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SUMMARY

This study aims to characterize phenotypically two indigenous goat breeds in Laghouat area (Alge-
ria) and to evaluate effect of age and sex on morph-biometrics characteristics. A total of 312 animals 
were investigated : 58 females of Mekatia breed and 254 of Arabia breed (44 males and 210 females). 
The results show that Mekatia breed is characterized by short hair type (96.55%) whereas Arabia breed 
by long hair type (100% for males, 92.38% for females). The majority of both breeds were multi-coloured 
(≥3 colors). The semi-pendulous ears were the most represented in Mekatia (48.28%) while in Arabia, 
the pendulous ears were the dominant (79.55% and 75.72% for males and females respectively). 
About quantitative traits, both breeds are classified as large. The age effect is shown for more half of 
measurements with an overall increase of animal size with age (p˂0.05). A significant sexual dimorphism 
(p˂0.05) is shown for all measurements except two characters (ear length and ischia width). The results 
of this study can be a basis for the description and standardization of goat breeds, Mekatia and Arabia, 
in the region of Laghouat in Algeria.
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Caracterización morfológica de cabras indígenas en el área de Laghouat en Argelia.

sUmmAry

El objetivo de este estudio es caracterizar fenotípicamente dos razas de cabras indígenas en el área 
de Laghouat (Argelia), y evaluar el efecto de la edad y el sexo sobre las características biométricas mor-
fológicas. Se analizarón un total de 312 animales: 58 hembras de raza Mekatia y 254 de raza Arabia 
(44 machos y 210 hembras). Los resultados muestran que la raza Mekatia se caracteriza por el pelo corto 
(96.55%) mientras que Arabia muestra un pelo largo (100% para los machos, 92.38% para las hembras). 
La mayor parte de los animales de ambas razas eran multicolores (≥3 colores). Las orejas semi-pendulares 
fueron las más representadas en Mekatia (48.28%) mientras que en Arabia, las orejas pendulares fueron 
las dominantes (79.55% y 75.72% en machos y en hembras, respectivamente). Sobre los rasgos cuan-
titativos, ambas razas se clasifican como grandes. El efecto de la edad se muestra para más de la mitad 
de las mediciones con un aumento general del tamaño del animal con la edad (p <0.05). Se muestra un 
dimorfismo sexual (p˂0.05) para todas las mediciones, excepto para dos caracteres (longitud de la oreja y 
ancho del isquion). Los resultados de este estudio pueden ser la base para la descripción y estandarización 
de las razas de cabras, Mekatia y Arabia, en la región de Laghouat en Argelia..
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INTRODUCTION

Worldwide, goats play an important socioeconomic 
role particularly for the poor population living in harsh 
environments of arid regions (Ogola & Kosgey 2012). 
The continuous and rapid increase in goat population 
and their products in developing countries: 888 million 
heads in 2008 against more than one billion heads in 
2017 (FAOSTAT 2019) indicate that this animal resource 
might constitute an important source of protein required 

to supply food needs chiefly with the rapid growth of hu-
man population (Boyazoglu, Hatziminaoglou & Morand-
Fehr 2005). This is reinforced by the formidable resilience 
and adaptation of local breeds to low fertility of lands 
and extreme climates (Iñiguez 2004). However, more than 
half of the world’s indigenous breeds are threatened by 
uncontrolled crossbreeding. Moreover, they are not com-
pletely characterized (Arandas et al. 2017). The first step 
of the characterization of local genetic resources is based 
on the knowledge of variation in the morphological traits 
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(Delgado et al. 2001). Phenotypic characterization is an 
accessible and easy tool for programs of conservation and 
selection of breeds (Pires et al. 2019). In Algeria, four na-
tive goat breeds are recorded: Arabia, Mekatia, M’zabite 
and dwarf of Kabylia (FAO 2014). However, insufficient 
information is available on the genetic and phenotypic 
variability of these resources although some studies have 
given information about morpho-biometric characteris-
tics of some breeds in some regions of Algeria (Khemici et 
al. 1995; Manallah & Dekhili 2011; Ouchene-Khelifi et al. 
2015). Moreover, with the lack of selection scheme in Al-
geria, the practice of uncontrolled crossbreeding between 
native and exotic breeds (mainly Saanen and Alpine) and 
between local breeds has increased, resulting in the loss 
of traits expressed by local breeds particulary for Mekatia 
and M’zabite (Ouchene-Khelifi et al. 2015). In the study 
area (Laghouat), goats are very important in livelihoods 
of local population, being a source of cash income, milk 
and meat (Laouadi et al. 2018). Two breeds dominate in 
the region, namely the Arabia and the Mekatia, however 
lacked of characterization. The present study aims to 
characterize phenotypically these two breeds according 
sex and age in order to establish a conservation strategy 
in the context of a program for genetic improvement of 
goats in Algeria.

