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Abstract

breeders realize a good living out of rearing camels.

Changes in socio-economics, demography, politics, and climate in arid and semi-arid regions in recent decades
have led to profound transformations in livestock practices, particularly in the management of local animal
resources. The dromedary Camelus dromedarius has always played an important role in human life history in Algeria;
it provides a substantial contribution in protein production such as milk and meat, and it is used as means of
transportation by local populations. It is well-adapted to arid environments and has a satisfactory potential for food
production that enables economic security to locals, especially in the context of climate change. This paper adds
supplementary yet valuable information to the current knowledge on camel genetic diversity related to different
management practices. Genetic and phenotypic variations and the underlying management practices are studied
to understand differences between breeds, for a better resource management. The survey of 277 camel breeders
across the Algerian desert revealed a genetic diversity in terms of breeds driven by four pastoral practices.
According to coat colour and morphological aspect, the camel population “Tergui” corresponds to three breeds,
namely Mahri with 53.13% of the population, Marouki (43.22%), and the single-ecotype Azerghaf (3.65%). Mahri is a
mixture of Amelal and Abahou ecotypes that are being outnumbered by Marouki's ecotypes (Atelagh and
Alemlagh). This biodiversity is under real threat because of the behaviour of pastoral societies that pushes breeders
to turn to breeds with a high market value. Several useful conservation methods, including the use of modern
farming systems, could be positively used and/or improved, in order to protect the genetic variety and help
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Introduction

In Saharan regions, the dromedary is a prestigious do-
mesticated species well-adapted to desert climates and
constraining conditions; it provides milk, meat, and hair
products as well as services, while other animal species
would suffer from heat and lack of feed and water. This
adaptation is due to its great resistance to heat and long
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periods without drinking water combined with capacity
to make better use of feed resources characterized by
their low availability and limited nutritional value (Sawa-
dogo et al. 1998). The dromedary Camelus dromedarius,
like all other herbivores of arid and semi-arid areas, faces
seasonal difficulties of feed and water scarcity both in
quantity and quality (Moaeenuddin et al. 2004; Wernery
2006). It also faces several challenges that result in low
production rates because of traditional camel husbandry
systems (Kadim and Mahgoub 2013). For this reason,
camels are considered as livestock species of secondary
interest (FAOStat 2020).
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In Algeria, camel farming occupies an important place
in both the local and national economy (Abiola and
Laporte 1998). Locally, dromedary production is an im-
portant protein resource (Faye et al. 2014; Faye and Brey
2005). The camel is also of great importance in agricul-
tural production systems of the arid and semi-arid areas
(Kouadja et al. 2018); these systems are undergoing pro-
found changes, both in terms of herd management and
productive orientations. The interest of local people in
animal production remains a major asset for food safety,
animal genetic resource conservation, and social stabil-
ity, especially for nomadic populations (Adamou 2008).
This growing interest in animal raising and breeding and
its subsequent economic importance have always been
bound to the evolutionary history and human civilization
since the Neolithic era. However, the different modes
and practices of animal genetic camel husbandry remain
very little documented (Harek and Bouhadad 2008). Up-
to-date, few studies are published on camel farming sys-
tems in North Africa, i.e. Algeria (Adamou 2008; Bedda
et al. 2019; Ben et al. 2019; Longo-Hammouda et al.
2011), Tunisia (Salmi et al. 2018), and Morocco (Michel
et al. 1997; Faye et al. 2014; Kamili et al. 2020). Other in-
vestigations within the last decade on camel husbandry
were conducted in Saudi Arabia (Abdallah and Faye
2013) and Mauritania (Biya et al. 2021). However, the
typologies revealed by these authors were built on un-
standardized sets of variables (rate of mobility,
reproduction, and feeding or care practices), which
limits the comparisons between systems.

To our knowledge, no studies on camel production
systems in Algeria are available, with the exception of
the typological analyses designed by Harek and Bouha-
dad (2008) and a few reports in the grey literature lim-
ited to specific regions. The scarcity of data is likely due
to the complexity of the field and the difficulty to reach
the nomadic populations across the vast extent of the
Sahara. The country is experiencing significant changes
in pastoral and agro-pastoral systems due to climate
change, economic globalization (milk marketing), and
urbanization (Faye et al. 2014). Thus, a supplementary
constraint adds up for breeders who are continuously on
the move in quest of water and fodder along the ever-
changing Saharan landscape.

