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Abstract

The hadrosauroid Telmatosaurus and the thabdodontid Zalmoxes were the first and second dinosaur taxa that were described
in detail from the famous Upper Cretaceous continental deposits of the Hateg Basin by Franz Baron Nopcsa at the beginning
of the twentieth century. Although they are among the most common and best-known dinosaurs discovered from these depos-
its, there are still many open questions as to their taxonomy and anatomy. Here, we re-describe two partial braincases from
the uppermost Cretaceous of the Hateg Basin that have been recently referred to the rhabdodontid Zalmoxes and re-assign
them to hadrosauroids, possibly to Telmatosaurus. These specimens both exhibit basicranial features that are characteristic
of derived hadrosauroids but are absent in more basal iguanodontians. These include an antero-posteriorly short basioccipital
lacking a distinct neck, the presence of two well-developed sphenoccipital tubercles on the ventral aspect of the braincase and
that are directly positioned anterior to the basioccipital, as well as a deep depression on the ventral aspect of the braincase
between the sphenoccipital tubercles. The comparison provided herein demonstrates several important differences between
the basicranium of hadrosauroids and that of rhabdodontids, which allows for the confident identification of even isolated
and incomplete specimens. Moreover, the removal of the only basicranium that has been referred to Zalmoxes shqiperorum
prompts a revised diagnosis of that species.
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Introduction by the renowned palaeontologist Franz Nopcsa based on a

largely complete but crushed skull (Nopcsa 1900). In the

The hadrosauroid dinosaur Telmatosaurus transsylvanicus
was the first vertebrate taxon named from the famous Upper
Cretaceous vertebrate-yielding continental deposits of the
Hateg Basin in western Romania. It was described in detail
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following years, Nopcsa described a diverse vertebrate fauna
from the Hateg Basin including turtles, crocodyliforms, and
dinosaurs (e.g., Nopcsa 1902a, b, 1904, 1923, 1929), which
now is one of the best-known Late Cretaceous vertebrate
assemblages of Europe (for an overview, see Weishampel
et al. 1991; Grigorescu 2010; Csiki-Sava et al. 2015, 2016).
A number of additional specimens referred to Telmato-
saurus have been discovered and reported since the initial
description by Nopcsa, both by himself as well as by other
researchers more recently, making it one of the better-known
taxa from the Hateg Basin and the whole Upper Cretaceous
of Europe (Weishampel et al. 1993; Dalla Vecchia 2006,
2009a); it is conceivable, however, that hadrosauroid fossils
from the Transylvanian area that were customarily assigned
to Telmatosaurus transsylvanicus may represent instead
several, possibly closely related taxa (e.g., Dalla Vecchia
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2009a). Despite being hailed as the basal-most hadrosaurid
dinosaur (e.g., Weishampel et al. 1993), Telmatosaurus is
now generally regarded as a basal hadrosauroid, lying out-
side the radiation of derived hadrosaurids (Sues and Ave-
rianov 2009; Prieto-Mérquez and Norell 2010; Godefroit
et al. 2012a; McDonald et al. 2012). During the last decades,
additional hadrosauroid taxa have been discovered in several
different Upper Cretaceous units across Europe, revealing
that the group was very successful and widespread on the
Late Cretaceous European Archipelago (for an overview,
see Dalla Vecchia 2006, 2009a, 2014; Prieto-Marquez et al.
2013). Most of these hadrosauroids, however, represent dif-
ferent hadrosaurid subclades more derived than the position
reconstructed for Telmatosaurus (e.g., Pereda-Suberbiola
et al. 2009; Cruzado-Caballero et al. 2010; Prieto-Marquez
et al. 2013, 2019), with the notable exception of Tethyshad-
ros from northeastern Italy (Dalla Vecchia 2009b) and Fylax
from northeastern Spain (Prieto-Marquez and Carrera Farias
2021).

Despite being a relatively well-known taxon, there has
been considerable debate over the referral of isolated and
disarticulated remains to Telmatosaurus, primarily involv-
ing the other ornithopod dinosaur known from the Hateg
Basin, the rhabdodontid Zalmoxes (Weishampel et al. 1993,
2003; Brusatte et al. 2017). In fact, Zalmoxes was the sec-
ond taxon that was described in detail by Nopcsa, although
he originally referred the rhabdodontid material from the
Hateg Basin to Mochlodon and subsequently to Rhabdodon
(Nopcsa 1902a, 1904, 1915, 1928). Only later, Weishampel
et al. (2003) erected the new genus Zalmoxes for the rhab-
dodontid material from the Transylvanian area with the type
species Z. robustus and its newly recognized sister-species
Z. shgiperorum. The Rhabdodontidae is an endemic clade of
Cretaceous European basal iguanodontians that are among
the most common and abundant terrestrial vertebrates
known to have inhabited the Late Cretaceous European
Archipelago (e.g., Buffetaut and Le Loeuff 1991; Pereda-
Suberbiola 1999; Weishampel et al. 2003; Osi et al. 2012;
Csiki-Sava et al. 2015; Dieudonné et al. 2016; Godefroit
et al. 2017; Parraga and Prieto-Méarquez 2019).

A recent re-investigation of the rhabdodontid cranial
material from the Hateg Basin also led to the re-examination
of two partial ornithopod braincases that have been referred
to Zalmoxes in the past. The first of these, UBB NVZ1-42
has been discovered from the Raul Mare River section near
Nilat-Vad and was referred to Zalmoxes shgiperorum (Gode-
froit et al. 2009). The second, NHMUK R.3401A, is a his-
torical Nopcsa specimen that was collected at the beginning
of the twentieth century from the Sibigel Valley section of
the Stnpetru Formation near Sanpetru. The latter specimen
was, together with most of the original Nopcsa collection,
later purchased by the Natural History Museum of London,
where it is still deposited today. We here re-describe these
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specimens and, based on a through comparison with had-
rosauroids as well as basal iguanodontians, we reject their
rhabdodontid affinities and re-assign them tentatively to the
hadrosauroid dinosaur Telmatosaurus.

