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Abstract. A total of 183 adult sires belonging to nine West African cattle breeds sampled in 67 villages of Mali,
Burkina Faso and Benin were assessed for 16 body measurements and 18 qualitative traits. Within type of cattle
(zebu, sanga or taurine), the different breeds analysed showed large differences in body measurements. In gen-
eral, taurine breeds had lower average values than the zebu breeds while sanga cattle tended to have intermediate
values. Principal component analysis identified three factors characterising body measurements. Factor 1 sum-
marised the information provided by those traits characterising the size of the individuals and explained 59.0 %
of the variability. Factor 2 tended to gather information characterising the body width and explained 8.0 % of
the variation. Less representative, Factor 3 (6.6 % of the variability) had no clear interpretation. Qualitative traits
did not allow to distinguish among either cattle groups or breeds. Two Correspondence Analysis Dimensions
computed on qualitative traits (explaining 26.2 and 15.5 % of the variability, respectively) did not allow to dif-
ferentiate between zebu, sanga or taurine cattle breeds. Our results confirm that, in the framework of a general
appearance, body measurements are the main criteria for differentiating West African cattle breeds. Furthermore,
the current research has not allowed to identify breeding preferences on qualitative type traits in West African
cattle sires. Therefore, homogenisation of the appearance of individuals within cattle breed is not expected.

1 Introduction

Morphological characterisation of animal populations is usu-
ally carried out within sex to avoid bias due to sexual dimor-
phism. In livestock, such studies are mainly carried out on fe-
males due to their larger numbers (Bene et al., 2007; Ndumu
et al., 2008; Traoré et al., 2008a, b). We have recently as-
sessed variation in body measurements and qualitative type
traits in a total of 1015 adult cows belonging to nine West
African cattle breeds to ascertain the existence of geographi-
cal patterns of morphological variation (Traoré et al., 2015).
However, although information on the sire side is important
to the characterisation of breeding preferences, morphologi-
cal characterisation of West African sires is still lacking.

Even though breeds are usually considered the operation
units for the assessment of livestock diversity, definition of
native African cattle further needs to consider other criteria
such as areas of spreading or cattle type (Soudré, 2011). Ac-
tually, West African cattle can be classified into two main
groups: (a) humped zebu animals mainly spread over the
Sahel (roughly above 13◦ N latitude), the agricultural zone
between the Sahara and the coastal rain forests; and (b)
humpless taurine populations, spread on a tropical Sudano–
Guinean area (southern 11◦ N latitude). However, due to the
existence of strong gene flow among populations, there ex-
ist various sanga cattle breeds assumed to result from ancient
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Table 1. Description of sampling. The following information is given per breed: type of cattle into which the breed is classified and countries
in which the individuals of a given breed were sampled. Number of cattle (N ), provinces and villages involved are provided as well.

Breed Type Country N Provinces Villages

1. Zebu Azawak West African zebu Burkina Faso 8 2 4
2. Zebu Mbororo West African zebu Burkina Faso 14 1 5
3. Zebu Peul West African zebu Burkina Faso 24 11 13

Benin 17 3 14
4. Borgou sanga Benin 5 4 4
5. Gourounsi sanga Burkina Faso 49 2 4
6. N’Dama West African taurine Mali 9 2 3
7. Lagunaire West African taurine Benin 22 7 8
8. Lobi West African taurine Burkina Faso 24 1 9
9. Somba West African taurine Benin 11 10 10

Totals 183 28∗ 67∗

∗Individuals belonging to different breeds could have been sampled in the same province or village.

taurine× zebu crosses mainly spread on a transitional semi-
arid agroecological Sudan–Sahel area (Álvarez et al., 2014).

The aim of the current research was to assess the varia-
tion on phenotypic traits among West African cattle sires and
their consistency among cattle types. Assessment was carried
out at both the quantitative and qualitative levels using multi-
factorial analyses that have been proved to be suitable in as-
sessing the variation within a population and to discriminate
different population types when all measured morphological
variables are considered simultaneously.

2 Materials and methods

2.1 Data and sampling

Following the same methods described in Traoré et
al. (2015), 183 sires (age ranging from 3 to 13 years old) be-
longing to 9 different cattle breeds of Mali, Burkina Faso and
Benin were assessed for 16 body measurements and 18 qual-
itative traits (see Table 1 for a detailed description of sam-
pling). Roughly 34 % of the individuals (63 sires belonging
to the Zebu Azawak, Zebu Mbororo and Zebu Peul breeds)
were classified into the West African zebu (Bos indicus) cat-
tle type, 36 % (66 individuals belonging to the N’Dama, La-
gunaire, Lobi and Somba breeds) were assigned to the West
African taurine (B. taurus) cattle type and the remaining 54
sires (belonging to the Borgou and Gourounsi cattle breeds)
were classified as sanga cattle type which is expected to re-
sult from ancient B. indicus×B. taurus crosses.

