Skull of koala

Ashraf and Fernando

Anatomical and Radiological study on the skull of
the Koala (Phascolarctos cinereus)

A.S. Saber* and L.B. Fernando **

*Faculty of Veterinary Medicine, University of Sadat City, Sadat City, Egypt & Discipline
of Anatomy and Pathology, School of Veterinary and Biomedical Sciences, James Cook

University, Townsville, Australia

** Discipline of Clinical Sciences, School of Veterinary and Biomedical Sciences, James

Cook University, Townsville, Australia.

With 11 figures

Abstract

Four koala heads were used with
the aim of studying the anatomy and
radiology of the skulls. This study
may establish baseline data neces-
sary to help in understanding, inter-
preting x-ray images and treating
some of the respiratory diseases or
surgical affections of the head. In
addition, it may pave the way for
future functional and comparative
anatomical and radiological studies.

The peculiarities of the skull were
mentioned for both cranial and facial
bones. The photos taken for the
skull from all orientations (9 photos)
as well as the two x-ray images
were labeled using the recent
nomenclature published by NAV
(2005) and the illustrated veterinary
anatomical nomenclature edited by
Schaller (2007).
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Introduction

The Koala (Phascolarctos cinereus)
is a famous marsupial, which has
eco-morphological and behavioral
peculiarities such as sedentary,
solitary, arboreal and tailless, ha-
ving small brain and enormous
gastrointestinal tract (proportionally,
the largest of any mammal), is
specialized for a diet of eucalyptus.
It virtually able to go without drinking
(the aborigines meaning of Koala is:
| don’t drink, Beatty, 1972), and
possesses a zygodactyl grip (manu-
al digits | and Il oppose IlI-V) that it
uses in hand-over-hand vertical
climbing and clinging. Koalas, unlike
most macropodes and diprotodo-
ntoids, which are lophodont, have
selenodont molars. Koalas famously
possess human-like fingerprints
(Naish, 2011).

The need to know more about
koala’s functional anatomy is
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increasing with the increase in the
number of the koalas in the koala’s
and wildlife sanctuaries in Australia
(e.g. Lone Pine Koala sanctuary in
Brisbane, Hanson Bay Wildlife
Sanctuary in Kangaroo Island,
Kuranda Koala Gardens in Kuranda
and Koala gardens in Sydney) and
allover the world e.g. San Diego
Zoo in USA.

Recently, sporadic scientific works
were published on the anatomy and
development of the koala by Grand
and Barboza (2001), the orbital
anatomy of the koala by Kempster
and Hirst, (2002), the cranial
anatomy of a koala fossil compared
by the extant koala by Louys et al.,
(2009) and the paranasal sinuses of
the koala by Hemsley et al., (2013)
using the CT and MRI. Radiological
studies on the koala’s head could
not be found and still missing in the
available literatures.

The aim of this work is to use the
skull anatomy of koala, without fine
details, to establish baseline data
necessary to help in understanding,
interpreting the x-ray images and
treating some of the diseases or
affections of the head as well as
paves the way to future functional
and comparative anatomical and
radiological studies

Material and Methods
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Four skulls of koalas were used in
the study. One skull was kept in the
anatomy museum and three heads
were found frozen in the Discipline
of Anatomy and Pathology, School
of Veterinary and Biological
Sciences, James Cook University,
Townsville, Australia. Neither the
sex nor the age of these specimens
could be identified. Two heads were
x-rayed in the latero/medial and
dorso/ ventral positions using the
parameters kV 53 and 5 mAs. The
three heads, then after, were boiled
and cleaned and used for the
anatomical study. The skulls were
photographed in the lateral, dorsal,
rostral, caudal and sagittal views
using a Samsung Digital Camera
(WB700). The nomenclatures of the
NAV (2005) as well as the illustrated
veterinary anatomical nomenclature
edited by Schaller (2007) were used
together with the old ones used in
the relevant literatures (in brackets).

Results and discussion

Nine photos for the koala’s skull in
different views (dorsal, lateral, ros-
tral, caudal and sagittal) (figs 1-9)
were used to support and help in
reading the radiographs. Labeling of
the koala’s head x-ray images
(latero/ medial & dorso/ ventral) are
shown in figs (10, 11).

