
SUMMARY

A study of the neurometrics of the Sahel goat
was done using sixteen goats. The mean brain
weight obtained was 85.13g. The mean brain
length, depth, cerebral length, depth and cere-
bellar length and depth were 9.38cm, 4.34cm,
5.78cm, 4.34cm, 2.79cm and 2.43cm respec-
tively, while the relative brain weight was
0.004. Animals below one year of age and
20kg body weight had significantly higher rel-
ative brain weight than animals at and above
this age and body weight groups. Female goats
had a lower mean brain weight than males.
There was a strong positive correlation
between body weight and brain depth while a
strong negative correlation existed between
body weight and relative brain weight.

The result is added information to the com-
parative neuroanatomy of small ruminant
breeds and should serve as baseline research
data in applied fields.
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INTRODUCTION

The Sahel goat is kept mainly by the
Maure, Fulani and Tuareg tribes in the Sahel
Zone, south of the Sahara from Chad to Sene-
gal and they are range goats kept mainly for
milk and meat by nomad herders (Gall, 1996).

There are different types of this breed; the
one in Nigeria is predominantly the Borno
white ecotype (Kwari, 2001). Basic research
into the breed includes fetal studies on the cal-
varium (Silvachelvan, 1995) and morphologi-
cal and metric studies of the different ecotypes
of the breed (Kwari, 2001) among others.

Little is known, particularly in recent
times, about the neurobiology of this breed,
and the Sahel appears to be the only major
breed of goat in Nigeria for which neuromet-
rical parameters have not been reported
(Olopade and Onwuka, 2002; Onwuka et al.,
2002).

The aim of this work is to conduct a neuro-
metrical study on the brain of the Sahel breed
of goats in Nigeria.

MATERIAL AND METHODS

A total of sixteen Sahel goats (ten males
and six females) were used for this study.
The live weights of the animals were taken
using a weighing scale prior to slaughter.
The goats were then decapitated after
restraint at the occipito-atlantal junction.
The severed heads were kept at -20oC and
the brains were later removed without
chemical fixation according to the method
used by Olopade et al. (2005).
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Each brain was weighed using a Microwa
Swiss® digital weighing machine while the
linear measurements taken were according to
the landmarks in Figs. 1 and 2.

The values obtained in this study were
analysed using the Pearson correlation stu-
dents t-test at 5% level of significance and
presented as means ± S.D.

RESULTS

Table 1. Neurometrical data of the Sahel goat, n-16.

Table 2. Weight-based neurometrical data of the Sahel goat.

Table 3. Age-based neurometrical data of the Sahel goat.
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Fig. 1. Schematic diagram of brain of Sahel goat showing the land-
marks used for morphometry.
A=LOC, B=LOB.

Fig. 2. Schematic diagram of the brain of Sahel goat showing the
landmarks used for morphometry.
C=DOB,D=LOCR, E=DOCR.

WOA (kg) WOH (kg) WOB (g) LOB (cm) DOB (cm) LOCB (cm) DOCB LOC (cm) R1 R2

19.63

± 2.90

1.31

± 0.25

85.13

±1.97

8.38

±0.64

4.34

±0.31

2.79

±0.37

2.43

±0.37

5.78

±0.27

4.41

±0.17

67.03

±3.42

WOA (kg) WOH (kg) WOB (g) LOB (cm) DOB (cm) LOCB (cm) DOCB LOC (cm) R1 R2

≥20kg
n=7

<20kg
n=9

22.29
±1.67

17.56
±1.60

1.41
±0.16

1.23
±0.29

86.31
±8.58

84.20
±7.68

8.21
±0.25

8.51
±0.83

4.44
±0.28

4.26
±0.31

2.70
±0.48

2.86
±0.26

2.35
±0.24

2.50
±0.29

5.79
±0.24

5.78
±0.30

3.87
±0.26

4.83*
±0.62

61.55
±8.03

71.28
±16.00

WOA (kg) WOH (kg) WOB (g) LOB (cm) DOB (cm) LOCB (cm) DOCB LOC (cm) R1 R2

≥1 yr
n=7

<1yr
n=9

20.86
±2.61

18.66
±2.87

1.35
±0.21

1.28
±0.29

83.39
±5.60

86.48
±9.39

8.20
±0.22

8.52
±0.83

4.47
±0.22

4.23
±0.33

2.65
±0.40

2.90
±0.33

2.48
±0.18

2.39
±0.33

5.72
±0.27

5.82
±0.27

4.03
±0.37

4.71*
±0.75

62.51
7.90

70.54
±16.50

WOA (kg) WOH (kg) WOB (g) LOB (cm) DOB (cm) LOCB (cm) DOCB LOC (cm) R1 R2

Male
n=10

Female
n=6

18.80
±2.62

21.00
±3.03

1.31
±0.28

1.32
±0.22

85.44
±6.75

84/60
±10.19

8.22
±0.46

8.65
±0.85

4.25
±0.30

4.48
±0.27

2.64
±0.31

3.00
±0.37

2.50
±0.28

2.33
±0.26

5.90*
±0.21

5.58
±0.25

4.63
±0.76

4.06
±0.37

67.94
±15.98

65.50
±9.86
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Table 4. Sex-based neurometrical data of the Sahel goat.