The present study was carried out with the aim of
characterizing the diversity of camel farming practices
and husbandry and their zootechnical performances, in
order to establish a genetic improvement plan for the
maintenance of local camel resources. The information
resulting from the surveys on breeders would allow def-
inition of the different types of farming systems prac-
tised by using statistical analyses and is therefore of
major importance, combining the morphological charac-
teristics of the animals and the management methods
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implemented by the breeders (Tichit et al. 2004). How-
ever, the use of appropriate methods to assess study pa-
rameters of camel livestock is constrained due to the
difficulties of collecting crucial data in highly mobile and
dispersed herds (Lesnoff et al. 2007). The implementa-
tion of individual animal monitoring may be a solution,
but it is very expensive (Bebe et al. 2002). Moreover, it
would be interesting to establish the relationships be-
tween farming types and intra-specific diversity. Another
option would be to set up herd monitoring with simpli-
fied procedures (Madani et al. 2002), but this is compli-
cated in a context of high mobility (nomadism and
transhumance). In addition, we aimed to define the
functioning of the husbandry modes and identify the
underlying ecotypes of the “Tergui” population. Finally,
we hoped to define the problems and obstacles that hin-
der its development in the region. Thus, we add a
stepping-stone to the knowledge related to camels and a
valuable piece of information for the actions to be taken
by policy-makers and the different actors in the field.
We note that camel husbandry systems are not un-
changeable and current trends attest to the ability of
herders to adapt their strategies to current global
changes (Faye 2018).

Material and methods

Geographical context

The study was conducted in the region of Tamanrasset
2000 km to the south of the capital Algiers (Fig. 1).
Algeria is located in North Africa with a human popula-
tion more than 42 million. The Algerian camel popula-
tion is estimated at 381,882 heads representing 1.18% of
the world population, 1.40% of the African population,
4.25% of the Arab population, and 4.39% of the Maghreb
population which puts Algeria at the 14th rank in the
world and in the top 5 in the Arab world. At a local
scale, camels have a prominent place in the area of Tam-
anrasset with more than 84,901 heads, of which more
than 13,170 heads are present in the Hoggar (MADR
2018, FAOStat, 2018). However, the exact number of
camel breeders is unknown due to the fact that they
practise transhumance all year round.

Data collection

To conduct this study, a cross-sectional survey was car-
ried out on 277 breeders. The farmers had mixed herds
of goats, dromedaries and sheep. The questionnaires
covered all aspects of animal husbandry. Both quantita-
tive and qualitative information was collected. The ques-
tions focused on herd size, diversity, nature, and
importance of the systems practised. Practices and func-
tioning of camel farms were described based upon the
periods of distribution of complementary feeds, the cri-
teria for selection of breeding stock, reproduction and
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Fig. 1 Study area around the region of Tamanrasset under arid climate

weaning, and the type of products intended for sale. The
baseline data used a set of codes for the quantitative and
qualitative variables studied, considering that the qualita-
tive variables were transformed into quantitative vari-
ables for the multivariate analysis. Breeders were
randomly selected so as not to have any external influ-
ence that could be in favour of more dynamic test cases
in terms of the breeding system. Only one condition was
placed on the choice those surveyed: they were camel
breeders, regardless of the number, the type of breeding
practised, and the types of other animals that they would
breed. The discriminating variables were chosen in such
a way as to limit as much as possible the estimates made
by the breeders, while keeping the guideline of the num-
ber, the type of breeding practised, and the “breeds”,
which were determining factors in this study (Fig. 2).
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Fig. 2 Survey of camel breeders in the Tamanrasset region

Data analysis

The database has been entered on Excel and has been
the subject of a multi-factorial analysis with Statistica 8.0
(StatSoft 2008), which represented a possible statistical
strategy (Escofier and Pages 2016; Pages 2002). The seg-
regation criteria chosen are as follows: qualitative and
quantitative variables, which reveal the relationships
existing within the different types and systems of practis-
ing camel farming, the perception of the breeders for
improvement of the practised modes, and the manage-
ment of this resource. Collected data was used in the
PCA and the HAC of multi-variate analysis. The object-
ive is to present in graphic form the maximum amount
of information contained in a data table made up of in-
dividuals and quantitative variables (Philippeau 1986).

Results and discussion
In this section, we discuss the 6 major management indi-
cators related to camel breeding.

