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Cranial remains of juvenile fossil rhinoceroses are rarely described in literature and very
few is known about the ontogenetic development of their inner anatomy. In this study,
we report the first CT based description of a juvenile braincase and its natural brain
endocast of a late Middle Pleistocene Rhinocerotinae from Melpignano (Apulia, Italy).
The specimen belongs to an individual about 12–18 months old, representing to date the
youngest Pleistocene rhinoceros of Mediterranean Europe documented by neurocranial
material. Through digital visualization methods the neurocranium has been restored
and the anatomy of both the brain and the paranasal sinuses has been obtained and
compared with those of juvenile and adult Pleistocene rhinoceroses. We evidence a
different morphological development of the inner cranial anatomy in fossil and extant
African species.

Keywords: perissodactyla, paleoneurology, computed tomography (CT), virtual paleontology, digital cranial
endocasts, paranasal sinuses

INTRODUCTION

During the Middle-Late Pleistocene, rhinoceroses were among the largest terrestrial mammals in
European ecosystems together with proboscideans and hippopotamuses. They were represented by
several taxa with different anatomical and ecological features, adapted to multiple environments
from tropical scrublands and grasslands (Guérin, 1980) to cold glacial tundra (Deng et al., 2011;
Boeskorov, 2012; Schreve et al., 2013). The finding in17th century at Klagenfurt (Austria) of a
woolly rhino Coelodonta antiquitatis (Blumenbach, 1799) skull was interpreted as a dragon and
a six-tone statue of this legendary animal became the symbol of the Austrian town (Witton,
2018). By the start of 1800, fossils rhinoceroses have been recovered in Eurasia, Africa and
America (Stuart, 1991; Lacombat, 2006; Markova et al., 2013; Faith, 2014), their taxonomy and
phylogeny has been studied by several authors (Prothero et al., 1986; Cerdeño, 1995; Tong and
Moigne, 2000; Antoine, 2003; Antoine et al., 2003; Piras et al., 2010; Deng et al., 2011; Steiner
and Ryder, 2011; Welker et al., 2017; Cappellini et al., 2019) and even direct evidence of human
interactions with the Late Pleistocene woolly rhinoceroses have been documented by cut marks
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and cave paintings (Bello et al., 2009; Boeskorov, 2012; Chen
and Moigne, 2018). Although some exceptionally preserved
specimens are known (Voorhies and Stover, 1978; Voorhies,
1985; Protopopov et al., 2015), the Pleistocene fossil record of
the European rhinoceroses is less abundant compared to those
of other megaherbivores, and especially juveniles are scarce and
their skull remains are rarely described in literature (Prothero,
2005; Shpansky, 2014). Therefore, taxonomic and ontogenetic
studies are mostly focused on teeth, being more frequently
recorded and of high diagnostic value (Garutt, 1994; Shpansky
and Billia, 2006; Álvarez-Lao and García, 2011; Böhmer et al.,
2016). To date, the number of juvenile specimens documented
by partial or complete skulls is very low and mostly represented
by Miocene taxa (Table 1). The only CT based study on a fossil
Rhinocerotinae has been performed on “Sasha,” a mummified calf
of C. antiquitatis from the Semyulyakh River in Abyi District of
Yakutia Republic (Russia) (Protopopov et al., 2015). Surprisingly,
also the skull anatomy of the extant species has been scarcely
investigated and very few studies on this topic have been reported
(Bordoloi and Kalita, 1996; Borthakur and Bordoloi, 1997),
especially those with x-ray techniques (Hieronymus et al., 2006;
Gerard et al., 2018). Probably due to technical difficulties in
performing CT scans on bulk and large skulls with conventional
medical equipment. Consequently, many developmental and
morpho-functional aspects of the skull pneumatization and
the brain morphology are still almost completely unknown in
extinct and extant rhinoceroses (Garrod, 1878; Bhagwandin et al.,
2017). The most comprehensive ontogenetic studies on fossil
Rhinocerotinae, based on external craniodental features, were
conducted on Chilotherium wimani with nine complete skulls
from the Late Miocene of China (Deng, 2001b), on Teleoceras
major represented by 27 skulls from the Miocene of Nebraska
(Hagge, 2010) and probably the largest sample of 399 mandibular
fragments and limb bones from a minimum of 42 individuals
of C. antiquitatis was reported by Shpansky (2014) from two
Late Pleistocene sites in the Tomsk Priob’e area (south-east
Western Siberia). In Europe, isolated and fragmentary cranial
remains of juvenile fossil Rhinocerotinae have been occasionally
reported (van der Made, 2010; Diedrich, 2013; Pandolfi et al.,
2017; Giaourtsakis et al., 2006, 2018).

In this scenario, the juvenile specimen from the late Middle
Pleistocene area of Melpignano (Apulia, Italy), represented by
a partial braincase (MPND1082) and its natural brain endocast
(MPND1083), offers a rare opportunity to describe the internal
and external neurocranial features of a Pleistocene rhinoceros in
an early ontogenetic stage.

