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Theropod tooth morphotypes from the Andrés fossil site: 
Insights into a highly diverse fauna 

of European Late Jurassic carnivore dinosaurs 

Elisabete Malafaia, Filipa Batista, Bruno Maggia, Carolina S. Marques, 
Fernando Escaso, Pedro Dantas, and Francisco Ortega 

ABSTRACT

The Andrés fossil site (Pombal, Portugal) is well known by its abundant record of
fossils attributed to the theropod Allosaurus. However, a diversity of other vertebrates
has also been identified in this Upper Jurassic locality, including fishes, lepidosaurs,
crocodylomorphs, pterosaurs and different dinosaur groups. The Late Jurassic verte-
brate fossil record in other European areas is scarce and mostly represented by iso-
lated teeth, highlighting the importance of detailed descriptions and comprehensive
analyses of these fossils to approach the faunal diversity in these landmasses. Here,
an assemblage of isolated theropod teeth collected from Tithonian levels at the Andrés
locality in the Lusitanian Basin is described. A combination of different methods, includ-
ing discriminant and cladistic analyses as well as machine learning tools, was used to
assess their taxonomic identification. These analyses allowed to characterize ten dif-
ferent morphotypes attributed to Allosaurus and to several groups of small coelurosau-
rian theropods, including indeterminate Coelurosauria, early-branching
Tyrannosauroidea, Neocoelurosauria, Velociraptorinae, and Dromaeosaurinae. This
study revealed an unusually diverse theropod dinosaur fauna, showing some similari-
ties to that described from the Kimmeridgian lignite levels of the famous Guimarota fos-
sil site (Leiria, Portugal). Other tooth morphotypes from different Upper Jurassic
European localities are comparable to those described at the Andrés fossil site, sug-
gesting similarities in theropod faunal composition. The study of this large assemblage
of isolated theropod teeth allow us to better understand the palaeobiodiversity, paleo-
geographic distribution, and evolutionary history of the Late Jurassic theropod fauna of
the Iberian Peninsula and other correlative European areas.
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INTRODUCTION

The Late Jurassic fossil record of theropod
dinosaurs from the Iberian Peninsula is relatively
abundant, particularly in the sedimentary units rep-
resenting the Mesozoic infill of the Lusitanian Basin
(central west of Portugal). Despite several more
complete specimens having been found in these
levels, isolated teeth are the most common thero-
pod fossils in the Lusitanian Basin. In other Euro-
pean Upper Jurassic localities, body fossils of
theropods are scarcer and are mostly represented
by isolated teeth (see Appendix 1). Therefore,
detailed descriptions and taxonomic discussions of
tooth morphotypes are critical for accessing the
diversity, evolutionary history, and palaeoecology
of these dinosaurs. A large sample of isolated
teeth, along with some postcranial material of
theropod dinosaurs, has been described from dif-
ferent Upper Jurassic (Kimmeridgian) localities in
northern Germany. This material represents a rela-
tively diverse fauna composed of possible Cerato-
sauria, different Megalosauroidea, including cf.
Marshosaurus and cf. Torvosaurus, Allosauroidea
(some tentatively related to Allosaurus), indetermi-
nate Coelurosauria, and early-branching Tyranno-
sauroidea (e.g., Gerke and Wings, 2016; Evers
and Wings, 2020). Some of these specimens were
first interpreted as belonging to velociraptorine dro-
maeosaurids (Lubbe et al., 2009). In the Bavaria
region (southern Germany), an important record of

avialan theropods has been described from Kim-
meridgian-Tithonian levels of the “Solnhofen Lime-
stones” (e.g., Owen, 1863; Wellnhofer, 1988; Mayr
et al., 2005; Foth and Rauhut, 2017; Rauhut et al.,
2018a). Some non-avian theropods have also
been found in these levels, including the megalo-
sauroid Sciurumimus albersdoerferi and the coe-
lurosaurians Juravenator starki and
Compsognathus longipes (Wagner, 1861; Göhlich
and Chiappe, 2006; Rauhut et al., 2012). 

From different Upper Jurassic (Oxfordian and
Kimmeridgian) localities in England several osteo-
logical remains referred to Theropoda have been
described, including the allosauroid Metriacantho-
saurus parkeri and the early branching tyrannosau-
roid Stokesosaurus langhami (e.g., Huxley, 1869;
Lydekker, 1888; Walker, 1964; Benson, 2008; Mar-
till et al., 2006; Naish and Martill, 2007). The Late
Jurassic of France has also yielded a relatively
large sample of theropod remains, including an
almost complete and well-preserved skeleton col-
lected from a Tithonian lithographic limestone
quarry at Canjuers, attributed to Compsognathus
longipes (e.g., Bidar et al., 1972; Peyer, 2006). The
Middle to Upper Jurassic Vaches Noires cliffs in
Calvados (Normandy) have produced several
theropod remains, including the holotypes of Strep-
tospondylus altdorfensis and Piveteausaurus dive-
sensis, as well as cranial and postcranial elements
attributed to indeterminate tetanurans, megalosau-
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rids, and allosauroids, (Piveteau, 1923; Taquet and
Welles, 1977; Knoll et al., 1999; Allain, 2001; Buf-
fetaut et al., 2010; Monvoisin et al., 2022). From
the Tithonian of Chassiron (western France), a rel-
atively large sample of isolated theropod teeth,
representing morphotypes interpreted as belonging
to spinosaurids, possible megalosaurids and allo-
saurids, dromaeosaurids, and troodontids has
been described (Vullo et al., 2014). 

Skeletal theropod remains are scarce in the
Upper Jurassic of Spain and mostly consist of iso-
lated teeth and fragmentary postcranial elements.
Several isolated teeth and a few postcranial ele-
ments from Kimmeridgian localities in Asturias
have been assigned to indeterminate theropods,
probable ceratosaurians, indeterminate tetanu-
rans, megalosaurids, possible carcharodontosau-
rids, and indeterminate maniraptorans (e.g.,
Canudo and Ruiz-Omeñaca, 2001; Ruiz-Omeñaca
et al., 2008; Rauhut et al., 2018b). Also, from Titho-
nian-Berriasian localities in Teruel, isolated teeth
and scarce postcranial material have been identi-
fied to several theropod clades, including megalo-
saurids, allosaurids, and dromaeosaurids (e.g.,
Canudo et al., 2005, 2006; Gascó et al., 2012;
Cobos et al., 2014). 

The Lusitanian Basin has yielded an abundant
Late Jurassic theropod fossil record, mostly repre-
sented by large and medium size forms, including
Ceratosaurus, Torvosaurus, Lourinhanosaurus,
Allosaurus, and Lusovenator (e.g., Mateus, 1998;
Pérez-Moreno et al., 1999; Rauhut and Fechner,
2005; Mateus et al., 2006; Hendrickx and Mateus,
2014a; Malafaia et al., 2015, 2017a, 2020). A
diverse assemblage of small theropods attributed
to different coelurosaurian clades has also been
described, but these are mostly represented by
isolated remains (e.g., Zinke, 1998; Rauhut, 2000,
2003; Hendrickx and Mateus, 2014b; Malafaia et
al., 2017b). The Andrés fossil site (Pombal, Portu-
gal) is one of the most relevant localities for study-
ing Late Jurassic continental vertebrates from the
Lusitanian Basin. This site has yielded an unusu-
ally abundant and diverse vertebrate assemblage,
including ginglymodian fishes, abundant material
of at least one lepidosaur taxon, neosuchian croco-
dylomorphs, indeterminate pterosaurs and different
dinosaur groups (Pérez-Moreno et al., 1999;
Ortega et al., 2006; Malafaia et al., 2010, 2024a).
Theropod dinosaurs are well represented at
Andrés, with abundant cranial and postcranial
remains attributed to Allosaurus, alongside a rela-
tively large collection of isolated teeth, some previ-
ously attributed to indeterminate dromaeosaurids

(Pérez-Moreno et al., 1999; Malafaia et al., 2010,
2025). The diversity of vertebrate fossils at Andrés
has been compared to that of the Upper Jurassic
lignite levels of the Guimarota mine (Leiria, Portu-
gal). Guimarota is primarily known for its rich and
diverse record of early mammals (e.g., Henkel and
Krebs, 1977; Martin, 2013; Martin and Schultz,
2023). However, a highly diverse fauna of other
vertebrates has also been described (e.g., Bräm,
1973; Buscalioni et al., 1996; Krebs and Schwarz,
2000; Kriwet, 2000; Weichmann, 2000; Wiech-
mann and Gloy, 2000; Rauhut, 2001; Schwarz and
Fechner, 2004; Caldwell et al., 2015; Mocho et al.,
2017). Theropods are the most abundant dino-
saurs in Guimarota, mostly represented by isolated
teeth tentatively assigned to Compsognathus, Dro-
maeosaurus, indeterminate velociraptorines,
troodontids, Richardoestesia, Paronychodon,
tyrannosauroids, allosaurids, and Ceratosaurus
(e.g., Zinke and Rauhut, 1994; Zinke, 1998;
Rauhut, 2000). Some isolated teeth were firstly
referred to cf. Archaeopteryx (Weigert, 1995), but
were later considered to be distinct from this taxon
(Rauhut et al., 2018a) and an attribution to a yet
undescribed non-avian theropod was proposed
(Louchart and Pouech, 2017). More complete
theropod specimens are also known from Guima-
rota, such as a hatchling Allosaurus maxilla
(Rauhut and Fechner, 2005), and pelvic elements,
including the holotype of the tyrannosauroid Avi-
atyrannis jurassica (Rauhut, 2003). 

The use of morphometric and cladistic analy-
ses to support the identification of isolated thero-
pod teeth has been extensively explored over the
last two decades. Morphometric tools for studying
large samples of theropod teeth were first
approached by Farlow et al. (1991) and later devel-
oped by Smith (2005) and Smith et al. (2005).
These authors compiled a large dataset of morpho-
metric variables based on crown and denticle mea-
surements across different theropod taxa. This
dataset has since been expanded in subsequent
studies, both in terms of the number of specimens
and the range of dental-based variables (e.g.,
Smith, 2007; Larsson and Currie, 2013; Hendrickx
et al., 2015a, 2020a; Gerke and Wings, 2016; Isas-
mendi et al., 2024). However, the effectiveness of
these methods is sometimes limited by significant
morphospace overlap among different taxa, which
reduces their utility for identifying isolated theropod
teeth (Hendrickx et al., 2020a, 2023). To improve
accuracy, a combination of morphometric methods
and cladistic analyses based on dentition-based
character datasets (e.g., Hendrickx et al., 2015b)
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has been widely employed to support the taxo-
nomic identification of isolated theropod teeth (e.g.,
Serrano-Martínez et al., 2016; Malafaia et al.,
2017b; Alonso et al., 2018; Young et al., 2019; Del-
court et al., 2020; Hendrickx et al., 2020b; Isas-
mendi et al., 2024). More recently, machine
learning tools applied to morphometric datasets
have also been used, producing promising results
that may significantly enhance the classification of
these fossils (e.g., Wills et al., 2021, 2023; Hen-
drickx et al., 2023; Marques et al., 2025). 

Here a sample of twenty-one isolated thero-
pod teeth collected from the Andrés site is
described to assess the diversity at this Upper
Jurassic locality. Analyses of the identified tooth
morphotypes, based on different methodologies
(cladistic and discriminant analyses as well as
machine learning tools), are presented to support
their taxonomic assignment. Also, the assemblage
of tooth morphotypes from Andrés is compared
with other correlative European fossil records to
assess the distribution of Late Jurassic theropod
faunas in this region. 

GEOLOGICAL SETTING

The Andrés fossil site is located southeast of
the town of Pombal, at the northern end of the
Central Sector of the Lusitanian Basin (Figure 1).

The sedimentary levels consist of massive, fine-
grained, micaceous sandstones with parallel or
cross-lamination, abundant plant debris, and some
thin lenticular levels of red and grey claystone with
abundant freshwater bivalves and some gastro-
pods (Malafaia et al., 2010, 2025). This sedimen-
tary sequence is interpreted as belonging to the
Bombarral Formation (sensu Azerêdo et al., 2010),
which is a diachronic unit but that has mostly been
considered Tithonian in age (Manuppella et al.,
1974, 1978; Fürsich et al., 2021).