MATERIAL AND METHODS

Description of the stuDy area 
The study was conducted in Laghouat, southern re-

gion of Algeria (Figure 1). It is located at 400 km from 
Algiers, covers a total land area of 25,052 km2. Its climate 
is continental in the northwest, Saharan and arid in the 

center and the south (ANDI 2013). According to the Di-
rection of Agricultural Services DSA (2017), the number 
of goats in Laghouat is estimated to 250 thousand repre-
senting 11% of the global ruminant livestock of the region.

Data collection

In a subsequent inquiry conducted in the province 
of Laghouat to identify the principal genetic diversity 
of goat, three population of goat were recorded: local 
breeds (Arabia and Mekatia), exotic breeds (Saanen, 
Alpine and Damascus) and crossbreds (between local 
breeds or local*exotic). For this study carried out from 
January to May 2015, a random sample of 312 goats from 
84 herds of Mekatia and Arabia breeds, aged at least one 
year, were used:

58 females Mekatia (Figure 2),

254 Arabia: 44 males (Figure 3) and 210 females (Fig-
ure 4).

In the study area, we could not find male of Mekatia 
breed. Usually, females Mekatia are crossed with other 
populations mainly Saanen and therefore the study was 
made only on females.

The age of animals was estimated based on dentition 
as described by Wilson and Durkin (1984). Three groups 
of animals were formed according to age: the first group 
included goats aged one year, the second group two years 
and the third group included goats aged three years or 
more.

Data on 14 qualitative morphological variables and 19 
quantitative body measurements were collected accord-
ing to the guidelines provided by the FAO (2012) for the 

Figure 1. Map of the study area (Mapa del área de estudio).
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phenotypic characterization of animal genetic resources. 
The detailed lists of descriptors used, are available in 
Tables I and II, respectively.

In order to eliminate the biases introduced by the er-
rors in taking measurements, we proceeded as follows: to 
avoid the effects of feeding and watering on the fattening 

state and conformation of the animal, measurements 
were made early in the morning using a metric tape. All 
measurements were done by the same person to avoid 
variations between operators and only healthy and non-
pregnant animals were included in the study.

Data analysis

Figure 2. Female of Mekatia breed, personal photograph 2015 (Hembra de la raza Mekatia, foto personal 2015).

Figure 3. Male of Arabia breed, personal photograph 2015 (Macho de la raza Arabia, foto personal 2015).
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All statistical analyses were carried out using the SAS 
(version 9, 2002). Frequencies were used to describe qua-
litative traits. The General Linear Model (GLM) proce-
dure is employed to analyze quantitative data where 
sex and age were considered fixed effects. Least square 
means and their corresponding errors were obtained for 
each body trait. The general model employed was the 
following:

For Arabia breed: Yijk = μ + sexi + agej + εijk

For Mekatia breed: Yjk = μ + agej + εjk

Where:

Yijk, Yjk: quantitative variables (body length, head 
length, neck length, horn length, ear length, hair length, 
rump length, tail length, head width, shoulder width, 
rump width, ischia width, wither height, back height, 
sacrum height, chest depth, muzzle circumference, chest 
girth, canon circumference).

μ: global average.

Sexi: fixed effect of the sex i (two classes: male and 
female).

Agej: fixed effect of the age j (three classes: one year, 
two years and ≥ three years).

εjk, εijk: residual random effect.

The Tukey test is performed to determine significant 
differences between pairs of means.

