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Abstract.—A new specimen of a theropod dinosaur found in the Upper Jurassic (Freixial Formation, late Tithonian)
of the Lusitanian Basin is described. It corresponds to a single individual and includes a sequence of articulated cau-
dal vertebrae, an almost complete right pes, and other fragments of the appendicular skeleton. The specimen includes
the most complete pes of a theropod dinosaur currently known in the Lusitanian Basin and represents one of the
youngest skeletal records of theropod dinosaurs currently known in the Portuguese Upper Jurassic.

A systematic analysis of this specimen is performed and it shows a combination of characters that allows us to
interpret it as belonging to an allosauroid taxon. Within this clade, the material from Cambelas shares a few features with
some carcharodontosaurids, including the presence of a lateral lamina extending along the anterior end of the centrum in
the caudal vertebra and of a low vertical crest on the lateral surface of the femoral lesser trochanter. The set of remains
described here shares some unusual features with another specimen previously described in the Portuguese fossil record,
which also presents some synapomorphies of Carcharodontosauria. However, no autapomorphy or exclusive character
combination can be recognized in the specimen here described in order to describe it as a new form. The presence of this
specimen suggests a greater diversity in the allosauroid theropod fauna from the Late Jurassic of the Lusitanian Basin
than currently known and probably expands the temporal record of Carcharodontosauria up to upper Tithonian of south-
western Europe.

Introduction

The currently known Portuguese record of theropod dinosaurs is
relatively abundant and diverse, especially in the Upper Jurassic
strata of the Lusitanian Basin (e.g., Lapparent and Zbyszewski,
1957; Antunes and Mateus, 2003; Mateus et al., 2006; Ortega
et al., 2006). Despite some classical occurrences of theropod
remains, corresponding mainly to isolated elements (Sauvage,
1897–1898; Lapparent and Zbyszewski, 1957), it was not until
the end of the 20th century that the understanding of this record
improved. The specimens described by Sauvage (1897–1898)
and Lapparent and Zbyszewski (1957) were assigned to differ-
ent species of Megalosaurus, at that time a poorly understood
taxon represented by some material from the Middle Jurassic of
Stonesfield (Oxfordshire, UK), and several other fossils from
different ages worldwide (Benson, 2008, 2010; Carrano et al.,
2012; Rauhut et al., 2016). Most of the classical occurrences of
theropod dinosaurs from the Upper Jurassic of Portugal were
referred to Megalosaurus insignis Eudes-Deslongchamps and
Lennier in Lennier, 1870, or to a supposedly exclusive Portu-
guese form,Megalosaurus pombali Lapparent and Zbyszewski,
1957 (Sauvage, 1897–1898; Lapparent and Zbyszewski, 1957).

These specimens were later reinterpreted as belonging to inde-
terminate theropods or assigned to other dinosaur groups
(Mateus, 2005; Mocho et al., 2016).

The Portuguese Upper Jurassic fossil record includes
mainly medium- to large-sized forms belonging to early-
diverging theropod clades, such as Ceratosauria, or basal teta-
nurans, including Megalosauroidea and Allosauroidea (e.g.,
Mateus, 1998; Pérez-Moreno et al., 1999; Mateus and Antunes,
2000a, 2000b; Rauhut and Fechner, 2005; Mateus et al., 2006;
Malafaia et al., 2010, 2015; Araújo et al., 2013; Hendrickx and
Mateus, 2014a, 2014b). Small-sized and more derived theropod
dinosaurs have also been identified in this record, based mainly
on isolated elements (Zinke, 1998; Rauhut, 2003a; Hendrickx
and Mateus, 2014b; Malafaia et al., 2014).

Most of the theropod specimens currently known in the
Upper Jurassic of the Lusitanian Basin come from sedimentary
rocks of the Praia da Amoreira-Porto Novo Formation (sensu
Manuppella et al., 1999) in the coastal region of the Bombarral
Sub-basin (corresponding to the Consolação Sub-basin, sensu
Taylor et al., 2014). This formation is interpreted as late Kim-
meridgian in age and crops out along most of the littoral region
between Torres Vedras and Peniche. Scarce, but scientifically
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important fossil sites with theropod specimens are known at the
northern area of the Bombarral Sub-basin, such as the Guimarota
mine, near Leiria (Zinke, 1998; Rauhut and Fechner, 2005), or
the Andrés fossil site, near Pombal (Malafaia et al., 2010).
Theropod material is currently unknown from the Arruda
Sub-basin, located in the SE part of the central sector of the
Lusitanian Basin, and only few occurrences are known from
the Turcifal Sub-basin (Lapparent and Zbyszewski, 1957),
which is located west of the Arruda Sub-basin and is bounded
on the north by the Torres Vedras-Montejunto fault and on the
east by the Runa fault.

Here we describe a partial postcranial skeleton of a ther-
opod dinosaur (preliminarily described by Malafaia et al., 2007)
found in the coastal region of the northern part of the Turcifal
Sub-basin, at the Cambelas locality (Torres Vedras munici-
pality). This specimen together with a previously described
specimen, SHN.036 (Malafaia et al., 2017), may represent an
allosauroid distinct from the taxa currently known in the Upper
Jurassic of the Lusitanian Basin, such as the allosaurid Allo-
saurus and the possible metriacanthosaurid Lourinhanosaurus.
A systematic discussion of the specimen is presented and the
diversity of allosauroid theropods in the Late Jurassic of the
Lusitanian Basin is discussed.

Geologic setting

The Cambelas fossil site (TVSPC 12 in the Geographic Infor-
mation System Applied to Palaeontology of the Sociedade de
História Natural-SIGAP database) is situated in the littoral area
of the southern end of Torres Vedras municipality, ~ 45 km
north from Lisbon. This locality is placed in the central sector of
the Lusitanian Basin, in the northern part of the Turcifal Sub-
basin (Fig. 1).

The strata in the area of Cambelas consists of a sequence of
thick red mudstones, with abundant levels of well-developed
pedogenic carbonate concretions (caliche), intercalated with
cross-bedded sandstones. These sediments are interpreted as
belonging to the Freixial Formation dated from the late Titho-
nian, based on foraminifera and dasycladaceans (Leinfelder,
1993; Kullberg et al., 2006; Schneider et al., 2009). The top
boundary of the Freixial Formation is defined by the transition
from a mudstone-dominated sequence to the richest sandstone
levels of the Lower Cretaceous Porto da Calada Formation
(Rey, 1993). The Freixial Formation in the area of Cambelas is
interpreted as corresponding to deposits of coastal delta plains
and distal fluvial environments (Hill, 1988).

