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Abstract

South Africa’s lower Elliot Formation is notably depauperate in fossils relative to the upper
strata. These lower layers, however, are important because they preserve Triassic deposits
leading up to a mass extinction event at the Triassic-Jurassic boundary. A new, associated
skeleton of a single specimen of basal sauropodomorph recently collected from the lower Elliot
Formation represents an extremely rare find from this stratum. This project investigates the
systematic position, taphonomy, and stratigraphic context of this specimen through anatomical
description, phylogenetic systematics, and sedimentological interpretation. This dissertation
shows that the specimen was preserved in a sequence of low-energy stream deposits and
overbank/oxbow lakes suggestive of a local death instead of one of transportation. The new
specimen represents a new species that is part of a small clade of specimens referred to
“Melanorosaurus”. However, due to poor provenance data and poor association within the
syntype and referred material calls into question the validity of “Melanorosaurus”. This clade,
and the taxa within it, require taxonomic revision.
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Chapter 1: Introduction and Literature Review

1.1 General Introduction

Sauropodomorph dinosaurs were one of the most successful clades of terrestrial animals to
walk this planet. They diverged from other dinosaurian lineages during the Carnian stage
(Sereno et al., 1993; Langer et al., 1999; Wilson, 2002; Martinez & Alcober, 2009; Mdiller et al.,
2018), during which time they were small, gracile, bipedal animals (e.g., Saturnalia, Panphagia,
Eoraptor) relatively undifferentiated from the plesiomorphic saurischian condition (Langer et
al., 1999; Sereno et al., 1993; Martinez & Alcober, 2009). However, due to recent finds, the
affinity of these Carnian taxa remain relatively undetermined in comparison to their Norian
counterparts (Martinez & Alcober, 2009). By the earliest Jurassic, they had become the first
dinosaurian bulk-browsers to gain cosmopolitan distribution (Novas, 2009), and they remained

the dominant herbivores in many areas until the end of the Cretaceous (Sander et al., 2011).

From the Norian stage onwards, sauropodomorph evolution is marked by a general increase in
body size accompanied by the development of a quadrupedal locomotory habit and
herbivorous feeding strategy (Raath, 1972; Buffetaut et al., 2000; Yates and Kitching, 2003;
Upchurch & Barrett, 2005; Sander et al, 2011; Benson et al., 2014). While the earliest members
of the clade weighed only 10-35 kilograms, maximum body mass increased dramatically over

the course of sauropodomorph evolution (Benson et al., 2014), ultimately making them the



largest animals to have ever walked on Earth (Bonaparte & Coria, 1993; Haines & Chambers,

2007; Sander et al., 2011).

Many non-sauropodan sauropodomorph taxa are well known (e.g., Plateosaurus,
Massospondylus, Antetonitrus) but the complexities of their early transition into derived,
quadrupedal, massive sauropodans are still not entirely clear. This is particularly true of the
Triassic South African representatives which are marred by poor provenance data, incomplete
specimens, and chimaeric specimens which obscure understanding of the transition (McPhee et
al., 2017). There is also a great deal of confusion regarding the specific evolutionary history and
relationships of taxa occupying a more central position on the sauropodomorph stem (basal to

Sauropoda).

In the last 20 years there has been a dramatic resurgence in work on non-sauropodan
sauropodomorphs (e.g., Yates, 2003; Martinez & Alcober, 2009; Smith & Pol, 2007; Ezcurra,
2010; Yates et al., 2010; Pol et al., 2011; McPhee et al., 2014, 2015 a&b, 2017; Mdller et al.,
2018). This research has precipitated further understanding of the evolution of the earliest
members of this group, which will ultimately provide vital information on how these initially
light, bipedal animals evolved into the largest terrestrial animals in Earth’s history, and how
they were able to dominate the large-bodied herbivore niche for almost 150 million years

(Tidwell & Carpenter, 2005; Sander et al., 2011; Langer et al., 2010).



A key stratum for addressing these issues is the Elliot Formation of South Africa (Fig. 1). The
Triassic component of this rock unit, known informally as the lower Elliot Formation (Bordy et
al., 2004a, 2004b, 2004c), is understudied. The associated fossil assemblage that will form the
basis of this study (BP/1/7811) was collected the Eastern Cape Province of South Africa from
the lower Elliot Formation. Representative elements of most of the appendicular skeleton,

along with multiple vertebrae, were collected from this assemblage.
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Figure 1: (Modified from Bordy & Erikkson, 2015) Map depicting Elliot Formation outcrops in South Africa and Lesotho and
the location of the H5 Quarry in the southeast (marked by orange star).




1.2 Overview of the Elliot Formation

The Late Triassic to Early Jurassic Elliot Formation is the middle unit of the Stormberg Group
sequence and crops out in both South Africa and Lesotho, surrounding the Drakensberg Massif.
The formation stretches across approximately 20 million years, spanning the late Norian to
Sinemurian stages of the Mesozoic (Bordy & Eriksson, 2015; Sciscio & Bordy, 2016). The Elliot
Formation is underlain by the Molteno Formation and overlain by the Clarens Formation (Bordy
& Catuneanu, 2001; Catuneanu et al., 2005). The Molteno/Elliot Formation contact is a
disconformity, whereas the contact between the Elliot and Clarens Formations is conformable
and gradational (Bordy & Eriksson, 2015), as observed in the Eastern Cape, Free State, and Kwa-

Zulu Natal provinces (Fig. 1).

The Elliot Formation preserves a depositionally continuous record of the non-marine Triassic-
Jurassic boundary (Bordy et al., 2004a; Bordy & Eriksson, 2015). Diverse vertebrate fossils are
known from the Elliot at this time, which is an important period in the evolution of dinosaurs
and mammals (Brusatte et al., 2008). In particular, it contains one of the richest known record
of basal sauropodomorphs, the ancestors to the iconic long-necked Jurassic sauropods (McPhee

et al,, 2017).

Earlier work divided the Elliot Formation “Red-Beds” succession of mud-and-siltstones and
sandstones into three informal members: lower, middle, and upper (Haughton, 1924; Olsen &

Galton, 1977; Kitching & Raath, 1984; Smith & Kitching, 1997). More recent work by Bordy



(2004 a&b, 2005) and Bordy and Eriksson (2015) recognizes just two informal subdivisions
within the Elliot — the upper Elliot Formation (UEF) and the lower Elliot Formation (LEF). These
divisions have been widely adopted (e.g., Otero et al., 2015; Bordy et al., 2017; McPhee et al.,

2015 a&b) but no formal subdivision has been proposed as of yet (Bordy & Eriksson, 2015).

The LEF is characterized by asymmetrical, isolated channel sandstone and alternating thick
mudstone deposits. These have been interpreted as a perennial meandering fluvial system
(Bordy et al., 2004a; 2005; Bordy & Eriksson, 2015). The southern LEF outcrops preserve up to
300 meters of section but they dramatically thin northward, which is possibly due to its close
proximity with the Kaapvaal Craton (Bordy et al., 2004a). The depositional environment
interpretations made by Bordy et al. (2004a, 2005) suggest a semi-arid climatic setting (McPhee

etal., 2017).

The UEF is characterized by laterally continuous sandstones and interbedded mudstones which
have been interpreted as ephemeral, flash flood-dominated fluvial systems suggesting a
progressively more arid climatic setting (Bordy et al., 2004a). The now-disused “middle Elliot”,
which was originally marked by a layer of small, calcareous concretions (Smith & Kitching,
1997), has now been incorporated solely into the UEF. This consolidation was argued on the
grounds that the middle Elliot could not be traced on a regional scale (Bordy et al., 2004a,
2004b, 2004c; Bordy & Eriksson, 2015). While relative aging places the LEF between 210 and

200 and the UEF between 200 and 190 m.y.a. (e.g., Visser & Botha, 1984; Lucas & Hancox,



2001; Butler, 2005; Bordy & Eriksson, 2015), no radiometric dates have been published for

these strata (Sciscio et al., 2017).

13 History of Sauropodomorpha

The clade Dinosauria diverged from their archosaurian relatives towards the end of the middle
Triassic (Upchurch, 1995; Nesbitt et al., 2012). During this time, Pangaea was still whole (Kent
et al., 1995). Just prior to the breakup of Pangaea, the Triassic-Jurassic extinction (TJB)
occurred, possibly due to a changing climate (Quan et al., 2008) and/or widespread volcanism
(Tanner et al., 2001; Whiteside et al., 2010; Blackburn et al., 2013). This event lasted ~10,000
years and marks the boundary between the Triassic and Jurassic periods (Ryder et al., 1996;
Whiteside et al., 2010; Roff, 2011). During this extinction event most non-dinosaurian
archosaurs, therapsids, and large amphibians were wiped out, but sauropodomorph diversity
appears to have been relatively unaffected (Olsen et al., 2002; Barrett & Upchurch, 2005;
Barrett, 2009; McPhee et al., 2017). While it remains uncertain why this clade survived this
event, research indicates that this after extinction, open niche space was able to accommodate
a vastly accelerated radiation of the dinosaurs throughout the Early Jurassic (Hallam, 1990;

Wilson & Sereno, 1998; Wilson, 2002; Barrett & Upchurch, 2005; Pol et al., 2011).

Soon after the TJB extinction event, rifting of Pangaea began, which ultimately created two
separate supercontinents, Laurasia and Gondwana (Collins & Windley, 2002). This rifting

created shallow continental tropical seas which led to generally warmer global temperatures



(Sellwood & Valdes, 2006). It is within this global context that the derived sauropodan bauplan
first appears, with all sauropods primarily distinguished by exceptionally long necks and tails,
proportionally small skulls, an obligatory quadrupedal locomotor habit and, in later-branching
members of the group, an enormous body plan (Upchurch et al., 2004; Sander et al., 2011;

Langer et al., 2010; McPhee et al., 2015a).

1.4 Systematics and Evolution

Saurischian dinosaurs are traditionally divided into two major groups: Theropoda and
Sauropodomorpha (e.g., Marsh, 1882; Seeley, 1887; von Huene, 1932; Benton, 2004;
Weishampel et al., 2004). Although this relationship has been contested (Baron et al. 2017), the
precise interrelationships of these groups remains in a state of flux (Langer et al., 2017; Mdller
& Dias-da-Silva, 2017). The ‘traditional’ arrangement will be observed throughout this

dissertation, and has no impact on the conclusions reached here.

The earliest phylogenetic work done in regard to Sauropodomorpha can be traced back to von
Huene, who coined the clade Sauropodomorpha in the early 20" century (1932). Although pre-
cladistical hypotheses of sauropodomorph relationships suggested a close affinity between
Prosauropoda (von Huene, 1920) and Sauropoda (Marsh, 1898), the details of this remained a

point of contention throughout the 20" century (Carpenter & Currie, 1990; Yates et al., 2012).



The widespread adoption of cladistics (from the early work of Hennig in 1966) beginning in the
1980s introduced a fundamental shift in how hypotheses of evolutionary relationships between
taxa were made and tested. Early systematic work on dinosaurs (Gauthier, 1986) built upon von
Huene’s (1932) conception of the group, originally assigning a sister-taxon relationship between
a reciprocally monophyletic Prosauropoda and Sauropoda (e.g., Galton, 1976, 1990; Upchurch,
1995, 1998; Sereno 1998, 1999; Wilson, 2002; Galton & Upchurch, 2004). This arrangement was
formalized in early phylogenetic definitions of the group: i.e., Prosauropoda = all taxa closer to
Plateosaurus, Sauropoda = all taxa closer to Sal/tasaurus (Wilson & Sereno, 1998). This work
predated an era of discovery of new sauropodomorph taxa, particularly in South America, but
also in China and the USA (e.g., Sertich & Loewen, 2010; Wang et al., 2017; Apaldetti et al.,

2014).

The first cladistical analyses to employ a wide sample of both basal sauropods and traditional
‘prosauropod’ taxa were conducted by Yates (2003) and Yates & Kitching (2003). This work
differed from previous studies that focused on the inter-relationships exclusively within
Prosauropoda (e.g., Galton, 1990; Sereno, 1999; Benton et al., 2000). Yates & Kitching’s 2003
analysis suggested a prosauropod paraphyly, the result of which echoes through most other
subsequent analyses. One exception to this trend is Upchurch et al. (2007) where a small
monophyletic group of taxa once considered prosauropods was recovered. Ensuing works using
Yates and Kitching’s dataset (i.e., with prosauropod paraphyly) generally recovered early
branching sauropodomorphs (e.g., Saturnalia, Thecodontosaurus, Efraasia), “core

prosauropods” now forming reciprocally monophyletic groups (Plateosauridae, Riojasauridae,



and Massospondylidae), that occupied various positions on the stem, and “near-sauropod” taxa
demonstrating a more sauropod-like anatomical structure (e.g., Anchisaurus, Mussaurus,
“Melanorosaurus”) (Benton et al., 2000; Galton & Upchurch, 2004; Galton, 2005; Yates, 2007;

Otero et al., 2015)

Yates (2007a) named a clade Massopoda comprising of Massospondylidae, Riojasauridae, and
all Sauropoda, the definition being all sauropodomorph dinosaurs more closely related to
Saltasaurus loricatus than to Plateosaurus (engelhardti). Yates (2007b) built upon this definition
by specifically excluding “Melanorosaurus” from Sauropoda (Sauropoda = all sauropodomorphs
closer to Saltosaurus than “Melanorosaurus”) and many others followed suit (e.g., Ezcurra,

2010; Pol et al., 2011).

More recent work conducted by McPhee et al. (2014) defined Sauropodomorpha as “the most
inclusive clade containing Saltasaurus but not Tyrannosaurus rex”. Massopoda retained the
Yates (2007b) definition but the definition for Sauropodiformes was changed to “the most
inclusive clade containing Saltasaurus but not Massospondylus”. Otero et al. (2015) favors “the
most inclusive clade containing Saltasaurus but not Passer or Triceratops” from the Sereno
(2007) sauropodomorpha definition and defines Sauropodiformes as “the least inclusive clade
containing Mussaurus and Saltasaurus” but shares the McPhee et al. (2014)’s (Yates, 2007b)

definition of Massopoda.

15 Sauropodomorph Biostratigraphy in the Elliot Formation



Kitching and Raath proposed the first systematic, influential biostratigraphical partitioning of
the Elliot Formation in 1984. They divided the Elliot and lower Clarens Formations into two
distinct range zones based upon the supposedly exclusive stratigraphic occurrence of two
sauropodomorph genera: Massospondylus and “Euskelosaurus” (Fig. 2) (see below regarding
the current taxonomic status of “Euskelosaurus”). The “Euskelosaurus” Range Zone correlates
with Upper Triassic strata elsewhere in the world, which contain a similar fauna of early
branching non-sauropodan sauropodomorphs (Letourneau & Olsen, 2003). The
Massospondylus Range Zone comprises the middle and upper Elliot (now both informally
considered UEF; see above) and basal beds of the Clarens Formation, and correlates with the
Lower Jurassic (Hettangian—Pliensbachian) global biostratigraphic records. These zones were
based on the interpretation (Haughton, 1924; Kitching & Raath, 1984) that the lower sections of
the formation tended to preserve the remains of a large-bodied “prosauropods”
(“Euskelosaurus”) where the upper sections had an abundance of the small-bodied

Massospondylus.

However, based on recent and ongoing work on Elliot Formation fieldwork and taxonomic
revision, it is becoming increasingly evident that this early two-range zone classification was an
oversimplification, which has raised questions regarding the stratigraphic provenance data of a
number of historically collected lower Elliot Formation taxa (McPhee et al., 2017). Many of the
early studies of these animals contain sparse locality information, and there has been a great

deal of confusion and debate on which taxa are valid and how many distinct species are
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represented (Kitching and Raath, 1984; Sereno et al., 1993; Yates, 2003, 2007; McPhee et al.

2015b).

