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ABSTRACT

A total of twenty (20) skulls from goats taken amdwMakurdi, Kwande, Katsina —ala and neighbouritgtes of
Adamawa and Nassarawa in Nigeria were utilizedtfos investigation. Thirty (30) craniometric paratees were
assessed. The measured distance from the faciardsity to the infraorbital foramen was 2.33+ 0.29cand
1.8040.14cm for females and males respectively.adidition, the distance from the medial canthus he t
supraorbital foramen, from the lateral alveolar tom the mental foramen and from mandibular foranerihe
ventral border of mandible were 3. 27+ 0.31cm an8320.24cm, then 8.0540.07cm and 5.1047.28cm aritD5b.
0.71cm and 3.14+ 0.37cm in females and males réispéc These values were at variance with thoseiptesly
reported in some Nigerian goat breeds though tistadce from the lateral alveolar margin to the na¢rfioramen
in middle belt goats at 8.05+ 0.07cm and 5.10+7r280 females and male respectively shared simiédwes with
other reported breeds of goats in Nigeria. Thdistigal evidence revealed that these goats; fostparts do not
conform to the previously investigated breeds aad be postulated that the Trans-Saharan and Touareg
migrations along with effects of climatic patterioreg the route of migrations over time has resultedhese
ontogenic variations. Our data shows the basistefrélevance in the regional clinical procedurestio¢ head,
comparative anatomy of some salient structures liofical significance, population studies, identéton, and
palaeontology as well as eco- migration surveillantt is further hypothesised that this breed oftgmight be a
different phenotype of the breeds available in Nige

Keywords- Osteometry, cranial indices, goat breeds, climhatage and population surveillance.

INTRODUCTION

The three recognized major breeds of goat in Nagare the West African Dwarf (WAD) [14], Red SokdRS)

also called Maradi [9] and the Sahel breed (SH).[These are distributed within the country accogdio their
known route of migrations. The (WAD), goes througins Saharan route in the deserts from north &faiod is
known to inhabit the tropical rain forest (Liberianast to Congo in the east [2]. [4] described Sadelian goat
migrations to the West African sub region througlyjst Nubian settlers and the borders of Libya. €hemve been
variously characterized by different authors’ owee [11, 14; 23]. Some other goat types availablehe minority
might not have been described as thoroughly amatessent differences which may pose landmark chgdierno the
clinician with conflicting craniometrical data.

The head, being an entity of identification [6];nses for distinguishing between breeds, their arighd the
environmental conditions to which they may haverberposed at some critical points of their develepimthis
may have modifying effects on their phenotypic aypace [5; 21]. It is therefore imperative to ekshbstandard
morphologic descriptions for each established bodegbats and their ecological types.
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Previous works on the maxillofacial osteometry oats includes the works on indigenous goats in gy [10],
[15; 18], [16], on the three major breeds of gmaNigeria. [22] investigated Kagani goats in Indihile [25], the
Black Bengal goat in Bangladesh. There is no Ilitenaformation on the skull typology and ecotypegofats found
in the middle belt regions of Nigeria.

This work evaluated some cranial features on goatsd in Benue, Adamawa and Nassarawa states efidjgand
thus seeks to establish the presence of this gipdlogy exhibiting migratory and climatic variati@ffects on their
phenotypic appearance, and thereby make case &rbgeed population surveillance along route ofratign and
transportation.

MATERIALS AND METHODS

A total of twenty (20) skulls were used for thisidy consisting of ten (10) females and males m&tspdy. The

goats were bought from various markets in Makukgvande Katsina-ala areas in Benue and surroundatgssof

Adamawa and Nassarawa. Ages of these animals vetirmated based on dental eruptions and wears [f&g-A
mortem examinations was carried out on the anitcadscertain health status and were afterwardsatepiabased
on gender prior to slaughter. Only apparently yadipats were used for this enquiry.

SKULL MACERATION PROCESS

The heads were obtained after restrain and quickpgition at the atlanto-occipital region. Thes¥arthen stored
at -4°C in the refrigerator upon each collectiod ataughter of the goats. Frozen heads were tremeth out, the
skin and other soft tissues were removed with ith@Bknives in preparation for maceration process.

The goat heads were processed individually accgritirthe skull maceration process of goat skuliiescribed by
[18; 19].

