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Abstract

The study was conducted in the Draa-Tafilalet region of Moroc-
co to characterize indigenous chickens based on qualitative traits,
body and egg measurements and reproductive and production per-
formance. Five sites in the region with one to five rural districts each
were selected. Within each district, one to eleven breeders were
interviewed. There were 38 surveys conducted in 21 districts. The
qualitative study involved 178 chickens, 142 mature chickens for
body weight measurements and 167 fresh eggs for eggs’ measure-
ments. Results indicated that indigenous chickens had multicolored
plumage. About 98.9% did not have crests, 7.70% were naked necks
and all chickens were smooth-feathered and smooth-shanked. Sim-
ple combs were most common (98.8%). The white, yellow and black
shanks accounted for 50%, 36% and 14%, respectively. The egg-
shells were white (46.7%), cream (45.3%) or light brown (7.80%),
with a smooth (93.8%) or matte (6.20%) texture. Eggs averaged
53.0 + 4.82 g in weight, 53.8 £ 2.37 mm in length and 39.5 + 2.02
mm in width. Body weight and shank length averaged 1.86 + 0.56 kg
and 99.2 + 21.4 mm, respectively. The average age of pullets at first
laying was 6.89 + 3.22 months and the average age of cockerels at
first mating was 5.78 + 2.65 months. Clutch length and inter-clutch
period averaged 18.0 + 9.32 days and 36.7 £ 33.0 days, respectively.
During one year, a hen laid 62.4 + 7.56 eggs. Observed variations
in morphometric traits and egg production suggest the possibility of
selection within and between local chicken populations.
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Introduction

Poultry farming is an important source of income for farmers and
an important source of animal protein for local populations. The Mo-
roccan poultry production has grown considerably over the past fifty
years. The production of poultry meat has increased from 29,000 tons
in 1970 to 782,000 tons in 2019, including 50,000 tons from the tra-
ditional sector, recording an average annual growth rate of 53%. At
the same time, the production of eggs for consumption has increased
from 400 million to 6.9 billion units, including 0.8 billion units from
the traditional sector, recording an average annual increase of 33%
[1]. Moreover, the consumption of poultry meat per capita per year
has evolved from 2.3 kg in 1970 to 22.1 kg in 2019, the one of eggs
has increased from 21 to 195 units during the same period. Thus, the
production of white meat currently contributes to more than 52% of
total meat consumption [1]. Under the impulse of dieticians, a re-
newed interest for the consumption of meat and eggs of Beldi / local
/ indigenous chickens has been noticed during the last decade among
the Moroccan population because of the supposed organoleptic qual-
ity of its meat and eggs. Consequently, the price of a kilogram of live
Beldi chickens is about 300% higher than that of industrial chickens,
and the price of Beldi eggs is about 67% higher than that of industrial
eggs. Traditional chicken farming relies on indigenous populations
and free-range systems where the birds mostly scavenge for food
scraps and insects around the house and in some small farms. In this
system, chickens are usually kept with little or no controlled breeding
[2] and they are a potential source of genetic variation that should be
conserved [3]. However, because of the priority given to improved
strains [4], these indigenous populations are currently largely endan-
gered, and their constant disappearance constitutes a disaster for the
genetic heritage by eradicating characters that were ignored today
but may prove useful tomorrow [5]. Hence, knowledge of indigenous
breeds is crucial for preserving them as production animals. In this
sense, numerous studies have characterized the indigenous chickens
[6-8]. However, except the study of Benabdeljelil and Arfaoui [9], the
phenotypic diversity of the indigenous chicken resources in Morocco
in general, and in southeast Morocco in particular, has not yet been
sufficiently studied.

The objectives of the present study were to characterize the in-
digenous chicken population found in the Draa-Tafilalet region of
Morocco based on their external appearance and production traits.
The information collected in the study would be helpful for future
breeding programs and conservation strategies.

