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Introduction

The three major recognized breeds of goat in
Nigeria are the West African Dwarf (WAD)
(Olopade, 2006), the Red Sokoto (RS) also called the
Maradi (Haummeser, 1975) goat, and the Sahel breed
(SH) (Kwari, 2001). They are distributed within the
country according to their known route of migrations
either as the Trans Saharan through the desert or as the
WAD that is known to inhabit the tropical rain forest
from Liberian coast to Congo in the east (Coop,
1982). Epstein (1971) reportedthe Sahelian goat
migrates to the West African sub region through
Egypt, Nubia and the borders of Libya. These have
been variously characterized by different autho-
rsovertime. Some other breeds might not have been
described as thoroughly and hence present dif-
ferences which may pose some challenges to the
clinicians with conflicting cranial data. The import-

ance of the spatial relationships of the organs and
structures of the head exceeds the clinical purpose
and extends to the knowledge of landmark surgical
procedures (Hall, 2000) where the head serves for
breed identification (Dyce et al., 2002). In making
distinctions between breeds, their origin and the
environmental conditions to which they may have
been exposed to at some critical points of their
development may have modifying effects on their
phenotypic appearance (Gilbert, 2006; Sadler, 2004),
making it imperative to establish standard morpho-
logic descriptions for each established breed and its
ecological type. 

Previous works on the maxillofacial osteometry
of goats include the works of Kene and Agbo (1998),
Olopade and Onwuka (2007, 2008), and Olopade et
al., (2009) on the three major breeds of goats in
Nigeria, the work of Sarma (2006) on the Kagani
goats in India, and the work of Uddin et al., (2009) on
the Black Bengal goat in Bangladesh. However,  no
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BACKGROUND:There is no comprehension data on anatomical
indices of Nigerian goats. OBJECTIVES: To show osteometric
values of some cranial indices in Nigerian goats. METHODS:

Sixty (60) goat skulls that were found around Makurdi, Kwande,
Katsina-ala and the neighbouring Adamawa state of Nigeria,
were studied by investigating the 30 craniometric values.
RESULTS: The measured distance from the facial tuberosity to
the infraorbital foramen was 2.33±0.29 Cm and 1.80±0.14 Cm
for females and males, respectively. In addition, the distance
from the medial canthus to the supraorbital foramen was 27±0.31
Cm for females and 2.83±0.24 Cm for males; from the lateral
alveolar root to the mental foramen was 2.05±0.07 Cm for
females and 5.10±7.28 Cm for males; and from the mandibular
foramen to the ventral border of mandible was 5.90±0.14 Cm for
females and 5.48±0.43 Cm for males. CONCLUSIONS: This
breed of goat might be a different phenotype of the breeds that is
available in Nigeria.
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information exists in the literature on the goats found
in the middle belt regions of Nigeria. 

This work investigates some cranial features of
goats that are found in the middle belt regions of
Nigeria and therefore seeks to establish the presence
of this type of goat and the modifying influence of
migrations and climate variations on their phenotypic
appearance.

Materials and Methods

Atotal of sixty (60) skulls were used for this study.
The animals were from the middle belt regions of
Makurdi and KwandeKatsina-ala in the Benue state,
and the surrounding state of Adamawa; the ages were
estimated based on the dental eruptions and wears
(Habel, 1975). The heads were obtained after
restraining and quick decapitation. They were frozen
immediately after. 

The goat heads were processed individually
according to the skull maceration process as
described by Olopade and Onwuka (2008) and Onar et
al., (1999).

The measured variables and their acronyms: 1.
Distance from the facial tuberosity to the infraorbital
foramen (FT-If). The highest point on the facial
tuberosity to the midpoint of the infraorbital foramen

2. Distance from the medial canthus to the
supraorbital foramen (MC- Sf). It was measured by
caudal diagonal line from the medial canthus along
the orbit to the midpoint of the supraorbital foramen
on the frontal bone.

