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a b s t r a c t

A total of 6440 female sheep from Burkina Faso were scored for seven body measurements
and four qualitative morphological traits. Sampling included the three main environmental
areas and sheep breeds of Burkina Faso: the Sahel area (Burkina-Sahel sheep), the Sudan-
Sahel area (Mossi sheep) and the Sudan area (Djallonké sheep). Canonical analyses showed
that differences in body measurements between the Sudan and the Sudan-Sahel sheep were
small even though most body traits showed higher average values in the Burkina-Sahel
sheep: the shortest Mahalanobis distance was found between the Sudan and the Sudan-
Sahel populations (1.54), whilst that between the Sudan and the Sahelian populations was
the largest (7.88). Discriminant analysis showed that most Sudan (Djallonké) individuals
(60.85%) were classified as Sudan-Sahel (Mossi) individuals whilst most Burkina-Sahel indi-
viduals were classified into their environmental area of sampling (89.46%). Correspondence
analyses indicated that the Burkina-Sahel sheep population clustered together with drop-
ping ears, black and brown colour patterns and presence of wattles, the Sudan sheep were
closely associated with long hair and vertical and curled ears and that the Sudan-Sahel sheep
did not have clear associations with qualitative phenotypic traits. At the morphological level,

the Sudan-Sahel (Mossi) sheep population can be considered a geographical subpopulation
belonging to the Djallonké breed, showing some particularities, namely larger body size,
due to the particular environmental condition of the area in which it is managed and a con-
tinuous gene flow from Sahelian sheep, The information reported in this study will be the
basis for the establishment of further characterization, conservation and selection strategies

eep.
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1. Introduction
The Burkina Faso sheep population numbers 6,702,640
heads with an annual growth rate of 3% (ENEC II, 2004).
In Burkina Faso, sheep management is carried out under
very harsh and traditional conditions with a large varia-
tion in flock sizes. Sheep are widely distributed all over
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Fig. 1. Map, adapted from Ouadba (1997), illustrating the division in
A. Traoré et al. / Small Rum

he country providing a wide range of products of major
conomical importance for the maintenance of rural popu-
ations and alleviation of poverty. Sheep also have a major
ultural importance due to their traditional use in rites and
elebrations (Tamboura and Berté, 1994).

In spite of its national importance, information on sheep
esources of Burkina Faso is scarce (Traoré et al., 2006) and
ainly focused on the assessment of reproduction and pro-

uction performance (Tamboura et al., 1998). Most studies
n characterization of native Burkina Faso livestock breeds
ave been done on goat and concentrated on gathering
ualitative and body measurement traits (Sanfo et al., 2000;
raoré et al., 2006, submitted for publication). There is a
eed for the identification of sheep types at the national

evel to be further characterised at both the production and
he genetic levels.

Even though no clearly defined breeds exist, it is widely
ccepted in Burkina Faso that native sheep can be divided
nto three major types according to geographic location
nd morphological traits: (i) Burkina-Sahel sheep, (ii)
ossi sheep and (iii) Djallonké sheep. However, infor-
ation from the native Burkina Faso sheep breeds is

carce and major databases developed to monitor the large
ariety of domestic animal genetic resources worldwide,
uch as DAGRIS (http://dagris.ilri.cgiar.org; DAGRIS, 2007)
r DAD-IS (FAO; http://dad.fao.org/), only include limited
nformation. Since the breed is the operational unit for the
ssessment of livestock diversity all over the world (Duchev
nd Groeneveld, 2006; Duchev et al., 2006; Simon, 1999),
ontributions to characterization of local domestic animal
opulations are of major importance in developing coun-
ries.

The first step of the characterization of local genetic
esources is based on the knowledge of variation in the
orphological traits (Delgado et al., 2001). Multifactorial

nalyses of morphological traits have been proved to be
uitable in assessing the variation within a population
nd can discriminate different population types when all
easured morphological variables are considered simul-

aneously. These kinds of studies are commonly reported
n goats (Capote et al., 1998; Dossa et al., 2007; Herrera et
l., 1996; Jordana et al., 1993; Zaitoun et al., 2005). However,
ultivariate analyses on morphological traits are rarely

eported in sheep (Riva et al., 2004).
In this work, we analyzed seven body measurements

nd four qualitative phenotypic traits in Burkina Faso
heep. Data were obtained from an extensive sampling all
ver the Burkina Faso territory to better characterize the
orphological variation in the whole Burkina Faso sheep

opulation. This general aim was to explore the possibility
f distinguishing different breeds among the Burkina Faso
heep populations.