Previous work on the Elliot Formation has put a great deal of emphasis on the greater

taxonomic diversity of the LEF saurpodomorph assemblage and the perceived lack of diversity

in the UEF (e.g., Kitching & Raath, 1984). However, more recent work by McPhee et al. (2017)

has shown the UEF to be far more taxonomically diverse than previously thought (Yates et al.,

2010 & 2011; McPhee et al., 2015 a&b). Below | review these taxa in brief (see more

comprehensive review in McPhee et al., 2017).
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Figure 2: Kitching & Raath’s (1984) Massospondylus (red) and “Euskelosaurus” (purple) Range Zones.
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1.5.1 Lower Elliot Taxa Taxonomy and Legitimacy

1.5.1.1 Euskelosaurus brownii Huxley, 1867

Euskelosaurus brownii was first described by Huxley (1867) and was based primarily on an
isolated proximal femur (now housed at the Natural History Museum, London) collected from
the Elliot Formation (previously known as the Stormberg “Red-Beds”) by Brown in 1863. This
genus is the basis for the “Euskelosaurus Range Zone” of Kitching and Raath (1984) (see History
of Sauropodomorpha). The holotype lacks diagnostic features and contains duplicate referred
elements with different morphologies, therefore it is both not diagnosable and it cannot
pertain to a single taxon. For this reason, “Euskelosaurus” has been considered a nomen
dubium by Yates & Kitching (2003) and Yates (2003). Due to the chimeric nature of

“Euskelosaurus”, the use of this taxa as a range zone indicator is not viable.

1.5.1.2 Plateosauravus cullingworthi Haughton, 1924

Plateosauravus was originally named Plateosaurus cullingworthi by Haughton (1924) and re-
designated as a distinct genus by von Huene (1932). Van Heerden (1979) reassigned the genus
to “Euskelosaurus”, but Yates (2003) recommended abandoning “Euskelosaurus” altogether
(see above) in favor of the name Plateosauravus. This animal is currently hypothesized to be
the earliest-branching sauropodomorph within the Elliot formation (Yates, 2007a, 2007b,

2010). This animal is known primarily from a disarticulated fossil assemblage recovered in 1918
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in the Eastern Cape (Haughton, 1924) on a hillside near Kromme Spruit. The assemblage is
composed of at least three different sized individuals with dubious association. Within this
assemblage, no reliable autapomorphies can be found. These issues suggest that
Plateosauravus is a nomen dubium. Despite taxonomic concerns (Yates, 2003; McPhee et al.,
2015b; McPhee et al., 2017) the geologic data places Plateosauravus cullingworthi within the

LEF.

1.5.1.3 Eucnemesaurus van Hoepen, 1920

Eucnemesaurus was named by van Hoepen (1920) based on postcranial material collected from
northern exposures of the lower Elliot Formation near Bethlehem, Orange Free State. The
partial skeleton, which includes a coracoid, several vertebrae, a pubis, femur, and two tibiae,
represents the type species Eucnemesaurus fortis. Until recently, most workers considered
Eucnemesaurus to be synonymous with Euskelosaurus (van Heerden, 1979); however, Yates
(2007b) identified Eucnemesaurus as a distinct genus and assigned it to a new family,
Riojasauridae, at the base of Massopoda. Yates (2007b) also synonymized the problematic
‘herrerasaurid’ ‘Aliwalia rex’ with Eucnemesaurus. A second species, Eucnemesaurus entaxonis,
was recently recognized and is distinguished from E. fortis based on differing features of the
femoral shaft and distal tibia. The holotype of that species was excavated in 2003 from Cannon
Rock Farm in the lower Elliot Formation 40 meters above the Elliot-Molteno contact within

gray-brown mudstones (McPhee et al., 2015b & 2017).
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1.5.1.4 Blikanasaurus cromptoni Galton & van Heerden, 1985

Blikanasaurus cromptoni was collected from the ‘Passage Beds’ of Blikana Mountain in the
Herschel District (Charig et al., 1965; Galton & van Heerden, 1985; Yates, 2008) at the southern
end of the Elliot Formation. It is known from an isolated epipodium and pes. This material is
unigue in the Elliot formation due to its extreme stockiness {Yates, 2003) excluding a hyper-
robust ilium recently described by McPhee & Choiniere (2016). Although the precise
stratigraphic location that the hindlimb was collected from is not known, there are no UEF
outcrops within the immediate area, which places it safely within the lowermost LEF (McPhee

etal., 2017).

1.5.1.5 The “Bloem/Maphutseng dinosaur”

The “Bloem/Maphutseng dinosaur” is a multi-specimen (as many as a dozen individuals)
assemblage of sauropodomorph remains retrieved from the lower Elliot Formation of
Maphutseng, Lesotho, over three separate excavations from 1955 to 1970 (Ellenberger and
Ellenberger, 1956; Ellenberger, 1970). Its attribution is problematic. The excavators, Ellenberger
and Ellenberger) describe the animal as a quadrupedal prosauropod “similar to Melanorosaurus
or Euskelosaurus”. Gauffre (1993a) noted that it conforms to the diagnostic criterion for
Euskelosaurus (van Heerden, 1979), in that length of the humerus approaches 80% of that of
the femur, but later considered it to represent a new taxon, Kholumolumosaurus (Gauffre,
1996). However, the excavation was poorly documented and Maphutseng material is now
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distributed among the National Museum in Bloemfontein, the University of Cape Town, and the
Museum National d'Histoire Naturelle in Paris. The correct attribution of this material is

currently the subject of two PhD projects.

1.5.1.6 Melanorosaurus readi Haughton, 1924

“Melanorosaurus” is an important taxon within this study as well as within sauropodomorph
systematics, being the basis for Melanorosauridae, as well as the external specifier in Yate’s
(20073, b) definition of Sauropoda. Despite the historical importance of this taxon, there is now
doubt as to the stratigraphic provenance(s) of this taxon as well as its generic validity (Yates,

2008; McPhee et al., 2015a, McPhee et al., 2017).

“Melanorosaurus” was first named and described by Haughton (1924) and is based on material
collected from lower Elliot beds on the north slope of Thaba Nyama in Transkei, South Africa
(SAM-PK 3449-3450, SAM-PK 3532 referred). SAM-PK 3449-3450 constitute the
“Melanorosaurus” syntype. This syntype is problematic because it comes from two separate
localities and might contain other disassociated material (Galton et al., 2005, McPhee et al.,
2015b; de Fabrégues & Allain, 2016). The referred SAM-PK 3532 is from a different locality and
consists of (possibly disassociated) forelimb bones that provide little insight into the analyses

conducted in this dissertation (Bonnan & Yates, 2007).
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There are two specimens in the National Museum, Bloemfontein that are ascribed to
“Melanorosaurus”: NMQR 1551 and 3314. NMQR 1551 was collected over the course of two
field seasons (1967 and 1971) from the LEF (Galton et al., 2005). Work done by McPhee et al.
(2017) confirms the LEF placement for NMQR 1551. Although represented by at least two
individuals, there is currently little evidence to suggest that the assemblage is not monospecific
(e.g., there is no character conflict in overlapping bones, and no major differences in
preservation). NMQR 3314 comes from the Damplaats 55 Farm and was collected in 1994
(Yates, 2007; McPhee et al., 2017). It was found in articulation and at the time was the only LEF
sauropodomorph with a preserved skull. It has since been shown to be from the UEF by

McPhee et al. (2017).

‘Melanorosaurus’ thabanensis was described by Gauffre (1993b) and consisted of a single
femur. It has since been expanded to include associated, fragmentary material (one partial right
ilium, one left pubis, and one right metatarsal. The specimen comes from the Mafeteng district
in Lesotho and was originally thought to be from the UEF. It is now presumed to be from the
LEF and has been referred to Meroktenos thabanensis (MNHN.F.LES16) (de Fabrégues & Allain,

2016).

The “Melanorosaurus” syntype lacks autapomorphies, it is not a single specimen, and does not
all come from the same locality, making “Melanorosaurus” a nomen dubium. The only member
of the hypodigm from the UEF was a referred specimen, NMQR 3314, which is either a

preexisting UEF animal or an entirely new taxon. Due to poor provenance data, poor
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association, and general anatomical distinction, it is the recommendation of this author that

“Melanorosaurus” should be abandoned.

1.5.1.7 Summary

From these listed taxa, only Blikanasaurus and Eucnemesaurus are unquestionably valid LEF
taxa. Based on the section above, “Melanorosaurus” is a nomen dubium. Work conducted by
McPhee et al. (2017) shows that, in one case (NMQR 3314), referred material doesn’t come
from the same time period. From these rationale, the specimens currently referred to
“Melanorosaurus” are in need of taxonomic revision. On a broader scale, after more than 150
years of collection efforts, the depauperate LEF sauropodomorph fauna is in need of revision.

This underscores the significance of the specimen described below.

1.5.1.8 BP/1/7811

BP/1/7811 represents an associated individual discovered by McPhee and Phillips (2014) on
Driefontein Farm in the Eastern Cape of South Africa. Based upon work conducted by myself
and Dr. Viglietti, the precise stratigraphic location (Fig. 3) is known and this specimen is
confidently placed within the LEF. The specimen consists forelimb, pelvic, and hindlimb

elements as well as cervical, dorsal, and caudal vertebrae.

Owing to their general rarity and excellent preservation, these fossils (Fig. 4) provide a unique
opportunity to greatly enhance our understanding of early sauropodomorph evolution prior to

the emergence of Sauropoda. The study of this specimen and its taphonomic history along with
17



the strata in which they are buried will add to the understanding of the fluvial/lacustrine
deposits within the Elliot Formation. The morphology of these specimens will provide new
insight into current taxonomic uncertainties surrounding specific LEF sauropodomorph genera

listed above (McPhee et al., 20153, 2017). This dissertation addresses these issues and topics.
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Figure 4: Silhouette showing the preserved skeletal remains of BP/1/7811 modified from Scott Hartman.
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Chapter 2: Materials and Methodology

24 Taphonomic Materials and Methodology

Taphonomic and geological data were gatfllered in and around the quarry and a quarry map
(Fig. 5) was created to preserve in situ bone orientations and distributions. From the quarry,
four large jackets were removed, along with three smaller jackets (Table 1) and weathered
natural material collected as sub-aerially exposed float on the original erosional surface. None

of the elements collected were in articulation, but most material was found in association.
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Figure 5: H5 Quarry map, Dreifontein Farm, Eastern Cape, South Africa. 1 grid square = 1 sqare meter. Rectangles around
"HN” text indicate field numbers.

21



The geological data collected was used to determine depositional environments to be used in
taphonomic interpretation. To preserve detailed positional information of the bones (e.g.,
disarticulation, preservation, association), photographs and measurements were taken of the
opened jackets before each element was removed and cleaned. For the largest of the jackets, a
high-resolution 3D model was created with Agisoft Photoscan Professional Version 1.2.6 (Fig. 6)

(Agisoft LLC, St. Petersburg, Russia).

Figure 6: BP/1/7811 Hindlimb jacket from the H5 Quarry.

To determine the degree of transportation within the H5 Quarry, proximal trend data was taken
for each element from the quarry map (Fig.5). These measurements were compiled in a
spreadsheet (Microsoft Excel 15.40) and copied into a rose diagram plotting program (GeoRose
0.5.0.). Rose diagrams were used instead of a sterographic projection because all elements

within the quarry were found horizontally and in the same layer, with roses being the preferred
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diagram for two dimensional phenomena (Toots, 1965 a&b). Three rose diagrams were
generated from this data: only ribs (Fig. 7), only large, elongate elements (Fig. 8), and all bones

excluding ribs (Fig. 9).

Figure 8: Rose diagram depicting BP/1/7811 long bone distribution within the H5 Quarry. Image generated by
GeoRose 0.5.0 software.
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Figure 9: Rose diagram depicting BP/1/7811 all by ing rib distribution within the HS Quarry. Image
generated by GeoRose 0.5.0 software.
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Detailed lithological notes were taken throughout the preparation process, and all elements
were checked for distortion, weathering, and predation marks. The Bone Weathering Stages
defined by Behrensmeyer (1978) was used in this study to guide in the taphonomic analysis of
BP/1/7811. While intended for modern bone, these stages assist in providing a rough
depositional timeline (Fig. 10). BP/1/7811 is an isolated individual so a Minimum Number of

Individuals present (MNI) analysis was not conducted for this study.

Bone surface shows no sign of cracking or flaking due to

O weathering. Usually bone is still greasy, marrow cavities con- O -I
tain tissue, skin, and muscle/ligament may cover part or all of
the bone surface.

Bone shows cracking, normally parallel to the fiber structure
.] (e.g., longitudinal in long bones). Articular surfaces may show 0_3
mosaic cracking of covering tissue as well as in the bone itself.

Fat, skin, and other tissue may or may not be present.

Outermost concentric thin layers of bone show flaking, usu-
ally associated with cracks, in that the bone edges along the
crack tend to separate and flake first. Long thin flakes, with
2 one or more sides still attached to the bone are common in 2_6
the initial part of Stage 2. Deeper and more extensive flaking

follows, until most of the outermost bone is gone. Crack
edges are usually angular in cross-section. Remnants of liga-
ments, cartilage, and skin may be present.

Bone surface is characterized by patches of rough, homoge-
neous weathered compact bone, resulting in a fibrous tex-
ture. In these patches, all the external, concentrically layered
bone has been removed. Gradually the patches extend to 4_ 1 5+
3 cover the entire bone surface. Weathering does not pene-

trate deeper than 1.0-1.5 mm at this stage and bone fibers
are still firmly attached to each other. Crack edges usually are
rounded in cross-section. Tissue rarely present at this stage.

The bone surface is coarsely fibrous and rough in texture;
large and small splinters occur and may be loose enough to
4 fall away from the bone when it is moved. Weathering pene- 6- 1 5+
trates into inner cavities. Cracks are open and have splin-
tered or rounded edges.

Bone is falling apart in situ with large splinters lying around
what remains of the whole, which is fragile and easily broken
5 by moving. Original bone shape may be difficult to deter- 6_1 5

mine. Cancellous bone usually exposed, when present, and
may outlast all traces of the former more compact, outer
parts of the bones.

Figure 10: Bone Weathering Stages reformatted from Behrensmeyer (1978).
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2.2 Geological Field Methodology

Approximately 15 meters of Late Triassic Lower Elliot Formation (LEF) sedimentary strata are
exposed in and around the H5 quarry. These were divided into 11 specific lithostratigraphic
units consisting primarily of alternating fluvial mudstones and fining-upward sandstones.
Lithology and texture of each unit, including composition, color, grain size, sorting, rounding,
depositional structures, and trace fossils, were described, photographed, and sampled at

georeferenced points for future detrital zircon dating.

Thicknesses and bedding attitudes were measured using a Jacob’s staff and Brunton pocket
transit, respectively. A stratigraphic column compiled from these observations (Fig. 3) illustrates
the low-energy, meandering fluvial depositional sequence in which the BP/1/7811
sauropodomorph specimen is enclosed, shows its location within the sequence, and further
serves as a basis for comparing the H5 section with other published Lower Elliot stratigraphic

sections, to establish its regional context.
2.3 Specimen Excavation and Preparation

This specimen was collected in several separate jackets from the H5 quarry (Fig. 5) located on
Driefontein Farm in the Eastern Cape of South Africa over the course of three years. The site
was discovered in June of 2014 by Blair McPhee and Natasha Phillips and a thorough excavation

began the following year. Excavation was conducted in two joint field seasons with crews from
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the Universities of Oxford and the Witwatersrand in 2015 and 2016, after which excavation

ceased.

All exposed bone at the quarry was coated with a diluted solution of Paraloid B-72 in acetone
solvent. Once dry, the bone was coated with wet paper towels and capped with several layers
of burlap coated in plaster of Paris. Hand-tools, rock-saws, and jackhammers were used to
remove the subsequent plaster capped blocks and all material was brought to the ESI

Collections.

