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Abstract

The skull morphology of the lion (4),
dog (15) and cat (4) are described
and compared in this work. Meas-
urements of their skull length, weight
(without mandible), cranial length and
width, facial length and width, skull
index, cranial index, facial index, or-
bital index and cranial capacity are
given. Correlations between these
measurements were also examined
for each species.

These results are discussed in terms
of the usage of these morphometric
measurements in several basic and
clinical applications as well as in the
intelligence status of these species.
Four tables and three figures sup-
ported the results of this study.

Strong correlations (R> 0.7, R < -0.7)
were seen between 63% of meas-
urements in the lion’s skull enabling
regression models to be constructed
that could be used to predict meas-
urements such as skull weight if facial
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width is known. This differed from the
cat where 38% of measurements
were correlated and the dog where
only 3 parameters of measurements
were correlated.

Introduction

The present study was carried out on
four, big cat, lion skulls (Panthera leo)
(family: Felidae, genus: panthera).
For comparison, another 4 skulls of
the family Felidae, the domestic cat
(Felis catus), as well as 15 of the do-
mestic dog (Canis lupus familiaris)
were chosen.

The variability in the size and shape
of the skull among domestic dogs and
cats (Sisson, 1975; Evans, 1993 and
Vila et al., 1999) as well as among
wild large cats is considerable com-
pared to other mammalian species.
Many parameters have been used to
characterize the shape of the skulls in
dogs and cats, of these the skull indi-
ces and ratios are effective tools for
separating and defining the morpho-
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logical types (Onar and Glnes, 2003).
Klnzel et al., (2003) confirmed three
phenotypically different skull for-
mations in the feline skull namely;
round-shaped, triangular and cunei-
form. In dogs, three skull types were
recognized: the dolichocephalic, the
mesanticephalic and the brachyce-
phalic (Dyce et al., 2010, Evans, 1993
and Onar et al., 2003, 2012). Skull
morphometric analysis has also
helped discriminate tiger skulls of cer-
tain regions e.g. the mainland Asia
tiger and the Suda Island tigers and
their subspecies: Java/Bali, the Su-
matra and the Siberian tiger (Mazak,
2008).

Morphometric measurements thus
help in understanding the skull mor-
phology of different animal species,
detecting skull deformations, and de-
termining the cause of these defor-
mations (Onar and Glines, 2003).

The aim of this study is to add to the
database the skull measurements of
mixed Egyptian breeds of dogs and
cats, and compare these measure-
ments, indices and cranial capacity to
a lion skull.

Keywords: morphometry, cranial
capacity, lion, cat, dog, Egyptian.

Material and Methods

A skull of a lion (Panthera leo) that
died in the National Circus in Egypt
was brought to the Department of
Anatomy and Embryology, Faculty of
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Veterinary Medicine, in Sadat City.
The age of the animal was not known,
however tearing of the teeth and loss
of some of its teeth denotes an old
animal. The skull was prepared using
the boiling maceration technique for
skeleton preparation described by
Simoens et al. (1994). In addition,
three clean African lion skulls kept in
the Giza Zoo museum were also used
in this study.

For comparison purposes, four skulls
of domestic cats as well as fifteen
skulls of domestic dogs kept in the
museum of the Department of Anat-
omy and Embryology in the same
Faculty in Sadat City were also used
in this study.

The external measurements taken
were: the skull length, skull width,
cranial length, cranial width, facial
length, facial width, skull weight, or-
bital height, orbital width, inter orbital
distance (rostral, middle and caudal),
mandibular length and mandibular
weight.

The cranial as well as the orbital ca-
pacity of the lions, dog and cat skulls
were determined and estimated using
mustard seeds. For measuring the
orbital capacity, foramina opening into
the orbital cavity, were plugged with
plasticin (plastic clay) and cotton
wool. The communication between
the orbital cavity and temporal fossa
was blocked with cotton wool and the
whole orbital cavity was lined with a
very thin tissue paper. Then this cavi-
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ty was filled with mustard seeds to the
level of the orbital rim. The contents
were emptied and measured in a
measuring cylinder.