MATERIAL AND METHODS

Material

The studied material consists of twenty-one
isolated theropod teeth collected during different
fieldwork campaigns conducted between 1988 and
2010 at the Andrés fossil site. All specimens are
housed in the Museu Nacional de História Natural
e da Ciência, Universidade de Lisboa (Lisboa, Por-
tugal), and are inventoried as MNHN/UL.AND#
(MNHN/UL, Museu Nacional de História Natural of
the Universidade de Lisboa, AND, Andrés, and #,
number of the element).

FIGURE 1. Geographic and geological context of the Andrés fossil site. A, simplified stratigraphy of the Upper Juras-
sic sequences in the area of Pombal based on Kullberg et al. (2013) and Fürsich et al. (2021); B, geological map of
the region of Pombal (modified from Teixeira et al., 1968; Manuppella et al., 1974); C, geographic location of Pombal.
The green area on the map of Portugal represents the borders of the district of Leiria, and the yellow-brownish area
represents the borders of the municipality of Pombal. Scale bar: 10 km (B); 3 km (C).
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Methods

Comparative methodology and terminology.
The teeth were described following anatomical,
positional, directional, and morphometric nomen-
clatures proposed by Smith and Dodson (2003),
Smith et al. (2005), and Hendrickx et al. (2015a).
Each tooth was photographed in labial, lingual,
mesial, distal, apical, and basal views using a
Canon EOS 6D Mark II camera, with a macro-EF
100 mm lens. For smaller specimens, a Leica Z6
macroscope equipped with an integrated Leica
DFC450 camera was used. The morphology of the
denticles and enamel ornamentation were also
observed and photographed using the Leica Z6
with the integrated Leica DFC450 camera. 
Discriminant Function Analysis. The twenty-one
theropod teeth from Andrés were added to the
dataset of 1334 teeth compiled by Hendrickx et al.
(2023). Twenty-eight variables were taken for each
tooth (see Appendix 2). For the morphometric anal-
yses, we used a final dataset comprising twelve
variables (CBL, CBW, CH, AL, CMA, MCL, MCW,
MSL, MDL, DDL, LAF, and LIF; morphometric
abbreviations detailed in Appendix 3). Because
both mesial and distal crown angles were meas-
ured, we used the abbreviation CMA (equivalent to
CA in Hendrickx et al. 2020a) and CDA, respec-
tively. To reduce potential noise in the results, we
included only Late Jurassic and Cretaceous taxa
from the original dataset. Additionally, in each anal-
ysis, we excluded all the groups with fewer cases
than variables (i.e., fewer than 12 cases) to
enhance the robustness of the results (e.g. Hair et
al. 2010; Zavorka and Perrett, 2014). A series of
discriminant analyses were conducted using Past
v4 software (Hammer et al., 2001), following the
methodology outlined in previous works (Hendrickx
et al. 2020a). Following an initial set of analyses
performed following this methodology, some taxa
that were clearly unrelated to the studied speci-
mens and well separated from all other morphos-
paces (Compsognathus and Buitreraptor in the
genus level dataset, and Compsognathidae in the
clade-level dataset) were also excluded to improve
visualization. Due to a high number of missing val-
ues across several variables in some groups, an
additional set of LDAs were performed using
Python (version 3.8.16), and the package scikit-
learn (Pedregosa et al., 2011). In this case, all vari-
ables with more than 20% missing data (i.e., AL,
CMA, MCL, MCW, MSL, and MDL) were excluded,
and all specimens with missing values, were
removed, following the approach used by Marques
et al. (2025). 

To compare the assemblage of isolated teeth
from Andrés with other tooth morphotypes
described in correlative European levels, a dataset
of morphometric variables was compiled from
specimens found in different Upper Jurassic locali-
ties in Portugal, Spain, and Germany, based on
previously published data (Ruiz-Omeñaca et al.,
2008; Gascó et al., 2012; Malafaia et al., 2017b).
Because several measurements used in the previ-
ous analyses are unknown for some of these spec-
imens, a reduced principal component analysis
(PCA) and t-distributed Stochastic Neighbor
Embedding (t-SNE), following the methodology
used by Wills et al. (2023) were performed in
Python using the packages scikit-learn and open
TSNE, respectively. Following Marques et al.
(2025), variables with more than 20% of missing
data and the specimens with missing values were
removed. The final dataset for these analyses
included the following variables: CBL, CBW, CH,
and AL (see Appendices 1 and 4). 
Cladistic analysis. The studied teeth were
grouped in ten morphotypes, based on morpholog-
ical and morphometric similarities and were scored
as different taxonomic units. One morphotype
(morphotype 2) was scored as mesial teeth, two
morphotypes (morphotype 6 and 7) were scored as
both mesial and lateral teeth due to uncertain pre-
liminary identification, and the other seven morpho-
types were scored as lateral teeth. The scores of
each morphotype were included in the dentition-
based database of Hendrickx et al. (2020a) (see
Appendix 5). A cladistic analysis was then con-
ducted for each morphotype using this database
and following the search strategy outlined by Hen-
drickx et al. (2020a). See Appendix 3 for further
details on the methodology used for the cladistic
analyses. 
Random Forest (RF) classifier. The isolated teeth
from Andrés were analysed based on machine
learning tools, using different RF models previously
trained on the dataset of morphometric variables of
theropod teeth compiled by Hendrickx et al. (2023).
The trained models were made publicly available
by Marques et al. (2025). A Quantile Transformer
standardization was applied to approximate a nor-
mal distribution for the higher-level classification,
while a standard scaler (mean = 0 and standard
deviation =1) was used for the genus-level classifi-
cation, both following the preprocessing methods
used for the trained models. These analyses were
conducted in Python (version 3.8.16) using the
“scikit-learn” package (Pedregosa et al., 2011).
Following the methodology described by Marques
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et al. (2025), seven morphometric variables were
used (CBL, CBW, CH, CBR, CHR, DC, and DDL).
The inclusion of both raw variables (CBW, CBL,
CH) and their ratio-derived counterparts (CBR and
CHR) in the analysis was chosen, as most
machine learning methods, such as random for-
ests, are less sensitive to multicollinearity, prioritiz-
ing variable splits over linear dependencies. By
including both types of variables, we increase the
likelihood of the models identifying subtle yet
important patterns in the dataset that might be
missed if either ratios or the raw variables were
excluded. Specimens with missing data were
excluded, resulting in a subset of fourteen speci-
mens from the Andrés sample suitable for analysis.
Two classification models were applied to predict
the taxonomic interpretation of the studied teeth:
one based on a dataset organized by genus, and
another based on higher taxonomic groups. For
further details on the methodology used in the RF
analyses, see Appendix 3 and Marques et al.
(2025). 

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
THEROPODA Marsh, 1881

TETANURAE Gauthier, 1986
ALLOSAUROIDEA Currie and Zhao, 1994

ALLOSAURIDAE Marsh, 1878
ALLOSAURUS Marsh, 1877

Remarks. Three morphotypes (1, 2, and 3) are
referred to Allosaurus. 
Morphotype 1. This morphotype is represented by
five specimens (MNHN/UL.AND.23, MNHN/
UL.AND.27, MNHN/UL.AND.30. MNHN/
UL.AND.31, and MNHN/UL.AND.45; Figure 2) that
consist of generally well-preserved tooth crowns,
with three of them also preserving fragments of the
root. The crowns are moderately large, slightly
recurved distally, moderately elongated (CHR
mean = 2.18), and weakly compressed labiolin-
gually (CBR between 0.67 and 1.14; mean = 0.95;
see Appendix 2). They have salinon-shaped basal
cross-sections due to the presence of vertical con-
cavities on the lingual surface adjacent to the
mesial and distal carinae (Figure 2M). The lingual
surface is slightly concave in distal or mesial view,
while the labial surface is strongly convex. In lateral
view, the crowns are triangular, with a mostly
straight to slightly concave distal margin and a con-
vex mesial margin. The apex is centrally positioned
and does not extend beyond the level of the distal
carina. The root is larger than the crown (at least

1.2 times the crown height), subcircular in cross-
section, with mostly parallel mesial and distal mar-
gins but seem slightly tapered distally (Figure 2A-
D). In MNHN/UL.AND.30 the root has a deep and
well-delimited longitudinal depression centrally
positioned that corresponds to a resorption pit (Fig-
ure 2A-D). 

Both the mesial and distal carinae are ser-
rated and extend to the cervix. The serrated cari-
nae also extend to the apex of the crown, forming a
continuous serrated margin. The distal carina is
centrally positioned in the distal margin, whereas
the mesial carina is located on the mesial surface
in the apical end of the crown but strongly twists
onto the lingual surface toward the base (Figure
2F). On average, there are 13 denticles per 5 mm
in the mid-section of both carinae (DSDI mean =
0.99; see Appendix 2). The mesial denticles are
subquadrangular, with slightly convex external
margins, and become smaller toward the crown
base (Figure 2O-Q). The distal denticles are
mesiodistally rectangular, also with convex external
margins, and become slightly smaller basally as
well (Figure 2R-S). The denticles are separated by
relatively wide interdenticular spaces and are ori-
ented perpendicularly to the carina. Some speci-
mens show subtle transverse undulations and
poorly developed interdenticular sulci between the
distal denticles, particularly in the middle and basal
sections of the crown. The enamel has a braided
texture that is well-visible with light, particularly on
the lingual surface (Figure 2T).
Morphotype 2. This morphotype is represented by
seven specimens (MNHN/UL.AND.24, MNHN/
UL.AND.25, MNHN/UL.AND.28, MNHN/
UL.AND.29. MNHN/UL.AND.32a and MNHN/
UL.AND.32b, and MNHN/UL.AND.33; Figure 3),
consisting mostly of well-preserved tooth crowns,
with some specimens also preserving root frag-
ments. The crowns are medium sized, relatively
short, strongly compressed labiolingually (CBR
between 0.42 and 0.63; mean = 0.53), and slightly
recurved distally (see Appendix 2). The distal mar-
gin is concave, whereas the mesial one is strongly
convex, with the apex positioned distally to the
most basal level of the distal carina. The lingual
surface is mostly flat or slightly convex, while the
labial surface is convex. Basal cross-sections are
elliptical or lenticular in shape (Figure 3E and K).
The mesial and distal carinae are serrated and
extend to the basal section of the crown. The distal
carina reaches the cervix, but the denticulated
mesial carina ends well above it. The mesial carina
is mostly centrally positioned in the mesial margin
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FIGURE 2. Selected specimens of morphotype 1 (mesial teeth of Allosaurus) from Andrés. A-D, MNHN/UL.AND.30 in
labial (A), lingual (B), distal (C), and mesial (D) views. E-H, MNHN/UL.AND.23 in distal (E), mesial (F), labial (G), and
lingual (H) views. I-N, MNHN/UL.AND.27 in labial (I), lingual (J), distal (K), mesial (L), basal (M), and apical (N) views.
O-S, detail of the denticles of MNHN/UL.AND.23. O-Q, denticles of the mesial carina in the apical, central, and basal
sections, respectively. R-S, denticles of the distal carina in the apical and basal section, respectively. T, detail of the
enamel ornamentation on the lingual surface of MNHN/UL.AND.23. Abbreviations: ce, cervix; dc, distal carina; mc,
mesial carina; puc, pulp cavity; rp, resorption pit; rt, root. Scale bars: 10 mm (A-L); 5 mm (I -N); 1 mm (O–T).
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FIGURE 3. Selected specimens of morphotype 2 (lateral teeth of Allosaurus) from Andrés. A-E, MNHN/UL.AND.24 in
labial (A), lingual (B), distal (C), mesial (D), and basal (E) views. F-K, MNHN/UL.AND.25 in basal (F), apical (G), labial
(H), lingual (I), distal (J), and mesial (K) views. L-P, detail of the denticles of MNHN/UL.AND.24. L-M, denticles of the
apical and central sections of the mesial carina, respectively. O-P, denticles of the apical and central sections of the
distal carina, respectively. Q-S, detail of the denticles of MNHN/UL.AND.25. Q, denticles of the apical section of the
mesial carina. R-S, denticles of the central and basal sections of the distal carina, respectively. T, MNHN/UL.AND.32
in labial or lingual view. U-V, denticles of the apical and basal sections of the distal carina of MNHN/UL.AND.32a.
Abbreviations: ce, cervix; dc, distal carina; ids, interdenticular sulcus; mc, mesial carina; puc, pulp cavity; rt, root; tun,
transverse undulation. Scale bars: 20 mm (T); 10 mm (A-K); 1 mm (L-S and U-V).
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or slightly twists lingually toward the crown base,
whereas the distal carina is markedly displaced
labially to the base. The number of denticles in the
central section ranges between 18 to 19 denticles
and 11 to 17 denticles per 5 mm in the mesial and
distal carinae, respectively (DSDI mean = 1.15;
see Appendix 2). The interdenticular space is rela-
tively wide on both carinae. The mesial denticles
are apicobasally rectangular with rounded to
mostly flat distal margins, whereas the distal denti-
cles are mesiodistally rectangular with somewhat
asymmetrically convex distal margins. Subtle
transverse undulations are visible, particularly on
the labial surface. Poorly developed interdenticular
sulci are present on both mesial and distal carinae,
though they are more pronounced adjacent to the
denticles of the distal carina. The enamel shows a
texture consisting of a series of thin and irregular
crenulations, which are only visible with light. 
Morphotype 3. This morphotype is represented by
a single, almost complete and well-preserved tooth
crown (MNHN/UL.AND.206; Figure 4A –J). It is rel-
atively small, short, strongly compressed labiolin-
gually (CBR = 0.47), and distally recurved (see
Appendix 2). The distal margin is concave, while
the mesial one is strongly convex, with the apex
positioned distally to the level of the distal carina.
The labial surface is mostly flat distally and slightly
convex mesially, whereas the lingual surface is
strongly convex. The basal cross-section of the
crown is elliptical shaped (Figure 4F). Both mesial
and distal carinae are serrated. The distal carina
extends to the cervix, while the mesial one is
restricted to the apical half of the crown. The
mesial carina is mostly centrally positioned in the
mesial margin but slightly twists onto the lingual
surface toward the crown base. On the other hand,
the distal carina is markedly displaced labially,
resulting in an asymmetrical crown in distal view.
There are 18 denticles per 5 mm in the central sec-
tion of the distal carina. The interdenticular space
is relatively wide on both carinae. The mesial denti-
cles in the apical part of the crown are apicobasally
rectangular with slightly convex to almost flat exter-
nal margins, whereas the distal denticles are
mesiodistally rectangular and have somewhat
asymmetrically convex external margins with the
apex pointing apically (Figure 4G-J). A few thin
transverse undulations are visible in the basal sec-
tion of the labial surface. Poorly developed inter-
denticular sulci are present on both mesial and
distal carinae but they are more marked adjacent
to the denticles in the central section of the distal
carina. The enamel shows a texture consisting of a

