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The endocranial morphology of Secernosaurus koerneri (= Kritosaurus australis junior synonym), a hadrosaurid from
the Upper Cretaceous of Argentina, was studied using latex and digital endocasts based on three fragmentary braincases.
This new information allowed describing and comparing the neuroanatomy of this South American representative of the
clade for the first time. The endocast morphology is mostly complete (except for the pituitary and the inner ear regions),
and most cranial nerves and some blood vessels were reconstructed. Also, some features of the inner ear were observed
in the CT scans, nonetheless its incompleteness restricts further comparisons. Secernosaurus koerneri shares its overall
endocranial morphology with saurolophinid hadrosaurids, indicating a conservative brain morphology for Cretaceous
hadrosaurids worldwide. The novel cranial information increases the knowledge of the neuroanatomy in hadrosaurids
by adding a southern perspective, since knowledge on the endocranial anatomy of the lineage is biased by species from
North America.
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Introduction
The endocranial morphology (and inferred brain anatomy)
in hadrosaurids is known from natural or artificial endocasts, mostly from species of the Northern Hemisphere. The
neuroanatomy was described in several species from North
America including Corythosaurus sp., Edmontosaurus sp.,
Hypacrosaurus altispinus, Lambeosaurus sp., and Gryposaurus notabilis (e.g., Marsh 1893; Lambe 1920; Ostrom
1961; Hopson 1979; Serrano-Brañas et al. 2006; Evans et
al. 2009), whereas there are few studied species from Asia
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and Europe, including Amurosaurus riabinini, Arenysaurus
ardevoli, and Telmatosaurus transsylvanicus (Nopsca 1900;
Saveliev et al. 2012; Lauters et al. 2013; Cruzado-Caballero
et al. 2015). On the contrary, the record of hadrosaurids in
the Southern Hemisphere is low and almost exclusive from
South America (Horner et al. 2004; Cruzado-Caballero et
al. 2017), with cranial bones being scarce and braincase
elements even less frequently preserved (e.g., Coria 2014;
Cruzado-Caballero 2017).
In this context, the cranial hadrosaurid remains from Los
Alamitos Formation (late Campanian–early Maastrichtian of
North Patagonia) referred to Secernosaurus koerneri Bretthttps://doi.org/10.4202/app.00526.2018
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Surman, 1979 (Bonaparte et al. 1984; Prieto-Márquez and
Salinas 2010), although fragmentary, represent the most complete braincase material described for a hadrosaurid in South
America to date. The aim of this study is to describe the
endocranial morphology of this species based on three fragmentary braincases, and compare it with other studied hadrosaurids, highlighting its importance for future comparative
analyses.
Institutional abbreviations.—MACN, Vertebrate Paleontology collection of the Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia”, Buenos Aires, Argentina.
Other abbreviations.—CN, cranial nerve; CT, computed
tomography.

Material and methods
The studied specimens MACN-RN 02, MACN-RN 143, and
MACN-RN 144 (Fig. 1) correspond to incomplete braincases recently assigned to Secernosaurus koerneri (PrietoMarquez and Salinas 2010). These specimens were X-ray
CT-scanned using a medical 64-channel multi-slicer tomographer Philips Brilliance CT 64 Channel-DS, in the Clínica
La Sagrada Familia (Buenos Aires, Argentina). The CT data
were obtained using a penetration power of 120 kV and 271
mA, and the reconstruction parameters for all CT image
series are: field of view 451; slice thickness of 0,8 mm; and
slice increment of 0,4 mm. The CT database is composed
of three sets of slices of 591 images for MACN-RN 02, 348
images for MACN-RN 143 and 784 images for MACN-RN
144. The segmentation of each specimen was made using
the software 3D Slicer v4.1.1 (Fedorov et al. 2012). Then,
a single and more complete model was generated based on
the isolated endocasts of the three specimens (see the 3D
pdf in the SOM, Supplementary Online Material available
at http://app.pan.pl/SOM/app63-Becerra_etal_SOM.pdf)
using the software DesignSpark Mechanical v2015.0. The
endocasts of the three specimens were assembled following Prieto-Marquez and Salinas (2010) for MACN-RN 144
and MACN-RN 02, and by overlapping repeated braincase
and endocranial regions between these and MACN-RN 143.
Due to the similar braincase size of specimens, these and
their endocasts were not scaled prior to be assembled. The
anatomical information of the latex endocast of MACN-RN
144, and a fourth specimen MACN-RN 142, were also considered in this description (see below).
The specimens MACN-RN 144 and MACN-RN 02 easily fit together in the 3D space. In their communication,
Prieto-Marquez and Salinas (2010) represent an anatomical
continuation between MACN-RN 144 and MACN-RN 02
considering that belonged to the same individual, whereas
MACN-RN 142 and MACN-RN 143 to different individuals to each other and with the former. Although is highly
likely a natural continuation between MACN-RN 144 and
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MACN-RN 02, these were separately described. As previously mentioned, MACN-RN 143 belonged to a similarly sized individual than that for MACN-RN 144 and
MACN-RN 02. A size difference due to ontogeny, however,
is evident between MACN-RN 144 and MACN-RN 142,
with the later being smaller than the former. No osteological differences were observed between the here addressed
specimens that allow describing intraspecific or sex related
dimorphic variation, although a proportionally more developed large venous sinus is present in MACN-RN 144 than
in MACN-RN 142 (see Discussion).