Body measurements (Table 2) and qualitative traits (Ta-
ble 3) were assessed following the FAO (2011) guidelines to
phenotypic characterization of animal genetic resources. Age
of the individuals was approached examining dentition. Body
measurements were carried out, with the animals standing
stationary on a flat floor, using a Lydthin stick, a tape mea-
sure and a Vernier caliper. The qualitative traits listed in Ta-

ble 3 were scored with the same within-trait levels, codes
and definitions used in Traoré et al. (2015). No ethics state-
ment was required for data collection. Body measurements
and trait scores were obtained from different technicians vis-
iting farms with the permission of the owners. Animals were
managed by the owners.

2.2 Statistical analyses

Body traits were analysed using PROC GLM of
the SAS/STATTM package (SAS Institute Inc.,
Cary, NC) via fitting the following linear model:
Yijkl =Typei+Breed(i)j+Age(j )k + εijkl , where Yijkl

is the body trait value, Typei is the type of cattle with three
levels (i = 1. . .3; zebu, sanga and taurine), Breed(i)j is the
effect of the breed with nine levels (j = 1. . .9; see Table 1)
nested to type of cattle, and Age(i)k is the effect of the age
of the individual with four levels (k = 1. . .4; three (37 sires),
four (63 sires), 5 to 10 (70 sires) and > 10 (13 sires) years
old) nested to type of cattle and εijkl the error associated
to the record (as a random variable). Least square means
and their corresponding standard errors were obtained for
each level of both the type of cattle and the breed effects.
Body measurements were further analysed via principal
component analysis (PCA), using the PROC FACTOR of
SAS/STATTM. The number of independent traits accounting
for most of the phenotypic variation in body measurements
was determined using the between-traits correlation matrix
to ensure that the same weight was assigned to the variables
in spite of their own variance. Only factors with eigenvalue
> 1 were retained. Original factors were rotated using
VARIMAX criterion to ensure that the retained components
were less correlated than the original traits.

Frequencies of each level of the qualitative traits analysed
were computed using the PROC FREQ of SAS/STATTM.
Statistical significance of the differences in computed fre-
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Figure 1. Contour plots showing the 75 % confidence region of the
relationships among the analysed individuals per breed. (a) shows
the information provided by the principal component analysis car-
ried out on body measurements: Factor 1, on the x axis explained
59.0 % of the total variance while Factor 2, on the y axis explained
8.0 % of the total variance. (b) shows the information provided by
the correspondence analysis carried out on qualitative traits: dimen-
sion 1, on the x axis explained 26.2 % of the total variance while
dimension 2, on the y axis explained 15.5 % of the total variance.
Thin-line contours correspond to zebu breeds; dotted-line contours
correspond to sanga breeds; and thick-line contours correspond
to taurine breeds. Numbers on contours are consistent with those
listed in Table 1 and mean the following: 1: Zebu Azawak; 2: Zebu
Mbororo; 3: Zebu Peul; 4: Borgou; 5: Gourounsi; 6: N’Dama; 7: La-
gunaire; 8: Lobi; and 9: Somba.

quencies at the breed levels was assessed via Chi-squared
Mantel–Haenszel test. Relationships between qualitative
traits were assessed via correspondence analysis using the
PROC CORRESP of SAS/STATTM. Two canonical dimen-
sions and their eigenvectors were computed to account for
association between the levels of the traits scored.

Eigenvectors computed for each individual via PCA and
correspondence analyses were used to construct contour
plots illustrating 75 % confidence region of the relation-
ships among individuals using the library ggplot2 of R (http:
//CRAN.R-project.org/).

3 Results

Least square means estimated for each body measurement
analysed are given in Table 2 per type of cattle and breed.
Both the effect of type of cattle and the effect of the breed of
the individual, nested to type of cattle, were observed to have
a significant influence on data (p < 0.05) except for cranial
width. Moreover, the age of the individual within type of cat-
tle had a significant influence on data except for four traits
(Table 2). Except for heart girth and pelvic width, zebu cat-
tle had higher mean values than sanga and taurine cattle. In
turn, taurine cattle had the smaller mean values. Least square
means estimated for traits such as height at hips, body length
or rump length were 31.8, 19.9 and 8.7 cm higher in zebu
than in taurine cattle type. These differences were lower be-
tween zebu and sanga cattle type (11.9, 11.3 and 1.2 cm, re-
spectively; see Table 2).