The set of osteological remains collected in Cambelas is
interpreted as belonging to a single individual. The caudal ver-
tebrae are articulated and the elements of the right pes were
found associated and near their original relative positions. Some
elements are well preserved and relatively complete, but others
are poorly preserved, incomplete, and distorted. In particular,
the most-anterior elements of the preserved and partially
articulated caudal series are strongly distorted and damaged,
lacking several parts of the vertebrae. The differences in pre-
servation of the bones coincide with a sedimentological transi-
tion from gray siltstones with parallel lamination, which
contained the posterior and well-preserved part of the sequence
and the elements of the pes, to red and brown mudstones with

evidence of incipient paleosols, where the anterior elements of
the tail and other fragmentary elements of the hind limb and
pelvic girdle were found. This suggests that parts of the skeleton
would have been rapidly covered by sediments, whereas other
parts were exposed longer. On the other hand, several ichno-
fossils were identified in some elements of the Cambelas spe-
cimen, which were interpreted as marks of different activities of
organisms in a subaerial depositional context and that might
have had an important role in the distortion and decomposition
of some elements (Moniz et al., 2007). Evidence of tooth marks
and abundant marks interpreted as insect traces are among these
ichnofossils. The study of these ichnofossils is in preparation
and will be presented in a forthcoming work.

Materials and methods

SHN.019 consists on a partial skeleton, including a sequence of
articulated mid-distal caudal vertebrae and an almost complete
right pes. Several other isolated elements, such as caudal ver-
tebrae and fragments of the hind limbs, were also collected and
included into the same specimen. In the Cambelas fossil site
(locality TVSPC 12) some isolated elements of other vertebrate
groups were also found, including a vertebra and a tooth frag-
ment of a crocodyliform and a tooth of an indeterminate small
theropod (see Supplementary Data 1 for a complete list of
osteological remains collected at the Cambelas fossil site).

The nomenclature used in the description of pneumaticity,
laminae, and fossae for the axial elements is that proposed by
Wilson (1999) and Wilson et al. (2011). Following Persons and
Currie (2011), the lateral projections of caudal vertebrae are here
referred to as “caudal ribs” in preference to the term “transverse
processes.”

Repositories and institutional abbreviations.—The specimens
described here are housed in the collections of the Sociedade de
História Natural (SHN) in Torres Vedras; BYU, Brigham
Young University, Provo, Utah, USA; DMNS, Denver Museum
of Nature & Science, Denver, Colorado, USA; DINO, Dinosaur
National Monument, Jensen, Utah, USA; MfN, Museum für
Naturkunde, Berlin, Germany; ML, Museu da Lourinhã,
Lourinhã, Portugal; MNHN, Muséum national d’Histoire
naturelle, Paris, France; MUHNAC, Museu Nacional de
História Natural e da Ciência, Universidade de Lisboa, Lisbon,
Portugal; NCSM, North Carolina State Museum of Natural
Sciences, Raleigh, North Carolina, USA; NHMLAC, Natural
History Museum of Los Angeles County, Los Angeles,
California, USA; NHMU, Natural History Museum of Utah,
Salt Lake City, Utah, USA; NHMUK, Natural History Museum,
London, UK; and OUMNH, Oxford University Museum of
Natural History, Oxford, UK.

Systematic paleontology

Dinosauria Owen, 1842
Theropoda Marsh, 1881
Tetanurae Gauthier, 1986
Avetheropoda Paul, 1988
Allosauroidea Marsh, 1878

158 Journal of Paleontology 93(1):157–172

https://doi.org/10.1017/jpa.2018.47 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2018.47


Figure 1. Geographic and geological context of the Cambelas fossil site. (1) Exposure of the sedimentary levels in the area of Cambelas; the black arrow
marks the position of the fossil site; scale bar= 1m; (2) simplified geological map of the Lusitanian Basin in which Mesozoic deposits and location of the
different sub-basins are represented (adapted from Oliveira et al., 1992; Taylor et al., 2014); (3) simplified geological map of the area of Cambelas (adapted from
Matos, 1954; Zbyszewski et al., 1955); (4) stratigraphic correlation of the sedimentary units in the different sub-basins of the central sector of the Lusitanian
Basin (adapted from Hill, 1988; Leinfelder, 1993; Manuppella et al., 1999; Schneider et al., 2009; Mocho et al., 2016).
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Carcharodontosauria Benson, Carrano, and Brusatte, 2010
Genus and species indeterminate

Figures 2–10

Description.—SHN.019 includes a sequence of articulated
caudal vertebrae with chevrons, two isolated caudal centra, an
almost complete right pes, and fragments of the hind limbs. The
axial skeleton includes a block containing seventeen articulated
and well-preserved caudal vertebrae with the respective chev-
rons and fragments of other more-anterior caudal centrum.
Additionally, two isolated anterior caudal certebrae were
recovered. Several appendicular elements were also collected,
including fragments of a right femur, a diaphysis fragment of a
tibia, a diaphysis fragment of a left fibula, at least two proximal
tarsals, and an almost complete right pes.

Caudal Vertebrae.—The two isolated caudal vertebrae both
preserve the centra and the base of the neural arches (Fig. 2).
The neural arches are fused with the centra, but the neurocentral
suture is still visible. The centra are moderately elongated with
strongly offset articular facets and shallow pleurocentral
depressions on the lateral surface. The pleurocentral depression
is dorsally located near the base of the neural arch and occupies
almost the entire length of the centrum. The ventral surface of
the centrum has a well-developed longitudinal groove bounded
by crests extending along most of its length, which become
deeper adjacent to the posterior articular facet. The articular
facets are strongly concave with a sub-circular outline (Sup-
plementary Data 2). Well-developed facets for chevrons are

visible on the ventral margin of both anterior and posterior
articular facets, with the posterior facet larger than the anterior
one. In SHN.019/3, a small pit is visible in the posterior surface
of the neural arch, below the left postzygapophysis.

The articulated section of the tail measures 1560mm in
length and comprises eight vertebrae anterior to the so-called
“transition point,” which refers to the point between the last
vertebra bearing transverse processes (caudal ribs) and the first
with distinctly elongate prezygapophyses (sensu Russell, 1972),
and nine vertebrae posterior to this point (Figs. 3, 4). Taking for
comparison other allosauroids, in which the “transition point” is
placed at approximately the 25th or 26th caudal vertebra (e.g.,
Madsen, 1976; Chure, 2000), the articulated caudal vertebrae
from Cambelas would correspond to a section of the tail
between the 17th or 18th and the 34th or 35th caudal vertebrae.
These vertebrae are well preserved, but the anteriormost
elements are somewhat broken and distorted, especially the
neural arches. Almost all the chevrons are attached interverte-
brally in the preserved tail section.

