricatus was first described as an addi-
tional species of the genus Prestosuchus by von
Huene (1938, 1942). However, the revision of the original
material of Prestosuchus described by von Huene did not
show any clearly shared characters that allow referral to
the same genus (Desojo et al., 2020; this work). Appar-
ently, Kischlat (2002) came to the same conclusion, as he
listed the species as Abaporu loricatus in an overview
article of basal archosaurs. However, it is unclear, where
the new generic name came from, as no new generic
name was formally proposed (in violation of article 16.1
of the ICZN) and the name is not mentioned anywhere
else in the text. Furthermore, no type species for the
genus Abaporu is mentioned, violating article 13.3 of
the ICZN. In addition, there is no clear indication of a
holotype: although the material of this taxon is cited as
“three vertebral arches”, only one specimen number is
given, as “BSPHG 013.” Although we assume that this
number refers to SNSB-BSPG AS XXV (=1933 L) 13, this
number only includes a single cervical neural arch, and
the number “013” is not unique in the numbering system
of the BSPG. Therefore, we consider Abaporu
Kischlat, 2002, to be a nomen nudum and thus propose
the new generic name Schultzsuchus for P. loricatus von
Huene, 1938.

3.5 | Species

Schultzsuchus loricatus (von Huene, 1938).

1938 P. loricatus n. sp.; Huene: 147; partim
1942 P loricatus: n. g. n. sp.; Huene: 161–246
1942 P. loricatus (?): Huene: 190–191
1976 P loricatus: v. Huene; Krebs: 76
1978 P. chiniquensis Huene; Barberena: 64
1981 P. chiniquensis Huene; Bonaparte:
82–101; partim
1991 P. chiniquensis Huene; Azevedo:
19–148; partim
1993 Prestosuchus Huene; Parrish: 296–297;
partim
1999 P. chiniquensis: Kischlat & Barberena: 53
2000 Prestosuchus; Gower: 450–466; partim
2002 Abaporu loricatus Kischlat: 301
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3.6 | Holotype

SNSB BSP AS XXV 13–24/26–27/43–48, a tooth fragment
and postcranial remains, including a fragment of the
axial neural arch, one complete and two partial cervical
neural arches, a mid-caudal neural arch, four caudal ver-
tebrae and an isolated caudal neural spine, two partial
cervical and two partial dorsal ribs, both articulated
ischia, right calcaneum, two metatarsal fragments, and
several osteoderms.

3.7 | Horizon and age

Cynodontier Sanga (Sanga Theotonio Béles Xavier), west
of Chiniqu�a, Rio Grande do Sul, Brazil. Santa Maria
Supersequence, Pinheiros-Chiniqu�a Sequence, Dinodonto-
saurus Assemblage Zone, probably Middle-Late Triassic
(Ladinian-Carnian; Figure 1; see also Schultz et al., 2020).

3.8 | Revised diagnosis

As for genus.

3.9 | Comments

We restrict the material of S. loricatus here to the
holotype materials (Krebs, 1976). The referred dorsal
vertebrae (SNSB BSPG AS XXV 4, 42) and right calca-
neum (SNSB BSPG XXV 25) do not show any shared
derived characters with the type of S. loricatus and
the material was recovered from a different outcrop
(Weg Sanga = Sanga da Estrada). Thus, it is removed
from the species here. This material was coded in the
phylogenetic analysis of Desojo et al. (2020; as “paralectotype
of P. loricatus”) and found to represent an unidentified
non-paracrocodylomorph pseudosuchian.

4 | DESCRIPTION

4.1 | Dentition

The only cranial remain preserved is a tooth fragment
(SNSB BSPG AS XXV 20; Figure 2). It consists of the stout
tip of a conical tooth. It is notably laterally compressed
and recurved and has both mesial and distal serrations,
which are, however, largely worn away. As mentioned by
von Huene (1942, p. 186), the mesial carina is notably
convex apicobasically, whereas the distal carina is
straight. The tooth shows 10 mesial denticles per 5 mm,

but nothing can be said about the number on the distal
carina, due to poor preservation. Unfortunately, the tooth
is poorly preserved at the tip and the shape of the denti-
cles is not visible, nor can anything be said about possible
enamel structure. The mesial serration extends all the
way to the break, where the tooth has a nearly symmetri-
cal, drop-shaped outline (Figure 2c). Internally, the radial
arrangement of the dentine is well visible, but there is no
trace of the pulpa cavity, indicating that only the very tip
of the tooth crown is preserved. Due to the fragmentary
nature (not directly associated with any bone) of the ele-
ment and the reference of von Huene (1938, 1942) that
the material was found together with some other verte-
brate remains (of synapsids), some uncertainty remains if
the tooth belongs to this species. However, the conical
recurved tip and the laterally compressed morphology
resemble the condition in most Paracrocodylomorpha
(e.g., Saurosuchus galilei PVSJ 32, P. chiniquensis
UFRGS-PV-0629-T, Fasolasuchus tenax PVL 3050, Batra-
chotomus kupferzellensis SMNS 80269, Arizonasaurus
babbitti Nesbitt, 2005), ornithosuchids, erpetosuchids,
and other carnivorous archosauromorphs, but contrasts
with the leaf-like aetosaur teeth, or mesiodistally
expanded crowns of Revueltosaurus callenderi. The num-
ber of 10 serrations per 5 mm resembles the condition in
Heptasuchus clarcki, with 12 serrations per 5 mm, as
described by Nesbitt, Zawiskie, and Dawley (2020).

4.2 | Axial skeleton and dermal armor

The axial skeleton of the holotype specimen includes a
fragment of the axial neural arch, one almost complete
and one fragmentary cervical neural arch (Figure 3), one
midcaudal neural arch, and four caudal vertebrae
(Figure 4). In addition, two partial cervical and two dor-
sal ribs are present (Figure 5). For measurements of all
skeletal elements see Table 1.

FIGURE 2 Schultzsuchus loricatus; tip of a tooth (SNSB BSPG

AS XXV 20) in lateral (a), distal (b), and basal (c) view. Scale bar

equals 5 mm.
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4.2.1 | Cervical vertebrae

The cervical region is represented by a fragment of the axial
neural arch and two incomplete postaxial neural arches.

The axis is represented by the posterior end of the
neural spine and the right postzygapophysis (SNSB BSPG
AS XXV 45; Figure 3a,b). This element was identified as
a dorsal neural arch by von Huene (1942), but the
strongly laterally directed postzygapophysis, the posteri-
orly widening neural spine, and the presence of an epipo-
physis indicate that it is a cervical element and, more

specifically, an axial neural arch. The postzygapophysis is
slightly more laterally than posteriorly directed and has a
drop-shaped articular surface. The latter has a very
slightly anteromedially posterolaterally convex surface
and stands at an angle of �30� from the horizontal. A
narrow, ridge-like epipophysis is present on the dorsal
surface of the postzygapophysis and connected to the
neural spine by a slender, sharp-edged spinopostzygapo-
physeal lamina (Figure 3a,b). The epipophysis does
not overhang the postzygapophysis. In lateral view, the
spinopostzygapophyseal lamina is posteriorly concave, as

FIGURE 3 Cervical vertebral remains of the holotype of Schultzsuchus loricatus. (a,b) Partial axial neural arch (SNSB-BSPG AS XXV 45)

in (a) posterior view; and (b), right lateral view. (c–f) Anterior cervical neural arch (SNSB BSPG AS XXV 13) in (C) right lateral; (d) anterior;

(e) posterior; and F, dorsal views. (g,h) Partial posterior cervical neural arch (SNSB BSP AS XXV 48) in (g), right lateral and (h) dorsal views.

epi, epiphophysis; nc, neural canal; ns, neural spine; posl, postspinal lamina; poz, postzygapophysis; prz, prezygapophysis; psf, prespinal

fossa; spol, spinopostzygapophyseal lamina; sprl, spinoprezygapophyseal lamina; st, spine table. Scale bar equals 1 cm.
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the neural spine slightly overhangs the posterior end of the
neural arch (Figure 3b), as in the axis of Xilousuchus
(Nesbitt et al., 2011) andMandasuchus (Butler et al., 2017).

The neural spine is incomplete anteriorly and poster-
odorsally, but a section of the original dorsal margin
seems to be preserved (Figure 3b). Thus, the spine
extends �40 mm above the postzygapophysis and has an
almost straight, very slightly convex dorsal margin in at
least its posterior part. The spine is mediolaterally thin ante-
riorly, but widens abruptly towards its posterior end, where
it is �16 mm wide dorsal to the spinopostzygapophyseal
lamina. The posterior side of the neural spine is inclined
anteroventrally and flat, originally obviously forming a
wide, but only moderately deep postspinal fossa between
the postzygapophyses. In the middle of the posterior sur-
face, a weakly developed midline ridge is present
(Figure 3a).

The most complete cervical neural arch SNSB BSPG
AS XXV 13 consists of a long and high neural spine that is
trapezoidal (dorsally expanding) in lateral view, with both
well-developed pre- and postzygapophyses (Figure 3c–f).
As preserved, the arch is 67 mm long from the tip of the
prezygapophyses to the end of the postzygapophyses, and
56 mm high from the neurocentral suture to the tip of the
neural spine.

