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Abstract

The objective of this study is a morphometric characterization of local goats in western of Algeria. With the use of 19
quantitative variables, we carried out a discriminant analysis on 119 goats and 32 bucks divided into 4 Wilayas
(Tlemcen, Adrar, Naama and Bechar). The discriminant analysis on males was not significant. As for the female
population, the analysis of variance (ANOVA) on the region effect was highly significant p=1.32 x 10-11. A clear
separation has been found between the populations, with the exception of Naama and Tlemcen, which are overlapped.
Measurements belonging to chest width ( LP),chest circumference ( TP), chest depth ( PP), rump width (LB), ischium
width (LI), withers height( HG), ear length LO) and hair length (LPI).are the best variables that separate between
regions in the female population, with a very high significance level (p<0.01). The area under the ROC curve (AUC) is
82.04%. This study can serve as a basis for more precise genetic characterization studies of this species.
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Introduction

In some regions of the world, the goat remains the essential animal for the population’s diet. It is raised
mainly for its milk, meat, and hair (Hafide, 2006). In Algeria, goat farming is one of the most traditional
agricultural activities associated with sheep farming, currently more than 5 million head in Algeria, but
this number remains marginal in comparison with sheep farming (more than 28 million head) (FAO,
2017).

In Algeria 4 local breeds have been identified using microsatellites: Arbia, Mekatia, M'zabite and naine
of Kabyle (Tefiel et al., 2018), and despite the good quality of local goat's milk in terms of fat (
47.82g/Kg) and protein (£ 33.35g/Kg), it is still intended for family consumption rather than for
production (Belantar et al., 2018). This is due to the lack of information regarding the genetic and
phenotypic characteristics of Algerian goats, which is essential for the development of an appropriate
breeding objectives and programs for each ecosystem. Knowledge of the genetic extent variation within
the breed is essential for the development of goat breeding programs (Fantazi, 2017).Several studies
have been carried out on these breeds in Algeria, but few of them have focused on the difference
between goats regarding their breeding area.

For a better knowledge of our goat populations, our study is based on a discriminating analysis of the
morphometric characteristics of local goats in the Regionsof: Tlemcen,Adrar, Naama and Bechar, in
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order to facilitate their identification and classification.
Materials and methods

The study is conducted on a number of 151 local goats (119 females and 32 males) characterized as adults
and non-related, the 151 individuals are spread across four Regions; Tlemcen, Adrar, Bechar and Naama
(Figure 1), 8 males and 30 females in each Wilaya with the exception of the Bechar (29 females).
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Figure 1: Map of the sampling of area.
Data collection

Measurements were taken using a tape measure. In total, 19 measurements were taken (quantitative
variables) such asbody length (LC), head length (LT), neck length (Lce), pelvic length (LnB), tail length (
LQ), rump width ( LB), ischiumwidth LI), chest width (LP), withers height( HG), back height ( HD), sacral
height ( HS), chest circumference ( TP), chest depth (CD), abdominal circumference (TAB), flank depth
(PF), front cannon circumference (TCA), front cannon length ( LCA), ear length (LO), hair length (LPI).

Statistical Analysis

All statistical analysis were carried out by the software R (3.5.3).The quantitative data collected on the four
regions were subjected to a two-step discriminant analysis: 1/ Canonical discriminant analysis: reduction of
dimensions for a better visualization of the groups and evaluating the level of significance regarding the
difference between the groups (regions) through the 19 explanatory quantitative variables. 2/ Predictive
discriminant analysis: proposes a classification model and verifies the accuracy of the discriminant analysis.
(Marcoulides, Hershberger, 2014).Discriminant analysis requires some assumptions: the normality of
distributions, the absence of multi-collinearity and the homogeneity of covariance matrices between
groups (Salkind, 2010).

The two variables TCA and LCA are excluded from the analysis due to the absence of a normal distribution,
the multi-collinearity between the variables was found to be very low. The variables used for the
discriminant analysis were selected by the Stepwise Wilks Lambda procedure. After selecting the variables,
the homogeneity of the covariance matrices is tested by the Box test, however, to reject the null hypothesis
that suppose the covariance matrices are homogeneous, the test must be highly significant (Rebecca, 2008).
The test box on our data matrix returned a p value = 0.02, so we accept the null hypothesis and consider
that the covariance matrix in our sample is homogeneous. Before performing the discriminant analysis, the
selected variables were subjected to an analysis of variance (ANOVA) towards the different regions.
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Results and discussion

