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Vertebrate fossils recovered from sites nearby the Botucaraı́ Hill and Candelária (Caturrita Formation) depict a diverse Late
Triassic tetrapod fauna from south Brazil. These records are of key importance to the biostratigraphy of the upper sections of the
Rosario do Sul Group. A lithological and biostratigraphic survey on the main fossil localities of the Botucaraı́ Hill area confirms
the occurrence of the lower Hyperodapedon and the upper Riograndia Assemblage Zones in the region, the latter yielding early
saurischians. In this paper, three incomplete dinosaur specimens, an isolated sacral vertebra, an articulated left pubis–ischium
and an isolated right ischium, from the ‘Botucaraı́ Hill’ site are described. A comparative survey suggests that these specimens
have sauropodomorph affinities, but probably more primitive than typical ‘prosauropods’ from the Norian-Early Jurassic.
Regardless of the phylogenetic position of Guaibasaurus as theropod or sauropodomorph, their occurrence in the Caturrita
Formation, which also yielded ‘core prosauropods’ from the Santa Maria region, suggests either the survival of early members of
the clade with more derived ‘prosauropods’ or that heterochronous faunas are sampled from that stratigraphic unit.
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Pontifı́cia Universidade Católica, Porto Alegre, Brazil; MMACR, Museu Municipal Aristides Carlos Rodrigues, Candelária,
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Introduction

The Upper Triassic strata of the Rosario do Sul Group,

south Brazil, yields a rich saurischian fauna (Langer et al.

2007), including some of the earliest dinosaurs. Herrer-

asaurids (Colbert 1970) and basal sauropodomorphs

(Langer et al. 1999; Cabreira et al. 2011) are known from

the Santa Maria Formation; the abundance and richness of

which is only outreached by the coeval Ischigualasto

Formation of Argentina (Sereno and Novas 1992; Sereno

et al. 1993; Martı́nez and Alcober 2009; Alcober and

Martı́nez 2010; Ezcurra 2010; Martı́nez et al. 2011). In

contrast, the dinosauriform fauna of the younger Caturrita

Formation, composed of a silesaurid (Ferigolo and Langer

2007), a putative theropod (Bonaparte et al. 1999; Langer

et al. 2011) and ‘prosauropods’ (Leal et al. 2004;

Bittencourt et al. 2012), is relatively less abundant than

some coeval faunas worldwide (Bonaparte 1971; Yates

2003a; Galton and Upchurch 2004; Langer et al. 2010).

Several authors have emphasised the importance of

describing and identifying fragmentary early dinosauriform

specimens (Nesbitt and Chatterjee 2008; Nesbitt and Stoker

2008), which can help to (1) fulfil biostratigraphic or

biogeographic gaps, (2) erect new characters for systematic

studies and (3) increase the knowledge of morphological

diversity within the group. In this paper, we provide a detailed

description of three saurischian specimens recovered from

the Botucaraı́ Hill area (Caturrita Formation), coupled with a

new biostratigraphic framework for nearby fossil localities.

Material and methods

The material described herein includes three specimens:

an isolated second sacral vertebra (UFPel 014), articulated
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left pubis and ischium (UFRGS-PV-0761-T) and an

isolated right ischium (MMACR PV 037-T), all collected

in the ‘Botucaraı́ Hill’ site (Figures 1, 2; see ‘Discussion’

section). Some of these specimens were briefly mentioned

in previous studies (Kischlat and Lucas 2003), and

Kischlat (2003) carried out a preliminary study on both

UFPel 014 and UFRGS-PV-0761-T in his PhD thesis, but

formal descriptions are lacking. Their affinities have been

assessed based on comparisons with a large sample of

archosaur taxa, not only on an apomorphy-based approach

(Nesbitt and Stoker 2008), but also analysing typical

features of the more common Middle and Late Triassic

archosaur clades (i.e. phytosaurs, aetosaurs, ‘rauisuchians’

and dinosauromorphs). This is necessary when dealing

with faunas composed of multiple-lineage taxa that share

morphological traits to one another, as typically

represented by the Late Triassic archosaur radiation.

Comparative description

UFPel 014, sacral vertebra

The vertebra is almost complete, lacking only the distal

part of the neural spine (Figure 3). Similarly to

Guaibasaurus, the robust centrum is as long as broad in

ventral view, but broader at the level of the parapophyses

(Figure 3(A),(B)). There is no evidence of sacral fusion as

observed in some pseudosuchians (Weinbaum and

Hungerbühler 2007) and non-tetanuran theropods

(Tykoski 2005). The ventral surface bears a shallow

sagittal sulcus, laterally bordered by shallow depressions.

Figure 1. Fossil sites of the Botucaraı́ Hill area. (A) Composite map showing the location of the fossil sites nearby the Botucaraı́ Hill and
Candelária, Rio Grande do Sul; (B) east-western section of the outcrops numbered on the map, depicting their lithofacies and scaled with
the altitude. The ‘Vila Botucaraı́’ sites correspond to the Hyperodapedon AZ, whereas the ‘Botucaraı́ Hill’ and Sesmaria do Pinhal sites
may be assigned to the Riograndia AZ. AZ, assemblage zone.

J.S. Bittencourt et al.2
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Two obliquely oriented furrows bound the parasagittal

depressions caudally (Figure 3(A),(B)). The flat ventral

surface of the centrum is not as strongly constricted as in

pseudosuchians, such as Batrachotomus (Gower and

Schoch 2009) and Arizonasuchus (Nesbitt 2005) and

basal dinosauriforms (e.g. Silesaurus, ZPAL AbIII 361;

Dzik 2003).