The measured variables and their acronyms-

1. Distance from the facial tuberosity to the infraorbital foramen (FT-If). Highest point on the facial tuberosity to
the midpoint of infraorbital foramen

2. Distance from the medial canthus to the supraorbital foramen (MC- Sf) produced by caudal diagonal line from
the medial canthus along the orbit to the midpofrthe supraorbital foramen on frontal bone.

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

4. Infraorbital foramen to alveolar root of second premolar (IF-AP,); Vertical line from infraorbital foramen to the
cranial limit of alveolar root of"¥ premolar (P2)

5. Skull length (SK-L); from rostral border of incisive bone tooiuital crest.

6. Skull height (SK-H); from ventral border of mastoid procesd$rtmtal 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 4th incisor (J) to the midpoint of mental foramen.

9. Maximum circumference of the right and left orbital rims (MCrO and MCIO)

10. Mental foramen to the alveolar root of the first premolar (MF-AP,); Horizontal line from the midpoint of the
mental foramen to the cranial limit of lateral allar root of the T premolar (R)

11. Mental foramen to the ventral border of the mandible (MF-Vb) vertical line from the midpoint of 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'incisor (k) rostral limit of symphysis
to caudal limit of symphysis on the ventral aspect.

14. Mandibular symphyseal breadth (MsB); Distance measured across lateral edge eflaft 4" incisor to the
lateral edge of the right incisor no. 4 measurediaily.

15. Length of diastemal gap (DGL); from lateral alveolar root of thé"dncisor to the cranial limit of*ipremolar on
the body line

16. Interdiastemal distance (IDd); from the lateral alveolar root of leff'premolar (R) to lateral alveolar root of
the 2 right premolar (P on the medial side.

17.Inter-mental foramina distance (IMFd); Midpoint of left mental foramen to midpaiof right mental foramen.
18.Mandibular thickness (Mtk); Width of mandible at 1st molar () second molar (M and third molar (M)

19. Mandibular length (MDL); from the lateral alveolar root of first lisor (l;) 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 maredibl
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21. Mandibular foramen to caudal border of mandible (MF-Cb); Horizontal line from the vertical aspeat
mandibular foramen to caudal border of mandible.

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

23. Length of coronoid process (CRL); from the dorsal limit of coronoid process base of mandibular
notch.

24. Mandibular notch to ventral border of mandible (Mn-Vb); From ventral aspect of mandibular notohventral
border of mandible

25.Height of mandible (HM); from dorsal limit of coronoid process tentral border of mandible.

26. Height of mandibular body (HMB); from the alveolar root of M to ventral border of
mandible.

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

28.Foramen magnum length (FML); Rostral to caudal measurement of forameigmoian

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

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

Skull data collection- cranial variables were obtained using appropriag¢riminstruments; digital callipers for
linear measurements, cotton threads and metrefauleon-linear landmark assessments, these armeditbelow.
Some are depicted in Figures 1-4.

The male and female result obtained expressed as: meS.D was subjected to paired student-t tesistical

software analysis using the Graph pad prism 4. yaislof variation (2- Way ANOVA) was performed on
female/overall mean.

HtM

Mn-Vb

MF-Vb

Fig. 1la. Medial view of the left mandible of goatrom the middle belt region of Nigeria showing thdollowing measurements
Mandibular foramen to ventral border of mandible (MF-Vb), Height of mandible at molar 1 (HMB), Mandibular symphyseal length
(MsL), Mandibular notch to ventral border of mandib le (Mn-Vb) and Coronoid process length (CRL).
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Fig. 1b Lateral view of the left mandible of goafrom the middle belt showing measurements of the nmalibular length
(MDL),mandibular notch to the ventral border (Mn-Vb )

L &

Fig. 2 Lateral view of the skull of typical middlebelt goat without mandibles showing measurements tifie skull length (SK-L),height
(SK-H),facial tuberosity to infraprbital foramen (F T-IF)and infraorbital foramen to alveolar margin of premolar 2 (P,).
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Fig.3 Rostro-frontal view of the skull of a typicalmiddle belt goat showing the following measuremestfrom the skull breadth (SK-B),
from the medial canthus to the supraorbital foramen(MC-SF) and from the supraorbital foramen to the fcial eminence (SF-FE)

Fig. 4 Caudo-rostral view of the skull of typical niddle-belt zone goat showing the foramen magnum easurements-Foramen magnum
width (FMW) and Foramen magnum height (FMH)
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RESULTS