The centra are moderately elongated. The length/height
ratio average is ~1.94 in the anteriormost vertebrae, and the
centra become slightly more elongated towards the tip of the tail
(see Supplementary Data 2). The centra are transversely
compressed, especially in the anteriormost caudal vertebrae,
and they have well-marked longitudinal grooves in the ventral
surface, as in the isolated caudal vertebra described above
(Fig. 4). These grooves become progressively shallower along
the caudal series and disappear in the centra posterior to the
“transition point.” In lateral view, the mid-anterior centra are

Figure 2. Isolated caudal vertebrae of SHN.019. (1–5) SHN.019/3; (6–10) SHN.019/4, in anterior (1, 6), posterior (2, 7), right lateral (3, 8), dorsal (4, 9), and
ventral (5, 10) views. Abbreviations: fch, facet for chevron; nc, neural canal; pcd, pleurocentral depression; pit, pit; vg, ventral groove. Scale bar= 50mm.
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hourglass-shaped, deeply concave ventrally, and with strongly
expanded articular facets, but become straighter towards the tip
of the tail. The lateral surface of the anteriormost centra is
somewhat concave, with a shallow pleurocentral depression
below the caudal ribs. However, the centra posterior to the fifth
caudal vertebra in the preserved series are slightly convex.

The ventral surface of the centra has well-developed
anterior and posterior facets for the chevrons, with the posterior
facets being larger than the anterior ones, as is typical in
theropods. In the last two preserved vertebrae, the facets for the
chevrons are reduced and almost indistinguishable. The neural
spines are poorly preserved, especially in the most anterior
elements, so their interpretation is somewhat complex. How-
ever, the sixth caudal vertebra of the preserved series has an
almost complete neural spine, which consists of an anterior,
spur-shaped process and a long, blade-shaped main spine
extending to the rear (Fig. 4). The anterior spur projects dorsally
from about the level of the caudal ribs, whereas the posterior
process projects dorsoposteriorly between the postzygapo-
physes. A well-developed spinopostzygapophyseal lamina
(spol) projects from the dorsomedial surface of the postzygapo-
physis, connecting it with the posterior surface of the spine. This
lamina extends along most of the height of the neural spine. The
neural spines are visible at least up to the sixth caudal vertebra
posterior to the transition-point (corresponding to the 31st or
32nd vertebra in the caudal series). In this vertebra, the neural
spine is still well visible above the dorsal margin of the
postzygapophyses. In the last preserved vertebra, a reduced
process of the spine is visible, but is much lower than the dorsal
margin of the postzygapophyses. This condition differs from the
caudal series of Allosaurus, in which the neural spines become
reduced at approximately the 28th caudal vertebra (Madsen,
1976).

The prezygapophyses are short in the anteriormost
preserved caudal vertebrae, extending only slightly in front of
the anterior articular facet. In the posterior part of the series,
the prezygapophyses become progressively longer, and in the
posteriormost preserved elements, the length of the prezygapo-
physes surpasses half the length of the preceding centrum. The
prezygapophyseal processes project anterodorsally, forming an
angle of ~45˚ with the dorsal surface of the centrum. The lateral
surface of the prezygapophysis is slightly concave in the
anteriormost preserved vertebrae, but becomes almost flat with
a low longitudinal crest towards the tip of the tail. The
postzygapophyses of the anteriormost caudal vertebrae are
poorly preserved and are not visible because of the articulation
of the vertebrae. In the sixth caudal vertebra of the preserved
series, the postzygapophyses are relatively well preserved,
corresponding to short processes that project dorsally in an
angle of nearly 60˚ with respect to the dorsal surface of the
centra.

In the second caudal vertebra of the preserved caudal
series, a well-developed lamina projects from the lateral surface
of the base of the prezygapophysis and apparently would have
connected with the caudal rib, bounding a small, but deep fossa
bellow the caudal rib (Fig. 4.1). These lamina and fossa are
interpreted as corresponding to the prezygodiapophyseal lamina
(prdl) and centroprezygapophyseal fossa (cprf), respectively. A
well-developed centroprezygapophyseal lamina (cprl) is visible
in some vertebrae, projecting from the anterior margin of the
prezygapophysis up to the level of the base of the caudal rib on
the centrum. Some vertebrae (e.g., the sixth and eighth of the
preserved series) show well-developed centropostzygapophy-
seal laminae (cpol) extending from the posterior part of the
postzygapophysis up to the dorsal surface of the centrum above
the level of the caudal rib (Fig. 4.2, 4.3). In the eighth preserved

Figure 3. Sequence of caudal vertebrae of SHN.019. (1) Reconstitution of the skeleton of a Neovenator individual (copyright of the skeleton of Neovenator
Scott Hartman, 2013) in which the estimated position of the tail section collected in Cambelas is marked; (2–4) sequence of seventeen partially articulated caudal
vertebrae of SHN.019. Scale bar= 1m (1) or 100mm (2).
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Figure 4. Details of different segments of the caudal sequence of SHN.019. (1, 2, 4) Detail of the tail segments marked in Figure 3; (3, 5) line drawing
interpretation of some caudal vertebrae. Abbreviations: acdl, anterior centrodiapophyseal lamina; apr, anterior process; cpol, centropostzygapophyseal lamina;
cprf, centroprezygapophyseal fossa; cr, caudal rib; fch, facet for chevron; lr, lateral ridge; ns, neural spine; pcd, pleurocentral depression; plr, posterior lateral
ridge; ppr, posterior process; prz, prezygapophysis; pz, postzygapophysis vg, ventral groove. Scale bar= 100mm.
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caudal vertebra, the cpol connects with the posterior surface of
the caudal rib, forming a well-developed longitudinal and
uninterrupted lamina.

The caudal ribs of the anteriormost caudal vertebrae are
fan-shaped and slightly expanded anteroposteriorly towards
the distal end. These processes project from the dorsal surface of
the centrum at approximately the mid-length. Despite being
somewhat fractured and distorted, it seems that the caudal ribs
project laterally with an almost horizontal position. A short
lamina that corresponds to the anterior centrodiapophyseal
lamina (acdl) is visible at the base of the ventral surface of the
caudal ribs, delimiting a shallow centrodiapophyseal fossa
(cprf) adjacent to the anterior margin of the rib.