The BP/1/7811 plaster blocks were opened in a preparation laboratory with an electric hand-
saw and chisels. Photographs were taken at the time of opening and detailed notes were kept
throughout the preparation process that could be used in the taphonomic section of this study
(see Taphonomic Methodology). The matrix surrounding the bones was removed with handheld
pneumatic airscribes and smaller hand-tools. Bones were consolidated with varying

percentages of Paraloid B-72 in an acetone solvent.

2.4  Taxonomic and Anatomical Materials and Methodology

All fossil material from the H5 quarry pertains to a single associated individual, and was given
the specimen number BP/1/7811, which consists of entirely original fossil material housed
within the Evolutionary Studies Institute (ESI) Collections at the University of Witwatersrand.

Axial elements include: two cervical vertebrae, seven dorsal vertebrae, and one caudal
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vertebrae. Appendicular elements include: a left scapula, both humeri, a left proximal ulna, a
right distal radius, a partial left manus, a left ilium, both pubes, a left femur, and left tibia, both

fibulae, and a phalanx (Fig. 4).

Comparative data was collected from museums throughout South Africa (BPI, SAM, and
NMQR), as well as from the United States of America (NHMU), Zimbabwe (QG), and China
(IVPP) (See Inst. abbreviations). Permission was given by all institutions prior to accessing data
collections and all rules and regulations stipulated by these institutions were strictly adhered to

at all times.

25 Phylogenetic Systematics

Discrete character hypotheses were analyzed in the context of a larger phylogenetic data
matrix designed to explore the interrelationships of basal sauropodomorph taxa. This was done
with a matrix initially introduced by Yates (2007), and subsequently revised by Smith & Pol
(2007), Yates et al. (2010), Yates (2010), Apaldetti et al. (2011}, McPhee et al. (2014}, and
McPhee & Choiniere (2017). The matrix was collated in Mesquite v3.0 (Maddison & Maddison,
2014) and heuristically analyzed for shortest-length trees using the parsimony-based program

TNT v. 1.1 (Goloboff et al., 2008).

For my analysis, | used the following settings: traditional search strategy, using 1000 Wagner

trees and Tree Bisection and Reconnection (TBR) branch swapping saving 1 tree per replication.
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Trees recovered from this round were submitted to an additional round of branch swapping,
saving up to 10,000 most parsimonious topologies. Standard support analyses were also

conducted for this morphological data (Bremer support and the Bootstrap).

The matrix consists of 368 discrete morphological characters and 61 terminal taxa. The
following taxa/specimens were excluded from the final analysis: SAM-PK-3349/3350, SAM-PK-

3532, Meroktenos thabanensi, Agnosphytis, and Ignavusaurus.

2.5.1 Selection of Problematic LEF Specimens for Cladistical Analysis Exclusion

The “Melanorosaurus” syntype (SAM-PK-3349 & SAM-PK-3350) and Meroktenos thabanensis
(MNHN.F.LES16) are included within anatomical comparisons but were not included in my final
phylogenetic analysis due to concerns over inter-association and issues pertaining to historical
provenance (McPhee et al.,, 2017). The validity of the syntype specimens for the purpose of this

dissertation is pending until further sampling can be done.

The “Melanorosaurus” operational taxonomic unit (OTU) introduced by Yates (2007) was based
primarily on two referred assemblages (NMQR 1551 and NMQR 3314). This OTU was effectively
employed unaltered in most subsequent analyses (e.g., McPhee et al., 2014). However, given
the concerns pertaining to the validity of “Melanorosaurus” outlined above, and following
McPhee et al. (2017), both NMQR 1551 and 3314 were treated as independent OTUs for the

purpose of our analyses.
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SAM 3532 was introduced by Houghton (1924) and referred to “Melanorosaurus” in the same
paper where the “Melanorosaurus” syntype was established. SAM 3532 was found several
kilometers from the SAM Plateosauravus material. The material includes an ilium, ulna, a partial
humerus, a partial scapula, along with several indeterminate elements. Due to its uncertain
provenance and the very limited diagnostic information it provides, SAM 3532 was not

included.

Outside of the “Melanorosaurus” hypodigm, several other taxa were removed. Agnosphytis,
from England, is known from an ilium, maxilla, astragalus, and humerus (Fraser et al., 2002) and
was removed due to its diagnostic limitations generally and for the scope of this study.
Ignavusaurus is from a young specimen and may not reflect adult morphology. It may also be a

junior synonym of Massospondylus (Yates et al., 2011). For these reason, it too was excluded.

2.6 Institutional Abbreviations:

BPI, Evolutionary Studies Institute (formally Bernard Price Institute), Johannesburg, South
Africa; IVPP, Institute of Vertebrate Paleontology and Paleoanthropology, Beijing, China;
MNHN, Muséum National d’Histoire Naturelle, Paris, France; NHMU, Natural History Museum
of Utah, Salt Lake City, Utah, USA; QG, Natural History Museum of Zimbabwe, Bulawayo,
Zimbabwe; NMQR, Natural History Museum, Bloemfontein, South Africa; SAM; Iziko South

African Museum, Cape Town, South Africa.
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Chapter 3: Results

3.1 H5 Lithofacies (Fig. 3)

Unit 1: (1 m) Pale, yellow, fine-grained quartz arenite weathers to purple-brown. Grains are
well sorted and rounded. Asymmetric current ripples with wavelength 3 cm, amplitude 0.7-0.8
cm, are indicative of northerly transport. At the base of this unit, Planolites burrows 0.5-1.0 cm

wide and up to 10 cm long are abundant.

Unit 2: (1.8 m) Green-gray, silty, ripple-laminated quartz sandstone grades upward to
mudstone. Mudstone is increasingly nodular-textured upward and mottied with patchy pale
green reduced zones and purple-brown oxidized zones. Planolites burrows near top. Intruded

by an igneous dike.

Unit 3: (0.25 m visible + 2.2 m unexposed between 3 & 4) Purple-brown weathering fine-
grained sandstone with scoured, concave-upward basal contact indicating channel cut-and-fill

origin. Also cut by igneous dike.

Unit 4: (2.5 m): Purple-weathering silty mudstone.

Unit 5: (0.5 m) Fine-grained pale yellow-green quartz sandstone. Grains well sorted and

rounded, coarsening upward.
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Unit 6: (1.3 m) Consolidated, olive-gray silty mudstone. Upper 0.3 m contains the basal
sauropodomorph fossils described within this study (BP/1/7811). Small rip-up clasts found
above vertebrate fossils. Intraformational rip-up clasts found (during preparation) directly

above the bone layer.

Unit 7: (4.5 m) Interbedded purple- to red-weathering quartz sandstone and purple-weathering

mudstone. Bed 1 (0.5 m) is purple, strongly weathered sandstone. Compact and featureless.

Bed 2 (0.4 m) is an olive-gray silty mudstone. Bed 3 (2.8 m) is a brick-red sandy mudstone

containing nodular sand concretions. Bed 4 (0.8 m) is a purple fine-grained mudstone.

Unit 8: (0.25 m) Medium-grained tan/white sandstone. Grains are moderately sorted and sub-

rounded. No visible depositional structures.

Unit 9: (0.35) Brick-red-weathering mudstone. Nodular.

Unit 10: (0.2 m) Fine-grained, brick-red-weathering quartz sandstone. Contains Planolites

burrows. Compact. Well-sorted, rounded.

Unit 11: (0.3 m) Brick-red-weathering mudstone.
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3.2 Taphonomy

A detailed analysis of the components of the skeleton recovered for BP/1/7811 suggests that
the specimen represents a single individual. Most bones are represented by the left side
element only. In the three instances where two of the same element are preserved (humeri,
pubes, fibulae), both a left and a right sided element are present. Moreover, the components

are proportional in size and ontogenetic stage.

None of the preserved elements show indication of transportation abrasion, there is a lack of
evidence for wet-rot and/or exfoliation, or root damage. There are no signs of predepositional
cracking and no invertebrate borings were found on any of the material. The material does not
bear any fractures indicative of trampling. There is some weathering that occurred

predepositionally on the epiphyses of larger long bones.

The left pubis has three predation/scavenging tooth punctures (Fig. 11 A} and the right (Fig. 11

B) has a single tooth drag mark. The drag mark is approximately 80 mm long and shows signs of '
splintering. The bite mark scores are shallow and U-shaped, consistent with those made by
crocodyliforms, differing from V-shaped score marks indicative of theropodan predation
(Schwimmer, 2010; Drumheller et al., 2014; Hone & Tanke, 2015). Possible trace makers are
explored in Taphonomic Discussion. These two elements were found not articulated but in

close association (Fig. 5).
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Figure 11: A) Left pubis showing tooth punctures B) Right pubis with drag marks. Circles show tooth punctures, rectangle shows tooth score. Scale bar =5 cm.

BP/1/7811 is partially sorted according to body region (Fig. 7-9). Hindlimb bones, dorsal
vertebrae, and dorsal ribs generally grouped with their respective anatomical regions. Forearm
elements grouped with forearm elements as well as smaller manual elements, cervical
vertebrae, and smaller rib fragments (Fig. 5). The orientation of individual bones were not
strongly aligned, but some subsets of bones did have preferred orientations. Ribs (see rose
diagram in Fig. 7) showed a fairly random distribution with a slightly greater
northern/northeastern frequency. Large, elongate bones (the scapula, humeri, and hindlimb
materal) have nonrandom orientation with a high northwestern frequency, and a secondary
western trend (Fig. 8). When all elements excluding ribs (Fig. 9) are considered, however, there
is a slight bias towards northwestern frequency but a more generally random distribution

pattern overall.
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33 Preparation Observations

During fossil preparation, small mud chips were found throughout the matrix surrounding the
specimen, which | interpret as intraformational rip-up clasts. These mud chips are consistent
with an ephemeral wet-dry system typically seen in monsoonal deposits and are evidence of

nearby desiccated muds being present prior to deposition (Hounslow & Ruffell, 2006).

The matrix closest to the bone preserved a smattering of small, flattened, elongate bone flakes
running parallel to the long axis of the bones with the largest flakes being preserved closest to
the bone surface. These mm-scale bone flakes are consistent with having come from the bones

that they are adjacent to. No evidence of biomaterial was found during this process.

The surface of most of the bones had a thin, oxidized, red-brown crust. Most of the long bones
were found anterior side up, but the vertebrae were found in varying, arbitrary positions. Some
of the bones appear to have undergone compaction postdepositionally, but the degree of

postdepositional deformation is not extensive.

34 Facies Association Overview

A stratigraphic section of 15 meters was measured at the H5 quarry (Fig. 3). Based on
correlations with Elliot Formation sections measured and described by (Bordy et al., 2004a,

McPhee et al., 2017), these units are confidently placed within the Lower Elliot Formation.
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Within the H5 section, 11 distinct units were identified that alternate between laterally
continuous, thinly-bedded quartz-sandstones with gently scoured, concave upward basal
contact, interbedded with silty mudstones. Volumetrically, mudstone accounts for
approximately 60% of the section, and sandstone 40%. Sand is fine-to-medium grained and
displays only unidirectional ripple cross bedding, indicative of lower flood regime traction

transport in a shallow channel.

Owing to the preponderance of preserved mudstone over sandstone, and the presence of thin,
channelized sand bodies preserving only ripple cross bedding, the H5 section is interpreted here
to represent a low-energy fluvial meander plain. Cut-and-fill sand intervals likely represent
shallow tributaries to a main trunk system. Some of the fine-grained quartz sandstone units
contain Planolites burrows 0.5-1.0 cm wide, up to 10 cm long, but these burrows are not seen

within the mudstones (Keighley & Pickerill, 2008; Metz, 2008; Gillette et al., 2010).

The upward-fining mudstones show a gradual infill of the channel into an oxbow lake
environment. The mudstones in Units 4 and 6 preserve the presence of a floodplain where the
intermediate sandstone constituting Unit 5 is interpreted as a crevasse-splay deposit. This is
further supported but the mudstones which have a mottled texture and purple-red coloration
that is indicative of paleosols and implies a highly vegetative floodplain. Planolites burrows in

Unit 1 indicate a robust benthonic worm population.
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Unit 6, a strongly consolidated, olive-gray silty overbank mudstone, persists for 0.3 meters and
is the only vertebrate-fossil-yielding unit in the section. It contains no trace fossils, paleosols, or
rooted horizons. The sandstone units above and below Unit 6 are both fine-grained, indicative
of a low-energy, fluvial environment and possibly a distal source. While not observed while
measuring this section, mud rip-up clasts were found during preparation just above the bone

layer of Unit 6.

3.5 Anatomical Descriptions

3.5.1 Axial Skeleton

3.5.1.1 Cervical vertebrae

Two cervical vertebrae are preserved. The first is represented by only a neural arch but the
second is complete. They are presumed to be C5 (Fig. 12) and C7 (Fig. 13), respectively based
upon the location of the parapophyses. Both vertebrae have superficial cracking throughout but
lack any serious deformation. The semi-open sutures on both elements, along with the lack of a

centrum on C5?, suggest that this animal might not have been entirely fully grown (Irmis, 2007).
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Figure 12: BP/1/7811, C52. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; nc, neural canal; ns,
neural spine; pa, parapophyses; poz, postzygapophyses; prz, prezygapophyses; pjs; projecting spurs; sprl, spinoprezygapophyseal lamina.'Scale bar =5 cm

The presumptive C5, despite the lack of centra, has a complete and well-preserved neural arch.
In dorsal view, C5? and C7? are quite similar in terms of general shape and elongation. Both
have laterally projecting spurs coming off the proximal most tip of the neural spine, but these
are more pronounced and more anteriorly placed in C5?. This is a feature seen scattered
throughout sauropodomorpha (e.g., Anchisaurus, Massospondylus, Sarahsaurus) (Yates, 2007a;
Yates, 2010; Rowe et al., 2011). The prezygapophyses are the same relative length and project
anteriorly, but are wider on C7?. The postzygapophyses do not differ morphologically in this
view, but are better preserved in C5? (Fig. 12 D). The only major difference observable dorsally
between these two elements is the extension of the diapophyses. The diapophyses of C5? are
minimal and directed distally where those seen in C7? in anteroposterior view (Fig. 13 B&D).

While also distally directed, they flair out laterally and are more extensive than in C5?.
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The anterior surfaces of C5? (Fig. 12 B) and C7? (Fig. 13 B) both have pronounced and excavated
spinoprezygapophyseal fossae, bounded by long surrounding spinoprezygapophyseal laminae.
The prezygapophyses open dorsolaterally, with C5? exhibiting a slightly more open and U-
shaped infraprezygapophyseal laminae. Preserved on the transverse processes of C7? are
centroprezygapophyseal fossae. Below these fossae, bounded by pronounced
centroprezygapophyseal laminae, sharp prezygodiapopyseal lamina, and weak anterior
centrodiapophyseal lamina are two shallow prezygocentrapophyseal fossae. Due to some
compaction centralized on the left, only the right side shows the extension of these fossae.

These features are not found on C57?.

5cm

Figure 13: BP/1/7811, C72. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses;
epi, nc, neural canal; ns, neural spine; pa, parapophyses; poz, postzygapophyses; prz, prezygapophyses; sm, suture marks. Scale bar =5
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On the posterior surface, a deep spinopostzygapophyseal fossa is present in C5? and C7?. The
spinopostzygapophyseal laminae are long and project posteriolaterally outwards along the tops

of the postzygapophyses. The postzygapophyses in both elements project downwards.