Table 1 Measurements of skull parameters based oes

S/IN | Parameter (cm) Male (Mean £ SD) Female (Me&D+| Overall (Male & Female (Mean + SD)
1 Ft-If 1.80+0.14 2.33+0.29 2.06+0.20
2 MC-Sf 2.83+0.24 3.27+0.31 3.05+0.22
3 SF-Fe 2.65+0.17 4.53+0.15 3.59+0.94
4 IF-AP, 2.17+0.35 4.63+0.32 3.40+1.23
5 SKL 15.23+1.44 17.90+1.45 16.56+1.33
6 SK-H 8.63+1.15 10.07+1.07 9.35+0.72
7 SK-B 7.17+0.25 9.83+1.15 8.50+1.33
8 LA-M 5.10£7.28 8.05+0.07 6.57+1.47
9 MCrO 12.22+4.09 15.58+2.89 13.90+1.68
10 MTF-ARR 1.40+0.12 3.85+0.07 2.62+1.22
11 MTF-Vb 0.78+0.05 1.95+0.07 1.36+0.58
12 MTF-Cb 9.9840.72 12.05+0.49 11.01+1.03
13 MsL 1.85+0.13 3.25+0.35 2.55+0.70
14 MDsB 1.53+0.29 3.15+0.49 2.34+0.81
15 DMGL 2.95+0.29 4.55+0.21 3.75+0.80
16 IDMd 1.60+0.24 3.95+0.07 1.85+1.62
17 IMFd 1.43+0.30 2.60+0.42 2.01+0.58
18 MDtkM; 1.13+0.06 1.20+0.00 1.15+0.03
19 MDL 11.88+0.79 15.3540.78 13.61+1.73
20 MF-Vb 3.14+0.37 5.20£0.71 4.17+1.03
21 MF-Cb 1.98+0.33 3.10+0.57 2.54+0.56
22 McL 1.63+0.13 3.80+0.14 2.71+1.08
23 CRL 2.73+0.40 4.80+0.14 3.76+1.03
24 Mn-Vb 5.48+0.43 6.90+0.14 6.19+0.71
25 HM 7.98+0.28 9.05+0.64 8.51+0.53
26 HMB 2.30£0.20 3.55+0.35 2.41+0.12
27 IMDdM, 3.70+0.16 6.40+0.85 5.05+1.35
28 FML 1.85+0.06 2.97+0.15 2.41+0.56
29 FMW 1.88+0.10 3.93+0.12 2.90+1.02
30 FMH 1.73+0.10 2.80+0.00 2.26+0.53

Analysis of results

= MALE 4 FEMALE

Fig. 5 Category graph of male/female without errobar showing distribution of parameters measured beteen the sexes, (parameters
significantly higher in females).
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ZVU

10

MTF-ARP1 MF-VDb FMH

= MALE A FEMALE YOVERALL

Fig. 6 Category graph of male/female/overall showmnthe distribution of parameters within the axes.
Paired t test (2-tailed) of this category shows thahe means are significantly different ((P < 0.05at 95% confidence interval.

20
A
v

; A

MTF-ARP1 MF-VDb FMH

A FEMALE

v OVERALL
Fig. 7 Category graph with error bars showing femad /overall showing distribution of parameters (femée parameters significantly
higher than the overall means)
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Two-way analysis of variation (ANOVA) of female awnderall parameters revealed that the interactiohighly
significant (P<0.0001). The interaction of bothwah and row factor is extremely significant (P @dD1).