A conspicuous lateral ridge arises from the dorsal surface
of the centrum in several vertebrae. This longitudinal ridge is
more evident in the vertebrae posterior to the sixth caudal of the
preserved series and is especially well developed in the ninth to
eleventh vertebrae, but disappears in the posteriormost ele-
ments. The lateral ridge is higher adjacent to the posterior
articular facet, but an anterior lower ridge is also present in these
vertebrae.

Chevrons.—Markedly complete chevrons were recovered near
its original position in the tail from the intervertebral position
between the second and third to the 16th and 17th preserved
caudal vertebrae. The chevrons located in the intervertebral
position seventh-eighth and eighth-ninth of the preserved caudal
vertebrae have almost straight shafts and slightly taper distally.
Towards the posterior tip of the tail they become more curved

and the distal end is slightly expanded anteroposteriorly. The
morphology of the posteriormost chevrons corresponds to those
commonly described as hatchet-shaped, with strongly expanded
anteroposteriorly distal margins. All preserved chevrons have
well-developed anterior processes and additional, spur-shaped
posterior processes projecting posterodorsally (Fig. 4.4, 4.5).

Femur.—The femur is represented by a fragment of the prox-
imal part and a fragment of the diaphysis (Fig. 5). The proximal
fragment has the lesser and greater trochanters partially pre-
served. The lesser trochanter is broken distally and anteriorly,
but the preserved fragment suggests that it would have been
broad and robust. This trochanter has an aliform shape and is
separated from the greater trochanter by a notch in lateral view,
and from the femoral diaphysis by a broad concavity, in medial
view. The anteromedial surface of the proximal part of the femur
has a large foramen that pierces the base of the lesser trochanter
(Fig. 5.2). The lateral surface of the lesser trochanter is slightly
convex and shows a low vertical ridge extending along the mid-
length of the trochanter (Fig. 5.5). The lateral surface of the
lesser trochanter is also ornamented by a series of thin vertical
grooves and ridges mainly adjacent to the posterior margin.

The fragment of the diaphysis preserves the fourth
trochanter, which is represented by a robust crest extending
proximodistally along the posteromedial surface of the femur.
This trochanter is distally higher and becomes lower proximally
to gradually merge with the femoral diaphysis. The fourth
trochanter shows a strongly striated lateral surface due to the
presence of well-marked crests and grooves extending

Figure 5. Fragments of a right femur of SHN.019 in medial (1), lateral (4), and posterior (6) views; (2) fragment of the proximal end in dorsal view; (3) detail
of the fourth trochanter showing the deep and rough concavity in the posterior surface of the diaphysis adjacent to the trochanter; (5) detail of the lesser
trochanter showing the vertical ridge on the lateral surface. The dashed lines correspond to interpretation for the missing parts based on other allosauroid
specimens. Abbreviations: f, foramen; gt, greater trochanter; lt, lesser trochanter; 4th, fourth trochanter; r, ridge; sc, scar. Scale bars= 50mm.
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anteroposteriorly. In addition, a shallow and rugose concavity is
visible in the medial surface of the femur, adjacent to the
proximal part of the fourth trochanter, and a second smaller
depression adjacent to the distal part of the trochanter (Fig. 5.3).
The first concavity is approximately circular, whereas the latter
is more oval and is bounded laterally by a well-developed crest.
Distally to the fourth trochanter, the femoral diaphysis is
circular in cross-section.

Tibia.—The tibia is represented by a fragment of the mid-
section of the diaphysis (Fig. 6.1, 6.2). This fragment is too
incomplete to allow a more accurate description of the element,
it being only possible to verify that the diaphysis has a crescent-
shaped cross-section with a flat anterior surface, as is typical in
theropods.

Fibula.—The fibula preserves a fragment of the mid-section of
the diaphysis and a fragment of the distal end (Fig. 6.3–6.5).
This element is interpreted as a left fibula based on the posi-
tion of the proximal tubercle, corresponding to the insertion of
the iliofibularis muscle. This insertion does not form a real
tubercle, but is a poorly defined, slightly roughened surface
that extends proximodistally along the anterior margin of the
fibular diaphysis. The medial surface of the fibula is strongly
concave along almost the entire preserved fragment. This
concavity is broad proximally, but gradually tapers distally,
ending above the distal margin of the fibula. The lateral sur-
face of the fibula is strongly convex and the posterior surface
is almost flat.

The fragment of the distal part is oval in distal view and the
distal surface is almost flat. The lateral surface has a series of
deep vertical grooves extending adjacent to the distal margin.
The lateral surface is somewhat concave, whereas the medial
surface is slightly convex.

Tarsals.—The tarsals are represented by a complete and well-
preserved left calcaneum, a right tarsal IV and a fragment
interpreted as a tarsal III (Fig. 7).

The calcaneum has a transversely compressed and
crescent shape (Fig. 7.1–7.6). In lateral view, the calcaneum
has a shallow, somewhat roughened concavity that occupies
almost the entire lateral surface. The anterior surface is
transversely convex and smooth with a sigmoid medial
margin. In anterior view, the calcaneum slightly tapers
dorsally and has a broad, shallow concavity extending
laterodorsally in the proximal part of the calcaneum, which
represents the facet for articulation with the distal margin of
the fibula. The medial surface of the calcaneum is concave
along its entire height and has a deep pit in the distal part,
which would receive the lateral tuberosity of the astragalus.
Despite this element being well preserved, it shows some
collapsed areas, especially in the distal part, so it is not clear if
the facet for insertion with the astragalus has a single pit or if
this would be subdivided into two smaller pits, as occur in
Allosaurus (Madsen, 1976 ).

Tarsal IV is rectangular in proximal view, slightly wider in
the anterior part than in the posterior one (Fig. 7.9–7.14). It has a
broadly concave proximal surface and an almost flat distal
margin. The lateral surface has two deep pits, whereas the
medial one is transversely convex and does not bear evidence
for the presence of a pit, which is contrary to the condition
described in Allosaurus (Madsen, 1976).

A fragment interpreted as belonging to a tarsal III was also
recovered, but it is too incomplete to allow any informative
description (Fig. 7.7, 7.8).