The neural spine of C5? (Fig. 12 A&C) in lateral view is wider anteroposteriorly than it is
dorsoventrally high, making it roughly rectangular, deflecting anteriorly in lateral view. The
anteroposteriorly width and dorsoventrally height of C7? (Fig. 13 A&D) make more of a square
shaped profile in lateral view (Table 2). The prezygapophyses in this view are positioned on the
anterolateral surface of the neural arch and exhibit a slight dorsolateral curve upwards
anteriorly. This positioning of this feature in both elements appears to be the common
condition for all basal sauropodomorphs with the exception of Pantydraco where the
prezygapophyses are strongly anterior projections (Yates, 2003; Galton et al., 2007). These

prezygapophyses extend well past the anterior margin of the centrum.

The anteroposteriorly extending spinoprezygapophyseal laminae are sharp, steep features that
dip downwards towards the posterior end of the element along the lateral surface of C5? and
C7?. The postzygapophyses in lateral view are only minimally obliquely offset with respect to
the prezygapophyses, without any obvious dorsal elevation from the coronal place as seen in
Leonerasaurus and Pulanesaura (Pol et al., 2011; McPhee et al., 2015a). Situated below the
prezygapophysis on the left lateral surface of C7? is a small cavity interpreted as a
postzygocentrodiapophyseal fossae. It is not found on the right lateral surface or on any surface

of C5?. On both cervicals, what might be the start of postzygodiapophyseal laminae do not
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meet the edge of the transverse processes and are nothing like the tall and well-developed
laminae present in later sauropods (Wilson, 1999 & Yates et al., 2012), which is the common

condition for sauropodomorphs (Pol et al., 2011).

The diapophyses are present in both elements but are significantly more pronounced in C7?.
They are situated below the medial end of the prezygapophyses and project laterally in lateral
view. Running anteroposteriorly are a series of shallow depressions within of the
centrodiapophyseal fossa, which may represent an autapomorphic feature for BP/1/7811.
However, CT scans of the specimen (data not shown) indicate that these depressions do not

continue internally, and thus do not represent pneumaticity (Yates et al. 2012).

Of the two cervical vertebrae preserved, C7? is the only one to preserve a centrum. In this

vertebra, the neural arch and centrum are fused together but, as mentioned above, bear suture
marks. The centrum, along with the arch, is tall and thin and the height of the neural arch is less
than the height of the centrum (Table 2), which is the common condition for sauropodomorphs

(Galton & Upchurch, 2004; Otero et al., 2015).

The articular faces of the centrum on the anterior and posterior surface (Fig. 13 B&D) are
biconcave. This is the condition for all known non-sauropodan sauropodomorphs, but is convex
in basal sauropods (Sues, 1997). The ventral surface of the centra displays a sagittal keel, which
is a condition that is distributed widely amongst sauropodomorphs (e.g., Anchisaurus,

Lessemsaurus, Massospondylus) (Bonaparte, 1999; Yates, 2004; Pol et al., 2011).
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3.5.1.2 Dorsal vertebrae

There are eight dorsal vertebrae, along with several additional dorsal fragments. None of these
elements were found in articulation. Based on the position of the parapophyses, the relative
anteroposterior lengths of the neural spines, and the orientation of the diapophyses, the
preserved elements are representative of all region of the dorsal series. They are identified
here as D1? (Fig. 14), D2? (Fig. 15), D4? (Fig. 16) D5? (Fig. 17), D6? (Fig. 18), D8? (Fig. 19), D12?

(Fig. 20), and D13? (Fig. 21).

All elements have undergone varying degrees of fracturing and compaction. The neurocentral
sutures appear closed, although some still possess faint suture marks. This fusion suggests that
BP/1/7811 was mostly grown at the time of death (Irmis, 2007; Hone et al., 2016) and should
be considered as a subadult. The parapophyses in these elements are sub-ellipsoid in lateral
view. Also in this view, weak pleurocoels are present within the neural arches, which is not seen
in NMQR 1551 or NMQR 3314, but are present in a similar degree in taxa like Aardonyx,
Eucnemesaurus, Lessemsaurus, and Pulanesaura (Bonaparte, 1999; Yates, 2007; Yates et al.,

2010; McPhee et al., 2015b).

Another feature that is different from the NMQR specimens (1551 & 3314) is the appearance of
accessory lamina that divide the posterior fossae from the postzygapophyses. All elements lack
spinodiapophyseal laminae, the presence of which is only seen in transitional sauropods

(Rauhut et al., 2011; Wilson et al., 2011; Fanti et al., 2013). These vertebrae are also lacking
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well-developed suprapostzygapophyseal laminae. The spinopostzygapophyseal laminae are

present, but appear only as singular features with no bifurcation distally.

Figure 14: BP/1/7811, D12. Left lateral (A) anterior(B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: epi, nc, neural
canal; ns, neural spine; poz, postzygapophyses; prz, prezygapophyses. Scale bar =5 cm

5cm

Figure 15: BP/1/7811, D27. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; hyp,
hyposphene; nc, neural canal; ns, neural spine; pa, parapophyses; pcdl, posterior centrodiapophyseal lamina; poz, postzygapophyses; prz,
prezygapophyses. Scale bar =5 cm
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All of the collected dorsal centra are completely amphicoelous, which is the expected condition
for basal sauropodomorphs (e.g., Leonerasaurus, Leyesaurus, Xingxiulong) (Apaldetti et al.,
2011; Pol et al., 2011; Wang et al., 2017). The orientation of the transverse processes on all
dorsal vertebrae are horizontally directed, this is seen in all other non-eusauropodan
sauropodomorphs (Pol et al., 2011; McPhee et al., 2014) with the exception of Ignavusaurus
where the transverse processes are deflected upwards (Knoll, 2010). There is no sign of

centroparapophyseal lamina or prezygoparapophyseal lamina in any of these elements.

Figure 16: BP/1/7811, D4?. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses;
hyp, hyposphene; nc, neural canal; ns, neural spine; pa, parapophyses; poz, postzygapophyses; prz, prezygapophyses. Scale bar= 5 cm
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Figure 17: BP/1/7811, D5. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses;
hyp, hyposphene; nc, neural canal; ns, neural spine; pa, parapophyses; poz, postzygapophyses; prz, prezygapophyses. Scale bar=5 cm

Figure 18: BP/1/7811, D6?. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; hyp, hypo-
sphene; n¢, neural canal; ns, neural spine; pa, parapophyses; pcdl, posterior centrodiapophyseal lamina; poz, postzygapophyses; ppdl, posterior
infradiapophyseal subfossa; prz, prezygapophyses. Scale bar = 5 cm
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Figure 19: BP/1/7811, D8?. Left lateral (A) anterior(B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; hyp,
hyposphene; nc, neural canal; ns, neural spine; pa, parapophyses; pcdl, posterior centrodiapophyseal lamina; poz, postzygapophyses; ppdl,
posterior infradiapophyseal subfossa; prz, prezygapophyses. Scale bar =5 cm

S5cm

Figure 20: BP/1/7811, D122. Left lateral (A) anterior(B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; hyp, hyposphene;
nc, neural canal; ns, neural spine; pa, parapophyses; pcdl, posterior centrodiapophyseal lamina; poz, postzygapophyses; ppdl, posterior infradiapophyseal
subfossa; prz, prezygapophyses. Scale bar=5 cm
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Figure 21: BP/1/7811, D132. Left lateral (A) anterior(B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations: di, diapophyses; hyp, hypo-
sphene; n¢, neural canal; ns, neural spine; pa, parapophyses; pcdl, posterior centrodiapophyseal lamina; poz, postzygapophyses; ppd|, posterior infra-
diapophyseal subfossa; prz, prezygapophyses. Scale bar = 5 cm

D1? (Fig. 14) and D2? (Fig. 15) have much shorter neural arches than the rest in the series and
have well developed diapophyses, located back from the anterior margin on the lateral surface
of the centrum. In anterior views, the lateral margins of the neural spines are sub-parallel. As
seen in taxa like Aardonyx, Plateosaurus, and Yunnanosaurus (von Meyer, 1837; Li et al., 2007;
Yates et al., 2010), there is a longitudinal keel that runs across the ventral surface of the centra

in these two vertebrae.

The mid-posterior dorsal vertebrae have much higher neural arches than those seen in the
anterior-most dorsal elements of BP/1/7811. In the most posterior vertebrae, the neural spine
makes up almost half of the element and is more extensive broader anteroposteriorly than

dorsoventrally. There is an absence of prezygodiapophyseal lamina in these vertebrae.
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3.5.1.3 Caudal vertebra

One partially complete posterior caudal vertebra was preserved (Fig. 22) along with two caudal
fragments (not figured). The posterior position is assumed from the size and location of the
transverse processes. The anterior-posterior caudal was collected near the femur in the same
depositional level (Fig. 5). Based on element size and location within the quarry, it is reasonable

to assume they are from the individual.

5cm F

Figure 22: BP/1/7811, Posterior caudal. Left lateral (A) anterior (B) posterior (C) right lateral (D) dorsal (E) ventral (F). Abbreviations:
di, diapophyses; epi, nc, neural canal; tp, transverse process; poz, postzygapophyses. Scale bar =5 cm

The posterior caudal in lateral views (Fig. 22 A&C) shows the placement of an anteriorly
positioned neural spine, but most of the spine was not preserved. In these views, the partially

preserved postzygapophyses can be observed. These features are positioned anteroposteriorly
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with no lateral deflection. Their placement steeply backwards makes an acute angle of

approximately 30 degrees. The prezygapophyses were not preserved on this element.

The cross-section of the centrum is sub-rectangular, with flattened laterally, which is a feature

observable in some transitional sauropodomorphs (i.e., Aardonyx, Anchisaurus, NMQR 3314,

Mussaurus, and Sefepanosaurus) (McPhee et al., 2014; Otero et al., 2015).

3.5.2 Appendicular Skeleton

3.5.2.1 Scapula

The left scapula (Fig. 23) is heavily fractured throughout and is missing the lateral most ends of
the scapular blade, as well as the scapular-coracoid facet and the acromion facet. Despite these
damages, the element appears undistorted. Due to the condition of the fossil, the occurrence
or absence of a closed scapulocoracoid suture cannot be determined. There are not obvious

markings or tubercles on the scapula.

The dorsal end of the scapular blade expands anteriorly and posteriorly, in a similar fashion to
Lessemsaurus (PVL 4822/51). This differs from most basal sauropodomorphs where there is
significantly less dorsal expansion (e.g., Coloradisaurus, Lufengosaurus, Massospondylus)
(Owen, 1854; Young, 1942; Pol & Powell, 2007; Yates, 2007a). The blade remains consistently

anteroposteriorly thin until it terminates in a dorsally convex margin, so that the distal end is
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sub-ellipsoid in lateral view. The blade, while thin throughout, is thinnest at is dorsal-most end.
Sections of the anterior and posterior margins of the dorsal end of the scapula are missing but
the anterior and posterior margins suggest an outline similar to Antetonitrus (BP/1/4952c)
(McPhee et al., 2014), but slightly longer dorsoventrally in comparison to anteroposterior

width.

Figure 23: BP/1/7811, left scapula. Anterior (A) medial (B) lateral (C) posterior (D). Abbreviations: gl, glenoid; sb, scapular blade.
Scale bar=5cm
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The scapular blade is long and narrow, similar to taxa like NMQR 1551, Isanosaurus, and
Shunosaurus (Pol & Powell, 2007; McPhee et al., 2014). The scapula displays minor lateral
concavity in the ventromedial third of the element in anterior view, but straightens out for the
remaining 65% of the element. According to Remes (2007), this concavity defines the boundary
of the facet for the m. subscapularis anteriorly, as well as for the facet for the m. serratus
superficialis in posteriorly (McPhee et al., 2014). The glenoid is the only feature preserved on

the ventral end of the element, and is heavily damaged.

3.5.2.2 Humerus

Both the left and right humeri are well preserved and mostly complete (Fig. 24). Several small
fragments of bone are missing from the distal end of the medial margin of the left humerus,
appearing to have been lost through surface erosion. There are small cracks and several major
fractures that interrupt the cortical surfaces but do not interfere with anatomical

interpretation.

Both elements have a strong hourglass shape in anterior (Fig. 24 A) and posterior (Fig. 24 B)
views with greater expansion proximally than distally, which is the noted condition for non-
sauropodan sauropodomorphs (Bonnan & Yates, 2007; Remes, 2007), and has a sigmoid outline
in lateral view (Fig. 24 D). The humeral circumference (Table 3) in relation to the overall
humeral length is similarly observed in other melanorosaurid type animals (e.g. NMQR 1551,

NMQR 3314).
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In proximal view (Fig. 24 E), the humerus of BP/1/7811 is lenticular in outline, with a sinuate
curve connecting the deltopectoral crest and medial tuberosity via the humeral head. The
proximal surface of the humeral head is strongly rounded and convex anteriorly and posteriorly
which is characteristic of most non-sauropodan sauropodomorphs with the exception of some
specimens of Plateosaurus and Unaysaurus (UFSM 11069) (Leal et al., 2004; Remes, 2007;
McPhee et al., 2014). The convexity of the humeral head can also be seen strongly on the
anterior and lateral surfaces of the element, where posteriorly and laterally there is a shift to
concavity. The apex of the head is positioned slightly more laterally relative to the transverse

midpoint of the proximal surface.

Although the proximal surface of the medial tuberosity is imperfectly preserved in both
elements, it is clear that the process deflects posteriorly from the humeral head. In contract,
the medial tuberosity of many other basal sauropodomorphs (e.g., Antetonitrus, Lessemsaurus)
deflects at a much sharper angle (Bonaparte, 1999; Pol & Powell, 2007; McPhee et al., 2014)
The condition in BP/1/7811 is thus more similar to that observed in sauropod dinosaurs, which

present a reduced medial tuberosity (Remes, 2007).

In the concavity made on the anteromedial face of the proximal half of the humerus between
the margins of the deltopectoral crest and the medial tuberosity, there is a well-developed

fossa preserved that is presumed to be the insertion of the m. coracobrachialis (Remes, 2007).
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In lateral view the deltopectoral crest is subrectangular in general outline, which is the typical
condition for Sauropodomorpha (e.g., Seitaad, Vulcanodon, Yunnanosaurus) (Raath, 1984;
Sertich & Loewen, 2010; Wang et al, 2017). The length of the deltopectoral crest is almost half
of the length of the humerus which is similarly seen in NMQR 3314 and SAM 3342. The crest
curves medially and is relatively straight along the anteromedial margin, which is similar to the
condition seen in derived, non-sauropodan sauropoodiforms like Leonerasaurus,

Coloradisaurus, and Antetonitrus.

The posterior surface of the left humerus (and to a lesser degree the right) is close the proximal
end of the deltopectoral crest. On the medial surface of the humerus, at the same level as the
base of the deltopectoral crest, large nutrient foramina are visible (Fig. 24 D). These notable
features deflect proximally and have been hypothesized to related to blood flow, body size

increase, and/or high activity (Seymour et al., 2012; Allan et al., 2014).

The humeral diaphysis is proximodistally short and has an ovoid cross-section with the major
axis of the oval oriented mediolaterally, similar to other non-sauropodan sauropodomorphs

(Remes, 2007). The humeral diaphysis becomes narrower as it extends distally.

The radial and ulnar condyles are separated by a deep cuboid fossa, which is the similar
condition seen in the majority of non-sauropodan sauropodomorphs (e.g., NMQR 3314,
Plateosaurus, and Lufengosaurus (Young, 1942; Mallison et al., 2009). The ulnar condyle is

slightly larger in anterior view (Fig. 24 A) than the radial condyle, which shifts the center of the
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fossa closer to the ulnar condyle. The distal condyles are rotated about 25 degrees relative to
the transverse plane of the proximal end. This differs from taxa like Plateosaurus,

Lufengosaurus, and Massospondylus that are typically offset approximately 45 degrees

(McPhee et al., 2014).

