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Abstract: One of the major constraints to cattle breeding development in Cote d’Ivoire is the limited knowledge of the genetic
composition of the national herd. To address this gap, a study was carried out on livestock farms in the northern (Poro, Bagoué,
and Tchologo) and northeastern (Bounkani) regions to identify and characterize the breeds and genetic types of Ivorian
cattle. Farmers’ identifications were recorded, and 275 animals comprising 24 N'Dama, 15 Baoulé, 86 Zebu, 138 Méré, and
12 exotic crossbreeds were described using 27 morphological descriptors (13 qualitative and 14 quantitative). Descriptive
analysis showed that qualitative traits were unreliable for breed differentiation. However, multivariate analysis of quantitative
traits revealed significant morphological differences (p < 0.05) among genetic types. Exotic crossbreeds and Zebu exhibited
significantly greater body measurements (p < 0.05) than Baoulé and N'Dama cattle. Four descriptors, height at withers, horn
length, muzzle circumference, and head length, accounted for most of these variations. The significance of Mahalanobis
distances (p < 0.05) confirmed that the breeds form distinct populations. Nonetheless, the moderate reclassification rates
indicate overlaps and potential misidentification based on morphology alone. These findings highlight the limitations of
phenotypic characterization and underscore the need for molecular analyses to clarify the genetic structure and relationships
among Ivorian cattle breeds and genetic types.
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Introduction

Livestock farming is an important activity that contributes
to improving food security, diversifying and increasing the
incomes of farmers and breeders, as well as helping to
preserve and improve the environment (Cesaro & Apolloni
2020). In Cote d'Ivoire, this sector remains a secondary
activity (MIRAH, 2022).

* Corresponding author: Franck Armand Désiré Yao
(franckyaodesire@gmail.com)

The Ivorian cattle herd is originally made up of three local
breeds of bull (Taurine): N'Dama, Baoulé, and Lagunaire
(Yapi-Gnaore et al, 1996), which are trypanotolerant and
well adapted to local dietary and pathological conditions
and environments. However, low herd productivity, the lack
of valorization of local breeds, and limited awareness of
their contribution to sustainable agriculture have led both
breeders and political decision-makers to use these local
breeds for uncontrolled cross-breeding with Zebu cattle from
transhumant herds coming from neighbouring northern
countries and with exotic improved breeds (Sokouri et al,
2007, 2009; Soro et al, 2015a).
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These uncontrolled crossbreeding practices have left Cote
d'Tvoire with a cattle population that has suffered genetic
erosion of local breeds and whose identity remains unclear
(Sokouri et al, 2007, 2009; N’Goran et al, 2008, 2015;
Ndiaye et al, 2014). If no action is taken, these crossbreeding
practices may lead to the dilution of the genetic stability
of local breeds. However, their production capacity, even
in unfavourable conditions, makes local breeds a valuable
heritage to be preserved for future innovations in livestock
farming (Naves et al, 2011). Yet, any programme for the
conservation and improvement of livestock requires prior
in-depth knowledge of the genetic resources available (FAO,
2012). Phenotypic characterization is a fundamental step
towards acquiring such knowledge. With this in mind, the
present study was conducted to identify and describe the
cattle breeds raised on smallholder farms in northern Cote
d'Tvoire. The objective was to identify the distinctive physical
traits of the breeds or genetic types that make up the national
cattle population.

Materials and methods
Study area

The study was conducted in four regions of Cote d'Ivoire
(Figure 1). These are three regions in the Savanes district
(Poro, Tchologo, and Bagoué) in the north and the Bounkani
region in the north-east of Cote d'Ivoire. They are traditionally
cattle-raising regions in Céte d'Ivoire and account for 80% of
the country's cattle population (Kouamé et al, 2024).

The Poro region (9°27' N, 5°39' W) spans 12,620km? and
is home to approximately 1,040,461 inhabitants (INS, 2022).
Its Sudanese climate is characterized by a long dry season
from November to April, punctuated by the Harmattan
between December and February, and a rainy season from
May to October, with annual rainfall ranging between 950
and 1,200mm, peaking in August (FAO, 2005). Surveys were
conducted in the departments of Korhogo and Dikodougou.

The Bagoué region (9°31'N, 6°29' W), covering 10,188km?
and home to 515,890 inhabitants, shares a Sudanese tropical
climate similar to that of Poro. Average temperatures hover
around 27°C, with maximum values recorded between March
and April, while rainfall during the wet season reaches 1,400
to 1,600mm (FAO, 2005; INS, 2022). Investigations were
carried out in the departments of Boundiali and Kouto.

The Tchologo region (9°35'N, 5°12' W) covers 17,253km?2
with a population of 603,084 inhabitants (INS, 2022). Subject
to a classic Sudanese climate, it experiences a dry season from
November to April and a rainy season from May to October.
The average annual temperature stands at 27.2°C, and can
rise to as high as 38°C in March (FAO, 2005). Only localities
in the department of Ferkessédougou were surveyed.