The zygapophyses project anterolaterally and postero-
laterally, respectively, forming an angle of �90� between
the articular surfaces in dorsal or ventral view
(Figure 3f). The articular surfaces of the prezygapophyses
are longer (c. 20 mm) than wide (c. 16 mm) and have a
rounded medial and a straight lateral margin. They are
flat, notably inclined posterodorsally, and stand at an
angle of �45� towards each other in anterior view
(Figure 3d). The oval articular facets of the postzygapo-
physes are slightly concave mediolaterally. In anterior
view, ventral to the prezygapophysis, the pedicle of the
neural arch narrows anteromedially, resulting in a thin
lamina that projects from the medial margin of the zyg-
apophysis towards the centrum, thus forming a sharp
centroprezygapophyseal lamina (Figure 3d). An equiva-
lent structure is present posteriorly, where a thin lamina
extends from the medial margin of the postzygapophysis
anteromedioventrally towards the centrum, the centro-
postzygapophyseal lamina, which also present in some dor-
sal vertebrae of Rauisuchus tiradentes (SNSB-BSPG AS XXV
77, 116, 119). From the lateral side of the postzygapophysis,
a robust lamina extends anteroventrally towards the diapo-
physis, the postzygodiapophyseal lamina (Figure 3c). It
becomes less pronounced anteroventrally and levels into
the lateral surface towards the mid-length of the neural
arch. A prezygodiapophyseal lamina is absent. In dorsal
view, the prezygapophyses are separated by a V-shaped
incision (Figure 3f), at the posterior end of which a broad,
but shallow prespinal fossa is present. This fossa is bordered

posterolaterally by short and stout spinoprezygapophyseal
laminae, which extend from the posterolateral margin of
the prezygapophyseal articular surface posteromedially
towards the neural spine. These lamina are very low and
extend less than one fifth up the anterior height of the neu-
ral spine. Posteriorly, robust spinopostzygapophyseal lami-
nae converge from the postzygapophyses anteromedially
towards the neural spine, reaching approximately the half
height of the latter structure (Figure 3e). Dorsal to the pos-
terior end of the postzygapophyses, these laminae terminate
in robust epipophyses (Figure 3c,e: epi). These are �9 mm
high above the roof of the postzygapophyses and form a
medial overhang, so that there is a groove on the postero-
medial side of the spinopostzygapophyseal lamina that
opens posterolaterally (Figure 3e). The dorsal posterior end
of the epipophyses is approximately level with the posterior
end of the postzygapophyses or overhangs the latter very
slightly. The spinopostzygapophyseal laminae delimit a
large, ventrally deeping postspinal fossa. As an interpostzy-
gapophyseal lamina is absent, the fossa has a narrow, elon-
gate, slit-like opening into the neural canal ventrally
(Figure 3e).

The neural spine expands from a minimal anteropos-
terior length of 27 mm just above the dorsal end of the
spinopostzygapophyseal lamina to a maximal anteropos-
terior length of 43 mm at the dorsal end. This expansion
is largely gradual, just in the dorsalmost fifth of the spine,
the posterior side expands more abruptly. Dorsally, the
neural spine is also mediolaterally expanded to form a
spine table, which is wider anteriorly than posteriorly,
and has striate lateral margins and a slightly mediolater-
ally concave dorsal surface (Figure 3f). The posterior
margin of the spine table is slightly bifurcated. There is a
protuberance just above the dorsal ends of the spinopost-
zygapophyseal lamiae on the posterior margin of the neu-
ral spine for the tendon insertion between the neural
spines (Figure 3c).

Ventrally, the medial surfaces of the neural pedicels
form the margins of the neural canal, which are incom-
pletely preserved, as they seem to have been very thin at
the level of the diapophyses. The neural canal was wide
(13 mm anteriorly). Most of the pedicles are broken, but
a short portion on the right posterior side seems to repre-
sent the neurocentral suture. The centrum is not pre-
served, but it was probably relatively longer than the
equivalent cervical centra of the P. chiniquensis lectotype
(SNSB BSP AS XXV 29, 30) and Batrachotomus (Gower &
Schoch, 2009).

The posterior cervical neural arch SNSB BSP AS XXV
48 (Figure 3g,h) preserves mainly the right postzygapo-
physis, with an oval articular facet. In contrast to the
neural arch described above, the postzygapophysis seems
to have been more posteriorly than posterolaterally
directed, and its articular facet seems to have a slight
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anteroventral orientation (Figure 3g), in agreement with
the posterodorsal orientation of the prezygapophysis in
the vertebra described above. A stout spinopostzygapo-
physeal lamina is also present, connecting the epipophy-
sis with the neural spine (Figure 3g,h). The epipophysis
is similar to the one in the more anterior neural arch, but
less well developed, and ends slightly anterior to the pos-
terior end of the postzygapophysis. On the anterolateral
side of the postzygapophysis, the postzygadiapophyseal
lamina is located and extends anteroventrally (Figure 3g).
It is less well developed than in the more anterior neural
arch and shorter, as the neural arch seems to have been
generally shorter than the one described above. Posteri-
orly, a thin lamina extends from the medial margin of
the postzygapophysis anteroventrally towards the cen-
trum. Dorsally the broken base of the neural spine is pre-
served; it is 25 mm long anteroposteriorly at the break
and slightly widens posteriorly (Figure 3h). At the ante-
rior end of the neural spine, the posterior ends of the
low, but stout and strongly anteriorly diverging spinopre-
zygapophyseal laminae are present and delimit the poste-
rior end of a wide prespinal fossa (Figure 3h). The
vertebral centrum is not preserved in either of the cervi-
cal vertebrae, so it cannot be said if a ventral keel, lateral
depressions, and other structures were present or not.
The general morphology of the cervical neural spine and
laminae resembles that of Xilousuchus sapingensis
(Nesbitt et al., 2011) and Arizonasaurus batbbitti
(Nesbitt, 2005), but contrasts with an anteroposterior
short spine in Prestosuchus chiniquensis (UFRGS-PV-
0629-T) and high neural spines in Rauisuchus tiradentes
(Lautenschlager & Rauhut, 2015), Batrachotomus kuper-
ferzellensis (SMNS 80233), Stagonosuchus nyassicus
(GPIT-PV-3831), Polonosuchus silesiacus (ZPAL Ab III
563), and Postosuchus kirkpatricki (Weinbaum, 2013).
Epiphophysis that do not project more posteriorly than
the postzygapophyses are also present in some pseudosu-
chians, such as the aetosauromorph Revueltosaurus, the
Poposauroidea Xilousuchus, and on the atlantal neural
arch of Effigia (Nesbitt, 2007, 2011). The elongated prezy-
gapophysis and postzygapophyses resemble those of
Xilousuchus and Effigia, and contrast with the shorter
structures in Rauisuchus tirandentes (Lautenschlager &
Rauhut, 2015), Prestosuchus chiniquensis (Mastrantonio
et al., 2024), Batrachotomus kupferzellensis (SMNS
80233), and Mambawakale ruhuhu (Butler et al., 2022).

4.2.2 | Caudal vertebrae

There is one caudal neural arch (SNSB BSPG XXV 14)
and four isolated caudal vertebrae of different sizes pre-
served in the holotype, with clear facets for chevrons on

the ventral margin of the posterior face of the centrum
(SNSB BSPG XXV 15, 16, 17, 47). Furthermore, an iso-
lated posterior midcaudal neural spine is present (SNSB
BSPG AS XXV 46a).

SNSB-BSPG XXV 14 is a midcaudal neural arch, pre-
serving the largely complete spine, the postzygapo-
physes, and a partial left transverse process, while the
prezygapophyses are missing (Figure 4a–c). The prezy-
gapophyses were obviously placed on short pedicles and
situated entirely lateral to the neural spine. They were
connected to the latter by stout, but low spinoprezyga-
pophyseal laminae that delimit a wide, flat prespinal
fossa (Figure 4c), similar to the situation in the cervical
vertebrae (SNSB-BSPG XXV 13). The transverse process
is anteroposteriorly short, placed at about the midlength
of the neural arch and laterally and slightly posteriorly
directed, but not inclined dorsally (Figure 4a,c). Neither
a prezygodiapophyseal lamina nor centrodiapophyseal
laminae are present, although the posterior part of the
transverse process is slightly thickened. The postzygapo-
physes are placed slightly higher on the neural arch
than the prezygapophyses at the posteroventral base of
the neural spine (Figure 4a,b). They are connected to
the posterodorsal side of the transverse process by a
broad, rounded postzygodiapophyseal lamina and pro-
ject posteriorly from the base of the neural spine for the
entire length of their articular surfaces. The latter flex
ventrally medially to form small hypapophyseal laminae
that meet just above the neural canal. A stout spinopost-
zygapophyseal lamina extends from the anterodorsal
surface of the postzygapophyses onto the neural spine.
In contrast to the situation in the cervical vertebra
SNSB-BSPG XXV 13, these laminae attach to the poste-
rior end of the lateral side of the spine, not to its poste-
rior side, and thus leave a thin, but well-developed
postspinal lamina in between them (Figure 4a,b). Conse-
quently, a postspinal fossa is small and developed only
in between the dorsal surfaces of the postzygapophyses.
The neural spine is posteriorly located on the neural arch.
It is taller than anteroposterior long and slightly posterodor-
sally inclined. In contrast to the cervical neural spines, it is
mediolaterally thin and lacks a spine table. The dorsal mar-
gin of the spine is gently convex anteroposteriorly. The ven-
tral part of the anterior margin is slightly thickened,
whereas the dorsal part (above a small broken section)
forms a sharp edge.