Materials and Methods
Study zone

The study took place in the Draa-Tafilalet region of southeastern
Morocco. Details of the region’s location, geography and climate are
reported by Boujenane [10,11].
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Sampling method and number of surveys

Five pilot sites designed as Z1, Z2, 79, Z15 and Z17 were identi-
fied in the region representing mountain oases, intermediate oases and
lowland oases. These five sites cover 17 districts (3 to 6 rural districts
per site). In each site, 1 to 4 districts were chosen. In each district,
one to five breeders with at least five animals of breeding age at the
time of the survey were randomly selected. A total of 38 farmers were
interviewed in the five pilot sites (Table 1). Each interview ended with
the visit to the shelter of the animals of the surveyed farmer in order
to carry out phenotypic description and morphological measurements
of the animals that had been collected by the farmer in anticipation of
the surveyor’s visit.

Site Number of districts Number of breeders Frequency (%)
z1 4 6 15.8
72 4 10 26.3
79 4 10 26.3
Z15 4 11 289
z17 1 1 2.7
All 17 38 100
Table 1: Number of districts and breeders selected in each site.

Data collection

The fieldwork took place between April 1 and 8, 2021 in Z2 and
79 sites and between May 25 and June 4, 2021 in Z1, Z15 and Z17
sites. During the fieldwork, breeders were surveyed, some animals
were described, and eggs and animals were measured. The survey
involved a questionnaire where data on productive and reproductive
traits of chickens were collected from households. The information
collected included age of pullets at first laying, age of cockerels at
the first mating, number of eggs laid/hen/year, clutch length, number
of eggs/clutch/hen, inter-clutch period, number of clutches per year,
number of incubated eggs/hen/brood, hatchability, age of chicks at
weaning and percentage of weaned chicks/hen/brood. The phenotyp-
ic description focused on the color and shape of the main external
body parts used to characterize the animal population as described by
FAO [12], including plumage color, type of feather, head shape, neck
feather, shank feather, shank color, skin color, comb type, earlobe
color, wattles color, eggshell color and eggshell texture. One hun-
dred seventy-eight chickens were sampled for the qualitative study,
142 mature chickens for body weight and shank length measurements
and 167 fresh eggs for weight, length and width measurements. All
these measurements were made using a stainless vernier caliper and
an electronic scale.

Data analysis

Data were analyzed using the MEANS procedure of SAS [13] to
calculate mean and standard deviation of productive and reproductive
traits as well as physical measurements, and the FREQ procedure to
compute frequencies of occurrence of each qualitative trait. More-
over, two indices were calculated; the egg shape index, which is the
ratio of the width to the length of the egg multiplied by 100, and the
bird density index, which is the ratio of the weight (g) on the length
of the shank (mm) of the bird. The first index is an indicator of the
external quality of the egg and the second index is an indicator of the
degree of flesh (meat) in relation to the size of the body.
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Results and Discussion
Phenotypic and morphological characteristics

The indigenous chicken population found in the study zone was
similar to that encountered in other regions of Morocco. It had mul-
ticolored plumage (Figure 1), but predominantly red (22.5%), cream
(21.5%), white (13.7%), brown (13.5%), black (11.2%), spotted gray
(8.75%) and others (8.75%) (Table 2). This variability of colors in-
dicates the genetic diversity of the indigenous chicken population.
Moreover, the occurrence of different colors observed might be the
result of uncontrolled mating of chickens, since this is the type of
breeding that is prevalent in free-range poultry [10]. Further, the ab-
sence of a clear predominance of one color in the indigenous chick-
en population would suggest a relatively high level of interaction
between genes through panmictic mating [14]. The findings of the
present study are consistent with those of several other authors [6, 7,
9, 14-18], who reported that indigenous chicken populations are char-
acterized by their diverse plumage color that aid them for camouflage
against predators.

Figure 1: Indigenous chickens of the study region.