Figure 24: BP/1/7811, right humerus. Anterior (A) posterior (B) medial (C) lateral (D) proximal (E) distal (F). Abbreviations: cf, cuboid
fossa; dpc, deltopectoral crest; hh, humeral head; mt, medial tuberosity, nf, nutrient foramina; rc, radial condyle; uc, ulnar condyle.
Scale bar =5 cm
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In distal view (Fig. 24 F) the radial and ulnar condyle are both rounded and ovoid. The
transverse width of the condyles (Table 3) is approximately 30% of the total length of the
humerus, a metric that is comparable most basal sauropodomorphs excluding Coloradisaurus
(Bonaparte, 1978; Novas et al., 2011), Yunnanosaurus (Young, 1942; Lu et al., 2007),
Riojasaurus (Bonaparte & Pumares, 1995), Sarahsaurus (Rowe et al., 2011), and Lessemsaurus

(Bonaparte, 1999), which exhibit a proportionally greater distal expansion (Pol et al., 2011).

3.5.2.3 Radius

The distal half of the right radius is preserved (Fig. 25). The bone is straight in anterior and
posterior views (Fig. 25 C&D), which is common in most basal sauropodomorphs (Otero et al.,
2015). In medial and lateral views (Fig. 25 A&B), the bone flares outwards along the medial
margin, where the ulnar ligament scar sits but not to the extent observed in Antetonitrus by

McPhee et al. (2014).

The shaft of the radius is subovoid in cross-section. In lateral and anterior view, a biceps
tubercle can be observed, which is interpreted as the insertion point for the tendon of the m.
biceps brachii (Gray, 1918). In medial view (Fig. 25 B), below the ulnar ligament, there is a small
fossa observed which Yates at al. (2010) have described as a muscle scar, which is also present
in Sefapanosaurus, Mussaurus, Aardonyx, and Antetonitrus (Otero & Pol, 2013; McPhee et al.,

2014; Otero et al., 2015).
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The distal end of the radius (Fig. 25 E) is mostly flattened, although this could be slightly

exaggerated by predepositional damages. Despite this compaction, the distal outline is

subovoid and expands laterally.

5cm

Figure 25: BP/1/7811, distal right radius. Lateral (A) medial (B) anterior (C) posterior (D) distal (E). Abbrevia-
tions: bt, biceps tubercle; ul, ulnar ligament of the radius. Scale bar=5 cm

3.5.2.4 Ulna

The single left ulna is poorly preserved and missing the distal end including more of the shaft
(Fig. 26). The proximal end is also badly eroded, missing most of the coronoid process. The

features that did preserve fully in this element are the olecranon process, the craniolateral

process, and the radial fossa.



The proximal surface of the ulna (Fig. 26 E) shows is sub-triangular in outline. This differs from
the triradiate shape seen in other sauropodomorphs more derived than Aardonyx (e.g.,
Sefepanosaurus, NMQR 3314) (Galton & Upchurch, 2004; Bonnan & Yates, 2007), but due to
the severe erosional damages on this element, it is difficult to make proper comparison with

other Elliot sauropodomorph taxa.

Figure 26: BP/1/7811, left proximal ulna. Medial (A) lateral (B) anterior (C) posterior (D) proximal (E). Abbreviations: clp, craniolateral process; cp,
coronoid process; olp, olecranon process; rf, radial fossa. Scale bar =5 cm

The radial fossa, which is situated between the lateral process and the coronoid process, is
shallowly concave. This fossa provides support for the corresponding radius (Bonnan & Yates,
2007). It is similarly developed to that of NMQR 3314, but is not as exaggerated as the fossa

present in Sefepanosaurus (BP/1/7437). However, these observations may be hyperbolized due

to a degree of diagenetic distortion.
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The olecranon process is strongly convex, as in NMQR 3314 and other closely related non-
sauropodan sauropodomorphs (e.g., NMQR 1551, Sefepanosaurus, Aardonyx). The lateral
process is a rounded protuberance that extends laterally to a similar degree seen in the ulnae

of Antetonitrus and Aardonyx (Yates et al., 2010; McPhee at al., 2015a).
3.5.2.5 Manus

Six manual elements are preserved for BP/1/7811, none of which were found in articulation.
These elements include metacarpal | (Fig. 27), metacarpal 2 (Fig. 28), three non-terminal

?manual phalanges (Fig. 29), and one ?manual ungual phalanx (Fig. 30).
3.5.2.5.1 Metacarpal 1

One left metacarpal 1 (MC 1) has been preserved (Fig. 27) and is good condition throughout. As
is seen in most sauropodomorphs (e.g., Jingshanosaurus, Massospondylus, Seitaad) the
proximal width of MC 1 is greater than the proximal width of metacarpal 2 (MC 2) (Apaldetti et
al., 2011). However, unlike in taxa like Jingshanosaurus (Zhang & Yang, 1995), Massospondylus
(all), and Seitaad (UMNH VP 18040), the minimum transverse shaft width of MC 1 is less than

twice the minimum transverse shaft of MC 2 in BP/1/7811.
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Figure 27: BP/1/7811, left MC1. Lateral (A) anterior (B) medial (C) posterior (D) proximal (E) distal (F). Abbreviations: adc2, articular
surface for distal carpal; cg, central ginglymus; Ic, lateral condyle; mc, medial condyle. Scale bar =5 cm

In proximal view (Fig. 27 E), the outline of MC 1 is keyhole-shaped, is transversely elongate, and
bears central, shallow pitting and a proximolateral fossa. The mediolateral width of MC 1 is 88%
of its overall proximodistal length (Table 3). This percentage is similar to taxa like Aardonyx,
Antetontirus (BP/1/4952), and Lessemsaurus which all have proximodistally short MC 1s

(Bonnan & Yates, 2007; Yates et al., 2010; McPhee et al., 2014).

Similarly seen in NMQR 3314 (personal observation), the proximolateral edge of MC 1 has some
overlap with the proximal articular surface of the corresponding MC2. This observation, along
with the presence of a proximolateral fossa on MC1, was theorized to have enabled articulation
for these two elements by Bonnan & Yates (2007). On the anterior surface of MC 1 (Fig. 27 B),

the articular surface for distal carpal 2 is visible on the lateral margin. In this view, the mid-shaft
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is mediolaterally constricted, which is the similar condition for taxa like Antetonitrus,

Lessemsaurus, and Sefapanosaurus (McPhee et al., 2014; Otero et al., 2015).

The posterior surface of MC 1 (Fig. 27 D) has a slight concavity at its center and lacks the mild
striations seen on the anterior surface. In this view, the medial condyle deflects slightly
dorsomedially and the articular surface for distal carpal 2 is obstructed by the lateral margin.
The distal condyles are the same general size and shape and a both strongly asymmetrical,
which is consistent with the condition of all non-sauropodan sauropodomorphs (Bonnan, 2003;
McPhee et al., 2014). They differ significantly in anteroposterior height, with the lateral condyle
being heavily descended in comparison to the medial. These condyles are separated by a U-

shaped distal ginglymus.

3.5.2.5.2 Metacarpal 2

A single MC 2 (Fig. 28) was preserved and is longer than the corresponding MC1 (Fig. 27). This
element has a substantially narrower mediolateral width and overall circumference (Table 3).
The proximal outline (Fig. 28 E) is weathered slightly but is clearly trapezoidal. The proximal
articular surface is slightly convex, but not to the degree noted in Antetonitrus (BP/1/4952)
(McPhee et al., 2014) In this view, the proximolateral flange extends out laterally. This
proximolateral flange may have been the buttress for metacarpal 3 proximomedially and is
commonly found in most non-eusauropodan sauropodomorphs (e.g., Antetonitrus,

Lessemsaurus, Plateosaurus) (McPhee at al., 2014).
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Figure 28: BP/1/7811, left MC2. Lateral (A) anterior (B) medial (C) posterior (D) proximal (E) distal (F). Abbreviations: abn, anterior bifurcated
notch; cif, collateral fossa; pmf, proximodistal flange. Scale bar = 5 cm

The anterior surface of MC 2 (Fig. 28 B) has a medial trending anterior bifurcated notch on the
proximal end of the element. This degree of pronouncement appears to be relatively rare, but
is unmistakably present in Antetonitrus (BP/1/4952), Sefapanosaurus (BP/1/7438), and
BP/1/7120. In this view as well as in posterior view, the bone is mildly expansive proximally and

distally but not as flared out as in Antetonitrus (BP/1/4952) and Sefapanosaurus (BP/1/7438).

On the posterior surface (Fig. 28 D), the proximolateral flange is visible proximomedially. The
shaft has a rhomboidal cross-section. It is straight proximodistally with no twisting. The distal
condyles are similarly shaped to those seen in MC 1 but sit at the same level and are not

separated by a ginglymus joint.
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3.5.2.5.3 Non-terminal ?manual phalanges

There are three non-terminal ?manual phalanges that preserved for BP/1/7811 (Fig. 29). All of
these phalanges share similar style of well-preservation. These elements were found in close
proximity to one-another but not in a state of articulation. In the two larger elements, the
lateral condyle sits substantially lower than the medial condyle but in the smallest phalange
that condyles sit at relatively the same level. In proximal view these phalanges are all subcirular

in profile and are similarly distally deflecting.

5cm

Figure 29: BP/1/7811 non-terminal ?manual phalanges. Proximal (A) lateral (B) anterior (C)
medial (D) posterior (E) distal (F). Scale bar = 5cm.
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3.5.2.5.4 ?manual ungual phalanx

One partial ?manual ungual phalanx was preserved (Fig. 30). Out of all the six preserved manual
elements, this has the highest degree of damage and is missing the distal end. It preserves

slight flexor tubercles on the lateral and medial surfaces.

Figure 30: BP/1/7811 ?manual ungual phalanx. Lateral (A) medial (B) posterior (C) anterior (D) posterior (E). Abbrevia-
tions: ft, flexor tubercle. Scale bar=5 cm.

3.5.2.6 llium

The single left ilium (Fig. 31) has undergone severe pre- and post-depositional damage on all
surfaces, although the majority of the damage is restricted to the medial surface. The element

is heavily fractured and is missing most of the preacetabular process as well as a portion of the

dorsal iliac blade.
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The lateral surface of the ilium (Fig. 31 B) is slightly concave, primarily due to the strong
mediolateral thinning of the iliac blade above the laterally projecting supracetabular process.
What remains of the preacetabular process indicates that this feature pointed anteriorly,
lacking the dorsoventral expansion seen in more derived sauropods (e.g., Tazoudasaurus,

Mamenchisaurus, Shunosaurus) (Allain et al., 2004; Young, 1954, Dong et al., 1983).

The anterior iliac blade (Fig. 31 A) connecting the preacetabular process to the postacetabular
process is mediolaterally thin with a slight bulge at the midpoint between the two processes
that may be associated with the m. iliofibularis (Ezcurra, 2010). The blade runs roughly at same
height as the preacetabular process and the dorsal margin of the blade is slightly concave in
lateral view, with most of the concavity restricted to the anterior portion. Consistent to the
plesiomorphic condition of most nonsauropodan sauropodomorphs, this blade sits low and is
anteroposteriorly elongate, but not quite to the extent seen in NMQR 4125 (McPhee &

Choiniere, 2016).

Despite some minor erosion, the postacetabular process is quite complete, being sub-
rectangularly shaped, though not to the degree seen in Efraasia (Galton, 1973). In lateral and
medial views with the posteroventral corner is sharper than the posterodorsal corner. This
process extends posteriorly for approximately 40% of the distance between the pubic and

ischial peduncles (Table 3).
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The posterior surface of the postacetabular process (Fig. 31 D) does not possess a distinct
brevis fossa. However, there is a slight brevis crest extending from the mediolateral edge of the
element connecting the postacetabular process to the proximal end of the posterior surface of

the ischial peduncle.

The pubic peduncle is a robust strut of bone that curves anteriorly and forms the anterior

portion of the acetabulum, bearing a lacriform outline in posterior view (Fig. 31 C). The medial

surface extends posteriorly and creates a thin acetabular wall.
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Figure 31: BP/1/7811, left ilium. Anterior (A) lateral (B) posterior pubic peduncle (C) posterior (D). Abbreviations: acc,

acetabular crest; ip, ischial peduncle; ibl, iliac blade; pap, preacetabular process; pop, postacetabular process; pp,
pubic peduncle. Scale bar =5 cm

The ischial peduncle is mediolaterally thinner and less anteriorly extensive as well as having a
subrectangular distal outline. It is slightly shorter than the pubic peduncle, which is the
common condition for nonsauropod sauropodomorphs (Apaldetti et al., 2012). Both peduncles
lack the extreme dorsoventral reduction seen in true sauropods where the pubic peduncle is

highly extensive (LU at al., 2007; Peyre de Fabregueés & Allain, 2016).
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The acetabular crest sits high leaving room for a strongly projected sloping acetabulum. This
feature extends all the way to the pubic peduncle. The morphology of this crest is shared with
all basal sauropodomorphs (e.g., Plateosaurus, Plateosauravus, Riojasaurus) (Bonaparte, 1969;

Bittencourt et al., 2012), excluding the basal most members of the group.

3.5.2.7 Pubis

The left and right pubes were preserved in BP/1/7811 (Fig. 32). Both elements are heavily
fractured and have undergone a similar degree of erosional damage. Most features were
preserved, but neither bone preserved the ischial peduncle. The medial margin of the pubic

apron is also partially damaged/lost.

Similarly seen in most basal sauropodomorphs, the pubis is elongate and slender (Martinez &
Alcober, 2009). The pubes were not found conjoined (Fig. 5), but there is enough of the two
elements preserved to show that the combined mediolateral width of the two elements would
have been less than their individual proximodistal lengths (Table 3). This is the expected
condition for more basal sauropodomorphs (Antetonitrus [BP.1.4952] Coloradisaurus, NMQR

1551) (McPhee et al., 2014; Fabrégues & Allain, 2016).

The proximal outline of the pubis (Fig. 32 D) is sub-rectangular with rounded edges and a flat
iliac peduncle. The proximal length is greatest mediolaterally on this surface. In this view, the

medial symphysis flairs out posteromedially.

66



Figure 32: BP/1/7811, left pubis. Posterior (A) medial (B) lateral (C) proximal (D) anterior (E). Abbreviations: ace, acetabulum; ilp, iliac peduncle;
ms, medial symphysis; op, obturator plate; pa, pubic apron. Scale bar=5cm

Overall, the pubic plate is relatively thick in comparison to the pubic apron in anterior and
posterior views (Fig. 32 A&E) where it progressively thins distally. The large obturator foramina,
which extends proximodistally and is sub-ovular in shape, is partially preserved and visible on
the medial and anterior surfaces. The acetabular process is visible on the posteromedial surface
but is not well defined. The ischial peduncle would have been visible on all surfaces but this

feature did not preserve in BP/1/7811.
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Below the obturator foramina lies a mostly flat, transversely oriented pubic apron that runs
proximodistally straight and anteroposteriorly wide, which is the noted plesiomorphic condition
for basal sauropodomorphs (McPhee et al, 2014). The overall medial surface of the pubis is
convex proximally with the pubic apron flaring out anteromedially. This convexity tapers out
into flatness as it progresses distally along the apron. The triangular outline of the iliac peduncle
is visible in this view and is set medially to the pubic apron, which in turn makes a strong

inflection both proximally and medially.

The lateral surface of the pubis is also convex. The proximal section on this surface has been
compressed and damaged. Also on the lateral surface bears a long, shallow, U-shaped line

running proximomedially to mediodistally, which is possibly indicative of predation (Fig. 11 B).

The posterior surface is heavily damaged along the proximodistal length of the pubic apron but
a slight lateral twist can be observed in this view. Despite this twist, the proximodistal length is
fairly straight and lacking concavity, the presence of which is seen as a primarily
Massospondylidae trait (Galton & Upchurch, 2004). In anterior view the pubic apron

significantly less damaged than the posterior surface.