series of thin and irregular crenulations only visible
with light. 

COELUROSAURIA von Huene, 1914
COELUROSAURIA INDET.

Remarks. Two morphotypes (4 and 5) are
attributed to indeterminate Coelurosauria.
Morphotype 4. This morphotype is represented by
an almost complete tooth crown and a fragment of
the root (MNHN/UL.AND.213; Figure 4K-Q). The
apical part of the crown is worn due to a well-devel-
oped wear surface that also extends to the distal
margin. The crown is relatively small and only
weakly compressed labiolingually (CBR = 0.88),
with a subcircular basal cross-section (Figure 4P).
It is relatively elongated (CHR = 1.83) and mostly
straight in lateral view, with a straight distal margin
and a slightly convex mesial margin. Both labial
and lingual surfaces are strongly convex. The
mesial carina is absent in the preserved part of the
crown, while the distal carina is serrated, slightly
deflected lingually, and extends to the basal part of
the crown, but ends well above the cervix (Figure
4M-N). The distal denticles are slightly longer
mesiodistally than apicobasally, with symmetrically
convex and rounded distal margins (Figure 4Q).
There are 9.25 denticles per millimetre in the cen-
tral section of the distal carina. The denticles are
separated by relatively narrow spaces. Interdentic-
ular sulci are not visible or are very short and
poorly developed. Marginal and transverse undula-
tions are also absent in the preserved part of the
crown. The enamel has a braided and oriented tex-
ture that is barely visible with light. 
Morphotype 5. This morphotype is represented by
a poorly preserved fragment of a tooth crown
(MNHN/UL.AND.209; Figure 4R–W). The crown is
markedly recurved distally, with a strongly concave
mesial margin and a convex distal margin. It is rel-
atively high but mesiodistally short, resulting in an
overall elongated profile (CHR = 1.81; see Appen-
dix 2). The crown is broken in several parts, miss-
ing the apical part and the enamel in different
sections of the lingual surface. The basal section is
oval-shaped with low labiolingual compression
(CBR = 0.62). Both the mesial and distal carinae
are denticulated. The mesial carina is straight and
centrally positioned on the mesial surface, ending
around mid-height of the crown (Figure 4U). In con-
trast, the distal carina extends along the entire pre-
served length of the distal margin and is strongly
deflected lingually, resulting in an asymmetrical
appearance in distal view (Figure 4T). The lingual
surface is mostly flat, while the labial surface is
strongly convex. There are 11 denticles per one
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FIGURE 4. Morphotypes 3 (juvenile Allosaurus), 4 (Coelurosauria indet.), and 5 (neocoelurosauria indet.) from
Andrés. A-J, morphotype 3 (MNHN/UL.AND.206) in lingual (A), labial (B), distal (C), mesial (D), apical (E), and basal
(F) views, denticles from the apical section of the mesial carina (G), and denticles from the apical, central, and basal
sections of the distal carina, respectively (H-J). K-Q, morphotype 4 (MNHN/UL.AND.213) in lingual (K), labial (L), dis-
tal (M), mesial (N), apical (O), and basal (P) views, and detail of the denticles in the central section of the distal carina
(Q). R-W, morphotype 5 (MNHN/UL.AND.209) in lingual (R), labial (S), distal (T), mesial (U), and basal (W) views,
detail of the denticles in the central section of the distal carina (V). Abbreviations: ce, cervix; dc, distal carina; mc,
mesial carina; puc, pulp cavity; ws, wear surface. Scale bars: 5 mm (A-F); 1 mm (G-J, K-P, and R-V); 500 µm (Q).
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millimetre in the central section of the distal carina.
These denticles are apicobasally rectangular in the
apical part of the crown and subquadrangular in
the central section, with symmetrically convex dis-
tal margins (Figure 4V). Denticle size decreases
towards the base of the crown, with the most basal
ones being almost imperceptible crenulations. The
mesial denticles are very small and cannot be indi-
vidually distinguished or measured in the pre-
served fragment. Denticles are separated by very
narrow spaces and no interdenticular sulci are
observed in the preserved fragment of the crown.
The enamel has an oriented braided texture that is
clearly visible with light, but lacks marginal or trans-
verse undulations. 

TYRANNOSAUROIDEA Osborn, 1906
TYRANNOSAUROIDEA INDET.

Remarks. One morphotype (6) is here interpreted
as belonging to an early branching tyrannosauroid.
Morphotype 6. This morphotype is represented by
one specimen (MNHN/UL.AND.105; Figure 5A–G)
that consists of a well-preserved crown and an
almost complete root, missing only its distal end.
The crown is relatively small, strongly compressed
labiolingually (CBR = 0.41), elongated (CHR =
2.14), and distinctly recurved distally (see Appen-
dix 2). The distal margin is strongly concave, while
the mesial margin is convex, with the apex posi-
tioned well distal to the basal most level of the dis-
tal carina. The labial surface is mostly flat, whereas
the lingual surface is slightly convex. The crown
likely has a figure-eight-shaped basal cross-sec-
tion due to the presence of shallow, centrally posi-
tioned longitudinal depression on both the lingual
and labial surfaces of the root. However, these
depressions do not significantly project into the
basal section of the crown (Figure 5A–B). The pre-
served root fragment has parallel mesial and distal
margins. The distal carina is denticulated, mostly
straight in distal view, strongly deflected labially,
and extends to the cervix (Figure 5C). The mesial
carina is also serrated, centrally positioned, and
straight in mesial view, but ends at about the mid-
height of the crown (Figure 5D). Due to poor pres-
ervation, the morphology of the mesial denticles
cannot be described. In the central section of the
distal carina, there are 25.5 denticles per 5 mm.
The denticles are separated by relatively wide
interspaces, have symmetrically convex external
margins, and project perpendicularly from the
carina. They are mesiodistally rectangular in the
basal and central section of the crown, becoming
quadrangular toward the apex, and very reduce in
size to the crown base (Figure 5F–G). Denticles on

both the mesial and distal carinae extend to the
cervix, forming an almost continuous serrated api-
cal margin. Very faint transverse undulations are
visible on both labial and lingual surfaces, which
are also present in the preserved root fragment.
Short, poorly developed interdenticular sulci are
present adjacent to the denticles in the central and
basal sections of the distal carina. The enamel
shows a braided ornamentation that is barely visi-
ble with light. 

MANIRAPTORA Gauthier, 1966
PARAVES Sereno, 1997

DROMAEOSAURIDAE Matthew and Brown, 1922
cf. DROMAEOSAURINAE Matthew and Brown, 

1922
Remarks. Two morphotypes (7 and 8) are tenta-
tively assigned to dromaeosaurine dromaeosau-
rids.
Morphotype 7. This morphotype is represented by
a crown fragment lacking the base, with a large
wear surface on the apical part that extends to the
mesial margin and slightly onto the lingual surface
(MNHN/UL.AND.26; Figure 5H–Q). The preserved
fragment is relatively small and strongly com-
pressed labiolingually (CBR = 0.57; see Appendix
2). The crown is slightly recurved, with a slightly
concave distal margin, a convex mesial margin,
and the apex positioned at the basal-most level of
the preserved crown fragment. The basal section
of the preserved crown is lanceolate-shaped, with
a well-developed distal carina, a mostly flat lingual
surface, and a slightly convex labial surface (Fig-
ure 5M). Both the mesial and distal carinae are
denticulated. The distal denticles extend along the
entire preserved height of the crown, while the
mesial carina also extends along the preserved
height of the crown but the denticles end slightly
above the base. The distal carina is mostly straight
but is somewhat displaced toward the labial side
(Figure 5J), whereas the mesial carina is centrally
positioned along the mesial surface (Figure 5K). A
slightly concave surface is present adjacent to the
distal carina on the labial side. The distal denticles
are mostly subquadrangular, slightly larger apico-
basally than mesiodistally, with rounded and sym-
metrically convex distal margins (Figure 5O–Q).
The mesial denticles are also subquadrangular,
with symmetrically convex margins (Figure 5N).
The distal denticles are larger than the mesial den-
ticles (DSDI = 1.57; see Appendix 2). Short inter-
denticular sulci are present between the distal
denticles, particularly in the central and basal sec-
tions of the crown. Denticles on both mesial and
distal carinae are separated by relatively narrow
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FIGURE 5. Morphotype 6 (early-branching Tyrannosauroidea) and 7 (Dromaeosauridae cf. Dromaeosaurinae) from
Andrés. A-G, morphotype 6 (MNHN/UL.AND.105) in lingual (A), labial (C), distal (D), and mesial (E) views, detail of
the denticles from the apical (B), central (F), and basal (G) sections of the distal carina. H-Q, morphotype 7 (MNHN/
UL.AND.26) in lingual (H), labial (I), distal (J), mesial (K), apical (L), and basal (M) views, denticles from the central
section of the mesial carina (N), denticles from the apical, central, and basal sections of the distal carina, respectively
(O-Q). Abbreviations: ce, cervix, dc, distal carina; ids, interdenticular sulcus; lad, labial depression; lib, lingual depres-
sion; mc, mesial carina; puc, pulp cavity; rt, root; tun, transverse undulation; ws, wear surface. Scale bars: 5 mm (A-
D), 2 mm (H-M), 1 mm (E-G and N-Q).
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interspaces. The enamel has an irregular and non-
oriented texture. No marginal or transverse undula-
tions are visible on the preserved fragment of the
crown.
Morphotype 8. This morphotype is represented by
an almost complete tooth with a well-preserved
crown and root (MNHN/UL.AND.107; Figure 6).
However, it still embedded in a sediment block,
with only one surface (likely the labial one)
exposed. Therefore, some measurements and
morphological features cannot be confidently
assessed at this moment. The crown is very small
and seems to be strongly compressed labiolin-
gually. It is markedly recurved distally, with a con-
cave distal margin concave, a convex mesial
margin, and the apex positioned beyond the level
of the distal carina. Both the mesial and distal cari-
nae are denticulated. The distal denticles extend
along the entire height of the carina. Although the
mesial carina is not fully visible, it appears to termi-
nate around mid-crown height or extend slightly
into the basal section, projecting onto the lingual
surface near the crown base. The distal carina is
also partially obscured by sediment but seems
mostly straight, and either centrally positioned or
slightly displaced labially. The distal denticles are
mostly mesiodistally rectangular, with rounded and
symmetrically convex distal margins (Figure 6B-C).
The mesial denticles are very small and somewhat
apicobasally rectangular, with slightly convex
external margins. There are 9.5 denticles per milli-
metre in the visible apical part of the mesial carina,
and between 9 and 7 denticles per millimetre in the
apical and central/basal sections of the distal
carina, respectively (DSDI = 1.36; see Appendix 2).
Denticles on both carinae are separated by broad
interspaces. Short, poorly developed interdenticu-
lar sulci are visible adjacent to the distal denticles,
becoming slightly more pronounced in the basal
section of the crown. Thin, barely visible transverse
undulations are present along the preserved sur-
face of the root, but not on the exposed surface of
the crown (Figure 6A). The enamel has an irregu-
lar, non-oriented texture that is barely visible with
light. The root is very elongated, with mostly paral-
lel mesial and distal margins, and has a shallow,
centrally positioned longitudinal concavity that
extends along the entire height of the root to the
crown base.

cf. VELOCIRAPTORINAE Barsbold, 1983
Remarks. Two morphotypes (9 and 10) are inter-
preted here as possibly belonging to velocirapto-
rine dromaeosaurids.