Geological setting

The intramontane Hateg Basin is located in the southwest-
ern Carpathians, western Romania (Fig. 1a). Upper Creta-
ceous sedimentary rocks crop out mainly in the southcentral,
central, southeastern and northwestern parts of the basin
(Fig. 1b). The strata cropping out along the Sibisel Valley
in the south-central parts of the Hateg Basin represent the
stratotype section of the Sinpetru Formation and yielded
the quasi-totality of the original finds of Franz Nopcsa. The
deposits in the northwestern parts of the basin have been
referred to the Densug-Ciula Formation, which differs from
the Stnpetru Formation mainly in its higher content of vol-
canoclastic sediments mixed with the siliciclastics. Although
other uppermost Cretaceous continental deposits in the
central and southeastern parts of the basin are of a roughly
similar age and yielded an overall similar vertebrate fauna
with these two formally defined units, their precise correla-
tion with either of the abovementioned formations has been
rather contentious and they are often simply referred to as
the ‘Raul Mare River section’ and the ‘Pui Beds’, respec-
tively (see Csiki-Sava et al. 2016).

The first specimen re-described and re-assigned here
(UBB NVZ1-42) was discovered in the Raul Mare River
section near Ndlat-Vad in the central part of the Hateg Basin
(Fig. 1b). The rocks of the Raul Mare River section crop out
in, and along, the river Raul Mare and are strongly tilted, dip-
ping almost vertically. The succession comprises siliciclastic
sedimentary rocks that were likely deposited in a meander-
ing river system (Therrien 2004; Saséran et al. 2011). In the
past, these deposits have been correlated with the upper part
of the type Stnpetru Formation (Codrea et al. 2002; Therrien
2006; Therrien et al. 2009), or else were assigned tentatively
to the Densus-Ciula Formation (Panaiotu et al. 2011), or to
a separate lithostratigraphic unit (Csiki-Sava et al. 2016).
The age of the succession has been estimated as ‘middle’
(i.e., close to the early/late Maastrichtian boundary; Van
Itterbeeck et al. 2005) or late Maastrichtian (Panaiotu et al.
2011; Ciobanete et al. 2011). Only relatively recently have
systematic excavations along the Raul Mare revealed rich
and diverse vertebrate assemblages comprising amphibians,
turtles, squamates, pterosaurs, different dinosaurs includ-
ing birds and multituberculate mammals as well as dinosaur
eggs (Smith et al. 2002; Codrea et al. 2002; Godefroit et al.
20009; Csiki et al. 2010a; Wang et al. 2011; Csiki-Sava et al.
2016; Brusatte et al. 2017; Mayr et al. 2020). Some of the
most important finds occurred in so-called fossil pockets,
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Fig. 1 Geological setting of the specimens UBB NVZ1-42 and
NHMUK R.3401A. a Position of the study area within Romania. b
Simplified geological map of the Hateg Basin, highlighting the dis-
tribution of the uppermost Cretaceous continental deposits. Stars
mark the origin of the braincases re-identified here as of hadrosauroid
affinities: 1—approximate location of Nopcsa's Quarry 1, yielding
specimen NHMUK R.3401A, 2—Ilocation of the fossiliferous pocket
yielding specimen UBB NVZ1-42 (site 5 in Smith et al. 2002). 1—
Pre-Alpine crystalline basement units surrounding the Hateg Basin;
2—outcropping areas of pre-Quaternary sedimentary rocks of the
basin, with 3-5 highlighting the distribution of the uppermost Cre-

local accumulations of vertebrate fossils that are sometimes
associated or even partially articulated such as the holotype
of the titanosaur Paludititan (Csiki et al. 2010a). The brain-
case described here, UBB NVZ1-42, was recovered from a
fossil pocket that almost exclusively yielded disarticulated
rhabdodontid remains assigned to Zalmoxes shqgiperorum
and assumed to represent a single individual (Godefroit
et al. 2009). Notably, however, a left quadrate was found
in the same fossil pocket that apparently does not belong

taceous continental beds: 3—Sinpetru Formation; 4—deposits tenta-
tively correlated with the Sinpetru Formation (see Csiki-Sava et al.
2016); 5—Densus-Ciula Formation (v—volcanoclastic subunit); 6—
Quaternary deposits; 7—stars mark the origin of the braincases re-
identified here as of hadrosauroid affinities (see above). ¢ View of the
right-side flank of the Sibisel Valley south of Sanpetru, with expo-
sures of the stratotype Sinpetru Formation. Approximate location of
Nopcsa’s Quarry 1 can be constrained to somewhere in the middle
part of the section represented in the photo. d Overview of the Nalat-
Vad locality, looking towards north. The approximate position of site
(fossiliferous lens) NV5 (see Smith et al. 2002) pointed by arrow

to a rhabdodontid and instead is probably assignable to the
hadrosauroid Telmatosaurus (Godefroit et al. 2009), thus
indicating the presence of at least one more taxon in this
fossil pocket. The presence of more than one taxon within
the commonly occurring fossiliferous pockets from the
uppermost Cretaceous of the Hateg Basin is a widespread
phenomenon (e.g., Nopcsa 1902b; Csiki et al. 2010b),
and the case for such a multitaxic composition would be
strengthened now for the NVZ1 fossil pocket as well by our
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re-assignment of the basicranium UBB NVZ1-42 to Telma-
tosaurus as argued below.

The second specimen that is re-examined here NHMUK
R.3401A) was collected by Franz Nopcsa from the Sibisel
Valley section near Sanpetru in the south-central part of
the Hateg Basin (Fig. 1b). This sedimentary succession is
exposed along a 2.5 km long natural valley carved by the
Sibigel River and exposing an 860 m thick sequence of ter-
restrial Upper Cretaceous sediments. The sedimentary rocks
comprise coarse-grained and fine-grained layers arranged
in multiple fining-upward sequences, which were laid down
on a poorly channelized alluvial plain drained by braided
river systems (Grigorescu 1983; Therrien 2006; Therrien
et al. 2009). Stratigraphically, the Sibisel Valley section
represents the stratotype section of the STnpetru Formation
and has been estimated to be early to early late Maastrich-
tian in age (Therrien 2004; Panaiotu and Panaiotu 2010).
The Sibigel Valley section includes many classical Nopcsa
localities and has ever since yielded rich and diverse verte-
brate assemblages comprising fishes, amphibians, turtles,
squamates, crocodyliforms, pterosaurs, dinosaurs and mul-
tituberculate mammals (Nopcsa 1900, 1902a, b, 1904, 1923,
1929; Andrews 1913; Grigorescu 1983; Csiki and Grigo-
rescu 1998; Csiki et al. 2010b; Martin et al. 2014; Csiki-
Sava et al. 2016; Augustin et al. 2021). The fossil vertebrate
remains often show complex taphonomic histories and can
occur isolated, associated and partly articulated or in local
multitaxic concentrations, so-called fossil pockets (Nopcsa
1902b; Grigorescu 1983; Csiki et al. 2010b; Augustin et al.
2019). The second specimen re-described here, NHMUK
R.3401A, was discovered in such a multitaxic fossil con-
centration, identified as Quarry 1 by Nopcsa, together with
different skull and postcranial bones of both rhabdodontids
and hadrosauroids among others (Nopcsa 1904, and com-
ments below).