According to the current study, 7.70% of indigenous chickens
were naked necks. Guni and Katule [18] in Tanzania (5.48%) and
Mboumba et al. [14] in Gabon (6.63%) have reported similar find-
ings on occurrence of naked necks in indigenous chicken populations.
However, Keambou et al. [6] and Duguma [16] have found lower
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Trait Type %
Red 22.5
Cream 21.5
White 13.7
Brown 13.5
Plumage color Black 11.2
Spotted grey 8.75
Others 8.75
Smooth 99.6
Type of feather
Frizzled 0.4
Normal 98.9
Head shape
Crest 1.1
Normal 92.3
Neck feather
Naked 7.70
Normal 100
Shank feather
Feathered 0
White 50.0
Yell 36.0
Shank color clow
Black 14.0
‘White 93.5
Skin color
Yellow 6.50
Single 98.8
Comb type
Rose 1.20
White 94.4
Earlobe color
Red 5.60
Red 100
Wattles color
White 0
White 46.9
Cream 453
Eggshell color
Light brown 7.80
Smooth 93.8
Eggshell texture
Matte 6.20
Table 2: Frequency distribution of external appearance characteristics of
chickens.

frequencies in Ethiopia (0.04%) and Cameroon (1.90%). Almost no
chickens (98.9%) in the study region had crests on their head. These
results differ from those of Halima et al. [17], Keambou et al. [6]
Bembide et al. [19], Guni and Katule [18], Mboumba et al. [14] who
reported that 48.8%, 10.7%, 10.4%, 8.66% and 6.03%, respectively of
total populations studied were identified as crest-headed. Moreover,
Guni and Katule [18] reported that higher proportion of crest-headed
birds were observed in females than in males.

All chicken population was smooth-feathered; it did not have friz-
zled plumage. These findings are opposite to those of Bembide et al.
[19], Guni and Katule [18] and Mboumba et al. [14] who found that
frizzled feathers in chickens represented 2.3%, 0.72% and 3.62%, re-
spectively. Guni and Katule [18] explained the absence of frizzled
plumage in the studied chicken population by the fact that it confers to
the birds a bad insulation in a cold climate, disadvantaging them com-
pared to those having a smooth plumage. However, according to FAO
[20] the frizzled plumage and the naked neck are very advantageous
characteristics in a warm climate because they allow a high heat dis-
sipation and the achievement of speed of growth, egg production and
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resistance to diseases better than those of birds with smooth plumage
and feathered neck. Indeed, according to Horst [21], the naked neck
birds need less dietary protein to produce feathers, thereby shifting
protein that is a limiting factor in many scavenger feed resource bases
to meat and egg production rather than feather production.
Indigenous chickens of the study region were smooth-shanked; they
did not have feathered shanks. These findings are consistent with
those of Badubi et al. [15] who reported that on average the Tswana
chickens have no leg feathers but there are a few with sparse (4.9%)
leg feathers. However, they are different from those of Bembide et al.
[19] in the Central African Republic, Keambou et al. [6] in Ethiopia
and Guni and Katule [18] in Tanzania who revealed that indigenous
chickens with feathered shanks represent 5.9%, 22.4% and 9.23%,
respectively.

In the indigenous chicken population of the study region, the sim-
ple comb was the most common (98.8%), the rose comb was very
rare (1.20%), whereas the walnut and pea combs did not exist. These
findings are in line with those of several authors who have highlighted
the predominance of simple combs in their studies (98%, [7]; 98.2%,
[14]), but higher than those reported by others (90.4%, [15]; 81.1%,
[6]; 87.4%, [18]). The comb type is due to interactions of different
genes responsible for comb expression. According to Crawford [22],
chickens have two autosomal pairs of genes (R, r and P, p) responsible
for their comb type, which result in the single comb if the genotype
is 1rpp, the rose comb if it is R-pp, the pea comb if it is rrP- or walnut
comb if it is R-P-. Furthermore, the presence of the rose comb type,
although at a low frequency (1.20%), might signal the beginning of a
fertility problem in the indigenous chicken populations. In this regard,
Crawford and Smyth [23] reported that roosters with rose comb and
RRpp genotype are less fertile than those with rose comb and Rrpp
genotype because of a decrease in sperm viability.