Morphotype 9. This morphotype is represented by
two well preserved tooth crowns (MNHN/
UL.AND.104 and MNHN/UL.AND.208; Figure 7A-
N). The crowns are very small, relatively low,
strongly compressed labiolingually (CBR mean =
0.51), and slightly recurved distally (see Appendix
2). The distal margin is concave, while the mesial
margin is strongly convex, with the apex positioned
distal to the most basal level of the distal carina.
The lingual surface is mostly flat, whereas the
labial surface is strongly convex. The crowns have
an elliptical or lanceolate shaped basal cross-sec-
tion (Figure 7E and J). The distal carinae are ser-
rated and extend to the cervix. The mesial carina
extends about half the height of the crown but
lacks denticles, bearing only small crenulations at
the apical end. The mesial carina is straight and
centrally positioned along the mesial margin. In
MNHN/UL.AND.208, the distal carina is mostly

FIGURE 6. Specimen of morphotype 8 (MNHN/
UL.AND.107; Dromaeosauridae cf. Dromaeosaurinae)
from Andrés. A-B, detail of the denticles from the apical
and basal sections of the distal carina. C, specimen in
?labial view. Abbreviations: rt, root. Scale bars: 2 mm
(A); 500 µ (B-C).
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FIGURE 7. Specimens of morphotype 9 (Dromaeosauridae cf. Velociraptorinae) and 10 (Dromaeosauridae cf. Veloci-
raptorinae) from Andrés. A-E, MNHN/UL.AND.104 in lingual (A), labial (B), distal (C), mesial (D), and basal (E) views.
F-J, MNHN/UL.AND.208 in lingual (F), labial (G), distal (H), mesial (I), and basal (J) views. K-L, detail of the denticles
of MNHN/UL.AND.104 from the apical and basal sections of the distal carina. M-N, detail of the denticles of MNHN/
UL.AND.208 from the apical and central sections of the distal carina. O-T, MNHN/UL.AND.212 in lingual (O), labial (P),
distal (Q), mesial (R), and basal (T) views, detail of the denticles of the distal carina (S). Abbreviations: dc, distal
carina; mc, mesial carina; puc, pulp cavity; ws, wear surface. Scale bars: 2 mm (A-J); 1 mm (K-S).
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centrally positioned. In MNHN/UL.AND.104, it is
centrally positioned in the apical part of the crown
but becomes strongly displaced lingually toward
the base, so the crown is asymmetrical in distal
view (Figure 7C and H). There are between 32.5
and 35 denticles per 5 mm in the central section of
the distal carina. The denticles are separated by
relatively wide interspaces and have symmetrically
convex external margins. In the basal and central
sections of the crown, they are mesiodistally rect-
angular, becoming more quadrangular toward the
apex (Figure 7K-N). Subtle and barely visible
transverse undulations are present on the labial
surface. Short and poorly developed interdenticular
sulci occur in the central section of the distal
carina. The enamel shows a faint braided texture
that is only visible with light.
Morphotype 10. This morphotype is represented
by an almost complete crown that has a well-devel-
oped wear surface affecting both the labial and lin-
gual sides (MNHN/UL.AND.212; Figure 7O-S). The
crown is very short apicobasally but relatively elon-
gated mesiodistally (CHR = 1.09; see Appendix 2).
It is slightly recurved distally and strongly com-
pressed labiolingually (CBR = 0.53), with a lanceo-
late shaped basal section (Figure 7S). Both the
labial and lingual surfaces are slightly convex,
although the lingual surface is somewhat more flat-
tened. A serrated distal carina is present, while the
mesial denticles and carina are absent in the por-
tion of the crown not affected by the wear surface.
The distal carina extends to the cervix, is mostly
straight in distal view, but slightly displaced lin-
gually (Figure 7Q). There are 7 and 7.75 denticles
per millimetre in the central and basal section of
the distal carina, respectively. The distal denticles,
especially the most basal ones, are mesiodistally
rectangular with symmetrically convex external
margins, and are oriented perpendicularly to the
carina (Figure 7J). The denticles are separated by
relatively narrow spaces at mid-crown, which
become slightly wider in the apical and basal sec-
tions. The enamel has a braided texture that is
barely visible with light. No marginal or transverse
undulations are visible. Interdenticular sulci are not
observable adjacent to the distal denticles. 

RESULTS

Discriminant Function Analyses (DFA)

The results obtained on the LDA performed in
PAST, based on the genus- and clade-level data-
sets, correctly classified 74.59% and 62.01% of the
cases, respectively. The eigenvalues for axis 1 and

2 were 77.51 and 83.82, respectively. In these
analyses, two specimens of morphotype 1 (MNHN/
UL.AND.23 and 30) were classified as Allosaurus
and Allosauridae, while two others (MNHN/
UL.AND.27 and 31) were classified as Australove-
nator and Neovenatoridae, and one (MNHN/
UL.AND.45) as Gorgosaurus and Neovenatoridae
(see Figure 8 and Table 1 for details on the results
of these analyses). The classification for morpho-
type 2 was more ambiguous. Three specimens
(MNHN/UL.AND.24, 28, and 29) were classified as
Alioramus, two (MNHN/UL.AND.32a and 33) as
Fukuiraptor, one (MNHN/UL.AND.25) as Majunga-
saurus, and another (MNHN/UL.AND.32b) as Aus-
tralovenator, based on the genus-level dataset.
Using the clade-level dataset, most specimens of
this morphotype were classified as Neovenatori-
dae, except MNHN/UL.AND.25, which was classi-
fied as Abelisauridae, and MNHN/UL.AND.24,
which was assigned to non-abelisaurid Ceratosau-
ria (see Figure 8 and Table 1 for details on the
results of these analyses). Morphotype 3 (MNHN/
UL.AND.206) and morphotype 7 (MNHN/
UL.AND.26) were classified as Deinonychus and
as belonging to Abelisauridae and Noasauridae,
respectively. Morphotype 4 (MNHN/UL.AND.213)
was identified as Dromaeosaurus and Therizino-
sauria. Morphotypes 5 (MNHN/UL.AND.209), mor-
photype 9 (MNHN/UL.AND.104 and 208), and
morphotype 10 (MNHN/UL.AND.212) were classi-
fied as Masiakasaurus and Therizinosauria, except
morphotype 5, which was assigned to Noasauridae
in the analysis based on the clade-level dataset.
Morphotype 6 (MNHN/UL.AND.105) was identified
as Raptorex and Dromaeosauridae, and morpho-
type 8 as Australovenator and Neovenatoridae.
The LDA performed in Python recovered an overall
RR of 73.7%, with eigenvalues for axes 1 and 2 of
74.7% and 19.2%, respectively, using the clade-
level dataset and an RR of 64.9%, with eigenval-
ues for axes 1 and 2 of 81.5% and 13.9%, respec-
tively, using the genus-level dataset. These
analyses classified all morphotype 1 specimens
with complete data (MNHN/UL.AND.23, 30, and
31) as Allosaurus and Allosauridae (see Figure 9
and Table 1 for details on the results of these anal-
yses). In contrast, morphotype 2 specimens were
classified as Alioramus (MNHN/UL.AND.24 and
29), Fukuiraptor (MNHN/UL.AND.33), and Majun-
gasaurus (MNHN/UL.AND.25). Using the clade-
level dataset, these specimens were assigned to
Abelisauridae (MNHN/UL.AND.24, 25, and 29) and
Metriacanthosauridae (MNHN/UL.AND.33). The
specimen of morphotype 4 was classified as



MALAFAIA ET AL.: DIVERSITY OF THEROPOD TEETH FROM THE UPPER JURASSIC OF PORTUGAL

16

FIGURE 8. Graphical results of the linear discriminant analyses (LDA) performed in PAST showing the classification
of the theropod teeth from Andrés based on the genus-level (A) and clade-level (B) datasets. 



PALAEO-ELECTRONICA.ORG

17

Zanabazar and Troodontidae, while morphotype 5
was identified as Falcarius and as an early-branch-
ing Coelurosauria. Specimens of morphotypes 6,
7, 9, and 10 were classified as Dromaeosauridae
using the clade-level dataset and as Saurornitho-
lestes (morphotypes 6 and 9), Deinonychus (mor-
photype 7), and Falcarius (morphotype 10) using
the genus-level dataset. 

Cladistic analysis 

The cladistic analysis, using a constrained
topology with all terminal taxa scored in the original
dataset of Hendrickx et al. (2020a,b) along with
morphotypes 1 and 2, yielded one most parsimoni-
ous tree (MPT) and placed the specimens from
Andrés within Allosauroidea (Figure 10A). Morpho-

TABLE 1. Summary of the results obtained on the different performed analyses for the tooth morphotypes from Andrés and the taxonomic
interpretation proposed in this work.
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Genus-level dataset Clade-level dataset
Genus-level 

dataset
Clade-level 

datasetPAST Pyton PAST Pyton

.AND.
30

M1 Allosaurus Allosauridae Allosaurus 
lateral

Tyrannosauridae
mesial

Metriacanthosauridae Allosaurus 
(mesial teeth)

.AND.
27

Australovenator / Neovenatoridae / / /

.AND.
31

Allosaurus Allosauridae Allosaurus 
lateral

Tyrannosauridae
mesial

.AND.
45

Gorgosaurus / / / /

.AND.
23

Allosaurus Allosauridae Allosaurus 
mesial

Allosauridae
mesial

.AND.
29

M2 Alioramus Neovenatoridae Abelisauridae Alioramus 
lateral

Tyrannosauridae
lateral

Allosauridae Allosaurus
(lateral teeth)

.AND.
33

Fukuiraptor Metriacanthosauridae Fukuiraptor
lateral

Neovenatoridae
lateral

.AND.
25

Majungasaurus Abelisauridae Majungasaurus
lateral

Abelisauridae
lateral

.AND.
24

Alioramus Non-abelisaurid 
Ceratosauria

Abelisauridae Alioramus 
lateral

Tyrannosauridae
lateral

.AND.
32a

Fukuiraptor / Neovenatoridae / / /

.AND.
32b

Australovenator / / / /

.AND.
28

Alioramus / / / /

.AND.
206

M3 Deinonychus / Abelisauridae / / / Tyrannosauroidea Allosaurus
(juvenile)

.AND.
213

M4 Dromaeosaurus Zanabazar Therizinosauria Troodontidae Dilong 
lateral

Therizinosauria Coelurosauria indet. Coelurosauria
indet.