GEOLOGICAL AND PALEONTOLOGICAL
FRAMEWORK

The fossiliferous area of Melpignano (Lecce, Italy 40◦08′20′′ N,
18◦16′23′′ E) (Figure 1) is located in a region where several
quarries are open for the extraction of a Miocene calcarenite,
known as Pietra Leccese. Since the Pliocene (Ciaranfi et al.,
1983), the calcarenite was affected by an intense karst activity
that formed an articulated fissured network (Selleri et al., 2003;

Selleri, 2007). In the Melpignano area, these sub-vertical or
funnel-shaped cavities exposed by the quarry activities and
locally called “ventarole” are generally 1 m wide and up
to 10 m high, filled with reddish clay-sands (“terre rosse”)
overlaid in some cases by brownish sediment (“terre brune”)
(Di Stefano et al., 1992; Bologna et al., 1994; Pandolfi et al.,
2017). According to these authors, the chaotic arrangement
of the bones in the sedimentary matrix, with any particular
taphonomic pattern suggests that the origin of the deposit
derived by the transport activity of the surface runoff waters and
does not allow to define any stratigraphic succession. Moreover,
based on faunal correlation of Melpignano assemblage with
those from other paleontological sites of the Apulian area, the
deposit has been initially assigned to the early Late Pleistocene
(De Giuli, 1983; Bologna et al., 1994; Bedetti et al., 2004;
Iurino et al., 2013; Pandolfi et al., 2017), although, a recent
revision of the stratigraphic and fossil data suggests an older
age of the site, referable to the late Middle Pleistocene (Mecozzi
et al., 2019). A number of studies have focused on the rich
vertebrate fauna of Melpignano, consisting of generally well
preserved fossils with some articulated bones, attributed to:
Homo neanderthalensis, Palaeoloxodon antiquus, Equus ferus,
Equus hydruntinus, Stephanorhinus hemitoechus, Hippopothamus
amphibius, Dama dama, Cervus elaphus, Capreolus capreolus,
Bos primigenius, Bison priscus, Sus scrofa, Canis lupus, Cuon
alpinus, Vulpes vulpes, Panthera pardus, Felis silvestris, Lynx
lynx, Crocuta crocuta, Meles meles, Mustela putorius, Lepus
europaeus, Oryctolagus cuniculus, Erinaceus europaeus, Terricola
savii, Apodemus sylvaticus, and Eliomys quercinus (Mirigliano,
1941; De Giuli, 1980, 1983; Bologna et al., 1994; Bologna and
Petronio, 1994; Pandolfi and Petronio, 2011; Bedetti et al., 2004;
Iurino et al., 2013, 2015a; Vinuesa et al., 2016). The lack of signs
of fluitation or long carrying on the surface of the fossil bones,
suggests that the “ventarole” cavities have been probably filled in
a short time span, collecting isolated bones and carcasses from
the surrounding areas (Bologna et al., 1994). Furthermore, it is
not excluded that these karst sinkholes worked as natural traps
for living animals.

RHINOCEROTINAE FROM MELPIGNANO
AREA

Starting from the second half of the last century, hundreds of
fossil vertebrates, including rhinoceroses, have been collected
from the fossiliferous area of Melpignano. Compared to
other mammalian taxa, the fossil rhinoceroses are poorly
documented and mostly represented by fragmented postcranial
elements. The sample consists of about 25 specimens reported
to date, excluding the material described herein. Considering
the paucity, its taxonomic attribution has been problematic
and has fueled a long debate among specialists. Indeed,
the fossil rhinoceroses from Melpignano have been initially
classified as Rhinoceros (= Dicerorhinus) merckii by Mirigliano
(1941) and successively substituted as nomen conservandum
with Stephanorhinus kirchbergensis (Jäger, 1835–1839) by
Fortelius et al. (1993). This attribution was confirmed also by
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FIGURE 1 | Geographical location of the paleontological site of Melpignano
(Lecce, Apulia, Italy).

Barbera et al. (2006). On the contrary, Petronio and Pandolfi
(2008) attributed the material from Melpignano to a peculiar
population of Stephanorhinus hemitoechus (Falconer, 1859),
characterized by a reduced body-size compared to those
reported from other European Middle Pleistocene sites. In
the literature of the last decade, new fragmentary fossils have
been reported from several Apulian sites as Avetrana, Grotta
del Cavallo, Grotta del Sarcofago, Ingarano, Melpignano and
Riparo l’Oscurusciuto, and all referred to S. hemitoechus
(Pandolfi and Petronio, 2011; Pandolfi et al., 2017). Among
the Apulian site, an exception is represented by the sample
from Grotta Romanelli, which was attributed to three species:
Stephanorhinus hundsheimensis and Stephanorhinus sp. from
the level K and I respectively (Pandolfi et al., 2018); Coelodonta
antiquitatis from the level I (Pandolfi and Tagliacozzo, 2013);

S. hemitoechus from the level G (Pandolfi et al., 2018). New
unpublished material (limb bones) have been unearthed
during the 2019 field activity at Grotta Romanelli and
still under study.

