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ABSTRACT

The dwarf goat, the only local goat breed, has been neglected for long time in Céte d’Ivoire.
No national genetic or zootechnical data exists on dwarf goats. Improving the productivity of
this breed requires first characterizing its phenotype and zootechnical traits. This study aimed
at phenotypically characterize’s dwarfs in the Man department. The study was conducted in
the rural and urban areas of the Man department. It was performed on 90 goats, including six
males and 84 females. The collected data were recorded in a Microsoft Excel spreadsheet and
then analyzed using R-3.6.2 software. Statistical tests included multivariate analysis of vari-
ance, t-tests, and principal component analysis. Statistical analyses showed that sexual dimor-
phism was not very evident in the human anatomy. The goat breed studied is multicolored.

The frequency of variegation is high, resulting in a significant proportion of piebald coats. All
animals of both sexes have curved horns. Not all individuals of both sexes have dewlaps. The
coat is mostly short, and the muzzles are almost straight. The ears are all erect and horizontal.

1. INTRODUCTION

West Africa, which includes for 37.2% of the continent’s goat breed, is one of the main breeding areas
for this species, which plays a particularly important socio-economic role [1]. In Cote d’Ivoire, the goat
breed almost doubled between 2015 and 2020, from nearly 2 million to 4 million, and almost 290,288 farm-
ers, which includes 93% of men and 7% women, employed [2]. This resource is known worldwide for its
generally low-input systems, whether extensive or semi-intensive ([3, 4]). The Djallonké goat breed, also
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known as the West African dwarf breed, is the only goat breed in the region. It is found throughout Cote
d’Ivoire. These dwarf goats are very prolific and hardy. All social classes can raise them. Furthermore, the
quality of the meat is exceptional and highly regarded by the local population, as noted by [5]. However,
these animals are only bred with traditional methods in Cé6te d’Ivoire. Furthermore, the local goat breed has
not been the subject of any research and is not generally considered in livestock development projects and
programs. Little is known about this breed’s performance. There is not virtually zootechnical data on the
local dwarf goat available at the national level. However, knowledge of animal genetic resources is vital be-
cause they have got a power system of adaptation [6].

In this context, this study proposes a phenotypic characterization of the goats in this department. This
study aimed at describing the qualitative and quantitative characteristics of dwarf goats in the Man depart-
ment. This study could help future researchers to develop and improve the breeding programs.

2. MATERIAL AND METHODS
2.1. Study Area

This study was conducted in urban and rural areas in the Man department of western Cote d’Ivoire.
The Department of Man is located in the Tonkpi region, western area of country. This department is com-
posed of 11 sub-prefectures: Bogouiné, Fagnampleu, Gbangbegouiné-Yati, Logoualé, Man, Podiagouiné,
Sandougou-Soba, Sangouiné, Yapleu, Zagoué, and Ziogouiné [7]. The department is bordered by the
Biankouma department to the north, Bangolo to the south, Danané to the west, and Facobly and Kouibly to
the east. With rainfall exceeding 1500 mm per year [8], Man is a fairly humid area due to its mountainous
ground and forest covering (Figure 1).

Legend
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Figure 1. Study area.
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2.2. Animal Sampling and Body Measurements

Surveys were conducted to identify and select farmers whose animals were studied. Criteria for identi-
fication and selection were established for this purpose. These included the accessibility of the farmer’s farm
in all seasons, having a herd of at least three (3) goats, and involvement in or support for data collection. A
total of 20 villages in the Man Department and 10 neighbourhoods in Man City were visited for 30 sites
(Figure 1). In each neighbourhood, only one (1) farmer was selected for the study. Two farmers in two
villages whose goats were kept in enclosures were selected. As for the 18 other villages, one (1) farmer was
also chosen for the study to reduce the risk of sampling related animals, given that the livestock are free-
ranging. A total of 30 farmers were included in this study.