The caudal vertebral centra are amphicoelus and
show a similar general morphology, with oval to almost
circular articular facets, and spool-shaped, mediolater-
ally compressed centra (Figure 4d–j,l,m). Well-
developed, separate, triangular chevron facets are pre-
sent on the posterior margin, whereas the anterior mar-
gin is simply markedly flexed ventrally. A marked
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ventral groove is present in the most anterior preserved
element, a midcaudal (SNSB BSPG AS XXV 15;
Figure 4f), and is weakly developed in the more poste-
rior elements, where it is mainly posteriorly defined by
low ridges extending from the chevron facets anteriorly
(Figure 4h,j,m). The centra are biconcave, with a
marked rim around the articular facets, and longer than
high, with the relative elongation increasing in more
posterior elements (Table 1). Transverse processes are
present on the neurocentral suture only in the most
anterior caudal vertebra with preserved centrum, SNSB
BSPG AS XXV 15 (Figure 4d–f), whereas the vertebrae
SNSB BSPG AS XXV AS 47 (Figure 4g), 16 (Figure 4i),
and 17 (Figure 4l) show only an anteroposteriorly ori-
ented crest on the suture between the centra and neural
pedicels. There is an accessory caudal neural spine
(an anterior projection at the base of the neural spine)
on the middle to posterior caudal vertebrae SNSB BSPG
AS XXV 16 and 47 (Figure 4g,i), resembling that
described for Ticinosuchus ferox and Rauisuchus tira-
dentes (Lautenschlager & Desojo, 2011). The prezygapo-
physes are missing in SNSB BSPG AS XV 15 and are
incompletely preserved in SNSB BSP AS XXV 16 and
47, projecting anterolaterally with an angle of �70�

between the left and right zygapophysis. The subcircu-
lar articular facets are very slightly concave, mainly flat.
Stout and strongly anteriorly diverging spinoprezygapo-
physeal laminae seem to have been present in the most

TABLE 1 Measurements (in mm) of selected elements of the

lectotype material of “Prestosuchus” loricatus SNSB BSP AS XXV.

Anterior neural spine dorsoventral height (13) 34.4

Posterior neural spine dorsoventral height (13) 21.6

Distal neural dorsal spine anteroposterior length
(13)

43.4

Minimal neural spine anteroposterior length (13) 28.2

Lateromedial neural spine width 22.4

Cervical prezygapophysis anteroposterior articular
surface length

31.6

Cervical postzygapophysis anteroposterior articular
surface length

23

Cervical prezygapophysis lateromedial articular
surface width

16.2

Cervical postzygapophysis lateromedial articular
surface width

16.4

Right cervical pedicels anteroposterior length 44.2

Cervical rib length (19) 34.2*

Cervical tuberculum length (19) 9.4

Cervical rib length (18) 38.5*

Cervical tuberculum length (18) 5.1

Dorsal rib length (21a) 124.6

Dorsal tuberculum length (21a) 13.1

Dorsal rib length (21b) 94.6*

Dorsal tuberculum length (21b) 12

Anterior caudal centrum length (15) 39

Medial caudal centrum length (47) 29

Medial caudal centrum length (16) 24.2

Posterior caudal centrum length (17) 19.4

Anterior caudal centrum dorsoventral height (15) 30.6

Medial caudal centrum dorsoventral height (47) 18

Medial caudal centrum dorsoventral height (16) 16.4

Posterior caudal centrum dorsoventral height (17) 10.3

Medial caudal dorsoventral height (16) 36.5

Posterior caudal lateromedial width (17) 16.8

Left ischium dorsal length (22) 230*

Right ischium dorsal length 218

Height distal left ischium end 40.8

Height distal right ischium end 41.2

Right ischium surface for ilium articulation length 80

Right calcaneum width (24) 44.6

Right calcaneum length 60.7

Right calcaneal tuber length 24.9

Right calcaneal tuber width 36.6

Right calcaneal tuber height 41.4

Right calcaneal shaft length 35.5

(Continues)

TABLE 1 (Continued)

Right calcaneal shaft height 35

Metatarsal length (23) 44.6*

Metatarsal distal width 20.2

Metatarsal distal height 15.8

Metatarsal midshaft diameter 54.8

Osteoderm anteroposterior length (27) 41.4

Osteoderm anterior width (27) 23.1

Osteoderm posterior width (27) 44.8

Osteoderm anteroposterior length (26a) 33.2

Osteoderm anterior width (26a) 32.4

Osteoderm posterior width (26a) 38.7

Osteoderm anteroposterior length (26b) 31.4

Osteoderm anterior width (26b) 33.3

Osteoderm posterior width (26b) 31.6

Osteoderm anteroposterior length (44) 38.6

Osteoderm anterior width (44) 23

Osteoderm posterior width (44) 25

Note: Asterisk indicates incomplete elements and () specific element
number.
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anterior of these vertebrae, similar to the situation in
the isolated neural arch SNSB BSPG AS XXV 14, but
are absent in more posterior elements. In the most dis-
tal caudal vertebra, SNSB BSPG AS XXV 17 (Figure 4l,-
m), the neural arch is placed on the anterior three
fourths of the centrum and the pedicles of the broken
prezygapophyses are massive and project anterodorsally.
The postzygapophyses are complete and project slightly
posterior to the dorsal centrum margin in SNSB BSPG
AS XXV 16 and 47. They are at approximately the same
level as the prezygapophyses in the latter, unlike the
dorsally displaced zygapophyses in the isolated midcau-
dal neural arch SNSB BSPG AS XXV 14. A thin lamina
between the prezygapophysis and postzygapophysis is
present, laterally to the base of the neural spine of
SNSB BSPG AS XXV 16 (Figure 4i) and less developed
in SNSB BSPG AS XXV 47 (Figure 4g), resembling the
condition on Batrachotomus kupferzellensis (SMNS

80339), Polonosuchus silesiacus (ZPAL Ab III 563), and
Ticinosuchus ferox (PIMUZ T 2817). The main neural
spine is only preserved in the distal caudal SNSB BSPG
AS XXV 16 (Figure 4i). It is well separated from the
small additional anterior spine, anteroposteriorly short
and placed on the posterior end of the neural arch,
slightly overhanging the centrum posteriorly in its dor-
sal part. The spine is mediolaterally thin, rectangular in
outline, and slightly posterodorsally inclined. As in the
midcaudal neural arch SNSB BSPG AS XXV 14 and the
middle to posterior caudal vertebrae of Rauisuchus
(Lautenschlager & Rauhut, 2015), there seem to be
short, laterally placed spinopostzygapophyseal laminae
that define a small postspinal lamina (Figure 4i). The
isolated neural spine SNSB BSPG AS XXV 46a is some-
what larger than the spine of this vertebra and thus
represents a more anterior caudal (Figure 4k). It is also
rectangular in outline, very slightly expanding dorsally,

FIGURE 4 Caudal vertebral remains of the holotype of Schultzsuchus loricatus. (a–c), Midcaudal neural arch (SNSB BSPG XXV 14) in

(a), left lateral; (b), right lateral; and (c) dorsal views. (d–f), Anterior caudal centrum (SNSB BSPG AS XXV 15) in (d) left lateral; (e) anterior;

and (f) ventral views. (g,h) Middle to posterior caudal vertebra (SNSB BSPG AS XXV 47) in (g), left lateral and (h) ventral views. (i,j)

Posterior midcaudal vertebra (SNSB BSPG AS XXV 16) in (i) left lateral and (j) ventral views. (k), Isolated caudal neural spine (SNSB BSPG

AS XXV 46a) in left lateral view. (l,m) Posterior caudal vertebra (SNSB BSPG AS XXV 17) in (l) right lateral; and (m) ventral views. cf,

chevron facet; posl, postspinal lamina; poz, postzygapophysis; prsf, prespinal fossa; spol, spinopostzygapophyseal lamina; tp, transverse

process; vg, ventral groove. Scale bar equals 1 cm.
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and mediolaterally flat. The spinopostzygapophyseal
lamina are developed as two notable lateral swellings
that delimit the postspinal lamina anteriorly.

The general morphology of the middle and posterior
caudals resembles that of Rauisuchus tiradentes
(Lautenschlager & Rauhut, 2015) and Ticinosuchus ferox
(PIMUZ T 2817), but contrasts with the anteroposterior
shorter centra of Batrachotomus kupferzellensis (SMNS
80341) and the robust centra of Stagonosuchus nyassycus
(Gebauer, 2004), Prestosuchus chiniquensis (UFRGS PV
639), Saurosuchus galilei (PVSJ 615), and Fasolasuchus
tenax (PVL 3850).

4.2.3 | Ribs

The proximal segments of two cervical ribs (SNSB BSPG
XXV 18, 19) are preserved (Figure 5a–d). The ribs are
double-headed, with a long and stout tuberculum and a
short and slightly larger capitulum, with a circular articu-
lar facet of the latter. The turberculum of the SNSB BSP
XXV AS 18 is broken. A pronounced dorsomedially fac-
ing longitudinal groove is present on the shaft of the rib,
behind the confluence of tuberculum and capitulum
(Figure 5b,c). The smaller cervical rib SNSB BSPG AS
XXV 19 can be referred to an anterior cervical because

FIGURE 5 Cervical and dorsal ribs and osteoderms of the holotype of Schultzsuchus loricatus. (a,b) Anterior cervical rib (SNSB BSPG

AS XXV 19) in (a) lateral; and (b) dorsal views. (c,d) Proximal region of posterior cervical rib (SNSB BSPG AS XXV 18) in (c) medial; (d),

anterior views. (e–h) Partial right dorsal ribs (SNSB BSP AS XXV21 a,b) in (e,g) anterior and (f,h) medial views. (i,j) Paramedial osteoderm

(SNSB BSPG XXV AS 26a) in (i) dorsal, (j) ventral views. (k,l) Paramedial osteoderm (SNSB BSPG XXV AS 26b) in (k) dorsal, (l) ventral

views. (m) Articulated osteoderms (SNSB BSPG XXV AS 44) in dorsal view. aap, anterior articular process; ap, anterior process; ca,

capitulum; gr, groove; tu, tuberculum. Scale bars equal 1 cm.