Pes.—The right pes is almost complete and well preserved
(Figs. 8–10). All phalanges of the four digits are preserved
and there are five partially preserved metatarsals. Metatarsals I
and V are almost complete and are much shorter than the other
metatarsals. Metatarsal II is broken proximally so its proximal
part is unknown. Metatarsal III preserves a fragment of the mid-
section of the shaft and the distal end, but the proximal part is
missing. Metatarsal IV is almost complete and well preserved.
The length of the metatarsals was estimated based on the relative
positions of the preserved fragments when the foot was found
and on the morphology of more complete metatarsals of other
allosauroids. The second and fourth metatarsals have approxi-
mately the same estimated length (326mm) and are nearly 87%
the estimated length of the third metatarsal (see Supplementary
Data 3). Generally the foot is comparable to those of Allosaurus,
Neovenator, and other basal avetheropods. The length of the
metatarsus is ~80% the length of those for Sinraptor (Currie and
Zhao, 1993) and Acrocanthosaurus (Currie and Carpenter,
2000), but slightly longer and much more slender than those for
Torvosaurus (Hanson and Makovicky, 2013). In addition, in
Acrocathosaurus (NCSM 14345) the digit I is significantly
smaller, its length being only 64% the length of that in the
specimen from Cambelas. On the contrary, digit III is ~66%
longer in Acrocanthosaurus (Currie and Carpenter, 2000).
Metatarsal V is also relatively large in SHN.019, being nearly
28% the length of the third metatarsal, whereas in Sinraptor
and Allosaurus it is only 16% (Currie and Zhao, 1993). In
Torvosaurus, the second metatarsal is nearly 7% larger than

Figure 6. Fragment of the diaphysis of a tibia (1, 2) and partial left fibula
(3–5) of SHN.019 in lateral (1), medial (2), posterior (3), anterior (4), and
distal (5) views. The dashed lines correspond to interpretation for the missing
parts based on other allosauroid specimens. Abbreviations: ift, iliofibularis
tubercle; md, medial depression. Scale bars= 50mm.
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the fourth and ~86% the length of the third (Hanson and
Makovicky, 2013).

Metatarsal I is a proximodistally short, but relatively robust
element that tapers proximally and is triangular in proximal
view, with the shaft being strongly compressed transversely
above the distal condyles. The distal part has a ball-shaped
morphology with a large and rounded anterior condyle and two
well-developed condyles separated by a deep flexor groove in
posterior view. This morphology of the distal articular facet
would allow a wide movement and position range for the first
digit (Fowler et al., 2011). The flexor groove connects with a
shallow concavity on the posterior surface of the distal margin
of the metatarsal. The distal end projects slightly anteriorly, but
is mostly parallel to the shaft. In distal view, the condyles are
circular and strongly convex transversely. The medial condyle
has a ridge extending posteromedially well beyond the level of
the posterior margin of the lateral condyle (Fig. 9.2). The lateral
collateral ligament pit is shallow and poorly defined, contrasting
with the deep and proximodistally elongated medial pit. The
shaft shows a slightly rough area extending along the medial and
posterior surfaces, which is interpreted as the surface for
articulation with metatarsal II. Metatarsal I was probably tied by
ligaments to the mid-shaft of metatarsal II and did not reach the
tarsus, as occurs in most theropods (Rauhut, 2003b; Galton
et al., 2015).

Metatarsal II is a robust and moderately large element (see
Supplementary Data 3). It is broken at approximately the mid-
length of the shaft and the proximal part is missing. The distal

margin has two well-developed and rounded condyles, which
are separated by a deep flexor groove on the posterior surface
and by a shallow groove extending anteroposteriorly on the
distal surface. The lateral condyle is oval, with the long axis
oriented anteroposteriorly, and is slightly larger than the medial
one. Deep and well-delimited lateral and medial collateral
ligament pits are visible and the medial pit is slightly deeper than
the lateral one. The shaft is rectangular in dorsal view, with a flat
anterior surface, a slightly convex posterior border, and almost
parallel lateral and medial margins. The posterior margin of the
shaft shows a flattened oval surface extending proximally from
nearly 78mm above the distal condyles. This surface is
interpreted as the area for attachment with metatarsal III. The
medial surface of the shaft is somewhat concave in
anterior view.

Metatarsal III is very incomplete and distorted, but
preserves a fragment of the mid-section of the shaft and the
distal end. The preserved fragment of the shaft does not show
evidence for a proximal constriction of this metatarsal, which is
the arctometatarsalian condition that characterizes several
coelurosaurian theropods, including ornithomimids, troodon-
tids, caenagnathids, and tyrannosaurids (Currie, 2000). In
anterior view, the shaft seems to have a pronounced curvature,
being concave medially and convex laterally, but this feature
may be in part due to taphonomic deformation. The medial
surface is somewhat flat, especially the distal part of the
preserved fragment. This flattened area probably corresponds to
the surface for attachment with metatarsal IV. The distal end is

Figure 7. Proximal tarsals of SHN.019. (1–6) Left calcaneum in proximal (1), distal (2), anterior (3), posterior (4), lateral (5), and medial (6) views; (7, 8),
fragment of a ?tarsal III in ventral (7) and dorsal (8) views; (9–14), right tarsal IV in distal (9), proximal (10), lateral (11), medial (12), posterior (13), and
anterior (14) views. Abbreviations: ast, surface for articulation with the astragalus; fi, surface for articulation with the fibula; Mt III, Mt IV, Mt V, surface for
articulation with metatarsal III, IV, and V; t III, surface for articulation with distal tarsal III; ti, surface for articulation with the tibia. Scale bar= 50mm.
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robust, rectangular in distal view, and transversely convex, with
poorly defined condyles, which are separated by a shallow
groove in the distal surface. A shallow concavity is visible in the

anterior surface above the most-proximal margin of the distal
articular surface. The distal condyles project mostly distally, not
anterodistally, as in metatarsals I and II. The posterior surface

Figure 8. Right pes of SHN.019 in anterior (1) and posterior (2) views. Scale bar= 100mm.

Figure 9. Metatarsals preserved of the right pes of SHN.039. (1, 2) Metatarsal I; (3, 4) metatarsal II; (5, 6) metatarsal III; (7–10) metatarsal IV; and (11)
metatarsal V in anterolateral (1), distal (2, 4, 6, 10), left lateral (3, 5, 7, 8, 11), and proximal (9) views. Abbreviations: ac, anterior condyle; fg, flexor groove; lc,
lateral condyle; mc, medial condyle; mclp, medial collateral ligament pit; Mt I, Mt III, Mt V, surface for articulation with metatarsal I, III, V. t IV, surface for
articulation with distal tarsal IV. Scale bar= 100mm.
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has two low and parallel ridges extending from the distal
condyles. Deep and circular collateral ligament pits are visible
in both medial and lateral surfaces, with the lateral pit slightly
shallower than the medial one.