MATERIALS AND METHODS

Studied Material
In early 1990s, the braincase and its natural brain endocast
(Figure 2) were collected together within the reddish clay-
sands from a small karst fissure in the Melpignano area during
a field survey carried out by a research team of the Earth
Sciences Department of Sapienza University of Rome, where
the material is currently housed in the PaleoFactory laboratory.
At the moment of discovery, the braincase was split in eight
disarticulated elements partially covered by the sediment and
positioned with the dorsal surface facing upwards, while the
natural endocast has been detected within the brain cavity during
the recovery process. In addition to the braincase, no other large
mammalian bones have been found. The sample was labeled
with progressive catalog numbers: MPND1082 (cranium) and
MPND1083 (brain endocast).

For comparative purposes, we used the available literature of
juvenile crania of fossil Rhinocerotinae (Table 1) and adult skulls
of extant species.

For the material of the extant species, a CT scan of a
head of a 41-years-old male Ceratotherium simum (Burchell,
1817) OUVC:9754 and an adult skull of Diceros bicornis
(Linnaeus, 1758) have been downloaded from morphosource12

and segmented with Mimics 20.0.

1http://www.morphosource.org/Detail/MediaDetail/Show/media_id/14624
2http://www.morphosource.org/Detail/MediaDetail/Show/media_id/39879

TABLE 1 | List of the fossil and extant specimens of juvenile Rhinocerotine considered from literature.

Taxon Age Locality References

Dicerorhinus cixianensis middle Miocene Jiulongkou, Cixian (China) Tong, 2012

Alicornps simorrense middle Miocene El Lugarejo or Arévalo (Spain) Cerdeño and Sánchez,
2000

Acerorhinus yuanmouensis Late Miocene Yuanmou Basin (china) Lu, 2013

Diceros gansuensis Late Miocene Housan, Linxia basin (china) Deng and Qiu, 2007

Chilotherium wimani Late Miocene Laogaochuan, Fugu (china) Deng, 2001a,b

Ceratotherium primaevum Late Miocene Oued el Hammam (Algeria) Geraads, 2010

Paradiceros mukirii Late Miocene Fort Ternan (Kenya) Hooijer, 1968;
Geraads, 2010

Acerorhinus neleus Late Miocene Pikermi (Greece) Giaourtsakis et al.,
2018

Teleoceras major Miocene Ashfall Fossil Beds, Nebraska (USA) Voorhies and Stover,
1978; Voorhies, 1985;
Hagge, 2010

Stephanorhinus etruscus late Pliocene Blassac-La-Girondie (France) Heintz et al., 1974

Coelodonta nihowanensis Early Pleistocene Shanshenmiaozui (China) Tong and Wang, 2014

Stephanorhinus kirchbergensis Late Pleistocene Shennongjia (China) Tong and Wu, 2010

Coelodonta antiquitatis Late Pleistocene Yakutia Republic of Siberia (Russia) Protopopov et al., 2015
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CT-Scanning
Tomographic images of the specimens were taken using a Philips
Brilliance CT 64-channel scanner at M.G. Vannini Hospital
(Rome). Both the natural brain endocast and the cranial elements
were scanned entirely in the coronal slice plane from front to
back. The scanning resulted in 355 slices for the braincase, 437
for the disarticulated braincase fragments and 263 for the brain
endocast, with standard dimensions of 512 × 512 pixels. The
slice thickness is 0.8 mm with an interslice space of 0.4 mm.
CT image processing was performed using Mimics 20.0, while
the digital restoration process and bone coloring were made
with ZBrush 4R6.

Virtual Restoration
Due to the fragility of the braincase, to avoid damaging the
original material a digital restoration has been carried on. The
virtual copies of all the fragments of the braincase have been
manually reconnected matching the complementary margins of
the bones (Figures 3A–D). The unavailability of skulls belonging
to juvenile rhinoceroses prevented the digital acquisition of a 3D
reference model for a restoration with geometric morphometric
techniques. Despite this, the high correspondence of the
fragments allowed obtaining a more complete version of the
braincase. The basisphenoid (Figures 3E–H), obtained by the
connection of three fragments is the only isolated bone due to
the lack of connection edges with the restored braincase.