12 DESOJO and RAUHUT

 19328494, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ar.25401 by C
ochrane G

erm
any, W

iley O
nline L

ibrary on [23/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



the tuberculum and capitulum are not well separated.
The ventral and dorsolateral surfaces of the cervical ribs
are flat, curving into each other in the dorsoventrally
convex lateral surface. In SNSB BSP AS XXV19 a medio-
laterally compressed, anteriorly rounded anterior process
projects anteriorly a short distance beyond the articular
facets (Figure 5a,b). This process, separated by a waisted
region from the tuberculum and capitulum, is also pre-
sent in Xilosousuchus sapingensis (Nesbitt et al., 2011),
and the poposaurids Arizonasaurus babbitti and Popo-
saurus langstoni (Nesbitt, 2005). In SNSB BSPG AS XXV
18, the process is broken off, but its base is strongly com-
pressed dorsolaterally mediventrally and notably high
(Figure 5c,d), resembling the keeled middle cervical ribs
of Postosuchus alisonae (Peyer et al., 2008) and Batracho-
tomus kupferzellensis (SMNS 91046).

The two right dorsal ribs (SNSB BSP AS XXV21 a,b)
are double-headed and distally incomplete (Figure 5e–h).
SNSB BSPG AS XXV 21b is less complete, but more
robust and bears a longitudinal depression in the poste-
rior surface of the shaft; such a depression is only hinted
at in the most distal preserved part of the rib shaft in the
more slender rib SNSB BSPG AS XXV 21a. The rib shafts
are triangular in cross section, with a longitudinal groove
in the anteromedial surface, mainly defined by an anteri-
orly projecting flange on the lateral side of the rib
(Figure 5g), as in some ribs of Batrachotomus kupferzel-
lensis (SMNS 91044), Prestosuchus chiniquensis (SNSB-
BSPG AS XXV 9), Rauisuchus tiradentes (SNSB-BSPG AS
XXV 87c), Fasolasuchus tenax (PVL 3850), and Postosu-
chus (Weinbaum, 2013). The anterolateral surface of the
shaft is almost flat and the end of SNSB BSPG AS XXV
21a expands distally. Proximally, the tuberculum is con-
siderably shorter than the capitulum and has an elon-
gated oval articular surface in contrast to the round
articular surface of the latter (only preserved in SNSB
BSPG AS XXV 20a). Proximally, the capitulum and tuber-
culum are connected by a thin lamina of bone so that
there is no clear bifurcation of the proximal rib.

4.2.4 | Osteoderms

There are several paramedian osteoderms preserved
(SNSB BSPG XXV AS 26a,b, 27,44,46; Figure 5i–m), some
of them articulated with the previous element (SNSB
BSPG AS 44). Whereas medially, the medial margins of
both osteoderms simply abut each other within one row,
the posterior margin of each osteoderm overlaps the
anterior margin of the subsequent element, as can be
seen in SNSB BSPG AS XXV 44 (Figure 5m). Conse-
quently, the medial side of the osteoderms is slightly
thickened, whereas the anterior, lateral, and posterior

margins are more sharp-rimmed. The ventral surface of
the posterior section of the osteoderms is mediolaterally
concave (Figure 5j,l). Two osteoderm morphotypes are
present, one asymmetric (i.e., with an anteroposterior
dorsal protuberance separating a narrow medial and
broad lateral part), and a second type, which is mostly
symmetric. The asymmetric osteoderms, including the
longer than wide SNSB BSPG AS XXV 44, which has a
straight anterior margin and the medial part being
slightly smaller than the lateral, and SNSB BSP AS XXV
26a, b, which are wider than long and have a strongly
concave basal surface with a small anterior articulation pro-
cess (Figure 5i–l). The general morphology and histology
(Scheyer & Desojo, 2011) of these osteoderms resemble the
condition of asymmetrical paired paramedian osteoderms in
Prestosuchus chiniquensis (SNSB-BSPG AS XXV 7, UFRGS-
PV-0156-T, 0629-T, and CPEZ-239b), but contrast with
those of Postosuchus, which are roughly parallelogram-
shaped, with anterior lappets that extend anteriorly
from the anterolateral surface (Weinbaum, 2013). The
almost symmetric osteoderm SNSB BSP AS XXV 27 is
triangular, almost heart shaped, with a centrally placed
anterior articular projection and a marked ventral con-
cavity posteriorly on the basal surface. This osteoderm
probably belongs to the postsacral region, as in other lori-
catans (e.g., Ticinosuchus ferox PIMUZ 2817, Fasolasuchus
tenax PVL 3850, Batrachotomus kupferzellensis SMNS
90018), but contrasts with the more slender caudal osteo-
derms of Rauisuchus tiradentes (SNSB-BSPG AS XXV 94).
The external surface of the osteoderms is ornamented with
an anteroposteriorly oriented dorsal keel and smooth ridges
radiating laterally from an anteroposterior low central
protuberance.

4.3 | Appendicular skeleton

The pelvic girdle of the holotype is only known from both
articulated ischia (Figure 6), whereas nothing is pre-
served of the stylopodium and zeugopodium. The right
calcaneum is also preserved as the unique proximal tarsal
element (Figure 7), as is a fragment of the distal metatar-
sal 3 of the right pes (Figure 8) and an indeterminate
fragment of a metatarsal shaft.

4.3.1 | Ischium

Both ischia are preserved in articulation (SNSB BSPG AS
XXV 22; Figure 6a–c), but the proximal end of the right
ischium is separated and was originally described as the
articular region of the right scapula by von Huene (1942);
specimen (SNSB BSPG AS XXV 43). However, the break
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distal to the articular surface of this bone fits perfectly
onto the proximal break of the right ischium (Figure 6b),
leaving no doubt that it is part of the same element. The
proximal end has a concave articular surface that forms
the posteroventral part of the acetabulum and is delimited
by a lateroventrally sharp ridge (Figure 6b,d). Dorsally and
anteriorly, the acetabular surface flexes medially into the
articular facets for the ilium and pubis, respectively. The
pubic articulation is incomplete ventrally, but seems to
have been narrow and only slightly expanded towards the
ventral acetabular rim. The iliac articular surface is narrow
anteriorly but expands rapidly laterally posteriorly at the
acetabular border (Figure 6e). An oval depression on the
iliac articular facet, on the posterior part of the head of
the ischium into which the ischial process of the ilium fits,

is present and described as the ischial pit in Poposaurus
gracilis by Weinbaum and Hungerbühler (2007) and is also
present in Bromsgroveia (Nesbitt, 2005). The articulated
ischia are long and stout bones, the suture between them
being visible in dorsal and ventral view over the entire
length of both elements (Figure 6a,c). Distally, there is a
narrow, shallow groove along the interischial suture, but a
sharp median ridge arises from this suture on the anterior
surface of the articulated ischia directly proximal to the dis-
tal end (Figure 6b,c). This ridge gradually becomes more
conspicuous and sharp-edged proximally until it rapidly
expands into the ischial obturator blade in the proximal
third of the bone. Posterodorsally, the interischial suture is
marked by a shallow longitudinal groove, which becomes
deeper and wider proximally until the proximal ends of

FIGURE 6 Pelvic elements of

the holotype of Schultzsuchus

loricatus. (a–c) Articulated ischia

(SNSB BSPG AS XXV 22) in

(a) dorsal; (b) right lateral

(articulated shafts SNSB BSPG AS

XXV 22 and proximal end (SNSB

BSPG AS XXV 43); and (c) ventral

views. (d,e) Proximal end of the

right ischium (SNSB BSPG AS

XXV 43) in (d) ventrolateral and

(e) dorsal views. ac, acetabulum;

ip, ischial pit. Scale bars

equal 1 cm.
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FIGURE 7 Right calcaneum of the holotype of Schultzsuchus loricatus (SNSB BSPG AS XXV 24) in (a) dorsal; (b) ventral; (c) posterior;

(d) right lateral; and (e) left lateral views. afIV, articular facet for distal tarsal IV; ct, calcanear tuber; ff, fibular facet; p, pit; sp, shallow pit.

Scale bar equals 1 cm.

FIGURE 8 Distal end of the right third metatarsal of the holotype of Schultzsuchus loricatus (SNSB BSPG AS XXV 23) in (a) lateral;

(b) dorsal; and (c) distal views. eg, extensor groove; tub, tubercle. Scale bar 1 cm.
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both ischia separate (Figure 6a). Distal to the groove, the
articulated shafts of the ischia are posterodorsally flat, until
distally marked dorsolateral edges arise from the lateral
margins of the bones and define a wide, shallow median
depression on the posterodorsal surface of the distal ischia.
No crest and groove are present on the dorsolateral surface
of each ischium, in contrast to Prestosuchus chiniquensis and
Stagonosuchus nyassicus (Desojo et al., 2020). The shaft of
the ischium is triangular in cross section and becomes more
robust distally, resembling the rod-like elements of Prestosu-
chus chiniquensis, Stagonosuchus nyassycus, Saurosuchus
galilei, and Postosuchus kirckpatricki (Weinbaum, 2013),
contrasting with the thin, flat plate like elements of Batra-
chotomus kupferzellensis and Poposaurus gracilis
(Weinbaum & Hungerbühler, 2007). The distal end is
slightly expanded dorsally and ventrally to form a smooth
ischial foot, resembling the condition in Prestosuchus chi-
niquensis (SNSB-BSPG XXV 3), Stagonosuchus nyassycus
(GPIT/RE/3832), and Saurosuchus galilei (PVL 2552),
which all have a moderate ischial boot, whereas a different
condition, with a thin, ventrally projecting ischiadic boot
is present in Poposaurus, Arizonasaurus and Batrachoto-
mus (Nesbitt, 2005, 2011).

4.3.2 | Pes

The recovered elements of the right pes consist of the cal-
caneum and third metatarsal. The ankle articulation is
clearly crocodile-normal, with the socket in the calca-
neum (Figure 7).