Workforce, livestock structure, and evolution

The 277 breeders surveyed raised livestock estimated at
27,516 heads distributed as follows: 38% (n = 10,457)
goats, 36% (n = 9823) camels, and 26% (n = 7236) sheep.
The sizes of the 277 farms showed that 60.7% of the live-
stock was owned by 27% of the breeders, 12.8% owned
by 18.2%, 11.80% by 11.7%, and 11% owned by 24.7% of
the breeders. A low rate of only 3.70% of the livestock
was owned by 18.4% of the herders (Table 1). These fig-
ures, however, only give an approximate indication of
the ownership structure. Indeed, the declarations of the
breeders often hide the reality of the numbers, which
makes it difficult to make a real assessment.
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Table 1 Distribution of farm classes by breeder and by head including goats, dromedaries, and sheep
Classes of farms expressed in number of heads Total
<21 21-40 41-60 61-80 >80
Number of breeders 51 69 50 32 75 277
Percentage (%) 184 247 18.2 11.7 27 100
Number of heads 1027 3012 3542 3235 16,700 27,516
Percentage (%) 37 1 128 118 60.7 100

The number of camels, goats, and sheep has increased
during the period from 2003 to 2014 (Fig. 3). This situ-
ation has resulted in the decrease in forage resources
due to overgrazing, which did not prevent an unequal
evolution in the number of the different types of
livestock:

— The relatively lower increase in the camel
population (1296 heads/year between 2003 and
2014) is due to the particularity of its diet compared
to other species. It feeds on plant species especially
and preferably, Atriplex halimus, that disappears
during the dry season. In periods of drought,
breeders are forced to sell the least resistant
individuals and control the reproduction of females.

— The relatively higher increase in goat numbers, in
low proportions (3047 heads/year between 2003 and
2014), is explained, on the one hand, by the need for
self-consumption since they provide the dairy prod-
ucts that constitute one of the basic elements of
households and, on the other hand, by the capacity
to adapt to the natural conditions of the
environment.

Husbandry modes

Four modes of animal husbandry were identified in the
region, namely nomadic, transhumant, semi-nomadic,
and sedentary representing 41% (n = 4.027), 21% (n =

2.063), 18% (n = 1.768), and 20% (1 = 1.965), respect-
ively (Table 2).

The size of the camel herd does not follow any specific
pattern related to the breeder’s financial or social condi-
tions. The structure of the camel herd is composed
mainly of females which the breeder tries to manage ac-
cording to objectives such as:

— Animals for selection or replacement of the herd
— Animals intended for reproduction

Animals for sale

— Animals for slaughter

This situation is driven by the breeder’s household
needs according to which he can sell about 10 camel
heads per year if the needs are important or just 1 to 5
to cover basic needs. As for renewal, it is generally based
on the herd itself and the phenotypic criteria that prevail
in this case, since the breeder generally considers the
size and conformation of the animals. Helped by the
hardiness of the animals and their adaptability, breeders
have always ensured a balance of the herd and a main-
tenance of its already established performance. Breeders
are convinced that the best way to protect their animals
is to know how to manage them by controlling
reproduction, especially when herds of different owners
are mixed for long periods, which is common in the
region.
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Fig. 3 Evolution of livestock in Tamanrasset area between 2003 and 2014 (MADR 2015; DSA 2015)
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Table 2 Distribution of breeders according to the size of their camel herd and husbandry mode

Camel Husbandry mode Total
herd size Nomadic Transhumant Semi-nomadic Sedentary

(number

of

heads)

<20 325 250 200 125 900
21-40 754 650 153 330 1887
41-60 480 540 240 280 1540
61-80 497 500 660 230 1887
> 80 1971 123 515 1000 3609
Total 4027 2063 1768 1965 9823

Livestock feed

The camels and goats feed on the vegetation of the place
where they graze with a preference for any vegetation of
leguminous or grassy type that grows especially in rainy
years and is more abundant in certain seasons, both on
the regs which is a stony desert essentially made up of
rocky formations, and at the edges of the wadi (river) beds
of the Hoggar massifs. According to Moskal (1983), Sa-
haran fodder constitutes more than half of the diet of ru-
minants. Unlike other ruminants, the dromedary’s
exceptional walking ability and eclecticism allow it to
compose its diet with very scattered and often very thorny
plants found in arid areas (De Fabregues 1989). It feeds
upon woody and coarse plants. In addition, and taking
into account their specificities, the pasture sites are diverse
according to the composition of their floristic procession,
their location, and the palatability of the available plants.
The pastures can be classified into two categories:

— “Acheb” or ephemeral pasture that is made up of
herbaceous and annual vegetation

— DPastures of perennial and woody and bushy
vegetation or halophytic vegetation. The woody
perennial vegetation such as Aristida pungens is
intended for the maintenance of the animal (Fig. 4).