Metatarsal IV is almost complete and well preserved,
lacking a fragment of the mid-section of the shaft. The shaft is
crescent-shaped in cross-section, with a flat medial surface
along almost the entire length. The distal end has two well-
developed condyles, which are separated on the posterior
surface by a deep flexor groove. The distal articular facet is
triangular in distal view. The condyles are separated at the
posterior margin by a deep flexor groove extending to the distal
border of the articular surface. The medial condyle is oval,
projects anteroposteriorly, and is slightly larger than the medial
condyle. On the other hand, the lateral condyle has a ridge-shape
and projects posteromedially well beyond the level of the
posterior margin of the medial condyle (Fig. 9.10). Only
the medial collateral ligament pit is perceptible, but it is shallow
and poorly preserved. The shaft strongly expands proximally
and the proximal margin is two times longer anteroposteriorly
than transversely (see Supplementary Data 3). The proximal
surface is concave and slightly tapers to the posterior part. The
medial surface of the proximal margin has a deep concavity
extending distally from the proximal border of the poster-
omedial surface of the shaft, and that is bounded at the anterior
part by a sharp longitudinal crest. This concavity is interpreted
as the surface for articulation with metatarsal III.

Metatarsal V is broken proximally and the proximal part is
absent. This element is reduced and consists of a thin,
transversely flattened shaft tapering distally and slightly bowed
anteriorly. The shaft has a flat medial surface, possibly for
articulation with metatarsal IV, and a rough dorsal surface.

SHN.019 preserves all phalanges of the right pes. The third
digit is the longest, with a total length of the phalanges
~330mm, and the second and fourth digits have almost the same
length (see Supplementary Data 3). The phalanges are relatively
slender and longer than wide. All non-ungual phalanges have
well-developed distal condyles and almost symmetrical distal
margins, except phalanges 1-I and 2-II, in which they are
somewhat asymmetrical (the medial condyle is slightly more
posteriorly projected than the lateral one). The proximal
articular facets of all phalanges are slightly concave and
generally with a circular contour, except the ungual phalanges,
which have oval proximal margins that are anteroposteriorly
longer than transversely wide (Fig. 10). Lateral and medial
collateral ligament pits are well marked in all non-ungual
phalanges. The lateral pit is slightly shallower than the medial
one in most phalanges of digits I, II, and III (except in the
phalanx 1-III and 2-III, in which the lateral and medial pits are
almost equally developed), but in the phalanges of digit IV, the
lateral pit is deeper than the medial one. A shallow concavity is
visible in the anterior surface above the distal condyles in most
non-ungual phalanges, except in the penultimate phalanges of
each digit. This concavity is much developed and well marked
in phalanges 1-II and 1-III, in which it occupies almost the entire
transverse width of the distal end.

Phalanges 1-II and 1-III are the most robust of all phalanges
(see Supplementary Data 3). These elements have the proximal
and distal ends strongly offset from the shaft, which gives a

somewhat constricted appearance to the phalanx. This morphol-
ogy is also observable in phalanges 2-III and 1-IV, whereas the
other non-ungual phalanges have straighter shafts. Phalanges 2,
3, and 4 of digit IV are rectangular in contour, with subparallel
medial and lateral margins. The posterior surface of phalanges
1-I, 1-II, and 1-III has slightly concave and rough areas adjacent
to the proximal end. In phalanx 1-II, this rough area is delimited
by well-developed medial and lateral ridges. On the contrary,
phalanx 2-II has an almost flat posterior surface.

In lateral view, the ungual phalanges are strongly arched,
concave ventrally, and convex dorsally (Fig. 10). They have
triangular cross-sections with an almost flat ventral surface,
which is transversely wider than the dorsal surface. The ungual
phalanx of digit II is the largest of all unguals, whereas the
ungual of digit I is slightly larger than the ungual of digit IV, but
smaller than those of digits II and III (see Supplementary Data
3). A pair of longitudinal grooves extends near the mid-height of
both lateral and medial surfaces in all ungual phalanges. These
grooves extend from the ventral margin of the proximal end to
the distal tip of the phalanx. The lateral groove is slightly
shallower than the medial one. The proximal margin of the
ungual phalanges has an anteroposteriorly oriented ridge that
subdivides the articular facet in two concavities for articulation
with the distal condyles of the previous phalanx. The proximal
articular facets of most non-ungual phalanges, except in the first
phalanges of digits I to IV, also have similar ridges. The anterior
margin of the proximal part of the ungual phalanges extends
more proximally than the ventral margin, forming a blunted
anterior process.

Remarks.—The specimen from Cambelas, SHN.019, is identi-
fiable as a tetanuran theropod based on the proximal position of
the femoral lesser trochanter (Pérez-Moreno et al., 1993; Ben-
son, 2010). In addition, it also shares with Orionides the fol-
lowing set of features: (1) anterior spur-shaped process in the
neural spine of mid-caudal vertebrae (Rauhut, 2003b; Benson,
2010); (2) distal caudal vertebrae with strongly elongated pre-
zygapophyses, overhanging at least one-quarter of the length of
the preceding centra (Rauhut, 2003b); (3) distal end of meta-
tarsal IV deeper than broad (Carrano and Sampson, 2008;
Carrano et al., 2012); (4) reduced length of metatarsal I, <50%
of metatarsal II (Carrano et al., 2012); and (5) metatarsal I with
broadly triangular shaft, and distally placed (Rauhut, 2003b).
Within Orionides, SHN.019 shares with avetheropods the
morphology of the shaft of the metatarsal III with a wedge
shaped cross-section, which is a feature considered a synapo-
morphy for this clade (Benson, 2010; Carrano et al., 2012).

SHN.019 differs from coelurosaurs and some derived
carcharodontosaurids (e.g., Giganotosaurus and Mapusaurus)
by having a well-developed, semi-oval, flange-shaped fourth
trochanter of the femur (Coria and Currie, 2006; Brusatte et al.,
2008; Benson, 2010). Also, the pes does not show the strong
constriction of the third metatarsal that is typical for most
coelurosaurian theropods (e.g., Currie, 2000; Brochu, 2003).
The specimen shares with some ceratosaurians, Lourinhano-
saurus, some methriacantosaurids, Concavenator, and some
coelurosaurians the tapered distal end of mid-anterior chevrons
(Benson, 2010; Ortega et al., 2010; Carrano et al., 2012).
However, the posteriorly inclined neural spines of mid-caudal
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vertebrae contrast with the vertical or even slightly inclined
anteriorly spines of most ceratosaurians, including Cerato-
saurus and abelisaurids (Rauhut, 2003b).