.AND.
105

M6 Raptorex Saurornitholestes Dromeaosauridae Saurornitholestes 
lateral

Dromaeosauridae 
lateral

Tyrannosauroidea early-branching
Tyrannosauroidea

.AND.
209

M5 Masiakasaurus Falcarius Noasauridae Early branching 
Coelurosauria

Coelophysis
lateral

Therizinosauria Theropoda indet. Neocoelurosauria
indet.

.AND.
26

M7 Deinonychus Noasauridae Dromaeosauridae Atrociraptor
lateral

Dromaeosauridae
lateral

Noasauridae Dromaeosauridae 
(cf. 

Dromaeosaurinae)

.AND.
107

M8 Australovenator / Neovenatoridae / / / Eudromaeosauria Dromaeosauridae
(cf. 

Dromaeosaurinae)

.AND.
104

M9 Masiakasaurus Saurornitholestes Therizinosauria Dromaeosauridae Richardoestesia 
lateral

Dromaeosauridae
lateral

Coelurosauria indet. Dromaeosauridae 
(cf. 

Velociraptorinae)
.AND.
208

Eoraptor Dromaeosauridae
mesial

.AND.
212

M10 Masiakasaurus Falcarius Therizinosauria Dromaeosauridae Richardoestesia 
lateral

Non-averostran
Neotheropoda

lateral

Coelurosauria indet. Dromaeosauridae 
(cf. 

Velociraptorinae)
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FIGURE 9. Graphical results of the linear discriminant analysis (LDA) performed in Python showing the classification
of the theropod teeth from Andrés based on the genus-level (A) and clade-level (B) datasets.
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type 1 is allied with the metriacanthosaurids Sin-
raptor and Erectopus, based on the straight distal
margin of the crown in lateral view and the pres-
ence of short interdenticular sulci. On the other
hand, morphotype 2 is recovered as the sister
taxon of Allosaurus, based on the shared presence

of a mesial carina strongly twisting onto the mesio-
lingual surface, a strongly labially deflected distal
carina in distal view, and presence of transverse
undulations below the cervix. The analysis pre-
formed for morphotype 3 yielded five MPT’s, and
the strict consensus tree places MNHN/

FIGURE 10. Simplified strict consensus and most parsimonious trees (MPT’s) recovered from the cladistic analysis
performed for the tooth morphotypes 1-3 and 5-7 from Andrés. A, MPT’s (CI = 0.201; RI = 0.478; L = 1326) showing
the position of morphotypes 1-2 and 5 from Andrés. The analysis performed for morphotype 5 found two MPT’s and
the position found for this tooth is show in blue. B, strict consensus tree (CI = 0.2; RI = 0.485; L = 1325) found on the
cladistic analysis performed for morphotype 3 from Andrés. C, strict consensus tree (CI = 0.201; RI = 0.484; L = 1325;
CI = 0.201; RI = 0.485; L = 1321) showing the position of morphotypes 6 and 7 from Andrés. 
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UL.AND.206 within Tyrannosauroidea, in a large
polytomy with Alioramus, Gorgosaurus, Raptorex,
Eotyranus, Dilong, Guanlong, Proceratosaurus,
and a group comprising Tyrannosaurus and Das-
pletosaurus (Figure 10B). For morphotype 4, anal-
yses conducted with the specimen scored as a
mesial tooth found three MPT’s. The consensus
tree recovers this morphotype from Andrés within
Coelurosauria, in a polytomy with Ornitholestes,
Zuolong, Aorun, Bicentenaria, Tyrannosauroidea,
and Neocoelurosauris (Figure 11). When MNHN/
UL.AND.213 is scored as a lateral tooth, the analy-
sis yields two MPT’s, and the consensus tree
places it within Ornithomimosauria, in a polytomy
with Pelecanimimus and Nqwebasaurus (Figure
11). 

The analysis performed for morphotype 6
yielded two MPT’s. In one of these trees, MNHN/
UL.AND.105 is recovered within Tyrannosau-
roidea, allied with Eotyrannus (Figure 10A). In the
other tree, it is placed within Megalosauroidea as
the sister taxon of Piatnitzkysaurus. The results for
morphotype 5 are ambiguous. When the specimen
is codified as a mesial tooth, the analysis yields
two MPT’s, and the consensus tree places it at the
base of Theropoda, in a polytomy with Dracovena-
tor, Coelophysis, and Dilophosaurus (Figure 10C).
When MNHN/UL.AND.209 is scored as a lateral
tooth, the analysis finds eight MPT’s, and the con-
sensus tree places it in a large polytomy with sev-
eral early-branching theropods, including
Dilophosaurus, Coelophysis, and Liliensternus, as
well as more deeply nested forms such as
Zuolong, Aorun, and Bicentenaria. However, in six
of the MPT’s, this morphotype from Andrés is
recovered at the base of Coelurosauria, and in the
other two trees, as a member of Tyrannosauroidea
allied with non-tyrannosauroid Coelurosauria. 

For morphotype 7, the analysis yields five
MPT’s, and the consensus tree recovers MNHN/
UL.AND.26 as allied with abelisauroids, in a poly-
tomy with the noasaurids Masiakasaurus, Noasau-
rus, and Limusaurus (Figure 10C). The analysis of
morphotype 8 recovers four MPT’s, and the con-
sensus tree places MNHN/UL.AND.107 within Dro-
maeosauridae, in a polytomy with
Saurornitholestes, Deinonychus, Bambiraptor,
Atrociraptor, Dromaeosaurus, and a group com-
posed of Velociraptor and Tsaagan (Figure 11).
The analysis performed for morphotype 9 finds five
MPT’s, and the consensus tree places it within
Coelurosauria, in a polytomy with Zuolong, Aorun,
Bicentenaria, Tyrannosauroidea and Neocoeluro-
sauria (Figure 11). Finally, for morphotype 10, the

analysis yields two MPT’s. In one tree, the speci-
men from Andrés is placed at the base of Coeluro-
sauria, as the sister taxon of Zuolong and in the
other, it is recovered at the base of Tyrannosau-

FIGURE 11. Simplified tree compiling the results found
on the cladistic analyses performed for the tooth mor-
photypes 4, and 8-10 from Andrés. Morphotypes 4 was
recovered on different positions when scored as mesial
and lateral teeth and morphotype 10 was found in differ-
ent positions in the two MPT’s found in the analysis.



PALAEO-ELECTRONICA.ORG

21

roidea (Figure 11). See Appendix 3 for more details
on the results of the cladistic analyses. 

Random Forest (RF) classifier

The results of the RF classification for the
studied specimens are summarized in Tables 1
and 2. Specimens of morphotype 1 are consistently
classified, with high probabilities, as Allosaurus
based on the genus-level dataset. However, when
using the clade-level dataset, only one specimen
(MNHN/UL.AND.23) is assigned to Allosauridae,
whereas the other two specimens (MNHN/
UL.AND.30 and 31) are classified as Tyrannosauri-
dae. In contrast, the predicted classification for
morphotype 2 is more ambiguous, similar to the
results from the LDA analysis. Two specimens
(MNHN/UL.AND.24 and 29) are identified as Alio-

ramus and Tyrannosauridae, one specimen
(MNHN/UL.AND.33) as Fukuiraptor and Neovena-
toridae, and another specimen (MNHN/
UL.AND.25) as Majungasaurus and Abelisauri-
dae. Morphotype 4 (MNHN/UL.AND.213) is classi-
fied as Dilong and Therizinosauria, while
morphotype 5 (MNHN/UL.AND.209) is classified
as Coelophysis and Therizinosauria. Morphotypes
6 (MNHN/UL.AND.105), 7 (MNHN/UL.AND.26), 9
(MNHN/UL.AND.104 and 208) are all classified as
Dromaeosauridae based on the clade-level data-
set, and at the genus level, they are identified as
Saurornitholestes, Atrociraptor, Richardoestesia,
and Eoraptor, respectively. Finally. Morphotype 10
(MNHN/UL.AND.212) is assigned to Richardoeste-
sia and to a non-averostran Neotheropoda. 

TABLE 2. Results of the Random Forest analyses based on the genus and clade-level datasets, showing the two most
probable classification found for the studied tooth morphotypes from Andrés.
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MNHN/UL.AND.30 1 Tyrannosauridae 
mesial 

0.4 Allosauridae 
mesial

0.3 Allosaurus lateral 0.51 Allosaurus mesial 0.21

MNHN/UL.AND.31 1 Tyrannosauridae 
mesial

0.44 Allosauridae 
mesial

0.16 Allosaurus lateral 0.23 Raptorex lateral 0.18

MNHN/UL.AND.23 1 Allosauridae 
mesial

0.38 Allosauridae lateral 0.25 Allosaurus mesial 0.38 Majungasaurus 
mesial

0.32

MNHN/UL.AND.29 2 Tyrannosauridae 
lateral

0.44 Neovenatoridae 
lateral

0.18 Alioramus lateral 0.64 Fukuiraptor lateral 0.1

MNHN/UL.AND.33 2 Neovenatoridae 
lateral

0.69 Dromaeosauridae 
lateral

0.12 Fukuiraptor lateral 0.45 Monolophosaurus 0.31

MNHN/UL.AND.25 2 Abelisauridae 
lateral

0.41 Abelisauridae 
mesial

0.3 Majungasaurus 
lateral

0.63 Majungasaurus 
mesial

0.12

MNHN/UL.AND.24 2 Tyrannosauridae 
lateral

0.65 Dromaeosauridae 
lateral

0.16 Alioramus lateral 0.58 Monolophosaurus 0.34

MNHN/UL.AND.213 4 Non-tyrannosaurid 
Tyrannosauroidea

0.41 Early branching 
Coelurosauria

0.4 Dilong lateral 0.21 Eoraptor 0.19

MNHN/UL.AND.209 5 Therizinosauria 0.49 Dromaeosauridae 
lateral

0.39 Coelophysis 
lateral

0.42 Richardoestesia 
lateral

0.38

MNHN/UL.AND.105 6 Dromaeosauridae 
lateral

0.68 Non-tyrannosaurid 
Tyrannosauroidea 

lateral

0.22 Saurornitholestes 
lateral

0.36 Suchomimus 
lateral

0.24

MNHN/UL.AND.26 7 Dromaeosauridae 
lateral

0.81 Dromaeosauridae 
mesial

0.12 Atrociraptor lateral 0.43 Masiakasaurus 
lateral

0.18

MNHN/UL.AND.104 9 Dromaeosauridae 
lateral

0.72 Early-branching 
Theropoda

0.1 Richardoestesia 
lateral

0.69 Eoraptor 0.12

MNHN/UL.AND.208 9 Dromaeosauridae 
mesial

0.61 Dromaeosauridae 
lateral

0.27 Eoraptor 0.33 Richardoestesia 
lateral

0.28

MNHN/UL.AND.212 10 Non-averostran 
Neotheropoda 

lateral

0.35 Noasauridae 
lateral

0.3 Richardoestesia 
lateral

0.38 Coelophysis lateral 0.23
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DISCUSSION

Taxonomic identification

Allosaurus (morphotype 1, 2, and 3)

Morphotype 1. These specimens are interpreted
as mesial teeth based on the weak labiolingual
compression of the crowns and the strong twist of
the mesial carina onto the lingual surface. Both the
discriminant and random forest analyses classify
most of these specimens (except MNHN/
UL.AND.27 and 45) as Allosaurus and Allosauri-
dae. On the other hand, the cladistic analysis
places this morphotype from Andrés within Metria-
canthosauridae. These teeth share several fea-
tures with mesial teeth of Allosaurus and
metriacanthosaurids, including denticulated mesial
and distal carinae extending to the root and well-
beneath the cervix, a lingually positioned longitudi-
nal groove adjacent to the mesial carina, a salinon-
shaped basal cross-section of the crown, a
strongly labially deflected distal carina, and a
braided enamel texture (Hendrickx et al., 2019,
2020b). While some of these features are also con-
vergently present in abelisaurids (e.g., Majunga-
saurus: Smith, 2007), the combination of dental
characters described above is exclusive for Allo-
saurus and Sinraptor and these two taxa have
almost indistinguishable mesial tooth morphology
(Hendrickx et al., 2020b). Based on this combina-
tion of features, the results of the different per-
formed analyses, and the currently known fossil
record in Andrés, morphotype 1 can be confidently
interpreted as mesial teeth of Allosaurus. 
Morphotype 2. These specimens are interpreted
as lateral teeth based on strong labiolingual com-
pression of the crowns and the position of the distal
and mesial carinae in the distal and mesial mar-
gins, respectively. The results of the discriminant
and random forest analyses are ambiguous, with
the teeth classified as belonging to different taxa.
On the other hand, the cladistic analysis provides
more robust results, placing this morphotype as the
sister taxon of Allosaurus. The morphology of
these teeth is similar to some isolated theropod
teeth from the Upper Jurassic of Germany inter-
preted as belonging to Allosauroidea and Allosau-
rus (morphotype I and K of Gerke and Wings,
2016). The specimens from Andrés and the Ger-
man morphotypes share similar crown size, com-
pression ratios, and identical denticle densities in
the mesial and distal carinae. They also share the
strongly labially deflected distal carina in some
teeth and a mesial carina that extends to the basal
section of the crown (Gerke and Wings, 2006).