A total of 90 goats (06 bucks and 84 does) with a minimum age of one year in five sites were sampled,
with a maximum of four animals in each herd used for body measurements to avoid issues in the two prov-
inces. The age of the goats was estimated using their teeth. Eight quantitatives and nine qualitatives traits
were assessed per herd, with a maximum of four animals per herd, following the FAO/ISAG guidelines for
goat characterization [9] (Figure 2).

Figure 2. Schematic representations of methods for measuring goat
morphometric traits (FAO, 2012). a = body length; b = chest circum-
ference; ¢ = horn length; d = ear length; e = height at the withers.

2.3. Data Processing and Statistical Analysis

The collected data were recorded in a Microsoft Excel spreadsheet and analyzed using R-3.6.2 software.
Normality of the distribution of values and similarity of variances for quantitative variables in the goat sub-
populations were verified using the Shapiro-Wilk and Bartlett tests. Various representing morphobiometric
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characteristics were analyzed using multivariate analysis of variance (ANOVA) to assess their combined
influence on the separation of goat subpopulations. Subsequent ANOVA tests were then conducted to ex-
amine the effect of each individual characteristic on subpopulation differentiation. A t-test was then used to
compare the mean values of male and female goat subpopulations respectively in urban and rural environ-
ments. Pearson’s correlation coefficients were estimated between morphometric parameters. The signifi-
cance threshold for all statistical tests was set for 5%. The structure of the morphological diversity of goats
was assessed by Principal Component Analysis (PCA) using the FactomineR and Factoextra packages. The
prevalence of qualitative variables was expressed in terms of percentages. These proportions were compared
using the chi-square test. The structure of the morphological diversity of goats linked to qualitative traits
was assessed using MCA with the factomineR, ggplot2, and Ade4 packages. This analysis was performed by
turning the 10 qualitative traits’ data matrix into hclust objects. The fastcluster package was used to deter-
mine the optimal group number.

3. RESULTS
3.1. Qualitative Traits

The piebald coat is really in most of the goats sampled in this study. It was observed in 77.78% in the
whole-breed with 66.67% of males and 78.57% of females exhibiting this coat pattern. Only 22.22% of the
study breed had a solid coat. Males with this pattern represent 33.33% of the breed studied and females
21.43%. The predominant solid coat is the wild coat, which is present in 6.67% of the breed studied, with
frequencies of 16.67% in males and 5.95% in females. The wild coat is followed by the black coat, which
appears in 5.56% of all individuals studied, with 16.67% of males and 4.77% of females exhibiting this phe-
notype. Black, tan, fawn, and buff coats were not observed in males. The most common coats in the studied
breed were black and fawn piebald, which were observed in 27.78% of the individuals. Black and fawn pie-
bald coats had frequencies of 16.67% and 33.33% in males, respectively.

These coats were present, respectively at frequencies of 28.57% and 27.38% for black and fawn piebald
coats, respectively. The wild piebald coat was the most commonly observed coat among the goats studied
after the black piebald and chamois piebald coats, with a frequency of 16.67% and 8.33% among male and
female individuals, respectively. The coat, front mantle, black and tan piebald, and diluted buff piebald were
not observed in male goats. All male goats had curved horns, compared with 94.05% females. Straight horns
were not observed in males. Only 5.95% of the females had straight horns. Almost all the goats studied had
short hair (96.67%). Only 3.33% of the study breed had medium-length hair. Regarding the nose bridge,
83.33% of the males in this study had a straight nose bridge, compared with 94.05% of the females. A concave
nose bridge was observed in 6.67% of the animals studied, with 16.67% of males and 5.95% of females ex-
hibiting this phenotype (Table 1; Figure 3).

Table 1. Characteristics of coat pattern, coat color, horn shape, coat type, and muzzle type of dwarf
goats in Man department according to sex.