In the area of study, we did not observe a great diver-
sity in food resources; 85% of livestock feed resources
come from rangeland. The rest is provided in the form
of relatively varied barley-based complementation in
camel feed. A ration of more or less energy is allowed at
certain physiological stages of the animal, but this is not
possible throughout the year for the whole herd because
of limited barleyavailability. In order to determine the
composition of the vegetation with sufficient precision,
an exhaustive inventory of the foraging potential of the
region for animals was established by Harek and Bouha-
dad (2008). In general, the patterns have remained intact
with a dense and diversified vegetation cover; we can
mention for example the plants most grazed by the
camel with a variable degree of palatability in the Hoggar

region: Tamarix aphylla, Tamarix gallica, and other
vegetative associations composed by plants such as Pani-
cum turgidum, Balantite aegyptiaca and Cornulaca mono-
cantha, Schowia purpurea, and Aristida pengens.
According to Harek and Bouhadad (2008), in Hoggar re-
gion, the plants most grazed by the dromedary are Astrag-
alus vogelii, Morettia canescen, Tribulus alatus, Panicum
turgidum, Acacia radiana, Acacia seyal, Schowia pur-
purea, Cornulaca monocantha, Aristida pungens, Mori-
candia arvensis, Schouwia purpurea, Tribulus terrester,
Trichodesma  calcaratum, Forsskaolea  tenacissima,
Maerua crassifolia, Salvodora persica, Atractylis aristata,
Balanites aegyptiaca, Echinops bovei, Colocynthis vulgaris,
and Atriplex halimus. In Hoggar, it is recommended that
a more in-depth study be proposed on the extent to which
fodder grazed by dromedaries covers the needs of the ani-
mals in a strategic manner so that performance is not
hampered by nutrition.

Selection of genitors

Closely related to feeding, reproduction is also the indi-
cator parameter of good or bad management of the
breeding. It is an indicator that provides information on
the herd’s degree of performance and its level of prod-
uctivity. Results of the present study showed that
breeders choose reproducers according to ancestry and
conformation, and these criteria are met in 78% for the
males and 43% for the females. Other criteria are consid-
ered as follows: (a) for female camels: corpulence and
zootechnical performance (6.8%), early entry into heat
and corpulence (6%), zootechnical performance (5%),
zootechnical performance and early entry into heat
(2.5%), early entry into heat (1.4%), and zootechnical
performance, corpulence, and early entry into heat (3%),
and (b) for male camels: zootechnical performance
(23%), body build and zootechnical performance (16.8%),
early entry into heat and body build (12.5%), early entry
into heat and zootechnical performance and body build
(2%), and early entry into heat (0.7%). In conclusion, it
can be said that the breeder chooses his breeding ani-
mals solely based on phenotypic criteria.
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A

Fig. 4 Camel livestock feed in the Tamanrasset region. A, B Grazing in Acacia radiana trees; C grazing in dry periods; D food complementation in

Reproduction

Reproductive performance criteria, namely age at first
calving, length of lactation, and calving interval, are cru-
cial for milk production. They are relatively homoge-
neous in the major camel producing countries. They
indicate the willingness of breeders to maximize the
physiological possibilities of dairy camels: one camel calf
per 2 years and 12 months of lactation. The finding in
this study is that the calving rate varies greatly, especially
according to the level of feed provided by pastures. It
varies from an average of 100% in transhumant herds to
58.43% in sedentary and semi-nomadic herds 37.5%. The
age of the first mating varies between 30 and 36 months,
with an average of 32 months, which is fairly consistent
with the literature. The first mating can be early, if the
animal is subjected to an energetic and abundant diet.
The male, on the other hand, is not taken to
reproduction until reaching 7 years of age, although sex-
ual maturity is achieved between 3 and 4 years of age.
This practice is justified by the fact that the male is only
introduced into the female herd when he is able to pro-
tect himself from other adults. These results do not cor-
respond with Elwishy (1987) neither with Elwish (1988)
who considered that the dromedary was dominated by
behaviours, whose heats are often shorter, more

frustrating, and later: 27 months minimum against 9 to
12 months for early dairy breeds. This 27-month period
between heats means that camels will only give birth
once every 2 years, which would correspond to a herd
calving rate of about 50%. This is proof that improving
the feeding reduces the interval between calvings. The
distribution of parturition throughout the year is also a
very important factor in both extensive systems and
dairy production because it ensures sustained produc-
tion (Faye 2004).