Based upon the habitual posture of
the koala, its head postured upon
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the neck to a degree of forward
flexion (Grand and Barboza, 2001).
The skull as a whole was rectan-
gular in shape and had nearly the
same width. It was formed of facial
and cranial components.

I. Facial component

The bones of the face were the
Maxilla, incisive (premaxilla), Pala-
tine, Pterygoid, Nasal, Lacrimal,
Zygomatic (Jugal), Dorsal turbinate,
Ventral turbinate, Vomer, Mandible
and Hyoid.

The most peculiar anatomical
features of the koala’s head could
be listed in the following:

e The face was longer than
the cranium (figs 1,2). The
cranio-facial  index (the
relation of the distance from
the occipital crest to the
fronto-nasal suture to that
between the latter and the
nasal notch) was 9:3.8 in
Koala. This ratio varies from
10:3 in extreme brachy-
cephalic breeds of dogs to
10:7 in extreme dolicho-
cephalic subjects (Sisson,
1910).

e In profile the frontal and
nasal bones were nearly on
the same line (fig 1,2).
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A nasolacrimal fossa and
canal caudal to the orbital
margin, as seen in human
and domesticated animals
such as cat and dog, was
not present in Koala.

The bodies of the incisive
bone (premaxilla) of both
sides were not fused rost-
rally (fig 6, 9).

The orbits were directed
rather rostrally than laterally
like in most herbivores. It
may had evolved this chara-
cter from a need to mobilize
skillfully and safely around
its arboreal environment
(Kempster et al., 2002). The
same authors mentioned
that the orbit lacks a bony
roof and is bridged by
fiborous band, the orbital
ligament. This ligament exte-
nds between the supraorbital
process of the frontal bone
and the frontal process of
the zygomatic bone.

Eight bones formed the bony
orbit: the Frontal, Lacrimal,
Zygomatic (Jugal), Maxillary,
Palatine, Temporal (Squa-
mosal), and Sphenoid (basi-
sphenoid and alisphenoid)
(Kempster et al., 2002).
They mentioned that the
orbital rim was formed
superomedially by the frontal
bone and its supraorbital
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process, rostroinferiorly by
the lacrimal bone, and
inferiorly,  extending  out
laterally, by the zygomatic
bone and its frontal process.
The lacrimal bone contained
two quite well-defined bony
canaliculi which opened on
the rostral surface of the
lacrimal bone and orbital
margin (fig 2). This manner
is similar to that in other
marsupials (Dixon, 1989).

Three paranasal sinuses
were identified in the Koala’s
head, namely: maxillary
(which is divided into rostral
maxillary recess with its
ventral conchal sinus, and
caudal maxillary sinus), a
frontal and a small sphenoid
(not identified in the x-ray
image) (fig 1, 10/1, 2, 2’, 2”).
Kratzing (1984) referred to
two  separate maxillary
sinuses communicating with
the nasal cavity ventral to
the ventral nasal concha and
a ventrocaudal maxillary
sinus communicating widely
with  the ventral nasal
meatus near the chaenae.
Hemsley et al. (2013), in
koala also, termed the
rostral maxillary sinus des-
cribed by Kratzing (1984) as
maxillary recess and said
that the caudal maxillary
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sinus which he identified is
consistant with the “maxillary
sinus” or “ ventrocaudal
maxillary sinus” referred by
Krazing (1984) and Negus
(1958).

Two frontal sinuses, one of
which was continuous with
the rostral maxillary sinus,
were claimed to be present
in koala by Kratzing (1984).
Hemsley et al. (2013) des-
cribed only single frontal
sinus and said that the more
rostral of the frontal sinuses
described previously actually
corresponds to the ventral
conchal sinus.

The nasal septum divided
the nasal cavity into two
halves, right and left (fig 6).
It is cartilaginous in the
rostral third and osseous in
the caudal two-thirds of the
cavity (Hemsley et al,
2013). In the rostral part of
the nasal cavity Kratzing
(1984) mentioned that the
base of the septum
extended to accommodate
the vomeronasal organ and
an extensive glandular area.
The nasal cavity was
occupied by dorsal and
ventral conchae as well as
the ethmoturbinate at its
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most caudal part. The dorsal
concha was a thin plate
projecting ventrally from the
nasal bone, parallel to the
nasal septum. The ventral
concha consisted of a larger
curved osseous scroll and
occupied mush of the rostral
nasal cavity (figs 1, 6).
These findings agreed with
that mentioned by Kratzing
(1984) and Hemsley et al.
(2013) in the same animal.
The former author described
the ethmoidal region as
consisted of four endo-
turbinate bones with a
smaller ectoturbinate bone
on each side of the per-
pendicular plate. He added
that the lack of complex
scrolling of the dorsal and
ventral conchae is in con-
trast with the anatomy of
most mammals. This may
therefore lead to a prediction
that cryptococcosis in koalas
would  similarly  primarily
affect the lungs, however,
this is not invariably the
case, with the nasal cavity
being the primary site of
infection in many instances
(Krockenberger et al., 2002).
The mandible presented a
deep masseteric fossa flan-
ked rostrally and caudally by
muscular crests. Its angular

