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ABSTRACT: There is dearth of information on the biometry, clinical and applied anatomy of the head region, general 
morphology on the indigenous breed of sheep in particular, hence led to the motivation behind this study. This study gives 
the first biometric description of the skull of Yankasa indigenous breed of sheep in Nigeria.  Twenty-five heads (5 [0 – 6 
months], 5 [6 months – 1 year], 5 [1 – 2 years], 5 [2 – 3 years] and 5 [ 3 years and above]) were collected from purposively 
and randomly sampled Yankasa male sheep from a slaughter slab and processed for biometrical investigation. Several 
biometrical measurements were recorded from each of the 25 skulls. From these, simple descriptive statistical analysis 
was obtained. The values obtained from these groups were increasing with ages. This study has described the biometric 
characteristics of the Yankasa sheep and concludes that a contribution for comparative model for other African local ovine 
breeds in general and Nigerian ovine breeds in particular has being made. Being the first study of its kind in Nigeria, it 
makes a significant contribution to a better understanding of the Yankasa sheep skull. It is envisaged that the results 
obtained in this study will be useful as baseline data in anatomical and archaeological studies. 
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INTRODUCTION 
 
Sheep (Ovis aries) are quadrupedal, ruminant animals 
typically kept as livestock. They are members of the order 
Artiodactyla, the even-toed ungulates. Although the name 
“Sheep” applies to many species in the genus ovis, in 
everyday usage it almost always refers to Ovis aries. 
Domestic sheep differ from their wild relative in several 
aspects, having become uniquely ‘neotemic’ as a result of 
selective breeding by humans. Sheep contributes 
enormously to the protein requirements of most 
developing countries (Muhammad et al., 2008). 

In Nigeria, sheep are found predominantly in northern 
part of the country. Sheep and goat are seen as having 
secondary importance in relation to crops (Adu and Ngere, 
1979). It is generally considered to be four breeds or races 
of sheep native to Nigeria, the Balami, Uda, Yankasa and 
West African Dwarf (WAD) (Adu and Ngere, 1979). The 

Yankasa breed has been the most extensively studied in 
Nigeria. The body colour is white with black patches 
around the eyes. Rams have curved horns and a hairy 
white hair and ewes are polled (Blench, 1990).  

Animal morphology shows considerable variation with 
respect to breed, age, sex, nutritional condition and 
environmental factors among others (Alpak et al., 2009). 
Thus, measurements are important tools for comparison. 
In order to achieve a more objective assessment, 
numerous metrical measurements need to be carried out 
(Künzel et al., 2003; Brombin et al., 2009). 

Craniometrical studies are vital because the skull is 
considered to be the major element of the skeleton 
indicating taxonomic affiliation, and can give information 
on changes in animals arising from selective breeding 
(Bruenner et al., 2002). In  addition, craniometrical   studies 
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of domestic animals are commonly reported in scientific 
literature due to the fact that the comparative data is of 
value in osteoarcheology (Guintard and Fouché., 2008; 
Grigson., 1974). Data generated from skull biometry can 
be important in anthropology (Bokonyi, 1974), forensic 
studies (Adebisi, 2008), regional anaesthesiology 
(Olopade and Onwuka, 2005a), taxonomy (Habel, 1975) 
and comparative anatomical studies between and within 
breeds (Olopade et al., 2006). They are also important for 
classification, as the phenotypic appearance of an animal's 
head has been reported to depend on the shape of the 
skull and is strongly related to breed-specific skeletal 
features (Künzel et al., 2003). 

Many researches have been carried out to study the 
developmental changes in the skull of sheep, such 
researches iincluded that of Kataba (2014), Olopade and 
Onwuka (2005b), Muhamed et al. (2016) that worked on 
Gwembe Valley Dwarf goat, West African Dwarf and 
Barbados black belly sheep respectively. However, in 
Nigeria there is paucity of information on the 
developmental changes in the skull and mandible of 
indigenous breeds of sheep. Therefore, this study is 
designed to have revealed slight variation in general 
morphology of the skull at different age of development, so 
that problems associated with these bones are minimized 
in each age categories. 
 