. Materials and methods

.1. Environmental areas and sheep populations
The Burkina Faso territory can be divided into three main environmen-
al areas according to climate conditions and types of vegetation (Ouadba,
997; see Fig. 1): (a) the Sahel area; (b) the Sudan-Sahel area; and (c)
he Sudan area. The Sahel domain is an arid area covering the north-
rn part of Burkina Faso (from latitude 13◦5′N to 15◦3′N, approximately)
ith an annual rainfall <600 mm, high temperatures varying from 15 ◦C
provinces of Burkina Faso and the limits of the main environmental area
of identified in the country. The dashed provinces are those in which the
sampling was carried out. Numbers are consistent with those given in
Table 1.

to 47 ◦C, and grassy, bushy, shrubby and thicket steppe vegetation, usu-
ally quite sparse, with ligneous species that may form penetrable bushes.
The Sudan-Sahel domain is a transitional zone with regards to rainfall and
temperature, covering the central part of the country (roughly from lati-
tude 11◦3′N to 13◦5′N), with a short rainy season from June to September
and very variable rainfall with average of 750 mm per year; tempera-
ture ranging from 20 ◦C to 42 ◦C, and vegetation varying from North to
South with better hydric conditions, from the Sahel to the Sudan savan-
nah and clear forests in the Southwestern extreme of the domain. The
Sudan domain covers the area of Southern Burkina Faso (latitude from
9◦3′N to 11◦3′N) that shares with the Sudan-Sahel area a similar rainy
season with annual rainfall >900 mm and a predominance of woodlands
and Sudan- and Guinean-type savannahs; temperatures are relatively low
varying from 17 ◦C to 35 ◦C.

The three environmental areas described above are assumed to be
the habitat of three different sheep breeds: (a) the Djallonké dwarf breed,
located in the Sudan area, is a hairy-thin tailed sheep belonging to the West
African Dwarf sheep family, which is spread in a wide area of West Africa,
from southern Senegal to Chad, and to the south in Cameroon, Gabon and
Congo; (b) the Burkina-Sahel breed, which inhabits semi-arid and arid
areas of Northern Burkina Faso and Western-Central Mali and maintained
by the Peul (Fulani) agro-pastoral communities; and (c) the Mossi breed,
located in the Sudan-Sahel area of Burkina Faso, which is considered a
transition breed probably nearer to the Djallonké breed (Tambourá et al.,
1998; Traoré et al., 2006). Sheep populations sampled in each environ-
mental area (Sahel, Sudan-Sahel and Sudan areas) will be considered as
belonging to a different breed (Burkina-Sahel, Mossi and Djallonké breeds,
respectively).

The sheep populations of the three environmental areas of Burkina
Faso (Sahel, Sudan-Sahel and Sudan) number, respectively, 2.1, 3.0 and 1.6
million heads (ENEC II, 2004).

2.2. Data collection

From May 2006 to April 2007, sampling of sheep populations was car-
ried out from a total of 105 villages (VIL) belonging to 13 provinces of
Burkina Faso, covering the three identified environmental areas (Table 1;
Fig. 1). Within VIL, from two to five different flocks were sampled. Follow-
ing the methodology of Bouchel (1995), a total of 6440 female individuals
from 2.5 to 5 years of age were scored for seven body measurements and
four qualitative traits. The age of the animal was estimated from its den-
tition. Up to 2937 individuals were sampled in the Sahel area, 2602 in the

Sudan-Sahel area and 901 in the Sudan area (Table 1). Note that although
the Sudan samples only accounts for 14% of the total, this is roughly consis-
tent with the distribution of sheep among Burkina Faso areas. The Sudan
area only accounts for 23% of total sheep (ENEC II, 2004).