The results of the descriptive statistics for both males and female’s population are summarized in Table 1

and Table 2.
Table 1: Males descriptive statistics.
Adrar Bechar Naama Tlemcen
Variables | Mean SD SE Mean SD SE Mean SD SE Mean SD SE
LC 65,00 6,97 246 | 78,13 7,57 2,68 | 80,25 456 1,61 | 77,00 8,32 2,94
LO 16,88 3,04 1,08 17,50 3,12 1,10 20,75 243 0,86 16,75 3,11 1,10
LQ 12,00 1,07 0,38 | 12,25 2,49 0,88 | 1363 1,30 046 | 11,75 1,58 0,56
LnB 21,63 192 0,68 22,75 2,55 0,90 24,75 1,98 0,70 23,63 3,07 1,08
Lco 22,38 2,13 0,75 | 26,13 4,26 151 | 2688 155 055 | 27,63 5,13 1,81
LT 19,50 160 0,57 21,63 2,26 0,80 21,75 1,04 0,37 21,63 3,78 1,34
LCA 1275 0,89 0,31 14,13 1,13 0,40 13,13 125 0,44 13,13 1,36 0,48
LPI 4,25 320 1,13 7,00 2,07 0,73 7,50 1,93 0,68 6,00 3,70 1,31
TP 7250 568 2,01 | 8,50 10,21 361 | 87,75 587 2,08 | 8650 11,06 391
TCA 7,75 0,89 0,31 9,25 1,16 0,41 9,38 0,74 0,26 9,25 1,04 0,37
TAB 7563 899 3,18 | 89,38 11,13 394 | 9150 6,65 2,35 | 8225 17,38 6,15
LP 37,62 744 2,63 | 41,63 3,81 1,35 4350 4,21 1,49 | 40,63 3,93 1,39
LB 20,75 1,83 0,65 | 25,50 3,12 1,10 | 2750 2,20 0,78 | 28,13 5,00 1,77
LI 22,13 295 1,04 26,50 5,29 1,87 29,00 2,88 1,02 27,88 3,68 1,30
HG 65,25 520 1,84 74,25 7,25 2,56 78,38 585 2,07 76,25 7,21 2,55
HD 64,13 7,70 2,72 73,75 5,68 2,01 75,63 6,16 2,18 72,25 8,21 2,90
HS 67,00 6,41 227 | 72,63 8,93 3,16 | 75,75 423 150 | 75,13 8,39 2,97
PP 31,00 2,73 0,96 36,75 5,50 1,94 37,25 354 1,25 35,63 5,97 2,11
PF 30,63 311 1,10 | 36,88 3,36 1,19 | 37,38 2,26 0,80 | 34,63 5,26 1,86
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Table 2: Females descriptive statistics

Adrar Bechar Naama Tlemcen
Variables | Mean SD SE Mean SD SE Mean SD SE Mean SD SE
LC 6380 467 085 | 6669 58 1,09 | 7060 522 095 | 70,10 422 0,77
LO 1537 2,86 0,52 1741 2,16 040 | 1890 317 058 | 1663 320 0,58
LQ 1143 1,74 0,32 11,28 162 0,30 | 11,37 1,00 0,18 | 11,20 152 0,28
LnB 20,23 1,63 0,30 | 20,48 1,77 0,33 | 20,80 1,71 0,31 | 20,83 1,21 0,22
Lco 2333 294 054 | 2438 262 049 | 2470 29 054 | 2527 3,03 0,55
LT 19,10 154 0,28 19,48 1,35 0,25 | 20,33 1,32 0,24 | 19,87 1,74 0,32
LCA 12,67 163 0,30 12,72 0,84 0,16 12,70 088 0,16 | 12,33 1,03 0,19
LPI 3,93 351 0,64 5,52 2,65 0,49 5,57 1,81 0,33 4,00 2,03 0,37
TP 7437 546 1,00 | 7576 659 1,22 | 7757 520 095 | 7930 563 1,03
TCA 6,93 058 0,11 8,00 0,71 0,13 7,90 0,71 0,13 7,90 0,71 0,13
TAB 7760 822 150 | 7997 886 165 | 83,17 815 1,49 | 81,10 845 154
LP 3483 2,69 049 | 3593 348 065 | 3977 242 044 | 3847 237 043
LB 2027 2,65 048 | 2152 253 0,47 | 24,20 1,85 0,34 | 2440 221 0,40
LI 21,10 2,62 048 | 2083 233 043 | 2507 250 046 | 2373 282 051
HG 64,13 38 0,70 | 67,76 301 056 | 7043 398 0,73 | 70,07 311 0,557
HD 65,60 3,04 055 | 69,07 379 0,70 ( 7057 346 063 | 69,93 358 0,65
HS 67,00 3,07 056 | 7010 447 083 | 7067 327 060 | 7020 339 0,62
PP 31,03 2,30 042 | 33,38 195 036 | 3350 246 045 | 3317 228 042
PF 30,87 440 080 | 32,14 252 047 | 3390 225 041 | 3230 310 0,57