Materials and methods

Two specimens are re-described herein. The first, UBB
NVZ1-42, is a partial basicranium that was recovered
together with other vertebrate remains (see below) in 2002
from the Raul Mare River section, near Nilat-Vad (Gode-
froit et al. 2009); the specimen is currently housed at the
Palaeontological Collection of the Babes-Bolyai University.
The second specimen, NHMUK R.3401A, consists of a par-
tial braincase and was collected by Franz Nopcsa from his
‘Quarry 1’ (see below), which he discovered in 1895 on
the eastern side of the Sibigel Valley section near Sanpetru
(Nopcsa 1902a, b; Grigorescu 2010); the specimen is cur-
rently stored at the Natural History Museum London. Both
specimens were digitalized using the photogrammetry tech-
nique detailed by Mallison and Wings (2014) as well as the
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software Agisoft Photoscan Professional, in order to create
surface models. In addition, 3D prints were produced based
on the surface models, which are deposited in the Palaeon-
tological Collection of the University of Tiibingen.

Institutional abbreviations. LPB (FGGUB)—Laboratory
of Paleontology, Faculty of Geology and Geophysics, Uni-
versity of Bucharest, Bucharest, Romania; NHMUK—Nat-
ural History Museum, London, UK; UBB—Babeg-Bolyai
University, Cluj-Napoca, Romania.

Systematic Palaeontology

Dinosauria Owen (1842)
Ornithischia Seeley (1888)
Ornithopoda Marsh (1881)
Iguanodontia Baur (1891)
Hadrosauroidea Cope (1869)

Telmatosaurus transsylvanicus Nopcsa (1900)

Holotype. NHMUK R.3386, an almost complete but crushed
skull.

Referred material. UBB NVZ1-42, a partial basicranium
composed of the basioccipital, the partial exoccipital—
opisthotic complexes, and the basisphenoid—parasphenoid
complex from the Raul Mare River section, near Nilat-Vad,
central Hateg Basin, as well as NHMUK R.3401A, the pos-
terior part of a skull composed of the basioccipital, both
exoccipital-opisthotic complexes, the posterior part of the
basisphenoid, and the supraoccipital from the Sibisel Valley
section near Sanpetru, southern Hateg Basin.

Remarks on UBB NVZI1-42. Specimen UBB NVZ1-42 has
been previously referred to the rhabdodontid ornithopod
dinosaur Zalmoxes shqiperorum (Godefroit et al. 2009).
This referral was primarily based on the association of UBB
NVZ 1-42 with other disarticulated bones in the ‘third fos-
sil pocket’ at the Nilat-Vad locality, remains that almost
exclusively belong to Zalmoxes shqiperorum and appar-
ently represent a single individual (Godefroit et al. 2009).
Recent investigations of the rhabdodontid fossils from the
Hateg Basin also led to a re-examination of UBB NVZ 1-42
and, based on comparison with several hadrosauroid and
rhabdodontid basicrania from the Hateg Basin as outlined
below, we here confidently identify UBB NVZ1-42 as a had-
rosauroid basicranium and refer it to the only known local
hadrosauroid taxon, Telmatosaurus. Interestingly, Godefroit
et al. (2009) also reported the presence of a second type
of quadrate from the same fossil pocket, which they did
not refer to Zalmoxes shqgiperorum but instead noted that
it closely resembles in morphology that of Telmatosaurus.
In the original description, Godefroit et al. (2009) referred
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to the braincase as UBB NVZ1-40, although this number
actually identifies a rhabdodontid left quadrate from this
fossil site. The assignment of UBB NVZ 1-42 to Zalmoxes
shqiperorum has previously been questioned by Brusatte
et al. (2017), who also noted that it might instead belong to
Telmatosaurus.

Remarks on NHMUK R.3401A. The braincase specimen
NHMUK R.3401A is part of the original Nopcsa Collection
that was later purchased by the Natural History Museum in
London (e.g., Dalla Vecchia 2009a). As already pointed out
by Dalla Vecchia (2009a), and as with most registry entries
of the Nopcsa collection, the inventory number NHMUK
R.3401 identifies a large number of different specimens,
belonging to several individuals that actually represent
more than one taxon. Furthermore, skeletal remains included
under this specimen number are assumedly originating from
individuals whose other (usually postcranial) remains are
now registered under different entry numbers (for a more
detailed discussion of this issue, see Dalla Vecchia 2009a:
pp.- 6-7).

Intriguingly, the same fossil pocket, from which braincase
NHMUK R.3401A has been recovered, also yielded disartic-
ulated, but fairly complete and definitively diagnostic skull
bones, including dentaries, of both Telmatosaurus transsyl-
vanicus and Zalmoxes robustus. These specimens had been
lumped together under the same original specimen number
NHMUK 3401, from which at one point certain specimens,
some showing definitive hadrosauroid characters and also
including the partial braincase discussed here, have been
separated as NHMUK 3401A. It is worth noting that the
fossil pocket that yielded this mixed material (mentioned as
Quarry 1 in the NHMUK registry book) contains a similar
mix of rhabdodontid and hadrosauroid remains just as the
one reported for the (smaller) Zalmoxes-lens from Nélat-Vad
from where the partial braincase UBB NVZ1-42 originates.
This mixture of disarticulated skeletal remains belonging
to different individuals and representing different taxa is
a hallmark feature of the so-called ‘fossiliferous pockets’
that represent one of the main types of fossil occurrences
in the Hateg Basin (Nopcsa 1914; Csiki et al. 2010b), one
for which Quarry 1 of Nopcsa is among the first and best
examples.