 

MATERIALS AND METHODS 
 
The study was conducted in Sokoto metropolis, the capital 
of Sokoto state of Nigeria (Sokoto, 2001). A cross sectional 
study design was used. Purposive sampling (Non-
probability sampling) was used in this study based on 
Patton (1990). The fresh heads from slaughtered Yankasa 
sheep were selected based on the known breed 
characteristics, good health and lack of skeletal abnor-
malities (Olopade and Onwuka, 2005b; Ahmadu, 2001). 

Twenty-five (25) sheep identified as Yankasa sheep 
aged 0 to 6months and older were collected from Sokoto 
modern abattoir (Table 1). The sheep were selected based 
on apparent good health of animals noting characteristics 
such as lack of congenital deformities, scars or trauma on 
the skulls (heads) (Olopade and Onwuka, 2005b). The 
sampling was stratified according to age, the age was 
estimated on the basis of the eruption of the permanent 
teeth as a guide (Vatta et al., 2006). Following slaughter, 
samples were severed at the occipito-atlantal joint, and 
placed in clean polytene bags according to their age. The 
heads were later processed for morphometric analysis in 
the anatomy laboratory of the Faculty of Veterinary 
Medicine, Usmanu Danfodiyo University Sokoto, Sokoto 
State, Nigeria.  
 
 
Maceration of the sheep heads  
 
The  hot   water  maceration  techniques  as  described  by  

 
 
 
 
Simoens et al., (1994) were used in this study. The skin 
and most of the muscles were separated and eyes were 
enucleated using knives and scalpel blades from the fresh 
heads. Samples were heated at over 80ºC for 1 hour in 
solution of polycaboxylate and anionic surfactant (detergent). 
Muscles of boiled heads were separated with the aid of 
forceps and scalpel in water. The boiled heads were left to 
stand in the detergent water for 30 minutes after which the 
separation of remaining muscles and ligaments of the 
heads was done. The heads were then rinsed in clean 
water. 
 
 

Drying of head (skull) 
 

The heads were sun-dried on the first day, but transferred 
to the anatomy laboratory for completion of the drying 
process for three (3) days. 
 
 

Biometrical measurements 
 

Fifteen biometrical measurements were obtained on the 
entire twenty-five Yankasa sheep skull using Butterfly 
measuring tape and were weighed with a digital weighing 
balance (Citizens Scale1 PVT, Ltd, model MP-600, with a 
sensitivity of 0.01 g). The measurements were taken 
systematically according to the five age categories at the 
same time retaining the numbering corresponding to 
standard. 
 
 

Skull parameters (cranium) 
 

1. Skull weight: weighed with a digital weighing balance. 
2. Skull length: from the rostral end of the alveolar 

process of the incisive bone to the occipital crest and 
divided into cranial and nasal skull lengths. 

3. Cranial skull length: from the cranial border of the 
frontal bone cranially to the occipital crest. 

4. Infra orbital foramina distance: width between the 
infra-orbital foramen. 

5. Supra orbital foramina distance: Greatest width 
between the two supra-orbital foramen. 

6. Medial canthus to supra orbital foramen: distance from 
the medial canthus to the supra-orbital foramen. 

7. Medial canthus to infra orbital foramen: distance from 
the medial canthus to infra-orbital foramen. 

8. Medial-lateral canthus (both left and right): width 
between the lateral and medial canthus of both left and 
right eyes. 

 
 

Skull parameters (facial part) 
 

9. Nasal skull length: from the cranial edge of the 
maxillary bone cranially at the level of incisor tooth to 
cranial border of the frontal bone caudally. 

10. Facial tubercle to infra orbital foramen: distance 
between the facial tuberosity to infra-orbital foramen. 



 
 
 
 
11. Midpoint of the first upper premolar at its alveolar 

border to the infra orbital foramen. 
12. Nasal process of incisive bone to infra orbital foramen. 
13. Distance between the occipital condyles. 
14. Distance between the jugular processes. 
15. Naso incisive notch to infra orbital foramen. 
 