The ventral surface of UFPel 014 also resembles that

of the putative second sacral of Guaibasaurus (MCN-PV

2355; Langer et al. 2011), which possesses the sagittal

sulcus and the oblique furrows. Among sauropodomorphs,

the latter trait is seen in the second primordial sacral

centrum of Adeopapposaurus (PVSJ 610) and Sellosaurus

(SMNS 12685; Galton 2000). The first primordial sacral of

Panphagia (PVSJ 874; Martı́nez and Alcober 2009) also

has a flattened ventral surface, but the centrum is much

longer than wide. This is also the case of the two

primordial sacral vertebrae of Saturnalia (MCP 3845-PV),

the second of which does not bear a median ventral sulcus.

Basal neotheropods (e.g. Coelophysis, NMMNHS P-

42200; Rinehart et al. 2009) and ornithischians (e.g.

Scelidosaurus, BMNH R1111) bear typical spool-shaped

elongated sacrals, which are unlike UFPel 014. On the

contrary, the herrerasaurids Herrerasaurus (PVL 2566;

Novas 1994) and Staurikosaurus (MCZ 1669) have axially

shortened sacral centra, and the second sacral of both taxa

has a flat ventral surface that lacks the sagittal sulcus.

The ventrolateral margins of the cranial and caudal

ends of the centrum in UFPel 014 bear striation for muscle

attachment, and both articular facets are slightly concave.

The cranial facet is broader than high (Figure 3(C)), as in

the second primordial sacral vertebra of herrerasaurids

(Staurikosaurus, MCZ 1669; Herrerasaurus, PVL 2566;

Novas 1994) and most sauropodomorphs (Efraasia, SMNS

17928; Riojasaurus, PVL 3808; Plateosaurus gracilis,

SMNS 5715). Otherwise, in some theropods [e.g. Shake-

N-Bake coelophysoid (Tykoski 2005), ‘Syntarsus’ kayen-

takatae (Tykoski 2005), Dilophosaurus (UCMP 7720;

Welles 1984)], rauisuchians [e.g. Postosuchus and

Batrachotomus (Long and Murry 1995; Gower and

Schoch 2009)], Silesaurus (Dzik 2003) and Spondylosoma

(Galton 2000), the centrum is at least as high as wide. As a

consequence, the rib attachment area in the centrum is

placed more dorsally relative to the ventral margin of the

cranial articular facet than in basal sauropodomorphs,

herrerasaurids and the material described here.

The width of the cranial facet in UFPel 014 is

increased by two lateral knobs right below the mid-height

of the centrum, which are cranial extensions of the rib

articulation areas (Figure 3(C)). The cranial facet also

bears two dorsolateral excavations, dorsal to the knobs.

The caudal facet is rounded and expands slightly below the

ventral margin of the cranial facet (Figure 3(E),(F)). The

border of the caudal articular facet is craniocaudally

thicker than that of the cranial facet (Figure 3(A),(B)),

suggesting the presence of a robust subsequent vertebra.

The parapophyses of UFPel 014 correspond to low

lateral expansions on the craniodorsal portion of the

centrum (Figure 3(A)–(C)). Five small foramina surround

the right parapophysis caudoventrally (Figure 3(G)). This

area is not as well preserved on the left side, but three

foramina are seen below the parapophysis. A single

foramen on the caudal surface of the centrum is present in

the second sacral vertebra of Saturnalia (MCP 3844-PV)

and Guaibasaurus (MCN-PV 2355). The second sacral

centrum of another specimen of Saturnalia (MCP 3845-

PV) lacks lateral foramina, suggesting intraspecific

variation.

Sacral foramina have not been reported in basal

pseudosuchians, non-dinosaurian dinosauriforms and

other basal dinosaurs, but pleurocoels were described for

tetanuran theropods (Rauhut 2003; O’Connor 2006). Yet,

these are much larger and less numerous (Frey and Martill

1995; Harris 1998), and the multiple foramina of UFPel

014 seem unique among early saurischians.

Each sacral rib is formed by an lamina projecting from

the lateral margin of the neural arch, at the base of the

transverse process, and a robust process attached to the

Figure 2. Overview of the ‘Botucaraı́ Hill’ site, southern margin of BR 287 road, with provenance of main fossils. (1) Dinosaurs
described herein, (2) J. candelariensis and (3) R. guaibensis (isolated tooth). Arrow indicates the level that yielded a stereospondyl
interclavicle on the northern part of the outcrop. Photograph by C.L. Schultz (see also Dias-da-Silva et al. 2009).

Historical Biology 3

D
ow

nl
oa

de
d 

by
 [

Jo
na

th
as

 S
ou

za
 B

itt
en

co
ur

t]
 a

t 0
6:

23
 1

7 
A

ug
us

t 2
01

2 



centrum (Figure 3(A)–(C),(E)–(G)). Both the sacral rib

and the transverse process are closely articulated, forming

the ‘sacral plate’ of Upchurch et al. (2004). The suture

between the rib and the transverse process extends from

the dorsolateral to the ventromedial portions of the ‘sacral

plate’. In lateral view, the flat distal margin of the rib forms

an angle of 458 to the craniocaudal axis of the vertebra

(Figure 3(E)). Its cranioventral portion is broader than the

caudodorsal area and folds medially at the tip. This results

in a notch between the rib and the lateral margin of the

cranial articular facet of the centrum (Figure 3(C),(F)). In

contrast to herrerasaurids (Novas 1994; Bittencourt and

Kellner 2009), a dorsolateral recess between the rib and

the transverse process, similar to that of Riojasaurus (PVL

3808), is present in UFPel 014 (Figure 3(C),(F)).