* Significantly higher at p < 0.05

WOA = Weight of animal
LOCB = Length of cerebellum
WOH = Weight of head
DOB = Depth of brain
WOB = Weight of brain

DOCB = Depth of cerebellum
LOB = Length of brain
R1 = Relative brain weight(x10-2)
LOC = Length of cerebrum
R2 = Ratio of weight of brain to weight of head(x10-2)
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The mean weight of the Sahel goat brain in
this study was 85.13 g, while the weight of
head was 1.31 kg. The length of the brain,
brain depth, cerebral length and depth were 
8.38 cm, 4.34 cm, 5.78 cm, 2.78 cm and
2.43 cm, respectively. The relative brain
weight was 0.004 while the brain accounted
for about 7% of the weight of the head.

Female Sahel goats had a significantly
lower (p<0.005) brain length than the males.
Animals of one year of age and above had a
significantly lower relative brain weight
(p<0.05) than animals below one year; like-
wise for animals 20 kg and above as compared
to those below this body weight.

Animals below one year of age had higher
values for brain length, cerebellar length and
cerebral length than animals of one year and
above, although these values were not signifi-
cant.

There was a strong positive correlation
(p<0.01) between body weight and brain
depth while a strong negative correlation was
found between body weight and relative brain
weight, and between the weight of the Sahel
head and the ratio of the brain to the head
weight. Although there was a negative corre-
lation (p<0.05) between age and the relative
brain weight, sex and the cerebral length,
brain depth and relative brain weight, and
between cerebral and cerebellar lengths, a pos-
itive correlation (p<0.05) was found between
cerebral length and relative brain weight.

DISCUSSION

The brain weight of 85.13 g obtained in
the study was similar to that obtained for Red
Sokoto goats, which was 85.85 (Olopade and
Onwuka, 2002), and higher than the 56.89 g
obtained for West African Dwarf goats
(Onwuka et al., 2002). The Sahel, however, at
0.004 has the lowest relative brain weight
when compared to the 0.006 of the other two
breeds (Olopade and Onwuka, 2002; Onwuka
et al., 2002). This is most likely the result of
the bone weight of the long-legged Sahel
goat. The relative brain weight of 0.004 or
1:250 is also lower than the 1:40, 1:100,
1:125 of humans, cats and dogs respectively
but higher than the 1:550, 1:560 and 1:600 of
the lion, elephant and horse respectively
(Kuhlenbeck, 1973).

The linear measurements of 8.38 cm, 4.33
cm, 2.43 cm and 5.78 cm for LOB, DOB,

DOCB and LOC were lower than the 9.96 cm,
4.66 cm, 3,61 cm, and 6.55 cm obtained for
the Red Sokoto while the 2.79 cm of the cere-
bellar length of the Sahel was longer in com-
parison with the Red Sokoto’s 2.66 cm. Our
data also reveal that the Sahel has a relatively
longer cerebellum, since the LOCB was high-
er than the DOCB, contrary to what has been
recorded in the other breeds in Nigeria
(Olopade and Onwuka, 2002; Onwuka et al.,
2002).

The animals of one year of age and above,
and animals of 20 kg and above had slightly
lower values for the LOB and LOCB than ani-
mals below those ages and body weights. This
suggests that as the animal begins to grow in
age and put on weight, a rostrocaudal com-
pression occurs in the brain development of
this breed. Since the LOCB is higher than the
DOCB, the results obtained in this study thus
suggests that the much greater difference
between the LOCB and DOCB in favor of the
former could have occurred in the early
months of the life of the Sahel goat, as showed
in Table 3. The relative similarity in brain
weights between the age groups (1 year) and
weight group (20 kg) and thus the significant-
ly higher values of relative brain weight for
animals below one year and below this weight
group, together with the negative correlations
obtained between these groups and relative
brain weights suggest that the Sahel breed of
goats attains most of its brain weight at a rel-
atively early age; this is not the case of the
West African Dwarf sheep (Olopade et al.,
2005). This occurrence may translate to early
independence and cognitive function for
young Sahel goats.

The heavier brains of Sahel males obtained
in this study is inconsistent with the results
obtained for West African Dwarf goats and
sheep, and for Red Sokoto goats (Onwuka et
al., 2002, Olopade et al., 2005; Olopade and
Onwuka, 2002) and this may partially be an
outcome of the significantly lower cerebral
length in the females studied here. This out-
come is, however, in agreement with human
studies where females had smaller brains
(Skulleruel, 1985), and males were also found
to have a larger cerebral volume (Giedd et al.,
1987).

The cerebellum is involved in motor
learning and cognitive function in humans,
and animal experiments have found struc-
tural changes in the cerebellum in response
to long-term motor skill activity (Hutchin-
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son et al., 2003). The relatively longer cere-
bellum in this study may indicate a response
to a specialized motor activity in the Sahel
goat in comparison to other breeds. The spe-
cialized activity could well be an adaptive
response of skillful movement in the Sahel
due to having long legs. A significantly
greater absolute cerebellar volume has been
found in male musicians as compared to
male non-musicians (Hutchinson et al.,
2003).

The present results are a contribution to
the neurometrical data of small ruminant
breeds in Nigeria and should find application
in comparative neuroanatomy, neurophysiolo-
gy, anesthesiology, and in geriatric and gender
studies of the brain.
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