For measuring the cranial capacity, all
the foramina of the cranial cavity were
plugged with cotton wool. The cavity
was then filled with mustard seeds
through the foramen magnum up to
its brim. The mustard seeds were
then emptied into a measuring cylin-
der to get the capacity.

Skull Parameters Measured:

1) Cranial length: Distance between
the highest point of the parietals to
the middle of the rostral margin of the
incisive bone.

2) Cranial width: Distance between
two zygomatic arches.

Skull length

3) Skull base length: Distance be-
tween the midpoint of the dorsal mar-
gin of the foramen magnum to the
level of the middle point on the rostral
margin of the incisive bone.

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

Cranial Parameters Measured:

1) Cranial length: Distance from the
central point of the fronto-nasal suture
to the middle point of the nuchal crest.
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2) Cranial width: Maximum distance
between the highest point of the pari-
etal bones.

Cranial width
————x 100
Cranial length

(Miller et al., 1964)

3) Cranial index =

4) Capacity of the cranial cavity

Orbital parameters Measured:

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

2) Orbital width: The horizontal dis-
tance between the rostral and caudal
margins of the orbital rim.

. . _ Orbital width
3) Orbital index = Orbital length

(Miller et al., 19964)

100

4) Inter-orbital distance:

i. At rostral level: Distance be-
tween the junction of fronto-
lacrimal sutures of either side
at the rostral margin of the or-
bit.

ii. At middle level: Distance be-
tween the supraorbital borders
of orbit on either sides.

ii. At caudal level: Distance
between the junctions of the
zygomatic bone at the caudal
margin of the orbit on either
side.
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5) Orbital capacity

Facial Parameters Measured:

1) Facial length: Distance from the
fronto-nasal suture to the centre of
the incisive bone.

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

Facial width
————x 100
Facial length

(Miller et al., 1964)

3) Facial index =

All the obtained measurements were
expressed as mean+SD as well as
minimum and maximum values in Ta-
bles (1-4)

Data Analysis

The craniometric measurements were
taken using a normal caliper. Photo-
graphs were taken by a Samsung dig-
ital camera WB 700. Nomina Anatom-
ica Veterinaria (2005) was utilized for
denominating the anatomical terms in
the study.

Associations between morphometric
measurements within each of the
species examined were compared
using the Pearson product-moment
correlation coefficient (van Belle, et
al., 2004). Analysis was carried out in
MS Excel 2010. Coefficients > 0.7
were considered to have a strong
positive correlation and coefficients <-
0.7 were considered to have a strong
negative coefficient. Linear regres-
sion models (van Belle et al., 2004)
were used to model the linear rela-
tionship between selected measure-
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ments that had a particularly strong
correlation.

Results & Discussion

Techniques used:

Mustard seeds have been used for
measuring the cranial and orbital ca-
pacities by many authors because of
their rounded shape and small size
(Saber, 1989 and Sarma, 2006).
However, some authors used sesame
seeds (Rao, 1967), rice grains (Olo-
pade and Onwuka, 2005) and sand
(Mihayalov et al., 2013). More modern
techniques such as computed tomo-
graphic images and scanograms as
well as x-ray images of live animals
have been also used for measuring,
calculating and analyzing the different
parameters and indices (Onar et al.,
2002; Alpak, 2003 and Kock et al.,
2012). Modern techniques are more
accurate in measuring and analyzing
parameters on a plane surface, but
less accurate in determining the cra-
nial and orbital volumes, which is why
mustard seeds were used in this
case.

Morphometric measurements:

The results of this study were ex-
pressed as mean, standard deviation
(SD) of the mean with the maximum
and minimum values. (Tables 1-4)
The mean skull length of the lion, dog
and cat was 39.75+1.04, 20.02+1.36
and 8.4+1.5 cm, while the skull width
was 28+2.16, 10.04+0.56 and
6.8+1.4 cm respectively (Table 1-3).
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The mean cranial length of the lion’s,
dog's and cats skulls were
18.86+4.77, 5.96+0.63 and 3.4+0.4
cm, while the mean cranial width was
11.85+1.98, 5.13+0.34 and 4.1+0.2
cm respectively (Table 1).