Sex
Male (n = 6) Female (n = 84) Total Population (n = 90)
Coat pattern
Uniform 33.33% (n =2) 21.43% (n = 18) 22.22% (n = 20)
Variegated/Pie 66.67% (n = 4) 78.57% (n = 66) 77.78% (n = 70)
Color of coat
Black 16.67% (n=1) 4.77% (n = 4) 5.56% (n = 5)
Black and tan 0% (n =0) 2.38% (n =2) 2.22% (n =2)

https://doi.org/10.4236/ns.2025.1710013 160 Natural Science


https://doi.org/10.4236/ns.2025.1710013

Continued

Fawn
Chamois
wild
Black pied
Red pied
Fawn pied
Chamois pied
Wild pied

0% (n=0)
0% (n=0)
16.67% (n = 1)
16.67% (n=1)
0% (n=0)
0% (n=0)
33.33% (n = 2)
16.67% (n = 1)

2.38% (n =2)
4.77% (n = 4)
5.95% (n = 5)
28.57% (n = 24)
3.57% (n = 3)
7.14% (n = 6)
27.38% (n = 23)
8.33% (n=7)

2.22% (n =2)
4.44% (n = 4)
6.67% (n = 6)
27.78% (n = 25)
3.33% (n = 3)
6.67% (n = 6)
27.78% (n = 25)
8.89% (n = 8)

Front mantle 0% (n =0) 1.19% (n=1) 1.11% (n=1)
Black and tan pied 0% (n =0) 2.38% (n =2) 2.22% (n =2)
Diluted chamois pied 0% (n=0) 1.19% (n=1) 1.11% (n=1)
Horn shape
Curved 100% (n = 6) 94.05% (n = 79) 94.44% (n = 85)
Straight 0% (n=0) 5.95% (n = 5) 5.56% (n = 5)
Hair type
Medium length 16.67% (n=1) 2.38% (n =2) 3.33% (n = 3)
Short 83.33% (n =5) 97.62% (n = 82) 96.67% (n = 87)
Chamfer type
Concave 16.67% (n=1) 5.95% (n = 5) 6.67% (n =6)
Straight 83.33% (n = 5) 94.05% (n = 79) 93.33% (n = 84)

The numbers in parentheses indicate the test frequencies. The values in parentheses represent the number

of individuals characterized.

All male individuals in this study had beards, compared with 86.91% of females which did not. Goatees
were observed in females (4.76%). All males studied have manes. As for females, 76.19% had one, compared
with 23.81% which did not. Only 38.89% of the animals sampled had a dorsal stripe, with 66.67% in males
and 36.90% in females (Table 2).

Table 2. Dewlap, dorsal line, mane and beard appearance of dwarf goats from the Man department

according to sex.

Sex
Male (n = 6) Female (n = 84) Total Population (n = 90)
Appearance of beard
Absent 0% (n=0) 86.91% (n = 73) 81.11% (n = 73)
Goatee 0% (n=0) 4.76% (n = 4) 4.44% (n=4)
Beard 100% (n = 6) 8.33% (n=7) 14.45% (n = 13)
Pampille
Absent 100% (n = 6) 100% (n = 84) 100% (n = 90)
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Continued

Dorsal line
Absent 33.33% (n =2) 63.10% (n = 53) 61.11% (n = 55)
Present 66.67% (n = 4) 36.90% (n = 31) 38.89% (n = 35)
Mane
Absent 0% (n =0) 23.81% (n = 20) 22.22% (n = 20)
Present 100% (n = 6) 76.19% (n = 64) 77.78% (n = 70)

The numbers in parentheses indicate the test frequencies. Values in parentheses represent the number of
individuals characterized.