Body measurements were carried out by four different technicians
using Lydthin stick, tape measure and Vernier caliper; animals were put

http://dagris.ilri.cgiar.org/
http://dad.fao.org/


64 A. Traoré et al. / Small Ruminant R

Table 1
Distribution of sampling.

Number of samples Distribution per areas

Provincesa Villages Individuals Sahel Sudan-Sahel Sudan

4. Bazéga 4 245 245
6. Boulgou 6 340 340
7. Boulkiemdé 9 532 532
10. Gnagna 10 601 420 181
18. Kossi 4 240 240
21. Kourweogo 1 121 121
24. Mouhoun 7 427 427
30. Oudalan 8 490 490
34. Sanmatenga 13 785 484 301
35. Seno 14 871 871
36. Sissili 9 561 561
39. Tapoa 9 555 555
42. Yatenga 11 672 672

Totals 105 6440 2937 2602 901

a The official administrative number of each province is given before
their name. Numbers are consistent with those shown in Fig. 1.

on a flat floor and held by the respective owners. The seven body mea-
surements obtained were (Fig. 2): Head Length (HL), Nose Perimeter (NP),
Tail Length (TL), Ear Length (EL), Thorax Depth (TD), Body Length (BL),
and Height at Withers (HW). The four qualitative traits scored were (see
Table 3): colour pattern (CP; with five levels: white, black, spotted in
black, brown and spotted in brown), presence of Wattles (W; with two
levels: presence and absence), incidence of long hairs (LH; with two lev-
els: presence and absence) and ear position (EP; with four levels: vertical,
horizontal, curled and dropped).

2.3. Statistical analyses

Statistical analyses were carried out using the SAS/STAT package
(1999). Basic statistics for the body measurements and qualitative traits
were obtained using the PROC UNIVARIATE and PROC FREQ, respectively.
The influence of the environmental area on the seven body traits mea-
sured was assessed using the PROC MIXED, fitting a model including as
effects the Area (with three levels: Sahel, Sudan-Sahel and Sudan) and VIL.
VIL was defined as a random effect, nested within area to account for the
non-independency of sampling in each VIL. Least square means and their

corresponding standard errors were obtained for each body trait by area
level. Additionally, Duncan’s multiple-range test was performed on all area
means of body measurement traits using PROC GLM. The CANDISC proce-
dure was used to perform canonical analyses to derive canonical functions,
linear combinations of the quantitative variables that summarize variation

Fig. 2. Zoometrical variables studied and their reference points. NP: Nose
Perimeter; HL: Head Length, TL: Tail Length, EL: Ear Length; TD: Thorax
Depth; BL: Body Length; HW: Height at Withers.
esearch 80 (2008) 62–67

between Areas and compute the between-Areas Mahalanobis distance
matrix. The ability of the computed canonical functions to assign each
individual sheep to its sampling area was calculated as the percent of cor-
rect assignment using the DISCRIM procedure. The association between
the qualitative traits was assessed via a correspondence analysis using the
PROC CORRESP of SAS. When necessary for descriptive purposes, canoni-
cal variables and correspondence analysis dimensions were plotted using
Microsoft ExcelTM.

3. Results

3.1. Continuous traits

Least-squared means for the body measurement traits
by environmental areas are given in Table 2. Overall, the
Burkina-Sahel sheep had the highest values for all the ana-
lyzed traits (17.99 cm for NP, 16.52 cm for HL, 37.07 cm for
TL, 16.80 cm for EL, 69.09 for HW, 29.74 cm for TD and
60.81 cm for BL). Differences between the Sudan (Djal-
lonké) and the Sudan-Sahel (Mossi) sheep were statistically
significant (p < 0.001) even though biologically negligible
for HL, TD and BL. The other analyzed traits showed higher
average values in the Sudan-Sahel sheep.

3.2. Qualitative traits

The percentage of each level of the four qualitative traits
recorded for the total population and for each environmen-
tal area is given in Table 3. The Burkina Faso native sheep
was mainly spotted in black (45.96%) or brown (36.74%),
short-haired (93.34%), frequent absence of wattles (87.70)
and with dropping ears (58.31%). Most sheep with dropping
ears were found in Sahel area (40.93% of the whole sample)
whilst most animals with horizontal ears were found in
Sudan-Sahel area (21.63%).