Calcaneum
The right calcaneum is completely preserved (SNSB BSPG
AS XXV 24; Figure 7). The fibular articular facet consists
of a hemicylindrical pulley (proximo-anteriorly strongly
convex, almost semicircular articular surface), that projects
slightly medially anteriorly (Figure 7a,d,e). The distal
surface of the calcaneum condyle is flat anteriorly and has
an articular facet for distal tarsal IV (Figure 7b,d,e). Medi-
ally there is the socket for the peg of the astragalus on the
anterior part of the calcaneum that characterizes the crur-
otarsan archosaurs (Figure 7a,e). The socket is defined
posteriorly by a proximodistally concave articular facet
that projects medially from the main calcaneum body and
has a slightly raised proximal rim (Figure 7e). The lateral
surface of the calcaneum body is slightly proximodistally
concave anteriorly and flattened posteriorly with a small,
shallow pit at the base of the calcaneal tuber (Figure 7d),
contrasting with the small, deep pit on the lateral surface
of the main body in Prestosuchus chiniquensis (Desojo
et al., 2020). The posterior region bears the calcaneal
tuber, which is anteroposteriorly approximately as long as

the main calcaneum body. It expands considerably poster-
oproximally (Figure 7d,e) and slightly medially
(Figure 7a,b). Its posterior end is higher proximodistally
than wide mediolaterally (Figure 7c and Table 1), resem-
bling the condition in Postosuchus alisonae
(Weinbaum, 2013) and Fasolasuchus tenax (PVL 3850;
Bonaparte, 1981), and contrasting with the rounded out-
line in posterior view of the calcaneal tuber in Prestosu-
chus chiniquensis (Desojo et al., 2020). Distally, the tuber
bears a shallow fossa at its base, and posteriorly it lacks a
vertical groove, but is mainly flat proximally, being very
slightly convex proximodistally and concave mediolater-
ally (Figure 7b), contrasting with the large, teardrop-
shaped ventral calcanear fossa that deepens posteriorly in
Prestosuchus chiniquensis (SNSB BSPG AS XXV11c),
Batrachotomus kupferzellensis (SMNS 90018), and Postosu-
chus (TTUP 9002; Peyer et al., 2008). A shallow depression
is present on the distal part of the posterior surface of the
tuber.

Metatarsal
The distal end of the right third metatarsal is almost com-
plete (SNSB BSPG AS XXV 23; Figure 8). In cross section,
the shaft is semicircular and dorsoventrally compressed,
with a shallow longitudinal groove on the posterior side
that disappears towards the distal end. The distal end has
a marked oblique depression on the dorsal surface near
the articulation facets, representing the extensor groove
(Figure 8b), and a shallow lateral depression on the lat-
eral condyle, representing the collateral ligament pit. A
corresponding medial depression is only indicated by
a slight concavity on the medial side of the distal end
(Figure 8a). The distal gynglimus extends approximately
as far proximally dorsally as ventrally and is divided into
two distinct condyles by a wide, V-shaped incision
(Figure 8b,c). The distal articular surface is slightly
higher medially than laterally (Figure 8c). Laterally, a
rounded tubercle is found at the proximal end of the gyn-
glimus, just proximal to the collateral ligament pit, and a
similar, but more dorsally placed tubercle is present also
on the medial side (Figure 8a,b). The general morphology
resembles those of basal paracrocodylomorphs (Mamba-
wakale ruhuhu, Butler et al., 2022; Prestosuchus chini-
quensis, Desojo et al., 2020), but contrasts with the
slender distal metatarsal of Batrachotomus (Gower &
Schoch, 2009).

5 | PHYLOGENETIC POSITION

The equally weighted analysis of the dataset resulted in a
total of 78,624 equally parsimonious trees with a length
of 1710 steps (CI: 0.312; RI: 0.745). The strict consensus
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of these trees shows a relatively good resolution
(Figure S1), although with some major polytomies, espe-
cially within Pseudosuchia, and concentrated in the early
branching members of the clade. Reduced consensus
methods identified Scutellosaurus as a problematic taxon
within Ornithischia on the Avemetatarsalian side of the
tree, and Pagosvenator, Xilousuchus, the supposed Presto-
suchus specimen CPEZ 239b, Luperosuchus, and the sup-
posed Postosuchus specimen CM 73372 as problematic
within pseudosuchian line archosaurs. A posteriori dele-
tion of these taxa considerably increased resolution of the
tree (Figures 9a and S2), with only minor polytomies

remaining in the Prestosuchidae (between Stagonosuchus
and different specimens of Prestosuchus), within Rauisu-
chidae, at the base of Crocodylomorpha, and between
some of the higher crocodylomorph taxa.

The analyses using implied weights all resulted in
three equally parsimonious trees with scores of 70.76553
(k = 12), 86.94684 (k = 9), 113.24879 (k = 6), and
164.78468 (k = 3), respectively. The strict consensus trees
of the trees resulting from the analyses with k = 9 and
k = 12 are identical and in agreement with all of the
phylogenetic results of the equally weighted analysis
(Figures 9b, S3, and S4), but show slightly better

FIGURE 9 Phylogenetic position of Schultzsuchus loricatus. (a) reduced consensus tree of the equally weighted analysis. Possible

positions of the problematic taxa Xilousuchus and Luperosuchus are indicated by colored circles. (b) Strict consensus tree of the analysis

using implied weights. Several clades have been collapsed into suprageneric taxa, indicated by upper caps. For complete results see

Figures S1–S6.

DESOJO and RAUHUT 17

 19328494, 0, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ar.25401 by C
ochrane G

erm
any, W

iley O
nline L

ibrary on [23/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



resolution, and do not require a posteriori deletion of
taxa. At higher weighing strengths (k = 6 and k = 3),
Mandasuchus and Schultzsuchus change positions to be
placed within early branching loricatans (Figures S5 and
S6). Thus, the former is found in a sister-group relation-
ship with the specimen CPEZ 239b (originally referred to
Prestosuchus), whereas the latter is placed crownward of
Saurosuchus. The analysis with the strongest concavity
(k = 3; Figure S6), furthermore found alternative posi-
tions for gracilisuchids, as earliest branching pseudosu-
chians, and ornithosuchids, which are placed below the
erpetosuchid-aetosaur clade. Furthermore, Nundasu-
chus was here recovered as an ornithosuchid. We con-
sider the results with milder concavities (k = 9 and
k = 12), which are more consistent with the unweighted
analysis and previous phylogenetic hypotheses, as more
reliable. As Goloboff et al. (2018) also found better con-
gruence at higher k values (and specifically at k = 12),
we mainly use this tree in the further discussion of the
results.

Our phylogenetic results are in general agreement
with the tree found by Butler et al. (2022) and in ear-
lier iterations of this matrix (e.g., Desojo et al., 2020;
Nesbitt, Butler, Ezcurra, Barrett, et al., 2017;
Nesbitt & Desojo, 2017; Nesbitt, Zawiskie, & Daw-
ley, 2020). One difference concerns the position of
Nundasuchus, which was recovered crownwards of
Gracilisuchidae by Butler et al. (2022), but as sister
taxon to the clade including Gracilisuchidae and Para-
crocodylomorpha in our analysis (Figure 9b). This
confirms the notion of Butler et al. (2022) that the sys-
tematic position of this taxon remains unstable, but its
position basal to gracilisuchids also further underlines
that Nundasuchus most probably is not a paracrocody-
lomorph. Further differences concern the systematic
positions of Mandasuchus and Mambawakale. These
taxa were found in a polytomy at the base of Paracro-
codylomorpha by Butler et al. (2022), but are early
branching poposaurids in our analysis (Figure 9).
However, only one additional step is needed to place
Mambawakale in Loricata, and three more steps are
sufficient for Mandasuchus to be placed in this clade.
The placement of Mambawakale in poposaurids is
based on three characters, including the short poste-
rior (subnarial) process of the premaxilla (character
5), the expression of the maxilla in the border of the
external nares (character 24), and the concave antero-
dorsal margin of the base of the ascending process of
the maxilla (character 25). Characters uniting Manda-
suchus with poposaurids include a rounded anterior
margin of the antorbital fenestra (character 30, reversal
to the ancestral archosaurian condition), the anterior to
midcervical centra being longer than the mid-dorsal

vertebral centra (character 181, convergently present in
many avemetatarsalian archosaurs), and the fan-shaped
cervical neural spines (character 439, convergently pre-
sent in gracilisuchids).

Other differences with the phylogenetic hypothesis of
Butler et al. (2022) concern taxa at the base of Loricata
that were placed in a monophyletic Prestosuchidae by
Desojo et al. (2020), namely Saurosuchus and Stagonosu-
chus. The latter was found in a polytomy with poposaur-
ids, Mandasuchus and Mambawakale by Butler et al.
(2022), whereas our analysis confirms a prestosuchid
placement for this taxon (Figure 9). Saurosuchus was
recovered as the earliest branching loricatan by Butler
et al. (2022), but is placed crownwards of Luperosuchus in
the implied weights analysis (Figure 9b; the position of
Luperosuchus and Saurosuchus in respect to prestosu-
chids and higher loricatans is unresolved in the equal
weights analysis; Figure 9a). All other differences only
concern better resolution in the implied weights analysis
in other parts of the tree, which we will not comment on
further here, as they are of no consequence for the focus
of this paper.

Concerning the phylogenetic position of Schultzsu-
chus loricatus, the results of all our analyses are congru-
ent in placing this taxon as an early branching
poposaurid, as sister taxon to Qianosuchus and higher
poposaurid taxa (Figure 9). Thus, the phylogenetic ana-
lyses further confirm that this taxon is different from Pre-
stosuchus. Forcing Schultzsuchus into Prestosuchus
requires at least three additional steps, which, given that
only about 11% of characters could be coded for this
taxon, makes such a placement rather unlikely. A place-
ment of Schultzsuchus in Loricata is at least two steps
longer than the shortest trees.