DISCUSSION

The mean distance from the facial tuberosity toitifi@orbital foramen was 2.06+ 0.20cm in the prégmat type
being understudied as compared to 1.60+0.01cmeoiMhst African Dwarf (WAD) breed [15; 18], 1.77H84Qcm in
the Sahel breed (SH) [11], 1.82 £1.20cm in Red 8p0kBS) and 1.85+ 0.14cm in Black Bengal goat [16, 23,
and 24] for a similar parameter. The overall me@tadce from the medial canthus of the orbit toghpra orbital
foramen in our study was 3.05+0.22cm while from ldteral alveolar root to the mental foramen w&g$1.47cm
is significantly higher when compared to 1.84+0m6a the WAD, 1.96+0.02cm in the SH and 1.60+0.34om
the RS for a similar landmark, these cranial iadiare important in regional anaesthesia of the f@arostral
dental procedures of the upper jaw and the desmatsin of the cornual process for dehorning [7heT
mean distance from the infraorbital foramen todh&olar root of Rin the species of our study was 3.40+ 1.23cm
which is longer than any of the better described Wi#etween 1.3.-1.6 +0.21cm in goats taken fromdbeth
eastern and south western parts of Nigeria [141at5+ 0.19cm in the Black Bengal[25] however, tixserved
dimensions in the present evaluations are welletatied to the head to body lengths ratio of thegyaa reported
for the wild boar us scrufo Leucomyggd]. The middle belt in Nigeria falls within 6°Ahd 12°N of the equator,
migrating animals from east Africa pass throughttmem parts of the Cameroons into Nigeria. Gugsannah [8]
vegetation in these areas begin to dwindle (Novervsrch) as the rains subside, but the daily termpees
remains between 20°C- 26°C. The route of migratignazing by nomadic pastoralists with their catiled the
Sahelian goats is through Niger republic and Suakaithey make their way from Libya [13] through tBehel
savannah and the Sudan savannah. These tradetgaeighbouring states of Borno, Sokoto and Kakrimals
from this route have access to limited water arstysa at such periods, coupled with more prolorgedh weather
per year in comparison to those taken through tintharn Cameroons. Exposure of pregnant dams aidytbung
in various stages of development to this climatiess is hypothesised to have profound effects hmir t
developmental potentialities [5].

The mandibular thickness in all the three breedslaiar 1 — 3 revealed the mandible had the leadskmless at
molar 1, (1.15cm in the breed under consideratibf)scm in the WAD, 1.03cm RS and 1.13cm in SHidewtally
this is the portion of the mandible that is mostemsible during oral examination and other clinfpalcedures [6],
than at molars 2 (1.35) and 3 (1.40). This studygsststhat caution be taken during these procedures keoaiu
the relative weakness of the mandible at molat3}. [

Moreover the foramen magnum height and width imlibe RS and SH goats have a similar values ofcin7énd
1.85cm [11; 23] but 1.68cm and 1.60cm respectiirelhe WAD [14], though the subjects of this studs 2.26cm
and 2.90cm for the same indices. Suggesting a givee in morphology [24] though only the foramermgman
width shows a significant variation at@.05 in this goat) from the other three breeds. dffects of severe climatic
conditions with its attendant shortage of watemrsity of forage coupled with the long distance tvel is
speculated to be an adaptation for surviving irhssituations and contribute to the relatively seratiranial values
being reported in goats of the same type but frdafferént regions of Nigeria [12; 20]. These valuase
significantly higher in the in the subjects beimyestigated than the same in the others reportatiisnwork.
Whereas the Sahel breed of goat travelling throlgfiiad republic and Northern Cameroons spill intaakdwa,
having better access to water in the die seasons Trchad basins and Benue river. Benue state #emsto be a
rallying point where goats from all the mentionedites are sold off. The contributions of culturéashe extent
that migration of the normads are aimed for boligimus and other festive periods (transportatibmore goats for
sale) which are more often in the later and draet pf the year.

The importance of the anatomic relationships of $treictures of the head surpasses the clinical gserpof
knowledge of location and localization for surgipabcedures [7].

Proper classification of these goats becomes intiperavhere standardization of breed lines and thigcipated
variable limits for different indices in differertotypes/breeds to be specified. The interplaytibfide, vegetation
and rainfall which is bimodal in Nigeria’s vegetatizones are major contributory factors which ieiees the
climate in these areas through which grazing mignat occur [8]. Jos area has a higher altitude thedefore
enjoys more volume of rains in a year with concamtitperiod of access to quality pastures, quanfitwater as
well as lower ambient temperatures during breedyegtations and nursing seasons. This represeanisfthence
of environment on heredity thereby enhancing omageariations in phenotypic traits [3], differeetotypes may
therefore be obtained [11; 26] which needs to lemadtely identified and classified.
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CONCLUSION

It is therefore speculated that the present piypimtype of goat being studied might be one efithinor breeds or
an ecotype of goats present in Nigeria on whichrethere no literary information as to their skulptogy,
population size, eco-migration, surveillance, patdelogy and other eco-typologic peculiarities suh heat
resistance, kidding potentials [9] and milk yield.

