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Abstract

Although many gross anatomical
studies are published on Phasco-
larctos cinereus (Koala), Vombatus
ursinus (Wombat) and Macropus
greyi (wallaby) there appear to be
no morphometric studies on the
skull of these species. Traditional
morphometric data are useful when
either absolute or relative sizes are
of particular interest, such as in
studies of growth. These data are
also useful when size measure-
ments are of theoretical importance
in studies of functional morphology.
Three koala, two wombat and three
Grey’s wallaby skulls were used in
this traditional morphometric study.
All estimated morphometric data
were expressed as means+SD with
the maximum and minimum values.
The skull weight (with mandible)
was 44.4+48.1 g, 2245+50.2 g,
55.7+23.1 g & the skull length was
12.0+0.9 cm, 16.6+0.8 cm, 13.2
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+1.4 cm & the cranial length was
8.7+1.1cm, 104+ 0.5cm, 7.7+0.4
cm. The skull index was 58.333,
77.71, 56.06, cranial index 60.92,
50.96, 54.55, facial index 186.11,
148.44, 114.29 and orbital index
90.00, 85.294, 91.304, and cranial
capacity 20.0£2.4 cc, 61.7+11.8 cc,
33.5 £3.7 cc in the koala, wombat
and wallaby respectively. These re-
sults were discussed in terms of the
usage of these morphometric mea-
surements in several basic and clin-
ical applications as well as in evalu-
ating the intelligence status of these
species. Two tables and four figures
supported the results of this study.

Keywords: Marsupials, Koala,
Wombat, Wallaby, Cranial capacity,
Morphometry, Skull.

Introduction

Marsupials are an infraclass of
mammals living primarily in Austral-
asia and the New World. A distinc-
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tive characteristic, common to most
species, is that the young are car-
ried in a pouch. Well-known marsu-
pials include kangaroos, wallabies,
koala, possums, opossums, wom-
bats and the Tasmanian devil ".

These marsupial species are usual-
ly kept in Australian Native Animal
Wildlife Parks and special sanctuar-
ies such as Billabong Sanctuary in
Townsville, Wombat Rise sanctuary
in Sedon, South Australia, Sleepy
Burrows wombat Sanctuary, Epping
Forest National Park in QLD, Koala
Park in New South Wales, and Lone
Pine Koala Sanctuary in Brisbane,
as well as in the zoo gardens in
Australia and around the world.

The koala (Phascolarctos cinereus)
is a famous marsupial, which has
eco-morphological and behavioral
peculiarities such as sedentary, soli-
tary, arboreal and tailless, small
brain and enormous guts (propor-
tionally, the largest of any mammal),
is specialized for a diet of eucalyp-
tus. It is virtually able to go without
drinking (the aborigines meaning of
Koala is: | don’t drink, Beatty, 1972),
Koala, unlike most macropodes and
diproto-dontoids, which are lopho-
dont, has selenodont molars. Koa-
las famously possess human-like
fingerprints (Naish, 2011).

The wombat (Vombatus ursinus) is
a short-legged, muscular quadru-
pedal marsupial, native to Australia.
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Wombat digs extensive burrow sys-
tems with rodent-like front teeth and
powerful claws. One distinctive ad-
aptation of the wombat is its back-
wards pouch. The advantage of a
backwards-facing pouch is that
when digging, the wombat does not
gather soil in its pouch over its
young. Wombats are herbivores;
their diets consist mostly of grasses,
sedges, herbs, bark, and roots. All
three known extant species average
around a meter in length and weigh
between 20 and 35 kg (Wikipedia,
retrieved 15/3/2014).