3.3. Multivariate analyses

The canonical analysis identified two statistically sig-
nificant (p < 0.001) canonical variables (CAN1 and CAN2).
The CAN1 and CAN2 accounted for 90.9% and 9.1% of the
total variation, respectively. Fig. 2 shows a bi-dimensional
plot illustrating the relationships between body measure-
ments: on the X-axis, NP is separated from the clearly
linear body measurements (HL, HW, TL, EL and TD) whilst
the Y-axis allows to differentiate HL and EL from the
main group of body measurements (HW, TL and TD).
The between-environmental areas Mahalanobis distance
matrix is given in Table 4. All pairwise distances were sig-
nificant (p < 0.0001). The hypothesis that the areas’ means
are equal in the populations analyzed was also tested using
Wilks’ Lambda. This parameter took a significant value
(p < 0.0001) of 0.36290244 (F = 605.68; degrees of free-
dom = 14) thus showing that differences found between
areas were statistically different from zero. The largest
distance was found between the Sahel and Sudan areas
(7.88) whilst the sheep populations from the Sudan and the

Sudan-Sahel areas were poorly differentiated (1.54). The
values computed for CAN1 and CAN2 for each individual
were plotted by environmental areas (Fig. 3). The Sudan
(Djallonké) individuals were the most homogeneous and
clustered together on the left hand of the X-axis; the Sahe-
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Table 2
Raw means with their standard error (s.e.) and coefficient of variation (CV) for each of the seven body measurements and two indices analyzed. Least-squared
means and their standard errors (LSmean ± s.e.) are also given by environmental areas.

Trait Overall Environmental areas

Raw mean ± s.e. CV Sahel Sudan Sudan-Sahel
LSmean ± s.e. LSmean ± s.e. LSmean ± s.e.

Nose Perimeter 16.19 ± 0.04 21.43 17.99a ± 0.03 12.39b ± 0.05 15.59c ± 0.03
Head Length 14.47 ± 0.04 21.39 16.52a ± 0.02 12.38b ± 0.74 12.43c ± 0.02
Tail Length 31.83 ± 0.11 27.77 37.07a ± 0.11 24.50b ± 0.21 28.46c ± 0.12
Ear Length 13.78 ± 0.05 29.70 16.80a ± 0.03 9.43b ± 0.07 11.81c ± 0.04
Height at Withers 63.49 ± 0.12 15.01 69.09a ± 0.12 56.49b ± 0.22 59.58c ± 0.13
Thorax Depth 27.81 ± 0.04 12.47 29.74a ± 0.04 26.07b ± 0.08 26.20c ± 0.04
Body Length 57.33 ± 0.13 18.81 60.81a ± 0.16 54.10b ± 0.29 54.45c ± 0.17

Different letters as superscripts mean significant differences (p < 0.05).

Table 3
Frequency of each class level of the qualitative traits scored in Burkina Faso sheep (and percentage for each qualitative trait in brackets) per environmental
area. Overall frequencies are also given.

Traits Class level Environmental area

Sahel Sudan Sudan-Sahel Overall

Coat pattern White 283 (9.64) 197 (21.86) 446 (17.14) 926 (14.38)
Black 64 (2.18) 8 (0.89) 31 (1.19) 103 (1.60)
Spotted in black 1336 (45.49) 486 (53.94) 1138 (43.74) 2960 (45.96)
Brown 63 (2.15) 1 (0.11) 21 (0.81) 85 (1.32)
Spotted in brown 1191 (40.55) 209 (23.2) 966 (37.13) 2366 (36.74)

Wattles Absence 2420 (82.4) 847 (94.01) 2381 (91.51) 5648 (87.7)
Presence 517 (17.60) 54 (5.99) 221 (8.49) 792 (12.3)

Long hair Absence 2914 (99.22) 695 (77.14) 2402 (92.31) 6011 (93.34)
Presence 23 (0.78) 206 (22.86) 200 (7.69) 429 (6.66)