Acknowledgements

The authors of this investigation will like to thathe following individuals for the different rolebey played
without hesitation in the process of compilatiortiis evaluation at short notices, Professor.Glwaogu from the
department of Veterinary Anatomy University of Nige Nsukka, Mr. Andrew Odammah (O.C) the senior
technologist in charge of the gross Anatomy lakmgatvho went with us to the goat market stalls fisroas called
upon and my personal custodian of the skulls speilibrary .

REFERENCES

[1]. Abe, M.Anthrop. Rep1989 48: 27-63

[2]. Coop, I.E. (Ed).. Sheep and goat productiosetdler publishing compariy982 pp 69-98

[3]. Dunlop, A. A, Australian J. Agric Res9634; 690-703

[4]. Epstein, H. The origin of domestic animalsAdfica, Africana publishing. Corp. New York LondoMunich
1971Vol Il.; pp 193-309.

[5]. Gilbert F. E, Developmental biology"&dition Sunderland, M.A SinauéQ06 pp266-287.

[6]. Habel, J. Applied Veterinary Anatomy correctegbrinting, xvii, Edwards brothers Michiga®75 pp 78-89.
[7]. Hall, L.W, Clarke, C.M .Trim,; Wrights Veterary Anaesthesia and Analgesid"i&lition ELBS and Bailliere
Tindall 200Q pp 321-331

[8]. Happold, D.C.D. (Ed) Mammals of Nigeriaag@ndon press oxfortb89 Pp, 1-5

[9]. Haumesser, J.B. Quelques aspects de le regtioduchez la cherre Rousse de maradi. Comparisec a
d’autres races trop: Cales ou sub-tropicdRes..Elev med.vet.pays Trd®75 28, 225-234

[10]. Kene, R.O.C and C .N Agb®ropical Veterinarianl998 16; 15-22

[11]. Kwari,H.D. A Morphological study of the ecqtgs of Sahel goats in Borno state with specialreefee to
sexual dimorphism PhDhesis,Department of Veterinary Anatomy, Faculty of Vatary medicine, University of
Maiduguri Nigeria2001

[12]. Newth. R and A. David, Animal growth aBaévelopment, Edward Arnolds publishers Bedfd@78 ppl18
[13]. Ngere, L.O, I.F. Adu, andIl. O Okumanthe Indigenous goats of Nigeria: Animal Gend&iesources
Information1984 No. 3, 1-9. UNEP/FAO, Rome

[14]. Olopade J.O, Morphometric analysis of thells&fithree breeds of goats in NigeriahD ThesisPepartment
of Veterinary Anatomy, faculty of Veterinary mediei, University of Ibadan Nigeri2a006

[15]. Olopade, J.0. and S.K, Onwukat, J. Morphol25,2007, 407-410).

[16]. Olopade, J.O, O. M. Samuel, R.E. Artiml S.K. Onwukaligerian Veterinary JournalvVol. 2009 31
(1); 8-13

[17]. Olopade, J. O and S. K. Onwuldigerian Veterinary journal2005h 26; 18-21.

[18]. Olopade J. O and S. K Onwulayr. J. Anat2008 12, 57-62

[19]. Onar, V., R. Mutus, K.O. Kavechioglénn. Anat1999 179; 563-568

[20]. Patten, M. B, Embryology of the pig™ &dition Mc Graw Hill Books Londo®974Pp 66-68

[21]. Sadler, T.W Longmans’ Medical embryolod} &dition Williams and Wilkins Lippincot2004 pp 111-143
[22]. Sarma, Kjnt. J. Morphol.2006 24,449-445

[23]. Shawulu, J.C, H. D. Kwari, J.0. Olopadmd S .K. Onwukalrop Vet 2008 26: 9-14.

[24]. Simoens, R. R.Poles and H.LauwArm,J. Vet. Res1994 55: 33-9

[25]. Uddin, M. M S. S. U Ahmed, K.N Islam, & M. Islam,Int. J. Morphol 2009 27(4):1269-1273.

[26]. Otesile, E. B; and M. F. Obasaju, Relasioips between age, rostral teeth developmeNigarian Goats.
In proceedings of the'Binternational conference in Goat production anseasel1982University of Arizona,
Tucson U.S.A

97
Scholars Research Library