The rib of the third sacral vertebra of Silesaurus,

presumably equivalent to the second primordial sacral

vertebra of other archosaurs (Nesbitt 2011), also projects

caudodorsally and articulates with the ventral margin of

the transverse process (Dzik and Sulej 2007). However, it

differs from UFPel 014 by its conspicuous C-shaped

distal outline. The ‘sacral plate’ in the second sacral

vertebra of Staurikosaurus, including the cranial exca-

vation of the dorsoventral lamina (Bittencourt and Kellner

Figure 3. Second sacral vertebra of UFPel 014. (A) Photograph in ventral view, (B) interpretative drawing of the ventral view, (C)
photograph in cranial view, (D) photograph in dorsal view, (E) photograph in right lateral view, (F) photograph in caudal view and (G)
photograph in right ventrolateral view. ccdl, caudal centrodiapophyseal lamina; cdch, caudal chonos; cdp, caudal pedicel; cfde, cranial
articular facet dorsal excavation; lde, lateral depression; dln, dorsolateral notch; spl, sacral plate; ns, neural spine; pa, parapophysis; pf,
pneumatic foramen; poz, postzygapophysis; prz, prezygapophysis; sar, sacral rib; tp, transverse process; vf, ventral furrow; vs, sagittal
ventral sulcus. Scale bar equals 30 mm (all images at scale).

J.S. Bittencourt et al.4
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2009), is similar to that of UFPel 014. Its transverse

process is laterally, caudally and dorsally directed, as also

described in Saturnalia (MCP 3845-PV), Efraasia

(SMNS 17289), Plateosaurus (SMNS 5715) and Rioja-

saurus (PVL 3808). Herrerasaurids, on the other hand,

have horizontal transverse processes (Bittencourt and

Kellner 2009).

Among theropods, the caudosacral vertebra 1 (sensu

Welles 1984) of Dilophosaurus (UCMP 37302) bears a

fan-shaped rib which is superficially similar to that of

UFPel 014. Yet, its parapophysis is more dorsally and

caudally positioned, the rib is directed dorsally, and the

constricted area between the proximal rib attachment

and the distal fan-shaped expansion are craniocaudally

shorter than in UFPel 014. The remaining sacrals of

Dilophosaurus are poorly preserved, preventing further

comparisons (Tykoski 2005). The sacral vertebrae of

Liliensternus (HMN MB.R. 2175) possess strongly

dorsally directed ‘sacral plates’, with a concave lateral

margin for articulation with the expanded medial

surface of the ilium. Yet, no recess between the

transverse process and the sacral rib is seen. Basal

tetanurans (e.g. Allosaurus, Madsen 1976) also have

strongly dorsally directed sacral transverse processes,

but the ribs are significantly less robust than in more

basal saurischians (Langer and Benton 2006).

The cranial margin of the transverse process in UFPel

014 bulges cranially at its distal tip (Figure 3(D)).

Proximally, it merges with the prezygapophysis, forming

the diapoprezygapophyseal lamina, which roofs a deep

infraprezygapophyseal fossa. A caudal centrodiapophy-

seal lamina spans ventrally, bounding the caudal chonos

cranially. The caudal margin of the transverse process

merges with the caudoventral surface of the neural arch

(Figure 3(F)), roofing the caudal chonos. Both pre- and

postzygapophyses are similar to those described for early

dinosaurs (Novas 1994; Langer 2003; Bittencourt and

Kellner 2009), with postzygapophyses separated by a deep

crevice. The latter is bounded ventrally by a faint

‘hyposphenal ridge’ (Yates 2007b) and the broad recess

ventral to the postzygapophysis that receives the

prezygapophysis.

UFRGS-PV-0761-T, left pubis and ischium

The pubis and ischium were discovered in close association

and may correspond to the same individual. Only the

proximal portion of the pubis is preserved (Figure 4),

including the articular surfaces for the other pelvic bones,

and the proximal portions of the shaft and blade. The

ischium includes the partial proximal area and most of the

shaft (Figure 5).

The pubic body is craniocaudally elongated and

encompasses three distinct portions in its proximal margin

(Figure 4(A)): (1) the articulation area for the pubic

peduncle of the ilium, (2) the cranial acetabular area and

(3) the acetabular fossa. Only the proximal portion of the

shaft is preserved, and its orthogonal orientation in relation

to the proximal surface of the bone suggests a propubic

pelvis.

The articulation area for the ilium is as long as broad. It

is cranially rounded in proximal view and medially

displaced in relation to the cranial portion of the pubic

acetabular area. The latter is concave, with two distinct

prominences on its lateral margin. The cranial prominence

(Figure 4(A)) is laterally projected and can be observed in

other dinosauriforms, such as Marasuchus (PVL3870) and

Silesaurus (ZPAL AbIII 361). The caudal prominence is

distally pointed, forming a triangle-like process in lateral

view (Figure 4(A),(E),(F)), very similar to that of

Silesaurus (ZPAL AbIII 361) and saurischians, such as

Eoraptor (PVL 512), Saturnalia (MCP 3844-PV) and

Liliensternus (HMN MB.R. 2175; Huene 1934). Similar

processes are seen in Batrachotomus (SMNS 80269) and

poposaurids (Long and Murry 1995; Weinbaum and

Hungerbühler 2007), but these are more ventrally

projected than that of UFRGS-PV-0761-T.