A wallaby (Macropus greyi) is an
informal designation generally used
for any macropod that is smaller
than a kangaroo or wallaroo that
has not been designated otherwise.
Wallabies are herbivores whose diet
consists of a wide range of grasses,
vegetables, leaves, and other foli-
age. Their powerful hind legs are
not only used for bounding at high
speeds and jumping great heights,
but also to administer vigorous kicks
to fend off potential predators. Wal-
labies also have a powerful tail that
is used mostly for balance and sup-
port (Wikipedia, retrieved15/3/2014)

Although many gross anatomical
studies were published on each of
the three  marsupial species
(Forbes, 1881; Young, 1882; Bed-
dard, 1902; Mackenzie 1918a,b;
Sonntag, 1921, 1922; Flower, 1966;
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Hyett and Shaw, 1980; Kempster
and Hirst, 2002; Louys et al., 2009)
no morphometric studies of the skull
of any of the three species could be
found in the available literature.
Hence, the goal of this study is to
give some morphometric infor-
mation and indices of the skull as
well as the cranial capacity in these
three marsupial species; koala,
wombat and wallaby.

Material and Methods

Three Koala (Phascolarctos cinere-
us), Three Grey’'s wallaby (Macro-
pus greyi), and two wombat (Vom-
batus ursinus) frozen heads, kept in
the Discipline of Anatomy and Pa-
thology, Dicipline of Veterinary Sci-
ences, College of Public Health,
Medical and Veterinary Sciences,
James Cook University, Townsville,
Australia, were used in this study.
Neither the sex nor age was record-
ed with the heads. The skulls were
prepared using the boiling macera-
tion technique for skeleton prepara-
tion described by Simoens et al.,
(1994). The following external
measurements were taken as de-
scribed by Sarma (2006): the skull
length, skull width, cranial length,
cranial width, facial length, facial
width, skull weight, orbital height,
orbital width, inter orbital distance
(rostral, middle and caudal), man-
dibular length and mandibular
weight.
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For measuring the orbital capacity,
foramina opening into the orbital
cavity, were plugged with plasticin
(plastic clay) and /cotton. The com-
munication between the orbital cavi-
ty and temporal fossa was blocked
with cotton and the whole orbital
cavity was lined with a very thin tis-
sue. Then the cavity was filled with
mustard seeds to the level of the
orbital rim. The contents were emp-
tied and measured in a measuring
cylinder. For measuring the cranial
capacity, all the foramina of the cra-
nial cavity were plugged with cotton.
The cavity was then filled with mus-
tard seeds through the foramen
magnum up to its brim. The mustard
seeds were then emptied into a
measuring cylinder to measure the
capacity.

The cranial, facial and orbital indi-
ces were determined using the fol-
lowing equations mentioned by Mil-
ler et al., (1964):

Cranial width

a) Cranial index = x 100

Cranial length

b) Facial index = -2dalwidth , 44,

Facial length

_ Orbital width

C) Orbital index = m x 100

Skull width
Skull length

d) Skull/cephalic index = x 100

Skull Parameters:
a) Cranial length: Distance between
the highest point of the parietals to

Vol 7 No 2, (2014) 117 - 131



Skull morphometery of three marsupial species

the middle of the rostral margin of
the incisive bone.

b) Cranial width: Distance between
two zygomatic arches.

c) Weight of the skull: Weight of the
skull (excluding the mandible).

Cranial Parameters:

a) Cranial length: Distance from the
central point of the fronto-nasal su-
ture to the middle point of the nu-
chal crest.

b) Cranial width: Maximum distance
between the highest points of the
parietal bones.

Orbital parameters:

a) Orbital length: The perpendicular
distance between the supraorbital
and infraorbital margins of the orbit.

b) Orbital width: The horizontal dis-
tance between the rostral and cau-
dal margins of the orbital rim.

c) Inter-orbital distance:
i. At rostral level: Distance be-
tween the junction of frontolacri-
mal sutures of either side at the
rostral margin of the orbit.

ii. At middle level: Distance be-

tween the supraorbital borders of
orbit on either sides.
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iii. At caudal level: Distance be-
tween the junctions of the zygo-
matic bone at the caudal margin
of the orbit on either sides.

Facial Parameters:

a) Facial length: Distance from the
frontonasal suture to the center of
the incisive bone.

b) Facial width: Distance between
the caudal extents of the orbital
rims.

¢) Mandibular length Distance be-
tween incisor and caudal border of
the mandible.

