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SUMMARY

The morphological features of facial
region of the camel skull were
investigated. A total of 42 camel skulls
(30 mature and 12 immature) from
three geographical locations
(Maiduguri, Kano and Sokoto) in
Nigeria were used in this study. The
morphological features of the nasal
region of the camel skulls were
observed to be composed of the os
nasale, os incisivivum, os lacrimale,
maxilla and part of the os frontalale as
reported for other domestic animals.
Variations in the morphological
arrangement of the incisive, maxilla
and nasal bones of the nasal region in
camel skulls for both mature and
immature animals were observed to
show two typical variations as
nasomaxilloincisive notch (80%) and
nasoincisive notch (20%) in all
samples studied. Slit-like fissures
were also observed at the
frontomaxillary suture area in 90.5%
mature and 92% immature camel
skulls. These fissures were observed
to be either rectangular or oval in
shape and bilateral in 95% while in
the remaining were either absent or
unilateral. However, there were a
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wide opening on each side of the nasal
bone and could be classified into two
types (fIssura frontomaxillaris and
fissura nasofrontomaxillaris)
according to various patterns of
articulations of the neighbouring
bones. The nasal region
morphological information provided
in this study will contribute to
knowledge of the morphological
pattern of the fissures of facial bones in
skull that can play a prominent role in
osteological investigation or
osteoarchaeology, and also offer
elements for eventual comparative
studies that can be used for tracing
origin of the animal.
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INTRODUCTION

The skull is frequently the major element of the
skeleton indicating taxonomic affiliation, and
giving information on changes in animals as a
result of selection (Bruenner ef al., 2002).
Generally the composition of the bones that
form the external configuration of the nasal
region of the skull of various domestic animals
is composed of os nasale, os lacrimale, maxilla,
the processus nasalis of the os incisivum and
part of os frontale (Nickel et al., 1986; Yiet al.,
2001). The pattern and extent of involvement of
these bones in the formation of the nasal region
varies among the animal breeds and species.
However, these variations involve the pattern of
articulation between os nasale and the
surrounding bones such as the maxilla, os
lacrimale, and os incisivum, as has been
represented as having a complete suture- or
fissure-like structure in various domestic
animals (Getty, 1975; Yi et al., 1998; Evans,
1993).

Literature on the morphological variability of
the shape and pattern of fissures in the skull of
camel is scanty. An early study by Smuts and
Bezuidenhout (1987) gave only the different
bones that form the nasal region of the skull of
camel with no mention of the morphological
variability of the pattern of fissures among the
bones of the region. Therefore there is the need
to investigate the anatomical pattern of fissures
among the bones that form the nasal region of
the skull of camel found in Nigeria.

The result of this study will contribute to
knowledge of the morphological pattern of the
fissures that can play a prominent role in
osteological investigation, osteoarchaeology,
radiographic interpretations and also offer
elements for eventual comparative studies that
can be used for tracing origin of the camel.

MATERIALS and METHODS

Forty two healthy camels with equal number of
both sexes were used for this study. The animals
were grouped into two age groups (mature and

immature) consisting of 30 mature (5-7 years)
and 12 immature (2-3years) animals. The
animal's age was estimated using dental
formula (Williamson and Payne, 1978; Wilson,
1984). The camel heads were obtained after
slaughter in the main abattoirs of Nigerian arid
cities (Maiduguri, Kano and Sokoto) and the
skulls were then macerated using modification
ofthe hot water maceration technique described
by Onar et al., 1997 and Olopade and Onwuka,
2004.

After maceration, the relationships between the
bones and pattern of fissures that form the nasal
region of the skull were observed for
documentation. Observations of all the skulls
were made by the naked eye, and photographs
were taken using a Sony Cyber-shot® 14.1
megapixel camera as required.

RESULTS

Figure 1: Dorsolateral view of mature camel skull
showing O, occipital bone; T, temporal bone; P,
parietal bone; F, frontal bone; M, maxilla; N, nasal
bone; I, incisive bone; 1, supraorbital foramen; 2,

frontonasal suture; 3, nasomaxillary suture; 4,

maxilloincisive suture; 5, fissura frontomaxillaris;
6, orbit. Note the point of union between the nasal,
maxillary and incisive bones (arrow) forming
nasoincisive notch
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Figure 2(A and B): Dorsal view of immature camel
skull showing P, parietal bone, F, frontal bone; M,
maxilla; N, nasal bone; I, incisive bone; 1,
supraorbital foramen; 2, nasal fissure (24, fissura
frontomaxillaris and 2B, fissura
nasofrontomaxillaris); block arrow, (24,
nasomaxillary suture); arrow (2B, contribution of
the lateral part of the nasal, frontal and maxilla
bones to form fissura nasofrontomaxillaris).