J. Vet. Anat.

Ashraf and Fernando

process was pointed and
directed dorsally (Fig 7). The
mandibular symphysis was
completely  fused.  This
fusion allows the transfer of
forces generated by balan-
cing side muscles to the
working side of the jaw
(Compton and Lieberman,
2005)

The dental formula of Koala
was | 3/1 C 1/0 Pm 1/1 M
4/4 (Hyett and Shaw, 1980).
Koala had selenodont
molars i.e. the cusps are
lunate when seen in occlusal
view, with the concave side
of the curve facing outwards
(Naish, 2011), (Fig.8). An
additional lower molar had
been found in one specimen
only as described by Bed-
dard (1958).

The mandible was narrower
than the maxillary jaw
resulting in maxillary teeth,
which protruded beyond the
level of the mandibular ones
(fig 9). This arrangement
may give better chance for
the lateral movement of the
jaw and the shearing action
done by the saw-like teeth
occlusion surfaces.

Louys et al.,, (2009) com-
mented, that the dramatic
changes in the cranial mor-
phology of the koala
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(Phascolarctos), especially
in the facial region, is
therefore probably related to
demand of increased trans-
versely oriented masticatory
loading of the cheek teeth, in
response to a change to a
tougher diet of eucalyptus
leaves.

Il. Cranial component

The bones of the cranium
were the Occipital, Sphe-
noid, Ethmoid, Interparietal,
parietal, Frontal and Tem-
poral (Squamosal). The first
four were single, the others
paired.

The neurocranium approa-
ched a rectangular (fig 1)
Louys et al., (2009).

The cranial cavity was
relatively small (fig 1,10).
The brain is about 2% of
body mass in humans, while
it is about 0.2% in koalas.
Flannery (1995) mention-ed
that the brain hemispheres
sit like shriveled halves on
the top of the brain stem. In
contact neither with each
other nor the bones of the
skull. It is the only mammal
on earth with such a
strangely reduced brain. In
humans, the difference
between the size of the inner
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cranium and the size of the
brain is 20%. In koalas,
about 40% of the cranium is
filled with cerebrospinal fluid.
Moreover, the same refere-
nce added that the koala’s
brain surface is smooth and
portions of the brain asso-
ciated with motor movement
show than even greater
reduction others’.

Koala had inter-parietal bone
which extended more ros-
trally and caudally as well.
Louys et al., (2009) said that
the interparietal protrudes
slightly caudally creating a
convex caudal margin of the
skull when viewed dorsally.
It is found also in other
domestic animals as horse,
sheep, goat, large rumi-
nants, pig (Popesko, 1977).
The external sagittal crest
was less prominent and
splits at the caudal fourth of
the parietal bones into two
divergent parts lateralward,
inclosing the interparietal
bone in between.

Louys et al., (2009) men-
tioned that koala’s basi-
occipital is slightly larger
than the basisphenoid.

The palate (fig 1,10) was
slightly arched, rostrodor-
sally, forward of the first
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molar (in agreement with
Louys et al., (2009).

e There were two large
palatine foramina (fig 3)
which were non-homologous
structures as described by
Voss and Jansa (2003)
whom called them palatine
vacuities

e The ventral margin of the
zygomatic  process was
formed entirely by the
maxilla.

e The superficial masseter
process was formed entirely
by the maxilla (fig 2).

e The glenoid fossa was
rectangular and slightly par-
allel to the postglenoid
process (Louys et al.,
(2009).