Results
MACN-RN 144.—The preserved braincase includes the frontals, fragmentary parietals, both orbitosphenoids, both laterosphenoids, and the presphenoids (= ethmoids in Gilmore
1937; = ethmoidal complex in other dinosaurs, see Ali et
al. 2008 and references therein), in articulation with both
postorbitals and a fragment of the left squamosal (e.g.,
Prieto-Márquez and Salinas 2010: figs. 4–6; Fig. 1A1). The
basicranium, together with any record of the pituitary fossa
and the passages for the CN VI are missing. Therefore, the
reconstructed endocast corresponds to the forebrain and the
mid-dorsal portion of the midbrain and hindbrain (Fig. 1A2).
The olfactory bulbs are relatively small compared to the
size of the cerebral hemispheres, as in other hadrosaurids
(e.g., Hopson 1979; Evans et al. 2009). They are not clearly
differentiated and the median separation between each other
is shallow in the digital endocast. However, these features
are better observed in the latex endocast, showing oval olfactory bulbs, slightly divergent from the midline (Figs. 2A,
3B). The olfactory tracts are short and transversely wide in
dorsal view, separated from the cerebral hemispheres by a
marked constriction in dorsal view (Figs. 2, 3B7, B8). The
olfactory bulbs and tracts of Secernosaurus koerneri are
similar to those described in other hadrosaurids such as
Edmontosaurus sp. (Lambe 1920). Differences are observed,
however, in the orientation of the olfactory bulbs, which are
slightly projected anterodorsally in Secernosaurus koerneri,
as in Gryposaurus notabilis (Ostrom 1961; Hopson 1979). In
contrast, Corythosaurus sp. and Hypacrosaurus altispinus
have marked anterodorsally projected olfactory bulbs (Evans
et al. 2009: fig. 7). Nevertheless, the olfactory tracts are
slender and relatively longer in non-hadrosaurid taxa such as
Leaellynasaura amicagraphica, Dysalotosaurus lettowvorbecki, Tenontosaurus tilletti, Mantellisaurus atherfieldensis,
and Iguanodon bernissartensis, supporting the tendency of
the reduction of the olfactory system in hadrosaurids proposed by other authors (Lautenschlager and Hübner 2013;
Lauters et al. 2012; Thomas 2015; Brasier et al. 2016; Sharp
et al. 2017). As in other hadrosaurids, the cerebral hemispheres of Secernosaurus koerneri are laterally and dorsally wide (e.g., Hopson 1979; Fig. 2). Each cerebral hemisphere is dorsolaterally subdivided in two lobes, a feature of
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Fig. 1. Hadrosaurid dinosaur Secernosaurus koerneri Brett-Surman, 1979 from the late Campanian–early Maastrichtian, Los Alamitos Formation of North
Patagonia, braincases and their reconstructed endocasts. A. MACN-RN 144 in dorsal view. B. MACN-RN 02 in posterior view. C. MACN-RN 143 in lateral
view. Photographs (A1–C1), CT-scan rendition of endocasts (A2–C2). Transparent gray, braincase; blue, encephalon; pink, inner ear; yellow, foramina of the
cranial nerves. Abbreviations: a, anterior; d, dorsal; r, right.