3. Supraorbital foramen to the frontal eminence
(SF-Fe). Vertical line from the midpoint of the
supraorbital foramen to the frontal eminence. 

4. Infraorbital foramen to alveolar root of the
second premolar (IF-AP2). Vertical line from the
infraorbital foramen to the cranial limit of the alveolar
root of the 2nd premolar (P2).

5. Skull length (SK-L). From the rostral border of
the incisive bone to the occipital crest.

6. Skull height (SK-H). From the ventral border of
the mastoid process to the frontal eminence.

7. Skull breadth (SK-B). Distance between the
two orbital bony rims.

8. Distance from the lateral alveolar root to the
mental foramen (LA-M). Horizontal line from the
lateral alveolar root of the 4th incisor (I4) to the

midpoint of mental foramen.
9.  Maximum circumference of the right and left

orbital rims (MCrO and MClO).
10. Mental foramen to the alveolar root of the first

premolar (MF-AP1). Horizontal line from the
midpoint of the mental foramen to the cranial limit of
the lateral alveolar root of the 1st premolar (P1).

11. Mental foramen to the ventral border of the
mandible (MF-Vb). Vertical line from the midpoint
of the mental foramen to the ventral border.

12. Mental foramen to the caudal border of
mandible (MF-Cb).

13. Mandibular symphyseal length (MsL). From
the lateral alveolar root of the 1st incisor (I1) rostral
limit of symphysis to the caudal limit of symphysis on
the ventral aspect.

14. Mandibular symphyseal breadth (MsB).
Distance measured across the lateral edge of the left
4th incisor to the lateral edge of the right incisor no. 4
measured medially.

15. Length of diastemal gap (DGL). From the
lateral alveolar root of the 4th incisor to the cranial
limit of the 1st premolar on the body line.

16. Interdiastemal distance (IDd). From the lateral
alveolar root of the left 1st premolar (P1) to the lateral
alveolar root of the 2nd right premolar (P2) on the
medial side.

17. Inter-mental foramina distance (IMFd).
Midpoint of the left mental foramen to the midpoint
of the right mental foramen.

18. Mandibular thickness (Mtk). Width of the
mandible at the 1st molar (M1), second molar (M2),
and third molar (M3). 

19. Mandibular length (MDL). From the lateral
alveolar root of the first Incisor (I1) to the most caudal
border of the mandible.

20. Mandibular foramen to ventral border of the
mandible (MF-Vb). Vertical line from the ventral
limit of mandibular foramen to the ventral border of
mandible.

21. Mandibular foramen to caudal border of
mandible (MF-Cb). Horizontal line from the vertical
aspect of mandibular foramen to the caudal border of
mandible.

22. Length of mandibular condyle (McL). Medial
to lateral measurement of mandibular condyle.                

23. Length of coronoid process (CRL). From the
dorsal limit of the coronoid process to the base of
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mandibular notch.                             
24. Mandibular notch to ventral border of

mandible (Mn-Vb). From the ventral aspect of
mandibular notch to the ventral border of mandible.   

25. Height of mandible   (HM). From the dorsal
limit of coronoid process to the ventral border of
mandible. 

26. Height of mandibular body (HMB). From the
alveolar root of M1 to the ventral border of mandible.    

27. Inter mandibular distance (IMD). Distance
between the two mandibles.

(1) At their most caudal borders
(2)  At M3

(3) At M1

28. Foramen magnum length (FML). Rostral to
caudal measurement of the foramen magnum.

29. Foramen magnum width (FMW). Maximum
width of the foramen magnum.

30. Foramen magnum height (FMH). Maximum
height of the foramen magnum.

Skull data collection: The skulls osteometric
variables were obtained using appropriate metric
instruments; the procedure and the landmarks for
each variable are described below.  Some of them are
depicted in Figures 1-4. The results were subjected to
statistical analysis using the Graph pad prism 4
statistical software.

