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ABSTRACT
The bony labyrinth, as part of the inner structure of the petrosal bone, contains the
sensory organs of balance and hearing. The semicircular canals, as part of the vestibular apparatus of the inner ear, are involved in the detection of angular motion of the
head for maintaining balance and guiding locomotor behavior. While the overall structure of the bony labyrinth is inaccessible embedded in the petrosal bone, high resolution computed tomography makes the study of these structures possible. The purpose
of this study is to visualize and precisely quantify the complex inner ear structures of
the insular mammal Palaeoloxodon tiliensis and comment on the relationship of these
morphologies to the agility and hearing frequency ranges. This study focuses on imaging the shape of the bony labyrinth as well as the semicircular canals, of three petrosal
bones, using micro-computed tomography (micro-CT). Shape and size analysis of the
cochlea allow for an assessment of morphological differences between species. Specifically, measuring the dimensions of inner ear components as well as the angular distances can express the variation in their balancing abilities and the frequencies of their
auditory perception. The morphological characteristics obtained through micro-CT lead
to the conclusion that P. tiliensis retained similar conditions to that of its larger relatives,
and it was an animal that had hearing in the low frequency ranges.
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INTRODUCTION
Petrosal bones carry important phylogenetic
information, since their morphology can vary
between taxa, making them ideal study objects for
phylogenetic analyses. Some aspects of the petrosal bone also carry important functional information. The labyrinth, which includes the cochlea
anteriorly and the vestibular apparatus with the
semicircular canals posteriorly, has been shown to
vary in terms of size and shape between species
(e.g., Spoor et al., 2007; Kirk and Gosselin-Ildari,
2009; Ekdale and Rowe, 2011; Gunz et al., 2012).
Differences in certain morphological features are
thought to be related to important information
about the coordination of head movements, the
balance of the individual, and the range of hearing
frequencies (Rook et al., 2004; Alberti, 2006; Spoor
et al., 2007; Ladevèze et al., 2010; Gunz et al.,
2012; Pfaff et al., 2015). The size of the cochlea is
correlated with overall body mass, so larger species are expected to have larger labyrinths (Rook
et al., 2004; Nummela and Sánchez-Villagra, 2006;
Kirk and Gosselin-Ildari, 2009; Ekdale, 2013).
Comparative studies have shown varying
hearing abilities in mammals (Heffner and Heffner,
1982; Heffner, 2004). Several factors are responsible for the range of frequencies an animal can
hear, the most important being the morphology of
the inner ear, since this apparatus determines the
mechanical response of the animal to air-born
sounds and vibrations. Studies assessing the inner
ear structures are becoming more and more part of
the scientific literature, due to advances in microcomputed tomography (micro-CT) that make it possible to represent these structures digitally in three
dimensions without destroying the specimen.
The present study concerns three petrosal
bones of the dwarf elephants, Palaeoloxodon tiliensis that lived on Tilos Island in Greece during the
Late Quaternary (Theodorou et al., 2007). Since
there is little information on the morphology of the
ear region of proboscideans (Blair, 1710; Court,
1992, 1994; Ekdale and Rowe, 2011; Benoit et al,
2013a, 2013b; Ekdale, 2013; Schmitt and Gheerbrant, 2016) and none of insular endemic species,
this study will contribute to the available knowledge
on Proboscidean inner ears. The work presented
here will also contribute to our understanding of
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insular evolution and is part of a series of various
research papers on proboscideans, providing comparison of their inner ears and commenting on their
agility. The advantages of applying micro-CT scanning to the study of the inner ear of Palaeoloxodon
tiliensis include generating new data on its morphology and phylogenetic characters as well as the