DESCRIPTION

Braincase
MPND1082 specimen (Figures 2A–N and
Supplementary Video S1) is a partial juvenile braincase
consisting of eight disarticulated elements in a good state of
preservation. In dorsal view, the frontals are damaged and split
in three portions, two isolated and one still articulated to the
parietals. The dorsal surface of the largest isolated fragment
is flat, and its anterior edge correspond to a quite damaged
frontonasal suture. The parietals have a rounded and smooth
surface, free of temporal lines and characterized by a butterfly-
like outline (Figure 2A). Along the posterior margin of the
parietals a marked notch receives a well-developed interparietal
bone. The left side of the occipital is broken exposing the inner
spongy bone tissue. The coronal, sagittal, and lambdoid sutures
are clearly visible and unfused. In lateral view, the frontals are
slightly projected upwards at the level of the coronal suture
(Figures 2C,D). The parietals are dorsally quite flat with a
small bulge crossed by the sagittal suture and located slightly
in front of the interparietal bone. Anteriorly, the parietals are
inflected forming a slight depression between the bulge and
the coronal suture. On the left squamosal suture, a fragment of
temporal is still connected to the parietal, whereas the right one
is completely exposed and perfectly matches with the isolated
fragment of the temporal. The caudal and basal portions of the
right temporal are damaged, the zygomatic process is broken
at the base, the external acoustic meatus is sub-elliptical in
shape, the mastoid process is damaged, whereas the paraoccipital

FIGURE 2 | Rhinocerotinae from Melpignano. Braincase MPND1082 in dorsal
(A), ventral (B), left lateral (C), right lateral (D), and occipital (E) views; largest
isolated fragment of the frontals in dorsal (F) and ventral (G) views; smallest
isolated fragment of the frontals in ventral (H) view; fragment of the right
parietal in dorsal (I) view; right temporal in right lateral (J) and ventral (K)
views; fragmented basisphenoid in ventral (L–N) view. Natural brain endocast
MPND1083 in dorsal (O) and ventral (P) views. Scale bar 5 cm.

and postglenoid processes are missing (Figure 2J). Dorsally,
the occipital crest follows the flat profile of the parietals and is
slightly projected backwards. In ventral view, the frontals show a
series of asymmetrical small pneumatic cavities corresponding
to the frontal sinuses (Figure 2G). The vault of the brain cavity
is free of convolutions traces, except for some small grooves left
by the blood vessels on the parietal lobes (Figure 2B). In caudal
view, the preserved portion of the occipital shows a trapezoidal
profile crossed by a deep fracture which cuts the bone in to two
parts. The plane of the occipital surface is sub-vertical with a
marked recess just below the occipital crest (Figure 2E). The
basisphenoid is divided in three fragments and both caudal alar
foramina are partially preserved (Figures 2L–N). Moreover,
thanks to the virtual restoration, all the bone fragments have
been reconnected and a slight curvature between the frontals and
parietals at the level of the coronal suture has been evidenced
(Figure 3C).

By processing CT images of all the cranial fragments we
observed their inner structure, as the bone porosity and the
fusion of the sutures, to estimate the age of the specimen.
The longitudinal sections of the braincase evidenced a reduced
bone density at the innermost portions of the occipital and the
parietals, consisting of spongy bone tissue with no evidence
of well-developed pneumatic chambers (Figure 4). A bone
thickening is observed at the level of the parietal bulge along the
sagittal plane. The spongy bone structure of the parietals is dorso-
ventrally expanded close to the lambdoid suture and it thins
noticeably under the parietal inflection just before the coronal
suture (Figure 4). The reduced fusion of all the neurocranial
sutures have been also highlighted through the CT images. The
lambdoid suture shows wide empty spaces between the occipital
and the parietals with smooth bone walls, whereas on the coronal
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FIGURE 3 | Digitally restored braincase MPND1082 in dorsal (A), ventral (B), right lateral (C), and occipital (D) views; reassembled basisphenoid in ventral (E), right
lateral (F), dorsal (G), and caudal (H) views. Scale bar 5 cm.
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FIGURE 4 | Digital longitudinal sections of the braincase MPND1082 in right lateral view. The dark-gray areas indicate the spongy bone tissue. Sale bar 5 cm.

suture the bone tissue forms a hinge with very irregular and
interdigitated bone margins. Concerning the paranasal sinuses,
they are characteristic air-filled chambers developed in different
cranial bones of placental mammals and are commonly divided
into maxillary, frontal and sphenoidal sinuses (Falk, 2009;
Boscaini et al., 2018). Processing the CT images of MPND1082,
multiple chambers with a diameter just over 1 cm have been
evidenced only in the frontal bones, thus corresponding to the
frontal sinuses (Figure 5C). Such a pneumatization is missing
inside the occipital, the parietals and the temporals, where
instead, abundant spongy bone tissue is observed (Figure 4). In
dorsal view, the frontal sinuses of MPND1082 are posteriorly
delimited by the coronal suture with some terminal lobes that
reach the anteriormost portion of the parietals, covering a large
part of the frontal lobes of the brain (Figure 5C). Anteriorly,
the air-filled chambers end 2 cm before the frontonasal suture
in a completely different assessment compared to those of adult
African rhinoceroses, where the frontal sinuses are part of a much
extended and more complex system of cranial pneumatization
(Figures 5D–G).