 
Data analysis 
 
The data were analyzed statistically using Microsoft office 
Excel 2007. Numerical data were presented in forms of 
tables as means and ± standard deviation. Two tailed t-
test to compare the different groups and a significance 
level of p≦0.05 was used for all the comparisons.   
 
 
RESULTS 
 
The mean and standard deviation of Yankasa sheep 
cranial bone biometry values were determined. The mean 
skull weight (SW) of group 1, group 2, group 3, group 4, 
group 5 were found to be 175.40±0.99, 213.15±0.35, 
257.15±0.57, 324.30± 1.27 and 546.05±0.21 respectively, 
and there were significant difference between all the 
groups with increase in age. The mean skull length (SL) of 
group 1, group 2, group 3, group 4, group 5 were 
22.25±0.99, 23.90±0.14, 26.83±0.71, 30.05±0.42, 
32.50±0.99 respectively. This shows that the values 
increase with age with significant difference between the 5 
groups (p≤0.05). The last group has the highest value 
while the first group has the least value. The cranial skull 
length (CSL) and infra-orbital foramina distance (IFD) 
increases with age with significant difference (p≤0.05) 
between all the groups.  The supra-orbital foramina 
distance (SFD) showed gradual increase with statistical 
difference (p≤0.05) between groups 1, 2 and 3. The 
distance between the medial canthus and supra-orbital 
foramen (MSF) and distance between the medial canthus 
and infra-orbital foramen (MIF) showed some relative 
increase with significant difference (p≤0.05) in group 3 
only. In the left eye there are significant increase p≤0.05) 
in groups 1, 2 and 5, whereas in the right eye there are 
significant difference between all the groups (Table 2). 
 
 

Facial bone land mark of clinical importance 
 
The biometrical value of facial bones of Yankasa sheep 
were measured as shown in Table 3. The skull weight 
(SW) was as described previously (Table 2). The nasal 
skull length (NSL) of group 1, group 2, group 3, group 4, 
group 5 were 7.39±0.42, 8.20±0.42, 9.43±0.42, 9.61±0.14, 
9.77±0.35 respectively,  which showed arithmetical 
increase with age with significant difference between 
(p≤0.05) groups 1, 2, and 3. The distance between the 
facial tubercle to infra orbital foramen (FTIF), midpoint of 
the   first    upper    premolar    to   the   infra-orbital   foramen   
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Table 1. Age group classification. 
 

S/N  Age NO. of sample 

1 0-6months 5 
2 6months-1year 5 
3 1-2years 5 
4 2-3years 5 
5 3years-Above 5 

 
 
 

(MTFUP), Nasal process of incisive bone to infra orbital 
foramen (NPOI), distance between the jugular process 
(DBJP), Nasoincisive notch to infra orbital foramen (NIN), 
all showed geometrical increase with age, and all had 
showed significant difference (p≤0.05) between them with 
exception of distance between the occipital condyles 
(DBOC) which showed significant difference (p≤0.05) bet-
ween groups 1, 2 and 5 only (Table 3 and Plates 1 to 3). 
 
 
DISCUSSION 
 
This study has documented the age related changes in the 
osteometry of the skull of Yankasa ram. Due to lack of 
information in the areas mentioned above on Yankasa 
sheep, the results obtained in this study is to form a 
baseline data for the Yankasa ram skull. It is envisaged 
that this baseline data will be useful for future studies in 
the Ovinae sub-family and other species of domestic 
animals in Nigeria. The implications and applicability of the 
results are discussed here under. 
It is an established fact that bone growth in weight and 
length depends primarily on the amount of calcium salt 
deposited during ossification (Richardson et al., 1976). 
This in turn depends on the quantity of the mineral in 
animal feed, and the ability of the animal to use the mineral 
for bone calcification (Sivachelvan et al.,1996). It is 
therefore, pertinent to point out that the nutritional status 
of animals from which the bone specimens collected were 
unknown. The values observed in the study showed 
significant difference in relation to the ages and the values 
were increasing with advancement in ages. The significant 
increase in weight of the skull was observed from three 
years and above, which showed how critical this period is 
in the growth and development of the animal. Therefore, 
the need for adequate supply of necessary nutrients for 
growth and development and also to avoid diseases and 
abnormalities of the skeleton which occur due to mineral 
deficiency such as Rickets, osteoporosis and osteoarthritis 
among others. The values obtained for skull length by 
Muhamed et al. (2016), Olopade and Onwuka (2005b) and 
Kataba (2014) in adult skull of Barbados Belly Sheep, 
West African Dwarf (WAD) and Gwembe Valley Dwarf 
goat were lower compared to what was recorded in this 
work. 