The Bounkani region (9°16' N, 3°00' W), located in the
north-east and covering an area of 21,800km?, is governed by
a Sudano-Guinean climate. Annual precipitation ranges from
1,036 to 1,200mm, with a rainy season concentrated mainly
between April and June and a dry season stretching from
November to March (FAO, 2005). With 427,037 inhabitants
according to the latest general census (INS, 2022), this region
was explored through the departments of Bouna and Téhini.

Figure 1. Geographic distribution of collection sites
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Sampling, data collection and criteria for
inclusion of individuals

Data collection was carried out through single-visit cross-
sectional surveys, using an individual record sheet for each
animal. Sampling covered seven departments across the
regions of Poro, Bagoué, Tchologo, and Bounkani, selected
based on the presence of the target breeds. In each region,
at least five localities were surveyed. In total, 53 farms were
included, with 14 in Poro, 8 in Tchologo, 17 in Bounkani, and
14 in Bagoué.

The selection of farms was conducted with the support
of veterinary services from the regional and departmental
directorates of the Ministry of Animal and Fisheries Resources
(MIRAH), as well as according to the willingness of farmers
to participate in the study.

Animal selection was based on age, health status, and the
physiological status of females. The phenotypic type of each
animal was reported by the farmer, while age was estimated
through examination of dentition or determined from the
animals’ date of birth. To minimize relatedness, a maximum
of five animals per farm was selected. The animals included
were adult cattle aged at least four years.

In total, 275 animals were studied across 53 farms located
in four regions of northern Céte d’Ivoire. The distribution of
the sample was as follows: 15 Baoulé taurine cattle (Figure
2A), 24 N’Dama taurine cattle (Figure 2B), 86 Zebu cattle
(Figure 2C), 138 Méré-type cattle (Figure 2D), and 12 exotic
crossbreeds (Figure 2E). The term ‘exotic crossbreeds’ refers
to any crossbred animal with at least one parent of exotic
origin.

Figure 2. Cattle breeds object of the study: A, Baoulé; B, N'Dama; C, Zebu; D, Méré; E, exotic crossbreeds
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A total of 27 morphological descriptors (Figure 3) were
assessed, including 14 quantitative and 13 qualitative, in
accordance with (FAO, 2012) recommendations for the
characterization of animal genetic resources. Measurements
of quantitative descriptors were carried out after the animal
was restrained by the farmer on a flat floor. They were taken
using a measuring stick and a measuring tape. Qualitative
descriptors, for their part, were assessed through direct visual
observation.

All data were collected by the same team to avoid any bias
in the measurements. Figure 3 illustrates the morphometric
descriptors measured.

Statistical analysis

All these analyses were performed using R software,
version 4.4.2 (R Core Team, 2024).

Basic descriptive analysis (frequencies) was performed
on qualitative data to understand the representativeness of
the animals described according to qualitative variables. A
Chi-square (y2) test of independence was conducted at a 5%
significance level to evaluate the association between the
explanatory variable (breed) and the qualitative descriptors
considered as categorical factors.

Due to missing data and the absence of male individuals
in certain breeds, the affected animals were excluded from
the study. Consequently, only data from 210 animals were
retained for the statistical analysis of quantitative traits.

Quantitative data were subjected to a Shapiro-Wilk test to
verify normality conditions. These data were then analyzed
using a generalized linear model (GLM) to assess the effect

of genetic type/breed on morphometric characteristics. All
measured traits were included in the model as dependent
variables according to the formula:
Y.=pu+T +&
ij i ij
where Y, corresponds to the value of the parameter

measured oln individual j belonging to genetic type i, u the
overall mean, T, is the effect of genetic type, and ¢&; is the
random error.

Least-squares means and their corresponding standard
errors were estimated for each genetic type using the
emmeans package in R (Lenth & Piaskowski, 2026). Multiple
comparisons of means between different genetic types or
breeds were performed using Tukey's test at a 5% significance
level. To describe the cattle, according to all characteristics,
the collected data were subjected to multivariate analysis.
First, the Kaiser-Meyer-Olkin (KMO) index and Bartlett’s
test of sphericity were used to assess the suitability of the
data for principal component analysis (PCA). Subsequently,
PCA was performed to identify the characteristics underlying
morphological variability between individuals using the
factoextra package (Kassambara & Mundt, 2020). Based
on these traits, a discriminant factor analysis (DFA) was
then performed to determine which traits best discriminate
between the five genetic types. Discriminant parameters were
selected according to the methodology described by Ahozonlin
et al (2019). Thus, a trait is considered discriminant when it
has a partial coefficient of determination (R2) greater than
0.03 and an associated probability (Pr > F) that is highly
significant (p < 0.001). To assess the degree of morphological
similarity or dissimilarity between the genetic types, a
Mahalanobis distance matrix and an ascending hierarchical

Figure 3. Morphological parameters measured.
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classification (AHC) were performed. The dendrogram was
constructed using the neighbour-joining method. Linear
discriminant analysis (LDA) was then used to evaluate the
rate at which individuals were correctly classified into their
respective genetic groups. LDA was performed using the lda
function implemented in the MASS package (Venables &
Ripley, 2002).

Additionally, to identify cows according to similarity rather
than genetic type, they were subjected to PCA based on the
variables revealed to be most discriminating by discriminant
factorial analysis (DFA).