non-destructive nature of the methodology.
MATERIALS AND METHODS
Material
The endemic elephants of Charkadio cave
(Tilos Island, Dodecanese, Greece), Palaeoloxodon tiliensis (Theodorou et al., 2007), represent the
last European elephant species, that lived from
45,000y to 3,500y BP (Bachmayer et al., 1976;
Bachmayer et al., 1984). In the present study specimens are referred to as Palaeoloxodon tiliensis
according to the prevailing opinion (Shoshani and
Tassy, 2005; Shoshani et al., 2007; Ferretti, 2008;
Herridge, 2010; Mitsopoulou et al., 2015), though
one co- author of this study (G. Theodorou) disagrees with this perspective, considering that a
more detailed analysis is required for the definite
conclusion relating to the ancestry of the taxon,
and considers that the taxon should be referred to
as Elephas tiliensis (Theodorou et al., 2007).
The remains of Palaeoloxodon tiliensis are
restricted to the upper layers of the cave and
include many skeletal elements including petrosal
bones. The remains from Charkadio cave represent different ontogenetic stages of P. tiliensis,
based on dental and postcranial material (Theodorou and Symeonides, 2001; Theodorou et al.,
2007; Mitsopoulou et al., 2015). Additionally, the
petrosals studied here could also come from individuals of different individual ages, since they were
not found in association with the rest of the skull or
skeleton. The material is stored in the Paleontological and Geological Museum of the University of
Athens. For this study, three petrosal bones were
at our disposal (specimens T137, T2406 and
T2506), two isolated and one attached to the tympanic part of the temporal bone. All three petrosals
come from the right side of the skull. The preservational state was not equal between all specimens.
The poorest preservation was observed in specimen T2406.
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Micro-CT Acquisition
High resolution micro-CT was used to visualize the auditory structures, both external and internal. The micro-CT scans of the three petrosals
were performed at the Steinmann Institute of the
University of Bonn in Germany. The visualization of
the structures was performed using image stacks
(approximately 1000 per sample) and with voxel
sizes of 0.048 mm for specimen T2406, 0.056 mm
for specimen T137, and 0.106 mm for specimen
T2506.
Avizo 8.1 was used to complete the visualization, segmentation, and 3D rendering of the petrosals and their bony labyrinths. The regions of
interest, the cavities corresponding to the labyrinths, were selected through threshold methods
that create a segmentation mask. In some cases,
(e.g., specimen T2406) manual selection was
imperative due to partially fragmented cavities that
lacked some parts of the structures. The 3D surface was calculated, leading to the reconstructed
models.
Measurements
Measurements follow Ekdale (2013) and
Spoor et al. (2007), while nomenclature and orientation of petrosals follow the work of O’Leary
(2010). The 3D models of the bony labyrinth were
rotated in such a position that two of the semicircular canals were in a perpendicular view to the
observing plane, in order for angles to be measured. Angles were taken between the planes of all
semicircular canals (Figure 1). Measurements on
the specimens were performed using Avizo 8.1
(angular and linear measurements) and Rhino 5.0
(linear and measurements of radius).
Moreover, we took linear measurements of
the size of the cochlea to calculate its aspect ratio,
which is defined by the division of its width by its
height (Figure 1). The width of the cochlea was
measured as the greatest distance of the two
edges of the basal whorl, and its height from the
top of the spiral to the level of the dorsal edge of
the fenestra cochlea, perpendicular to the width. A
low aspect ratio is considered to be below 0.55 and
indicates a "flattened" cochlea while a higher ratio
refers to "sharp-pointed" ones (Gray, 1907, 1908).
A further measurement was the overall length of
the labyrinth, along with the cochlea.
The radius of the curvature of the arc of the
semicircular canals was also an important measurement. The radius of curvature of each canal
arc was calculated by taking half the average of the
height and width measurements (0.5[h + w]/2). The