Chamois pied Chamois

Fawn Red pied

Figure 3. Diversity in coat colours of goats in the study area.
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3.2. Morphobiometric Characterization

Table 3 shows the results of the analyses of the eight quantitative parameters aimed at highlighting the
environmental effect. A comparison of the averages for goats raised in urban and rural environments re-
vealed no significant differences between the two variables. These were the horn length and ear length vari-
ables. However, at the 5% threshold, the six variables showed significant differences. These were height at
the withers, for which individuals raised in urban areas had an average of 49.52 *+ 4.12 cm and those raised
in rural areas had an average of 47.43 * 3.14 cm. The average head lengths measured 14.56 + 1.27 cm in
urban settings and 13.86 + 1.55 cm in rural settings. The average scapulo-ischial lengths were 55.54 + 6.13
cm for goats bred in urban areas and 52.37 £ 5.81 c¢m for those bred in rural areas. For chest circumference
(thoracic perimeter), individuals raised in urban areas had an average of 73.96 + 7.47 cm, whereas those
raised in rural areas had an average of 68.84 + 8.31 cm. Finally, for the weight variable, goats reared in urban
areas showed an average of 28.82 + 6.86 cm, whereas those reared in rural areas showed an average of 23.36
+ 7.56 cm. Overall, goats raised in urban areas had higher averages on the six variables than those raised in
rural areas (Table 3).

Table 3. Comparison of the morphobiometric characteristics of dwarf goats in rural and urban area.

Variable Urban area Rural area Significance
Height at withers (cm) 49.52 +4.12° 47.43 + 3.14° S*
Head length (cm) 14.56 £ 1.27° 13.86 + 1.55° S*
Horn length (cm) 10.80 + 3.22 10.58 + 3.68 NS
Neck length (cm) 14.83 +1.91° 13.79 + 1.62° S*
Ear length (cm) 10.72 + 1.22 10.32 + 0.84 NS
Scapulo-ischial length (cm) 55.54 + 6.13° 52.37 + 5.81° S*
Chest circumference (cm) 73.96 + 7.47° 68.84 + 8.31° S*
Weight (kg) 28.82 + 6.86% 23.36 + 7.56° SH*

Multivariate Analysis

1) Correlation matrix

Figure 4 shows the pearson correlation matrix for all morphobiometric traits. Only correlations with a
significant p-value at the 5% threshold were introduced in the figure. This matrix indicates that all correla-
tions were positive. The majority of correlations between the different variables are medium. They ranged
from 0.4 to 0.6. The correlations between ear length on the one hand and weight, scapulo-ischial length and
head length on the other, and between neck length on the one side and head length and chest circumference
on the other, have values of 0.30. Strong correlations were observed between weight and chest circumference
(0.95), scapulo-ischial length and chest circumference (0.77), scapulo-ischial length and weight (0.83), total
length and chest circumference (0.69) and head length and weight (0.68).

2) Principal component analysis

Figures 5-7 show the PCA results for the entire sample. They were based on eight morphometric meas-
urements of the study area’s animals. The first three axes in the sample have an 82.4% cumulative variance.
The first axis explains 59.5% of the total variability, whereas the second explains only 12.7%. The third axis
explains 10.2% of the total variability (Figure 5). The variables that contribute most to the formation of the
factorial plane consisting of axes 1 and 2 are: ear length (EL), weight (W), height at the withers (HW), and
SL. Factorial plane 2 formed by axes 2 and 3 is mainly formed by LCU and LO variables. Generally, active
individuals contribute an average amount to the formation of the first three axes, with the exception of two
individuals, one from the northern zone and the other from the southern zone, as shown in Figure 6. Most
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of the individuals which contributed to axis 3’s formation came from the southern zone. No discrimination

in the population was found by PCA, regardless of the plane (Figure 7).
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Figure 4. Pearson correlation matrix for all morphometric traits. (HG) height
at withers; (LT) total length; (LC) horn length; (LCU) neck length; (LO) ear
length; (LSI) scapulo-ischial length; (TP) chest circumference; (P) weight.
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Figure 5. ACP scree graph for the entire sample.
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Figure 6. Projection of all variables in the correlation circles formed by axes 1 and
2 (A) and the plane formed by axes 2 and 3 (B). (HG) height at withers; (LT) total
length; (LC) horn length; (LCU) neck length; (LO) ear length; (LSI) scapulo-is-
chial length; (TP) chest circumference; (P) weight.
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Figure 7. Projection of all individuals in the plane formed by (A) axes 1 and 2
and (B) axes 2 and 3.