The mean facial length the lion’s,
dog’s and cat's skulls were
17.88+5.59, 14.16+0.89 and 5.0+1.5
cm, while the mean facial width was
17.75+£5.19, 5.37+£0.35 and 5.9%+1.2
cm respectively (Table 1).

The mean cranial capacity of the
same animal species (lion, dog and
cat) was 207.4+ 24.49, 86.4+11.87
and 20.841.95 cc respectively (Ta-
ble1). A comparison between the cra-
nial capacities of different animal spe-
cies is listed in Table (3).

In the same animals of this study (li-
on, dog and cat), the mean cranial
index was 64.07+8.27, 90.98+10.04
and 121.24+18.29 while the mean
facial index was 113.9+58.57,
37.9943.06 and 121.67+19.51 re-
spectively. The mean orbital index
was 72.55+3.04, 89.67+9.88 and
83.48+10.61 respectively (Table 2).

Zuccarelli (2004) examined 75 lion
skulls (57 wild and 12 captive lions)
and recorded 21 different measure-
ments from the maxillary and man-
dibular regions of the skulls. He esti-
mated the overall length of the skulls
as 312.7, 303.5 mm and the overall
width of the skulls as 204.6, 205.2
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mm in the wild and captive lions re-
spectively.

The calculations of 14 indices and
ratios were accomplished using the
craniometric measurements in dogs
(Sisson, 1975; Komeyli, 1984; Von
Brehm et al., 1985; Betti, 1990; Lign-
ereux et al., 1991, 1992; Regedon et
al., 1991; Evans, 1993; Simoens et
al.,, 1994; Onar et al.,, 1997, 2001,
2002; Onar, 1999; Janeczek et al.,
2005).

Many studies of canine skull mor-
phometry have been performed (Hid-
aka et al., 1998, Kauhala et al., 1998;
Onar, 1999; Onar et al., 1997, 2001;
Yildiz et al., 1993) and have yielded
morphometric values relevant to the
skull shape.

Monfared (2013 a,b,c,) estimated
66.37 for the adult Iranian mixed-
breed dogs cranial index, 71.28 for
the Golden Jackal and 55.55 for the
Persian cat skull, 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.

Onar et al, (2012) mentioned
54.25+4.29 and 57.13+3.64 as skull
indices differentiating the dolichoce-
phalic and the mesocephalic skulls of
Byzantine dogs (500 skulls).

Kiinzel et al., (2003) mentioned that
the round skull type of cats was char-
acterized by an increase in height of
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the braincase. Moreover, Hain (1986)
reported that the Persian skulls were
significantly wider than those of the
Siamese and European Shorthair as
well.

The skull, facial and cranial indices of
Tibetan gazelle were 43.22+0.44,
58.77+0.30 and 11.37+1.24 respec-
tively (Zhu, 2012). In the immature
one-humped camel skull the facial
indices for the females and males
were 96.4 and 96.2 respectively (Ya-
haya et al., 2012). The facial and cra-
nial indices of the Kagani goat were
138.48+0.57 and 113.0+0.54 respec-
tively (Sarma, 2006) (Table 4).
Schmidt et al., (2011) mentioned that
in dogs a high index indicates a wider
braincase in relation to length (higher
grade of brachyocephaly).

Archana et al. (2006) mentioned 6X5
cm as the dimension of the Himala-
yan leopard orbital cavity, 2.00 kg for
the mass of head, 27.00 cm and15.5
cm for the length and width of head
respectively. Mihajlov and Dimitrov
(2010) studied 7 species from the Fe-
lidae family and concluded that the
tiger possessed the greatest volume
and length of cranial cavity, while the
lion possessed the greatest head
length, width and height.

The orbital index in the lion, dog and
cat in this study was 72.55+3.04,
89.674+9.88 and 83.48+10.61 and the
average orbital capacity was 80.5,
10.9 and 3.8 cm?® respectively. Karimi
et al., (2011) mentioned 21.46+ 0.68
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as the orbital index in Mehraban

Sheep.