These complications, together with the absence of origi-
nal field notes or quarry maps to document the discovery
conditions of the different specimens excavated by Nopcsa
at Sanpetru, seriously hindered the understanding of the
taxonomic identity and potential skeletal association of
the specimens that make up this mixed fossil assemblage,
including that of the partial braincase NHMUK R.3401A
discussed here. Indeed, this specimen has been referred to
Telmatosaurus transsylvanicus by Weishampel et al. (1993),
who also used it to reconstruct the braincase anatomy of

that taxon (Weishampel et al. 1993: Fig. 2). This taxonomic
choice appears to be in accordance with Nopcsa’s origi-
nal taxonomic identification of this specimen (see Nopcsa
1904, Table 1) who reported it as belonging to a second
individual (Individual B) of Telmatosaurus (see also Dalla
Vecchia 2009a). Subsequently, however, the specimen was
re-assigned to Zalmoxes robustus by Weishampel et al.
(2003), albeit without providing any arguments in favor of
this view. Similar to UBB NVZ1-42, recent investigations of
the rhabdodontid material from the Hateg Basin also led to
a re-examination of NHMUK R.3401A, and this resulted in
the re-interpretation of this specimen as belonging to Telma-
tosaurus transsylvanicus, as originally proposed by Nopcsa
(1904), respectively by Weishampel et al. (1993).

Description of UBB NVZ1-42

The specimen UBB NVZ1-42 includes the complete basi-
occipital, the partial exoccipital-opisthotic complexes, and
most of the basisphenoid—parasphenoid complex (Fig. 2).
Aside from the missing parts, the basicranium is well-pre-
served with delicate processes and small foramina still pre-
sent. The occipital condyle is u-shaped to kidney-shaped
in posterior view and composed of the basioccipital ven-
trally and the exoccipital-opisthotic complexes dorso-lat-
erally (Fig. 2a). The suture between the basioccipital and
the exoccipital-opisthotic complexes is not discernible. In
ventral view, the occipital condyle is somewhat rectangular
in outline with a convex surface (Fig. 2b). In lateral view,
the occipital condyle is ellipsoidal and exhibits three large
foramina, two openings next to each other for cranial nerve
XII (hypoglossal nerve) and cranial nerves X (vagus nerve)
and XI (accessory nerve), respectively, as well as one fora-
men located antero-ventrally to the latter, possibly for the
exit of the jugular vein (Fig. 2c). Immediately above the
opening for cranial nerve XII, the braincase is broken and
the paroccipital process (mainly composed of the opisthotic)
is largely missing, although the bone gets markedly thinner
just above the opening for cranial nerve XII, likely indicating
the ventral part of the paroccipital process.

On the ventral aspect of the braincase, directly adja-
cent to the basioccipital condyle, there are two round pro-
cesses lying anteriorly and slightly laterally to the condyle
(Fig. 2b). These processes, the sphenoccipital tubercles
or basal tubera, are directed ventro-laterally and have a
deep depression between them that is roughly triangular
in outline. The suture between the basioccipital and the
basisphenoid is hardly visible on the ventral aspect of the
braincase but is probably present as a shallow indentation
running across the sphenoccipital tubercles, as this is also
the position of the suture in other hadrosauroids (e.g., Sues
and Averianov 2009: p. 2551; Prieto-Marquez 2010: p.
847; McDonald et al. 2012: pp. 16—-17; Xing et al. 2017: pp.
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Fig.2 Partial ornithopod basicranium, UBB NVZ1-42, here tenta-
tively referred to the hadrosauroid dinosaur Telmatosaurus trans-
sylvanicus, from the Upper Cretaceous of Nilat-Vad, Hateg Basin.
a Posterior view. b Ventral view. ¢ Left lateral view. d Right lateral
view. e Anterior view. f Dorsal view. All figures to the same scale.
ap, alar process; bo, basioccipital; bg, groove on the lateral aspect
of the basisphenoid; bp, basisphenoid platform on the ventral aspect
of the basisphenoid; bs, basisphenoid—parasphenoid complex; ca,
carotid artery; de, depression on the ventral aspect of the basicra-

24-25). The basisphenoid, in turn, is completely fused to
the parasphenoid anteriorly, forming the basisphenoid—par-
asphenoid complex. The sphenoccipital tubercles are con-
nected to the antero-ventral part of basisphenoid through
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nium between the sphenoccipital tubercles; ds, dorsum sellae; ef,
endocranial floor; ex, exoccipital; fc, foramen in the pituitary fossa
connecting the carotid artery; fm, foramen magnum; jv, jugular vein;
pf, pituitary fossa; pp, paroccipital process formed by the exoccipi-
tal-opisthotic complex; st, sphenoccipital tubercle; vi, cranial nerve
six (abducens nerve); X, cranial nerve ten (vagus nerve); Xi, cranial
nerve eleven (accessory nerve); xii, cranial nerve twelve (hypoglossal
nerve)

a ridge rising anteriorly and eventually merging with the
antero-ventral part of basisphenoid. The antero-ventral part
of the basisphenoid forms a transverse surface that mainly
extends ventrally, approximately perpendicular to the long
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axis of the braincase. In ventral view, this antero-ventral part
of the basisphenoid forms a slightly concave platform that
is inclined antero-dorsally and would be connected to the
missing basipterygoid processes.