3) Multiple component analysis
The discrimination between the different classes was performed using a partitioning algorithm based
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on the HI loss criteria. Figure 8 shows the inertia jumps obtained by transforming the qualitative variable
matrix into the crust class objects. The analysis of this figure allows us to distinguish the optimum number
of groups, which is two. Individuals in our sample are represented as points in two-factor multiple compo-
nent analysis planes. It consists in factors 1 and 2. The second plane includes factor axes 2 and 3. The two
colours observed represent the two groups obtained from the partitioning method. The red and blue indi-
viduals represent, respectively individuals in groups 1 and 2, respectively (Figure 9). The first factorial plane
representation of individuals clearly divides the studied population into two distinct subgroups. Group 1
consists of 21 individuals, 15 of whose come from urban areas and 6 from rural areas. They are characterised
by plain coat patterns and colours (Table 4). The second group consisted in 49 and 20 individuals from
urban areas and 20 individuals from rural areas. This group is characterised by a variegated coat pattern and
coats of varying colours.

Table 4. Composition of different groups and main discriminating factors.

Group I (n =21) Group II (n = 69)
Area
Urban 71.43% (n = 15) 71.01% (n = 49)
Farmer 28.57% (n = 6) 28.99% (n = 20)
Coat pattern
Variegated/Pie 4.76% (n=1) 100% (n = 69)
Uniform 95.24% (n = 20) 0% (n=0)
Coat color
plain 95.24% (n = 20) 0% (n=0)
Compound 4.76% (n=1) 100% (n = 69)
© —
o -
&
5
J’.E % 5 L
p—
~ -
| | | |
5 10 15 20
Number of class

Figure 8. Optimal number of groups.
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Figure 9. Presentation of the different groups using the ACM method.

4. DISCUSSION

Multivariate analysis of variance (MANOVA) considering the sex of the individuals sampled in the
study area yielded a non-significant p value of 0.07 at the 5% threshold. The results suggest that there is
minimal sexual dimorphism in goats in the Man department or that is nonexistent in terms of morphometric
characteristics. This trend was also observed in Niger goat herds, as reported by [10]. However, these results
differ from those obtained by [11]. The existence of sexual dimorphism was demonstrated by these authors
in both Sokoto Red goats and goats with WAD in Nigeria. This difference can be explained by the impossi-
bility of finding sufficient older males during our studies, as they are most often sold. This non-significance
can be explained by the higher number of females compared with males in our study. [12] observed a sig-
nificant effect of age on live weight and other body measurements in Ethiopian goats. Multivariate analysis
of variance (MANOVA) considering the environment as a factor revealed the existence of a significant dif-
ference. This difference was localised at the level of six variables using ANOVA. The t-test also revealed
superiority in these six parameters at the 5% threshold for goats from urban areas compared with those from
rural areas. This difference can be explained by possible blood introgression from Sahelian goats. Indeed,
Cote d’Ivoire imports goats, sheep, and cattle from the Sahelian countries [13]. In this study, the height at
the withers were 47.43 + 3.14 cm in rural areas and 49.52 + 4.12 cm in urban areas. These results are lower
than those reported by [14]. This author obtained an average of 54.86 = 0.09 cm, which is higher than the
values obtained for all parameters by Djagba et al. (2019) in Togo. The average height at the withers of 41.56
* 3.66 cm, and the average weight of 17.51 + 4.43 kg. In a study conducted on red goats in Maradi, Niger,
[15] obtained a value of 53.68 + 0.45 cm for chest circumference. These values are lower than those in this
study, which are 73.96 + 7.47 cm in urban areas and 68.84 * 8.31 cm in rural areas. These results suggest a
possible genetic superiority in dwarf goat conformation from the Man area over the Sahelian breeds studied
by the aforementioned authors.