3.5.2.8 Femur

A single left femur (Fig. 33) was found in situ. The femur is nearly complete and undistorted,

but the distal ends have some pre-diagenetic erosion and some abrasion due to excavation.
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The femur is robust and elongate, with measurements similar to those observed in NMQR 3314
and NMQR 1551 (Table 3). Consistent with the majority of sauropodiform taxa, the element is
relatively straight in lateral view (e.g., Camelotia, Antetonitrus) (Galton, 1984; McPhee et al.,
2014). Along the lateral margin of the anterior surface, the element in entirely straight. The

humeral/femoral ratio for BP/1/7811 is consistent with taxa like Antetonitrus and

Lessemsaurus.

pop

Figure 33: BP/1/7811, left femur. Anterior (A) posterior (B) lateral (C) medial (D) proximal (E) distal (F). Abbreviations: 4t, fourth trochanter; cfb, M.
caudofemoralis; fh, femoral head; It, lesser trochanter; nf, nutrient foramina; pop, poplitral fossa; tfc, tibiofibular crest. Arrow points medially.
Scale bar=5cm

The proximal surface of the femoral head (Fig. 33 E) is well-rounded and convex, similar to
other basal sauropods as well as basal eusauropods (Galton & Upchurch, 2004; Otero et al.,
2015). In proximal and anterior views (Fig. 33 A), the head is medially oriented. This is the

condition for all sauropodomorphs with the exclusion of basal most sauropodomorphs (e.g.,
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Saturnalia, Thecodontosaurus, Efraasia) (Langer et al., 1999; Benton et al., 2000; Yates, 2003;

Otero & Pol, 2013).

The lesser trochanter is positioned on the anterior surface (Fig. 33 A) of the femur is distal to
the greater trochanter and very close to the lateral margin of this surface. It is an augen-shaped
feature that has a proximodistally oriented long axis. Similar to Eucnemesaurus, Riojasaurus,
and NMQR 3314 this feature is higher as it extends out laterally than it is proximodistally wide
(Table 3) (Galton & van Heerden, 1985; McPhee et al., 2015b). Laterally, situated below the
lesser trochanter and above the fourth trochanter is a large, proximal deflecting nutrient
foramen (Fig. 33 A). Similar foramina are also found on the humeri of BP/1/7811 (Fig. 24)

(Seymour et al., 2012; Allan et al., 2014).

The fourth trochanter straddles the midpoint of the shaft and is visible in all views excluding
anterior. In general outline on the lateral and medial surfaces, the fourth trochanter is
asymmetrically sub-crescentic and is straight proximodistally, with its distal margin forming a
steeper right angle with the femoral shaft than is seen along the proximal margin. This
morphology is similar to other non-sauropodan sauropodomorphs (e.g., Lessemsaurus,
Plateosaurus) (Galton, 1998; Bonaparte, 1999). The poor preservation of the fourth trochanter
in NMQR 3314 and NMQR 1551 prohibits comparison with these specimens. In medial view at
the anterodorsal base of the forth trochanter the attachment for the m. caudofemoralis longus

is visible as a small fossa (Langer, 2003; Ezcurra, 2010).
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The femoral shaft is sub-ovoid in cross-section and is much flatter anteroposteriorly, which is
similar to taxa like Aardonyx, Camelotia, and Vulcanodon (Raath, 1984; Galton & van Heerden,
1985; Yates et al., 2010). This condition differs in taxa like Plateosaurus, Yunnanosaurus, and
Massospondylus where the cross-sectional shape is more sub-circular (Young, 1942; Yates &

Kitching, 2003).

Both distal condyles are mediolaterally expanded and slightly anteroposteriorly flattened. The
tibiofibular crest is an oval feature that projects strongly, which differs from taxa like
Antetonitrus and other more derived taxa where the crest is more reduced (McPhee et al.,
2014; Fabrégues & Allain, 2016). This crest makes a right angle with the posterior surface as it
extends outwards. The lateral condyle projects slightly more from the margin of the distal end
than in the medial condyle. The medial condyle is a bulbous feature, especially in medial view.
The popliteal fossa cuts in a deep U-shaped valley and trends laterally towards the tibial

condyle.

3.5.2.9 Tibia

The left tibia (Fig. 34) is weathered but is well-preserved and lacking obvious distortion. The
weathering is primarily centralized around the proximal (Fig. 34 E) and distal (Fig. 34 F) ends of
the elements. The tibia is approximately 75% the proximodostal length of the femur (Table 3),

which is the pleisomorphic condition exhibited by earlier branching taxa (Martinez & Alcober,
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2009). The element is proximodistally straight in lateral and medial views, but bows laterally

slightly in anterior view.

Figure 34: BP/1/7811, left tibia. Anterior (A) lateral (B) posterior (C) medial (D) proximal (E) distal (F). Abbreviations: ap, ascending
process; cc, cnemial crest; dp, descending process; Ic, lateral condyle; mr, medial ridge. Scale bar =5 cm

The proximal surface (Fig. 34 E) of is sub-ovoid in outline. The fibular condyle is a bulbous
feature in this view, and its posterior margin is anterior to the level of the posterior margin of
the medial condyle. This differs strongly from the more symmetrically developed, typically

triangular proximal outline of the tibiae of massospondylids (Galton, 1990; Bonaparte, 1978).

The region of the lateral surface between the cnemial crest and the fibular condyle is shallowly
concave laterally, but much less so than the condition in Antetonitrus (McPhee et al., 2014).
Visible on the proximal surface, the cnemial crest projects laterally. The anteroposterior length

(Table 3) of the proximal surface is almost twice as long as it is wide, which is a typically derived
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ratio within the tibiae of sauropodomorphs (e.g., Blikanasaurus, Pulanesaura, Tazoudasaurus)
(Galton & van Heerden, 1985; Allain et al., 2004; Ezcurra & Apaldetti, 2011; McPhee et al.,

2015b).

The tallest point of the cnemial crest sits close to the proximal end of the crest where it projects
proximally above the level of the rest of the proximal surface and slopes laterally in anterior
view. In contrast, the tallest point of the cnemial crest in taxa like Vulcanodon is located closer
to the proximodistal midpoint of the crest (Raath, 1972). There is no paramarginal ridge
present, as in most other sauropodomorphs except for several Chinese genera:

Jingshanosaurus, Lufengosaurus, and Yunnanosaurus.

The tibial shaft in ovoid in cross-section, being slightly mediolaterally compressed. At the
midpoint of the shaft, the element is at its smallest circumference (Table 3) but is gradually

expansive as it progresses proximally and distally.

In anterior view (Fig. 34 A), the anterolateral process is steeply raised. Although this portion of
the bone suffered the most damage overall, it is clear that the anterolateral process did not
extend laterally beyond the lateral margin of the posterolateral process. The lateral notch
between the anterolateral process and posterolateral process has been heavily eroded. Despite
the damages, the lateral notch is observable as a U-shaped feature with a similar degree of

depth to taxa like Adeopapposaurus, Coloradisaurus, and Riojasaurus (Martinez & Alcober,
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2009; Ezcurra & Apaldetti, 2011). The distal outline is sub-rectangular, with a strong lateral

projection of the posterolateral process.

3.5.2.10 Fibula

Two fibulae are present in the assemblage (Fig. 35). The right was found associated with the
ilium, pubes, femur, tibia, and several dorsal vertebrae. The left was collected half a meter
away but still from the same unit of deposition as the rest of the hindlimb (see Taphonomy and

Fig. 5). Based upon agreement in size, preservation, and association, it is presumed that both

fibulae come from the same individual.

5cm

Figure 35: BP/1/7811, right fibula. Lateral (A) medial (B) anterior (C) proximal (D) distal (E). Abbreviations: ac, anterior crest; ifs, il-
iofibularis scar; mpt, proximomedial tubercle. Scale bar = 5 cm
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The proximal surface (Fig. 35 E) of both fibulae is heavily eroded but would have been laterally
convex as that is the plesiomorphic state. The medial surface of the proximal end bears a small
proximomedial tubercle that would have touched the fibular notch of the tibia (Gray, 1918).
This feature is only slightly raised from the medial surface and positioned slightly posterior to
the midline. Like other non-sauropodan sauropodomorphs (e.g., Coloradisaurus,
Lufengosaurus, Massospondylus) the medial surface is smooth and lacks rugose pitting (Young,
1942; Bonaparte, 1978; Botha-Brink et al., 2012). The lateral surface bears a low, U-shaped

ridge the borders the concave medial region.

The sub-ovoid shaft of the fibula is bowed both anteroposteriorly and mediolaterally. The
anterior margin of the shaft is shallowly convex (which could be in part a product of crushing),
particularly towards the proximal end in the region of the raised and pronounced m. iliofibularis
scar. The insertion point of the m. iliofibularis does not have rugose pitting. This feature is
probably homologous with the trochanters seen in the fibulae of Vucanodon and

Tazoudasaurus (Raath, 1984; Allain et al., 2004; McPhee et al., 2014).

The lateral surface (Fig. 35 A) of the fibular shaft is shallowly concave, bowing away from the
shaft of the tibia, which is plesiomorphic for basal sauropodomorphs. While the bowing doesn’t
appear to be artificial, the degree of curvature could be a result of postdepositional

compaction.
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The medial margin of the proximal end of the fibula scribes a sigmoidal line in proximal view
(Fig. 35 E). The mediolaterally broadest portion of this shape is located close to the posterior
margin of the proximal end, and the more anterior portion of the medial margin tapers sharply
in breadth. The medial surface of the distal end is displaced towards the anterior side of fibula
and grades gradually into the distal end. It is bounded anteriorly by a low ridge of bone that
eventually reaches and forms an anteriorly projecting feature, which appears to extend to the

distal end of the element.

The distal end (Fig. 35 F) of the fibula has an ovoid outline in distal view. It is subtly expanded
from the shaft both anteroposteriorly and mediolaterlly. It possesses the flattened, teardrop
shape and prominent medial projection that is shared by other basal sauropodomorphs (Galton
& van Heerden, 1998; Otero et al., 2015). There is a shallow anteromedial fossa on the distal
articular surface. Due to weathering, it cannot be determined how hollowed out this feature

would have been.

3.5.2.11 Pes

A right pedal ungual (Fig. 36) was the only element preserved from the pes. It is heavily
fractured and missing the distal tip. The overall shape of this element is shallow and pointed,
completely lacking the sickle shape and recurving observed in Vulcanodon (Cooper, 1984;
Bonnan, 2005; McPhee et al., 2014), the absence of which is characteristic of sauropodomorphs

more basal than Vulcanodon and Tazoudasaurus (Pol et al., 2011).
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The element has slightly convex anterior sides as well as a broad anterior surface, which is a
condition seen in more derived nonsauropodan sauropodomorphs (e.g., Antetonitrus,
Blikanasaurus, NMQR 3314). The proximal articular surface of the ungual has a medially
deflecting intercondylar groove. The outline of the proximal surface (Fig. 36 E) is sub-ovoid and
is mediolaterally compressed with the mediolateral width decreasing dorsally. The wider

posterior end (Fig. 36 C) has a small flexor tubercle towards its anterior edge.

Figure 36: BP/1/7811, right pedal ungual. Lateral (A) medial (B) posterior (C) anterior (D) posterior (E). Abbreviations:
icg, intercondylar groove; mr, medial ridge. Scale bar =5 cm
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In lateral and medial view, the intercondylar groove extends past the ventral edge, further than
seen in taxa like Leonerasaurus (MPEF-PV 1663). Also visible on these surfaces is a
proximodistal medial line, interrupted intermittently by shallow cavities, situated at the

midpoint between the anterior and posterior margins.

Lateral deflection is seen on the dorsal and ventral surfaces of the ungual proximodistally,
opposite to the medial deflection of the intercondylar groove. This deflection becomes more

developed in eusauropods (Bonnan, 2005; McPhee et al., 2014).

3.6 Taxonomy

The newly discovered BP/1/7811, based upon a number of features, may have once been
referred to the genus, “Melanorosaurus” (e.g., a high humerus-femur ratio, derived femoral
morphology). However, due to the possible nomen dubium status of “Melanorosaurus”, such a

referral is not possible.

Within the specimens currently assigned to “Melanorosaurus”, there is the syntype series
(SAM-PK 3449-3450, SAM-PK 3532 referred) and the Bloemfontein pair (NMQR 1551, NMQR
3314). “Melanorosaurus” (Meroktenos) thabanensi (MNHN.F.LES16) has recently been removed
(de Fabregues & Allain, 2016). A detailed history for each can be found in Ch. 1 (Lower Elliot

Taxa Taxonomy and Legitimacy).
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The syntype series is problematic because the primary material comes from two separate
localities and might contain other disassociated material (Galton et al., 2005, McPhee et al.,
2015a; de Fabregues & Allain, 2016). It is likely that material is chimaeric, and it was excluded
from the phylogenetic analyses (although still used in anatomical comparisons) and |
recommend that it be omitted from all future analyses seeking to understand sauropodomorph
relationships. The referred “Melanorosaurus” assemblage SAM-PK-3532 (Haughton, 1924), has
a limited amount of dissociated material with poor provenance data. For these reasons, it was

also excluded from phylogenetic analysis.

These problems with the syntype and older referred material have led more recent authors to
use newer, more complete referred material as their exemplar for “Melanorosaurus”. In the
most recent analysis (McPhee et al., 2017), this was restricted to the referred specimens:
NMQR 1551 and NMQR 3314. These two assemblages are considered to be monospecific but
have been revealed to have some character conflicts as well as being stratigraphically

incongruent (McPhee et al., 2017).

The referral of NMQR 1551 and NMQR 3314 to “Melanorosaurus” is anatomically problematic
anatomically. A monograph on the postcranial anatomy of “Melanorosaurus” has never been
produced and instead is based off of observed features informally mentioned within the
literature: deep and thin hyposphenes on dorsal vertebrae, a sacrum composed of four
vertebrae, anterior caudal centra with a ventral longitudinal sulcus (SAM-PK-3349/3350), a

shallow radial fossa, the position of the lesser trochanter on the anterior femoral surface, and a
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relatively straight femur in mediolateral views (Yates, 2003; Yates et al., 2007 a&b; McPhee et

al., 2015b, 2017).

Differing from “Melanorosaurus”, NMQR 1551 possesses more dorsoventral vertebrae, a highly
compressed first caudal centrum, a sub-rounded caudal margin of the postacetabular process
of the illium, and a relatively flat distal articular surface of the astragalus. It is lacking a

hyposphenal ridge on any of the caudal vertebrae observable in the syntype.

NMQR 3314 differs from “Melanorosaurus” by possessing a minimally-developed, rounded
humeral head, having a deltopectoral crest between 30-50% of the length of the humerus, the
medial deflection of the proximal ulna, a smaller transverse tibial width, and a smaller third
metatarsal. On these grounds, NMQR 1551 and NMQR 3314 cannot be assumed to be

“Melanorosaurus”.

BP/1/8711 and NMQR 1551 have precise, definitive provenance data showing that they are
from the LEF, and thus likely Rhaetian in age. Despite being near-contemporaries (their exact
positions within LEF stratigraphy have yet to be worked out), the two specimens differ in
several key ways. Most of these differences are found within the dorsal vertebrae, where
BP/1/7811 shows signs of incipient skeletal pneumaticity (Wedel, 2003), but also relate to
BP/1/7811’s robusticity of the scapula and the sub-crescent shape of the femoral 4™
trochanter. For the purpose of this study, they are included in the analysis but they are not

considered to be their own, separate entities and not as referred “Melanorosaurus” specimens.
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All MPTs (summarized as a strict consensus in Fig. 37) posit a position for BP/1/7811 as a
member of a monophyletic clade formed with NMQR 1551 and NMQR 3314 that is in turn
nested outside of Sauropoda but within Anchisauria (Galton & Upchurch, 2004; Yates, 2010).