Standard Deviation (SD),Standard Error (SE), Body length (LC), Head length (LT), Neck length (Lco), Pelvic length (LnB), Tail
length (LQTL), rump width (LB), Ischium width (LI), Chest width (LP), withers height(HG), Back height (HD), Sacral height (HS),
Chest circumference (TP), Chest depth (PP), Abdominal circumference (TAB), Flank depth (PF), Front cannon circumference
(TCA), Front cannon length (LCA), Ear length (LO), Hair length (LPI).

Discriminant analysis on the female population

Variables selection

To select the variables used in the discriminant analysis, we performed the Stepwise Wilks Lambda

selection. Table 03 shows only the variables that had a significant p-value compared to a riskee = 0.05.

Table 3: Stepwise Wilks Lambda variable selection.

Females

Variables Wilks Lambda p-Value
LB 0,62659 < 0,00000
HG 0,51903 0,00008
LPI 0,44023 0,00032
LI 0,37739 0,00060
PP 0,31986 0,00035
LP 0,28965 0,01193
TP 0,26134 0,01037
LO 0,23491 0,00900

There significantly separate (< 0.01) between the four regions in (LP, PP, TP), and between (LI, LB), also between (HG) and (LPI,

LO) in table 3.
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Analyse of variance (ANOVA)

The analysis of variance (ANOVA) on the selected variables showed a highly significant level
(p = 1.32 x 107 )between the four regions.

Canonical discriminant analysis
Table 3: Summary of the canonical dimensions.

Dimension CanRsq Eigen values percentage Cumulative percentage p-Value
1 0.5804 1.3831 66.94 66.94 <0.00000
2 0.3140 0.4578 22.15 89.09 <0.00000
3 0.1839 0.2254 10.91 100 0.00088

CanRsq : squared canonical correlations.
Table 4: Standardized canonical coefficients.

Variables Canl Can2 Can3
LB —0,4973 0,2194 0,7226
HG —0,7032 —0,0832 0,3181
LPI —0,3399 —0,5000 —0,0065
LI —0,2434 0,4582 —0,7788
PP 0,4023 —0,9449 0,2458
LP —0,5388 —0,0864 —0,3744
TP 0,2898 0,6217 0,4430
LO 0,2084 —0,4306 —0,5856

From Table 4 and Table 5, it is noted that all canonical functions have a significant separation and the first
two dimensions represent 89.09%o0f the total separation.

The first canonical function (Canl) is characterized by a negative coefficient for the rump width (LB), height
at the withers (HG) and chest width (LP). The second canonical function (Can2) is strongly characterized by
a negative coefficient with the Chest Depth (PP).The third canonical function (Can3) is inversely
proportional to the ischium width (LI) and ears length (LO), it has also a strong positive coefficient of the
Hip Width (LB).

According to Figure 2, it can be seen that the Adrar group and the Bechar group are well separated from
each other and from the other two groups. However, the Tlemcen and Naama groups are overlapping. We
also note that the Tlemcen, Naama and Adrar groups are correlated much more with the first canonical
function (Canl) while the Bechar group is correlated with the second canonical function (Can2).In summary,
the population of Adrar is characterized by small goats; reduced withers height with a small width and a
small chest. The Bechar population is much more characterized by their long hair, with a medium width of
the animal. The populations of Naama and Tlemcen are characterized by a large size (width and height),
more developed chest and relatively long hair. Other studies in Algeria have also shown the effect of
geographical location on goat’s morphometry, according to Dekhili et al., (2013) the goats from the wilaya
of Setif indicated a significant difference between the North, Centre and South of the Wilaya, with a withers
height of 70.2 cm, 68.4 cm, 59.5 cm; a chest circumference of 77.2cm, 76.7cm, 67.5cm, a hip width of
17.7cm, 15.6cm, 14.2cm and a hair length of 11.7cm, 10cm, 8.8cm, respectively between the North, Centre
and South. This expresses that southern goats of Setif are characterized by a small size and short hair, while
northern goats are characterized by their large size and long hair. According to Fantazi et al (2017), the high
body measurements of Arbia goats imply that they are good walkers with long hair to resist the cold in
steppe agro systems, the naine of Kabylie is small in size and better adapted to the steep areas of the
"Kabylian" mountains, whilethe Mekatia and M'zabite breeds have a mixed height, they have short hairs and
adapt better to the high temperatures of the Sahara. This suggests that the populations of Naama and
Tlemcen in our study may be of the Arbia breed due to their large size and long hair and given the
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mountainous topography and cold climate of these regions. The short hair and small size of Adrar’s
population can be explained by the Saharan climate.
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Figure 2: Distribution of group centres with 95% confidence interval according to the first two canonical
functions (female population).