In lateral view, there is a well-developed groove anterior
to the sphenoccipital tubercles that extends antero-dorsally,
is bordered by the alar process of the basisphenoid anteri-
orly and accommodates the latero-ventral entrance of the
carotid artery in its lower half (Fig. 2c—d). The alar process
is well preserved and forms a thin ridge extending mainly
latero-posteriorly from the lateral side of the basisphenoid.
Anterior to the alar process and near its upper margin is a
small foramen, representing the opening for cranial nerve VI
(abducens nerve). The anterior portion of the basisphenoid
is incompletely preserved and wedge-shaped. In anterior
view, a dorso-ventrally elongated pituitary fossa is visible
(Fig. 2e), which exhibits two small foramina in its postero-
ventral part that are likely connected to the latero-ventral
entrance of the carotid artery (Xing et al. 2017: p. 25).
The endocranial floor is completely visible in dorsal view
(Fig. 2f) and is formed by the basioccipital and exoccipitals
posteriorly and by the basisphenoid—parasphenoid complex
anteriorly. The endocranial floor is relatively straight and
has a constant width from the foramen magnum posteriorly
to the anterior part of the preserved element. The dorsum
sellae is located in the anterior part, more or less dorsally to
the latero-ventral entrance of the carotid artery, and exhib-
its two foramina for the cranial nerve VI (abducens nerve).
The lateral walls of the endocranial floor exhibit the suture
between the basisphenoid—parasphenoid complex and the
(missing) prootic.

Description of NHMUK R.3401A

The specimen NHMUK R.3401A comprises the basioccipi-
tal, both exoccipital-opisthotic complexes, the supraoccipi-
tal, and the anterior part of the basisphenoid—parasphenoid
complex (Fig. 3). Aside from the missing parts, the specimen
is relatively well-preserved. In posterior view, the occipital
condyle is kidney-shaped and consists of the basioccipital
ventrally and the exoccipitals dorso-laterally (Fig. 3a). On
the right side of the occipital condyle, the suture between the
basioccipital and the exoccipital is visible but slightly dam-
aged. On the left side, the occipital condyle is weathered,
obliterating the sutural contact between the basioccipital and
the exoccipital. Both the basioccipital and the exoccipitals
take part in the formation of the endocranial floor. The exoc-
cipitals are completely fused to the opisthotics, forming the
exoccipital-opisthotic complex (or paroccipital processes),
which continues as an elongated and flat element from the
triangular and bulbous ventral part that is forming the dorso-
lateral corner of the occipital condyle.

The exoccipital-opisthotic complex is extending mainly dor-
sally and, to a much lesser degree, laterally, forming the lateral
walls of the foramen magnum (Fig. 3a, b). In posterior view, the
foramen magnum has a dorso-ventrally elongated, ellipsoidal
shape. Dorsally, the exoccipital-opisthotic complex broadens
and makes a postero-lateral curve (Fig. 3c—e). Medially, the
dorsal part of the exoccipital-opisthotic complex is fused to
the supraoccipital, the latter forming the dorsal margin of the
foramen magnum. The supraoccipital is a roughly triangular
to trapezoidal element in posterior view, wedged between the
exoccipital-opisthotic complexes laterally. The dorsal part of
the supraoccipital is relatively flat and extends antero-dorsally
(Fig. 3f). The dorso-lateral and anterior parts of the exoccip-
ital-opisthotic complexes as well as the anterior part of the
supraoccipital are missing. However, the paroccipital processes
clearly extend posteriorly beyond the level of the basioccipital
and the exoccipitals in dorsal view, while the supraoccipital is
lying anteriorly to the occipital condyle.

In ventral view, the basioccipital is rectangular in out-
line with a convex surface, although the left part of the
basioccipital is missing and thus its morphology cannot
be completely assessed (Fig. 3b). Directly anterior to the
basioccipital, there are two bulbous processes on the ventral
aspect of the braincase, the sphenoccipital tubercles (=basal
tubera), which extend mainly ventro-laterally (Fig. 3e). The
suture between the basioccipital and the basisphenoid is
hardly visible but it probably runs across the sphenoccipital
tubercles as indicated by a shallow, sinuous indentation on
the right sphenoccipital tubercle; this is also the position of
the suture between basioccipital and basisphenoid in other
hadrosauroids (e.g., Sues and Averianov 2009: p. 2551;
Prieto-Marquez 2010: p. 847; McDonald et al. 2012: pp.
16—-17; Xing et al. 2017: pp. 24-25), as well as in NVZ1-42
discussed previously. Between the sphenoccipital tubercles,
there is a deep depression. Anterior to the sphenoccipital
tubercles, the basisphenoid rises markedly ventrally but the
antero-ventral part of the basisphenoid is broken. The sphe-
noccipital tubercles are connected to the anterior and ven-
trally rising part of the basisphenoid through narrow ridges.

In lateral view, the occipital condyle formed by the basi-
occipital and the exoccipitals is slightly convex (Fig. 3c,
d). A shallow depression is present anterior to the sphe-
noccipital tubercles that likely represents the dorsal part
of the groove on the lateral side of the basisphenoid that
is bordered by the alar process anteriorly (see above). The
openings for the cranial nerves that are usually visible in
lateral view (see above) are not discernible because the bone
surface is imperfectly preserved and some missing parts, just
dorsal of the exoccipitals, have been restored with plaster.
The anterior part of the braincase is not preserved.
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st

Fig.3 Posterior part of an ornithopod skull, NHMUK R.3401A,
here tentatively referred to the hadrosauroid dinosaur Telmatosaurus
transsylvanicus, from the Upper Cretaceous Sinpetru Formation near
Sanpetru, Hateg Basin. a Posterior view. b Ventral view. ¢ Left lat-
eral view. d Right lateral view. e Anterior view. f Dorsal view. All
figures to the same scale. bo, basioccipital; bg, groove on the lateral
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aspect of the basisphenoid; bs, basisphenoid—parasphenoid complex;
de, depression on the ventral aspect of the basicranium between the
sphenoccipital tubercles; ef, endocranial floor; ex, exoccipital; fm,
foramen magnum; pp, paroccipital process formed by the exoccipital—
opisthotic complex; st, sphenoccipital tubercle
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Comparison

Both UBB NVZ1-42 and NHMUK R.3401A have been
referred to the rhabdodontid dinosaur Zalmoxes in the past
(Weishampel et al. 2003; Godefroit et al. 2009), although the
latter specimen has originally been assigned to the hadrosau-
roid Telmatosaurus (Nopcsa 1904: tab. 1; Weishampel et al.
1993). Therefore, the following discussion focuses primarily
on comparisons of these two specimens with other hadro-
sauroid and rhabdodontid basicrania from the Hateg Basin.
In addition, a short comparison to other hadrosauroids and
basal iguanodontians is also provided.