Secernosaurus koerneri that has not been described in other
hadrosaurids (Figs. 2A, D, 3; see Discussion). The osteological correlate of this feature is a blunt ridge directed medially
and anterolaterally from the interfrontal suture.
The latex endocast of the specimen allowed identifying the
orbitocerebral vein lateroventrally to the cerebral lobes (also
observed in MACN-RN 142, Fig. 3A3–A6), a blood vessel that
is barely observed in the CT scan (Fig. 2). Posteroventrally
to the cerebral hemispheres, the hindbrain is narrow with a
subtriangular transversal section, as in Gryposaurus notabilis and other hadrosaurids (e.g., Ostrom 1961; Evans et al.
2009; Saveliev et al. 2012). There is no floccular process, an
absence occurring in both the digital and latex endocasts of
Secernosaurus koerneri and also in other studied hadrosaurids. A conspicuous dural peak ends the posteriormost portion of the endocast, indicating the presence of an important
dorsal longitudinal venous sinus. The angle formed between
the anterior and posterior margins of the dural peak is approximately 93º, closer to Parasaurolophus and smaller than
in any other hadrosaurids (e.g., Farke et al. 2013; CruzadoCaballero et al. 2015). The passage for CN II (optic nerve)
is large, circular in section, and separated from its counterpart (Fig. 2B). Posteroventral to CN II, a partial passage
for CN III (oculomotor nerve) is identified (Fig. 2B, D–E).

In the braincase, a slight opening is observed at both sides
between the orbitosphenoid and the laterosphenoid, and dorsal to CN III, corresponding probably to the external exit
foramen for CN IV (trochlear nerve; Fig. 2C). Although the
low contrast of the CT scans prevents the identification of the
complete path for this nerve, this passage is reproduced by the
latex endocast (Fig. 3B5, B6). The infundibulum is proximally
circular in section and the inclination of its posterior wall indicates the presence of a low but thick dorsum sellae.
MACN-RN 02.—The preserved braincase includes the basioccipital, the damaged basisphenoid, the exoccipital-opisthotic complex (complete in the left side), the supraoccipital, and the left prootic (e.g., Prieto-Márquez and Salinas
2010: figs. 4–6; Fig. 1B). A fracture between the prooticopisthotic and the basicranium affected the preservation
of the inner ear and the base of the cranial nerves. The
reconstructed endocast corresponds mostly to the hindbrain up to the foramen magnum, and an incomplete left
inner ear (Fig. 4). Cranial nerves IX–XI (glossopharingeal–vagoaccessory nerves) leave the endocranial cavity
through a single metotic foramen, together with the internal
jugular vein. The metotic passage is large if compared to
the opennings for the cranial nerves and is laterally projected, merging distally with the anterior branch of CN
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Fig. 2. Reconstructed endocast of braincase of the hadrosaurid dinosaur Secernosaurus koerneri Brett-Surman, 1979 (MACN-RN 144) from the late
Campanian–early Maastrichtian, Los Alamitos Formation of North Patagonia; in dorsal (A), ventral (B), left (D), and right (E) views, with a ventral view
of both the fossil specimen and the endocast (C). Blue, encephalon; gray, braincase; yellow, foramina of the cranial nerves. Abbreviations: a, anterior;
d, dorsal; l, left; p, posterior; r, right.

XII (hypoglossal nerve). The hypoglossal nerve has two
branches. Whereas the posterior branch exists through a
single external foramen enclosed by the exoccipitals, the
anterior branch exits the endocranial cavity through a foramen that is distally merged with the metotic foramen, as occurring in other hadrosaurids as Hypacrosaurus altispinus
and Corythosaurus sp. (Evans et al. 2009; see Discussion
below). The caudal middle cerebral vein is recognized as
a slender passage posterodorsally oriented and exiting the
endocranial cavity through a foramen on the occipital region of the braincase, as in other archosaurs (Witmer et al.
2008). Two protuberances on the ventral side of the medulla

oblongata may represent sinuses of the ventral longitudinal
venous sinus, a structure reminiscent of the “basilar artery” illustrated for Anatosaurus sp. (= Edmontosaurus sp.,
AMNH 5236) by Ostrom (1961) (Fig. 4A–C).
The left inner ear could only be partially reconstructed,
including segments of the anterior, posterior and lateral
semicircular canals, possibly the anterior and posterior ampullae, and the proximal portion of the lagena (Fig. 4D–G).
If paralleling the horizontal semicircular canal with the
transversal plane in lateral view, the ventral region of the
medulla oblongata orients obliquely at an angle of 45°, but
not the dorsal region (Fig. 4A, B).