Results

Phenotypic characterization of listed genetic

types

The physical characteristics of the five identified
genetic types of cattle are presented in Table 1. Except
for coat speckling, horn shape and colour, dewlap aspect,
the presence or absence of a hump, and ear carriage, no
significant differences (p > 0.05) were observed among the
five genetic types (Table 1). Nevertheless, taurine breeds are
distinguished from the other genetic types by the absence of
a hump and their horizontally oriented ears.

* A uniform coat was the most commonly observed within
each breed, with no frontal spots recorded.

* Regarding coat colour, six different colour patterns
(white, black, grey, sandy, pied, and fawn) were observed
in N'Dama, Zebu, and Méré cattle. However, the grey coat
was absent in Baoulé taurine cattle, while white, grey, and
sandy coats were absent in exotic crossbreeds.

* Distinctive features such as sooty colouration were
prevalent across all breeds, whereas the absence of
speckling significantly differentiated the cattle types in
more than 73% of cases.

* Horns were unicoloured in 80% and 60% of Baoulé taurine
cattle and exotic crossbreeds, respectively. However, a
brown colouration at the horn tips was observed in 83.3%
of N'Dama, 72.1% of Zebu, and 77.5% of Méré cattle.

* Lyre-shaped horns were observed in 62.5% of N’'Dama and
36.9% of Méré cattle. In contrast, cup-shaped horns were
present in 73.3%, 37.2%, and 58.3% of Baoulé taurine
cattle, Zebu, and exotic crossbreeds, respectively. Among
exotic crossbreeds, 16.7% of individuals were hornless.

* Eyelids and muzzles were pigmented in most animals.

* The backline profile was straight in all genetic types of
cattle.

* The dewlap was poorly developed in 83.3% of N’'Dama
taurine cattle and in all Baoulé taurine cattle. It was
moderately developed in 66.3%, 53.6%, and 58.3% of
Zebu, Méré, and exotic crossbreeds, respectively.

* A thoracic hump was observed in all cattle types except
taurine breeds (N'Dama and Baoulé).

* Horizontally oriented ears were observed in 100% of
N’Dama, Baoulé, and Méré cattle. For Zebu and exotic
crossbreeds, horizontal ears were observed in 97.7% and
66.7% of individuals, respectively.

There was a strong association (p < 0.05) between breed/
genetic type and physical characteristics such as speckling,
horn shape, horn colour, dewlap development, presence of a
hump, and ear orientation.

Influence of factors affecting morphometric
parameters

Analysis of variance indicated that genetic type had
a significant effect (p < 0.05) on the evaluated body
parameters. The comparison of morphological traits among
the different cattle breeds is presented in Table 2. Regarding
body measurements, Zebu and exotic crossbred cattle did not
differ significantly from each other. Nevertheless, the exotic
crossbreds exhibited significantly higher body dimensions
(p < 0.05) than the Méré crossbreds, which in turn showed
no significant difference from the taurine N'Dama breed.
The taurine Baoulé breed displayed the smallest body
measurements among all genetic types (Table 2).

Unlike body measurements, head measurements of Zebu,
Méré, and exotic crossbred types do not differ statistically (p
> 0.05) from one another; however, they are all larger than
those of the local taurine breeds. Except for head width, the
N’Dama breed exhibits significantly greater head dimensions
and horn length than the Baoulé breed. These two taurine
breeds do not differ statistically (p > 0.05) in head and
skull width, ear length, muzzle circumference, or inter-horn
distance (Table 2).

Morphological variation in the cow
population

The Kaiser-Meyer-Olkin (KMO) index (0.84) and the
highly significant Bartlett’s test (< 0.0001) indicated that the
data were suitable for principal component analysis (PCA).
The first three principal components accounted for 64.18%
of the total morphological variability (Table 3). The first
component (48.8%) was mainly associated with head and
body dimensions, including head and skull length, ear length,
body and tail length, withers height, thoracic perimeter and
depth, muzzle circumference, and head and skull widths
(Table 3). The second component (8.3%) reflected facial
profile through face length, while the third component
(7.1%) described horn length (Table 3).

Stepwise discriminant analysis

Stepwise discriminant analysis (Table 4) revealed that,
among the 13 morphological traits analyzed, only four
contributed significantly (p < 0.001) to the discrimination
among cattle genetic types. These were withers height (WH),
horn length (HoL), muzzle circumference (MC), and head
length (HL). However, the high F-values (F >10) observed
for withers height (WH) and horn length (HoL) indicate a
stronger discriminating power of these traits compared to the
others.
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Table 1. Frequencies (%) of phenotypic traits by cattle breed. %2, expresses independence between variables at 5% level; p, probability
observed for the qualitative traits; N, number of individuals observed.