Comparison with Telmatosaurus and other
hadrosauroids

For Telmatosaurus, two undisputed basicrania are known,
both of which come from the Sinpetru Formation of the
Sibigel Valley section near Sanpetru, southern Hateg Basin.
One is part of the largely complete but crushed holotype
skull NHMUK R.3386 (Fig. 4a) that was described and
figured by Nopcsa (1900); it is noteworthy that this skull
was explicitly mentioned as the basis for the erection of the
genus (Nopcsa 1900: 559; contra Dalla Vecchia 2009a). The
second, NHMUK R.3387 (Fig. 4b), is an isolated basicra-
nium, comprising the basioccipital and the basisphenoid
that was described and figured in the same publication as
the holotype skull (Nopcsa 1900). Both of these basicrania
described by Nopcsa (1900) are extremely similar to the
specimens described here (UBB NVZ1-42 and NHMUK
R.3401A)—in fact, they are nearly indistinguishable, aside
from the different preservational states of the skulls and the
different sizes. These similarities are most apparent in ven-
tral view, also because this is the best-preserved part in all
four specimens (Fig. 4). Both the holotype of Telmatosaurus
(NHMUK R.3386) and the referred basicranium (NHMUK
R.3387) described by Nopcsa (1900), strongly resemble the
specimens described here (UBB NVZ1-42 and NHMUK
R.3401A), as they have a short, convex basioccipital that is
slightly rectangular in ventral view and directly connected
to a pair of sphenoccipital tubercles (=basal tubera) anteri-
orly, which have a well-developed depression between them
(Fig. 4; Nopcsa 1900: pl. 3). In addition, all four specimens
share a medio-laterally narrow basisphenoid, which lies
immediately anterior to the depression, is steeply rising
ventrally, and is connected to the sphenoccipital tubercles
through a narrow, antero-medially extending ridge. In the
holotype of Telmatosaurus (NHMUK R.3386), the sphenoc-
cipital tubercles are slightly more splayed and farther apart
than in the other basicrania referred to Telmatosaurus, in
which they are closer to each other. Moreover, the central
depression between the sphenoccipital tubercles is narrower
in NHMUK R.3387 as compared to the other specimens. In

all specimens, the foramen magnum opens into a relatively
straight endocranial floor.

The basicranium anatomy of hadrosauroids is well known
and has been described for many different taxa. Overall, an
antero-posteriorly short basioccipital, bulbous sphenoccipi-
tal tubercles lying immediately anterior to the basioccipital,
and a depression between the sphenoccipital tubercles are
typically present in basal hadrosauroids, including Bactro-
saurus johnsoni (Gilmore 1933: Fig. 25), Batyrosaurus rozh-
destvenskyi (Godefroit et al. 2012a: Fig. 20.2), Eolambia
caroljonesa (McDonald et al. 2012: Fig. 20), Gobihadros
mongoliensis (Tsogtbaatar et al. 2019: Fig. 8), Levnesovia
transoxiana (Sues and Averianov 2009: Fig. 1), Ourano-
saurus nigeriensis (Taquet 1976: Fig. 12), Plesiohadros
djadokhtaensis (Tsogtbaatar et al. 2014: Fig. 7.8), Proa val-
dearinnoensis (pers. com. Fabien Knoll), Sirindhorna khor-
atensis (Shibata et al. 2015: Fig. 2), Tanius sinensis (Wiman
1929: pl. 5), and Tethyshadros insularis (Chiarenza et al.
2021: Fig. 2, p. 5). Additionally, the same general bauplan
of the braincase is also seen in more derived hadrosaurids
such as Acristavus gagslarsoni (Gates et al. 2011: Fig. 9),
Amurosaurus riabinini (Godefroit et al. 2004: Fig. 7), Are-
nysaurus ardevoli (Pereda-Suberbiola et al. 2009; Fig. 3;
Cruzado-Caballero et al. 2015: suppl. 1), Brachylophosau-
rus canadensis (Prieto-Méarquez 2005: Fig. 6), Edmonto-
saurus regalis (Lull and Wright 1942: Fig. 4; Xing et al.
2017: Fig. 10), Eotrachodon orientalis (Prieto-Marquez
et al. 2016: Fig. 16), Gryposaurus notabilis (Ostrom 1961:
Fig. 11; Prieto-Marquez 2010: Fig. 4), Gryposaurus monu-
mentensis (Gates and Sampson 2007: Fig. 11), Hypacro-
saurus altispinus (Evans 2010: Figs. 10, 11), Maiasaura
peeblesorum (McFeeters et al. 2021: Fig. 13), Olorotitan
arharensis (Godefroit et al. 2012b: Fig. 4), Ornatops incan-
tatus (McDonald et al. 2021: Fig. 7), Parasaurolophus cyrto-
cristatus (Gates et al. 2021: figs. 5, 9, 13), Parasaurolophus
tubicen (Sullivan and Williamson 1999: Fig. 8), Sahaliyania
elunchunorum (Godefroit et al. 2008: Fig. 3), and Secerno-
saurus koerneri (Prieto-Marquez and Salinas 2010: figs. 6,
7). Therefore, the basicranial morphology of these different
hadrosauroids closely resembles that of the holotype and
referred basicrania of Telmatosaurus (NHMUK R.3386 and
NHMUK R.3387), but also that seen in the taxonomically
contentious Romanian braincase specimens described above
(UBB NVZ1-42 and NHMUK R.3401A).