The ischiadic process of the pubis bears a deep and

transversely broad acetabular fossa on its dorsal portion

(Figure 4(A),(E),(F)). This fossa does not pierce the

medial wall of the pubis, and its lateral opening appears

like a wedged sulcus. A similar structure is seen in

Saturnalia (Langer 2003), Silesaurus (Dzik 2003) and

Guaibasaurus (Langer et al. 2011), and corresponds to an

enlarged version of the ischio-acetabular groove of some

dinosauriforms (Sullivan and Lucas 1999; Langer 2003;

Ezcurra 2006; Langer et al. 2011). In Eoraptor (PVL 512),

the pubis is not well preserved, but an ischio-acetabular

groove is also present, which seems equivalent to the fossa

connecting the articulation area for the ilium and the

ischiadic process in herrerasaurids (e.g. Herrerasaurus,

PVL 2566), early sauropodomorphs (e.g. Plateosaurus,

GPIT-mounted skeletons; Riojasaurus, PVL 3808) and

theropods (e.g. Coelophysis, NMMNHS P-42200;

Megapnosaurus, Raath 1977; Liliensternus, HMN MB.R.

2175). Basal archosauriforms (Romer 1956), phytosaurs

(Chatterjee 1978), pseudosuchians (e.g. Postosuchus;

Long and Murry 1995) and basal dinosauriforms (e.g.

Marasuchus, PVL 3870; Novas 1996) also bear an

acetabular fossa. Yet, its medial wall projects dorsally and

reaches the ventral margin of the iliac acetabular wall,

closing the acetabulum. In fact, most archosauriforms with

a dorsally projected medial margin of the acetabular

portion of the pubis have a convex to straight ventral

margin of the iliac acetabulum (Bonaparte 1984;

Hutchinson 2001; Dzik 2003). Guaibasaurus (UFRGS

PV-0725-T; Langer et al. 2011) bears two sulci on the

proximal acetabular surface of the pubis, but there is no

evidence of a convex ventral margin of the medial

Historical Biology 5
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acetabular wall, nor of a dorsal projection of the medial

portion of the proximal pubis.

The ischiadic process of UFRGS-PV-0761-T is

elongated and hatchet-shaped in lateral view

(Figure 4(E)–(G)). Its ventral margin projects craniome-

dially, forming the obturator plate (incompletely pre-

served). The concave ventral margin of the process roofs

the elliptical, craniocaudally elongated obturator fenestra,

which is visible in both cranial and caudal aspects. The

ischiadic process of UFRGS-PV-0761-T is very similar to

that of Silesaurus (ZPAL AbIII 361) and Saturnalia (MCP

3844-PV). This specimen shares with early theropods the

craniocaudal elongation of the proximal pubis, but seems

to lack the co-ossified pubis and ischium of adult

coelophysoid individuals (Raath 1969; Tykoski and

Rowe 2004). In addition, the obturator fenestra in basal

theropods is craniocaudally shorter than in UFRGS-PV-

0761-T and Saturnalia (right pubis of the holotype, MCP

3844-PV).

The cranial margin of the pubic body of UFRGS-PV-

0761-T (Figure 4(C),(D)) is proximally straight and not

dorsally projected as in Batrachotomus (Gower and

Schoch 2009). Its craniolateral surface bears the

conspicuously striated cranial pubic fossa (‘triangular

Figure 4. Left pubis of UFRGS-PV-0761-T. (A) Photograph in proximal view, (B) interpretative drawing of the proximal view, (C)
photograph in cranial view, (D) interpretative drawing of the cranial view, (E) photograph in lateral view, (F) interpretative drawing of the
lateral view and (G) photograph in medial view. acf, acetabular fossa; calp, caudolateral prominence; craa, cranial acetabular area; crlp,
craniolateral prominence; crpf, cranial pubic fossa; isp, isquiadic process of the pubis; obf, obturator fenestra; pml, pubic medial lamina;
ppa, peduncle pubic attachment area; psh, pubic shaft; pt, pubic tubercle. Scale bars equal 20 mm (A, B) and 30 mm (C–G).

J.S. Bittencourt et al.6
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fossa’, Sereno and Arcucci 1994). The pubic tubercle

(¼‘ambiens’ tuberosity; Hutchinson 2001) is stout and

rugose, spanning onto most of the craniolateral portion of

the boundary between the pubic body and the shaft. In

cranial view, it forms a pendant, proximodistally elongated

process, with a laterodistal apex, obliquely oriented

relative to the pubic shaft. At the proximal edge of the

pubic body, the caudal margin of the pubic tubercle is

bounded by a raised margin, which also borders the

craniolateral concavity of the proximal pubis caudally.

The pubic tubercle of Marasuchus (PVL 3870) and

Silesaurus (ZPAL AbIII 361) is closer to the caudal edge

of the pubic body than that of UFRGS-PV-0761-T, which

is more similar to that of Guaibasaurus (MCN-PV 2355),

both in position and in morphology. It slightly differs from

the narrower and more proximodistally elongated tubercle

of early neotheropods (e.g. Coelophysis, NMMNHS P-

42200). The pubic tubercle of herrerasaurids is smaller

than those of other basal saurischians (Novas 1994;

Bittencourt and Kellner 2009; Alcober and Martı́nez

2010), whereas the basal sauropodomorphs Saturnalia

(MCP 3844-PV) and Efraasia (SMNS 12354; Yates

2003c) possess a moderately to strongly expanded pubic

tubercle, pyramid-shaped in cranial view.