The position of Schultzsuchus within poposauroids is
based on only two characters, including fan-shaped neu-
ral spines in the cervical vertebrae (character 439;
unknown in Mambawakale, but present in all other
poposaurids, including Mandasuchus, and convergently
present in gracilisuchids and a few nonarchosaurian out-
groups), and the presence of epipophyses in the axis
(character 441, present in Schultzsuchus and Xilousuchus,
unknown in other poposauroids, and convergently pre-
sent in aetosaurs and several avemetatarsalian line archo-
saurs). The placement of Schultzsuchus at the base of the
Poposauridae is based on several characters present in
higher poposauroids, but missing in this taxon, such as
the lack of a true spine table in cervical vertebrae (char-
acter 191, change from state 2 to state 1), the absence of
an anterior spur of the neural spine in middle to distal
caudal vertebrae (character 210, the spur is absent in the
derived poposaurids Poposaurus and Effigia, and
unknown in most other derived members of the clade),
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the absence of a contact between the pubis and ischium
(character 287, the contact is absent in all poposaurids
more derived than Qianosuchus), the presence of a gap
between the ventral articular surface for distal tarsal 4 of
calcaneum and the distal end of the tuber, but without
an associated fossa (character 371, reversal to a nonpara-
crocodylomorph condition, present in al poposaurids
more derived than Schultzsuchus), the relatively less
broad shaft of the calcaneal tuber (character 376, reversal
to the nonparacrocodylomorph condition, present in
poposaurids more derived than Qianosuchus). Further
characters found as autapomorphies of Schultzsuchus in
the phylogenetic analysis include the presence of pro-
nounced, tubercle-like epipophyses in postaxial cervical
vertebrae (character 186, 187, convergently present in
Revueltosaurus, a few loricatan pseudosuchians and
many avematatarsalian archosaurs), the triangular cross-
section of the distal portion of the ischium (character
293, convergently present in some saurischians), the pres-
ence of a postspinal lamina that is defined by a laterally
directed spinopostzygapophyseal lamina in the caudal
vertebrae (character 451, convergently present in lorica-
tans more derived than prestosuchids), and the presence
of an ischial pit in the iliac articulation of the ischium
(character 452, convergently present in Poposaurus and
Shuvosaurus, but not other poposauroids; see discussion
below).

6 | DISCUSSION

6.1 | Taxonomic distinctiveness and
affinities of Schultzsuchus

von Huene (1938, 1942) originally referred Schultzsuchus
loricatus to the genus Prestosuchus, but without giving a
detailed justification for the referral to the same genus,
mentioning only general similarities of the ischia and cal-
caneum. As mentioned in the introduction, no further
detailed examination of the materials was carried out in
more than 50 years, but several authors even considered
the two taxa to be probably synonymous (e.g., Barberena,
1978; Krebs, 1976). The first more detailed comment on
the materials of Schultzsuchus loricatus was presented by
Kischlat (2002), who noted the presence of epipophyses
in the cervical vertebrae as an important difference from
Prestosuchus chiniquensis (Kischlat, 2002, p. 301) and
argued that this difference warrants generic distinction.

Kischlat (2002) noted that epipophyses are generally
absent in pseudosuchians, but present in the dorsal
vertebrae of Sillosuchus (see Alcober & Parrish, 1997).
Nesbitt (2011, p. 109) further discussed the presence of
cervical epipophyses in archosaurs, and noted that,

within pseudosuchians, these structures are also present
in the aetosauromorph Revueltosaurus, the poposaurid
Xilousuchus, on the atlantal neural arch of Effigia
(see also Nesbitt, 2007), and in the basal loricatan
Batrachotomus. We further reviewed the distribution of
epipophyses and distinguish two morphologies. In some
taxa, such as Xilousuchus (Nesbitt et al., 2011), or the apha-
nosaurians Teleocrater (Nesbitt, Butler, Ezcurra, Charig, &
Barrett, 2017) and Yarasuchus (ISI R 334), the epipophyses
are developed as small, knob-like protuberances on the
dorsal surface of the postzygapophyses, whereas in other
taxa, such as Schultzsuchus, Revueltosaurus (Parker
et al., 2022), and many dinosaurs (e.g., Galton, 2014;
Sereno & Novas, 1993), the epipophyses are developed as
high ridges that are offset from the dorsal surface of the
postzygapophysis and often overhang this structure
posteriorly. The latter morphology is also present in some
further pseudosuchians, including Stagonosuchus nyassi-
cus (GPIT PV 60865), Rauisuchus tiradentes (Lautenschla-
ger & Rauhut, 2015; SNSB-BSPG AS XXV 75), and
Postosuchus alisonae (Peyer et al., 2008, figure 3e). On the
other hand, we were unable to confirm the presence of
epipophyses in the cervical vertebrae of Batrachotomus on
the basis of direct observations of the material (JBD, pers.
obs. 2023; contra Gower & Schoch, 2009; Nesbitt, 2011).
Another unusual character in Schultzsuchus is the pres-
ence of an epipophysis in the axis. Within pseudosuchians,
this character is otherwise only present in the aetosauro-
morphs Revueltosaurus (Parker et al., 2022) and Longosu-
chus (TMM 31185), and in the poposaurid Xilousuchus
(Nesbitt et al., 2011). The character is unknown in other
poposauroids, but as Effigia has epipophyses on the
atlantal neural arch (Nesbitt, 2007), it seems very likely
that they were also present in the axis of this taxon.
Thus, the presence of axial epipophyses might be a fur-
ther synapomorphy uniting Schultzsuchus with
poposaurids.

Another marked difference of Schultzsuchus from
P. chiniquensis (and other basal loricatans) is the shape
of the cervical neural spines, as already also commen-
ted on by Kischlat (2002). In basal loricatans, including
Prestosuchus, the cervical spines are usually anteropos-
teriorly short, high, and elongate rectangular in lateral
view, with no or only a slight anteroposterior expansion
distally. Furthermore, these spines are thick mediolater-
ally, so that their anteroposterior length is two times
their mediolateral width or less. In contrast, the
completely preserved neural arch of Schultzsuchus has
an anteroposteriorly elongate neural spine with a
marked distal expansion, resulting in a fan-shaped out-
line in lateral view. Within paracrocodylomorphs, this
is otherwise found mainly in poposauroids
(e.g., Xilousuchus, Nesbitt et al., 2011; Qianosuchus, Li
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et al., 2006; Arizonasuchus, Nesbitt, 2005), and in Man-
dasuchus, and is thus another character that indicates
poposauroid affinities for Schultzsuchus and also for the
latter taxon.

Apart from these axial characters, Schultzsuchus also
differs from Prestosuchus chiniquensis in some appendicu-
lar features. In the ischium, a deep pit is present in the
articular surface for the ilium in Schultzsuchus. Such a pit
is absent in Prestosuchus (Desojo et al., 2020), and is other-
wise only found in the poposauroids Poposaurus
(Schachner et al., 2020; Weinbaum & Hungerbühler, 2007),
Shuvosaurus (Long & Murry, 1995) and Bromsgroveia
(Nesbitt, 2005), although it is absent in the poposauroids
Arizonasaurus (Nesbitt, 2005) and Sillosuchus (PVSJ 85).
This character could thus be a further synapomorphy of
poposauroids (or a subclade thereof), but more research on
its distribution is needed. A further difference between the
ischia of Schultzsuchus and Prestosuchus is the lack of a
longitudinal depression on the dorsolateral side of the
ischial shaft in the former. Such a depression is present in
Prestosuchus and most other early branching loricatans,
but otherwise only known in Poposaurus within pseudosu-
chians (Weinbaum & Hungerbühler, 2007). This character
is recovered as a loricatan synapomorphy in our analysis,
and its absence in Schultzsuchus thus confirms a place-
ment of this taxon outside that clade.

Finally, the calcaneum of Schultzsuchus differs from
that of Prestosuchus chiniquensis in several aspects. In the
former taxon, the calcaneal tuber is higher than broad,
whereas the opposite is true for Prestosuchus, and the
ventral pit in the tuber is considerably shallower than in
the latter taxon.

As noted in the materials and methods section, the
type of Schultzsuchus loricatus was found in locality 1045,
together with a number of therapsid specimens and two
partial bones that were described as saurischian elements
by von Huene (1942, pp. 256–258) and identified as a par-
tial cervical vertebral centrum and a tibia, respectively.
Given that all the other nontherapsid elements from this
locality form the holotype of S. loricatus, these two speci-
mens might also belong to the same individual. The ver-
tebra (Galton, 2000, figure 3a–e; von Huene, 1942, figure
51) was considered to represent a saurischian by von
Huene (1942) due to the clearly elongate shape of the ele-
ment, if complete. However, elongate cervical vertebrae
are also found in poposauroid pseudosuchians
(e.g., Long & Murry, 1995; Nesbitt, 2005, 2007; Nesbitt
et al., 2011), and the complete neural arch SNSB BSPG
AS XXV 13 of Schultzsuchus indicates that this was also
the case in this taxon. The vertebra furthermore fits in
size with this neural arch and shows a strongly con-
stricted centrum, prominent parapophyses and a ridge-
like ventral keel, all characters that are also found in

poposauroids (Nesbitt, 2005; Nesbitt et al., 2011). As for
the second element, Galton (2000, p. 405) noted that
the absence of a cnemial crest argues against an identifi-
cation as a dinosaurian tibia. This element represents a
slender limb bone of fitting size for appendicular ele-
ments of especially the forelimb of Schultzsuchus, and
has some similarities with the ulna of Effigia
(Nesbitt, 2007), but more detailed comparisons would be
necessary to firmly establish its affinities.