The parameters for Nasal skull length, cranial skull 
length, infra orbital foramina distance, supra orbital 
foramina distance, medial canthus to supraorbital foramina 
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Table 2. Mean ± SD values of the cranial bone landmark of clinical importance. 
 

Parameters Group 1 Group 2 Group 3 Group 4 Group 5 

SW 175.40±0.99a 213.15±0.35b 257.15±0.57c 324.30±1.27d 546.05±0.21e 

SL *22.25±0.99a *23.90±0.14a 26.83±0.71c 30.05±0.42d 32.5±0.99e 

CSL 15.17±0.85a 18.22±0.85b 19.71±0.49c 22.60±0.28d 23.41±0.35e 

IFD 9.06±0.28a 10.20±0.42b 10.71±0.07 11.13±0.42d 11.73±0.21e 

SFD 5.6O±0.42a 6.29±0.85b 6.61±0.21c *7.53±0.28d *7.62±0.29d 

MSF *3.67±0.28a *3.78±0.14a 4.10±0.14c *4.51±0.35d *4.62±0.49d 

MIF *6.43±0.28a *6.71±0.07a 7.33±0.28c *7.90±0.28d *7.90±0.42d 

M-L C - - - - - 

Left 3.43±0.35a 4.20±0.14b *4.62±0.14c *4.68±0.14c 4.83±0.42e 

Right 3.53±0.42a 4.44±0.28b 4.67±0.00c 4.91±0.21d 4.91±0.49e 
 

abcde: means on the same rows with different superscripts are significantly different (p≤0.05). * superscripts show no  
significant different (p>0.05). SW: Skull weight(g), SL: Skull length(cm), CSL: Cranial skull length(cm), IFD: Infra orbital 
foramina distance(cm),  SFD: Supra orbital foramina distance(cm) , MSF: Medial canthus to supra orbital foramen(cm), MIF: 
Medial canthus to infra orbital foramen(cm), M-L C: Medial-lateral canthus(cm), Group 1= 0-6months, Group 2 = 6 months - 

1 year, Group 3 = 1 year – 2 years, Group 4 = 2 years - 3 years, Group 5 = 3 years and above. 

 
 

Table 3. Mean ±SD values of the facial bone landmark of clinical importance. 
 

Parameters Group 1 Group 2 Group 3 Group 4 Group 5 

SW 175.40±0.99a 213.15±0.35b 257.15±0.57c 324.30±1.27d 546.05±0.21e 

NSL 7.39±0.42a 8.20±0.42b *9.43±0.42c *9.61±0.14c *9.77±0.35d 

FTIF 3.10±0.42a 3.39±0.35b 4.03±0.42c 4.23±0.28d 4.32±0.07e 

MTFUP 1.69±0.28a 2.42±0.35b 2.82±0.21c 3.03±0.21d 3.19±0.35e 

NPOI 4.92±0.35a 5.34±0.49b 5.63±0.14c 6.69±0.21d 6.93±0.42e 

DBOC 2.82±0.21a 3.32±0.28b *3.63±0.21c *3.92±0.35c 4.12±0.28e 

DBJP 4.32±0.21a 5.42±0.21b 5.59±0.28c 5.93±0.35d 6.15±0.21e 

NIN 4.14±0.21a 4.91±0.42b 5.82±0.14c 7.24±0.14d 7.54±0.07e 
 

abcde: means on the same rows with different superscripts are significantly different (p ≤ 0.05). * superscripts show no  significant 
different (p >0.05). SW: Skull weight(g), NSL: Nasal skull length(cm), FTIF: Facial tubercle to infra orbital foramen(cm) ,MTFUP: 
Midpoint of the first upper premolar to the infra orbital foramen(cm), NPOI: Nasal process of incisive bone to infra orbital foramen(cm), 
DBOC: Distance between the occipital condyle(cm) ,DBJP: Distance between the jugular process(cm), NIN: Naso incisive notch to 
infra orbital foramen(cm). Group 1 = 0-6 months, Group 2 = 6 months – 1 year, Group 3 = 1 year - 2years, Group 4 = 2 years - 3 
years, Group 5 = 3 years and above. 