Variables Modalities N’Dama Baoulé Zebu Méré Exotic crossbreeds
(N=24) (N=15) (N=86) (N=138) (N=12) x P
Coat colour White 20.8 26.7 38.4 39.9 0
Black 37.5 40 20.9 15.9 58.3
Grey 8.3 0 4.7 5.8 0
31.401 0.050
Sandy 8.3 6.7 7 3.6 0
Pie 4.17 20 7 9.4 16.7
Fawn 20.8 6.7 22 25.4 25
Forehead spot Presence 4.2 13.3 11.6 13.1 8.3
1.737 0.784
Absence 95.8 86.7 88.4 86.9 91.7
Coat pattern Uniform 58.3 66.7 65.1 58.7 75
Patchy 37.5 33.3 32.6 29 16.7 10.879 0.209
Speckled 4.2 0 2.3 12.3 8.3
Sooty coat Yes 3.6 0 12.8 17.4 66.7
9.153 0.057
No 96.4 100 87.2 82.6 33.3
Coat specking Yes 4.2 26.7 1.2 2.9 0
11.604 0.020
No 95.8 73.3 98.8 97.1 100
Horn shape Crescent 8.3 26.7 23.2 13.8 25
Crown 8.3 0 13.9 23.2 0
Lyre 62.5 0 25.7 36.9 0
61.923 < 0.001
Cut 16.7 73.3 37.2 24.6 58.3
Wheel 4.2 0 0 1.4 0
None 0 0 0 0 16.7
Horn colouration Unicoloured 16.7 80 27.9 22.5 60
55.385 < 0.001
Bicoloured 83.3 20 72.1 77.5 40
Eyelid colouration = Pigmented 91.7 93.3 83.7 94.2 91.7
7.024 0.135
Non-pigmented 8.3 6.7 16.3 5.8 8.3
Muzzle colouration Pigmented 91.7 86.7 81.4 89.1 91.7
) 3.613 0.4608
Non-pigmented 8.3 13.3 18.6 10.9 8.3
Back line Straight 87.5 100 89.5 97.1 100
9.159 0.0572
Concave 12.5 0 10.5 29 0
Dewlap aspect Weak 83.3 100 4.6 44.2 0
Medium 16.7 0 66.3 53.6 41.7 134 < 0.001
Developed 0 0 29.1 2.2 58.3
Presence of a hump Absence 100 100 0 1.4 33.3
225.95 < 0.001
Presence 0 0 100 98.6 66.7
Ear carriage Horizontal 100 100 97.7 100 66.7
. 58.52 < 0.001
Drooping 0 0 2.3 0 33.3
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Table 2. Comparison of least squares means of morphological measurements (in cm) of cows according to breed. df, degrees of freedom;
E F-statistic; p, test significance; %, averages with the same letters do not differ significantly; WH, withers height; HG, heart girth; CD,
chest depth; BL, body length; TL, tail length; HL, head length; FL, face length; SL, skull length; HW, head width; SW, skull width; HoL, horn
length; DiH, inter-horn distance; MC, muzzle circumference; EL, ear length.

Variables N’Dama (24) Baoulé (10) Zebu (51) Méré (117) Exotic crossbreeds (8) df F P

WH 110.5+1.12¢ 98.2+1.74¢ 120.1+£0.77° 114.9+0.51¢ 127.4+1.94* 205 48.05 < 0.001
HG 144+2.48¢ 125+3.854 153+1.70° 147x1.12¢ 173+4.30* 205 21.53 < 0.001
CD 59.2+1.26 54.5+1.95¢ 63.2+0.86% 60.6+0.57° 67.2+2.182 205 6.97 < 0.001
BL 116.1x1.79¢ 99.5+2,78d 124.3+1.23° 117.6+0.81¢ 134.8+3.11° 205 24.81 < 0.001
TL 86.8+1.64¢ 70.5+2.554 92.6+1.13 91.4+0.74" 99.8+2.85% 205 20.76 < 0.001
HL 46.9+0.59¢ 41+0.77¢ 50.1+0.34° 48.8+0.22¢ 53.6=0.86° 205 40.99 < 0.001
FL 25.4+0.35° 22.2+0.54¢ 26.9+0.242 26.2+0.16® 28.2+0.617 205 19.51 < 0.001
SL 21.6+0.41° 18.3%0.63¢ 23.4+0.28» 22.6+0.19° 25.4+0.712 205 18.66 < 0.001
HW 19.7+0.34% 18.2+0.53¢ 20.6+0.23° 20+0.15° 23.8+0.59° 205 14.19 < 0.001
SW 16.9+0.28« 15.7+0.43¢ 18.6+0.19" 17.6+0.13¢ 20.9+0.48° 205 23.94 < 0.001
HoL 30+1.96° 14.4+3.04¢ 39.3+1.35a 36.4+0.892 23.6+3.4b¢ 205 18.94 < 0.001
DiH 13.5+0.45b 12.2+0.70¢ 15.4+0.312 14.6+£0.20* 15.6+0.78 205 6.67 < 0.001
MC 39.8+0.59¢ 35.8+0.91¢ 41.1+0.40° 40.6+0.27° 47.1+1.022 205 18.02 < 0.001
EL 18.8+0.45" 16.8+0.69° 21.4+0.312 20.7+0.202 22.9+0.77° 205 15.74 < 0.001

Table 3. Eigenvalues, factor contributions, and correlations of variables with PCA components. Values in bold indicate correlation above
0.5 thresholds. WH, withers height; HG, heart girth; CD, chest depth; BL, body length; TL, tail length; HL, head length; FL, face length;
SL, skull length; HW, head width; SW, skull width; HoL, horn length; DiH, inter-horn distance; MC, muzzle circumference; EL, ear length.