Results 

The mean distance from the facial tuberosity to the
infraorbital foramen was 2.07±0.22 Cm in thepresent
goats compared to 1.60±0.01 Cm for the West African
Dwarf (WAD) breed, 1.77±0.11 Cm for the Sahel
breed (SH),1.82±1.20 Cm for the Red Sokoto (RS),
and 1.85±0.14 Cm for the Black Bengal goat
(Olopade and Onwuka, 2007, Shawuluet al., 2008,
Olopadeet al., 2009 and Uddin et al., 2009). The
distance from the medial canthus to the supra orbital
foramen in our study was 4.47±0.40 Cm while the
distance from the lateral alveolar root to the mental
foramen was 3.58±3.68 Cm compared to 1.84±0.76
Cm in the WAD, 1.96±0.02 Cm in the SH, and
1.60±0.34 Cm for the RS for the same landmark.
These various cranial indices become important in
the regional anaesthesia of the head for the rostral
dental procedures of the upper jaw and the

desensitization of the cornual process for dehorning
(Hall, 2000). The mean distance from the infraorbital
foramen to the alveolar root of P2 in the species of this
study was 2 .17± 0.47 Cm which is longer those taken
from the south eastern and south western parts of
Nigeria (1.3.-1.6 ±0.21 Cm)  (Olopade and Onwuka,
2005b), and from the Black Bengal (1.75± 0.19 Cm)
(Uddin et al., 2009). However, the observed
dimensions in the present study are well correlated to
the head to body lengths ratio of the goats as reported
for the wild boar (SusscrufoLeucomyces) (Abe,
1989). The middle belt region falls within 6ºN and
12ºN of the equator. The migrating animals from east
Africa pass through the northern parts of the
Cameroons and enter Nigeria. The vegetation cover
in these areas is known to be guinea savannah
(Happold, 1989), especially in periods in which the
rains begin to dwindle (November-March) but the
daily temperature remains between 20ºC to 26ºC. The
migration route taken by the nomadic pastoralists and
their cattle, and the Sahelian goats, is through Niger
Republic and Sudan. As they make their way from
Libya (Ngereet al., 1984) through the Sahel and
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Parameter (Cm) Male (Mean ± SD) Female (Mean ± SD)
1 FT-If 1.80 ± 0.14 2.33 ± 0.29
2 MC-Sf 2.83± 0.24 3.27 ± 0.31
3 SF-Fe 2.65 ± 0.17 2.53 ± 0.15
4 IF-AP2 2.17 ±0.35 1.63 ± 0.32 
5 SK-L 15.23 ± 1.44 17.90 ± 1.45
6 SK-H 8.63 ± 1.15 9.07 ± 1.07
7 SK-B 7.17 ± 0.25 8.83 ± 1.15
8 LA- M 5.10 ± 7.28 2.05 ± 0.07
9 McrO 12.22 ±4.09 14.58 ±2.89

10 MTF-ARP1 1.40 ± 0.12 1.85 ± 0.07
11 MTF-Vb 0.78 ± 0.05 0.95 ± 0.07
12 MTF-Cb 9.98 ±0.72 12.05 ± 0.49
13 MsL 1.85 ±0.13 2.25 ± 0.35
14 MDsB 1.53 ± 0.29 2.15 ± 0.49
15 DMGL 2.95 ± 0.29 3.55 ± 0.21
16 IDMd 1.60 ±0.24 1.95 ± 0.07
17 IMFd 1.43 ± 0.30 1.60 ± 0.42
18 MDtkM1 1.13 ± 0.06 1.20 ± 0.00
- MDL 11.88 ± 0.79 14.35 ± 0.78

20 MF-Vb 3.14 ± 0.37 3.20 ± 0.71
21 MF-Cb 1.98 ± 0.33 2.10 ± 0.57
22 McL 1.63 ± 0.13 1.80 ± 0.14
23 CRL 2.73 ± 0.40 3.05 ± 0.35
24 Mn-Vb 5.48 ± 0.43 5.90 ±0.14
25 HM 7.98 ± 0.28 9.05 ± 0.64
26 HMB 2.30 ± 0.20 2.55 ± 0.35
27 IMDdM2 3.70 ± 0.16 4.40 ± 0.85
28 FML 1.85 ± 0.06 1.97 ±0.15
29 FMW 1.88 ± 0.10 1.93 ± 0.12
30 FMH 1.73 ± 0.10 1.80 ±0.00

Table 1. Measurements of skull parameters based on sex.