The exact nature of the relationships between these three specimens is unresolved.
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Figure 37: Time-calibrated strict consensus including the position of BP/1/7811. Colors from Triassic world map
show modern continents and correlate with each bar adjacent to taxa.
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3.7 Phylogenetics

The analysis resulted in the recovery of 12 most parsimonious trees (MPTs) with a Cl of 0.330
and an Rl of 0.693) (Fig. 37) with BP/1/7811 forming a clade with NMQR 1551 and NMQR 3314.
This relationship is supported by Character 180 (0 ->1): Shape of the iliac articular facets of the
first primordial sacral rib, Character 255 (0 = 1): Length of the preacetabular process of the

ilium, and Character 305 (0 - 1): Well-developed tibiofibular crest on distal femur.

3.8 BP/1/7811 Differentiation

3.8.1BP/1/7811 vs. NMQR 1551

While quite similar, BP/1/7811 and NMQR 1551 differ in some key features. The height of the
hyposphenes in the dorsal vertebrae are slightly shorter in BP/1/7811 (158), NMQR 1551 does
not possess an accessory lamina (162) nor does it show potential excavation within the dorsal
neural arches (163), the scapula is more robust in BP/1/7811 (203) than in NMQR 1551 (and

NMQR 3314), and the shape of the 4" trochanter differs slightly between the two with NMQR

1551s being more symmetrical (300).

3.8.2 BP/1/7811 vs NMQR 3314
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As to expected of two animals living in separate time periods, there are several key differences
between NMQR 3314 (UEF) and BP/1/7811 (LEF). NMQR 3314 lacks the anterior spur-like
projections seen on the neural spines of the two preserved cervical vertebrae of BP/1/7811
(139) and has a proportionally shorter humerus than BP/1/7811. The shape of the anterior
centrum face is also more flattened in NMQR 3314. NMQR 3314 has a slightly larger
humerus/femur ratio than BP/1/7811 (208) and also has the faint presence of a brevis fossa on

the ilium (262).

3.8.3 BP/1/7811 vs Plateosauravus

Plateosauravus (SAM 3341-45, 3345, 3348. 3350, 3356, 3602, 3603) differs from BP/1/7811 and
NMQR 1551 slightly in the height of the hyposphenes within the dorsal vertebrae, being less
the height of the neural canal (158). Like NMQR 1551, Plateosauravus lacks accessory lamina
dividing the posterior fossae from the postzygapophyses (162) as well as an absence of
potential excavation within dorsal neural arches (163). Also different from BP/1/7811 is the
absence of a longitudinal ventral sulcus on the middle caudal vertebrae (192). NMQR 1551 has
a sub-square shaped caudal margin on the postacetabular process of the ilium, which is more
pointed ventrally in NMQR 3314 (264). in the first and third metatarsals, the two taxa differ in

size with NMQR 3314 exhibiting a more robust condition (341, 349).

3.8.4 BP/1/7811 vs. Sefapanosaurus
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Unlike BP/1/7811, Sefapanosaurus has epipophyses overhanging the rear margin of the
postzygapophyses (138), the presence of which is fairly rare in basal sauropodomorphs.
Sefapanosaurus has dorsal vertebrae hyposphenes, but they are shorter than those seen in
BP/1/7811 (158). The presence of accessory lamina (162) and potential dorsal excavation are
not found in Sefapanosaurus - these features are relatively specific to BP/1/7811 within this
grade of animals. The shape of the posterior dorsal neural canal in Sefapanosaurus is slit-
shaped, which is an unusual shape for Sauropodiforms (167). Most notably, Sefapanosaurus
differs from BP/1/7811 (and other similar animals) in the metacarpals. The shape of the first
metacarpal in Sefapanosaurus is more of a square shaped element with BP/1/7811 having a
less robust structure (232). The two also differ in the shape of the second and third metacarpal

of Sefapanosaurus is trapezoidal (236).

The femur of Sefapanosaurus is dissimilar to BP/1/7811. Sefapanosaurus has a subcircular
femoral cross-section, contrasting with the more elliptical cross-section seen in BP/1/7811
(287). It also differs in the position of the lesser trochanter, with Sefapanosaurus’s being
located anteriorly (296) and obscured entirely in posterior view (297). In addition, distinctive of
Sefapanosaurus is the shape of the proximal articular surface of the tibia, having a transverse

width subequal to its anteroposterior length (313).

3.8.5 BP/1/7811 vs. Eucnemesaurus
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Eucnemesaurus fortis and Eucnemesaurus entaxonis have a much larger suit of character
differences than any of the other taxa discussed above. Eucnemesaurus entaxonis does not
have the laterally expanded spine tables seen in BP/1/7811 (150). It does, along with
Eucnemesaurus fortis have hyposphenes present in dorsal vertebrae, but these are taller in
BP/1/7811. BP/1/7811’s distinctive accessory lamina (162) are partially seen in Eucnemesaurus
fortis, as is a degree of pneumatic excavation (163). “Eucnemesaurus” does not have the
longitudinal ventral sulcus seen in the caudal of BP/1/7811 (192). The shape of the distal caudal
centra in Eucnemesaurus fortis is more oval shaped than the condition observed within
“Melanorosaurus” and in BP/1/7811 which appear as more square-shaped features (194).
Eucnemesaurus entaxonis has a well-developed brevis fossa that is absent in NMQR 1551 and

BP/1/7811 (262). This feature is partially present in NMQR 3314.

The femoral characters of “Eucnemesaurus” differ greatly from BP/1/7811. Eucnemesaurus
fortis has a subcircular cross-section (287), and both Eucnemesaurus genera have a well-
developed swelling on the posterior margin of the femoral head, which is much more reduced
in BP/1/7811 (290). “Eucnemesaurus” has a more robust lesser trochanter than BP/1/7811
(295) and the lesser trochanter is placed more anteriorly (296), being invisible in posterior view
(297). The forth trochanter of “Eucnemesaurus” is rounded (301), unlike the subrectangular
shape seen in NMQR 1551, Plateosauravus, Sefapanosaurus, and BP/1/7811. “Eucnemesaurus”
also has extensor depressions on the anterior surfaces of the distal femora (303).

Eucnemesaurus entaxonis does not have the wider tibiofibular crest of NMQR 1551, NMQR
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3314, or BP/1/7811 (306). Out of the taxa discussed above, “Eucnemesaurus” is the most

dissimilar to BP/1/7811.
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Chapter 4: Systematics

4.1 Systematic paleontology

Dinosauria: Owen, 1842
Saurischia: Seeley, 1887
Sauropodomorpha: von Huene, 1932 sensu Galton & Upchurch, 2004
Massopoda: Yates, 2007

Sauropodiformes: Sereno, 2007

4.2 Gen. et. Spec. nov.

TO BE NAMED LATER

4.3 Holotype:

BP/1/7811; associated partial postcranial skeleton (individual animal): 2 cervical vertebrae, 7

dorsal vertebrae, 1 caudal vertebra, 1 left scapula, both humeri, 1 distal right radius, 1 proximal

left radius, portion of a left manus, both pubes, 1 left femur, 1 left tibia, both fibulae, and a

left? pedal ungual.

44  Type Locality:
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BP/1/7811 was collected from an outcrop of LEF in a quarry designated “H5” on the Dreifontein
Farm near the town of Roussouw in the Eastern Cape Province of South Africa (Fig. 5).
Regionally, the LEF records perennial meandering channels and point bar sandstones
embedded in mudstones of a broad alluvial plain (Visser & Botha, 1980; Eriksson, 1985; Smith

et al., 1993; Bordy et al., 2004a, b; Bordy & Eriksson, 2015; Viglietti & Dinter, 2016).

4.5 Horizon and Age:

BP/1/7811 was preserved in gray silty overbank mudstone between two sandstone units within
the Lower Elliot Formation (Fig. 3). The Elliot Formation covers the Norian to Sinemurian stages
of the Triassic and Jurassic as represented in South Africa and Lesotho (Bordy et al., 2004c). The
Elliot Formation is a member of the sedimentary Stormberg Group, which is part of the larger

Karoo Supergroup (Smith et al., 1993).

4.6 Diagnosis:

BP/1/7811 is a large, intermediate non-eusauropod sauropodomorph (=Sauropodiform)
dinosaur specifically diagnosed by the following unique combination of features: the presence
of accessory lamina dividing the posterior fossae from the postzygapophyses, the concave
shape of the anterior centrum face, the presence of hyposphenes in the dorsal vertebrae —

specifically being less than the height of the neural canals, the presence of accessory lamina
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dividing the posterior fossae from the postzygapophyses, the equivocal pneumatic excavation
of the dorsal neural arches, the increased width of the scapula, the pronounced tubercle on the
anterolateral corner of shaft of the second metacarpal just below the proximal surface, and the

absence of an extensor depression on the anterior surface of the distal end of the femur.
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Chapter 5: Discussion

5.1 Taphonomy

The blunt gnawing bite marks found on the pubes (Fig. 11) are consistent with predation or
scavenging (Schwimmer, 2010). Known carnivores at the time of deposition limit the predator
or scavenger to a crocodyliform or theropodan trace maker (e.g., Bonaparte, 1969; Jacobsen,
1998; Bristowe & Raath, 2004; Weishampel et al., 2004; Drumheller ef al., 2014). The U-shaped
score mark in lieu of a V-shaped score found on the right pubis is more indicative of a
crocodyliform trace maker, but due to the faintness of the marks, does not entirely rule out a

different predator (Schwimmer, 2010; Sahle et al., 2017).

There are currently no crocodylomorph body fossils known‘ from the lower Elliot Formation
(Dollman et al., 2017). However, globally there have beer) large bodied sphenosuchians from
the Late Triassic (Redondavenator and Carnufex), so it is possible that crocodylomorphs did
exist in South Africa during the Late Triassic but that the remains of these animals have not yet

been recovered (Nesbitt et al., 2005; Zanno et al., 2015).

Based upon the provided evidence, predation or scavenging is presumed to have been early on
the biostratinomic timeline. The lack of predation or scavenging marks on the other material

suggests that predation was minimal after the remaining material came to its final resting site.
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While BP/1/7811 has these traces, the cause of death cannot be said with certainty. However,

senescence can be ruled out upon the suture scars observable in the vertebral sequence.

The remaining material stayed on the surface after predation or scavenging and ultimately
would have lost most surrounding tissue, but likely retained enough soft material to sufficiently
hold anatomically proximate elements in close association as it continued to rot on the
floodplain. However, it is not likely that material remained on the surface for an extended
period of time due to an almost complete absence of surface damage (e.g., wet-rot, root
damage, predepositional cracking). The ends of the long bones have a rough texture which is
consistent with very minor bone surface weathering and exfoliation. This mild surface
weathering is consistent with a single season or less of weathering (Behrensmeyer, 1978),
placing it somewhere within Stage 0-1 on the Behrensmeyer Weather Stage chart (Fig. 10). It is
possible that the minor bone degradation at proximal and distal ends is due to interfacing
between cartilage that rotted around the ends of the bones (Trueta, 1968), which could change

this timeline slightly.

Warm temperatures were globally experienced in the Late Triassic (Sellwood & Valdes, 2006). A
now fragmenting Pangea experienced polarized wet-dry seasonality due in part to low-pressure
systems from the Tethys Ocean (Hounslow & Ruffell, 2006) which was likely associated with
monsoons and regular seasonal flooding. However, following the Carnian Pluvial Event (CPE),
the Norian experienced an increase in global aridity (Simms & Ruffell, 1989) which can be

observed in Late Triassic lower Elliot Formation deposits (Bordy & Eriksson, 2015). This is
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supported by the presence of intraformational rip-up clasts in Unit 6 (Fig. 3), the presence of
which show intermittent aridity (Glennie, 1998). For rip-up clasts to form, there must be
desiccated or partially consolidated mud (possibly mud cracks) near to a river or stream that
repetitiously dries and floods but the floods cannot be too high energy to destroy the scoured

mud-cracks before deposition (Kindle, 1917; Jackson, 1997).

From the interpreted low-energy depositional environment of H5 (see H5 depositional
environment), specifically Unit 6 (Fig. 3), along with the nearly random distribution of skeletal
remains observed in the rose charts (Fig. 7-9), BP/1/7811 probably died locally rather than
having been transported to the quarry by a tributary stream. The overall lack of significant
orientation of elements in the H5 Quarry argues against significant transport in a fluvial system,
although the northwesterly orientation of the long bones (Fig. 8) may suggest some local
reworking and is consistent with an articulated animal falling apart on a floodplain
(Behrensmeyer, 1978). The depositional pattern in the H5 Quarry is also consistent with a
sudden disaster amplified by predation or current on account of association, the

predation/scavenging traces, and the minimal hydraulic sorting (Badgley, 1986).

The mudstone deposit constituting Unit 6 suggests that currents were mostly weak {Aplin et al.,
1995), but the upward fining mudstones below the fossil layer could mean that currents were
strong at some point, prior to deposition. These small elements are more likely to be preserved

within mudstone units in an ephemeral wet-dry system (Levick et al., 2008). From the
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experiments conducted on mammalian bones by Voorhies (1969), if substantial transport

occurred over a long period of time, these smaller elements are expected to be washed away.

The association, despite the disarticulation, shows that very little transport must have occurred
prior to final deposition (Aslan & Behrensmeyer, 1996). The intraformational rip-up clasts
surrounding the bones point towards rapid, medium energy deposition of encasing sediments,
large enough to reach the floodplain environment, causing rapid burial of the remaining bones
but not rapid enough to wash away smaller elements (Voorhies, 1969). This burial would have

prevented further winnowing, allowing for fossilization to begin (Schwartz & Gillette, 1994).

5.2 Taxonomic and Phylogenetic Analysis

BP/1/7811 is the most associated and best-preserved non-sauropodan sauropodomorph
collected from the LEF to date. However, there is relatively limited overlap between South
African LEF non-sauropodan sauropodomorphs, making comparison and phylogenetic analysis
more difficult. NMQR 1551, which is penecontemporaneous with BP/1/7811, shares many
morphological similarities BP/1/7811, but does not preserve all overlapping elements. Despite
the concerns listed above, the grouping of NMQR 1551 and NMQR 3314 with BP/1/7811in a

clade is not unexpected given the anatomical similarities between the three specimens.

Distinguishing BP/1/7811 from the NMQR specimens are the following character states: the

presence of accessory lamina dividing the posterior fossae from the postzygapophyses, the
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equivocal pneumatic excavation of the dorsal neural arches, the presence of a longitudinal
ventral sulcus on proximal and middle caudal vertebrae, the width of the scapula, and the
symmetry of the profile of the 4™ trochanter of the femur being asymmetrical with a steeper
distal slope than the proximal slope and a distinct distal corner. BP/1/7811 is markedly different

from other LEF taxa, meriting the erection of a new genus and species.

BP/1/7811 is grouped within Anchisauria primarily due to the anterior visibility of the partially
preserved obturator foramen on the pubes (Fig. 32), the humeral/femoral ratio (Table 3), the
straightness of the femoral shaft in mediolateral views (Fig. 33 C&D), and the placement of the
4™ trochanter on the posteromedial margin of the femoral shaft (Fig. 33) (Galton, 2005). Galton
(2005) also included the hourglass-shaped proximal metatarsal Il as indicative of Anchisauria,

but this element is not preserved in BP/1/7811.

The grouping of Anchisauria is similar to Yate’s 2010 cladistic analysis but excludes
Yunnanosaurus from the clade, placing Anchisaurus with Sauropoda. This result is consistent
with other recent analyses in that it recovers several monophyletic clades (Plateosauridae and
Massospondylidae) within non-sauropodan Sauropodomorpha along the stem leading to

Sauropoda (e.g., Yates, 2007b; McPhee et al., 2014; Otero et al., 2015).