Genetic variability of the population

The Algerian species is characterized by various variants
considering the phenotype. They are generally breeds
strongly crossed with the Arab dromedary. But beyond
the genetic data, which remains scarce (Longo-Ham-
mouda et al. 2011; Harek and Bouhadad 2008; Benlam-
naouar 2000), the main common point remains a strong
decline in numbers and a noticeable decline of some
sub-types like Naili and Ouled Sidi Cheikh. The national
camel population belongs to two major genetic groups:
Chéambi and Tergui. It has eight inventoried sub-types:
the Reguibi, the Sahraoui, the Aftouh camel, the Ajjer,
the Ait Kebbach, the Ouled Sidi Cheikh, and the steppe
camel. This distribution was confirmed by studies
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carried out in Algeria by several authors (Boué 1952; Las-
nami 1986; Ben Aissa 1988; Oulad Belkhir 2013, Harek
et al. 2017). Two populations were reported: Tergui and
Sahraoui populations are the most preferred saddle ani-
mals (Harek and Bouhadad 2008) often sought after in the
Sahara as a genitor (Ouled Laid 2008). The frequency of
the “Tergui” population encountered was 301 individuals;
the phenotypic types are highly variable and diversified.
However, we noticed the importance of the Amelal eco-
type (37.87%) in the whole population studied. The Spot-
ted Magpie ecotype, or Azerghaf, was poorly represented
(3.65%), and it was found in the localities of Izernene, Tar-
ahnent, Izerzi, In-Amguel, Hirafok, and Tamanrasset. The
Alemlagh ecotype was found in all surveyed localities with
a relatively higher frequency of 22.26% compared to the
Amelal ecotype (Fig. 5).

Multivariate analysis

The multivariate analysis allows the maximum amount
of information to be extracted in a simple and coherent
form from a very large dataset and to highlight the
inter-relationships between variables and the similarities
and contrasts between the populations analysed by test-
ing the inter- and intra-relationships of the variables
studied. A PCA and a HAC were realized on all 277
farms, highlighting the diversity of the farms, which
shows the percentage of the total variance explained by
each factor. It can be seen that the first 04 axes contain
more than 59% of the information; this means that the
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presentation on the first 04 axes will have more than
60% of the variability preserved (Table S1). The results
show that the two first axes do not represent a good de-
scription of the dispersion of individuals since they only
explain almost half of the total variation 41%. So there is
no clear separation of the axes. Cumulation reaches
100% up to a factor of 15 which explains the importance
of the contribution of each variable. The assessment of
the contribution of each variable based on the correla-
tions makes it possible to prioritize the variables respon-
sible for the formation of each axis. The variables that
contribute more to the distribution of individuals on
axes 3 and 4 where the camel is dominant along with
the species that make up the population are variables
that explain the distribution of individuals along axis 5.
We note that the variables that contribute most to the
distribution of individuals on axes 3 and 4 where the
dromedary is dominant as well as the branches that
make up the population (Mahri and Marouki) are vari-
ables that explain the distribution of individuals on axis
5. On the other hand, axis 5 contributes to the explan-
ation of the variable Azerghaf. In contrast, axes 4 and 5
contribute to the explanation of the variables goat and
cattle (Table 3).