Correlations:

Table (6) shows that 66 of the 105
pairs (63%) of morphometric meas-
urements in the lion’s skull are strong-
ly correlated either positively or nega-
tively. This suggests that changes in
dimensions of one part of the skull are
uniformly reflected in other parts of
the skull. Knowing this could be useful
in determining the parameters of the
skull if only portions of the skull are
available, as might be the case with
archaeology. Some of the measure-
ments have perfect linear relation-
ships such as Facial width: Skull
weight, Facial width: Orbital height
and Skull weight: Orbital height. The
practical application of this is that re-
gression models can be used to accu-
rately predict the one measurement if
the other is known. For example if the
facial width is know it is possible to
predict the skull weight using the re-
gression model Skull weight =
214+84(facial width). Orbital Height
appears to be particularly well corre-
lated to a number of other morpho-
metric measurements (Table 6).
Examination of the correlation matrix
for the cat (Table 7) also shows a
number of measurements to be
strongly correlated. However the pro-
portion of pairs that are strongly cor-
related is lower than for the lion skull
(35/91=38%) and most of these are
positive correlations. There was still a
strong correlation between facial
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width and skull weight (0.86) but less
so than for the lion. Correlations with
orbital height were more variable.

In the dog only three pairs of meas-
urements had strong correlations
(Table 8). These were skull length
with facial length and orbital capacity,
and caudal intra-orbital distance with
middle intra-orbital distance. These
correlations are not unexpected. What
is surprising is the lack of meaningful
correlations between the other meas-
urements when compared to lions
and cats. There was a difference in
sample sizes between the number of
dog skulls (n=15) compared to the
number of lion and cat skulls (n=4)
and initially it was thought that the in-
crease in sample size might have
brought more variability into the data
accounting for the poor correlations.
However when covariances were cal-
culated (SD/mean) there was not
much difference in covariance be-
tween the three groups (Table 9)
making variability in the data unlikely
as the reason for the poor correlations
seen in the dog skulls.

Skull capacity:

Hajnis (1962) stated that the skull ca-
pacity is not dependant on the form of
the skull. In the domestic cat, the neu-
rocranial volume was 28 + 0.97 ml,
neurocranial length was 6.63 + 0.77
cm, and the neurocranial height and
index were 3.32 + 0.38 cm and
49.83%, respectively (Uddin et al.,
2013).
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Hieck and Dougherty (2013) estimat-
ed the cranial capacity and cranial
index for the bull, deer, pig, raccoon,
cat, badger, gray fox, squirrel, Prairie
dog, marmot, jack rabbit and human,
postulated that predators, in compari-
son to prey, were of a higher intelli-
gence.

Conclusion:

The data obtained in this study are of
great significance in paleontological
studies and can be compared to cra-
nial measurements of fossils. In addi-
tion, it provides baseline data on the
skull osteometry, which is useful for
comparative anatomical and devel-
opmental studies and is important al-
so in the clinical treatment of diseas-
es.
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Table (1): Mean measurements, Standard Deviation (SD), with the Minimum (Min) and

Maximum (Max) values of the Lion skulls.

No. Parameters Mean SD Min Max
1 Skull length (cm) 39.75 | 1.04 38.50 41.00
2 Skull width (cm) 28 2.16 25.00 30.00
3 Cranial length (cm) 18.88 | 4.77 13.00 23.00
4 Cranial width (cm) 11.85 | 1.98 8.90 13.00
5) Facial length (cm) 17.88 | 5.95 11.00 18.00
6 Facial width (cm) 17.75 | 5.19 10.00 20.00
7 Skull weight (gm) 1703 | 437.06 | 1050.00 | 1950.00
8 Orbital capacity (gm) 80.5 | 21.44 56.25 100.00
9 Orbital height (cm) 7.75 0.50 7.00 8.00
10 | Orbital width (cm) 5.625 | 0.48 5.00 6.00
11 | Interorbital distance (rostral) (cm) | 13.55 | 3.03 10.20 17.00
12 | Interorbital distance (middle) (cm) 8.4 0.71 7.60 9.00
13 | Interorbital distance (caudal) (cm) | 15.25 | 3.86 11.00 18.00
14 | Cranial capacity (cc) 2074 | 2449 181.25 | 218.75
15 | Mandibular length (cm) 2953 | 0.64 28.80 30.00
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Table (2): Mean measurements, Standard Deviation (SD), with the Minimum (Min) and
Maximum (Max) values of the dog skulls.