The medial surface of the pubic body is mostly flat in

its cranial portion (Figure 4(G)), but slightly concave in

the acetabular portion and obturator process. Striations for

muscle attachment are widespread across that surface. The

proximal portion of the shaft comprises a bulged lateral

axis, and a thinner medial lamina, continuous to the

obturator plate.

The ischial body of UFRGS-PV-0761-T is deep and the

obturator process, although incompletely preserved, is

restricted to the proximal third of the bone

(Figure 5(A),(B),(D),(E)). This is typical of dinosaurs

(Novas 1996; Langer and Benton 2006), the obturator

process of which is followed by a slender shaft (Santa Luca

1980; Sereno and Novas 1994; Langer 2003; Bittencourt

and Kellner 2009; Martı́nez et al. 2011), as also seen in

Silesaurus (Dzik 2003).

Most of the proximal margin of the ischium is missing

in UFRGS-PV-0761-T (Figure 5(A),(B)), and it is

Figure 5. Left ischium of UFRGS-PV-0761-T. (A) Photograph in proximal view, (B) photograph in lateral view, (C) photograph in
distal view, (D) photograph in medial view, (E) interpretative drawing of the medial view and (F) photograph in dorsal view. dmr,
dorsomedial ridge; ilg, ischial longitudinal groove; iss, ischial shaft; lvr, lateroventral recess; obp, obturator plate; sr, symphyseal ridge;
vmr, ventromedial ridge. Scale bar equals 30 mm (all images at scale).
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ambiguous if it had the dinosauriform waisted margin

(Irmis et al. 2007). As common to archosaurs, the dorsal

portion of the proximal ischium is lateromedially wider

than the ventral part. The medial surface of the obturator

process is slightly concave (Figure 5(D),(E)), and the

lateral surface is convex on its cranioproximal portion. As

in other saurischians (e.g. Saturnalia, MCP 3845-PV;

Liliensternus, HMN MB.R. 2175), a recess is located on

the ventrolateral part of the obturator plate, above the area

where it merges with the ischial shaft (Figure 5(B)). The

dorsal margin of the proximal ischial body is continuous to

a broad crest (‘symphyseal ridge’ of Bonaparte et al. 1999;

Langer 2003; Langer et al. 2011) on the dorsal margin of

the shaft (Figure 5(F)), which extends from a more lateral

position in the ischial body to the dorsomedial corner of

the shaft. In addition, the shaft bears a longitudinal groove,

which has been reported in various basal dinosaurs (Yates

2003b; Martı́nez 2009; Langer et al. 2011). This groove

begins as a narrow excavation at the dorsolateral region of

the ischial body and expands caudally onto the dorsal

surface of the shaft, merging caudally with the flattened

dorsolateral portion of the ischium, as also observed in

Saturnalia (MCP 3844-PV).

The ischial shaft of UFRGS-PV-0761-T is subtrian-

gular in cross-section and rod-like along most of its

extension (Figure 5(B)–(F)). It is subtly distinct from the

ischial shafts of Saturnalia, Guaibasaurus and most ‘core

prosauropods’, which are dorsoventrally narrower proxi-

mally and quite expanded distally. UFRGS-PV-0761-T

also differs from the ischium of early theropods, which

have a relatively longer and narrower shaft (Rauhut 2003;

Tykoski 2005). The shaft lacks a medial keel along its

proximoventral margin as seen in pseudosuchians (Sereno

1991) and early dinosauromorphs (Novas 1996). The

ischial shafts of herrerasaurids (Novas 1994; Bittencourt

and Kellner 2009) and silesaurids (Dzik 2003) differ from

that of UFRGS-PV-0761-T by the absence of a distal

expansion.

The flat medial surface of the ischium is rugose and

bears craniocaudally directed striations for the articulation

with its counterpart (Figure 5(D),(E)). A groove extending

from the proximal portion of the shaft until its preserved

distal end is limited dorsally by a longitudinal ridge and

ventrally by an other elongated ridge (the ‘medial ridge’ of

Hutchinson 2001). The latter is a caudal continuation of the

ventral margin of the obturator process, which enters

the medial surface of the shaft, becoming thinner towards

the distal end of the bone. Both the dorsal and the medial

ridges are also seen in Panphagia (PVSJ 874) and

Adeopapposaurus (PVSJ 610). The lateral surface of the

shaft bears a lateral crest along its entire extension, resulting

in a subtriangular cross-section (Figure 5(C)). In some

sauropodomorphs (e.g. Plateosaurus, SMNS 13200), the

apex of the lateral expansion is ventrally projected and not

dorsally as in UFRGS-PV-0761-T. The distal end of the

ischium is missing.

MMACR PV 037-T, right ischium

This additional isolated ischium is more complete than

that described above, but their anatomy and size are very

similar. It bears a proximal smooth dorsocaudal surface,

which corresponds to the articulation with the ischiadic

peduncle of the ilium (Figure 6(A),(B),(F)). This area also

encompasses the antitrochanter, which projects laterally

from the edge of the articular surface. Similar to that of

basal dinosaurs (Irmis et al. 2007), the area between the

iliac articulation and the obturator process shows a lateral

acetabular fossa, medially bound by a sheet of bone. In the

ventral margin of the ischium, the boundary between the

obturator process and the ischial shaft is marked by notch

(Figure 6(A),(B)). This is more common in theropods

(Rauhut 2003), but a fainter version of it is also seen in

Plateosaurus (GPIT-mounted skeletons; Yates 2003c).