Sudan savannahs, these animals are sold to the
neighbouring states of Borno, Sokoto, and Kano.
Animals that are taken through this route, compared
to those taken through the northern Cameroons, have
limited proportions of water and pasture coupled with
more prolonged harsh weather periods per year. The
exposure of the pregnant dams and the young in their
various stages of development to this climatic stress
is hypothesised to have profound effects on their
developmental potentialities (Gilbert, 2006).

The mandibular thickness in all the three breeds at
Molar 1-3 revealed that the mandible had the least
thickness at molar 1, which is1.13 Cm in the breed
under consideration, 1.05 Cm in the WAD, 1.03 Cm
in RS, and 1.13 Cm in SH.  This is the portion of the
mandible that is most accessible during the oral
examination and other clinical procedures (Habel,
1975). This study suggests that caution should be
taken during these procedures because of the relative
weakness of the mandible at molar 1 (Olopade and
Onwuka, 2007).  

Moreover, the foramen magnum height and width
in both the RS and SH goats have similar values of
1.79 Cm and 1.85 Cm, respectively. However, in the
WAD, they are1.68 Cm and 1.60 Cm, respectively
(Olopade, 2006). The foramen magnum height and
width of the subject of this study was 1.76 Cm and
1.91 Cm, respectively, suggesting a divergence in
morphology from the other three breeds (Simoenset

al.,1984). It should be noted that only the foramen
magnum width showed a significant variation at
p<0.05 in this goat.

The effects of severe climatic conditions with its
resultant shortage of water and the scarcity of food
coupled with the long distance of travel is speculated
to contribute to the relatively smaller cranial values
being reported in goats of the same type but from
different regions of Nigeria (Newth, 1978; Patten,
1974). These values are significantly higher in the
subjects being investigated than the others reported in
this work. Despite the Sahel breed of goat travelling
through Tchad Republic and Northern Cameroons
spill into Adamawa (with better access to water in the
Tchad basins) and the Benue river, the Benue state
seems to be a rallying point where goats from all the
mentioned routes are sold. The influence of the
culture is to an extent that the migration of the nomads
are targeted to meet the sale of the animals for
thereligious and other festive periods which are more
often in the later and drier parts of the year. 

Proper classification of these goats becomes
imperative where the standardization of the breed
lines and the anticipated variable limits for different
indices in different ecotypes/breeds needs to be
specified. The interplay of the altitude, vegetation,
and rainfall which is bimodal in Nigeria's vegetation
zones are major contributory factors that determines
the climate in these areas during which migrations
occur (Happold, 1989). The Jos area has a higher
altitude and therefore enjoys a higher and longer rainy
periods in a year with a concomitant longer period of
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Figure 1a.  Medial view of the left mandible of the goat from the
middle belt region of Nigeria showing the following
measurements: Mandibular foramen to the ventral border of the
mandible (MF-Vb), Height of the mandible at molar 1 (HMB),
Mandibular symphyseal length (MsL), Mandibular notch to the
ventral border of the mandible (Mn-Vb), and the Coronoid
process length (CRL).