Natural Brain Endocast
A natural brain endocast is a brain replica obtained by the
lithification of the sediment inside the brain cavity, a process
that occurs only under specific sedimentary conditions (Hu et al.,
2014; Ivanoff et al., 2014; Iurino et al., 2015b). The integrity of
such a cast and the quality of its morphological details depend on
multiple factors as the type and granulometry of the sediment,
the amount of filling material and the presence of percolation
waters depositing calcium. MPND1083 (Figures 2O,P and
Supplementary Video S2) is a partial natural brain endocast
mostly consisting of the telencephalon; olfactory bulbs are
not preserved and the cerebellum seems almost completely
missing. MPND1083 is globular in shape and is 97.3 mm long,

98.8 mm wide (maximum width) and 67.5 mm high with an
approximate volume of 313 cm3. The whole cast is formed by a
poorly cemented sediment of fairly uniform granulometry and
characterized by a reddish-brown color due to the iron oxides.
Considering the fragility and the state of preservation of the
specimen, only the general morphology of the telencephalon
is appreciable. A gray-whitish patina partially enwraps some
areas of the surface and corresponds to the residues of a
consolidant agent applied in the early 1990s. In dorsal view
(Figure 2O), the surface is irregular and affected by small cavities
and fractures that prevent the identification of any morphological
detail of the convolutions, blood vessels and nerves. Both
cerebral hemispheres are preserved, but there is no evidence
of the longitudinal fissure. The frontal lobes are less expanded
than the parietal ones, which are divided from the cerebellum
by a transverse fissure appreciable on the cast (Figure 2O).
Unfortunately, the preserved portion of the cerebellum is too
small and damaged to provide morphological and biometrical
information. Along the broken portion of the cerebellum, a small
coxal bone of a lagomorph partially protrudes from the sediment
(Figures 2O,P). In ventral view, the brain cast is strongly
damaged preventing any anatomical description (Figure 2P).

CT images (Figure 6) confirm the presence of several fracture
lines of different thickness, ranging from 0.3 to 2.7 mm, which
run irregularly within the natural endocast (Figures 6E,F). Some
of these, especially the largest, are in continuity with the fractures
visible on the surface with a pattern resembling those of the “mud
cracks.” A large number of empty sub-spherical holes ranging
from 0.5 to 6.7 mm are arranged chaotically inside the specimen
in partial overlap with the fractures (Figures 6E,F). Three small
fragmented bones embedded and irregularly arranged in the
sediment have been virtually extracted from the caudal portion
of the endocast (Figure 6G). The size and morphology of these
bones are compatible with those of a rabbit and consist of a left
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FIGURE 5 | Comparative CT images in dorsal view of the paranasal pneumatization and brain morphology of MPND1083 (A–C), Diceros bicornis (D,E), and
Ceratotherium simum (F,G). Digitalized natural endocast MPND1083 (H); brain endocasts of D. bicornis (I); and C. simum (J). Sale bars 5 cm.

calcaneus, a proximal epiphysis of a third right metatarsal and
a right coxal bone, the latter partially exposed on the surface
(Figures 6H–J).

RESULTS

Virtual Endocasts
In addition to the digitalized natural endocast MPND1083, a
second replica of the brain has been made using the braincase
MPND1082 as a digital mold, which includes also a partial
3D model of the paranasal pneumatization (Figures 5A–C).

On this second endocast the size and the anatomical details
of the surface are better appreciable. The cerebrum is globular,
divided in two hemispheres by a longitudinal fissure both with
smooth surface and free of convolutions (Figure 5C). Some
tubular marks interpreted as blood vessels are noticeable along
the parietal lobes close to the transverse fissure (Figure 5C). As
the consequence of the weak fusion of the sagittal suture, the
longitudinal fissure impressed on the digital cast would seem
to be projected upwards, but this effect is a graphic artifact
originated during the segmentation process. Indeed, the two
main protrusions of the longitudinal fissure correspond with the
slits observed along the sagittal suture (Figure 5C).
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FIGURE 6 | CT images of the natural brain endocast MPND1083. 3D model of the brain in dorsal (A), ventral (B), left lateral (C), and right lateral (D) views. Inner
structure of the endocast in coronal (E) and longitudinal (F) sections. Arrangement of the bone fragments embedded within the endocast (G) corresponding to a left
calcaneus (H), a proximal epiphysis of a third right metatarsal (I), and a right coxal bone (J) of a rabbit. Scale bar 3 cm.