The apparent absence of this structure in UFRGS-PV-

0761-T is more likely due to its incompleteness.

The flattened medial surface of the shaft preserves the

ventral longitudinal ridge as described for UFRGS-PV-

0761-T, but the dorsal ridge is not as conspicuous as in that

specimen (Figure 6(A)). Likewise, MMACR PV 037-T

also bears a dorsal symphyseal crest and a dorsolateral

longitudinal groove (Figure 6(D)). The distal portion of the

bone is clearly expanded caudodorsally, but not to the

extent seen in most saurischians (Bonaparte et al. 1999;

Langer 2003; Rauhut 2003). The distal outline is medially

flat and laterally rounded (Figure 6(C)), and the

subtriangular outline typical of sauropodomorphs (Galton

and Upchurch 2004) is lacking.

Discussion

Affinity of the dinosaur specimens

The affinities of UFPel 014 with sauropodomorphs are

supported by the presence of a dorsolateral recess in the

‘sacral plate’ (Upchurch et al. 2007). This structure is

associated with the craniocaudal crest on the dorsomedial

surface of the postacetabular process of the ilium, which is

especially conspicuous in basal members of the group

(Bonaparte 1971; Galton 2001). UFPel 014 shares sacral

foramina with Saturnalia and Guaibasaurus, but the

paucity of the material prevents its assignment to either of

these genera. Indeed, no apomorphic features of

Saturnalia and Guaibasaurus, or even Guaibasauridae,

are based on the sacral vertebra anatomy (Langer et al.

1999, 2007, 2011; Ezcurra 2010).

UFRGS-PV-0761-T shares various characters with

Saturnalia, including a wedged lateral opening of the

ischio-acetabular groove and a hatchet-shaped ischiadic

J.S. Bittencourt et al.8
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process of the pubis. Both characters are also seen in

Silesaurus, and Guaibasaurus has a similar ischio-

acetabular groove lateral opening. Yet, UFRGS-PV-

0761-T differs from Saturnalia in its larger size and the

more robust and subtriangular ischial shaft, suggesting that

it is a distinct taxon. In addition, the absence of typical

‘core prosauropods’ (i.e. plateosaurids, riojasaurids and

massospondylids; Yates 2007a) features, including an

enlarged pubic fenestra and a lateromedially expanded and

craniocaudally short pubic blade (Galton and Upchurch

2004), precludes the assignment of UFRGS-PV-0761-T to

that group, and suggests a basal position within

Sauropodomorpha. There is no positive evidence support-

ing the assignment of MMACR PV 037-T and UFRGS-

PV-0761-T to the same individual, but their matching

anatomy suggests that they belong to the same taxon.

The similarity of the specimens described here to both

Guaibasaurus and sauropodomorphs is not surprising, as

affinities between that genus and Saturnalia have been

noticed by previous authors. In fact, Bonaparte et al. (2007)

and Ezcurra (2010) argued for a close relationship between

Guaibasaurus and Saturnalia, mainly based on the

anatomy of the ilium. Yet, Langer et al. (2011) suggested

that the sauropodomorph affinity of Guaibasaurus may

result from symplesiomorphies shared by basal saur-

ischians in general. Their study indicates that various

phylogenetic analyses of basal dinosaurs lack characters

that account for a greater variability among early

saurischians. Indeed, Langer et al. (2011) showed that the

phylogenetic position of various basal taxa is sensitive to

small variations in character sampling. In this sense, some

features discussed here, as the sacral foramina, the

composition of the ‘sacral plate’, the shape of the proximal

portion of the pubis and the variation on the pubic tubercle,

may be considered in future phylogenetic studies. This may

add evidence that Guaibasaurus is a sauropodomorph,

rather than a theropod. On the other hand, the lack of more

complete material of that genus, including cranial parts,

hampers a definitive assessment of its phylogenetic

position.

Figure 6. Right ischium of MMACR PV 037-T. (A) Photograph in medial view, (B) photograph in lateral view, (C) photograph in distal
view, (D) photograph in dorsal view and (E) photograph in proximal view. iaf, ischial acetabular fossa; ipa, ischiadic peduncle
articulation area; iat, ischial antitrochanter; ilg, ischial longitudinal groove; ipp, ischio-pubic process; iss, ischial shaft; lvr, lateroventral
recess; obp, obturator plate; sr, symphyseal ridge; vmr, ventromedial ridge; vn, ventral notch. Scale bars equal 30 mm (A, B, D–F) and
10 mm (C).
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Correlations of the Botucaraı́ Hill paleofauna

The surroundings of the Botucaraı́ Hill, about 8 km

southwest of Candelária, represent one of the best sampled

areas for Triassic tetrapods in Rio Grande do Sul, Brazil. It

was defined as a ‘Local Fauna’ by Barberena et al. (1985)

and has yielded an abundant record of fossil tetrapods

including temnospondyls, rhynchosaurs, archosaurs, dicy-

nodonts and cynodonts (Langer et al. 2007; Dias-da-Silva

et al. 2009; Soares et al. 2011). Yet, the specimens have

not been recovered from a single site, but from a series of

outcrops along the BR 287 road, on the NW slope of the

hill (Figure 1(A)). Accordingly, the name Botucaraı́ Hill

cannot be strictly applied to any of the sites, although it has

been usually (and will be here) employed with reference to

the first of those localities to be dug up for fossils, yielding

the dicynodont Jachaleria candelariensis (Araújo and

Gonzaga 1980). More importantly, it has been long

suspected (Schultz et al. 2000) that not all sites of the

Botucaraı́ Hill area belong to a single stratigraphic unit.