Comparison with rhabdodontids and other basal
iguanodontians

Four definitively identified rhabdodontid basicrania are
currently reported from the Upper Cretaceous of the Hateg
Basin. The first two of these, NHMUK R.3408 and NHMUK
R.3409, were excavated, apparently isolated according to
Nopcsa (1904), more than a century ago in the stratotype
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NHMUK R.3386

Fig.4 Comparison of the ornithopod basicrania described herein
(UBB NVZ1-42 and NHMUK R.3401A) with the holotype skull
(NHMUK R.3386) and the referred isolated basicranium (NHMUK
R.3387) of Telmatosaurus transsylvanicus, all from the Upper Cre-
taceous of the Hateg Basin. All specimens are displayed in ventral
view but are not to the same scale. a Surface model of the holotype
skull of Telmatosaurus, NHMUK R.3386 from the Sinpetru Forma-
tion near Sanpetru, south-central Hateg Basin. a’ The same specimen
as in A with texture. b Surface model of the isolated Telmatosaurus
basicranium NHMUK R.3387 from the Sinpetru Formation near San-

Stnpetru Formation along the Sibigel Valley, near Sanpetru.
These specimens were described and figured by Nopcsa
(1904) who referred them tentatively to the rhabdodon-
tid Mochlodon (= Zalmoxes). NHMUK R.3408 (Fig. 5a)
comprises the basioccipital and most of the basisphenoid,
whereas NHMUK R.3409 (Fig. 5b) only preserves the
region around the basal tubera. A third, relatively complete
basicranium, LPB (FGGUB) R.1723, was recovered much
later (2000) from the middle part of the Densus-Ciula For-
mation at the Tugtea-Oltoane nesting site, in the northwest-
ern part of the Hateg Basin (see Botfalvai et al. 2017, for a
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NHMUK R.3387

NHMUK R.3401A

d‘

petru, south-central Hateg Basin. b’ The same specimen as in B with
texture. ¢ Surface model of the basicranium UBB NVZ1-42 from the
Raul Mare River section, near Nalat-Vad, central Hateg Basin. ¢’ The
same specimen as in C with texture. d Surface model of the posterior
skull NHMUK R.3401A from the Stnpetru Formation near Sanpetru,
south-central Hateg Basin. d’ The same specimen as in D with tex-
ture. Scales equal 1 cm. bo, basioccipital de, depression on the ventral
aspect of the basicranium between the sphenoccipital tubercles; st,
sphenoccipital tubercle

recent review of the locality). It comprises the basioccipital
and most of the basisphenoid and has been described and
figured by Weishampel et al. (2003: Fig. 11). The last rhab-
dodontid basicranium specimen that was referred previously
to the Rhabdodontidae, LPB (FGGUB) R.1629 (Fig. 5¢), is
also from the Tustea locality, where it was found in 1998.
The specimen was briefly mentioned by Weishampel et al.
(2003: p. 78) and then was preliminarily illustrated in artic-
ulation with the matching left exoccipital LPB (FGGUB)
R.1591 by Botfalvai et al. (2017: Fig. 8H), but it has never
been thoroughly figured before nor described in detail.



Reappraisal of the braincase anatomy of the ornithopod dinosaurs...

Fig. 5 Rhabdodontid basicrania
from the Upper Cretaceous of
the Hateg Basin in ventral view.
a Surface model of the isolated
rhabdodontid basicranium
NHMUK R.3408 from the Sin-
petru Formation near Sanpetru,
south-central Hateg Basin. a’
The same specimen as in A with
texture. b Surface model of the
isolated fragmentary rhabdo-
dontid basicranium NHMUK
R.3409 from the Sinpetru
Formation near Sanpetru, south-
central Hateg Basin. b’ The
same specimen as in B with tex-
ture. ¢ Surface model of the iso-
lated rhabdodontid basicranium
LPB (FGGUB) R.1629 from
the Densus-Ciula Formation
near Tustea, northwestern Hateg
Basin. ¢’ The same specimen as
in C with texture. Scales equal

1 cm. bn, basioccipital neck; bo,
basioccipital; bt, basal tubera
(=sphenoccipital tubercles); mr,
midline ridge on the posterior
part of the basisphenoid

NHMUK R.3408

bt

NHMUK R.3409

FGGUB R.1629
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All three rhabdodontid specimens comprising the com-
plete basioccipital (NHMUK R.3408, LPB (FGGUB)
R.1723 and R.1629), have a distinct, elongated and well-
developed neck connecting the occipital condyle with the
basal tubera anteriorly (Fig. 5a, ¢). Moreover, all the rhab-
dodontid basicrania from the Hateg Basin lack bulbous
sphenoccipital tubercles (=basal tubera) and a median
depression on the ventral aspect of the braincase (Figs. 5, 6).
Furthermore, the basal tubera join together medially to form
a wide, medio-laterally extending ridge that has a wrinkled
appearance on the posterior side with a prominent transverse
midline ridge (Fig. 5). Therefore, these rhabdodontid basi-
crania from the Hateg Basin differ markedly from the cor-
responding elements of Telmatosaurus described by Nopcsa
(1900) (NHMUK R.3386 and NHMUK R.3387), as well
as from the basicranial specimens described herein (UBB
NVZ1-42 and NHMUK R.3401A). In fact, as already noted,
specimens UBB NVZ1-42 and NHMUK R.3401, resemble
the Telmatosaurus basicrania described by Nopcsa (1900),
including the holotype of that genus, much more closely than
those of rhabdodontids.

In contrast, the morphology of these rhabdodontid basi-
crania from the Hateg Basin is quite similar to that of the
rhabdodontid Rhabdodon from France (Chanthasit 2010:
figs. 4.2, 4.3, the only other rhabdodontid for which some
information is currently available, in features such as the
possession of a distinct basioccipital neck supporting the
occipital condyle, the lack of sphenoccipital tubercles, the
lack a ventral median depression between these tubercles,
and the presence of wide transversal ridge formed by the