Morphotype 2 also resembles an isolated tooth
from the Upper Jurassic of Asturias (Ruiz-
Omeñaca et al. 2008), which was tentatively
assigned to a carcharodontosaurid based on the
presence of well-developed wrinkles adjacent to
the mesial carina that is a feature initially consid-
ered diagnostic of Carcharodontosaurus (Sereno
et al. 1996). However, as this feature has been
also described in teeth of several other theropods,
including in Allosaurus (Brusatte et al., 2007; Hen-
drickx et al., 2019), the attribution of isolated teeth
to carcharodontosaurids based on this trait should
be reevaluated. Another similar tooth morphotype
was described from the Upper Jurassic of Teruel
and attributed to an indeterminate allosaurid
(Gascó et al., 2012). These teeth share with mor-
photype 2 from Andrés the strongly labially
deflected distal carina, comparable denticle den-
sity, and identical denticle morphology. Morphotype
2 shares several features with Allosaurus and Sin-
raptor, including a mesial carina that extends to the
basal section of the crown and twists strongly onto
the lingual surface, a strongly labially deflected dis-
tal carina, and the presence of relatively well-
developed transverse undulations that, in some
specimens, extend below the cervix (Hendrickx et
al., 2019, 2020a,b). This combination of features
supports the identification of morphotype 2 as
belonging to Allosaurus, consistent with the cladis-
tic analysis results. The ambiguous results of the
discriminant analyses may be partially explained
by the generally smaller size of the specimens from
Andrés compared to Allosaurus teeth in the original
dataset. 
Morphotype 3. This specimen is interpreted as a
lateral tooth based on the strongly labiolingually
compressed crown and the position of the distal
and mesial carinae mostly in the distal and mesial
margins, respectively. The discriminant analyses
performed with PAST classifies this tooth as Dei-
nonychus and as a non-megalosauran Megalosau-
roidea. The cladistic analysis places this specimen
within Tyrannosauridae but found three autapo-
morphies for MNHN/UL.AND.206: strong labiolin-
gual compression of the crown, weak baso-apical
elongation, and a subrectangular shape of the
mesial margin of rounded denticles on mesial
carina in lateral view. The morphology of this spec-
imen is similar to teeth of morphotype 2, sharing
several features such as a strongly labially
deflected distal carina and presence of short,
poorly developed interdenticular sulci adjacent to
the distal carina. However, MNHN/UL.AND.206
has a much smaller crown and slightly higher num-
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ber of denticles in the central section of the distal
carina compared to morphotype 2. It also differs
from the teeth of this morphotype in that the denti-
cles of the mesial carina terminate around the mid-
height of the crown. This specimen from Andrés
has a morphology similar to other isolated teeth
from the Upper Jurassic of the Lusitanian Basin
interpreted as belonging to juvenile individuals of
Allosaurus (morphotype 11 of Malafaia et al.,
2017b). They share comparable crown heights and
a strongly labially deflected distal carina. Both mor-
photypes have a higher denticle density on the
mesial and distal carinae relative to other speci-
mens attributed to Allosaurus. Despite some differ-
ences, the overall combination of features of
morphotype 3 from Andrés is compatible with the
morphology of lateral teeth of Allosaurus. Based on
its similarities to morphotype 2, this specimen is
here interpreted as possibly belonging to a juvenile
individual of Allosaurus. 

Coelurosauria indet. (morphotype 4)

Morphotype 4. MNHN/UL.AND.213 is interpreted
as a mesial tooth crown based on its nearly circular
basal cross-section. However, because some coe-
lurosaurian theropods have weakly labiolingually
compressed lateral teeth, it cannot be ruled out
that this specimen may correspond to a lateral
tooth. In the discriminant analyses based on the
genus-level dataset, the specimen is classified as
Dromaeosaurus and Zanabazar, while in the analy-
sis using the clade-level dataset, it is identified as
Therizinosauria and Troodontidae (Table 1). In the
random forest analyses, it is assigned to Dilong
and Therizinosauria. The cladistic analyses recov-
ered it allied with non-tyrannosauroid Coelurosau-
ria when scored as a mesial tooth, and within
Ornithomimosauria when scored as a lateral tooth.
This morphotype shares some similarities with a
specimen from Guimarota tentatively identified as
a mesial tooth of Dromaeosaurus (Zinke, 1998),
including the rounded basal cross-section and
mostly straight distal margin. However, the two dif-
fer in the extent of the denticulated distal carina,
which reaches the cervix in the Guimarota tooth
but ends well above it in MNHN/UL.AND.213. Also,
the specimen from Andrés lacks a mesial carina in
the preserved part of the crown (though it could
have been present at the apical end, which was
worn by a large wear facet) whereas the Guimarota
specimen shows a mesial carina extending nearly
to mid-crown height. A distal carina terminating
well above the cervix is an unusual feature in
theropod dentition, though it has been documented

in the lateral teeth of some taxa such as Compsog-
nathus, Juravenator, and Ornitholestes (Hendrickx
et al., 2020a). Some dentary teeth of Dromaeosau-
rus also seem to have a similar short distal carina
(Currie et al., 1990). This condition is also present
in isolated teeth from the Lower Cretaceous of
Siberia, interpreted as belonging to juvenile individ-
uals of indeterminate dromaeosaurids or tyranno-
sauroids (Averianov et al., 2019). The specimen
from Andrés shares several features with these
Siberian teeth, including a similar crown height with
rounded basal cross-section, the distal carina end-
ing well above the cervix, absence of a mesial
carina, and smooth enamel, but differs on the size
of the denticles that are much smaller in MNHN/
UL.AND.213. Morphotype 4 has an unusual combi-
nation of features not yet described in theropod
dentition from the Upper Jurassic of the Lusitanian
Basin. The results of both discriminant and cladis-
tic analyses are also ambiguous, but all consis-
tently relate the specimen to coelurosaurian
theropods. Therefore, it is here assigned to an
indeterminate Coelurosauria. 

Neocoelurosauria indet. (morphotype 5)

Morphotype 5. MNHN/UL.AND.209 is interpreted
as a mesial tooth crown based on its nearly circular
basal cross-section. However, given that some
coelurosaurian theropods have weakly labiolin-
gually compressed lateral teeth, it cannot be ruled
out that the specimen may instead represent a lat-
eral tooth. In the genus-level dataset, the LDA clas-
sify this specimen as Masiakasaurus and
Falcarius, whereas based on the clade-level data-
set it is assigned to Noasauridae and early-branch-
ing Coelurosauria. The random forest analyses
assign this specimen to Coelophysis and Theriz-
inosauria as the most probable classification, and
to Richardoestesia and Dromaeosauridae as the
second most probable, with similar probabilities
(Table 2), respectively.. The cladistic analysis
yields uncertain results, placing the specimen in a
polytomy at the base of Theropoda, possibly
because the specimen is much incomplete. The
morphology of MNHN/UL.AND.209 is somewhat
similar to some teeth of Richardoestesia (or tenta-
tively related to this taxon) from the Upper Creta-
ceous of North America (e.g., Currie et al., 1990;
Frederickson et al., 2018; Larson and Currie, 2013)
and Spain (e.g., Isasmendi et al., 2024), particu-
larly in its strongly elongated crown and the high
number of small denticles on the distal carina.
However, teeth attributed to Richardoestesia gen-
erally have a nearly straight distal margin, whereas
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it is much concave in the specimen from Andrés.
Morphotype 5 also shares several features with
some neocoelurosaurian theropods (sensu Hen-
drickx et al., 2019), including a strongly labially
deflected distal carina, a denticulated mesial carina
terminating in the apical part of the crown, a subcir-
cular basal cross-section, and a strongly distally
recurved crown. Based on this combination of fea-
tures and because it is poorly preserved, MNHN/
UL.AND.209 is here tentatively assigned to an
indeterminate neocoelurosaurian theropod. 

Early-branching Tyrannosauroidea 
(morphotype 6)

Morphotype 6. This specimen is interpreted as a
lateral tooth based on its strongly labiolingually
compressed and markedly distally recurved crown.
Both discriminant and random forest analyses pri-
marily classify MNHN/UL.AND.105 as Saurornitho-
lestes and Dromadeosauridae. The cladistic
analysis places the specimen within Tyrannosau-
roidea in one of the MPTs and allied with the mega-
losauroid Piatnitzkysaurus in another. This
specimen shares several features with teeth
described for Marshosaurus and other piatnitzky-
saurids, including a slender and elongated crown,
a mesial carina terminating near mid-height of the
crown, and a strongly labially deflected distal
carina (Madsen, 1976; Hendrickx et al., 2019). The
Andrés specimen is particularly similar to some
isolated teeth tentatively related to Marshosaurus
from other Late Jurassic localities in Portugal (mor-
photypes 7 and 8 of Malafaia et al., 2017b) and
Germany (morphotype J of Gerke and Wings,
2016). However, MNHN/UL.AND.105 differs in
having a smaller crown, a more pronounced distal
curvature, and a higher denticle density on the dis-
tal carina compared to the specimens from Portu-
gal and Germany, as well as to most known teeth
of Marshosaurus and Piatnitzkysaurus (Gerke and
Wings, 2016; Malafaia et al., 2017b; Hendrickx et
al., 2020a). 

The overall morphology of MNHN/
UL.AND.105 also resembles the lateral teeth of the
juvenile megalosauroid Sciurumimus, sharing the
strongly recurved crowns, but in this taxon the
mesial carina is unserrated (Rauhut et al., 2012).
The combination of features seen in morphotype 6
is more similar to those of some early-branching
tyrannosauroids, such as Proceratosaurus (Rauhut
et al., 2010) and Eotyrannus (Hutt et al., 2001;
Hendrickx et al., 2020a). The specimen from
Andrés probably has an eight-shaped basal cross-
section due to the presence of shallow, centrally

positioned longitudinal depressions on both the
labial and lingual surfaces of the root that extend
into the base of the crown. This feature is present
in most dromaeosaurids and troodontids and is
considered as a synapomorphy for Pennaraptora
(Hendrickx et al., 2019), but has also been
described in some tyrannosauroids, including Pro-
ceratosaurus (Rauhut et al., 2010). Based on this
combination of morphological features and the
results of the cladistic analysis, morphotype 6 is
here interpreted as possibly belonging to an early-
branching tyrannosauroid. 