Fig. 3. Hadrosaurid dinosaur Secernosaurus koerneri Brett-Surman, 1979 from the late Campanian–early Maastrichtian, Los Alamitos Formation of North
Patagonia. A. MACN-RN 142 (parietals and frontals). B. MACN-RN 144 (braincase). In dorsal (A1, A3, A4, B1, B2, B7, B8), ventral (A2, B5, B6), lateral
right (A5, A6) and left (B3, B4) views. Photographs (A1, A2); latex endocasts (A3, A5, B1, B3, B5, B7); line drawings (A4, A6, B2, B4, B6, B8).

→

BECERRA ET AL.—BRAINCASE OF SOUTH-AMERICAN HADROSAURID

A1

A2

A3

A5

A4

A6

50 mm

B1

697

50 mm

50 mm

B3

B5

B4

50 mm

B2

B7

B6

B8

50 mm

10 mm

50 mm

698

ACTA PALAEONTOLOGICA POLONICA 63 (4), 2018

A

B

C

25 mm

F2

F1

E2

E1

D2

D1

G2

G1

25 mm

Fig. 4. Reconstructed endocast of braincase (A–C) and inner ear (D–G) of the hadrosaurid dinosaur Secernosaurus koerneri Brett-Surman, 1979
(MACN-RN 02) from the late Campanian–early Maastrichtian, Los Alamitos Formation of North Patagonia; in left (A, D), right (B), ventral (C), posterior (E), anterior (F), and dorsal (G) views. Endocasts (A–C, D1–G1); line drawings (D2–G2). Blue, encephalon; pink, inner ear; yellow, foramina of the
cranial nerves. Abbreviations: a, anterior; d, dorsal; l, left; p, posterior; r, right.
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Fig. 5. Reconstructed endocast of braincase of the hadrosaurid dinosaur Secernosaurus koerneri Brett-Surman, 1979 (MACN-RN 143) from the late
Campanian–early Maastrichtian, Los Alamitos Formation of North Patagonia; in lateral right (A), dorsal (B), and ventral (C) views. Blue, encephalon;
yellow, foramina of the cranial nerves. Abbreviations: a, anterior; d, dorsal; l, left; r, right.

MACN-RN 143.—The braincase preserves part of the basisphenoid, the opisthotic–exoccipital complex, the prootics
and the laterosphenoids (e.g., Prieto-Márquez and Salinas

2010: fig. 8; Fig. 1C). The endocast represents the right half
of the midbrain–hindbrain, comprising from the infundibulum anteriorly to almost reaching the foramen magnum
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posteriorly (Fig. 1C), and preserves the canals and foramina
for CNs V–XI. Nevertheless, in the endocast the passages
of CNs VII–XI are confluent to each other at their base
and with the fenestra ovalis since this region is internally
damaged (Fig. 5). In the braincase, the foramen for CN V is
the largest of all cranial foramina, having an irregular shape
including an anterior lobe for the ophthalmic branch (V1),
a ventral lobe for the maxillomandibular branches (V2,V3)
and a posterior subcircular commissure probably for a vascular element. This “triangular” shape is reflected in the
cast of the canal (Fig. 5). Posterior to the foramen for CN
V, the next subcircular foramen corresponds to CN VII
(facial nerve; Fig. 5). Prieto-Marquez and Salinas (2010:
fig. 8D) identified two exits for the CN VII, possibly for the
palatine and hyomandibular branches of the facial nerve,
but although a slight bone prominence interrupts the subcircular shape of this foramen anteriorly, this study does not
support their description. Three large openings posterior to
the foramen for CN VII are confluent due to fractures. In
anteroposterior order, they represent the fenestra ovalis, the
metotic foramen (for CNs IX–XI), and the anterior branch
of CN XII (Fig. 5A). The anterior face of the basisphenoid
might form the posterior wall of the infundibulum (Fig. 5A,
C), although no pathways or exits for CN VI (the abducens
nerve) piercing the basisphenoid were identified, nor for the
cerebral branch of the internal carotid artery.