Various shank colors were observed in the indigenous chicken
population of the present study. Of the total birds, white shanks rep-
resented 50%, yellow shanks 36% and black shanks 14%. In a study
by Fotsa et al. [7], 37.4% and 33.8% of animals had white and yellow
shanks, respectively, but 17% had black shanks. According to Guni
and Katule [18], yellow shanks were most frequent (34.7%), followed
by white (25.3%), green (14.4%) and black (11.8%) shanks, with the
sexes differing. Keambou et al. [6] reported that white, pink, yellow
and black shanks represent 39.6, 2.15, 39.1 and 6.20%, respectively.
The skin color of the indigenous chickens was mostly white (93.5%),
while the yellow skin represented 6.50%. The findings of the present
study are consistent with those of Guni and Katule [18] who reported
that the predominantly frequent skin color in the studied population
was white (51.2%) while yellow was the second most predominant
skin color (48.8%). They are also in line with those of Mboumba et al.
[14] who reported that the color of the skin is either white (69.27%)
or yellow (30.73%), regardless of the animal’s sex. However, they
are different from those of Keambou et al. [6] who reported that the
skin is white (39.4%), pink (21.9%), yellow (37.9%) or black pig-
mented (0.71%). According to Nesheim et al. [24], consumers of de-
veloped countries prefer yellow skin coloration, which reflects a diet
very rich in carotenoid pigments. The earlobes of indigenous chicken
population were white in 94.4% of birds and the wattles were red
in all birds. Keambou et al. [6] reported that red and white earlobes
are the most common, with 40.3% and 35.6%, respectively, with red
carlobe dominating in males (66.8%) while white earlobe is more
common in females (48.9%). Concerning the color of wattles, they
revealed that they generally follow the coloration of the comb, with
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approximately the same percentages; 87.8%, 7.64% and 4.53% for
red, pink and black pigmented colors, respectively.

The hens laid eggs with white (46.9%), cream (45.3%) and light
brown (7.80%) shells, with a smooth (93.8%) and matte (6.20%) tex-
ture. Guni and Katule [18] reported that most eggs (50.3%) had whit-
ish color shells, brownish shelled eggs were the next most frequent
(38.1%) and cream shelled eggs were the least frequent (11.6%). Hali-
ma et al. [17] stated that all hens laid light brown or cream colored
eggs. Fotsa et al. [7] reported that eggshell color is mostly creamy
white and rarely brown, but 100% of eggs have a matte texture.

Body and egg measurements

Body weight and shank length of the indigenous chickens (both
sexes combined) in the study sites averaged 1.86 + 0.56 kg and 99.2
+ 21.4 mm, respectively, resulting in a bird density index of 20.4%
(Table 3). This relatively high index indicates that in relation to body
size, the indigenous chickens have good genetic potential for meat
production under free-range feeding. The current study’s average
body weight is larger than the 1.65 kg reported by Guni et al. [25] and
the range of 1.2-1.4 kg found by Benabdeljelil and Arfaoui [9]. This
disparity might be explained by the age of birds measured in the pres-
ent study that is older than 10 months. The body weight of indigenous
chickens is generally low. Potential causes include genetic, dietary,
and parasite issues [26]. Moreover, the body weight is homogeneous
among birds, probably due to the low nutritional state of the flock [8].
Bembide et al. [19] compared body weights of birds with different
external phenotypes. They concluded that the local shank feathered
chickens were the heaviest (1546 + 321 g), the crested chickens were
the lightest (1067 + 172 g), whereas the frizzled and naked neck birds
were intermediate. The average shank length observed in this study is
higher than that of Guni et al. [25] (65.8 mm), similar to that of Fotsa
et al. [7] (96.9 mm), but lower than that of Halima et al. [17] (110.6
mm).