The graphical representation of the variables on axis
1.2 confirms these contributions cumulating 40.59%
inertia. These projections are relatively far from the
centre, which explains the absolute contribution of
each variable to the explanation of axes 1-2. This

Abahou ecotype

Fig. 5 Diversity and ecotypes of the “Tergui” population in the Tamanrasset region. A Atelagh ecotype; B Amelal ecotype; C Azerghaf ecotype; D

P
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Table 3 Contribution of variables (squared cosine)
F1 F2 F3 F 4 F5

Sedentary 0.165 0111 0.027 0.000 0.005
Nomadic 0.003 0.155 0238 0211 0014
Semi-nomadic 0.021 0.269 0.240 0013 0.021
Transhumant 0.148 0.063 0.049 0.060 0.009
Sheep 0.008 0.031 0.126 0.286 0.036
Cattle 0.000 0.116 0.068 0.210 0.003
Goat 0.003 0.047 0.024 0.101 0.110
Camels 0.004 0.009 0.041 0.043 0019
Mahri 0.001 0.000 0.086 0.002 0.116
Marouki 0.003 0.026 0.000 0.012 0.271
Azerghaf 0.001 0.033 0.003 0.021 0.385

gives us information on the typology of camel farms
and the structuring of the “Tergui” population; the
dominance of the transhumant farming mode is
linked to camel farms and to a lesser extent goat
farming, while the sedentary farming mode is linked
to sheep farming. On the other hand, for the breeds
that make up the population, Mahri (0.99 + 0.10) and
Azerghaf (0.25 + 0.44) dominate the population with
an intermediate position for Marouki (0.88 + 0.32).
These results of analysis represented graphically
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constitute good projection plans despite the fact that
the explanation by the first 03 axes is not relatively
strong 53.86% (Fig. 6).

However, the projection of the individuals on plane 1-
2 shows the formation of 04 main groups (Fig. 7). On
the one hand, axis 1 opposes the individuals in relation
to their breeding methods. The individuals are grouped
on the negative section of the x-axis and correspond, for
the most part, to individuals of transhumant and semi-
nomadic farming modes for camel farming. On the other
hand, axis 2 opposes sedentary and nomadic individuals
linked to goat rearing.

According to this description, it can be said that the
semi-nomadic farming mode occupies an intermediate
position with a tendency towards the sedentary farming
mode. The results of the typology allowed distinguishing,
according to the variables of performance and produc-
tion strategies, four types of operations involved in the
production and breeding of dromedary in the study area.
This great diversity observed in the production system
seems however new in the south of Algeria. Camel pro-
duction systems have undergone a very high degree of
profound changes, both in terms of herd management
and productive orientation. This corroborates the con-
clusions of Ben Bouguerra (1991) and Bensahraoui and
Kerrache (1999); and that livestock farming remains
traditional and evolves on the margins of technical
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Projection of the cases on the factor-plane ( 1 x 2)
Cases with sum of cosine square >= 0,00
6
4
2 Clugér mm 194
[luster 11
X 0
(223
©
=)
§ 2
8
o
L -4
-6
-8
-10
-6 -5 -4 -3 -2 -1 0 1 2 3 4
Factor 1: 30.32%
Fig. 7 Diagram of ordination derived from the PCA in terms of projection axes 1-2
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progress and that it is exploited mainly for household
needs.

= The first group (cluster I)

The transhumants are in periodic movements orga-
nized by the availability of water and grass with 20%;
their logic is the search for pastures and watering
sources for the livestock. The herders make regular or
even daily trips away from the camps. Nomads travel the
longest distances (41-50 km/day) for 76% of them. For
all the herders surveyed, the average distances traveled
are 50 km for 50% of the cases and 31 to 40 km for the
other cases. The breeds that make up this centre are
Azerghaf and Marouki, and this is explained that during
travel these breeds are chosen for their resistance and
production, especially milk. Significant variations have
been observed. They can be determined by the following
factors: nature, size of the herd, and the season. It often
happens that stray animals are only found after a long
search or returned to their owners by other smugglers
who have collected them. These situations are not a
cause for concern for the breeders who can count on the
inter-tribal solidarity that is very active in these regions.

= The second group (cluster II)

Nomads who live in the desert and use tents as a
means of housing account for 41%. It should be noted

that for their strategy of life the nomadic breeders have
the largest herds; 36% have more than 30 goat heads,
and 49% have more than 30 camel heads of the Mahri
breed known for its abilities and interest among the
Touaregs of the region. Owning a large herd is syn-
onymous with a source of survival as breeding is their
only source of income. In this regard, it is specified that
nomadism as a way of life was born from economic im-
peratives related to the geo-climatic conditions of Hog-
gar. The topography and weather leading to the scarcity
of rainfall and the dry soil have led the herders to long
transhumance in search of water and grass.