RESULTS

Qualitative traits

Morphological characteristics of females Mekatia and 
their frequencies are shown in Table I. More than half 
of animals presented three colors or more (55.18%) with 
predominance of black, white and brown. Hair was short 
in 96.55%; horns were present (67.24%), curved (97.37%) 
and backward (92.11%). Mane, wattles were sometimes 

Table I. Frequencies, in %, of qualitative traits for Mekatia and Arabia breeds (Frecuencias, en %, de características 
cualitativas para las razas Mekatia y Arabia).

Variables Modalities
Frequencies(%)

Females of Mekatia breed 
(N=58)

Males of Arabia breed 
(N=44)

Females of Arabia breed 
(N=210)

Body hair coat colour-
pattern

Plain
Patchy

22.41
77.59

13.64
86.36

7.62
92.38

Body hair coat colour
1color
2colors
≥3colors

22.41
22.41
55.18

13.64
45.45
40.91

6.67
37.62
55.71

Head colour
1color
2colors
≥3colors

25.86
34.48
39.66

20.45
65.91
13.64

10.48
61.43
28.09

Leg colour
1colors
2colors
≥3colors

34.48
41.38
24.14

25.00
50.00
25.00

19.05
47.62
33.33

Hair type
Short

Semi-long
Long

96.55
3.45
0.00

0.00
0.00

100.00

0.00
7.62

92.38

Horn presence Absent
Present

32.76
67.24

31.82
68.18

20.00
80.00

Horn shape
Straight
Curved
Spiral

2.63
97.37
0.00

3.33
6.67

90.00

3.57
92.26
4.17

Horn orientation
Lateral
Upward

Backward

0.00
7.89
92.11

90.00
0.00

10.00

1.19
1.79

97.02

Ear orientation

Erect
Horizontally

Semi-pendulous
Pendulous

3.45
17.24
48.28
31.03

0.00
2.27

18.18
79.55

0.00
0.95

23.33
75.72

Facial profile Straight
Convex

98.28
1.72

52.25
47.75

96.67
3.33

Back profile Straight
Concave

51.72
48.28

43.18
56.82

66.70
33.30

Mane presence Absent
Present

96.55
3.45

90.91
9.09

99.42
0.58

Beardpresence Absent
Present

50.00
50.00

0.00
100.00

16.19
83.81

Wattlespresence Absent
Present

93.10
6.90

93.18
6.82

86.67
13.33
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Figure 4. Female of Arabia breed, personal photograph 2015 (Hembra de la raza Arabia, foto personal 2015).

Table II. Least squares means (LSM) ± standard error (SE) of body measurements by age group for the 
Mekatia breed (Mínimos cuadrados significa ± error estándar de las mediciones corporales por grupo de edad para la raza Mekatia).