Factors Factor 1 Factor 2 Factor 3
Eigenvalues 6.831 1.158 0.996
Variability (%) 48.792 8.274 7.117
Cumulative variability (%) 48.792 57.067 64.184
WH 0.804 0.262 -0.010
HG 0.814 -0.009 -0.169
CD 0.582 0.377 -0.374
BL 0.773 0.055 0.090
TL 0.619 0.118 0.377
HL 0.896 -0.041 0.069
FL 0.647 0.493 -0.093
SL 0.702 -0.436 0.201
HW 0.708 -0.373 -0.302
SwW 0.749 -0.305 -0.163
HoL 0.433 0.110 0.686
DiH 0.475 -0.346 0.113
MC 0.777 -0.149 -0.146
EL 0.637 0.332 0.024
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Table 4. Summary of discriminant factor analysis. Partial R2,
proportion of variance explained; F Value, F statistic; Pr > E
significance of F; WH, withers height; HG, heart girth; CD, chest
depth; BL, body length; TL, tail length; HL, head length; FL, face
length; SL, skull length; HW, head width; SW, skull width; HoL,
horn length; MC, muzzle circumference; EL, ear length.

Variables Partial R? F Value Pr>F
WH 0.484 48.054 < 0.0001
HoL 0.213 13.790 < 0.0001
MC 0.140 8.287 < 0.0001
HL 0.104 5.851 0.000
SW 0.080 4.343 0.002

BL 0.056 2.991 0.020

TL 0.051 2.655 0.034

EL 0.027 1.364 0.248
HG 0.026 1.283 0.278
HW 0.016 0.803 0.525
CD 0.011 0.525 0.717

FL 0.003 0.155 0.960

SL 0.019 0.911 0.459

with withers height (WH) and head length (HL), whereas the
second function exhibited a strong positive correlation with
muzzle circumference (MC) and a negative correlation with
horn length (HoL) (Table 5).

Table 5. Eigenvalues, significance of eigenvalues, canonical
correlations, percentages of discrimination, and standardized
coefficients of the canonical discriminant functions. WH,
Withers height; HL, Head length; HoL, Horn length; MC, Muzzle
circumference.

Parameters Can1 Can 2
Eigenvalue 1.288 0.360
P level of signification 0.000 0.000
Canonical correlation 0.750 0.515
Variance accounted (%) 76.89 21.50
WH 0.648 0.031
HL 0.513 -0.013
HoL 0.206 -0.921
MC -0.060 0.733

Canonical discriminant analysis

Canonical discriminant analysis, performed using four
discriminant variables, generated two canonical functions
(Canl and Can2) that together explained 98.39% of the total
morphological variability among the cattle breeds. The first
canonical function was strongly and positively correlated

The projection of individual animals onto the canonical
discriminant plane (Figure 4) illustrates the morphological
relationships among the genetic types. This projection reveals
a clear separation of Zebu cattle from Baoulé taurines on one
side and from exotic crossbreds on the other. Nonetheless,
individuals belonging to the Méré, N’'Dama, and Zebu groups
showed some degree of overlap.

Figure 4. Representation of the five genetic types of cattle in the factorial plane according to the canonical discriminant analysis.
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In terms of morphological similarity and divergence,
Mahalanobis distances (Table 6) indicated that all genetic
types were significantly different from one another (p <
0.05). The greatest morphological dissimilarity was observed
between Baoulé taurines and exotic crossbreds (distance =
41.25), while the closest genetic types were Méré, Zebu, and
N’Dama (Table 6).

Classification of the cow population

Linear discriminant analysis showed that farmers correctly
identified 65.24% of the animals according to their genetic
type. The proportions of correctly classified individuals are
presented along the main diagonal of Table 7. Animals of the
Baoulé and Méré genetic types were accurately identified in
90% and 89.74% of cases, respectively. Nevertheless, a small
proportion of these two genetic types exhibited morphological
similarities with Zebu (6.84%) and N'Dama (1.71%) breeds.
Among exotic crossbreds, 25% were misclassified as Zebu
based on their morphological traits. Only 8.33% of N'Dama
individuals were correctly classified, while 83.33% were
reclassified as Méré. For Zebu cattle, 31.37% were correctly
identified, whereas 68.62% were misclassified, most of these
being reassigned to Méré (62.74%) and a smaller proportion
to exotic crossbreds (5.88%).

The dendrogram constructed from Mahalanobis distances
among genetic types revealed two major clusters: one
composed of Baoulé taurines, and the other comprising
all remaining genetic types. This latter group was further
subdivided into three morphologically homogeneous
subgroups corresponding to the main genetic types (Figure
5). In addition to the Baoulé taurine subgroup, the analysis
distinguished a subgroup consisting of exotic crossbreds and
another formed by Zebu cattle together with the intermingled
Méré and N'Dama taurines.