The ‘Botucaraı́ Hill’ site itself corresponds to a 15-m thick

road cut, with specimens coming from different levels of

the outcrop (Figure 2).

A detailed investigation of all sites, with historical

inventory of their fossil record and in situ geologic studies,

allowed a more precise characterisation of the Botucaraı́

Hill area. Such studies are vital to the understanding of

fossiliferous deposits such as those of Triassic age in Rio

Grande do Sul, which are composed of isolated

anthropogenic outcrops with poor stratigraphic control.

In these conditions, attempts to a fine correlation among

nearby sites are necessary before biostratigraphic studies

are conducted on a larger scale, perhaps using structural

blocks as units to be cross-correlated (Da-Rosa and

Faccini 2005). In this context, the Botucaraı́ Hill area

belongs to the ‘Candelária Block’ of Da-Rosa and Faccini

(2005), which is particularly important, because it

preserves the most complete record of biostratigraphic

units in the Santa Maria Supersequence (Zerfass et al.

2003; Langer et al. 2007). Yet, this study focuses on the

uppermost portions of the sequence, which are those that

crop out in the Botucaraı́ Hill area.

Six different fossiliferous sites are known on the NW

slope of the Botucaraı́ Hill, along BR 287 road (Figure 1).

The easternmost of them is that frequently referred to as

the ‘Botucaraı́ Hill’ site (Figure 2). The single fossil record

from its lower third corresponds to a stereospondyl

interclavicle possibly referable to Mastodonsauroidea

(Dias-da-Silva et al. 2009). This came from the northern

margin of the road, whereas all other remains were

collected from the main outcrop, which lies on the

southern side of the road. The specimens dealt with here

came from its middle third (Figure 2), along with all

specimens referred to J. candelariensis (Araújo and

Gonzaga 1980; Vega-Dias et al. 2004) and a still

undescribed ictidosaur (MMACR PV-0003-T), whereas

an isolated first lower incisor of Riograndia guaibensis

(Soares et al. 2011, p. 83) was recovered from the upper

third of the outcrop (Figure 2). Other fossils collected in

the site, i.e. isolated archosaur teeth (Dornelles 1990) and a

partial phytosaur rostrum (Kischlat and Lucas 2003), were

found scattered on the ground, with no clear indication of

its stratigraphic provenance.

The three next outcrops westward of the ‘Botucaraı́

Hill’ site have been referred to as Sesmaria do Pinhal 1–3

(Soares et al. 2011). The first of these bears an

accumulation of small tetrapod remains on its psamitic

basal portion (Martinelli et al. 2005), which yielded the

type specimens of R. guaibensis (Bonaparte et al. 2001)

and Irajatherium hernandezi (Martinelli et al. 2005). Other

recovered small tetrapods (Ferigolo 2000, p. 243; Soares

et al. 2011) include Brasilodon quadrangularis, Brasi-

litherium riograndensis and sphenodontians, possibly

referred to Clevosaurus brasiliensis. The type specimens

of Guaibasaurus candelariensis (Bonaparte et al. 1999)

represent the only material recovered from Sesmaria do

Pinhal 2, whereas Sesmaria do Pinhal 3, also referred to as

‘poste’, has yielded teeth of B. riograndensis, teeth and the

partial maxilla of a traversodontid with affinities to

Exaeretodon and remains of indeterminate sphenodontians

and archosaurs (Ribeiro et al. 2011; Soares et al. 2011).

The next westward outcrops are the most problematic

of the Botucaraı́ area in terms of fossil content, because

most specimens were collected during the 1970s, lacking

field notes regarding their provenance. Yet, personal

communications from independent sources allow the

definition of an area about 3 km southwest of the

‘Botucaraı́ Hill’ site, along BR 287 road (Figure 1(A)),

as the most likely type locality of Proterochampsa nodosa

(Barberena 1982), Charruodon tetracuspidatus (Abdala

and Ribeiro 2000) and Exaeretodon riograndensis (Abdala

et al. 2002). More recently, a rhynchosaur with affinities to

Hyperodapedon (MCN-PV 3598) was also collected in

this area, as well as from another site 0.5 km northward

(MMACR PV 017-T). These will be referred to here as,

respectively, ‘Vila Botucaraı́’ 1 and 2.

The ‘Botucaraı́ Hill’ site, as well as Sesmaria do Pinhal

1 and 2, preserves massive fine sandstones, orange to

brown, with tabular or lensoid geometry, indicating

depositional lobes of crevasse splays (Figure 1(B)), typical

of the Caturrita Formation, whereas the Sesmaria do

Pinhal 3 site includes medium sandstones with through

cross bedding, characterising the alluvial channels of that

unit. On the contrary, the ‘Vila Botucaraı́’ sites preserve

massive/laminated mudstones with rhizocretions, desicca-

tion marks and carbonate concretions, intercalated with

very fine tabular sandstones (Figure 1(B)). Within the

Santa Maria 2 Sequence (Zerfass et al. 2003), these

deposits are typical of the Alemoa Member of the Santa

Maria Formation.