BM
Age effect

1 year 2 years ≥3 years P value

BL 72.36±2.67 73.97±1.71 76.87±1.21 ns

HL 20.43±0.65a 22.47±0.42b 23.06±0.29b **

NL 29.86±2.10 32.94±1.35 32.41±0.97 ns

HorL 16.80±2.90a 21.59±1.96ab 24.81±1.42b *

EL 16.43±0.89 17.18±0.57 17.87±0.40 ns

HrL 4.28±0.82 5.94±0.53 5.65±0.37 ns

RL 21.57±0.88a 22.71±0.57ab 23.83±0.41b *

TL 12.36±0.97 11.75±0.64 11.97±0.44 ns

HW 12.57±1.32 13.41±0.85 15.39±0.61 ns

SW 14.28±2.34 16.73±1.50 18.32±1.08 ns

RW 14.14±0.68a 15.09±0.43ab 15.91±0.31b *

IW 6.78±0.77 7.53±0.51 7.67±0.36 ns

WH 66.71±1.51a 68.68±0.97a 71.79±0.68b **

BH 69.50±1.28a 71.00±0.82a 73.85±0.59b **

SH 64.78±1.39a 68.06±0.89a 70.91±0.64b ***

CD 30.57±1.26a 33.47±0.81ab 34.53±0.58b *

MC 24.75±1.55a 28.10±1.38ab 29.26±0.75b *

CG 74.50±2.22a 78.79±1.42ab 80.87±1.01b *

CC 7.71±0.34 7.91±0.22 7.88±0.16 ns

BM: Body measurements, BL: body length (n=58), HL: head length (n=58), NL: neck length (n=57), HorL: horn length (n=37), EL: ear 
length (n=58), HrL: hair length (n=58), RL: rump length (n=57), TL: tail length (n=57), HW: head width (n=57), SW: shoulder width (n=57), 
RW: rump width (n=57), IW: ischia width (56), WH: wither height (n=58), BH: back height (n=57), SH: sacrum height (n=57), CD: chest 
depth (n=57), MC: muzzle circumference (n=26), CG: chest girth (n=58), CC: canon circumference (n=57). ns: not significant (p>0.05), *: 
p<0.05, **: p<0.01, ***: p<0.001. a,b : the difference between the groups with different letters is significant (p<0.05).
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present (3.45%, 6.90% respectively) and beard is pre-
sented in 50% of goats. The semi-pendulous ears were 
the most represented (48.28%). Straight profile of face was 
the dominant (98.28%), but back profile may be straight 
(51.72%) or concave (48.28%).

About Arabia breed, the phenotypic frequencies ac-
cording the sex are presented in Table I. More than half 
of variables show the same trends between sex. However, 
the spiral horn shape with lateral orientation was the 
most present in males (90%) while the curved (92.26%) 
with backward orientation (97.02%) was the most present 
in females. All males have a beard, while the proportion 
of females with beard was 83.81%. The facial profile was 
straight (52.25%) or convex (47.75%) in males but almost 
all of females have a straight profile (96.67%), same for the 
back where straight profile was the dominant in females 
(66.7%), but for males, concave profile was the most 
represented (56.82%). Mane and wattles were mostly 
absent in both males (90.91%, 93.18%) and females 
(99.42%, 86.67%).

Quantitative traits

The morphometric traits of Mekatia females by age 
group are presented in Table II. A significant effect of 
age was shown for head, horn and rump lengths, rump 
width, wither, back and sacrum heights, chest depth, 

muzzle circumference and chest girth. Overall, there 
are increases in values with ages. Horn length, rump 
length and width, chest depth, muzzle circumference 
and chest girth increased significantly between age 
group 1 and 3 but between groups 1 and 2 or 2 and 
3, differences were not significant for these measure-
ments (Table II). About height measurements, the dif-
ference is showed between age group 1 and 3 or 2 and 3 
but between the first and the second group differences 
were not significant.

For Arabia breed, least-squared means for the body 
measurement traits by sex and age are given in Table 
III. About sex influence, except ear length and ischia 
width where the sex effect was not significant, all body 
measurements were significantly higher in males than 
females.

A significant effect of age is shown for the majority 
of variables except neck, ear and rump lengths, with 
tendency to increase for the most. The body, head and 
horn lengths, head, shoulder and rump widths, wither 
and sacrum heights, chest depth and girth, muzzle and 
canon circumferences, showed a significant difference 
from the beginning of the second age group compared 
to the first age group. However, about hair, tail lengths 
and ischia width, differences are showed only between 
the second and the third age group. For some measure-

Table III. Least squares means (LSM) ± standard error (SE) of body measurements by age and sex groups 
for the Arabia breed (Mínimos cuadrados significa ± error estándar de las mediciones corporales por grupo de edad y sexo para la 
raza Arabia).