Discussion

Qualitative characteristics

The physical description based on qualitative traits shows
that, except the hump found in the Méré and Zebu breeds,
qualitative characteristics do not allow for the distinction of
the different genetic types of cattle found in northern Cote
d’Ivoire. The presence of a hump in the Zebu breed is linked
to its environment. In fact, the Peulh Zebu raised in Cote
d’Ivoire originates from the Sahel countries bordering Cote
d’Ivoire. In this environment characterized by intense heat,
the fat-filled hump acts as a water reservoir for cattle in this
region. The distinction between Zebu and Méré breeds and
Taurine breeds was also highlighted by Ndiaye et al (2014) in
the cattle population of Senegal. This characteristic enabled
Houessou et al (2019) to distinguish the Boboji and Somba
Taurine breeds from Zebu breeds among cattle raised in
extensive production systems in Benin. The various coat
patterns observed are thought to be the result of preferential
selection by pastoralist communities in favour of animals with
varied coat patterns, combined with uncontrolled mating
(Terefe et al, 2015). The different patterns found in this study
were also reported by Belay & Zeleke (2021) in indigenous
cattle in Sidama, Ethiopia, and by Banjaw et al (2025) in
cattle from southeastern Ethiopia. The six different coat
colours observed in the population highlight a high degree
of variability. Coat colour diversity was also documented
by Gelaye et al (2022) and Belay & Zeleke (2021). Within
each breed, the heterogeneity in coat colouration suggests
the presence of several ecotypes, which could be confirmed
by molecular studies (Gelaye et al, 2022). The light colours,
such as white, gray, and fawn, observed in each population
appear to reflect a preference among herders in their choice
of animals. Indeed, according to Alebachew (2017), coat

Table 6. Mahalanobis distance matrix between cattle types. *, significant distance at 5% threshold; **, significant distance at 1% threshold.

Genetic types Baoulé Méré Exotic crossbreeds N’Dama Zebu
Baoulé 0
Méré 16.663** 0
Exotic crossbreeds 41.248** 12.878** 0
N’Dama 9.093%** 1,187* 16.129** 0
Zebu 25.186** 1.042** 10.675** 4.264** 0

Table 7. Percentage (%) of animals correctly or incorrectly classified.

Predicted populations

Observed populations Baoulé Méré Exotic crossbreeds N’Dama Zebu
Baoulé 90 0 0 10 0
Méré 1.71 89,74 0 1.71 6.84
Exotic crossbreeds 0 12.5 62.50 0 25
N’Dama 8.33 83.33 0 8.33 0
Zebu 0 62.74 5.88 0 31.37
Proportion of cattle incorrectly classified 10 10.26 37.5 91.66 68.62
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Figure 5. Dendrogram of morphological similarity degrees among cattle genetic types.

colour is a criterion for selecting and identifying cattle in most
pastoral communities. Light colours are preferred because
they are well-suited to hot regions such as our study area.
Indeed, light colours allow animals to dissipate their body
heat more effectively than dark coats, which absorb heat
more readily and are therefore better suited to cold regions
(Titto et al, 2016; Gebru et al, 2017). In this study, coat
colour and pattern are not used as criteria for distinguishing
between different breeds. Similarities in coat colour and
pattern were also highlighted by Mustefa et al (2021) and
Banjaw et al (2025) among cattle breeds in northern and
southern Ethiopia, respectively. These similarities indicate
a phenotypic resemblance among the different breeds. This
resemblance suggests a genetic relationship (Banjaw et al,
2025). In addition to the similarities observed in coat colour,
other similarities were noted. Furthermore, the resemblances
in other phenotypic traits, including the forehead spot, black
markings, pigmentation of the eyelids and muzzle, and
the dorsal line, highlight the difficulty of classifying these
individuals by breed. The wide variability observed in traits
such as coat colour and horn shape may be explained more by
farmers’ preferences than by the classification of an individual
into a specific breed (Traoré et al, 2015). Overall, these results
show that qualitative traits do not provide a sufficiently
effective description of cattle breeds or the different genetic
types of cattle. They corroborate the observations of Traoré
et al (2016), according to whom the characterization of
West African cattle populations is not based on the same
criteria as that of European cattle, for which qualitative traits
play a decisive role in the identification and registration of
individuals in pedigree records.

Morphometric traits

Quantitative traits are of paramount importance because
they are directly linked to animal productivity, which has
economic significance. All quantitative variables showed