The ears of all animals were horizontally erect in this study. These results differ from those obtained by
[10]. Approximately 60% of the ears were drooping and 33% were pedunculate. Similar findings have been
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reported for Sahel goats in Burkina Faso and Chad ([16, 17]). According to [16], when folded forward, the
ears of the Chadian Sahelian goat are long, wide, and extend beyond the muzzle. Horizontally erect ears are
the unique form found in the Man area. The presence of another form in this population could be a pheno-
typic indicator of blood introgression from another breed, particularly from the Sahel.

In our study, the dominant coat colours were piebald and black-footed. These observations are con-
sistent with those reported by [18] for Djallonke goats from the slaughterhouse in Abidjan. The black-and-
white colour, which is preferentially found in rural areas in our study, is also very common among Mossi
goats in Burkina Faso [17]. It is also the dominant colour in Liberian goat herds, with a frequency of 40%
[19]. The Pearson correlation matrix for all morphobiometric characteristics indicated positive correlations.
Most correlations between the different variables were moderate. The correlation between weight and chest
circumference was 0.95. Several studies have reported a strong positive and significant correlation between
these two parameters ([20, 21]). The correlation between weight and SL was 0.83. These results are consistent
with those of [21] and [22], who obtained values of 0.9 and 0.75, respectively. These two parameters are
excellent weight estimators in goats in general and dwarf goats in particular. By establishing a barometric
formula, they can be used to get values that are very close to the actual weight. Barometric formulas exist for
Azawak, Abyssinian, and Kapsiki cattle ([23, 24]). Barometric formulas have also been developed for the
Koundoum sheep breed in Niger and the Tazegzawth sheep breed in Algeria ([25, 26]). [27] used these
measurements to establish barometric formulas for the body weight of goats. PCA revealed no trends. This
result indicates that even if introgression existed in urban goats, this phenomenon is fairly localised and not
sufficiently pronounced to cause discrimination between the two populations detectable by PCA.

The distinction between the different classes allowed the subdivision of goats from Man region into
two groups. The MCA also allowed us to evaluate the individuals’ projection and the two groups’ discrimi-
nating variables. [28] used this method in Ndama cattle. These variations are mainly related to coat colour
and patterns. Other parameters show variability. This configuration of variability does not permit distin-
guishing between individuals. Individual variability is typically observed at the individual rather than group
level. Therefore, we were able to discriminate the population based on coat colour and patterns, following
the observations of [29]. A link was also discovered between the breeding environment and the various
groups. These data are crucial for genetic enhancement, allowing the development of genetically modified
animals with a striking visual appearance that differs from current physical characteristics.

5. CONCLUSION

This study aimed at phenotypically characterize dwarf goats in the Department of Man, assuming that
phenotypic diversity exists within the department’s dwarf goat breed. The results obtained for quantitative
traits revealed the heterogeneity of goats in the study area. In fact, goats in urban areas have higher quanti-
tative parameters than those in rural areas. The goat breed studied is clearly multicolored. The frequency of
variegation was high, resulting in a high proportion of piebald coats (black, red, fawn, buff, wild, tan, and
diluted buff). All animals of both sexes have curved horns. All males had beards; however, only 8.33% of
females had beards. The goatee is found only on females, at a frequency of 4.76%. Both sexes are free of the
pendulum. The coat is predominantly short, with almost straight chamfers. The ears are all erect and hori-
zontal. The multivariate analyses showed no specificity according to the environment. Therefore, dwarf
goats from the Man department were superior to Sahelian goats in terms of conformation and carcass yield.
The dwarf goat is generally recognized for its hardiness and good adaptation to its native environment.
However, its intrinsic potential has not yet been revealed in terms of the mechanisms it has developed to
resist and adapt to an environment that is naturally hostile to Sahelian goats. Therefore, this genetic resource
must be carefully considered before any attempt is made to improve it, either by crossing with exotic breeds
or by selection.
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