The eggs’ dimensions of local hens in the current study averaged
53.0 + 4.82 g in weight, 53.8 + 2.37 mm in length and 39.5 + 2.02
mm in width (Table 3). The mean egg weight is higher than values
reported by Mwalusanya et al. [26] (44.4 g), Badubi et al. [14] (48.5
+ 5.7 g), Fotsa et al. [6]) (44 g), Guni et al. [25] (43.9 g) and Wambui
et al. [27] (46.5 g). However, it is lower (19.8%) compared to the
commercial egg weight (63.5g) reported by Wambui et al. [27]. The
mean egg length obtained in the current study was slightly higher than
the value reported by Guni et al. [25] (50.4 mm). However, the value
was lower than that reported by Wambui et al. [27] for indigenous and
commercial chicken eggs (54.7 mm and 56.9 mm, respectively). The
egg width is lower than that found by Wambui et al. [27] (40.5 mm),
but higher than that of Guni et al. [25] (36.0 mm). The egg shape
index was 73.4%. It is similar to that reported by Wambui et al. [27]
(74.0%), but higher than the one found by Guni et al. [25] (71.6%).
The egg shape index provides information on the eggs’ external qual-
ity. It is a useful indicator of uniform egg packaging during transpor-
tation and a significant factor in influencing market choice. The eggs
of indigenous chicken population had a normal form according to the
study by Duman et al. [28], who classified eggs on their shape index
(ST) as sharp (SI < 72), normal (SI = 72-76) or round (SI > 76). As a
result, the eggs of the indigenous chicken population look excellent
and are less likely to break when being transported.

Trait Number Mean Stal-ldz.\rd CO?fﬁ-cient of

deviation variation (%)
Body weight (kg) 142 1.86 0.56 30.1
Shank length (mm) 142 99.2 21.4 21.6
Egg weight (g) 167 53.0 4.82 9.09
Egg length (mm) 167 53.8 2.37 4.40
Egg width (mm) 167 39.5 2.02 5.11
Egg shape index (%) 167 73.5 3.81 5.18
Bird density index (%) 142 20.4 3.99 19.6
Table 3: Body measurements and egg dimensions of chickens.

Reproductive and production performance

According to the farmers surveyed, the age at first laying of in-
digenous pullets was 6.89 + 3.22 months (Table 4). This result is in
agreement with the 6 and 8 months interval age at which hens laid
their first egg reported by Mwalusanya et al. [26]. However, it is high-
er than the age at first egg reported by Melak et al. [29] in Southern
Ethiopia (6.14 + 0.15 months), Yadessa et al. (2017) in south west-
ern Ethiopia (5.8 months), Benabdeljelil and Arfaoui [9] in Morocco
(5.8 months) and Wambui et al. [27] in Western Kenya (5 months).
In contrast to the findings of our study, Guni et al. [25] found that
female chickens were 7.48 months old when they laid their first egg.
Wambui et al. [27] reported that the age at which hens lay their first
egg is usually influenced by a number of factors such as breed, light-
ing regime, feeding and quality of feed among other environmental
factors. In addition, they reported that scavenging chickens and poor
feeding strategies delay maturity, leading to delayed point of lay and
egg size. Moges et al. [30] stated that late maturity was an expression
of low productivity of indigenous chickens. The age of cockerels at
first mating was 5.78 + 2.65 months. Melak et al. [29] reported that
the average age at sexual maturity for males was 5.33 = 0.13, whereas
Guni et al. [25] showed that the overall mean age at first mating of
male chickens was 7.02 months.

The mean clutch length and inter-clutch period of indigenous
chickens obtained in the present study were 18.0 + 9.32 days and
36.7 £+ 33.0 days, respectively. These findings are higher than results
of Guni et al. [25], which were 17.8 and 14.0 days for clutch length
and inter-clutch period, respectively. However, they are lower than
those of Moges et al. [30] in Ethiopia, which were 26.2 and 25.6 days,
respectively. The number of clutches per year averaged 4.2 (ranging
from three to 5). The observed mean number of clutches per year in
the present study is similar to those which have been reported from
other studies by Farooq et al. [31] and Wambui et al. [27] who report-
ed 4.6 and 4 clutches, respectively, but differs from the findings by
Mwalusanya et al. [26], Hossen [32], Moreki [33], Petrus [34] and
Guni et al. [25] (3.3). Guni et al. [25] reported that differences ob-
served between countries with respect to number of clutches per year
might be due to both genetic and environmental differences between
populations.