significant differences among the cattle types, confirming
notable differences in shape and size among the five cattle
types. Genetic factors may cause these differences. Indeed,
according to Ahmed et al (2021), morphological differences
among adult cattle may be caused by genetic factors. The
morphological differences observed among different cattle
breeds were also reported by Ndiaye et al (2014) for N'Dama,
Zebu (Gobra and Maure), and Djakoré cattle raised in various
production systems in Senegal, and by Okoh et al (2025)
among four Zebu breeds: White Fulani, Gudali, Azawak, and
Bororo. Similarly, Yougbaré et al (2020) identified significant
differences in size between purebred Baoulé cattle in Burkina
Faso and their crossbreeds. These observations corroborate
the findings of Traoré et al (2015), who demonstrated the
existence of marked differences in most body measurements
among West African cattle. According to Yakubu et al (2012),
each genetic type has a specific morphology that reflects its
quantitative morphological structure and its adaptation to
the environmental conditions to which it is subjected. Thus,
the superior performance observed in exotic crossbreeds for
most of the measured parameters could be attributed to their
degree of genetic introgression of exotic origin. This superior
performance can be attributed to the fact that, unlike local
breeds, whose gene pool remains relatively heterogeneous
and has not undergone targeted selection, exotic breeds
have been selectively bred through genetic improvement
programmes aimed at enhancing zootechnical performance,
particularly growth rate. Furthermore, these breeds often have
larger body measurements than local breeds, reflecting their
selection for increased milk and meat production (Carneiro
et al, 2010). The differences observed between Zebu and
taurine breeds (N'Dama and Baoulé) could be explained,
on the one hand, by independent domestication events and,
on the other hand, by breed-specific characteristics of these
cattle populations (Traoré et al, 2016). Native West African
cattle are generally characterized by their relatively small
body size, whereas Zebu cattle, which are distinguished by



Genetic Resources (2026), 7(14), 20-33

Morphometric characterization of Ivorian cattle breeds 30

the presence of a hump, are typically larger (Traoré et al,
2015). The taurine N’'Dama in this study showed slightly
higher average measurements than those of N’Dama in
Senegal, as reported by Kanh (2020). That author showed
that N'Dama cattle from Senegal had a withers height of
105.9 = 4.77cm; a body length of 115.43 = 7.95cm; and
a tail length of 77.28 + 7.28cm. With regard to the head,
in addition to horn length, for which the N’'Dama cattle of
Senegal had the highest values, the N'Dama cattle in our
study recorded the highest averages. Furthermore, the
averages recorded for N'Dama cattle were higher than those
of the humpless cattle populations of Togo, as reported by
Boma et al (2018). These authors reported average heights
at the withers ranging from 97.2 + 4.7cm for Kouka cattle to
99.4 + 3.7cm for Tém cattle. As for Baoulé cattle, the body
measurements are essentially identical to those reported by
(Soro et al, 2015b) in the Pays Lobi region of Cote d’Ivoire.
However, these cattle exhibited higher average measurements
than the Lobi cattle of Burkina Faso, according to the findings
of Tapsoba et al (2020). The mean values recorded for Méré-
type cattle, which fall between those of Zebu and N'Dama
cattle, are consistent with their hybrid origin resulting from
crossbreeding between these two breeds. These results are
consistent with those of Sokouri et al (2007), who stated that
the Méré cattle are traditionally described as the offspring
of crosses between Zebu and Baoulé taurine cattle; our
findings suggest that some individuals may instead result
from crossbreeding between Zebu and N'Dama cattle. They
also confirm that crossbreeding between taurine cattle and
Zebu generally leads to an increase in the size of the animals,
a trait often considered advantageous by breeders (Yougbaré
et al, 2020). Furthermore, the resemblance of Méré-type
cattle to N'Dama bulls with respect to chest circumference,
body length, and tail length suggests that N'Dama cattle
contribute these morphological characteristics to their
hybrid offspring produced through crossbreeding with Zebu
cattle. Moreover, the similarities observed between the Méré
and the Zebu in terms of certain head parameters would
indicate a more pronounced influence of Zebu ancestry on
the head dimensions of the descendants that gave rise to the
Méré cattle breed. Finally, the similarities observed between
N'Dama and Baoulé cattle in certain morphological traits,
particularly horn spacing and ear length, suggest that these
characteristics are relatively conserved within the Bos taurus
subspecies.

Multivariate analysis

Stepwise discriminant analysis identified withers height,
head length, ear length, and muzzle circumference as the
morphometric traits that most effectively discriminate among
the different cattle genetic types. These results suggest that
taking these traits into account may be sufficient to distinguish
between the different types of cattle raised on farms in northern
Cote d’Ivoire, without the need for additional morphometric
measurements. Similar to the study conducted by Lombebo &
Zeleke (2018) on indigenous cattle populations in southern
Ethiopia. The results of the present study further showed
that pelvic width, chest circumference, hock circumference,
height at the withers, and muzzle circumference were among
the most informative morphometric traits for discriminating
among cattle populations. These results contradict those
of Sokouri et al (2007), who identified, in addition to the

presence or absence of a hump and coat colour, only two
quantitative traits, namely chest circumference and height
at the withers, for distinguishing these five genetic types of
cattle. This difference may be due to the number of variables
selected for the discriminant analysis. Indeed, according to
Okoh et al (2025), the number of discriminant variables is
highly dependent on the number of variables included in the
discriminant analysis.