bo bo

NHMUK R.3386 UBB NVZ1-42

Fig.6 Simplified drawing comparing the two basicranial specimens
described here (UBB NVZ1-42 and NHMUK R.3401A) with the
basicranium of the holotype skull of Telmatosaurus transsylvanicus
(NHMUK R.3386) and the referred basicranium of Zalmoxes robus-
tus (NHMUK R.3408) in ventral view. a Basicranium of the holotype
skull of Telmatosaurus transsylvanicus, NHMUK R.3386. b Basicra-
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medially confluent basal tubera. In addition, these same fea-
tures can be found in a wide variety of other basal iguano-
dontians, including Anabisetia saldiviai (Coria and Calvo
2002: Fig. 4), Camptosaurus dispar (Gilmore 1909: figs. 4,
5; Carpenter and Lamanna 2015: figs. 7, 8), Cumnoria prest-
wichii (Hulke 1880; Fig. 1; Galton and Powell 1980; Fig. 1),
Dakotadon lakotaensis (Weishampel and Bjork 1989: figs. 4,
5; Boyd and Pagnac 2015: Fig. 8), Dryosaurus altus (Galton
1983: figs. 2, 3, 1989: pl. 2), Dryosaurus elderae (Carpenter
and Galton 2018: Fig. 28), Dysalotosaurus lettowvorbecki
(Galton 1989: pl. 1, 3; Hiibner and Rauhut 2010: Fig. 7),
Iguanodon bernissartensis (Norman 1980: figs. 5, 9), Man-
tellisaurus atherfieldensis (Norman 1986: figs. 7, 10, 18),
Owenodon sp. (Galton 2009: Fig. 19), Tenontosaurus tilletti
(Galton 1989: Fig. 4), Tenontosaurus dossi (Winkler et al.
1997: figs. 6, 7, 8), and an indeterminate iguanodontian from
Australia (Bell et al. 2018: Fig. 8). The wide distribution
of this type of basicranial morphology in basal iguanodon-
tians, markedly different from that seen in both more basal
and derived (i.e., hadrosaurid) hadrosauroids, suggests that
it represents a plesiomorphic feature within the clade—as
is also indicated by the presence of this type of basicranium
morphology in basal ornithopods such as Hypsilophodon
foxii (Galton 2001: figs. 7, 9, 17, 19), and Convolosaurus
marri (Andrzejewski et al. 2019: Fig. 10), in basal neorni-
thischians such as Changchunsaurus parvus (Liyong et al.
2010: Fig. 6), and Thescelosaurus neglectus (Galton 1989:
pl. 4; Boyd 2014: Fig. 11), as well as in basal ornithischi-
ans such as Heterodontosaurus tucki, (Norman et al. 2011:
figs. 3, 6, 13, 15), and Lesothosaurus diagnosticus (Porro
et al. 2015: Fig. 9).

bn

d
’ >t
bo bo

NHMUK R.3401A NHMUK R.3408

nium UBB NVZI1-42. ¢ Basicranium of the partial skull NHMUK
R.3401A. d Referred basicranium NHMUK R.3408 of Zalmoxes
robustus. The drawings are not to the same scale. bn, basioccipital
neck; bt, basal tubera (=sphenoccipital tubercles); de, depression
between the sphenoccipital tubercles
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Discussion and Conclusion

Based on the comparison presented above, we confidently
identify both ornithopod basicrania from the Hateg Basin
described herein, UBB NVZ1-42 and NHMUK R.3401A, as
hadrosauroid basicrania, and tentatively refer them to Telma-
tosaurus transsylvanicus, the only currently recognized had-
rosauroid taxon from the Transylvanian area. In fact, both
specimens are nearly indistinguishable from the holotype
of that species (Fig. 4a, Nopcsa 1900: pl. 3). In addition,
both UBB NVZ1-42 and NHMUK R.3401A exhibit several
features that are only present in hadrosauroids and absent
in more basal iguanodontian ornithopods. These features
include: (i) an antero-posteriorly short basioccipital lacking
a distinct neck; (ii) the presence of two well-developed bul-
bous processes, the sphenoccipital tubercles (=basal tubera)
on the ventral aspect of the braincase that are directly posi-
tioned anterior to the basioccipital; and (iii) a deep depres-
sion on the ventral aspect of the braincase between the sphe-
noccipital tubercles. Conversely, characters that are typically
present in rhabdodontids and other basal iguanodontians,
including a distinct and elongated basioccipital neck and
the basal tubera forming a medio-laterally extending wide
ridge, are absent in UBB NVZ1-42 and NHMUK R.3401A.

The re-assignment of UBB NVZ1-42 to Telmatosaurus as
advocated herein also requires a revision of the most recent
diagnosis of Zalmoxes shqgiperorum proposed by Godefroit
et al. (2009) because it was partly based on features of UBB
NVZ1-42—the only basicranium referred to this species to
date. More specifically, one autapomorphy that has been pro-
posed for Zalmoxes shqiperorum—i.e., an ‘occipital condyle
not separated from the sphenooccipital tubercles (=basal
tubera) by a distinct neck’ (Godefroit et al. 2009: p. 528)—
has to be removed from the species diagnosis. Remarkably,
these authors also noted that this character is not seen in
any other basal iguanodontian (Godefroit et al. 2009: pp.
546-548) and that is in fact more similar to the morphol-
ogy usually seen in hadrosaurids (Godefroit et al. 2009: p.
534), which would make this character highly derived within
Rhabdodontidae. With the taxonomic re-interpretation of the
basicranium UBB NVZ1-42 as proposed here, the diagno-
sis of Z. shgiperorum can be accordingly emended, and the
autapomorphically derived basicranial morphology of this
taxon that was previously suggested to differentiate it from
its sympatric sister-species Z. robustus, can be rejected. As
a consequence, the basicranial morphology of the genus Zal-
moxes (currently only documented in Z. robustus) seems
to be rather conservative, reminiscent to that seen in basal
iguanodontians in general, and this plesiomorphic morphol-
ogy appears to be typical of rhabdodontids as it also occurs
in the closely related Rhabdodon.

Interestingly, several of the differences noted here
between the hadrosauroid type of braincase morphology and
that of more primitive iguanodontians were already pointed
out by Nopcsa (1904), in his description of additional skull
remains attributable to Mochlodon (= Zalmoxes). There, he
compared the basicranium of ‘Mochlodon’ with that of Tel-
matosaurus, and even figured basicrania referred to these
genera (NHMUK R.3408 and NHMUK R.3387, respec-
tively) in ventral view (Nopcsa 1904: figs. 1, 2), noting the
much more elongated basioccipital of the rhabdodontid basi-
cranium and the different morphology of the basal tubera,
among other aspects (Nopcsa 1904: pp. 244-245).

Our re-assignment of the specimens UBB NVZ1-42 and
NHMUK R.3401A to Telmatosaurus transsylvanicus dou-
bles the number of known partial braincases for that genus
but significantly reduces the number of previously reported
rhabdodontid basicrania from the Hateg Basin from six to
only four. The comparisons provided herein also demon-
strate the presence of several important morphological dif-
ferences between the basicranium of hadrosauroids and that
of rhabdodontids, which allows for the confident assignment
of even isolated specimens in the future.
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