Ear position Vertical 0 (0.00) 9 (1.00) 0 (0.00) 9 (0.14)
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among the categories of the analyzed variables. The first
Horizontal 222 (7.56)
Curled 79 (2.69)
Dropping 2636 (89.75)

hi-squared test showed that incidence of all the analyzed traits varied si

ians are mainly distributed on the positive values of the
-axis; and the Sudan-Sahel (Mossi) individuals showed
n intermediate distribution but clearly biased toward the
udan individuals. In this respect, the discriminant analy-
is carried out gave complementary information (Table 5).
ost Sahel and Sudan-Sahel individuals were classified
nto their source population (89.46% and 77.86%) whilst
ost Sudan individuals (60.85%) were classified as Sudan-

ahel individuals. Roughly speaking, no Sahel individuals
ere classified as Sudanians and vice versa. However, a sig-

ig. 3. Bi-dimensional plot illustrating the association between body mea-
urements in Burkina Faso sheep assessed via canonical analysis. NP: Nose
erimeter; HL: Head Length, TL: Tail Length, EL: Ear Length; TD: Thorax
epth; BL: Body Length; HW: Height at Withers.
293 (32.52) 1393 (53.54) 1908 (29.63)
511 (56.71) 178 (6.84) 768 (11.93)
88 (9.77) 1031 (39.62) 3755 (58.31)

tly among environmental areas (p < 0.001).

nificant part of the Sahelian and Sudan-Sahel individuals
(17.10% and 9.92%, respectively) were ‘erroneously’ cross-
classified.

A correspondence analysis was carried out on the four
qualitative traits recorded. Fig. 4 shows the associations
and second identified dimensions explained, respectively,
39.6% and 29.1% of the total variation. On the identified
dimensions, the Sahel area clustered together with drop-

Table 4
Mahalanobis distances between the sheep populations sampled in each
environmental area identified in Burkina Faso.

Area Sahel Sudan

Sudan-Sahel 5.24 1.54
Sudan 7.88

Table 5
Percentage of classification into each environmental area for the Burkina
Faso sheep individuals sampled, according to the environmental area of
sampling, using morphostructural variables and discriminant analysis.

Area Sahel Sudan-Sahel Sudan

Sahel 89.46 9.92 0.61
Sudan-Sahel 17.10 77.86 5.03
Sudan 0.33 60.85 38.82
Total 47.74 44.52 7.74
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Fig. 4. Bi-dimensional representation of the canonical variables associ-
ated to the individuals sampled in each of the environmental areas of
Burkina Faso.

ping ears, black and brown colour pattern and presence of
wattles; the Sudan area was closely associated with long
hair and vertical and curled ears; and the Sudan-Sahel area
tended to cluster with horizontal ears but did not show
clear associations with other qualitative traits.

4. Discussion

There is an increasing interest in the characterization
of African small ruminant populations because of their
major role in the maintenance of genetic resources as
the basis of future improvement at both the production
and the genetic levels (Dossa et al., 2007; Nsoso et al.,
2004; Ouédraogo-Koné et al., 2006). Studies devoted to
the morphological characterization of West African sheep
are scarce and the average values obtained in this study
for body measurements cannot be easily compared with
others in the literature. Ngere (1973) reported an average
HW of 48 cm, ranging from 45 to 50 cm, in Ghana West
African Dwarf sheep. The very recent paper by Sowande and
Sobola (2008) reported, in female Nigerian West African
Dwarf sheep, average values for HW, BL, and HL of, respec-

tively, 52.73, 47.02, and 18.24 cm. The corresponding values
assessed in this study for the Sudan (Djallonké) sheep of
Burkina Faso (see Table 2) show large differences with those
reported above, this could be explained by between-studies
methodological differences but also by real differences
esearch 80 (2008) 62–67

between local populations belonging to the West African
Dwarf sheep that have a wide geographical distribution.
Results from the correspondence analyses also support the
classification of the Sudan (Djallonké) sheep of Burkina
Faso into the West African Dwarf sheep population which
is phenotypically characterized by its small size but also
because of the high frequency of longhaired individuals.