Dromaeosauridae (cf. Dromaeosaurinae) 
(morphotypes 7 and 8)

Morphotype 7. MNHN/UL.AND.26 is interpreted
as a fragment of a lateral tooth crown based on the
strong labiolingual compression and the position of
the mesial and distal carina mostly in the mesial
and distal surfaces, respectively. Most discriminant
and random forest analyses classify this specimen
as belonging to a dromaeosaurid taxon (Deinony-
chus and Atrociraptor) or as Dromaeosauridae.
The cladistic analysis recovers it within Noasauri-
dae, in a polytomy with Limusaurus, Noasaurus,
and Masiakasaurus. The specimen shares some
morphological similarities with noasaurids, such as
a crown height of less than 2 cm, a mesial carina
extending to or just above the cervix, and a DSDI
greater than 1.2. However, it lacks flutes and has a
lanceolate basal cross-section, which contrasts
with the salinon-shape present in the lateral teeth
of some noasaurids, such as Masiakasaurus (Car-
rano et al., 2002; Hendrickx et al., 2019). Besides,
the small crown size and relatively higher number
of denticles on the mesial carina compared to the
distal carina are features also shared with most
dromaeosaurids (e.g., Hendrickx et al., 2019). Nev-
ertheless, most dromaeosaurids, including
microraptorines, some velociraptorines and dro-
maeosaurines have unserrated mesial carinae in
some lateral teeth (e.g., Larson, 2008; Hendrickx
et al., 2019; Wills et al., 2023). The extension of the
mesial carina to the basal section of the crown in
the specimen from Andrés is similar to the condi-
tion present in dromaeosaurines, whereas in velo-
ciraptorines, when present, the mesial carina ends
around mid-height of the crown (e.g., Currie et al.,
1990; Hendrickx et al., 2019). The shape of the
denticles on the distal carina, which are mostly ver-
tically rectangular with symmetrically convex exter-
nal margins, also resembles those of
dromaeosaurines more than to the apically hooked
denticles typical of most velociraptorines (Currie et
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al., 1990; Currie and Varricchio, 2004; Larson,
2008; Hendrickx et al., 2019). Distal denticles
slightly hooked apically have been also described
in isolated teeth attributed to velociraptorine dro-
maeosaurids from Guimarota (Zinke, 1998).
MNHN/UL.AND.26 also differs from the lateral
teeth of Dromaeosaurus in the mostly centrally
positioned mesial carina, whereas in this taxon it is
characteristically strongly twisted onto the lingual
surface (Currie et al., 1990; Fiorillo and Gangloff,
2000; Hendrickx et al., 2019). Besides, the distal
carina on this specimen from Andrés seems almost
straight and thus less distally recurved than is typi-
cal for the lateral dentition of dromaeosaurine dro-
maeosaurids (e.g., Currie et al., 1990; Hendrickx et
al., 2019). However, this may be related to the
incomplete preservation of the specimen, which
lacks the basal section of the crown. Based on this
combination of features, morphotype 7 is here
assigned to an indeterminate dromaeosaurid, pos-
sibly related to dromaeosaurines, which is also
supported by the results obtained on both the dis-
criminant and randon forest analyses. 
Morphotype 8. MNHN/UL.AND.107 is interpreted
as a lateral tooth based on the strong labiolingual
compression of the crown. Because it lacks infor-
mation for some variables, only the discriminant
analyses performed in PAST was able to classify
this specimen, which assign it as Australovenator
and Neovenatoridae. The cladistic analysis places
it within a poorly resolved Dromaeosauridae group
in a large polytomy with Saurornitholestes, Deinon-
ychus, Bambiraptor, Atrociraptor, Dromaeosaurus,
Velociraptor, and Tsaagan. This specimen has a
combination of feature typical for lateral teeth of
dromaeosaurids, including much smaller mesial
denticle relative to the distal ones (DSDI > 1.2), a
strongly concave distal margin, and a possible fig-
ure-of-eight (or bean-shaped) basal cross-section
due to the presence of labial and lingual depres-
sions on the tooth root extending to the crown base
(Hendrickx et al., 2019). Within this clade, morpho-
type 8 differs from the lateral teeth of most Unen-
lagiinae on the absence of ridged or flutes,
presence of denticulated carinae, and crown
strongly labiolingual compressed (Novas et al.,
2009; Hendrickx et al., 2019). It also differs from
the teeth of most microraptorine dromaeosaurids in
the presence of mesial carina and an unconstricted
crown (Hendrickx et al., 2019). Distinguishing
between the teeth of dromaeosaurines and veloci-
raptorines is more challenging. One feature that
has been used to distinguish isolated teeth of velo-
ciraptorines is the presence of apically hooked

denticles, whereas dromaeosaurines typically have
denticles oriented perpendicularly to the carina,
with symmetrically convex or mostly flat external
margins (Currie et al., 1990; Kirkland et al., 1993;
Larson, 2008). However, this denticle morphology
has also been reported in some dromaeosaurines
(Hendrickx et al., 2019). Another common feature
of dromaeosaurine lateral teeth, particularly in taxa
such as Dromaeosaurus and Utahraptor, is a
mesial carina that is strongly twisted toward the lin-
gual surface (Currie et al., 1990; Kirkland et al.,
1993). 

MNHN/UL.AND.107 has a morphology similar
to other specimens from Andrés (morphotype 9),
differing mainly in the presence of a denticulated
mesial carina and a slightly higher number of denti-
cles in the apical section of the distal carina. Mor-
photype 8 has a combination of features
compatible with Eudromaeosauria but the currently
known distribution of some characters within this
clade is somewhat ambiguous. The presence of a
mesial carina and the symmetrically convex distal
margin of the denticles are features more typical
for dromaeosaurine lateral teeth, while the
absence of a mesial carina and the presence of
strongly hooked or slightly asymmetrical denticles
are more widespread among velociraptorines.
Based on this combination of features and sup-
ported by the results of the cladistic analysis, this
specimen from Andrés is here attributed to a dro-
maeosaurid, and tentatively related to Dromaeo-
saurinae. 

Dromaeosauridae (cf. Velociraptorinae) 
(morphotypes 9 and 10)

Morphotype 9. These specimens are interpreted
as lateral tooth crowns based on their strong labio-
lingual compression. Both the discriminant analy-
ses performed in Python and the random forest
analysis classify these specimens as Saurornitho-
lestes and Dromaeosauridae. In the cladistic analy-
sis, this morphotype is recovered at the base of
Coelurosauria as the sister taxon of Aorun. These
specimens are characterized by the absence of
denticulated mesial carina, instead displaying only
small crenulations in the apical end of the crown.
The absence of mesial denticles, together with the
strongly labiolingual compressed and distally
recurved crown, are features traditionally used to
identify isolated dromaeosaurid teeth (Krumen-
acker et al., 2017). However, a denticulated mesial
carina is present in most dromaeosaurids, includ-
ing dromaeosaurines and most velociraptorines,
such as Velociraptor, Saurornitholestes, and Dei-
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nonychus (e.g., Ostrom, 1969; Currie, 1995; Currie
et al., 1990; Larson, 2008; Hendrickx et al., 2019).
Lateral teeth lacking mesial denticles are common
for microraptorines and unenlagiines (which have
unserrated mesial and distal carinae), but have
also been reported in some early-branching coe-
lurosaurians such as Ornitholestes, in the veloci-
raptorine Tsaagan, and in some teeth of
Saurornitholestes (Hendrickx et al., 2019, 2020a).
This feature is also present in some isolated teeth
from the Upper Cretaceous of Canada attributed to
dromaeosaurines (Larson, 2008), as well as in
some specimens from the Middle Jurassic of
United Kingdom attributed to indeterminate dro-
maeosaurids (Wills et al., 2023). Similarly, some
isolated teeth from the Upper Jurassic of France
and Spain, attributed to indeterminate dromaeo-
saurids, also lack mesial carinae (Gascó et al.,
2012; Vullo et al., 2014). MNHN/UL.AND.104 has a
strongly labially deflected distal carina, which is a
feature described in lateral teeth of Ornitholestes
and Dromaeosaurus among coelurosaurian thero-
pods (Hendrickx et al., 2019). The basal cross-sec-
tion of the specimens from Andrés is lenticular or
lanceolate, differing from the figure-of-eight shape
shared by most velociraptorines (Sweetman, 2004;
Hendrickx et al., 2019). Some isolated teeth from
Guimarota, attributed to velociraptorines, have
denticulated mesial carinae (Zinke, 1998), while
others show only small crenulations in the apical
end, similar to that present in morphotype 9 (E.M.
pers. obs.). The distal denticles of the specimens
from Andrés are mostly oriented perpendicularly to
the carina, as occur in dromaeosaurines, not api-
cally hooked as is typical for most (but not all) velo-
ciraptorines (Currie et al., 1990; Hendrickx et al.,
2019). However, there are some asymmetrically
convex denticles, which is similar to the morphol-
ogy found in specimens from Guimarota (Zinke,
1998). Although the teeth from Guimarota are con-
siderably smaller (mean crown height around 2.3
mm), their overall morphology is otherwise compa-
rable to the specimens from Andrés (Zinke, 1998).
Despite the specimens of morphotype 9 show
some features that have a not yet well understood
distribution, their morphology is compatible with
that of velociraptorine dromaeosaurids and they
are here tentatively related to this clade. 
Morphotype 10. MNHN/UL.AND.212 is interpreted
as a lateral tooth crown based on its strong labio-
lingual compression and the nearly parallel position
of the mesial and distal carinae. Despite somewhat
ambiguous, the results of the LDAs performed in
Python using the clade-level dataset and the ran-

dom forest analysis based on the genus-level data-
set assign this specimen as Dromaeosauridae and
Richardoestesia, respectively. The cladistic analy-
sis places this specimen within Coelurosauria, but
in a large polytomy with Bicentenaria, Aorun, and
Zuolong. This specimen shares several features
with morphotype 9 from Andrés such as the
absence of a mesial carina, at least in the pre-
served part of the crown (a large wear facet affects
most of the apical end, so the possible presence of
denticles apically cannot be exclude). The crown of
MNHN/UL.AND.212 seems much less elongated
than those of morphotype 9, although this may be
due to the presence of the large wear facet. Both
morphotypes also have a comparable number of
denticles in the distal carina as well as similar
shape of the denticles. Additionally, the centrally
positioned distal carina in MNHN/UL.AND.212 is
similar to the condition observed in MNHN/
UL.AND.208. Although the specimen is somewhat
incomplete apically and the results from the dis-
criminant and cladistic analyses are inconclusive, it
is here interpreted as belonging to a dromaeosau-
rid, possibly related to Velociraptorinae, based on
the previously mentioned similarities with morpho-
type 9. 

The results of the different analyses per-
formed, along with the corresponding taxonomic
interpretation for all theropod tooth morphotypes
from Andrés, are summarized in Tables 1 and 2.

Comments on the different methodologies 
used for the identification of isolated theropod 
teeth

The different methodological approaches
applied to support the taxonomic identification of
isolated theropod teeth from the Andrés fossil site
yielded generally compatible results, particularly
between the discriminant and random forest analy-
ses. This consistency is expected, as both method-
ologies primarily rely on morphometric variables.
The three methodologies (i.e., discriminant, ran-
dom forest, and cladistics analyses) demonstrated
relatively high accuracy in identifying the large
specimens attributed to Allosaurus, particularly
those of morphotype 1, which are interpreted as
mesial teeth. The Reclassification Rates (RR) for
the LDA performed in PAST exceeds 74%, with
more than 68% of the specimens in the original
dataset correctly classified to Allosaurus. The ran-
dom forest analysis also assigns the specimens of
morphotype 1 to this taxon, with probabilities
exceeding 70%. However, the results for the Allo-
saurus lateral teeth, as well as for the smaller
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teeth, interpreted as belonging to more deeply
nested theropods, were more ambiguous. For the
identification of these smaller specimens, the dis-
criminant and random forest analyses tended to
provide more consistent results than the cladistics
analyses, which may be in part due to the scarce
Upper Jurassic fossil record currently known for
these theropods. As was pointed out on previous
works (e.g., Hendrickx et al., 2023; Wills et al.,
2023), standard morphometric approaches, such
as PCA and LDA, may produce unreliable results.
This is often due to missing information for some
variables and particularly to unequal sample sizes
among taxonomic groups that may highly influence
the predicted classification. In fact, the analyses
performed in Python, considering only specimens
with complete data, showed better results, espe-
cially for the classification of smaller teeth, com-
pared to the analyses conducted in PAST. Machine
learning techniques, such as those employed in
random forest analyses, offer valuable contribu-
tions by applying algorithms capable of oversam-
pling and standardization datasets. However, these
methods usually require large samples to effec-
tively train the models, which is not always possible
when working with the fossil record. 

Cladistic analyses often provide more robust
results for classifying isolated theropod teeth than
those obtained from the discriminant analyses
(Hendrickx et al., 2020a, 2023). The use of this tool
on the studied sample had relatively good results
on classifying the specimens at higher taxonomic
level, but recovered poor resolution on less inclu-
sive ranks, particularly for clades with similar denti-
tion or with higher variation on the dental
morphology along the tooth row. Overall, the com-
bined application of these different methods proves
highly valuable to support the identification of iso-
lated theropod teeth as emphasized in recent stud-
ies (e.g., Hendrickx et al., 2020a, 2023; Wills et al.,
2023), but the results should be evaluated care-
fully. 