e Koala showed significant
ventral inflation expansion of
the osseous auditory bulla
which was part of the middle
ear (figs 1,2,4,5, 10,11).The
same findings were recorded
by Louys et al., (2009). In
addition, they postulated that
the large middle ear volume
is associated with the increa-
sed sensitivity to low
frequency sound. It is known
that koala produces loud
“bellows”, typically in context
of mating or agonistic
behavior  (Smith, 1987;
Mitchell, 1991). The later
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authors added that koala
bellows are low pitched, and
approach the optimum for
long distance sound propa-
gation. This modification in
the hearing apparatus of the
koala provides the animals
with larger spatial capacity
both for social communi-
cations and for detection of
predators (Fleischer, 1978;
Webster, 1962, 1966).
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Fig (1): Koala skull, sagittal view
l1.3 Upper incisors, C Canine, NV entrance of the nasal vestibule,
Yellow arrow indicates the |3 place (missing), Red arrow indicates the foramen magnum
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Fig (2): Koala skull, lateral view
l13 Upper incisors, C Canine, P, premolar, M,4 molars (Star indicates the site of the
T™MJ)
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Fig (3): Koala skull, dorsal view, showing the cranial and facial bones and the
sutures in between.

Fig (4): Koala skull, ventral view showing: 1 Occipital condyle, 2 Foramen magnum,
3 Ventral condylar fossa, 4 External occipital protuberance, 5 Hypoglenid foramina, 6
Paracondylar process, 7 Jugular foramen, 8 basilar part of occipital, 9 External acoustic
meatus, 10 Tympanic bulla, 11 Body of basisphenoid bone, 12 Body of presphenoid
bone, 13 Perpendicular plate of palatine bone, 14, 15 Zygomatic arch, 14 Zygomatic
process of squamosal (temporal bone). 15 Temporal process of jugal (zygomatic),16
Palatine fissure, 17 Body of incisive bone, 18 Choancae, 19 Palatine vacuaity. 20
Glenoid fossa.
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(Zygomatic process
of temporal)

Median
crest
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Fig (5): Koala skull, caudal (occipital) view.
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Body of
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Fig (6): Koala skull, rostral view. Notice: the unfused premaxillas (incisive bones)
and the double infraorbital foramin.
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Fig (7): Koala mandible, lateral view. Notice the deep masseteric fossa, the
prominent muscular crest, the double mental foramina and the two mandibular
incisors (diprotodonty).

Body of the
mandible

Fig (8): Koala mandibular teeth, dorsal (occlusal) view. Notice the selenodont
type of molars (the cusps are lunate with the concave side of the curve facing
outwards, arrows).
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[ EVAIE

Maxillary teeth

Mandible

_ Zygomatic
» arch

Tympanic
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Fig (9): Koala skull with mandible, ventral view.

Notice that the narrow mandible and the protrusion of the maxillary cheek teeth
beyond mandibular one. Notice also the complete fusion of the mandibular

symphysis (star).

J. Vet. Anat. 14 Vol 7 No 2, (2014) 1 - 16



Skull of koala Ashraf and Fernando
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Inter-

Frontal :
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Frontal sinus /

Nasal

\ . ,-w//ﬂ
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processp
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processE
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Fig (10): X-ray image of the head of Koala, Lateral view showing:

1 Jugal (zygomatic bone, 2 Maxillary sinus, 2" Maxillary sinus (rostral part), 2” lts
conchal sinus, 3 Sphenoid sinus, 4 Cranial cavity, 5 Tympanic bulla, 6 Facial crest,
7 External auditory meatus, 8 Nasal vestibule, 9 Tympanic bulla

l1.3 Upper incisors |, Lower incisor, P, Premolar, M4 Molars.
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Fig (11): X-ray image of the head of Koala, ventro/dorsal view showing:

l1.3 Upper incisors, C canine, P premolar, M4 molars, 1Nasal bone, 2 Maxilla, 3
Zygomatic bone (jugal), 4 Ramus of the mandible, 5 Zygomatic process of temporal
bone (squamosal), 6 Condylar process of the mandible, 7 Temporomandibular joint,
8 Incisive bone, 9 Vomer bone, 10 Choana, 11 Palatine vacuaities, 12 Tympanic
bullae, 13 Palatine bone, 14 Basisphenoid, 15 Basioccipitalis, 16 Retroarticular
process, 17 Occipital condyle, 18 Cranial cavity, 19 Parietal bone, 20 Foramen
magnum, 21 Paramastoid process.
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