No. Parameters Mean SD Min | Max
1 Skull length (cm) 20.02 1.36 | 184 | 23.7
2 | Skull width (cm) 10.04 0.56 9 10.9
3 | Cranial length (cm) 5.96 0.63 | 4.8 71
4 | Cranial width (cm) 5.13 0.34 | 45 5.8
5) Facial length (cm) 14.16 0.89 | 123 | 156
6 | Facial width (cm) 5.37 035 | 438 6
7 | Skull weight (gm) 165.47 | 47.25 | 100 | 275
8 | Orbital capacity (gm) 10.9 3.21 7.5 18.5
9 | Orbital height (cm) 3.3 028 | 2.7 3.6
10 | Orbital width (cm) 2.8 0.18 | 24 3
11 | Interorbital distance (rostral) 4.35 0.51 3 4.9
(cm)

12 | Interorbital distance (middle) 3.59 0.87 3 5.8
(cm)

13 | Interorbital distance (caudal) 5.11 39.66 | 4.2 115
(cm)

14 | Cranial capacity (cc) 86.4 11.87 | 60 115

Table (3): Mean measurements, Standard Deviation (SD), with the Minimum (Min) and
Maximum (Max) values of the cat skulls.

No. Parameters Mean SD Min Max
1 Skull length (cm) 8.4 1.5 6.3 9.5
2 | Skull width (cm) 6.8 1.4 5 8.5
3 | Cranial length (cm) 3.4 0.4 3 4
4 | Cranial width (cm) 41 0.2 3.8 43
5 | Facial length (cm) 5.0 1.5 3 6.5
6 | Facial width (cm) 5.9 1.2 4.2 7
7 | Skull weight (gm) 325 12.6 20 50
8 | Orbital capacity (gm) 3.8 1.6 1.8 5.5
9 | Orbital height (cm) 2.8 0.65 2 3.5
10 | Orbital width (cm) 23 0.27 1.8 25
11 | Interorbital distance (rostral) 24 414 1.8 13.8
(cm)

12 | Interorbital distance (middle) 1.6 0.23 1.2 1.8
(cm)

13 | Interorbital distance (caudal) 2.8 0.18 26 3
(cm)

14 | Cranial capacity (cc) 20.8 1.95 17.5 225
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Table (4): Means of the cranial, orbital, facial and skull/cephalic indices in lion, dog
and cat, one-humped camel (Yahaya et al, 2012), Tibetan Gazelle (Zhu, 2012), German
Shepherd dog (Onar, 1999), Mehraban Sheep (Karimi et al., 2011), golden jackal (Mon-

fared, 2013b)

Ger- Mehra-
Parameter Lion Dog Cat Camel Tibetan man ban Golgen
Gazelle She- Sheep Jackal
pherd
dog
Cranial In- 64.07+ 90.96 121.24 | 41.42+ 58.37+ 73.24 52.76+ 71.28
dex 8.27 +10.04 | +18.29 0.43 0.80 1.13
Orbital Index | 72.55+ 89.67 83.48 - - - 21.46+ -
3.04 +9.88 +10.61 0.68
Facial Index | 113.9+ | 37.99 121.67 | 96.35+ | 116.37+ | 133.13 | 85.44+ -
58.57 +3.06 | +19.51 0.95 1.24 1.89
Skull/cephali 71.28 24.86 80.79 | 40.99+ | 43.22+0. 58.43 53.57+ -
¢ Index +2.71 +2.85 +6.08 0.33 44 3.26