Age Estimation
The unfused suture of the braincase and the volume of the
natural endocast (313 cm3), without the olfactory bulbs and
cerebellum, of about half of those obtained for extant adult
species (Figures 5H–J) indicate the early ontogenetic status of the
fossil specimen. Considering the skull features, the development
of the cranial sutures is similar in extinct and extant rhinoceroses
species (Hagge, 2010). Therefore, we compared the Melpignano
sample with extant and Miocene taxa, in order to better define
the age of the individual (Table 1). The degree of fusion of
the braincase sutures are compatible with those attributed to
around 18-months-old specimen of Coelodonta nihowanensis (V
17616.1) from the early Pleistocene site of Shanshenmiaozui

(China) (Tong and Wang, 2014). The development of adult
morphological characters, as the occipital crest pronouncement
and temporal lines appearance, is similar among extinct and
extant rhinoceroses, which appear during the age class III–V (2–
4 years; Hagge, 2010). In extant rhinoceroses the lengthening
of the cranium and the development of adult morphological
characters start from the class age V to X (4–9 years), in
which the cranium become wider and more angular in adult
morphologies (Hagge, 2010). The lack of both temporal lines and
the occipital crest pronouncement on the Melpignano braincase
also contributes to indicate that the age of the individual was
<2–4 years. An age of 4–5 months has been attributed to
the cub of C. antiquitatis from the Late Pleistocene of Yakutia
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FIGURE 7 | Comparative images in right lateral view of selected braincases of
juvenile (A–D) and adult (E–H) Pleistocene Rhinocerotinae from Eurasia.
MPND1082 (A), Stephanorhinus kirchbergensis No. H36 (B), Coelodonta
antiquitatis V 1453 (C), C. nihowanensis V 17616.1 (D), S. etruscus Mainz
1958/764 (E), S. kirchbergensis from Spinadesco (Cremona, norther Italy) (F),
S. hemitoechus RGM 93302 (G), and C. antiquitatis SfN (H). The red-colored
areas indicate the “Stephanorhinus” features, while the blue areas indicate the
“Coelodonta” features evidenced on the juvenile specimens. The images are
not to scale.

Republic (Russia) (Protopopov et al., 2015; Dirks et al., 2016), but
unfortunately the exceptionally preserved fur partially cover the
skull preventing the comparison. Finally, the juvenile cranium
of the Late Pleistocene Stephanorhinus kirchbergensis (No. H36)
from the Rhino Cave in Shennongjia (China), shows more fused
sutures compared to the Melpignano braincase but the age was
not estimated (Tong and Wu, 2010).

DISCUSSION

Age and Taxonomy
The specimen from Melpignano can be referred to a young
individual, aged 12–18 months. In juvenile mammals, the process
of bone development is intense and many of the diagnostic
features used for taxonomic purposes, as well as for the sex
determination, are not fully formed. The comparison with
juvenile Pleistocene rhinoceroses (Table 1 and Figures 7A–D)
evidence how, in lateral view, the dorsal profile of MPND1082
shows a marked fronto-parietal angle compatible with that
observed in S. kirchbergensis (No. H36) and noticeably different
from C. antiquitatis (SJA 30, V 1453, “Sasha”) and C.
nihowanensis (IVPP V 17616.1), in which the fronto-parietal
profile is almost flat. On the contrary, the lateral profile of the
occipital crest is triangular with a narrow vertex in Melpignano
and Coelodonta specimens, whereas it is more rounded and
anteriorly projected in the juvenile S. kirchbergensis (Figure 7B).
In caudal view, the latter (Figure 7B) shows a more marked
dorso-ventral development of the occipital bone compared
to MPND1082 and Coelodonta specimens (Figures 7A,C,D).
The only comparative scheme of the auditory region in
Rhinocerotinae was proposed by Loose (1975). The acoustic
meatus of MPND1082 and wolly rhino specimens is quite broad
and semicircular in shape, located in an advanced position with
respect to the occipital plane. A different arrangement has been
noticed in the juvenile and adult S. kirchbergensis, characterized
by a drop-shaped meatus located in a more backward position
close to the occipital plane (Figures 7B,F).

The combined set of Coelodonta – Stephanorhinus characters
evidenced on the Melpignano specimen further complicates the
taxonomic study and could be related to the young age of the
individual. Being these two genera phylogenetically related (Piras
et al., 2010; Deng et al., 2011; Welker et al., 2017; Cappellini et al.,
2019) is likely that juveniles share similar morphological features.

Following the Hagge’s (2010) scheme, the development of
cranial features enables the identification of several age classes
during the individual growth. Among these features, the occipital
and temporal crests become more pronounced during the age
classes X–XV (9–27 years) (Hagge, 2010).

This implies that the neurocranial portion in the
juvenile rhinoceros offers a few information for taxonomy
especially if compared with adult Pleistocene specimens
(Figures 7E–H), being this region strongly involved during the
ontogenetic development.

In the Melpignano area, fossil remains of adult Stephanorhinus
hemitoechus have been reported by Petronio and Pandolfi (2008)
and the young MPND1082 specimen could reasonably belong
to this taxon. However, due to the lack of clear diagnostic
features observable in the studied specimen, we refer the
specimen to Rhinocerotinae to avoid circularity in the process of
taxonomical attribution.