Comparison on the diversity of theropod tooth 
morphotypes from the Upper Jurassic of the 
Lusitanian Basin and other European 
landmasses

A diversity of theropod tooth morphotypes has
been described from the Upper Jurassic of the
Lusitanian Basin, including both medium to large-
sized forms as well as smaller teeth attributed to
more deeply nested clades. The assemblage of
isolated teeth of medium to large forms is compati-
ble with the fossil record known based on more

complete specimens. Non-abelisauroid Ceratosau-
ria (Ceratosaurus), megalosaurids (Torvosaurus),
possible metriacanthosaurids, and allosaurids
(Allosaurus) have been identified (e.g., Hendrickx
and Mateus, 2014b; Hendrickx et al., 2015b; Mala-
faia et al., 2017a,b). Despite scarcer, tooth mor-
photypes related to some of these theropods have
also been described from other correlative Euro-
pean landmasses (e.g., Canudo et al. 2005; Ruiz-
Omeñaca et al., 2008; Gascó et al., 2012; Cobos
et al., 2014; Vullo et al., 2014; Gerke and Wings,
2016). Non-abelisauroid ceratosaurian theropods
were not identified in the studied sample from
Andrés but several mesial and lateral teeth col-
lected from different Kimmeridgian and Tithonian
localities of the coastal region of the Lusitanian
Basin, as well as an isolated tooth from the Kimme-
ridgian of Guimarota, have been attributed to Cera-
tosaurus (Rauhut, 2000; Malafaia et al., 2017b,
2024a). In a few other Upper Jurassic European
localities, isolated teeth have been tentatively
assigned to this clade, including in Kimmeridgian
levels of northern Germany (Gerke and Wings,
2016) and the Oxfordian of Switzerland (Meyer and
Thüring, 2003). 

The European fossil record of Late Jurassic
megalosaurids is relatively abundant (see Appen-
dix 1). These theropods are well represented in the
Lusitanian Basin by cranial (including several iso-
lated teeth) and postcranial material, as well as a
nest with associated embryo remains collected in
different Kimmerigdian and Tithonian localities, all
attributed to Torvosaurus (e.g. Araújo et al., 2013;
Henrickx and Mateus, 2014a; Malafaia et al.,
2017a, b, 2024a). Some isolated teeth from Kim-
meridgian-Tithonian levels of Porto das Barcas,
assigned to indeterminate “Carnosauria” (sensu
Molnar et al., 1990; Rauhut and Kriwet, 1994), may
also belong to this taxon, based on the large crown
size and the extension of the mesial carina, which
ends around the mid-height of the crown. However,
this taxon has not yet been identified in more north-
ern regions (e.g., Pombal, Leiria, Batalha), possibly
indicating palaeoenvironmental constraints on its
geographic distribution (Malafaia et al., 2024b). In
other European Late Jurassic areas, megalosaurid
records are scarcer and mostly represented by iso-
lated elements. Megalosaurids have been
described from Kimmeridgian levels of Asturias
(northern Spain) based on some isolated teeth,
vertebrae, and footprints (Rauhut et al., 2018b).
Other isolated teeth described from different Kim-
meridgian localities of Asturias, assigned to possi-
ble “Carnosauria” and Carcharodontosauridae
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(Ruiz-Omeñaca et al., 2008), may also belong to
this clade. The Upper Jurassic fossil record of
these theropods in Spain also includes a large iso-
lated tooth from the Kimmeridgian-Berriasian Villar
del Arzobispo Formation (Cobos et al., 2013). Kim-
meridgian levels of northern Germany and the
Tithonian of western France have also yielded iso-
lated teeth tentatively assigned to megalosaurids
(Vullo et al., 2014). An isolated tooth crown from
the Tithonian of western France was assigned to
Spinosauridae based on the presence of well-
marked ridges on the lingual surface, and compari-
sons with specimens from the Upper Jurassic
Tendaguru Formation, first interpreted as belong-
ing to an early-branching spinosaurid (Buffetaut,
2008, 2013; Vullo et al., 2014). However, the pres-
ence of ridges on the lingual surface is also known
in the teeth of other theropods, such as Ceratosau-
rus (e.g., Madsen and Welles, 2000), including iso-
lated teeth assigned to ?Ceratosaurus stechowi
from the Tendaguru Formation, and an attribution
to a closely related form has been suggested (e.g.,
Rauhut, 2011). Finally, some isolated teeth from
the Upper Jurassic of Portugal and Germany have
been assigned to non-megalosauran megalosau-
roids tentatively related to Marshosaurus (Gerke
and Wings, 2016; Malafaia et al., 2017b). These
teeth share a general morphology similar to mor-
photype 5 from Andrés, which is here interpreted
as possibly belonging to an early-branching tyran-
nosauroid. However, MNHN/UL.AND.105 is much
smaller, with a more strongly recurved crown and a
higher denticles density on the distal carina, sug-
gesting these teeth belong to different theropod
groups. 

Isolated teeth attributed to allosaurids or inde-
terminate allosauroids are also relatively abundant
in different Upper Jurassic European localities.
These theropods are well represented by abundant
cranial and postcranial remains attributed to Allo-
saurus from different Kimmeridgian and Tithonian
levels of the Lusitanian Basin (e.g., Pérez-Moreno
et al., 1999; Rauhut and Fechner, 2005; Mateus et
al., 2006; Malafaia et al. 2017b, 2024a, 2025).
Additionally, some isolated teeth from these levels
have been tentatively attributed to metriacantho-
saurids (Hendrickx et al., 2020a) and carcharodon-
tosaurian allosauroids (Malafaia et al., 2017b).
From the Kimmeridgian of northern Germany, an
isolated tooth has been interpreted as possibly
belonging to Allosaurus, alongside different mor-
photypes assigned to indeterminate allosauroids
(Gerke and Wings, 2016). Tooth morphotypes from
the Upper Jurassic of Teruel have also been inter-

preted as allosaurid (Gascó et al. 2012) and some
isolated teeth from Chassiron (western France)
were suggested to be related to indeterminate allo-
sauroids (Vullo et al. 2014). Discriminant analyses
incorporating theropod tooth morphotypes from dif-
ferent Upper Jurassic European localities show
similarities among morphotype 2 from Andrés and
other morphotypes from Portugal, northern Ger-
many and Teruel (Figure 12), supporting previous
hypotheses that some of these morphotypes may
be related to Allosaurus (Gerke and Wings, 2016).

A highly diverse assemblage of small, mostly
isolated remains attributed to coelurosaurian thero-
pods has been identified in different Upper Juras-
sic European localities (see Appendix 1). However,
their taxonomic affinities remain difficult to ascer-
tain due to the fragmentary fossil record currently
known for most of these clades. The tooth morpho-
types from Andrés here interpreted as belonging to
coelurosaurian theropods represent a diverse
fauna that includes early-branching tyrannosau-
roids and dromaeosaurids, some tentatively
related to dromaeosaurines and velociraptorines.
The earliest record of tyrannosauroids in European
landmasses is Proceratosaurus from the Middle
Jurassic (Bathonian) of England (Rauhut et al.,
2010). The Upper Jurassic record of these thero-
pods is represented by Aviatyrannis and Stokeso-
saurus from Portugal and England, respectively
(Rauhut, 2003; Benson, 2008). Isolated teeth
attributed to early-branching tyrannosauroids have
also been described from Portugal and Germany
(Zinke, 1998; Rauhut, 2000; Gerke and Wings,
2016; Malafaia et al., 2017b). Isolated teeth mostly
attributed to indeterminate dromaeosaurids have
been described in different Upper Jurassic locali-
ties in Portugal, Spain, France, and Switzerland
(e.g., Zinke, 1998; Rauhut, 2000; Gascó et al.,
2012; Hendrickx and Mateus, 2014b). Some iso-
lated teeth from northern Germany were first inter-
preted as velociraptorine dromaeosaurids (Lubbe
et al., 2009) but were later reinterpreted as belong-
ing to different early-branching theropods (Gerke
and Wings, 2016). The absence of denticles on the
mesial carina in morphotypes 9 and 10 from
Andrés is a feature shared with some specimens
from the Upper Jurassic of Spain and France, as
well as with isolated teeth from the Middle Jurassic
of England, all assigned to indeterminate dromaeo-
saurids (Gascó et al., 2012; Vullo et al., 2014; Wills
et al., 2023). The specimens from Andrés have a
combination of features compatible with the lateral
dentition of velociraptorines, including the absence
of mesial denticles, which is a feature more com-



PALAEO-ELECTRONICA.ORG

29

FIGURE 12. Graphical results of the principal component analysis (PCA) (A) and t-distributed Stochastic Neighbor
Embedding (t-SNE) (B), illustrating the morphospaces of theropod tooth morphotypes from the Upper Jurassic of
Europe. The plots also show the distribution of the specimens from Andrés in relation to these morphospaces. 
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mon (though not exclusive) to this clade among
dromaeosaurids (e.g., Hendrickx et al., 2019). This
shared absence of denticulated mesial carina and
similar crown morphology and size suggest the
presence of related dromaeosaurids with possible
velociraptorine affinities in the Middle Jurassic of
England and the Upper Jurassic of Portugal, Spain
and France. However, morphotype C specimens
from Gascó et al. (2012) show similarities to teeth
from Guimarota, tentatively assigned to Compsog-
nathus (Zinke, 1998), sharing the presence of a
slight constriction at the crown base and absence
of mesial denticles. The assemblage of small coe-
lurosaurian tooth morphotypes identified in the
Tithonian of Andrés represents an unusually high
diversity. Although the isolated theropod teeth from
Guimarota need revision using updated methodol-
ogies, some similarities can be identified between
the two assemblages.. The fossil record of these
two notable Portuguese fossil sites provide import-
ant insights for better understanding the diversity
and paleogeographic distribution of Late Jurassic
theropods. 

CONCLUSION

The studied sample of isolated theropod teeth
collected from Tithonian levels of Andrés allowed
the identification of different morphotypes corre-
sponding to mesial and lateral teeth of Allosaurus.
Additionaly, a single tooth is tentatively assigned to
a juvenile individual of Allosaurus, a taxon well rep-
resented at the site by abundant cranial and post-
cranial material. Besides, seven other
morphotypes were described and interpreted as
belonging to several coelurosaurian clades, includ-
ing indeterminate Coelurosauria, early-branching
Tyrannosauroidea, Neocoelurosauria, and dro-
maeosaurids tentatively related to Velociraptori-
nae and Dromaeosaurinae. A combination of
methodologies (discriminant, machine learning,
and cladistic analyses) proved effective in support-
ing the identification of these isolated teeth. Among
these, morphometric-based analyses yielded bet-

ter results for the identification of small coelurosau-
rian teeth than cladistic analyses, possibly due to
the scarce Upper Jurassic fossil record known for
these theropods. This study allowed the identifica-
tion of the first specimens attributed to tyrannosau-
roids and possible dromaeosaurines and
velociraptorines at the Andrés fossil site. The
remarkable diversity and abundance of theropods
found here is unusual for the Upper Jurassic Euro-
pean fossil record and provides valuable insights
for a better understanding of these faunas, particu-
larly small coelurosaurians. The assemblage of
theropod tooth morphotypes from Andrés has sev-
eral similarities with those described from the Kim-
meridgian lignite levels of the Guimarota fossil site.
Most theropod clades are represented in both
localities, although some morphotypes that are rel-
atively abundant at Guimarota (e.g., Compsog-
nathus and troodontids) appear to be absent at
Andrés. 
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APPENDIX 1. 

Summary of the osteological fossil record of theropod dinosaurs currently known in Upper Jurassic European 
landmasses. Available for download at:
https://palaeo-electronica.org/content/2025/5721-diversity-of-theropod-teeth-from-the-upper-jurassic-of-portugal

APPENDIX 2. 

Measurements of the studied theropod teeth from Andrés. All measurements are in millimeters. Available for 
download at:
https://palaeo-electronica.org/content/2025/5721-diversity-of-theropod-teeth-from-the-upper-jurassic-of-portugal

APPENDIX 3. 

Details on the methods and results of the analyses performed on the tooth morphotypes from Andrés. Available 
for download at:
https://palaeo-electronica.org/content/2025/5721-diversity-of-theropod-teeth-from-the-upper-jurassic-of-portugal

APPENDIX 4. 
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APPENDIX 5. 
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for download at:
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