J.S. Bittencourt et al.10
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The lithofaciological context suggests that ‘Botucaraı́

Hill’ and Sesmaria do Pinhal 1–3 are coeval sites, and the

occurrence of R. guaibensis in two of the localities allows

their correlation to the Riograndia Assemblage Zone (AZ)

of Soares et al. (2011). Instead, the ‘Vila Botucaraı́’ sites

are lower in the local stratigraphy, and the record of

Hyperodapedon suggests an assignment to the eponymous

biostratigraphic unit (Abdala et al. 2001; Langer et al.

2007). Accordingly, around Botucaraı́ Hill, the contact

between the Hyperodapedon AZ (below) and Riograndia

AZ (above) matches a lithofaciological shift from distal

floodplain to alluvial channels and crevasse splays.

Although erosional, the contact is formed by very fine

tabular sandstones, with no evidence of erosional surfaces.

In other areas of the east-western ‘Triassic belt’ of Rio

Grande do Sul, the deposits yielding the Hyperodapedon

AZ are linked to highly sinuous rivers, whereas the

overlying rocks represent braided river systems. This shift

in fluvial style marks the transition from the Santa Maria to

the Caturrita formations, or the end of the Transgressive

systems tract of the Santa Maria Sequence 2. It is

noteworthy that the Hyperodapedon AZ is less than 50 m

thick in the ‘Candelária’ structural block, whereas the

Riograndia AZ has a thickness of more than 150 m. This

may be explained by the lower depositional rate of

floodplain deposits, which have more paedogenesis when

compared to the channel deposits.

Some authors have attempted to refine the biostrati-

graphy of the Santa Maria 2 sequence beyond the

Hyperodapedon–Riograndia AZs dichotomy. Langer et al.

(2007) and Oliveira and Schultz (2007) identified a

Hyperodapedon Acme Zone and a younger Exaeretodon-

rich zone within the Hyperodapedon AZ. This was based

both on correlations to the Ischigualasto Formation, in NW

Argentina, where Exaeretodon abounds upper in the

section (Martı́nez et al. 2011), as well as on apparent

peculiarities of the deposits yielding Exaeretodon in the

Santa Maria sequence, including the Vila Botucaraı́ 1 site.

This was even suggested to belong to the Caturrita

Formation by Barberena et al. (1985), representing the

start of the coarsening up succession that replaces the

Alemoa Member. On the contrary, the present study found

no lithological basis to segregate the Vila Botucaraı́ sites

from localities in Rio Grande do Sul where the Alemoa

Member yields typical fossils of the Hyperodapedon Acme

Zone fossils. Indeed, except for the ambiguous Exaer-

etodon major, from the Middle Triassic deposits of the

Chiniquá area (Abdala et al. 2002; Liu 2007) and the

specimens mentioned by Ribeiro et al. (2011), all currently

known remains of Exaeretodon appears to come from the

Transgressive systems tract of the Santa Maria Sequence 2.

This is also the case of a new outcrop in the area of Vera

Cruz (Horn et al. 2011), where an erosional surface occurs

within the massive mudstones of the Alemoa member,

splitting records of Hyperodapedon (below) and Exaer-

etodon (above). Indeed, an Exaeretodon-rich zone appears

to occur in the Triassic of south Brazil, but there is no

lithologic evidence to identify corresponding strata in

isolated outcrops. Besides, it was recently proposed

(Ribeiro et al. 2011) that the fauna of Sesmaria do Pinhal 3

may be somewhat intermediate between the Hyperodape-

don and Riograndia AZs. Yet, this is unlikely given that

Sesmaria do Pinhal 3 occurs at the same stratigraphic level

as sites (‘Botucaraı́ Hill’ and Sesmaria do Pinhal 1) that

yield typical Riograndia AZ fossils. Besides, the

occurrence of B. riograndensis also suggests that the

fauna of Sesmaria do Pinhal 3 belongs to the Riograndia

AZ.

The Caturrita Formation yielded typical ‘prosauro-

pods’, including Unaysaurus tolentinoi (Leal et al. 2004),

with probable affinities to Jurassic forms, and other

fragmentary remains (Bittencourt et al. 2012), as well as

probable non ‘core prosauropod’ basal sauropodomorphs,

i.e. the specimens described here and the ilium/femora

(Ferigolo and Langer 2007) recovered from the type

locality of Sacisaurus agudoensis. Guaibasaurus may be

also included, but its phylogenetic position is still debated.

This suggests either the occurrence of basal sauropodo-

morphs together with more ‘derived’ members of the

clade, as already known in Late Triassic stratigraphic units

of other parts of the world (Yates 2003a, 2003c; Galton and

Upchurch 2004; Galton 2007; Novas et al. 2011), or that

the dinosauriforms of the Caturrita Formation have been

sampled from stratigraphic levels at different ages

(Scherer et al. 2000; Bittencourt and Langer 2011).
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sp. nov.) do Triássico do Brasil. An Acad Brasil Cienc.
54(1):127–141.
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Paleontológicos. Brası́lia: DNPM. p. 21–28.

Bittencourt JS, Kellner AWA. 2009. The anatomy and phylogenetic
position of the Triassic dinosaur Staurikosaurus pricei Colbert, 1970.
Zootaxa. 2079:1–56.

Bittencourt JS, Langer MC. 2011. Mesozoic dinosaurs from Brazil and
their biogeographic implications. An Acad Brasil Cienc.
83(1):23–60.

Bittencourt JS, Leal LA, Langer MC, Azevedo SAK. 2012. An additional
basal sauropodomorph specimen from the Upper Triassic Caturrita
Formation, southern Brazil, with comments on the biogeography of
plateosaurids. Alcheringa, doi: 10.1080/03115518.2012.634111.
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