Nevertheless, the morphological differences detected in the
auditory meatus rule out the attribution of MPND1082 to
S. kirchbergensis and remarks the dubious presence of this taxon
in southern Italy.
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Brain
CT-scan devices have been largely used to obtain digital
brain endocasts of a wide range of fossil vertebrates from
different geological periods, including large mammals (e.g.,
Rowe et al., 2011; Knoll et al., 2012; Racicot and Colbert,
2013; Danilo et al., 2015; Forasiepi et al., 2016; Orihuela et al.,
2019; Boscaini et al., 2018). Collecting and processing sensory
information, the brain represents a fundamental organ for the
interpretation of the sensory-perceptual ability in vertebrates, as
well as its external morphology and volume can be addressed
to anatomical and evolutionary studies (Dozo and Martínez,
2016; Vinuesa et al., 2016; Bertrand et al., 2017). Despite
this, only few dated studies include paleoneurological aspects
of fossil Rhinocerotinae (e.g., Gaudry and Boule, 1888), with
the exception of the Late Pleistocene mummified cub of C.
antiquitatis from the Yakutia Republic (Russia), whose CT
images revealed the presence of several organs including brain
tissue (Protopopov et al., 2015). Therefore, the MPND1083
represents one a few natural brain endocasts described in
extinct Rhinocerotinae (Figure 6). MPND1083 consists of a
globular telencephalon, free of convolutions with the frontal
lobes less expanded than the parietal ones resembling in
the general shape those reported on extant Ceratotherium
simum and Dicerorhinus sumatrensis (Garrod, 1878; Bhagwandin
et al., 2017), whereas it differs from that of Diceros bicornis
(Figure 5I). In dorsal view, the brain of the black rhino
shows a very rounded shape without the narrowing at the
level of the lateral sulcus, which is evident in the other
taxa. The different brain morphology of extant D. bicornis
and C. simum (Figures 5I,J) has been studied with Magnetic
Resonance Imaging by Bhagwandin et al. (2017) and related
to diet. According to the authors, the shape of the brains
reflects the overall architecture of the skulls, which in turn
are related to the feeding habits of the two species, browsing
for the black rhinoceros and grazing for the white rhinoceros.
Such a relationship between brain morphology and feeding
behavior in extant African rhinoceroses represent an interesting
case study, which needs to be improved. Therefore, at the
current status of knowledge we prefer to avoid any speculative
morpho-functional inferences concerning the brain anatomy of
the Melpignano specimen.

The lack of a detectable pattern of convolution observable
on the Melpignano specimen as well as on both the adult
African species (Figures 5C,I,J), seem not to be an age-
related trait, since the brain endocasts of juvenile fossil
mammals strongly resembles that of adults, indicating that the
general brain morphology is almost completely formed in new-
born individuals (Falk, 2009; Petrovič et al., 2018). Among
gyrencephalic mammals, large herbivores have less complex
and very prominent convolutions compared to carnivorans
(Roth and Dicke, 2005; Macrini et al., 2007; Hu et al.,
2014), consequently, their brain endocasts have fairly smooth
appearance amplified by the covering effect of the meninges. This
condition is noticeable also on our sample of Rhinocerotinae
brain endocasts.

The Paranasal Sinuses
Several hypotheses have been proposed to explain different
patterns of cranial pneumatization documented in some
mammalian taxa, which involve multiple ecological, morpho-
functional and developmental factors (Farke, 2010). Such studies
on rhinoceroses are almost completely missing (Gerard et al.,
2018) and the development of cranial pneumatization in fossil
and extant taxa was poorly investigated. The paranasal sinuses
of adult C. simum and D. bicornis form a complex asymmetrical
system of breached pneumatization in almost all the cranial
bones, including the parietals and the occipital (Figures 5D–G).
In contrast, in the MPND1083 specimen the pneumatization
concerns only the frontal bones (Figure 5C) whereas the occipital
and the parietals are filled by spongy-bone tissue without
pneumatic cavities (Figure 4). It is likely that the areas filled
with spongy bones could be developing in paranasal sinuses. In
adult specimens of white and black rhinoceroses, the chambers
are very wide and of irregular shape compared to those of the
Melpignano cub, characterized by sub-spherical shape, arranged
more regularly and with a diameter just over 1 cm. The
longitudinal sections of the skull reveal different developmental
patterns of the paranasal pneumatization across the considered
sample (Figure 8). The adult skulls of extant African rhinoceros,
C. simum and D. bicornis (Figures 8A,B), share a very wide
pneumatization involving almost all the neurocranial bones,
as well as the splanchnocranial region, which is interested by
large nasal sinuses. The pneumatization of the occipital bone
is completely developed in adults (Figures 8A–C) and still full
of spongy bone tissue in the 6-years-old C. simum (Figure 8D;
Gerard et al., 2018). In adult C. antiquitatis the lack of nasoconcal
sinus and the strong reduction of the cranial pneumatization
is considered a peculiar trait of this species (Figure 8C) as
indicated also by other authors (Garutt, 1997; García-Fernández
and Vicente, 2008; Shidlovskiy et al., 2012). In fact, the cranial
architecture of adult woolly rhinoceros differs considerably from
that of other fossil and extant rhinoceroses for a larger thickness
of the nasal bones, a completely ossified nasal septum, a flat nasal
horn and the retracted back of the occipital (Figure 8C). This
strengthening of the cranial architecture and the expansion of
the insertion areas of the neck muscles have been interpreted
as an adaptation to sweep away large volumes of snow to reach
the forage in Arctic environments (Boeskorov, 2012; Shidlovskiy
et al., 2012). Curiously, the CT images of the abovementioned
mummified cub of woolly rhino (Protopopov et al., 2015) show
a wide empty chamber inside the cranium just up to the brain
cavity, which involves the occipital, the parietal and the frontal
bones (Figure 8E). A similar set of the cranial sinuses has been
briefly documented by García-Fernández and Vicente (2008) on
another Late Pleistocene C. antiquitatis from the Bown Bank
site of the North Sea. It is not clear how much the contrast
of the CT images reported by Protopopov et al. (2015) has
affected the visibility of the spongy bone tissue, which, however,
appears evident in some areas of the figure. In addition, the
section of the skull at the level of the coronal suture confirms
the presence of two large frontal sinuses, suggesting that in a
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FIGURE 8 | Sagittal section of crania of an adult Diceros bicornis (A), an adult
Ceratotherium simum (B), an adult Coelodonta antiquitatis (C) – modified
from Garutt (1997), a 6-years-old C. simum (D) – modified from Gerard et al.
(2018), a 4–5-months-old cub of C. antiquitatis (E) – modified from
Protopopov et al. (2015), and the 12–18 months old specimen MPND1082
(F). The images are not to scale.