Observed frequencies (in percentage) for each level of the
qualitative traits scored are given in Table 3 per breed and
type of cattle. Chi-squared Mantel–Haenszel test informed
that no statistically significant variation among breeds could
be assessed for nine out of the 18 traits assessed. This hap-
pened in major traits such as Horn Shape and Coat Colour
Pattern, suggesting that no clear selection for qualitative
traits exist in West African cattle sires. Furthermore, major
traits distinguishing between zebu and taurine cattle such as
convex cephalic profile or presence or absence of hump had
a limited ability to classify different cattle types: most zebu
and all sanga and taurine individuals assessed had straight
cephalic profile and most sanga sires were humpless.

Three factors, explaining 73.6 % of the observed variabil-
ity for body measurements were identified via PCA (Table 2).
Factor 1 (59.0 % of the variance) summarised the information
provided by those traits characterising the size of the indi-
viduals while Factor 2 (8.0 %) tended to gather information
characterising the width of the individuals. Factor 3 (which
explained 6.6 % of the variance only) had no clear interpre-
tation.

The two dimensions identified using correspondence anal-
ysis explained 26.2 and 15.5 %, respectively, of the observed
variability for qualitative traits. Consistently with the small
proportion of the total variability explained, the eigenval-
ues computed for the two correspondence dimensions re-
tained (Table 3) informed that no clear differentiation existed
among levels of the qualitative traits.

Figure 1 summarises, per cattle breed, the solutions pro-
vided by both the PCA and the correspondence analysis at
the individual level. At the body measurements level (Fig. 1a)
zebu and taurine cattle breeds could be distinguished on the
x axis, with the two sanga cattle breeds showing intermediate
locations. No between cattle breeds differentiation could be
assessed via correspondence analysis information (Fig. 1b):
the 75 % confidence regions computed for each breed were
clearly intermingled.
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4 Discussion

Studies aiming at morphological assessment in cattle are rel-
atively scant in cattle and mainly performed on adult fe-
males (Mwacharo et al., 2006; Bene et al., 2007; Ndumu et
al., 2008). Although information on body measurements in
White Fulani cattle (related with Zebu Peul) exists (Yakubu
et al., 2009), mean values computed for the same body traits
cannot be straightforwardly compared with our study due to
differences in sampling strategies: a significant part of the in-
dividuals sampled by Yakubu et al. (2009) were less than 2.5
years old and, therefore, were probably still growing.

The current analysis highlights the importance of body
measurements to differentiate among cattle groups and
breeds in West Africa (Table 2). Differences in body shape
between the main cattle types analysed in the current study
(taurine and zebu) are due to major differences in origin (in-
dependent domestication events; Chen et al., 2010; Pérez-
Pardal et al., 2010a, b), but also due to breeding differences.
West African humped zebu cattle are always larger and are
bred in the northern arid Sahel while native West African tau-
rine cattle are small sized (and even dwarf; see mean values
for Lagounaire cattle in Table 2) and bred in the humid south-
ern Soudano–Guinean agroecological area. Such differences
among types of livestock and agroecological areas have been
previously reported in goat and sheep (Álvarez et al., 2009;
Traoré et al., 2008a, b, 2009, 2012).

Our results also suggest that body measurements are im-
portant to classify cattle into the sanga type. Even though
the two sanga populations assessed here had noticeably dif-
ferent mean values for some body traits (e.g. body length
or height at hips; see Table 2), taking all traits as a whole
sanga cattle tended to be located in intermediate positions
between zebu and taurine West African cattle (Fig. 1a). In
any case, the current research confirms that qualitative traits
have not much importance in the definition of either cattle
breeds or cattle groups (Fig. 1b). Clearly, definition of cat-
tle breeds in West Africa is not consistent with that assumed
in Europe, in which qualitative traits are of particular im-
portance for the inclusion of individuals in herd books. On
the contrary, major qualitative traits such as coat colour and
horn shape show large variability within West African cattle
breeds and finding a particular feature in a given qualitative
trait is more likely to be due to local preferences of the stock
keepers rather than the classification of an individual into a
given breed (Desta et al., 2011; Traoré et al., 2015).

Variation for both body measurements and qualitative type
traits assessed in the current study resembles that previ-
ously reported for female West African cattle by Traoré et
al. (2015). While those authors found significant differences
among breeds for most body measurements, body measure-
ments in cows mainly reflected between cattle-type differ-
ences. Furthermore, even though qualitative traits showed
a larger variation in cows (e.g. 34.1 % of sanga cows were
humped; see Table 3 of the aforementioned paper), such traits

had a limited ability to differentiate among types of cattle or
breeds at the female level (Traoré et al., 2015). Overall, re-
garding morphology West African sires can be considered a
random sample of the West African cattle population.

In summary, the current research has not identified breed-
ing preferences on type traits in West African cattle sires.
Therefore, homogenisation of the appearance of individuals
within cattle breed is not expected in the breeding scenario
of West Africa in which no selection programmes exist and
unsupervised matings are the rule.
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