Late Jurassic tetanuran theropods currently known in the
Portuguese record include the megalosaurid Torvosaurus, the
allosauroids Allosaurus and Lourinhanosaurus, and the tyr-
annosauroid Aviatyrannis, together with a variety of other
possible coelurosaurs with uncertain identification (e.g.,
Mateus, 1998; Zinke, 1998; Pérez-Moreno et al., 1999; Rauhut,

2003a; Mateus et al., 2006; Hendrickx and Mateus, 2014b).
Torvosaurus is represented by some cranial, axial, and
appendicular elements that cannot be compared with the
available material of SHN.019. However, as discussed above,
the specimen herein described shares several features with
avetheropod tetanurans and may be assigned with confidence as
belonging to this clade.

Allosaurus is currently the most abundant and well-
represented theropod taxon in the Upper Jurassic of the

Figure 10. Phalanges of the right pes of SHN.019. Legend: PV, proximal view; LV, left lateral view; DV, distal view. Scale bar= 100mm.

168 Journal of Paleontology 93(1):157–172

https://doi.org/10.1017/jpa.2018.47 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2018.47


Lusitanian Basin. SHN.019 shows some similarities with
Allosaurus, but differs from this taxon in several details,
including: (1) caudal neural spines still well developed at least
up to the thirty-first caudal vertebra, whereas they disappear at
about the twenty-eight caudal in Allosaurus (Gilmore, 1920;
Madsen, 1976); (2) distal surface of metatarsal II almost flat,
with a much shallower groove separating the condyles; and (3)
morphology of the distal end of metatarsal IV with the lateral
condyle extending farther posteriorly than the medial process
and being wing-shaped.

Lourinhanosaurus antunesi Mateus, 1998 was based on a
partial skeleton (ML 370) collected in Peralta (Lourinhã,
Portugal) that includes cervical, dorsal, sacral and caudal
vertebrae, dorsal ribs, chevrons, an almost complete pelvic
girdle, and elements of the hind limbs, including partial femora,
right tibia and fibula, a fragment of a metatarsal III, and the
proximal articular surface of a first phalanx of the second digit.
It was originally described as an allosauroid (Mateus, 1998) and
latter interpreted as a more basal tetanuran closely related with
eustreptospondyline megalosaurids (Mateus, 2005; Mateus
et al., 2006). Subsequently, it was recovered as a member of
the basal allosauroid clade Metriacanthosauridae by Benson
(2010) and as a possible coelurosaur by Carrano et al. (2012).

The overlapping available material of SHN.019 and
Lourinhanosaurus is limited to a few caudal vertebrae and a
partially preserved femur. The new specimen shares with this
taxon the presence of a well-developed anterior centrodiapo-
physeal lamina (acdl) and associated prezygapophyseal cen-
trodiapophyseal fossa (prcdf) fossa in anterior mid-caudal
vertebrae and the tapered distal end of the mid chevrons (also
shared with SHN.036: Malafaia et al., 2017). However, the
femur of the specimen from Cambelas has a low vertical crest on
the lateral surface of the lesser trochanter and a well-developed
and rugose concavity in the medial surface adjacent to the
proximal end of the fourth trochanter, which are absent in
Lourinhanosaurus (as well as in Allosaurus). These characters
were considered diagnostic for Neovenator (Brusatte et al.,
2008). However, a similar ridge on the lateral surface of the
lesser trochanter is also present in Acrocanthosaurus (D’Emic

et al., 2012), Australovenator (Hocknull et al., 2009), and
Concavenator (E. Malafaia, personal observation, 2016),
suggesting a wider distribution for this feature among
Carcharodontosauria.

SHN.019 has strongly developed anterior spur-shaped
processes in the mid-caudal neural spines. The presence of these
processes is shared by some megalosauroids, including
Afrovenator (Sereno et al., 1994) and Wiehenvenator (Rauhut
et al., 2016), Lourinhanosaurus (Mateus, 1998), Allosaurus
(Madsen, 1976), most methriacanthosaurids (e.g., Sinraptor:
Currie and Zhao, 1993 and Siamotyrannus: Buffetaut et al.,
1996), and most carcharodontosaurs, including Concavenator
(Ortega et al., 2010), Acrocanthosaurus (Currie and Carpenter,
2000), and Mapusaurus (Coria and Currie, 2006). However, in
these taxa the additional anterior process of the caudal neural
spines is not as developed as in Lourinhanosaurus, and this
feature was considered one of the autapomorphies for this taxon
(Mateus, 1998). The preserved caudal vertebrae of Lourinha-
nosaurus consist of two sequences from the anterior and mid-
section of the tail. Caudal vertebrae of corresponding position
are not preserved or have broken neural spines in SHN.019, so
direct comparison between the two specimens is not possible.
However, some mid-posterior caudal vertebrae of SHN.019
preserve well-developed processes, larger than those of
correspondent caudal vertebrae in Allosaurus, but much lower
and more rounded than those of Lourinhanosaurus (Fig. 11).

The femur of SHN.019 is incomplete and it is not possible
to verify the presence of a nutrient foramen in the anteromedial
surface at the base of the lesser trochanter, as is present in
Allosaurus, Neovenator, and most other theropods (e.g.,
Madsen, 1976; Brusatte et al., 2008). On the other hand,
SHN.019 has a foramen between the lesser trochanter and the
femoral diaphysis on the medial surface of the proximal end. If
this foramen corresponds to the principal nutrient foramen, its
position is unusual for theropods.

SHN.019 shares with a previously described specimen,
SHN.036, collected from upper Kimmeridgian strata of the
Praia da Amoreira-Porto Novo Formation, an unusual feature in
the mid-posterior caudal vertebrae, a strongly developed lateral

Figure 11. Line drawing of mid caudal vertebrae in left lateral view of (1) Allosaurus (nineteen caudal vertebrae; after Madsen, 1976); (2) SHN.019 (nineteen
or twenty caudal vertebrae); and (3) Lourinhanosaurus (anterior mid-caudal vertebrae; after Mateus, 1988). Abbreviations: as, anterior spur; cr, caudal rib; ns,
neural spine; prz, prezygapophysis; pz, postzygapophysis;. Scale bars= 50mm.
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lamina projecting from the posterior articular facet to the base of
the caudal rib. In some vertebrae, especially those near the
“transition point,” a lower lateral lamina extending from the
base of the prezygapophysis along the anterior end of the
centrum is also present. A similar anterior lateral lamina is
interpreted as a synapomorphy for Carcharodontosauria (Bru-
satte et al., 2008) and is visible in some anterior mid-caudal
vertebrae of Concavenator (E. Malafaia, personal observation,
2016) and in Veterupristisaurus (Rauhut, 2011). However, in
these taxa the anterior lateral lamina is more developed than the
posterior lamina, whereas the specimens from the Lusitanian
Basin, SHN.019 and SHN.016, show the opposite condition. In
conclusion, the morphology of the femur and the presence of a
lateral lamina extending from the base of the prezygapophysis
along the anterior end of the centrum in the mid-posterior caudal
vertebrae suggest that SHN.019 is a member of the clade
Carcharodontosauria.