 
 
 
distance, medial canthus to infraorbital foramina distance 
recorded for the adult group in this work disagree with adult 
parameters reported by Muhamed et al. (2016) but his 
reports are in comparison with that of 6 months and a year 
old reported for Yankasa sheep in this work. 

The width of left and right orbit was observed to increase 
across the group in this work. The facial tubercle to 
infraorbital foramen of 6 month old Yankasa sheep in this 
work is equivalent to what was recorded by Muhamed et 
al. (2016) for adult Barbados Belly Sheep. The Nasal 
process of incisive bone to infra orbital foramen reported 
in this work agrees with the findings of Muhamed et al. 
(2016). The midpoint of the first upper premolar to the infra 
orbital foramen reported for adult Barbados Belly Sheep 
by Muhamed et al. (2016), disagree with the adult 
parameters in this work but equivalent to that of 6 months 
old in this work. 

The Naso incisive notch to infra orbital foramen reported 
in this work disagree with the report from Muhamed et al. 
(2016). The distance between the occipital condyle and 
the distance between the jugular process were increasing 
with age in this work. These variations observed could be 
due to specie difference, environment as well as nutrition. 
The distance between the lateral alveolar root to the 
mental foramen in the adult Yankasa sheep differ from 
what was observed in WAD, Markhoz and Gwembe Valley 
Dwarf goats (Olopade and Onwuka, 2005a; Kataba, 
2014). This distance in the present study, considering the 
first group was almost equivalent to what was observed in 
the Iranian Native goat (Monfared, 2013) and Barbados 
Black sheep (Muhamed et al., 2016). 

The differences observed in the morphometric measure-
ments of the Yankasa sheep with other sheep and  goats  
reported in literature could be   due   to  the adaptations of



Shehu et al.        75 
 
 
 

 
 

Plate 1.  Dorsal view of the skull of Yankasa Ram showing: 1. Cornual process; 2. Frontal 
bone; 3. Orbit; 4. Inter parietal bone 5. Nasal bone; A. Width of the skull; B. Length of the skull; 
Red arrow. Supraorbital foramen; Green arrow. Infraorbital foramen. 

 
 
 

 
 

Plate 2. Lateral view of the skull of Yankasa Ram showing: 1. Orbit; 2. Lacrimal bone; 3. 
Maxilla; 4. Nasal bone; 5. Cornual process; 6.  Incisive bone; A. Length of skull; B. Height 
of skull; Green arrow. Jugular process; Red arrow. Occipital condyle. 
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Plate 3. Ventral view of the skull of Yankasa Ram showing A. Maxilla; B. Occipital bone; C. 
Incisive bone; D. Cornual process; E. Foramen magnum; Blue arrow. Third molar; Green 
arrow. Second premolar; Black arrow. Pterigoid bone; Red arrow. Occipital condyle; Yellow 
arrow. Muscular tubercle; 1. Zygomatic bone. 

 
 
 
skull structures to the environmental factors obtaining in 
these different geographic locations where the sheep and 
goats are found. This kind of adaptation has been reported 
in Eurasian wild boar which were of the approximate same 
age based on similar levels of tooth wear but showed skull 
size variation linked to their geographic location (Albarella 
et al., 2009). 
 
 
Conclusion 

 
It will be concluded that the study on osteometry of 
Yankasa ram is comparable to other small ruminant; 
variations could be due to breed, age or sex. In addition, 
the work has provided baseline data on the skull 
osteometry of Yankasa ram that will be useful in 
anatomical and archaeological studies. 
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