6.2 | Implications for pseudosuchian
diversity, distribution, and phylogeny in
the Triassic

The identification of Schultzsuchus loricatus as a taxon
different from Prestosuchus and as a probable early
branching poposauroid improves our understanding of
Middle Triassic pseudosuchian diversity and distribution
in South America. The late Middle Triassic of South
America has already yielded a rich diversity of archo-
sauriform taxa, mainly from the Chañares Formation of
Argentina (see Ezcurra et al., 2017; Mancuso et al., 2014)
and the Dinodontosaurus Assemblage Zone of the Santa
Maria Supersequence of southern Brazil (Schultz
et al., 2020). However, many of the taxa represented are
either nonarchosaurian archosauriforms (mainly protero-
champsids) or avemetatarsalians, including important
findings of early dinosauromorphs and pterosauromorphs
from the Chañares Formation (see Ezcurra et al., 2017;
Ezcurra, Nesbitt, Bronzati, et al., 2020; Ezcurra, Nesbitt,
Fiorelli, & Desojo, 2020). Pseudosuchians are less diverse,
and so far represented mainly by erpetosuchids and some
of the earliest branching loricatans, plus the gracilisuchid
Gracilisuchus in the Chañares Formation, and the prob-
lematic possible pseudosuchian Barberenasuchus (see
Irmis et al., 2013) from the Dinodontosaurus Assemblage
Zone. Thus, paracrocodylomorphan taxa are so far limited
to the large predatory loricatans Luperosuchus in
Argentina and Prestosuchus and Decuriasuchus (a possible
juvenile of Prestosuchus; Farias et al., 2023) in Brazil. The
identification of S. loricatus as a poposauroid thus adds a
further lineage of paracrocodylomorphs to this record.

Poposauroids, specifically ctenosauriscids, are among
the earliest known pseudosuchians (and, as such, archo-
saurs in general; see Butler et al., 2011; Ezcurra
et al., 2023; Nesbitt et al., 2011). Ctenosauriscids are so
far mainly known from the latest Early to early Middle
Triassic of the northern Hemisphere (Butler et al., 2011),
the exception being the poorly known Hypselorhachis
from the early Middle Triassic of Tanzania (Butler
et al., 2009). As the immediate outgroup of the
ctenosauriscid-poposaurid clade, the Chinese taxon
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Qianosuchus, is also from the northern Hemisphere, a
probable Laurasian origin or at least early radiation of
poposauroids in this area was indicated. On the other
hand, however, all of the earliest branching members of
the sister taxon to Poposauroidea, the loricatans, namely
Saurosuchus, Luperosuchus, Stagonosuchus, Prestosuchus,
and Etjosuchus (Tolchard et al., 2021) are from the late
Middle to early Late Triassic of central to southern
Gondwana. With the recognition of the late Middle Trias-
sic Schultzsuchus from Brazil and the probably early
Middle Triassic Tanzanian pseudosuchians Mambawakale
(Butler et al., 2022) and Mandasuchus as early branching
poposauroids, a more Gondwanan origin of Paracrocody-
lomorpha might be indicated. However, the immediate
outgroup of paracrocodylomorphs, Ticinosuchus, comes
from central Pangea, and, as noted above, the partially
older ctenosauriscids seem to have had an almost Pangean
distribution already by the early Middle Triassic. Thus,
pseudosuchian biogeography in the Pangean world of the
Triassic might have been more complex than currently
recognized, and more material, especially of early Middle
and late Early Triassic pseudosuchians is needed to eluci-
date their diversification history.

Another aspect of pseudosuchian phylogeny might
be noteworthy. Despite the addition of numerous new
characters and OTUs to the original phylogenetic anal-
ysis of Nesbitt et al. (2011) in the past decade
(e.g., Butler et al., 2011, 2014, 2017, 2022; Desojo
et al., 2020; Ezcurra et al., 2017; Nesbitt et al., 2014;
Nesbitt & Desojo, 2017; Nesbitt, Zawiskie, &
Dawley, 2020; Tolchard et al., 2021), the general topol-
ogy of this hypothesis remains remarkably stable (apart
from formerly poorly known clades, such as erpetosu-
chids, which were only more consistently placed after
the recovery or revision and of important taxa and
their subsequent addition to the matrix). A notable
exception to this general stability might be the early
branching members of the Paracrocodylomorpha, in
which the phylogenetic position of many of the early
branching members of both Poposauroidea and Lori-
cata are still debated. Thus, Mandasuchus and Mamba-
wakale were found in a polytomy at the base of this
clade by Butler et al. (2022), and in our phylogeny, at
least an alternative placement of Mambawakale at the
base of loricatans requires only a single additional step
in comparison with the most parsimonious hypothesis.
Furthermore, the early branching loricatan taxa Luper-
osuchus, Saurosuchus, Stagonosuchus, and Prestosuchus
were found in several different arrangements in recent
phylogenies. These range from a monophyletic Presto-
suchidae encompassing all of these taxa found by Des-
ojo et al. (2020) to a pectinate arrangement, as found
by Butler et al. (2022), and Nesbitt, Zawiskie, and

Dawley (2020), in which Stagonosuchus was found in a
polytomy at the base of Paracrocodylomorpha, with
Saurosuchus as the earliest branching loricatan, followed
by Prestosuchus and Luperosuchus. Our current hypothe-
ses (implied weighting analyses) again shuffles these taxa
around, with Stagonosuchus being found as sister taxon
to Prestosuchus (as in Desojo et al., 2020) and Saurosu-
chus being placed more crownward than Luperosuchus.
Furthermore, at lower k values, also the position of other
taxa, such as Mandasuchus and Schultzsuchus switches
from poposauroids to early branching loricatans. Such
phylogenetic uncertainty at the base of a major clade
might not be too surprising, as many of the early
branching taxa are expected to be generally very similar,
and homoplasies can be concentrated in basal members
(see Rauhut & Pol, 2019). More complete materials and
very detailed evaluations of primary homology state-
ments for characters might help to solve this problem.
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APPENDIX A: CHARACTER CHANGES TO
BUTLER ET AL.

A.1. EMENDED CHARACTERS
Character 186. Epipophyses: (0) absent in postaxial
cervical vertebrae; (1) present, developed as a small
tuberance dorsal to the postzygapophysis; (2) present,
developed as a stout tubercle that projects considerably
dorsally from the roof of the postzygapophysis (ordered).

Nesbitt et al. (2011) originally only coded for the
absence/presence of epipophyses in anterior cervicals.
However, there is a notable difference in the develop-
ment of these processes in different archosaurs. In Xilou-
suchus (Nesbitt et al., 2011) and Teleocrater (Nesbitt,
Butler, Ezcurra, Charig, & Barrett, 2017), the epipophysis
are very small dorsal protuberances on the dorsal surface
of the postzygapophyses. In contrast, in many other
archosaurs were these processes are present, such as
Rauisuchus (SNSB BSPG AS XXV), Stagonosuchus (GPIT
RE 3831), Schultzsuchus loricatus, and dinosaurs, they
are high, notably projecting dorsally from the postzyga-
pophyses. Thus, we added an additional state and
ordered the character.

Character 191. Middle to posterior cervical neural
spines, distal expansion: (0) absent; (1) with a slight lateral
distal border; (2) strongly expanded into a spine table.

This character originally coded for absence of a distal
expansion and two different morphologies of such an
expansion (Nesbitt, 2011). Nesbitt, Butler, Ezcurra,
Barrett, et al. (2017) furthermore added a fourth charac-
ter state for the moderately expanded dorsal borders in
Aphanosauria. However, we found more variation in the
shape of the spine tables in the middle to posterior
cervicals of archosaurs, whereas we also considered it
necessary to code if a spine table is generally absent or
present. Thus, we divided this character into two
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characters, one coding for the absence/presence of a
spine table, and the other (new character 443) for the
shape of this spine table in dorsal view. As the situation
in Aphanosauria is not comparable to the spine table of
other archosaurs, but can be distinguished, we kept this
as a separate state in this unordered character.

Character 291. Ischium, medial contact with
antimere: (0) restricted to the medial edge; (1) extensive
contact, but dorsal margins are separated; (2) extensive
contact up to the dorsal margin; (3) extensive contact,
fused.

Originally, this character distinguished between
three states, the three states retained here as state 0–
2. However, taxa originally coded as 1 show some var-
iation. Thus, in Batrachotomus, for example, the
ischial shafts have a broad contact anteroventrally,
but diverge postrodorsally, resulting in a heart-shaped
outline of the articulated elements (SMNS 80280). In
contrast, in many other taxa originally coded as 1, the
ischial shafts contact over their entire medial surface,
being only separated dorsally by a narrow groove
marking the interischial suture. In contrast, in some
poposaurids, for example, Effigia (Nesbitt, 2007), the
ischia are fused without visible suture (see Schachner
et al., 2020).

Character 374. Calcaneum, calcaneal tuber, distal
end: (0) rounded and unexpanded; (1) markedly expanded
dorsally.

In the original definition of the character, the
derived state said that the distal end of the tuber is
expanded both dorsally (proximally) and ventrally (dis-
tally). However, as some taxa, such as Shuvosaurus
(Nesbitt, 2011) and Schultzsuchus loricatus have only a
dorsal, but no ventral expansion, we decided to separate
these two expansions into different characters (see new
character 453).

Character 439. Anterior and middle cervical neural
spines, shape in lateral view: (0) rectangular, sometimes
with a slight expansion dorsally towards the spine table,
vertical; (1), fan shaped, anteroposteriorly expanded
dorsally; (2), rectangular, anteriorly inclined.

Originally, this character coded for an anterior
overhang of the neural spine over the neural arch.
However, the situation in distinct taxa showing such an
overhang differs: whereas some, such as Teleocrater
(Nesbitt, Butler, Ezcurra, Charig, & Barrett, 2017),
Xilousuchus (Nesbitt et al., 2011) and Schultzsuchus lori-
catus have fan-shaped, dorsally anteriorly and posteriorly
expanding neural spines, in other taxa, such as Terrestri-
suchus (Crush, 1984) or Ctenosauriscus (Butler
et al., 2011), the spine is rectangular, but slightly inclined
anteriorly in its entirety. Thus, we separated these differ-
ent character states.