Data Analysis

Data was stored and analyzed using
Microsoft Excel 2010. The carnio-
metric measurements were taken
using a normal caliper. Photographs
were taken by a Samsung digital
camera WB700. Nomina Anatomica
Veterinaria (2005) was utilized for
denominating the anatomical terms
in the study.

Results

In the present study, the skull length
of the koala, wombat and wallaby
was 12.3+0.9, 11.6+0.8, 9.9+1.4cm
respectively, the cranial length was
8.7+1.1, 10.4+0.5, 7.7+ 0.4 cm re-
spectively, while the facial length
was 3.6+0.6, 5.4+0.6, 5.6+1.3 cm
respectively. The skull width was
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740.6,1294+0.5, 74+ 0.7 in the
koala, wombat and wallaby respec-
tively. The cranial width was
5.3+1.4, 5.3+0.5, 4.2+0.2 cm and
the facial width was 6.710.5,
9.543.0, 6.4+0.5 respectively (Ta-
ble 1).

In addition, the cranial index in the
koala was 60.919, in the wombat
was 50.961 and in the wallaby was
54 545, where as the facial index
was 186.111, 148.437 and 114.286
in the three species respectively
(table 2). The orbital indices were
90.00, 85.294 and 91.304 respec-
tively. The skull (cephalic) index
was 58.333, 77.710 and 56.060 in
the three species respectively (Ta-
ble 2).

The cranial capacity estimated was
20.0+2.4 cc, 61.7£11.8 cc, 335 %
3.7 cc for the koala, wombat and
wallaby respectively (Table 1).

Discussion

Although many gross anatomical
studies are published on Phasco-
larctos cinereus (Koala), Vombatus
ursinus (Wombat) and Macropus
greyi (wallaby) there appear to be
no morphometric studies on the
skull of these species. Traditional
morphometric data are useful when
either absolute or relative sizes are
of particular interest, such as in
studies of growth. These data are
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also useful when size measure-
ments are of theoretical importance
in studies of functional morphology.
Three koala, two wombat and three
Grey’s wallaby skulls were used in
this traditional morphometric study.
The small sample size is a weak-
ness of the study as well as know-
ing the exact age or sex of the ani-
mals sampled. How representative
of the general population these
skulls are is therefore uncertain.
However, since no morphometric
studies appear to have been previ-
ously done this study serves as
starting point.

Using the muster seeds for measur-
ing the cranial and orbital capacities
was preferred by many authors be-
cause of the rounded shape and
small size of the seeds (Saber,
1989; Sarma, 2006). However,
some authors used sesame seeds
(Rao, 1967) and rice grains (Olo-
pade and Onwuka, 2008). More re-
cently, other authors have used
more modern techniques such as
computed tomographic images and
scanograms as well as x-ray images
of live animals for measuring, calcu-
lating and analysing the different
parameters and indices (Onar et al.,
2002 and Alpak, 2003 & Kock et al.,
2012).

Several authors have previously
studied the skull morphometry of
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domestic animals (Monfred et al.,
2013a-k; Karimi et al., 2011; Sarma,
2006; Olopade et al., 2005; Sarma
and Samara, 2002; Onar et al.,
2001; Onar, 1999; Regedon et al.
1991, 1992; Saber 1989; Sandhu
and Dhingra, 1986; Brehm et al.,
1985; Roa, 1967 and Miller et al.,
1964), and wild animals such as the
African giant rat (Olude and Olo-
pade, 2010), and the yak (Sudhakar
and Sharma, 1998). Yet, no pub-
lished work on the morphometry of
any of the marsupial species could
be found in the available literature.

Hajnis (1962) stated that the skull
capacity is in no way dependent on
the form of the skull. This opinion is
accepted also in the sheep and goat
as confirmed by Saber (1989)

Monfared (2013 g, h, i, j,) estimated
66.37 for the adult Iranian mixed-
breed dog’s cranial index, 71.28 for
the Golden Jackal, 55.55 for the
Persian cat’s skull and 50.81 for the
rabbits respectively. Karimi et al.,
(2011) estimated 52.76 * 1.13 as
the cranial index and 130.86 =+
11.55 for the cranial volume in
Mehraban Sheep. The cranial index
of the koala, wombat and wallaby of
this study was 48.78, 111.21 and
74.75 respectively.