The external configuration of the nasal region
of the skull of the camel in Nigeria was
observed to be composed of the os nasale, os
incisivivum, os lacrimale, maxilla and part of
the os frontalale (Figure 1). The face was
formed by five bones, the frontal and nasal
bones dorsally; the maxillae and lacrimal bones
caudolaterally and incisive bone craniolaterally
(Figure 1). The frontal bones were situated on
the limits of the cranium and face, between the
parietals caudally and the nasal bones rostrally.
The frontal bones were wider and join the
caudal aspect of the nasal bones to form
nasofrontal suture which lies slightly rostral to
the level of the orbit (Figure 1). These bones
have a depressed central area that carries at least
a pair of supraorbital foramina and two or more
accessory supraorbital foramina at various
distances from the midline (Figure 1). The
depression is well pronounced in the immature
than the mature camels and also wider in the
male than the female animals. The nasofrontal
part of each frontal bone projects laterally
towards the orbits to a greater extent (Figure 1).
The nasal bones are situated rostral to the
frontal bones and form the roof of the nasal
cavity. Each of the nasal bones articulates with
the bone of the opposite side, the frontal,
maxilla and a time with incisive (Figure 2A).
The nasal bones were relatively short. They
end with a short median and a long lateral
process (Figure 2A). The nasal bones were
flanked laterally by the maxillary bones which
become constricted in the nasal region to form
the slender dorsolateral borders of the region
(Figure 1).

Maxillae are the principal bones of the upper
jaw that communicate dorsally with the nasal
and frontal bones, rostrally with the incisive and
caudally with the lacrimal and zygomatic bones
(Figure 3). Rostrally, the maxilla at variable
lengths contribute to the osseous aperture of the
nose (Figure 4A) in 80% of the samples studied
whereas in the remaining samples, the maxilla
does not contribute (Figure 4B). These
observations were noticed in the skull of both
mature and immature camels. Two types of
articulation patterns were observed, forming
nasomaxilloincisive and nasoincisive notches.
The first type was the articulation of the maxilla
to the nasal bone dorsally and the incisive bone
rostroventrally to form nasomaxilloincisive
notch that was created

Figure 3: Rostrolateral view of immature camel
skull showing F, frontal bone; N, nasal bone; M,
maxilla; I, incisive bone; L, lacrimal bone,; Z,
zygomatic bone; 1, supraorbital foramen; 2,
infraorbital foramen, 3, fissura frontomaxillaris, 4,
frontomaxillary suture and block arrow, depressed
area that carries supraorbital foramina. Note the
rectangular shape of the fissura frontomaxillaris.
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Figure 4(A and B): Lateral view of nasal region of
mature camel skull showing M, maxilla bone; N,
nasal bone; I, incisive bone;, 44 (X ,
nasomaxilloincisive notch; 1, nasomaxillary
suture; 2, maxilloincisive suture, and 3, infraorbital
foramen); 4B (block arrow, nasoincisive notch; 1,
nasoincisive suture; 2, maxilloincisive suture; and
3, infraorbital foramen.

by an interval of varying distance of the maxilla
(Figure 4A).

The second type was the articulation of nasal
and incisive bones to form nasoincisive notch
(Figure 4B). Both types of the notch were
observed in the skull of both immature and
mature camels. Incisive bone forms the lateral
border of the osseous nasal aperture and it
carries a single incisor tooth. The left and right
incisive bones do not fuse rostrally (Figure 2A).

Lacrimal bones are situated at the rostral part of
the orbit, and extend rostral on the face to the
caudal border of the maxilla (Figure 3). It is
small in size and is almost triangular in shape in
both immature and mature camels (Figure 3). It
also articulates dorsally with the frontal bone,
ventrally with the maxilla and zygomatic
bones. No facial crest or tubercle was present
but a prominent infraorbital foramen is
observed (Figure 3).

Slit-like fissures were observed at the
frontomaxillary suture area (Figure 3) in 90.5%
of the mature and in 92% of immature camel
skulls, while in the remaining skulls they were
either absent (Figure 5B) or unilateral. These
fissures were observed to be bilateral (Figure
5A) in 95% of samples while in the remaining,
they were either absent or unilateral. On the
basis of the articulation of the surrounding
bones, two types (Type I and II) of slit-like
fissurae were observed. In Type I (fissura
frontomaxillaris), there was no continuous
articulation of frontomaxillary suture formed
between the frontal and maxilla bones (Figure
2A. However, the maxilla and incisive bones
made complete articulation with the nasal bone

(Figure 3). The entire shapes of the fissurae
were either rectangular (Figure 3) or oval
(Figure 2A) in shape and were observed in
skulls of both mature and immature camels. In
Type II (fissura nasofrontomaxillaris), the
pattern of articulation was similar to Type I but
with

Figure 5(Aand B): A, Dorsolateral view of mature
camel skull showing bilateral fissura
frontomaxillaris (block arrows) and B,
Dorsolateral view of mature camel skull showing
no facial fissura (block arrows).

no continuous articulation between the lateral
part of the nasal, frontal and maxilla bones
(Figure 2B). This type of fissura was observed
in only skulls of immature camels. Both types
of fissurae were not consistent with the
descriptions given by International
Committee on Veterinary Gross Anatomical
Nomenclature (2005).