Predictive discriminant analysis

Table 6 represents the raw linear function that serves as a classification model for other individuals. This
model is used to verify the precision of the test, using a confusing matrix and the calculation of the Area
Under the ROC Curve (AUC).

Table 6: Raw linear functions

Vars LD1 LD2 LD3
LB 0,213633 0,094234 0,310429
HG 0,207265 -0,024516 0,093767
LPI 0,142041 -0,208904 -0,002736
LI 0,095423 0,179610 -0,305301
PP -0,187468 -0,440265 0,114522
LP 0,194473 -0,031192 -0,135117
TP -0,052836 0,113328 0,080762
LO -0,080253 -0,165787 -0,225453

Confusion matrix

The confusion matrix represents the ranking of our 119 individuals after using the linear model (Table 6);
the new classification of our 119 individuals is called Predictions. It then cross-references the predictions
with the initial classification (Table 7) in the form of a contingency table.

Table 7: The confusion matrix of the predictive discriminant analysis (Female population).

Predictions Adrar Bechar Naama Tlemcen
o Adrar 21 3 1 1
SE 5 Bechar 6 21 3 3
R Naama 0 3 21 6
© Tlemcen 3 2 5 20
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The values on the diagonal represent the individuals that remained on the same class (region) after the
prediction using the linear model, they are the subjects correctly classified. According to Table 7, there are
69.75% of our individuals well classified, which indicate an error rate of 30.25%. This rate is in fact due to
the low separation between the population of Naama and Tlemcen (Figure 01), if the two classes are
combined into one, an error rate of 21% is obtained with an accuracy of 79%. To further explore the
accuracy, the probability of the confusion matrix is estimated, this probability is calculated with the area
under the ROC curve (AUC).

Area under the ROC curve (AUC)

It is an overall precision summary of the discriminant analysis; it varies from 0.5 for an accuracy of chance
to 1.0 for a perfect precision. (Kelly et al., 2016). This is equivalent to the probability that a randomly
selected member of one class has a lower probability of belonging to the other class than a randomly
selected member of the other class. (David and Robert, 2001).So, a model that achieves an AUC of 0.5 is no
better than a random classification. (Nick, 2015).The AUC of our discriminant analysis is 84.08%. We can
conclude that the accuracy of our model is highly significant.

Males discriminate analysis

The discriminant analysis on males did not show a significant result, only two variables were significant in
the selection of variables and the separation is very low. Almost all four groups are overlapped with a wide
confidence interval (Figure 3).
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Figure 3: Males discriminant analysis
Conclusion

Our study is based on the morphometry of local Algerian goats, 119 does and 32 bucks were characterized
by 19 quantitative variables, distributed in 4 western Wilayas of Algeria (Adrar, Bechar, Tlemcen and
Naama).The discriminant analysis on the female population showed that there is a significant difference (
p < 107%) between the four studied regions (Tlemcen, Adrar, Bechar and Naama). Among the 19
guantitative variables used, there are 8 variables that best separate between regions, these variables are chest
width (LP), chest depth (PP), chest circumference (TP), ischium width (LI), Hip width (LB), height at
withers (HG), hair length (LPI) and ear length (LO). Naama and Tlemcen group have a weak separation
while the other groups are well separated from each other. The accuracy of the analysis is highly significant
with an.AUC=84.04%. The discriminant analysis on males is not significant due to the small number of
individuals (9 males in each region). This study can serve as a solid basis for further more precise genetic
characterization studies of the goat breeds in Algeria.
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