The overall number of eggs/clutch/hen in the present study was
13.9. These results are similar to those found by several authors ([9]
(14 eggs, from eight to 20) depending on egg size and hen body size,
[35]; [7] (13 eggs), [33]; [25] (13.7 eggs)). However, they are higher
than the mean clutch size of 11.2 and 12.5 eggs obtained by Melak et
al. [29] and Wambui et al. [27], respectively, but lower than the aver-
age number of eggs per clutch reported by Farooq et al. [31] (15.1),
Badubi et al. [15]and Yadessa et al. [36] (14.4 + 3.87).
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Over the course of a year, a hen laid 62.4 + 7.56 eggs. The total
annual egg number per hen reported in the present study is similar
to the average number of eggs laid by indigenous hens (61.7+ 0.95)
reported by Melak et al. [29], higher than those reported by Halima et
al. [17], Fotsa et al. [7] (51 eggs), Hossen [32], Moreki [33], Guni et
al. [25] (45.2 eggs) and Wambui et al. [27] (50 eggs), and lower than
those reported by Benabdeljelil and Arfaoui [9] (78 eggs per hen per
year, from 49-150). It has been concluded by Wambui et al. [27] that
indigenous chickens produce low levels of eggs per hen compared to
commercial breeds, which have a potential of 140 eggs per year and
an egg size of 60 grams. Furthermore, the number of incubated eggs/
hen/brood averaged 12.8 + 2.88. According to a belief of the breeders,
the number of eggs incubated should be odd. The average number
of eggs incubated was 11.3 in the study area [25]. After incubation,
the hatchability averaged 82.9 + 26.8%. This result is similar to that
recorded by Benabdeljelil and Arfaoui [9] (78%, from 46-100%) and
Fotsa et al. [7] (84.3%), higher than that reported by Farooq et al. [31]
(61.2%) and Badubi et al. [15] (75%) and the hatchability interval of
50-80.3% [16], but lower than that reported by Guni et al. [25] (88%).
The average age at weaning of chicks recorded in the current study
was 72.9 £ 36.4 days. It is closer to the weaning age of 2.59 months
reported by Guni et al. [25]. The percentage of chicks weaned was
64.2 £+ 42.4%, indicating that the mortality rate between hatching and
weaning was 33.8%. The numerous diseases that affect poultry, the
hostile climate (especially the cold) that prevails in the study sites
and predators, might have caused this high mortality. Benabdeljel-
il and Arfaoui [9] reported chick mortality rates ranging from 46 to
76% under extensive system, Farooq et al. [31] (24.1%) and Guni et
al. [25] (30.2%). Moreover, the mortality rate of growing young and
adult animals averaged 18.4 + 14.4% and 7.29 + 6.21%, respectively.

Number
Standard Coefficient of varia-
Trait of respon- .. j
Mean deviation tion (%)
dents
Age of pullets at
R 37 6.89 3.22 46.7
first laying (months)
Age of cockerels
at the first mating 37 5.78 2.65 45.8
(months)
Number of eggs
K 38 62.4 7.56 12.1
laid/hen/year
Clutch length (days) 37 18.0 9.32 51.8
Number of eggs/ 36 13.9 1.89 13.6
clutch/hen ’ ’ ’
Inter-clutch period
33 36.7 23.0 62.7
(days)
Number of clutches
36 4.20 0.91 21.7
per year
Number of incubat-
36 12.8 2.88 22.5
ed eggs/hen/brood
Hatchability (%) 36 82.9 26.8 323
Percentage of
weaned chicks/hen/ 36 64.2 42.4 66.0
brood (%)
Age of chicks at
. 35 72.9 36.4 49.9
weaning (days)
Mortality rate of
K 36 33.8 21.3 63.0
chicks (%)
Mortality rate of
. 13 18.4 14.4 78.3
growing young (%)
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Mortality rate of
adults (%)

16 7.29 6.21 85.2

Table 4: Reproductive and production performance of local chickens.

Conclusion

The results of current study indicate that the indigenous chicken
population had various plumage forms, colors, and morphometric at-
tributes that may indicate the existence of subpopulations. Addition-
ally, there are significant differences in productive and reproductive
performance among the studied indigenous chickens. Thus, the phe-
notypic diversity and performance variability of indigenous chicken
resources can be utilized for the valorization of local resources and
the genetic improvement through selection of the best performing an-
imals.
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