Discussion
Although incomplete, the morphology of the endocast of
Secernosaurus koerneri is informative. The three fragmentary braincases and their endocasts represent three different
regions that can be combined in a single final reconstruction (Fig. 6A, B). The endocast of Secernosaurus koerneri (Fig. 6C), as in other hadrosaurids, shows its largest
widening across the cerebral hemispheres. In addition, the
anterior and middle cerebral regions meet without forming
an angle ventrally in the endocast, a feature not observed in
other saurolophine but present in lambeosaurine hadrosaurs
(pontine flexure in Hopson 1979 and Cruzado-Caballero et
al. 2015). An apparent subdivision of the anterolateral side of
the cerebral hemispheres is observed in both specimens preserving the dorsal region of the forebrain, MACN-RN 142
and MACN-RN 144 (Fig. 3). Although this feature could be
a product of deformation in MACN-RN 142 (latex endocast),
the left side of MACN-RN 144 seems undistorted and bears
these “lobes”, interpreted here as large venous sinuses on the
anterodorsal region of the cerebral hemispheres (Figs. 2A,
D, 3). Unlike lambeosaurines and the basal hadrosauroid
Batyrosaurus rozhdestvenskyi, which show marked impressions of blood vessels on the ventral side of the frontals and
the medial wall of the laterosphenoids (Evans 2005: fig. 1;
Godefroit et al. 2012c), the endocasts of Secernosaurus koerneri (including the latex ones) do not exhibit clear blood
vessels on the cerebral hemispheres. As mentioned, the ol-
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factory bulbs in Secernosaurus koerneri are relatively small
and poorly divergent. The size of the olfactory bulbs and the
olfactory ratio (i.e., the ratio between the greatest diameter
of the olfactory bulb and the greatest diameter of the cerebral
hemisphere regardless of their orientation) have been used as
indicators for olfactory acuity and breeding habits in modern
animals (see Zelenitsky et al. 2009 and references therein).
Although the olfactory ratio by itself would not be enough to
calculate olfactory acuity (Zelenitsky et al. 2009), it would be
a useful measurement in morphological comparisons (e.g.,
Paulina-Carabajal et al. 2016, 2017; Paulina-Carabajal and
Filippi 2018). The olfactory ratio in Secernosaurus koerneri
is approximately 22% of the cerebral hemispheres (greatest
diameter of the olfactory bulb equals to 9 mm, greatest diameter of the cerebral hemisphere equals 42 mm), whereas
in Alligator mississippiensis it ranges between 49.8–55.1%
(Zelenitsky et al. 2009), and is under 20% for most groups of
living birds (Zelenitsky et al. 2011). Based on the endocasts
illustrated by Evans et al. (2009), the olfactory bulbs seem to
be slightly larger in lambeosaurine hadrosaurids, suggesting
a possible lower olfactory acuity for the South American
species. The shape and size of the pituitary remains unknown for this species.
The general morphology of the cranial nerves in the endocast and the relative position of their external foramina
in the braincase follow the same pattern described for other
hadrosaurids (e.g., Hopson 1979; Evans et al. 2009; Cruzado
Caballero et al. 2015). Particularly in Secernosaurus koerneri, the passages and cranial foramina for CNs III and IV
are separate, as in Arenysaurus ardevoli and lambeosaurines
(Evans et al. 2009), but unlike Edmontosaurus sp. (Lambe
1920). Although there are grooves running from the foramen
for CN V of Secernosaurus koerneri, which indicate the orientation of the ophthalmic (V1) and maxillary and mandibular branches (V2, V3) outside the braincase, the branches
leave the endocranial cavity through a single foramen, as in
other hadrosaurs (e.g., Evans et al. 2009; Lauters et al. 2013;
Cruzado-Caballero et al. 2015). Cranial nerve XII has two
branches and the most anterior runs anterolaterally to join
distally the metotic passage, which is the reason why there
is a single external foramen on the exoccipital. This character seems to be highly variable in Hadrosauridae, because
although the state in Secernosaurus koerneri is shared with
Hypacrosaurus altispinus and Corythosaurus sp. (Evans et
al. 2009), it differs from other hadrosaurids within the lineage. In A. ardevoli, A. riabinini, and Lambeosaurus sp. the
anterior branch of CN XII shares the metotic passage with the
CNs IX–XI throughout its entire length (Evans et al. 2009;
Lauters et al. 2013; Cruzado-Caballero et al. 2015), a feature
also present possibly in Edmontosaurus sp. (Lambe 1920).
Considering the species Gryposaurus notabilis, which corresponds to the closest relative of Secernosaurus koerneri from
which endocasts were described (e.g., Prieto-Marquez et al.
2016), this feature is remarkable different from the later as
it shows three canals for CN XII (Hopson 1979; Evans et al.
2009). Three exits for the hypoglossal nerve were also figured
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Fig. 6. 3D-reconstructed endocast based on the information of the studied specimens representing the brain morphology of the hadrosaurid dinosaur
Secernosaurus koerneri Brett-Surman, 1979 from the late Campanian–early Maastrichtian, Los Alamitos Formation of North Patagonia. A. Braincase and
endocasts in 3D positioned over a line drawing reconstruction of the skull in left lateral view; based on the mounted skeletons at the MACN (size for the
line drawing is estimative). B. Dorsal view of the 3D specimens MACN-RN 144 (transparent red), MACN-RN 143 (transparent green) and MACN-RN 02
(transparent blue) in order from left to right and as they were positioned to compile the final endocranial reconstruction. C. Final endocast reconstruction
in right (C1) and left (C2), dorsal (C3), and ventral (C4) views. The anatomical labelling was presented in former figures. Blue, encephalon; pink, inner
ear; yellow, foramina of the cranial nerves. Abbreviations: a, anterior; d, dorsal; l, left; p, posterior; r, right. All specimens with their 3D endocasts are
presented as a 3D pdf in the SOM.