It is particularly difficult to find references on morpho-
logical studies involving sheep in the Sahel area. Wilson
(1980) described the Malian Bambara sheep, spread in Cen-
tral Mali near to the Sahelian area of Burkina Faso, as
individuals with average HW of 74.10 cm in mature females,
with toggles in a 25% of the individuals, semi-pendulous
ears with EL varying from 11 to 14 cm, long tail and predom-
inantly white-coated. Overall, this description is consistent
with the results obtained in this study for the Burkina-Sahel
sheep (mean HW of 69.09 cm, dropping ears and presence
of wattles) and, in fact, Wilson (1980) considered the Bam-
bara sheep of Mali as a part of the West African Fellata sheep
which was, in turn, classified as Sahel sheep.

The low differentiation assessed between the Sudan
(Djallonké) and Sudan-Sahel (Mossi) sheep using the
Mahalanobis distance and the large classification
errors obtained using the discriminant analysis (see
Tables 4 and 5) do not give statistical support to separate
these geographical sheep populations into two different
breeds. In any case, the Sudan-Sahel sheep of Burkina
Faso shows a large variability at the body size level thus
supporting the hypothesis considering the Sudan-Sahel
(Mossi) sheep as a transition population between the
Sudan (Djallonké) and Sahel sheep populations. The
Sudan-Sahel (Mossi) sheep can be considered as the
northerner representative of the West African Dwarf sheep
in Burkina Faso, occupying a particularly arid ecosystem
and with an ancient and sustained introgression of the
Sahelian sheep coming from North. These particular
conditions would distinguish this sheep type from other
West African Dwarf sheep populations. Moreover, no
clear associations between the Sudan-Sahel sheep and
morphological qualitative traits could be assessed using
a correspondence analysis (see Fig. 5) also supporting
the existence of large variability at this level within the
Sudan-Sahel sheep of Burkina Faso probably due to a
significant degree of admixture in this population.

Moreover, a significant proportion of cross-classification
errors between the Burkina-Sahel and Sudan-Sahel (Mossi)
sheep (17.10% and 9.92%, respectively; see Table 5) was
assessed using discriminant analyses thus confirming the
introgression of the Sahelian sheep southwards. There are
three main reasons explaining this introgression: (a) the
action of the Peuls (Dossa et al., 2007), nomadic stock-
breeders inhabiting the Sahelian area of Burkina Faso and
other countries of West Africa, that also are active opera-
tors in the sheep market all over the countryside; (b) the
increase of the duration of the dry seasons in the region
since the 1980s, favouring the migration of the Sahelian

sheep into the Sudan-Sahel and Sudan areas; and (c) the
general interest of the Burkina Faso breeders in obtaining
products with bigger conformation. Moreover, the intro-
gression of the Sahelian sheep into the Sudan areas can be
limited and mediated by the Sudan-Sahel population due
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Fig. 5. Among qualitative variables relationship assessed via correspon-
dence analysis. (A) Vertical ears; (B) horizontal ears; (C) curled ears; (D)
dropping ears; (E) short hair; (F) long hair; (G) absence of wattles; (H) pres-
e
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nce of wattles; (I) white coated; (J) black coated; (K) spotted in black; (L)
rown coated; (M) spotted in brown. (For interpretation of the references
o color in this figure legend, the reader is referred to the web version of
he article.)

o the fact that the Sahelian sheep is not trypanotolerant
hus limiting its possibilities of use for reproduction in the
outhernmost Burkina Faso flocks.

. Conclusions

A significant morphological variation was found in Burk-
na Faso sheep mainly due to the existence of two main
opulations (Djallonké and Burkina-Sahel) with proba-
le different genetic origins. The Mossi sheep breed can
e considered a geographical subpopulation belonging to
he Djallonké breed, showing some particularities, namely
arger body size, due to the particular environmental condi-
ion of the area in which it is managed (Sudan-Sahel) and a
ontinuous gene flow from Sahelian sheep, probably more
ntense with the desertification process of Western Africa.
his information will be the basis of further characteriza-
ion, conservation and selection strategies in Burkina Faso
heep.
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