The skull index of the koala, wom-
bat and wallaby of this study was
48.78, 111.21 and 74.75, whereas
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the facial index was 186.11, 175.24
and 114.29 respectively (Table 4).

Different values of cranial capacity
for a number of animal species and
man are given in Table (3).

The koala’s brain size is about 60%
of what would be expected. It is
about 0.2% of the body weight. In
humans, the brain is about 2% of
body mass'. In addition, the koala’s
brain is much smaller than the in-
side of the skull (in most mammals,
the difference between the size of
the inner cranium and the size of
the brain is 20%. In koalas, about
40% of the cranium is filled with
cerebrospinal fluid’. Flannery (1995)
mentioned that the hemispheres of
the koala’s brain sit like a pair of
shriveled walnut halves on the top
of the brain stem, in contact neither
with each other nor the bones of the
skull. He added that koala is the on-
ly mammal on earth with such a
strangely reduced brain with its
smooth surface and reduced parts
associated with motor movements.

The relationship between the brain
capacity/size and intelligence was
studied in school children by Esta-
brooks (1928), as well as studied in
animals by Hicks and Dougherty
(2013). Considering the before men-
tioned studies about the brain size
of koala and the results of the pre-
sent study estimating the koala cra-
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nial capacity as 20+2.4 cc, we can
did not express the real size of the
koala’s brain and in turn its intelli-
gence.

Accordingly, we can agree with
Pratt (1937) who mentioned that the
koala’s intelligence, is probably lim-
ited to its ability to learn from expe-
rience (like not go near things that
hurt it) and the ability to distinguish
between eucalyptuses. Moreover,
Koala have a niche that is fairly se-
cure, spending almost all their time
relatively safe in trees, which pro-
vide them with all their food. In order
to make this niche work they need
to be cautious in their utilization of
energy. They don’t really need all
that much brain to survive— or that
much variety in living. This lifestyle
works for them—and has for the past
twenty-five million years or so *.

The cranial capacity/size in wom-
bats and wallabies, although not
fully studied, reflect, to some extent,
sufficient intelligence for getting
food and water, managing its territo-
ry, offense and defense actions,
and avoiding dangerous situations.
This agrees with Hieck and Doug-
herty (2013) who said that animals
that were predators in comparison
to prey were of a higher intelligence.

The orbital capacity estimated for
the koala, wombat and wallaby of
this study were 2.9+0.6, 8.6+1.2
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and 4.6+1.2 cc respectively, while
the orbital indices were 90.00,
85.294 and 91.304 respectively. It
worthy to mention that the koala or-
bit is directed more rostrally (Kemp-
ster and Hirst, 2002) than laterally
like the case in wombat and walla-

by.

The present study has provided
baseline data on the skull osteome-
try of the koala, wombat and walla-
by that will be of importance in
paleontological studies (Yahaya et
al., 2012) as well as will be useful
for comparative anatomical and de-
velopmental studies, and for clini-
cians who work on these animal
species in the sanctuaries and zoo.
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Skull morphometery of three marsupial species Saber and Gummow

Table (1): Measurements means of koala, wombat and wallaby skulls and their
standard deviations (SD).

No. Parameters Koala | Koala | Wombat | Wombat | Wallaby | Wallaby
Mean SD Mean SD Mean SD
1 Skull length (cm) 12.0 0.9 16.6 0.8 13.2 1.4
2 Skull width (cm) 7.0 0.6 12.9 0.5 7.4 0.7
3 Cranial length (cm) 8.7 1.1 10.4 0.5 7.7 0.4
4 Cranial width (cm) 53 14 5.3 0.5 4.2 0.2
5 Facial length (cm) 3.6 0.6 6.4 0.6 5.6 1.3
6 Facial width (cm) 6.7 0.5 9.5 3.0 6.4 0.5
7 | Skul Weigh(;"r:;h mandble | 73 | 104 | 3615 81.3 90.7 23.1
g | Skul Weigb';; V‘(’:m’)”t mandi- 1 443 | 81 | 2245 50.2 55.7 136
9 Orbital capacity (cc) 2.9 0.6 8.6 1.2 4.6 1.2
10 Orbital height (cm) 2.0 0.1 3.4 0.1 2.3 0.3
11 Orbital width (cm) 1.8 0.2 29 0.2 2.1 0.2
12 Inter-orbital distance (ros- 42 05 6.9 08 41 06