DISCUSSION

In this study, the pattern of articulation among
the bones surrounding the nasal region was
focused on. Generally, the nasal region of the
skull is composed of the os nasale, the
processus nasalis of the os incisivum and
rostral part of the os frontale in most domestic
animals (Nickel et al., 1986; Yi et al., 2001).
The frontal bones in the camel were relatively
wide and have a depressed central area as seen
in dogs and cats to form the frontal fossa
(Shahid and Kausar, 2005). In the goat,
Olopade (2006) reported a longitudinal
convexity of the frontal bones between the
horns. In camel, the frontal depressed central
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area carries two or more supraorbital foramina
along both sides of the midline of the frontal
bones at the level of the orbits. These foramina
are relatively closer to each other compared to
what is obtained in cattle that are far apart (Dyce
et al., 2010). In the camel, at least a pair of
supraorbital foramina in the frontal depression
is usually placed far apart at various distances
from the midline. There was no gender
difference in the frontal bones of the camel.
Unlike in goats, Olopade (2006) observed
distinct gender difference. The nasofrontal part
of each frontal bone projects laterally towards
the orbits to a greater extent so that the width of
the two frontal bones between the dorsal
margins of the orbit is greater than in the horse
(Dyceetal.,2010).

The nasal bones of camel were relatively
narrower and longer than in cattle and horse as
equally observed by Saber (1990) and Dyce et
al. (2010). The nasal bones firmly fused to the
surrounding bones unlike in goat (Olopade,
2006) and cattle (Getty, 1975; Dyce et al.,2010)
where they were reported not to be firmly fused
to the surrounding bones. In camels these bones
end with a short median and long lateral
processes with the former far more caudal
compared to what is reported in cattle to be
almost even, while in the horse it is long and
pointed extending beyond the nasoincisive
notch (Getty, 1975; Dyce et al., 2010). This
shortening of the nasal bone in camel
contributes to the elongation and narrowing of
the nasal slit. In this study, the incisive bone was
observed to make contact caudodorsally with
either maxilla alone or with maxilla and nasal
bones, an occurrence that is not seen in the
sheep and cattle (Getty, 1975; Dyce et al.,
2010). The rostral opening of the body of the
incisive bone does not unite rostrally and bears
only one incisive tooth in camel and this may
confer less mechanical strength to the dental
pad which may aid injuries in the rostral part of
the face and hard palate. The incisive and
palatine fissures were smaller and narrower
than in cattle. The body of the maxilla is shorter

in camel than in cattle and horse (Dyce et al.,
2010). The maxilla bone along with the
protruding orbit largely determines the shape of
the skull of the camel. In this study, two types of
fissurae (fissura frontomaxillaris and fissura
nasofrontomaxillaris) were seen at the
frontomaxillary suture area unlike in Korean
native goat, where Yi ef al. (2001) observed
several different forms classifying the fissura
into four types as Type I and II (fissura
nasolacrimalis), and Types III and IV (fissura
nasomaxillaris). However, there were different
opinions about the fissura nasolacrimalis and
fissura nasomaxillaris, depicted only as fissura
nasomaxillaris in ruminants (Nickel et al.,
1986). In Nomina Anatomica Veterinaria
(International Committee on Veterinary Gross
Anatomical Nomenclature, 2005), the spaces
that remain in ruminants between the os nasale
on one hand, and the maxilla and the os
lacrimale on the other, cannot be regarded as
fonticuli and are called fissurae. However,
Pohlmeyer (1985) named it the fonticulus, both
in deer, that was relatively wide, and in sheep
and goats, it was narrow and long. Fissura
nasofrontomaxillaris we observed in camel
cannot be called fissura nasolacrimalis as in
goats due to lack of lacrimal bone presence at
the point of articulation among the nasal, frontal
and maxillae bones. This is because lacrimal
bone is so small in camel and could not extend
to the point of articulation between nasal and
maxillary bone as reported in ovine, bovine and
equine by Getty (1975) and Dyce et al. (2010).
These fissurae areas could represent an area of
weakness in the camel that could be prone to
fracture. Viewing the skull dorsolateral, there
were two typical union patterns of the facial
bones (incisive, nasal and maxilla) that formed
the maxillofacial region in both mature and
immature camels. The first type was
nasoincisive formed by the presence of a
definite incisive-naso-maxillary junction,
which was clearly reported by Smuts and
Bezuidenhout (1987) not to exist in camel.
While the second type was nasomaxilloincisive
notch which was formed by an interval of
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varying distances of maxilla seen between the
incisive and nasal bones. The former is similar
to that described in goats by Olopade (2006),
and Olopade and Onwuka (2009) while the
latter resembles the morphological
arrangement in sheep (Yi et al., 2001), horses
and cattle (Getty, 1975; Dyce et al., 2010). In
future studies, these structures could be
investigated amongst camels from different
regions of the continents to ascertain their
origin, dominant skull profiles, characters that
could be attributed to environmental
adaptations; and lastly, profile of pure breeds
that have lived in other geographical regions
over generations.
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