FIGURE 1. Measurements performed on the labyrinth
and the cochlea. A, B and C the planes that the angles
were measured between the respective canals A, anterior- lateral; B, anterior-posterior; C, lateral-posterior;
D, the width and height of the canals and the overall
length of the labyrinth; and E, width and height of the
cochlea.

height of each canal was the distance from the wall
of the apical point of the canal to the center of it,
and the width was the perpendicular distance to
the respective heights of the two opposing limbs of
each canal. The size of the semicircular canals
influences the afferent sensitivity of the canals
(Yang and Hullar, 2007; Ekdale, 2013). The stapedial ratio is expressed by the quotient of the length
and width of the fenestra vestibuli. The greater the
value the more oval is the fenestra. This ratio is
also used to describe the shape of the stapedial
footplates (Benoit et al., 2013b).
Low-frequency Estimation
A method to estimate the low-frequency limit
of hearing in extinct mammals has been proposed
by Manoussaki et al. (2008) that takes into consideration the morphology of the cochlear canal. The
equation f = f0*exp[-β(ρ-1)] estimates the low-frequency limit at 60 dB of the sampled taxa, where f0
= 1.507 ± 241 Hz and β = 0.578 ± 0.167. The radii
ratio (ρ) is the ratio between the radius of the basal
turn and the radius of the apical turn of the
cochlear canal in apical view. This ratio correlates
strongly with the low-frequency limit of a mammal:
the higher ρ, the lower the low-frequency limit of
hearing (Manoussaki et al., 2008).
Abbreviations in figures. aa, anterior ampulla;
aF, aqueductus Fallopii; ant, anterior direction;
asc, anterior semicircular canal; av, bony channel
for vestibular aqueduct; ci, crista intefenestralis;
co, cochlea; cr, common crus; dor, dorsal direc3
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tion; ew, epitympanic wing; fv, fenestra vestibuli;
hF, hiatus Fallopii; ht, height; im, internal auditory
meatus; L, length of the labyrinth including the
cochlea; la, lateral ampulla; lat, lateral direction;
lsc, lateral semicircular canal; mr, mastoid region;
pa, posterior ampulla; psc, posterior semicircular
canal; pf, perilymphatic foramen; pr, promontorium; sp, sulcus for perilymphatic duct; stmf, stapedial muscle fossa; sr, spherical recess; th,
tympanohyal; wt, width.
RESULTS
External Surface of the Petrosal
The three studied petrosal bones are quite
similar. The specimens T137 and T2406 concern
two isolated petrosal bones and the third one
T2506 is attached to the tympanic part of the temporal bone and therefore the depiction of the tympanic external surface of this petrosal is not
complete (Figure 2).
On the tympanic surface (Figure 2A, 2D, 2G)
the epitympanic wing is observed, positioned
anteromedially to the promontorium. The promontorium is located in the anterior portion of the tympanic surface and internally houses the cochlea. It
appears to be bulbous, and it is irregularly shaped;
especially in specimen T2406 it appears rather bulbous and spherical (Figure 2A). At the posterior
part of the promontorium is a broad crista interfenestralis that divides two apertures. The first
opening inclined towards the tympanic cavity is the
fenestra vestibuli (oval foramen) with an elliptical
shape (stapedial ratio = 1.9) that received the stapes. The poor preservation of the specimen T2406
artefactly gives the fenestra vestibule a wide size.
The second aperture positioned posteromedially to
the promontorium is the perilymphatic foramen.
There is no evidence of a separate opening for the
canaliculus cochleae that drained the perilymphatic
fluid in life, therefore it shares the same undivided
foramen with the fenestra cochleae. The portion
that leads to a depression medially corresponds to
the perilymphatic duct. Lateral to the promontorium
is the aqueductus Fallopii: for the passage of the
greater petrosal nerve. In the two isolated petrosals examined (Figure 2A, 2G) the hiatus Fallopii
appears incomplete, whereas in specimen T2506
(Figure 2D) it appears fully enclosed.
Posteromedial to the crista interfenestralis lies
a shallow depression corresponding to the stapedial muscle fossa, in the vicinity of the oval foramen. The crista intrerfenestralis connects
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posteriorly to the tympanohyal, creating a passage
- foramen possibly for the stapedial muscle.
In cerebellar view, lying within the part of the
petrosal facing the cranial cavity, is a deep depression interpreted as the internal acoustic meatus. It
is widely open, and oriented towards the anterior
apex of the petrosal, with an opening quite round
and parallel to the long axis of the bone. It is the
point where the vestibulocochlear nerves enter the
cranium. The subarcuate fossa, which in most
mammals is located dorsally on the canalicular part
of the petrosal, is absent in these specimens. At
the posterior end of the petrosal bone, the cleft-like
opening for the aqueduct vestibuli is situated (Figure 2C, 2F, 2I).
Bony Labyrinth
The morphology of the bony labyrinth of
Palaeoloxodon tiliensis is based on three specimens (T137, T2406, T2506, Figure 3), which were
micro-CT scanned and reconstructed in 3D. The
cochlea has a degree of coiling approximately of
752° (2 to 2.25 full turns). It forms a fairly planispiral shape, as it is illustrated in Figure 3. It appears
to be tightly coiled, with a large and massive basal
whorl. As measured in specimens the diameter of
the basal whorl (11.4 mm) is approximately twice
as large as the height (5.2 mm) of the cochlea and
almost twice the diameter of the second whorl (6.7
mm). The aspect ratio as measured in the samples
is 0.46, indicating flattened cochleae. A secondary
bony lamina seems not to be developed. The
cochlea contributes 36% of the total volume of the
bony labyrinth.
Between the cochlea and the semicircular
canals is the vestibule, which is bulky and consists
of a not well distinguished utricle and a saccule,
with the latter being slightly bigger. The spherical
recess, which houses the membranous saccule, is
situated anteriorly and the utricle posteriorly. The
fenestra vestibuli faces posteriorly and the perilymphatic foramen laterally (Figure 3A). The vestibular
aqueduct originates from the vestibule at the base
of the common crus, from which it extends
detached and dorsally to the cerebellar surface of
the petrosal bone (Figure 3B). Its entire aspect in
all specimens could not be depicted, however, due
to the preservation of the samples.
The lengths of the labyrinth components and
the radius of the semicircular canals are presented
in Table 1. The semicircular canals are connected
to the vestibule through their ampulla at their anterior limbs (ends). The canals are broad and quite
round in shape, and the ampullas at their base are