tral) (cm)

13 '”ter'orbg?;;j('i:;'ce (mid-—1 44 | o7 6.4 08 36 0.9
14 '“ter'orb'c::"l)d('ig‘ce (cau- 1 43 | 03 72 16 3.2 0.2
15 Cranial capacity (cc) 20.0 2.4 61.7 11.8 33.5 3.7
16 Mandibular length (cm) 9.8 0.9 12.7 0.9 9.9 1.0

Table (2): Means of the cranial, orbital, facial and skull/cephalic indices in
Koala, Wombat and Wallaby.

Parameter Koala Wombat Wallaby
Cranial Index 60.919 50.961 54.545
Orbital Index 90.00 85.294 91.304
Facial Index 186.111 148.437 114.286

Skull/cephalic Index 58.333 77.710 56.060
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Table (3): Means of the cranial, orbital, facial and skull/cephalic indices in lion,
dog and cat (Saber and Gummow, 2014), one-humped camel (Yahaya et al, 2012),
Tibetan Gazelle (Zhu, 2012)

Parameter Lion Dog Cat Camel Gazelle
Cranial Index 70.44 86.07 | 120.58 | 41.424+0.43 | 11.37+1.24
Orbital Index 72.64 84.85 82.14 - -
Facial Index 99.27 37.92 118 96.35+0.95 | 58.7110.30
Skull/cephalic Index 2800 1004 680 40.9940.33 | 43.221+0.44

Table (4): The average cranial capacity of some animal species and man

Authors Animal Average cranial capaci-
Species ty (cc)
Miller et al. (1964) Dog 82-92-104
Rao (1967) Ox 440 + 39.50
Rao (1967) Buffalo 627.45 + 62.12
Sandhu & Dhingra (1986) Camel 587.14 + 14.89
Saber (1988) Sheep 122.154 + 5.355
Saber (1988) Goat 95.846 + 8.119
Saber and Gummow  (2014) Lion 207 £24.49
Chaturvedi & Harneja (1962) Man 1296 — 1484
Drennan (1927) Man 1296 — 1484
Wikipedia, the free encyclopedia Orangutans 275-500
Wikipedia, the free encyclopedia Chimpanzees 275-500
Wikipedia, the free encyclopedia Gorillas 340-752
Wikipedia, the free encyclopedia Humans 1100-1700
Wikipedia, the free encyclopedia Neanderthals 1200-1700
Osborn (1942) Asian elephant 6.652
Sarma (2006) Kagani goat 113
Yahaya et al. (2012) One-humped camel 487.921+7.55
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Fig (1): (A) Dorso-ventral view of the skull of the Wallaby showing the skull parameters;
1-1 skull length, 2-2 skull width. (B) Dorso-ventral view of the skull of the Wombat show-
ing the facial parameters; 1-1 facial length, 2-2 facial width.
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Fig (2): Lateral view of Koala skull showing the orbit dimension.
1-1 Orbital length, 2-2 Orbital width. Dotted circle indicates the orbit circumference (not
completely bony
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Fig (3): (A) Dorso-ventral view of the skull of the Wallaby showing the inter-orbital pa-
rameters; 1-1 Rostral, 2-2 middle, 3-3 Caudal inter-orbital distances. Dotted lines indi-
cate orbit circumference.
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Fig (4): (A) Lateral view of the mandible of the Wallaby showing: ML-ML mandibular
length (distance between incisor and caudal border of the mandible).
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