= The third group (cluster III)

These breeders use a mixed housing mode (18%),
using tents at certain times of the year, when vegetation
is abundant and this allows the herds to graze for several
days. When the vegetation dries out in the sun and
water points are scarce, there is no justification for a
continuous presence of livestock on the rangelands. The
sedentary people and, to a lesser degree, the semi-
nomadic people, develop survival strategies based on the
multiplicity of income resources (livestock, agriculture,
and trade). However, the agricultural activity practised
by sedentary people has seen its importance diminish in
recent years due to sociological and hydrological factors.
The survey shows that 11% of herders have tourism as a
secondary activity. The analysis of their livestock assets
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also reveals a differentiation according to the age of the
stockbreeders. In fact, there is a predominance of camel
herds of more than 80 heads among breeders over 50
years of age and a higher proportion of herds of between
2 to 40 heads among those under 50 years of age, who
have recently entered the profession and therefore have
only a modest herd size. Paradoxically, however, these
age-induced differences tend to diminish with respect to
goat herd ownership. Large goat herds are found in all
age classes (41.8% among breeders aged 30-50 years;
36.5% among breeders aged 51-70 vyears). This
phenomenon is explained by the privileged position of
goats and the profitable breed, especially Terguia in the
region. It provides milk, from which is made the “Ourdi”
(very popular butter) and meat and hair for making
tents. The possession of goats has an additional advan-
tage over camels, that of better resisting the decrease in
pasture during years of severe drought since they con-
sume small quantities.

The sedentary breeders represent 21%, and they gener-
ally have a lower breeding activity and own a few heads
of livestock, especially sheep. They have a short-term vi-
sion of problems, favouring rapid solutions to actions
that generate development of this species.

The dendrogram structure of the hierarchical ascend-
ing classification (HAC) confirms the groupings ob-
tained by the PCA (Fig. 8).
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However, this great diversity of production systems
seems to be new, due to the appearance of other more
sustainable practices and production systems. This can
be explained by the herders’ perception of their activity
which appears to be clearly determined by their eco-
nomic position. Only the “most affluent” have this ability
to think of their knowledge as the result of a practice
and means of action on the factors of production.
Among the most deprived, this constant reference to the
“family heritage” and to the founding myths tends to jus-
tify the continuity of their way of life. The current live-
stock systems could be more functional by identifying
development opportunities and significant changes in
the organization of mobility in time and space scales
with the recent socio-ecological and political changes
which could be an opportunity for camel development
(Amsidder et al. 2021).

Conclusion

The work was carried out in the Hoggar region for the
identification of breeding and husbandry systems and
the structuring of the camel population “Tergui”. We
were able to provide a detailed description of the breed-
ing situation and the underlying problems. Four live-
stock systems were identified: nomadic, transhumant,
sedentary, and semi-nomadic. It can be concluded that
the search for immediate solutions by breeders is
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dictated not only by pressing needs, but also by a mis-
trust of state structures. This study highlights new
modes and practices of camel farming systems trying to
cope with the rapid growth in demand and interest in
this species, despite the general context dominated by
extensive systems with low production. The changes de-
tected in evolution of animal management patterns
would be influenced by the emergence of a new system
offering a reliable outlet for breeders who aim at increas-
ing productivity, especially milk production.

The work was able to provide more information and
details on the Algerian camel population’s genetic diver-
sity in its natural environment. The most essential elem-
ent for the future of this species relies on a good
knowledge and control of its breeding. The population is
structured into 3 breeds: Mahri, Marouki, and Azerghaf
with very distinct ecotypes. Observations made in the re-
gion of Tamanrasset showed that the Amelal and Aba-
hou ecotypes are threatened by absorption by the Atlagh
and Alemlagh ecotypes due to the orientation of
breeders towards more profitable value chains. Indeed,
change in pastoral societies is pushing herders to turn to
breeds with high market value for milk and meat. We
are witnessing the gradual decline of breeds, i.e. Mahri
and Azerghaf, with marked and unique zootechnical
characteristics. This observation deserves to be taken
into account within the framework of safeguarding
camel’s biodiversity. This would not be possible unless
breeders are supported and fully integrated in the
process of change, in which they should be the main ac-
tors. Further studies are urgently needed to assess the
social, economic, and environmental consequences of es-
tablishing the semi-nomadic production system. It seems
to be an appropriate alternative to supply the local pop-
ulation’s increasing demand for camel milk, thus in-
creasing the monetary value of camel farming.
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