BM
Sex effect Age effect

Female Male P 1 year 2 years ≥3 years P

BL 68.43±0.70 83.08±1.24 *** 71.21±1.54a 77.19±1.12b 78.86±0.77b ***

HL 20.71±0.22 23.83±0.38 *** 21.08±0.48a 22.54±0.35b 23.19±0.24b ***

NL 31.31±0.45 36.88±0.72 *** 33.39±0.98 34.21±0.68 34.68±0.47 ns

HorL 19.17±0.71 36.53±1.19 *** 20.89±1.52a 29.79±1.10b 32.88±0.76c ***

EL 20.23±0.32 21.47±0.62 ns 20.41±0.74 21.46±0.52 20.69±0.37 ns

HrL 10.88±0.27 14.15±0.48 *** 12.53±0.59ab 13.10±0.44a 11.91±0.29b *

RL 21.18±0.26 25.56±0.42 *** 22.51±0.57 23.81±0.40 23.79±0.27 ns

TL 12.26±0.24 13.35±0.42 * 12.64±0.52a 12.02±0.38a 13.74±0.26b ***

HW 12.32±0.15 14.31±0.24 *** 12.52±0.32a 13.50±0.22b 13.93±0.15b ***

SW 13.58±0.28 17.12±0.44 *** 13.49±0.59a 15.69±0.41b 16.86±0.29c ***

RW 13.16±0.18 14.17±0.29 ** 12.20±0.40a 14.22±0.27b 14.57±0.19b ***

IW 5.88±0.22 5.38±0.37 ns 4.73±0.49a 5.35±0.34a 6.80±0.24b ***

WH 69.28±0.46 81.72±0.81 *** 72.50±1.00a 75.63±0.74b 78.36±0.51c ***

BH 73.04±0.45 80.84±0.72 *** 74.51±0.97a 77.93±0.67b 78.38±0.46b **

SH 69.83±0.46 77.40±0.74 *** 71.48±1.00a 74.29±0.69b 75.08±0.48b **

CD 32.22±0.38 38.96±0.61 *** 32.63±0.82a 36.27±0.57b 37.86±0.39c ***

MC 26.62±0.39 30.29±0.57 *** 26.18±0.85a 29.18±0.59b 30.00±0.36b ***

CG 75.29±0.52 88.43±0.92 *** 76.92±1.14a 82.57±0.83b 86.10±0.58c ***

CC 7.69±0.10 9.48±0.16 *** 8.12±0.21a 8.63±0.15b 9.00±0.10c ***

BM: Body measurements, BL: body length (n=254), HL: head length (n=254), NL: neck length (n=217), HorL: horn length (n=167), EL: ear 
length (n=246), HrL: hair length (n=248), RL: rump length (n=217), TL: tail length (n=254), HW: head width (n=21), SW: shoulder width 
(n=213), RW: rump width (n=217), IW: ischia width (n=212), WH: wither height (n=253), BH: back height (n=253), SH: sacrum height 
(n=217), CD: chest depth (n=217), MC: muzzle circumference (n=163), CG: chest girth (n=254), CC: canon circumference (n=217). ns: not 
significant (p>0.05), *: p<0.05, **: p<0.01, ***: p<0.001. a,b : the difference between the groups with different letters is significant (p<0.05).
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ments (HorL, SW, WH, CD, CG, CC), the difference is 
showed between the three age groups.

DISCUSSION

Qualitative traits

Results of qualitative traits from both breeds de-
monstrated that Mekatia breed is characterized by 
short hair type and Arabia breed by long hair. This 
agrees with earlier results reported by Khemici et al. 
(1995) in the same region, Ouchene-Khelifi et al. (2015) 
in Algeria and Fantazi et al. (2017) for Mekatia breed. 
According to Acharya et al. (1995), goats with short 
hair are less resistant to solar radiation than those with 
long hair. This is why, according to breeders of the 
region, the Mekatia breed is not resistant to heat stress 
compared to the Arabia breed. About horns, they were 
present in the majority of both breeds as reported by 
Ouchene-Khelifi et al. (2015) and Fantazi et al. (2017). 
It is an indication of their abilities to defend themselves 
and survive in the harsh environments in which they 
are reared. Likewise, the presence of horns in males is 
a sign of better reproductive performance (Al-Ghalban, 
Tabbaa & Kridli 2004).

The large variation in coat color in this study is 
an indication of a traditional population and might 
be resulting from uncontrolled movement of animals 
through various public markets. A high percentage of 
white coat color offers a better resistance to heat stress 
in environments characterized by high solar radiation 
(Hansen 1990). Robertshaw (2006) reported that ani-
mals with black coat color have a better adaptation to 
the cold seasonal climate. The predominance of these 
two colors in the present study is a kind of adaptation 
to the climate of Laghouat region which is characteri-
zed by very cold winter and very hot summer.