Figure 1b. Lateral view of the left mandible of the  goat from the
middle belt showing the measurements of mandibular length
(MDL) andmandibular notch to the ventral border (Mn-Vb).



access to good quality food and quantity of water as
well as lower ambient temperatures during their
breeding, gestations, and nursing seasons. These
characteristics represent the influence of environ-
ment on the heredity and is thought to enhance the
ontogenic variations in the phenotypic traits (Dunlop,
1963). Different ecotypes may therefore be obtained
(Kwari, 2001; Otesile and Obasaju, 1982)  which
needs to be researched and classified.    

It is therefore speculated that the present
phenotypic type of the goat being studied might be
one of the minor breeds or an ecotype of goats that is
present in Nigeria from which there is no literary
information regarding their population, size, and other
peculiarities like kidding potentials (Haummeser,

1975) and milk yield. 
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Figure 2. Lateral view of the skull of the typical middle belt goat
without mandiblesshowing measurements of the skull length
(SK-L),height (SK-H),facial tuberosity to the infraprbital
foramen (FT-IF), and infraorbital foramen to the alveolar margin
of premolar 2.

Figure 3. Rostro-frontal view of the skull of a typical middle belt
goat showing the measurements of the skull breadth (SK-B),
from the medial canthus to the supraorbital foramen (MC-SF),
and from the supraorbital foramen to the facial eminence (SF-
FE).

Figure 4. Caudo-rostral view of the skull of the typical middle-
belt zone goat showing the foramen magnum measurements-
Foramen magnum width (FMW) and Foramen magnum height
(FMH).

Figure 5. Histogram of the frequency distribution of parameters
measured between the sexes (1-18), Black columns for females
and the shaded white ones for males showing error bars.
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AoqüBGþ ìÛBüvú|Aÿ yBgÀ|øBÿ AuPhõAðþ WíXíú kok Gr|øBÿ ìñÇÛú ìýBðþ ðýXpüú

uBìõDê
*  
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|(||koüBÖQ ìÛBèú:  03  |Gùíò ìBû  1931,  Knüp} ðùBüþ:  52  AoküHùzQ ìBû  2931)

|̂ßýlû 
qìýñú ìÇBèÏú:AÆçÎBR WBìÏþ kog¿õÁ yBgÀ|øBÿ @ðBOõìýßþ Gr|øBÿ ðýXpüú Aÿ ôWõk ðlAk. ølÙ:OÏýýò yBgÀ|øBÿ AuPhõAó

ÞpAðýBë Gr||øBÿ ðýXpüú ìþ|GByl. oô} ÞBo:06| AuPhõAó WíXíú Aq Gr|øBÿ ìñBÆÜ idrukaM, ednawK, ala-anistaK ðýXpüú WíÐ

@ôoÿ ôyBgÀ|øBÿ ìpOHÈ GB AuPhõAó WíXíú ko@ðùB ìÇBèÏú âpkül. ðPBüY:ÖB¾éú Gp@ìlâþ ¾õoR OB c×pû ÖõÝ ̂zíþmC92/0|¡|33/2

koWñw ìBkû ômC41/0|¡|08/1koWñw ðpOÏýýò âpkül. GÏçôû ÖB¾éú Aq suhtnac laideMOB c×pû ÖõÝ ̂zíþ ìÏBkëmC13/0¡|72

koWñw ìBkû ô|mC42/0¡|38/2koWñw ðpOÏýýò âpkül. ÖB¾éú toor raloevla laretalOB c×pû latnemìÏBkë|mC70/0¡|50/2ko

Wñw ìBkû ômC82/7|¡|01/5koWñw ðpOÏýýò âpkül. ÖB¾éú c×pû ralubidnaMOB ìpq yßíþ elbidnaMìÏBkë||mC41/0¡|09/5 ko

Wñw ìBkû ômC34/0¡|84/5 koWñw ðpAðlAqû âýpÿ âpkül. ðPýXú| âýpÿ|ðùBüþ:Aüò âõðú Grìíßò AuQ ÖñõOýM ìP×BôOþ ðvHQ Gú uBüp

âõðú|øBÿ ìõWõk koðýXpüú kAyPú GByl.
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