for Lophorhothon atopus (Langston 1960: fig. 151), supporting its highly variable condition within Hadrosauroidea (e.g.,
Prieto-Marquez et al. 2016). As for the blood vessel foramina, the presence of a separate passage for the orbitocerebral vein and the caudal middle cerebral vein are confirmed.
Unfortunately, the incompleteness of the inner ear morphology prevents further comparisons.

Conclusions
The comparative neuroanatomy of Secernosaurus koerneri within a phylogenetic framework (e.g., Prieto-Marquez
2010) including hadrosaurids from northern landmasses
(e.g., A. riabinini, A. ardevoli, Edmontosaurus sp., G. notabilis) indicates that the former reunites similar features
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with other saurolophine species than to lambeosaurines.
This study also supports a conservative brain morphology
for Cretaceous hadrosaurids if compared with non-hadrosaurid ornithopods (e.g., Lautenschlager and Hübner 2013;
Lauters et al. 2012). The last is not an unexpected result.
These comparative conclusions are mainly related to two
principal causes, evolutionary history and biased knowledge. The taxonomic affinity of Secernosaurus koerneri
with Gryposaurus-related species from North America (and
the resulting paleobiogeographic history of Hadrosauridae
in South America) restricts the overall endocranial morphology of the former to that in its closer relatives in
Kritosaurini (e.g., Prieto-Marquez 2010; Prieto-Marquez
and Salinas 2010; Prieto-Marquez 2014; Prieto-Marquez
et al. 2016). If the descriptions detailing the paleoneurology based solely in neurocranial features are excluded (e.g.,
Godefroit et al. 2008; 2012a, b), the known endocranial
anatomy of hadrosaurids is mainly represented by species
from North America. If considering the taxonomic diversity
of Hadrosauridae, about 12 of near 50 species have at least a
partial endocranial reconstruction (two from Asia, two from
Europe, the one presented here from South America, and the
remainder form North America), being less than 20 species
within the more diverse Ornithopoda (Horner et al. 2004;
Spencer 2013; Prieto-Marquez et al. 2016; Strickson et al.
2016; Cruzado-Caballero and Powell 2017; Xing et al. 2017;
and references cited herein). Thus, the overall knowledge
of the endocranial anatomy in Hadrosauridae is not only
poorly represented if considering the known diversity and
exceptionally rich fossil record of the lineage, but also is
extremely biased to species from North America.
The novel anatomical information presented here increases our understanding of the cranial anatomy of
Secernosaurus koerneri, in a first attempt to better understand the paleobiology of this South American representative of hadrosaurids and is a significant contribution to
the brain anatomy of this clade of ornithopod dinosaurs.
In addition, our understanding of the endocranial morphology of Hadrosauridae is far from being well represented. Further research is needed addressing the endocranial anatomy of species outside North America to clarify
the neurocranial morphological variability and function
within the clade. Future studies in the neuroanatomy of
southern hadrosaurids will allow addressing if the anatomical differences between taxa of southern and northern
hemispheres remained more strongly related to their phylogenetic history (supporting the conservative evolution
of the brain) or followed different evolutionary pathways
related to the vicariance event that leaded to the diversification of Hadrosauridae in South America. Additionally,
more complete knowledge on the endocranial morphology
of hadrosaurids will allow including endocranial characters in a phylogenetic framework and pair more accurately
its morphological variation with the evolutionary history
and the paleobiogeographic and phylogenetic patterns of
diversification of the lineage.
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