This study reports also that semi-pendulous ears 
were the dominant orientation for Mekatia which is 
different with results of Ouchene-Khelifi et al. (2015) 
where erect ears were mainly reported (68.73%). 
This difference can be partially explained by limited 
knowledge of breeders about characteristics of the 
Mekatia breed (many of them confuse with Saanen) 
and the effect study area (other provinces in Algeria 
in the case of Ouchene-khelifi et al. 2015). About Ara-
bia breed, the same tendency was recorded with the 
same author about the pendulous ears (75.72% in our 
study vs 74.37% in the study of Ouchene-khelifi et al. 
2015). The advantage of long and pendulous ear is to 
offer a better defense against heat stress by facilitating 
exportation of calories outcome from metabolism by 
heat contact exchange (Robertshaw 1982). This result 
reflects the adaptation of Arabia breed to environmen-
tal conditions of steppe and desert.

Osinowo, Buvanendram and Koning (1988), Yaku-
bu et al. (2010) reported that beard and wattles pre-
sences were associated with high prolificity and milk 
yield. In the current study, wattles were mostly ab-
sent and beard was mainly present in Arabian males 
(100%) and females (83.81%). As well, the presence 
of beard in all males is that the coding gene for beard 

exists in a dominant state in males (Yakubu et al. 
2010).

Quantitative traits

According to Cam, Olfaz and Soydan (2010), mor-
phometric measurements and how they relate to one 
another can define roughly the animal’s production 
status and breed characteristics.

Using the classification of Devendra and Burns 
(1983) on the basis of height at wither (>65 cm for 
large breeds, 51-65 cm for small and 50 cm for dwarf), 
we can describe Mekatia and Arabia breeds in our 
study as large (table II and III). A similar tendency is 
recorded in the study of Manallah and Dekhili (2011) 
for the goat population in the semi-arid region of Setif 
Algeria (66.89±8.48 cm) and the study of Ouchene-
Khelifi et al. (2015) for the Mekatia (65.11±6.49 cm) 
and the Arabia (71.07±4.34 cm) breeds. Martini et al. 
(2010) reported that goats reared under an intensive 
system appear lower at wither than those in extensive 
system.

The significant effect of age on more than half of 
the measurements with increases values confirms 
earlier observations of Fajemilehin and Salako (2008), 
Hagan et al. (2012) and Sánchez Gutiérrez, Gutiérrez 
Luna and Flores Nájera (2018) that reported the shape 
and the size of animal increase with animal ages. Our 
results indicate that the attainment of mature age in 
both breeds is around the two years and three years 
or more which is in agreement with findings of Jeffery 
and Berg (1972), Fajemilehin and Salako (2008), who 
observed that goats attain their full matured body 
characteristics at three years and above.

The influence of sex on the morphometric traits are 
likely connected to the difference in the physiology of 
males and females related to the sex hormonal action 
which leads to differential growth rates (Carneiro et 
al. 2010; Frandson & Elmer 1981). This is in agreement 
with earlier reports on goats (Vargas, Larbi & Sanchez 
2007), sheep (Yakubu & Akinyemi 2010) and cattle 
(Polák & Frynta 2010), respectively. The results con-
firm also previous works (Akpa, Duru & Amos 1998; 
Devendra & Burns 1983; Ifut, Essien & Udo 1991) that 
sex significantly influenced linear body measurements. 
It was reported in sheep that females has a slower rate of 
growth than males, and reaches lower mature size due to 
the effect of estrogen in restricting the growth of the long 
bones of the body (Sowande & Sobola 2008).

CONCLUSIONS

This study provides a working basis on the morpholo-
gy of local goats in Laghouat region by the way of pheno-
typic characterization. It describes morpho-biometric cha-
racteristics of two indigenous breeds in the region namely 
Mekatia and Arabia. The Mekatia and the Arabia breeds 
are described as large and the mature age is around two 
or three years’ worth, with for Arabia larger size for males 
compared to females. Some morphological traits (ear and 
hair types) reflect the adaptation of these breeds to the en-
vironmental context of the region. The authors recommend 
the characterization of the same breeds in other provinces 
of Algeria to fully describe the diversity existing.
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