A.2. NEWLY ADDED CHARACTERS
Character 440. Ilium, dorsal margin of the iliac blade in
postacetabular region, lateral view: (0) convex; (1) straight;
(2) concave.

This character was proposed by Rezende et al. (2022;
see discussion there), with state 2 representing an autapo-
morphy of Prestosuchus. However, although our analysis
agrees that this state is a local autapomorphy of this
taxon, state 2 is not restricted to Prestosuchus, but also
found in Riojasuchus (von Baczko et al., 2020), the ilium
originally referred to Rauisuchus (Lautenschlager &
Rauhut, 2015), and an unidentified aetosaur ilium fig-
ured by Nesbitt (2011, figure 34E).

Character 441. Epipophysis in axis: (0) absent;
(1) present.

In the original character list of Nesbitt et al. (2011),
only the absence/presence of epipophyses in the anterior
and posterior postaxial cervical vertebrae were coded for
(characters 186 and 187, see above). However, not all taxa
that have epipophyses in the postaxial cervicals also have
epipophyses in the axis. Thus, within pseudosuchians,
axial epipophyses are only found in Revueltosaurus
(Parker et al., 2021), Longosuchus (TMM 31158-97),
Xilousuchus (Nesbitt et al., 2011) and Schultzsuchus.

Character 442. Axis, posterior indentation in spino-
postzygapophyseal lamina between postzygapophysis and
posterior margin of neural spine: (0) present; (1) absent,
lamina extends straight from postzygapophysis to the
dorsal part of the neural spine.

In most archosaurs, the postzygapophyses of the axis
project posteriorly beyond the posterior base of the neu-
ral spine, creating a concavity in the spinopostzygapo-
physeal laminae above the postzygapophyses in lateral
view. In a few taxa, however, such as Rauisuchus tira-
dentes (Lautenschlager & Rauhut, 2015) and Polonosu-
chus silesiacus (Sulej, 2005), the spinopostzygapophyseal
laminae extend straight posterodorsally from the postzy-
gapophyses, so that a concavity is absent.

Character 443. Midcervical vertebrae, outline of dis-
tally expanded cervical neural spine in dorsal view:
(0) rectangular or elliptical; (1) anteriorly expanded and
narrowing posteriorly; (2) posteriorly expanded, narrow-
ing anteriorly (heart shaped). Inapplicable in taxa that
lack expanded cervical neural spines.

In his character 191, Nesbitt et al. (2011) coded for
the presence of a spine table, and distinguished two dis-
tinct shapes of the distal end of the neural spine, one
with the widest expansion at about the midsection of the
spine, and one with the largest expansion anteriorly and
tapering posteriorly, resulting in a triangular to heart-
shaped spine in dorsal view. Thus, this character, which
was treated as unordered, originally mixed two distinct
aspects, one being the general absence/presence of a
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feature, and the second its specific shape. Therefore, we
decided to separate these two aspects into two distinct
characters, as noted above. In addition, we found that
several taxa, including Stagonosuchus nyassicus (GPIT
RE 3831) and both species of Postosuchus (Peyer
et al., 2008; Weinbaum, 2013) have a triangular or heart-
shaped distal expansion, but with the greatest expansion
at the posterior end and tapering anteriorly. Thus, we
added a further character state.

Character 444. Midcervical vertebrae (C4–C6),
ventral keel: (0) absent; (1) present.

A ventral keel is absent in the midcervical vertebrae
of proterosuchids and the outgroup, Mesosuchus.
However, most archosaurs have ventral keels in these
vertebrae, usually developed as low, longitudinal ridges.

Character 445. Distal expansion of mid to posterior
cervical neural spines: (0) more or less gradually
expanding from the base to the tip; (1) abruptly expand-
ing at the tip, spine T-shaped in anterior or posterior
view. Inapplicable in taxa that lack expanded cervical
neural spines.

In archosaurian taxa that have a thickened distal end
of the cervical neural spines (a spine table, character
191), two different morphologies can be observed. In
some taxa, such as Euparkeria (Ewer, 1965), Fasolasu-
chus (Bonaparte, 1981), or Schultzsuchus, the spine more
or less gradually expands from its base towards the tip,
whereas many other archosaurs show a spine of more or
less equal width throughout most of its length, with an
abrupt expansion at the tip, resulting in a T-shaped spine
in anterior or posterior view (e.g., Gebauer, 2004;
Gower & Schoch, 2009).

Character 446. Midcervical vertebrae, height of neu-
ral spines: (0) low, notably less than height of neural arch
from centrum to top of postzygapophysis; (1) moderate,
about as high as neural arch; (2) high, considerably
higher than neural arch. ordered.

Character 447. Ratio of anteroposterior length to
mediolateral width of midcervical neural spines (mea-
sured at approximately minimal anteroposterior length of
spine, excluding distal expansions): (0) more than two;
(1) less than two.

In most archosaurs, the cervical neural spines are
anteroposteriorly elongate sheets of bone. However, in
noncrocodylomorph loricatans, the spines are very short ante-
roposteriorly and thickened transversely (e.g., Gebauer, 2004;
Gower & Schoch, 2009; Mastrantonio et al., in press;
Weinbaum, 2013). The same morphology is also found in
parasuchians (e.g., Long & Murry, 1995) and in the
ornithosuchid Riojasuchus (von Baczko et al., 2020).

Character 448. Posterior cervical ribs, proximal shaft:
(0) slender; (1) dorsoventrally expanded, forming a dis-
tinct anterior “keel.”

Cervical ribs that are parallel to the vertebral column
are a synapomorphy of archosauromorphs. In most taxa,
the ribs are slender rods of bone that extend from the rib head
posteriorly, although a short anterior process is also often
present. In many noncrocodylomorph pseudosuchians, the
proximal part of the cervical ribs is dorsoventrally expanded
into a sheet of bone, forming a notable “keel” below the
articular area. This morphology is also found in the parasu-
chian Smilosuchus (Nesbitt, 2011, figure 28J).

Character 449. Mid- to posterior dorsal vertebrae,
prezygodiapophyseal lamina: (0) absent; (1) present.

Lateral lamination of the neural arch is present to
varying degrees in the dorsal vertebrae of most archo-
sauriform taxa (see Gower, 2001). However, a lamina
connecting the prezygapophysis with the diapophysis
above the parapophysis is absent in most pseudosu-
chians, with the notable exception of poposaurids
(Nesbitt, 2005, 2007; Schachner et al., 2020). This lamina
is also present in most dinosaur-line archosaurs.

Character 450. Anterior midcaudal vertebrae,
median longitudinal groove in ventral surface of the centra
(excluding anteriormost caudals): (0) absent; (1) present.

Character 451. Midcaudal neural spines, postspinal
lamina defined by laterally, rather than posteriorly attach-
ing spinopostzygapophyseal laminae: (0) absent; (1) present.

Most archosaurs have short spinopostzygapophyseal
laminae in the caudal vertebrae that connect the lateral
sides of the posterior margin of the neural spine with the
postzygapophyses. In a few taxa, including Batrachotomus
(Gower & Schoch, 2009), Rauisuchus (Lautenschlager &
Rauhut, 2015), Polonosuchus (Sulej, 2005), Postosuchus
(Weinbaum, 2013), and Schultzsuchus, these lamina are
placed on the lateral side of the posterior part of the neural
spine and extend lateroventrally, thus defining a low post-
spinal lamina on the posterior side of the spine.

Character 452. Ischial pit (depression in the iliac
articulation of the ischium): (0) absent: (1) present.

Long and Murry (1995) and Weinbaum and Hunger-
bühler (2007) described a small, round depression in the
wider posterior part of the iliac articulation of the ischium
in Poposaurus, the ischial pit, which receives a correspond-
ing process of the ilium. This pit was considered to be a
diagnostic character of Poposaurus by these authors and
also Nesbitt et al. (2011) and Schachner et al. (2020), but
such a pit is also present in Bromgroveia (Nesbitt, 2005),
Shuvosaurus (Long & Murry, 1995), and Schultzsuchus.

Character 453. Calcaneum, calcaneal tuber, distal
end, ventral expansion: (0) absent; (1) present.

As noted above, the expansion of the calcaneal tuber was
used as a character by Nesbitt (2011, character 374), but with-
out making the distinction whether this structure is expanded
only dorsally, or both dorsally and ventrally. As there is some
variation in this character, and not all taxa that have a dorsal
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expansion also show a ventral expansion of the tuber
(e.g., Schultzsuchus, Nundasuchus, Nesbitt et al., 2014; Teleo-
crater, Nesbitt, Butler, Ezcurra, Charig, & Barrett, 2017), we
separated these morphologies into different characters.

Character 454. Extensor groove in metatarsals
(at least metatarsal III): (0) absent; (1) rounded to trian-
gular and centrally placed, ±symmetrical; (2) elongate,
obliquely laterodistally directed.

An extensor groove on the dorsal side of the distal
end of the metatarsals (at least in metatarsal III) is absent

in Prolacerta (Colbert, 1987; Gow, 1975) and a few archo-
sauriforms. In most archosauriform taxa where such a
groove is present, it is developed as a small, usually
rounded or triangular depression on the dorsal surface of
the distal end of the metatarsal. However, in a number
of pseudosuchians, including Schultzsuchus, and silesaur-
ids (e.g., Nesbitt, Langer, & Ezcurra, 2020), the extensor
groove is developed as an elongated, oblique groove that
extends from the dorsal surface of the distal metatarsal
laterodistally.
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