The high canonical correlation values (> 50%) obtained
from canonical discriminant analysis (CDA) suggest that
the selected variables have strong discriminant power and
thus allow for effective characterization of the animals.
Previous studies have also reported strong canonical
correlations, including the work by Okoh et al (2025) on
the characterization of four Zebu breeds in Nigeria and that
by Banjaw et al (2025) on indigenous breeds in southern
Ethiopia. Concerning eigenvalues, a value greater than 1 is
generally considered a criterion for validating discrimination
between races. However, although this threshold allows an
eigenvalue to be considered significant, higher values indicate
greater discriminatory power and, consequently, better
differentiation between groups. Thus, in this study, despite a
Canl eigenvalue greater than 1, little differentiation between
breeds was observed, as evidenced by the overlaps shown
in Figure 3. These overlaps highlight a strong phenotypic
similarity among the five cattle breeds or genetic types
studied. These results suggest that distinguishing between the
different breeds that make up the Ivorian cattle population
based on visual observation alone remains particularly difficult
(Yakubu et al, 2012). These results confirm the already well-
documented problem of identifying cattle breeds in Cbte
d’Ivoire based exclusively on their phenotypic characteristics
(Sokouri et al, 2007; N’Goran et al, 2008; N’Goran, 2010;
N’Goran et al, 2018). This difficulty in distinguishing
between breeds reflects the challenges associated with
identifying patterns of genetic variation within West African
cattle populations (Alvarez et al, 2014). According to these
authors, this situation is due to the absence of selection and
to gene flow resulting from transhumance and the trade in
live animals in West African regions. Furthermore, Yakubu
& Ibrahim (2011) have shown that transhumance is a factor
in gene exchange between cattle populations. Consequently,
this study shows that canonical discriminant analysis (CDA),
based on body measurements, did not allow for sufficiently
effective discrimination between the different genetic types
of cattle. These findings are consistent with those of Okoh
et al (2025), who also found that CDA failed to effectively
differentiate between the White Fulani and Red Bororo cattle
breeds in Nigeria. However, other studies have demonstrated
the effectiveness of this approach in distinguishing between
cattle breeds. This is particularly true of the work by Mustefa et
al (2023) on the Harar and Ogaden breeds in eastern Ethiopia,
that of Ahmed et al (2021) on the White Fulani, Muturu, and
Pasundan breeds, and the work by Zegeye et al (2021) on
five local cattle breeds in Tigray, northern Ethiopia. The high
Mahalanobis distance observed between the Baoulé cattle and
the exotic crossbreeds indicates that these two types of cattle
constitute morphologically distinct populations. In contrast,
the low distances recorded between the N’Dama, Zebu,
and Méré populations suggest the existence of significant
morphological similarities among these different groups.
These similarities could also be explained by the proximity
and frequent coexistence of these three genetic types within
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cattle herds in CoOte d’Ivoire. Indeed, Yao et al (2025)
reported that cattle herds in northern Céte d’Ivoire consist
mainly of Méré-type cattle, followed by Zebu, with a smaller
proportion of N’Dama taurine cattle. This configuration
promotes crossbreeding among these three genetic types due
to their proximity within livestock production systems. This
situation could be explained by breeders’ desire to meet the
requirements of livestock marketing systems, particularly
by seeking animals with better zootechnical performance
and greater market value (Whannou et al, 2021). However,
these phenotypic similarities do not necessarily imply genetic
similarities (Mustefa et al, 2021; 2022). Consequently, it
would be advisable to conduct additional studies using
molecular techniques to better understand the level of genetic
diversity within and between breeds (Mustefa et al, 2023).

The high percentage of Baoulé Taurin cattle classified
within their group of origin demonstrates that the Baoulé
Taurin constitutes a homogeneous population with specific
morphological characteristics that are well recognized by
breeders. This stability of the breed is believed to be linked to
the sociocultural motivations of the herders in the Pays Lobi,
which lead them to preserve this Baoulé cattle breed (Soro et
al, 2015a). The low percentage of N’'Dama taurines reclassified
highlights a high level of heterogeneity within this population.
This high level of heterogeneity is believed to be linked to its
range in Cote d’Ivoire (North), which serves as a hub for all
other breeds engaged in transhumance. This consequently
exposes the breed to crossbreeding with these introduced
breeds, particularly with the Zebu. In fact, according to
Sokouri et al (2009), the frequency of crossbreeding is
higher in areas where Zebu (on transhumance) come into
contact with Taurine breeds. This would explain the high
level of crossbreeding among Taurine breeds observed on
farms in northern Céte d’Ivoire, as reported by (Sokouri et
al, 2007). The morphological variability within the N’'Dama
population also reflects the significant role that breeders play
in crossbreeding. Uncontrolled crossbreeding poses a real
threat to the survival, conservation, and long-term use of
these breeds (Houessou et al, 2019).

Conclusion

The present study highlighted the morphological variability
of cattle breeds raised in the northern regions of Cote d’Ivoire.
Among the 14 body parameters measured, withers height
emerged as the descriptor that best allows differentiation
between the breeds. Despite the morphological differences
observed among these breeds, the analyses did not allow for
their complete separation. Except for the Baoulé taurines,
which are clearly distinct, the N'Dama and Zebu breeds
and the Méré type share several morphological similarities,
making them difficult to distinguish. The overlaps observed
among the different breeds reflect a high level of gene flow
between these populations. This study also shows that the
Méré constitutes a homogeneous population in the breeding
regions, while the N'Dama taurine is experiencing a loss of its
characteristic traits. These results confirm the hypothesis that
the genetic structure of the Ivorian cattle population is highly
mixed, with a risk of erosion of local taurine breeds. Given
these findings, molecular analysis is essential to clarify the
genetic status of each breed.
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