PALAEO-ELECTRONICA.ORG

FIGURE 2. 3D reconstruction of the petrosals, samples (A-C) T2406 along with transparent views locating the orientation of the labyrinth in the bone, (D-F) T2506 and (G-I) T137. A, D, G ventrolateral view; B, E, H dorsolateral view;
C, F, I dorsomedial view. See text for abbreviations.

bulbous. Both anterior and posterior canals are
extended above the level of the common crus linking them. The lateral semicircular canal, more elliptical in shape than the other two, appears more
planar and it opens in the vestibule separately from

the other two. The lateral canal lies above the foramen vestibuli. The posterior end of the lateral semicircular canal begins anteriorly of the posterior
semicircular canal. The angles between the planes
of the canals were also measured, the most acute
5
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FIGURE 3. The bony labyrinth of the three samples of Palaeoloxodon tiliensis. A, cochlear ventral view; B, anterior
view. See text for abbreviations.

(values) angle is that between the anterior and lateral semicircular canal, and the higher value of
angle is that between the lateral and posterior
canal (Table 1). In terms of radius the lateral canal
is the smallest and the posterior the largest. In
terms of length (ampulla not included) the largest
of all three is the anterior semicircular canal.
DISCUSSION
The petrosal bone of Proboscidea holds
important information on locomotor behavior and
auditory perception. In most cases, however, it is
quite difficult to be examined, because it is fused
6

inside the skull and the massive skull size prevents
its study. Previous studies on petrosal bones of
extinct and extant Proboscidea, even though limited, offer a comparison of the main characteristics
of this bone and its internal structures and an interpretation of these features in terms of hearing
capacities and locomotion.
The specimens CT-scanned and described in
this study belong to the endemic species of Palaeoloxodon tiliensis, representing an interesting
study to investigate character evolution within Proboscidea. These specimens could represent individuals of different ontogenetic stages based, also,
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TABLE 1. Measurements of the bony labyrinth of Proboscidea. Linear measurements are in mm.
Semicircular
canal lengths

Semicircular
canal angles

LASC

LPSC

APSC

Anterior

Lateral

Posterior

16.36 9.16 15.45

64°

87°

74°

3.46

2.12

3.51

Elephasb, c

793° 38.10 0.55

0.26

8.80

1.59

18.90 10.15 14.36

67°

86°

63°

4.19

2.58

3.73

Loxodontab, c

670° 39.05 0.49

0.46

7.01

1.53

16.20 8.22 16.54

66°

93°

72°

4.70

0.29

4.79

Elephantimorpha

765° 13.94 0.42

0.31

NA

1.80

24.57 24.28 12.54

66°

93°

74°

4.99

2.67

5.51

Numidotheriumb

584° 16.66 0.51

0.44

3.55

1.81

12.17

NA 14.44e 82°e

92°e

75°

3.27 2.46e 3.21e

Posterior

1.90

Lateral

8.60

Anterior

Stapedial ratio

0.36

Cochlear aspect ratio

752° 33.92 0.46

Cochlear length

Palaeoloxodon
tiliensis

Cochlear coiling

Radii ratio

Radius

Relative volume of the cochlea

Cochlear canal

e: estimated value; NA: not available.
a After Ekdale (2011).
b After Benoit et al. (2013a, b).
c After Manoussaki et al. (2008).