The character states that affirm BP/1/7811’s non-sauropodan condition include the relatively

large humeral deltopectoral crest (Fig. 24), the subtriangular shape of the proximal ulna (Fig.
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26), the reduction of the ulnar olecranon process (Fig. 26}, an extensive ischial peduncle (Fig.

31), and a relatively large 4™ trochanter (Fig. 33).

The character states that place BP/1/7811 within “Melanorosauridae” are seen primarily
through femoral apomorphies: the prominent lesser trochanter on the femur (Fig. 33), the
projection of which is visible on the posterior surface of the femur (Fig. 33 B), the central
placement of the 4" trochanter (Fig. 33), and the ovular profile of the femoral shaft (being
anteroposteriorly compressed). Another apomorphy includes the sigmoidal profile of the ilium

in lateral view (Fig 31) (Galton, 2005).

In the future, there might be a resolution of the trichotemy of NMQR 1551, NMQR 3314, and
BP/1/7811 if more skeletal material is found. Despite this lack of resolution, this new BP/1/7811
fossil does provide new insight on the interrelationships of the NMQR specimens and to the
relationships of other LEF sauropodomorphs, due to its proven association and the precision of
its stratigraphic placement within the formation. The features supporting the clade containing
these three animals is the presence of a deep, medially-directed pit excavation the surface of
the non-articulation gap of the first primordial sacral rib (181: 0 > 1), the absence of the
buttress between the preacetabular process and the supraacetabular crest of the ilium (256: 0
- 1), the mediolaterally wide distal surface of the tibiofibular crest (306: 0 2 1), and the
position of the lateral margin of the descending caudoventral process of the distal end of the
tibia protruding laterally (319: 1 - 0). The grouping of these animals will aid in future works

aiming to untangle the remaining basal sauropodomorphs ascribed to “Melanorosauridae” and
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will assist in the identification and classification of discoveries yet to come from the Elliot

Formation of South Africa.

An interesting aspect of this new clade is the inclusion of NMQR 3314, in that this animal shows
a lineage of large Triassic animals that were seemingly relatively unphased by a massive
extinction event. The survival of this clade provides additional evidence to the hypothesis that
the‘end-Triassic extinction and the subsequent available niche space left by species unable to

survive was what allowed dinosaurs to become the largest land animals Earth has ever seen.

5.2.1 Functional Morphology

The work of Remes (2007) pointed to certain forelimb characteristics that are linked to an
abducted forelimb posture in archosaurs. Of these, BP/1/7811 has a both a humeral cuboid
fossa (Fig. 24) as well as an enlarged ulnar olecranon process (Fig. 26). The humeral cuboid
fossa is suggested by Bonnan and Yates (2007) to be indicative of a well-developed flexural
capacity in forearm. The ratios used in Bonnan and Yates (2007) for cannot be repeated in this
study due to the incomplete preservation of BP/1/7811, but the measurements of the manal
elements that did preserve are similar to those of the significantly more complete NMQR 3314.
Their work points to NMQR 3314’s manus being one that was designed for occasional

bipedality.
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The humeral length divided by the femoral length gives a ratio of approximately 73%, which is
similar to, though at the higher end, most other contemporary sauropodomorphs (e.g.,
Plateosaurus, Anchisaurus, Lufengosaurus) who have ratios ranging between 53% and 78%
(McPhee et al., 2014). As some elements were not preserved, a ratio from the total lengths of

the forelimb vs. the hindlimb could not be obtained.

The minimal femoral circumference divided by the total femoral length of BP/1/7811 gave a
ratio of approximately 43%. From the measurements provided in Benson et al. (2014), this ratio
is consistent with those seen in the larger, quadrupedal basal non-sauropodan taxa. The femur
of BP/1/7811 is entirely straight along the lateral margin of the anterior surface and bears a
prominent lesser trochanter, which shows a move towards columnar limb posture (Carrano,

2005).

Based upon these observations and ratios, it does not appear that BP/1/7811 would have been
an obligate quadruped. More likely from the evidence above, BP/1/7811 would have been
primarily quadrupedal, but with the ability to stand on two legs when the need arose. This
animal would have also had the ability to abduct its forelimb, and would have possessed some
degree of dexterity in its hands. These adaptions suggest that BP/1/7811 would have been a

bulk-browser, rather than a grazer.
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Chapter 6: Conclusion

BP/1/7811 is the most complete, associated basal sauropodomorph from the lower Elliot
Formation that has been recovered to date. Of particular usefulness within this deposit is the
relative stratigraphic preciseness. From this phylogenetic analysis, this specimen likely belongs
within the family currently dubbed “Melanorosauridae”. However, the name-sake for this
family, “Melanorosaurus”, is in need of fundamental revision. The character inconsistencies
within valid “Melanorosaurus” taxa (valid within this study) do not suggest that BP/1/7811 fits

within “Melanorosaurus” and is instead a new genus.

The dissimilarities between BP/1/7811 and other similar taxa further reinforces the LEF’s status
as an important deposit for understanding the diversity of transitional basal sauropodomorphs
in the Triassic and, based upon the close affinities with NMQR 1551 and NMQR 3314, provides
new incite on the “Melanorosaurid” clade and how it endeavored across the Triassic-Jurassic
Boundary extinction event. While this deposit is dissimilar in completeness and provincial data
to other lower Elliot Formation specimens, the taphonomic implications are quite similar, in

that BP/1/7811 was preserved in a low-energy, fluvial floodplain ecosystem.
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APPENDIX

TABLES:

Table 1: Details of jackets recovered from the H5 Quarry.

Sf:apula H5-16-4 left scapula, two dorsal vertebrae, several rib 2016
jacket fragments
ek " -
Ht.xmerus H5-14-24 right humerus, cervical verte‘bra, several rib 2014-15
jacket fragments cut across by a microfault
Hindlimb left ilium, both pubes, a left femur, a left tibia, a
- HN-14-23 right fibula, two dorsal vertebrae, multiple 2014-15
) rib/gastralia fragments
Fibul
. o H5-16-1 left fibula, one dorsal vertebrae 2016
jacket
Small jacket
; HN-15-1 right pedal phalanx 2015
Small jacket
s ;ac B HN-15-3 caudal vertebra 2015
Small jack
- 3jac " HN-15-15 dorsal vertebrae, MC2 2015
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Table 2: BP/1/7811 vertebral measurements.

Anteropost length (neural arch):
Anteropost length (neural spine):
Anteropost. width of centrum:
Dorsoventral height neural arch:
Dorsoventral height centrum:

Ant. surface dorsoventral height of centra:
Ant. surface mediolateral width of centra:
Post. surface dorsoventral height of centra:
Post. surface mediolateral height of centra:

Anteropost length (neural arch):
Anteropost length (neural spine):
nteropost. width of centrum:
Dorsoventral height neural arch:
Dorsoventral height centrum:
Ant. surface dorsoventral height of centra:
Ant. surface mediolateral width of centra:
Post. surface dorsoventral height of centra:
Post. surface mediolateral height of centra:

P

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:

Posterior surface dorsoventral height of centra:
Posterior surface mediolateral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

nterior surface dorsoventral height of centra:
nterior surface mediolateral width of centra:

Posterior surface dorsoventral height of centra:

Posterior surface mediolateral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:

Posterior surface dorsoventral height of centra:
Posterior surface mediolateral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:

Posterior surface mediolateral height of centra:

Posterior surface dorsoventral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:

Posterior surface mediolateral height of centra:

Posterior surface dorsoventral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:

Posterior surface mediolateral height of centra:

Posterior surface dorsoventral height of centra:

Greatest anteropost length:
Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:
Posterior surface dorsoventral height of centra:
Posterior surface mediolateral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
|Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:
Posterior surface dorsoventral height of centra:
Posterior surface mediolateral height of centra:

Greatest anteropost length:

Anteropost. width of neural spine:
Dorsoventral height neural arch:

Dorsoventral height centrum:

Anterior surface dorsoventral height of centra:
Anterior surface mediolateral width of centra:
Posterior surface dorsoventral height of centra:
Posterior surface mediolateral height of centra:
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Table 3: BP/1/7811 appendicular measurements

PD L:
Prox. max. W:
Distal max. W:
Min. AP W of scap:
Min. width/PD L:

PD L: PD L:

DPC L: DPC L:

Prox. max. W: Prox. max. W:
Distal max. W: Distal max. W:
Min. shaft C: Min. shaft C:
DPCL/PD L: DPC L/PD L:

PD L: PD L:

Prox. max. W: Prox. max. W:
Distal max. W: Distal max. W:
Min. shaft C: Min. shaft C:

PD L:
Prox. max. W:
Distal max. W:
Min. shaft D:

PD L:
Prox. max. W:
Distal max. W:
Min. shaft D:

Antpost L between pap and pop:
Antpost L between pop and ip:
Antpost L between pp amd pop:
ACC L:

Mediolat width distal pubic peduncle:

Antpost length distal pubic peduncle:

Mediolat width distal ischial peduncle:

Antpost length distal ischial peduncle:

Dist. between pp and ip (inside of acetabulum):
Dist. between pp and ip (full):

PD L:
ML W (mid):
ML W (prox):

PD L:
ML prox. W:

ML distal width:

Min. midshaft circum:

Max. midshaft circum:

4T height:

4T length:

PD humeral L/PD femoral L:

PD Length:
Tibia PD L/Femur PD L:
Prox. maximum width:
Distal maximum width:
Min. shaft circum:
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Anchisaurus
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Unaysaurus
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Yunnanosaurus
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110010111?(01)0101101000010110101?101000110011001?011010100001111001?0?11107?0?011???11?0000110
?2

124



	Dinter Cory Michaela, 2018_001
	Dinter Cory Michaela, 2018_002
	Dinter Cory Michaela, 2018_003
	Dinter Cory Michaela, 2018_004
	Dinter Cory Michaela, 2018_005
	Dinter Cory Michaela, 2018_006
	Dinter Cory Michaela, 2018_007
	Dinter Cory Michaela, 2018_008
	Dinter Cory Michaela, 2018_009
	Dinter Cory Michaela, 2018_010
	Dinter Cory Michaela, 2018_011
	Dinter Cory Michaela, 2018_012
	Dinter Cory Michaela, 2018_013
	Dinter Cory Michaela, 2018_014
	Dinter Cory Michaela, 2018_015
	Dinter Cory Michaela, 2018_016
	Dinter Cory Michaela, 2018_017
	Dinter Cory Michaela, 2018_018
	Dinter Cory Michaela, 2018_019
	Dinter Cory Michaela, 2018_020
	Dinter Cory Michaela, 2018_021
	Dinter Cory Michaela, 2018_022
	Dinter Cory Michaela, 2018_023
	Dinter Cory Michaela, 2018_024
	Dinter Cory Michaela, 2018_025
	Dinter Cory Michaela, 2018_026
	Dinter Cory Michaela, 2018_027
	Dinter Cory Michaela, 2018_028
	Dinter Cory Michaela, 2018_029
	Dinter Cory Michaela, 2018_030
	Dinter Cory Michaela, 2018_031
	Dinter Cory Michaela, 2018_032
	Dinter Cory Michaela, 2018_033
	Dinter Cory Michaela, 2018_034
	Dinter Cory Michaela, 2018_035
	Dinter Cory Michaela, 2018_036
	Dinter Cory Michaela, 2018_037
	Dinter Cory Michaela, 2018_038
	Dinter Cory Michaela, 2018_039
	Dinter Cory Michaela, 2018_040
	Dinter Cory Michaela, 2018_041
	Dinter Cory Michaela, 2018_042
	Dinter Cory Michaela, 2018_043
	Dinter Cory Michaela, 2018_044
	Dinter Cory Michaela, 2018_045
	Dinter Cory Michaela, 2018_046
	Dinter Cory Michaela, 2018_047
	Dinter Cory Michaela, 2018_048
	Dinter Cory Michaela, 2018_049
	Dinter Cory Michaela, 2018_050
	Dinter Cory Michaela, 2018_051
	Dinter Cory Michaela, 2018_052
	Dinter Cory Michaela, 2018_053
	Dinter Cory Michaela, 2018_054
	Dinter Cory Michaela, 2018_055
	Dinter Cory Michaela, 2018_056
	Dinter Cory Michaela, 2018_057
	Dinter Cory Michaela, 2018_058
	Dinter Cory Michaela, 2018_059
	Dinter Cory Michaela, 2018_060
	Dinter Cory Michaela, 2018_061
	Dinter Cory Michaela, 2018_062
	Dinter Cory Michaela, 2018_063
	Dinter Cory Michaela, 2018_064
	Dinter Cory Michaela, 2018_065
	Dinter Cory Michaela, 2018_066
	Dinter Cory Michaela, 2018_067
	Dinter Cory Michaela, 2018_068
	Dinter Cory Michaela, 2018_069
	Dinter Cory Michaela, 2018_070
	Dinter Cory Michaela, 2018_071
	Dinter Cory Michaela, 2018_072
	Dinter Cory Michaela, 2018_073
	Dinter Cory Michaela, 2018_074
	Dinter Cory Michaela, 2018_075
	Dinter Cory Michaela, 2018_076
	Dinter Cory Michaela, 2018_077
	Dinter Cory Michaela, 2018_078
	Dinter Cory Michaela, 2018_079
	Dinter Cory Michaela, 2018_080
	Dinter Cory Michaela, 2018_081
	Dinter Cory Michaela, 2018_082
	Dinter Cory Michaela, 2018_083
	Dinter Cory Michaela, 2018_084
	Dinter Cory Michaela, 2018_085
	Dinter Cory Michaela, 2018_086
	Dinter Cory Michaela, 2018_087
	Dinter Cory Michaela, 2018_088
	Dinter Cory Michaela, 2018_089
	Dinter Cory Michaela, 2018_090
	Dinter Cory Michaela, 2018_091
	Dinter Cory Michaela, 2018_092
	Dinter Cory Michaela, 2018_093
	Dinter Cory Michaela, 2018_094
	Dinter Cory Michaela, 2018_095
	Dinter Cory Michaela, 2018_096
	Dinter Cory Michaela, 2018_097
	Dinter Cory Michaela, 2018_098
	Dinter Cory Michaela, 2018_099
	Dinter Cory Michaela, 2018_100
	Dinter Cory Michaela, 2018_101
	Dinter Cory Michaela, 2018_102
	Dinter Cory Michaela, 2018_103
	Dinter Cory Michaela, 2018_104
	Dinter Cory Michaela, 2018_105
	Dinter Cory Michaela, 2018_106
	Dinter Cory Michaela, 2018_107
	Dinter Cory Michaela, 2018_108
	Dinter Cory Michaela, 2018_109
	Dinter Cory Michaela, 2018_110
	Dinter Cory Michaela, 2018_111
	Dinter Cory Michaela, 2018_112
	Dinter Cory Michaela, 2018_113
	Dinter Cory Michaela, 2018_114
	Dinter Cory Michaela, 2018_115
	Dinter Cory Michaela, 2018_116
	Dinter Cory Michaela, 2018_117
	Dinter Cory Michaela, 2018_118
	Dinter Cory Michaela, 2018_119
	Dinter Cory Michaela, 2018_120
	Dinter Cory Michaela, 2018_121
	Dinter Cory Michaela, 2018_122
	Dinter Cory Michaela, 2018_123
	Dinter Cory Michaela, 2018_124
	Dinter Cory Michaela, 2018_125
	Dinter Cory Michaela, 2018_126
	Dinter Cory Michaela, 2018_127
	Dinter Cory Michaela, 2018_128
	Dinter Cory Michaela, 2018_129
	Dinter Cory Michaela, 2018_130
	Dinter Cory Michaela, 2018_131
	Dinter Cory Michaela, 2018_132
	Dinter Cory Michaela, 2018_133
	Dinter Cory Michaela, 2018_134
	Dinter Cory Michaela, 2018_135
	Dinter Cory Michaela, 2018_136
	Dinter Cory Michaela, 2018_137
	Dinter Cory Michaela, 2018_138