Table (5): The average cranial capacity of some animal species and man

Authors Animal Average cranial capacity
Species (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
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
Sarma (2006) Kagani goat 113
Mihaylov et al., (2013) Brown bear 343+13.86
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Table (6): Correlation of morphometric measurements of the Lions skull (n=4)
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0.8
Skull width (cm) 2 1
3 07
Cranial length (cm) 4 8 1
0.7 09 08
Cranial width (cm) & 2 8 1
0.4
Facial length (cm) 1 1
07 08 08 09
Facial width (cm) 6 9 4 9 1
0.8 08 07 09 1.0
Skull weight (gm) 1 9 9 8 0 1
00 05 . 06 00 05 04
Orbital capacity (gm) 1 7 1 0 3 5 1
08 09 08 09 1.0 1.0 05
Orbital height (cm) 0 3 2 9 0 0 1 1
07 06 05 08 09 08 09 01 08
Orbital width (cm) 5 4 6 3 0 9 1 4 7 1
Interorbital distance 07 09 05 07 06 06 06 04 07 03
(rostral) (cm) 7 4 9 2 2 8 8 7 4 7 1
Interorbital distance 02 06 09 08 03 07 07 . 0.7 04 05
(middle) (cm) 2 9 9 2 0 8 1 5 9 0 1
Interorbital distance 06 04 04 0.1 03
(caudal) (cm) 0 4 4 3 9 1
05 03 03 0.2 .
Cranial capacity (cc) 6 4 2 6 1
Mandibular length 01 09 04 09 01 02 00 05 00 09 04 O
(cm) 3 4 3 2 2 3 0 7 4 ) 8 81 1
Yellow blocks indicate a strong positive correlation; Green blocks indicate a strong negative correla-
tion
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Table (7): Correlation of morphometric measurements of the Egyptian cat skull (n=4)
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Skull weight  (gm) 0 0 1 1 7 6 0
05 05 01 09 05 05 00 1.0
Orbital capacity(gm) 3 1 9 0 9 0 5 0
09 09 00 06 09 07 05 02 1.0
Orbital height 1 6 9 3 4 &) 7 0
09 08 03 06 08 09 08 05 08 1.0
Orbital width (cm) 8 8 5 6 9 9 1 0 3 0
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Yellow blocks indicate a strong positive correlation; Green blocks indicate a strong negative
correlation
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Table (8): Correlation of morphometric measurements of the dog skull (n=15)
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Orbital width 3 6 6 2 6 6 1 8 0
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(caudal) (cm) 9 9 2 1 3 7 6 5 6 2 3 6 0
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Cranial capacity 6 8 1 6 6 4 0 0 1 7 2 1 5 0

Yellow blocks indicate a strong positive correlation
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Table (9): Covariance estimates for the various morphometric measurements taken for lion,

cat and dog skulls

Measurement Lion skulls  Cat skulls  Dog skulls
Skull length (cm) 0.03 0.17 0.07
Skull width (cm) 0.08 0.21 0.06
Cranial length (cm) 0.25 0.12 0.1
Cranial width (cm) 0.17 0.06 0.07
Facial length (cm) 0.33 0.29 0.06
Facial width (cm) 0.29 0.20 0.07
Skull weight (gm) 0.26 0.39 0.29
Orbital capacity (gm) 0.27 0.41 0.29
Orbital height (cm) 0.06 0.23 0.09
Orbital width (cm) 0.09 0.12 0.07
Interorbital distance (rostral) (cm) 0.22 2.14 0.12
Interorbital distance (middle)  (cm) 0.08 0.15 0.24
Interorbital distance (caudal) (cm) 0.25 0.06 7.76
Cranial capacity (cc) 0.12 0.09 0.14
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Plate (1): Measurements taken for the dog, cat and lion skulls.
(A) Dorso-ventral view of dog skull: 1-1Cranial length, 2-2 Cranial width &
(B) Dorso-ventral view of cat skull: 1-1 orbital length, 2-2 orbital width, 4-4 skull

length, 5-5 skull width
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Plate (1): Measurements taken for the dog, cat and lion skulls.
(C) Dorso-ventral view of lion skull: 1-1 caudal interorbital distance, 2-2 middel in-
terorbital distance, 3-3 rostral interorbital distance, 4-4 facial length, 5-5 facial width.
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