on dental and postcranial material of the Charkadio
cave that they were excavated from (Theodorou
and Symeonides, 2001; Theodorou et al., 2007;
Mitsopoulou et al., 2015). This parallels to the fact
that adult morphologies and dimensions of the
inner ear are generally already attained at the
embryonic stage (Hoyte, 1961; Rinkwitz et al.,
2001; Jeffery and Spoor, 2004; Ekdale, 2010; Richard et al., 2010; Costeur et al., 2017). Allometric
changes only occur on the external surface of the
petrosal bone and can be detected by a gradual
increase of the bone externally (Hoyte, 1961;
Ekdale, 2010, 2011). The incomplete nature of the
aqueductus Falloppi, which is displayed in specimens T137 and T2406, in contrast with T2506
where it appears fully enclosed, is hypothesized to
be a sign of an immature developmental stage
(Ekdale, 2011). Internally, there are no major differences or variations observed between the labyrinths of the specimens studied.
As the petrosal bone is difficult to study, there
is little known about the morphology of the petrosal
bones of proboscideans, externally and internally.
However, there are some studies that reveal phylogenetic relationships, as well as similarities and differences in their morphology. The first studies
concern extant elephants, and they date back to as
early as 1710 conducted by Blair (1710). Comparisons were made with the published data on two
Eocene taxa Moeritherium (Court, 1994) and

Numidotherium koholense (Court, 1992; Benoit et
al., 2013b; Schmitt and Gheerbrant, 2016), the
Pleistocene Elephantimorpha from Friesenhahn
Cave (Ekdale, 2011) and extant elephants Elephas
and Loxodonta (Spoor et al., 2007; Manoussaki et
al., 2008; Ekdale, 2011; Benoit et al., 2013a,
2013b). The present paper increases the knowledge on Proboscidean petrosal morphology by
describing specimens of an endemic taxa.
The external petrosal surface of Palaeoloxodon tiliensis resembles other extinct and extant
proboscideans with regards to several features.
The first significant similarity is that of the fusion of
the fenestra cochleae and canaliculus cochleae
into a common perilymphatic foramen. This is a
structure observed in proboscideans, at least from
Eocene onwards (Court, 1994). Contrary to other
studied Proboscidea, in Numidotherium they
appear not to be merged into a common aperture
(Court, 1992, 1994; Benoit et al., 2013b; Schmitt
and Gheerbrant, 2016).
Characters, such as an undivided perilymphatic foramen, are indicative of an adaptation to
hearing lower frequencies, because this feature
reduces the containment of cochlear fluid, it
reduces the force of stapedial impulse and augments low frequency acuity (Luo and Gingerich,
1999; Sánchez-Villagra et al., 2002; Ladevèze et
al., 2008; Ladevèze et al., 2010). The middle and
inner ear of elephants is adapted to receive infra7
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sonic air-born sounds (Payne, et al., 1986; Poole et
al., 1988), and it is well established that extant elephants have the ability to respond to low frequencies, which have long distance capacity (Payne, et
al., 1986; Poole et al., 1988; Ruggero and Temchin, 2002).
Another feature observed in most mammals,
but not in all the proboscideans studied so far, is
the subarcuate fossa: a character that, when it is
well developed, is associated with the agility of the
animal (Jeffery and Spoor, 2006; Ekdale, 2011). It
also plays a role in the coordination of head and
eye movements (Alberti, 2001; Rook et al., 2004;
Spoor et al., 2007; Ladevèze et al., 2010; Gunz et
al., 2012; Pfaff et al., 2015). This feature is absent
in Palaeoloxodon tiliensis, and it appears to be lost
in Proboscidea at least by the Eocene (Court,
1994; Schmitt and Gheerbrant, 2016). Extant elephants are characterized by their low agility (Spoor
et al., 2007), which is in accordance with the
absence of the subarcuate fossa, and could possibly be the case also for P. tiliensis.
The internal structures of the petrosal bone
and its morphology also hold valuable information
on auditory frequencies. The bony labyrinth, as
mentioned before, is subdivided into the cochlea,
the vestibule, and the semicircular canals. A spiralshaped cochlea is an evolutionary characteristic
that is observed exclusively in mammals, enhancing the span of octaves that they can hear (Doran,
1879; Gray, 1951; Manoussaki et al., 2008). Middle
ear characteristics and bone conduction play as
much an important role as the cochlea for the low
frequency octave limit. Animals with tightly coiled
cochleae tend to have greater hearing ranges, but
previous attempts to associate these auditory
effects with the physical characteristics of the
cochlea have proven unsatisfactory (Manoussaki
et al., 2008).
The number of turns of the cochlea has been
used in several analyses (Ekdale, 2013). A large
number of turns and possessing a large basal
whorl gives better perception of low frequencies
(Manoussaki et al., 2008; Kirk and Gosselin-Ildari,
2009; Ekdale, 2013). There is at least one full turn
in all studied Proboscidea. The cochlea of Palaeoloxodon tiliensis completes a little over two full
coils to 2.25 coils, with a fairly planispiral shape.
Elephas maximus and Loxodonta africana have a
wide cochlea with at least two full turns (Court,
1992; Garstang, 2004), and so does Moeritherium
(Court, 1994). Numidotherium displays the lowest
number of turns as of only 1.5 turns in its cochlea
(Court, 1992; Benoit et al., 2013b). However, Blair
8