4–5-months-old woolly rhino the cranial pneumatization was
probably more developed than in the Melpignano braincase
(Figure 8F), which is almost unpneumatized despite the older
age of the individual. Wide neurocranial sinuses have been
also documented in the 6-years-old white rhino mentioned
above (Gerard et al., 2018), where the pneumatization is mostly
represented by well-developed fronto-parietal sinuses with the
occipital bone still completely filled by spongy tissue (Figure 8D).
At the current state of knowledge, the reason of such an
early and intense development of the skull pneumatization in
juvenile woolly rhinoceroses and its paleoecological inferences
are still unclear.

Taphonomy
The consistence of the Melpignano endocast is very friable and
is crossed by several fracture lines, indicating a low degree
of mineralization probably related to the low abundance of

percolation water or its low mineral content. However, the overall
size of the original specimen is comparable to the digital model
obtained from the braincase MPND1082, with a reduction in
thickness of about 5 mm in correspondence of the frontal and
parietal lobes, indicating a weak erosive process that mainly
affected the surface of the cast. Probably the presence of the
braincase has performed a protective function against erosive
agents, favoring the preservation of such a friable endocast.

CT analyses allowed to virtually extract three small bones
embedded inside the natural cast (Figures 6G–J) represented
by a left calcaneus, a third right metatarsal and a right coxal
bone referred to Oryctolagus cuniculus. Both the heel and
the metatarsal fragment, show a bad state of preservation. In
particular, the external surface of the calcaneus is strongly altered
and affected by several holes, whereas the inner portion is empty
and the spongy bone tissue is missing. A similar deterioration
could be due to weathering process or as a result of chemical
aggression occurred during the digestion process of a medium-
large predator (Horwitz, 1990).

The chaotic inner structure of the natural endocast and the
presence of small mammal bones inside it, suggest a rapid
burial and filling process of the skull with bone-rich sediments,
whereas the lack of abrasions excludes a post-mortem transport
of the braincase. The lack of signs of fluitation reported for
other large fossil bones coming from the Melpignano area
(Bologna et al., 1994) support the hypothesis that the karst
sinkholes called “ventarole” probably worked more as natural
traps rather than collectors of isolated bones and carcasses from
the surrounding areas.

CONCLUSION

The study of juvenile specimens among mammals, relatively rare
in the fossil record, is a promising topic, a source of information
on the ontogeny and adaptations of extinct species. In particular,
braincases and/or natural endocasts are of special interest and the
use of CT scanning and digital analyses are a unique investigative
tool. Nevertheless, the paucity of the available specimens of
both extinct and extant taxa stresses as necessity of a larger
set of information for this group, in order to better define
the reconstruction of the ontogenetic development of different
species of Rhinocerotidae and on their evolutionary framework.

However, for the juvenile Rhinocerothinae from the Middle
Pleistocene of Melpignano tomographic images allowed to define
the age of the individual and to analyze not only the hidden
cranial anatomy, but also the inner structure of a natural
endocast. The 3D models of the neurocranial cavities evidence
the anatomical differences of the paranasal sinuses among the
compared sample, including extinct and extant rhinoceroses.
From the Melpignano area the occurrence of Stephanorhinus
hemithoechus have been checked by different authors, but also
other species have been described from other sites of the Italian
Peninsula. The features of the Melpignano specimen cannot
be considered fully diagnostic, therefore, to avoid circularity in
the process of taxonomical attribution, we refer the specimen
to Rhinocerotinae.
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