The presence of carcharodontosaurian theropods in
the Late Jurassic of the Lusitanian Basin:
paleobiogeographic implications

The Carcharodontosauria is a diverse and widely distributed
allosauroid clade more typical from Cretaceous strata of the
southern hemisphere, but that is also relatively well represented
in Laurasian landmasses. The earliest Cretaceous carchar-
odontosaurian taxa known so far are from the Barremian of
Spain (Concavenator corcovatus Ortega, Escaso, and Sanz,
2010; Cuesta et al., 2015) and England (Neovenator salerii
Hutt, Martill, and Barker, 1996; Brusatte et al., 2008) together
with a recently reported specimen from the Valanginian of
Patagonia, which was also tentatively assigned to this clade
(Coria et al., 2017). The clade rapidly diversified and dispersed,
attaining a near-cosmopolitan distribution at the end of the Early
Cretaceous. It has been assumed that Carcharodontosauria has a
ghost lineage extending back to the Late Jurassic (Brusatte et al.,
2008). More recently, several isolated elements from Upper
Jurassic strata in several localities have been attributed to this
clade, including an isolated ilium, some caudal vertebrae, and
teeth from the Tendaguru Formation (Rauhut, 2011; Carrano
et al., 2012), some teeth from the Middle–Upper Jurassic
Shishugou Formation of China (Han et al., 2011), and possibly
some teeth from the Lower Saxony Basin of Germany (Gerke
and Wings, 2016). The presence of carcharodontosaurian ther-
opods in the Upper Jurassic of the Lusitanian Basin adds sig-
nificant information to fill the gap in the knowledge of the early
evolution of these theropods, extending the record of the clade
already well represented in the Lower Cretaceous of Europe and
other Laurasian landmasses.

The Late Jurassic theropods of the Lusitanian Basin have
traditionally been interpreted as closely related to those of cor-
relative sedimentary sequences from the North American Mor-
rison Formation and the African Tendaguru Formation. This
interpretation is based on the identification of several shared
taxa, including Ceratosaurus, Torvosaurus, and Allosaurus
(Pérez-Moreno et al., 1999; Antunes and Mateus, 2003; Mateus
et al., 2006). The general composition of the theropod fauna
from the Tendaguru Formation apparently contrasts with those
of both the Morrison Formation and the Lusitanian Basin

because in the latter, the theropod faunas were dominated by
tetanurans and abundant coelurosaurs, whereas in the former,
ceratosaur taxa are the more abundant and diverse and coelur-
osaurs are unknown altogether (Rauhut, 2011; Rauhut and
Carrano, 2016; Malafaia et al., 2017). On the other hand, the
faunal composition of theropods from the Morrison Formation
and the Lusitanian Basin is very similar. Most of the genera
currently known in the Portuguese record have a closely related
taxon in the North American record, which has been used as
evidence of faunal interchanges across the proto-North Atlantic
Ocean during the Late Jurassic (e.g., Perez-Moreno et al., 1999).
However, there are also a few taxa interpreted as exclusive from
the Portuguese record (Lourinhanosaurus), and some taxa that
are closely related to those known in North America have more
recently been reinterpreted as distinct species that are exclusive
to the Lusitanian Basin, including Allosaurus europaeus
Mateus, Walen, and Antunes, 2006 and Torvosaurus gurneyi
Hendrickx and Mateus, 2014b (Mateus et al., 2006; Hendrickx
and Mateus, 2014b). This scenario suggests an incipient vicar-
iant evolution of the Late Jurassic theropod faunas from both
margins of the proto-North Atlantic Ocean.

Despite the similarity in the dinosaur faunas from the Late
Jurassic of the Lusitanian Basin and the Morrison Formation,
some higher taxonomic groups that apparently are absent in
correlative North American strata (e.g., carcharodontosaurian
theropods and turiasaurian sauropods) have been identified in
the Portuguese record. These clades are instead more closely
related with some Gondwanan faunas, especially those known
from the North African record. These differences in the higher-
level taxonomic composition of the dinosaur faunas between the
Lusitanian Basin and the Morrison Formation may indicate
different patterns of regional extinction and local environmental
preferences (Benson et al., 2012).

Conclusion

The specimen herein described, SHN.019, is identified as an
avetheropodan tetanuran based on the morphology of metatarsal
III, with a wedge-shaped cross-section of the shaft. Within this
clade, SHN.019 differs from coelurosaurs in the structure of the
fourth trochanter of the femur and the non-constricted third
metatarsal. This combination of features allows us to identify
the new specimen as an allosauroid theropod. In addition, it is
tentatively related with another previously described specimen,
SHN.036, based on the shared presence of a strongly developed
lateral lamina in the caudal vertebrae near the “transition point.”
SHN.019 shows particular differences relative to other allo-
sauroids currently known in the Upper Jurassic of Portugal,
Allosaurus and Lourinhanosaurus, which indicate that it prob-
ably corresponds to a distinct taxon not yet identified in the
Upper Jurassic record of the Lusitanian Basin. Some of
the characters observed in the individual SHN.019, such as the
morphology of the femur and the lateral lamina extending from
the base of the prezygapophysis along the anterior end of the
centrum in the caudal vertebra, allows considering it as a
member of Carcharodontosauria. Nevertheless, there is no
autapomorphic trait identifiable in the specimen that allows the
diagnosis of a new taxon, and thus it is considered as an inde-
terminate member of Carcharodontosauria. This description
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expands the geographic distribution of Carcharodontosauria to
Upper Jurassic (upper Tithonian) of Laurasia.

SHN.019 includes the most complete pes of a theropod
known from the Upper Jurassic record of the Iberian Peninsula,
allowing a better knowledge of the pedal morphology of these
large theropod dinosaurs and comprehension of its evolution
within the Allosauroidea clade. These data may also allow
testing hypotheses related with the identification of the produ-
cers of some theropod tracks from the Iberian Upper Jurassic
record.

SHN.019 is one of the few theropod remains known from
the Turcifal Sub-basin and adds relevant information for the
knowledge of the dinosaur faunas from the end of the Jurassic
(upper Tithonian) in this sector of the Lusitanian Basin.
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