(1710) in his research mentions an unidentified
extant elephant, whose cochlea completes a little
more than three coils.
It has been suggested that the absence of
secondary bony lamina provides further proof on
the hypothesis of the adaptation to low frequencies
hearing capabilities (Ekdale, 2011; Benoit et al.,
2013b; Schmitt and Gheerbrant, 2016). The exact
loss of a secondary bony lamina within proboscidean tree is ambiguous because the information is
lacking for several taxa (e.g., Moeritherium). There
is no evidence of a secondary bony lamina in
Palaeoloxodon tiliensis, on the contrary primitively
it can be observed in Numidotherium and Phosphatherium (Benoit et al., 2013b; Schmitt and
Gheerbrant, 2016). Another primitive character is
that of secondary common crus at the ampular limb
of the posterior canal with the posterior limb of the
lateral one, character that is evident in Numidotherium and Phospatherium but not to other Proboscidea (Benoit et al., 2013b; Schmitt and Gheerbrant,
2016).
Using the equation of Manoussaki et al.
(2008) we were able to estimate the low frequency
limit of Palaeoloxodon tiliensis. This equation uses
the radii ratio, which is the quotient between the
radius of the basal turn and that of the apical turn,
and denotes that the higher the value of the ratio
the lower the limit of the hearing frequencies.
Herein, we calculated the radii ratio of Palaeoloxodon tiliensis to be 8.6 (Table 1), which predicts a
low frequency limit of 18.6 Hz. This value is close
to the calculations of Elephas 17 Hz at 60 dB
(Manoussaki et al., 2008), hence it is most likely
that Palaeoloxodon tiliensis was capable of low frequency hearing. On the contrary the same equation suggests that Numidotherium with values
between 450.3 and 266.1 Hz (Benoit et al., 2013b)
may have not been able to hear low frequencies in
contrast to its later counterparts.
Inner ear dimensions of different characters
like the angles between the semicircular canals
and their radius of curvature are related to auditory
sensitivity as well as to locomotor behaviour (Heffner, 2004; Jeffery and Spoor, 2004; Rook et al.,
2004; Ekdale and Rowe, 2011; Pfaff et al., 2015).
Agile animals tend to have large canal radius relative to their body mass; slower movements of the
head were detected in large animals with large
radius of curvature of their semicircular canals
(Spoor et al., 2007; Pfaff et al, 2015). In all specimens of the present study, the posterior semicircular canal has the largest radius and the lateral one
the smallest. Also the angles as seen in Table 1 fol-
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low a pattern: the most acute angle is that between
the anterior and lateral canals and the higher angle
value between the lateral and posterior canals.
Concluding the results converge to the fact
that Palaeoloxodon tiliensis retains the morphological characters that show an adaptation to lower frequencies. However, Palaeloxodon tiliensis derived
from a Palaeoloxodon antiquus ancestor, as supported by morphological traits (Shoshani and
Tassy, 2005; Shoshani et al., 2007; Ferretti, 2008;
Herridge, 2010; Mitsopoulou et al., 2015), and
therefore further comparisons could be useful
determining evolutionary traits within Proboscidea.
CONCLUSIONS
The present study contributes the investigation of proboscidean inner ear evolution and morphology, given the fact that there is a poor
representation of isolated proboscidean petrosals
and even more so insular ones.
The morphology of the petrosal bone, with a
common perilymphatic foramen, and the morphology of the cochlear canal, with no trace of secondary bony lamina, the large and massive basal whorl
of the cochlea and in general the dimensions and

shape of the cochlea supports the hypothesis of an
animal that was able to hear low frequency sounds.
The equation suggested by Manoussaki et al.
(2008) used here also displays close values with
that of extant elephants. Therefore, the petrosal
bone and the bony labyrinth morphology of Palaeoloxodon tiliensis, adding information on the evolution of the ear region of elephants, display
characters involved to an adaptation at lower frequencies capacities, and these characters closely
resemble that of extant Proboscidea.
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