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shoulder and extends well over the lumbar vertebrae.
The peculiar shape is named “almond hump” or
badem horguc in Turkish (Fig. 8). In addition to be-
ing unusually elongate, the hump of an F1 hybrid in
the anterior area has a small indentation or notch a
few centimetres deep. This is clearly visible in well-
nourished hybrid camels with short hair or detectable
by manual palpation in the case of hybrid camels
with a long coat. F1 hybrids possess also abundant
hair all along the front side of the neck, the top and
back of the head, and the forearms. Further F2

crosses between F1 are not done since the resulting
progeny, named kukirdi, have substandard body de-
velopment (Dzhumagulov 1980) and reputedly poor
behavioural qualities to such an extent that these has
been described as “a menace to the mother and the
herd” (Çakırlar and Berthon 2014). However, further
hybridization is occasionally done using the “back-
cross” method in which the males and females of the
first cross-breeding are mated to dromedary or
Bactrian camels obtaining second-generation hybrids
(F2). They are named tavsi, when the female F1

Fig. 8 A Turkish F1 hybrid tülü showing the typically elongated hump named “almond hump” in Turkish

Fig. 7 A Bactrian camel male mating with a female dromedary. Note the position of the male front legs comfortably straddling the female and
so conferring stability to the male position
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maya is bred with a male Bactrian camel, and teke,
when a male F1 tülü is bred with a female dromed-
ary. They are not used in wrestling, but as working
animals, tavsi for colder areas and teke for the hotter
areas of southern Turkey. F1 maya may also be bred
to a male dromedary producing an F2 hybrid camel
named yegen; however, this is only done occasionally
since his performance qualities are not appreciated
(Yilmaz et al. 2015a, b). Further cross-breeding is
done to produce F3 animals by back-crossing a fe-
male teke with a Bactrian camel; such hybrids are
called kertelez and because of the higher Bactrian

genetic influence, they are adapted to colder and hilly
areas of Turkey such the Taurus mountains.

Hybrid production methods from Kazakhstan
Kazakhstan, being the largest country in former Soviet
Central Asia with a population of both dromedaries and
Bactrian camels, has the most complex camel hybridization
practices with well-established cross-breeding strategies de-
veloped by Russian and Kazakh scientists (Dzhumagu-
lov 1980; Baimukanov 2002; Ruchkina and Vakhitova
2008). There are many regional linguistic differences
and dialects; therefore, the terminology identifying

Fig. 9 Basic cross-breeding methods adopted in Russia, Kazakhstan, and neighbouring countries
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hybrids is complex (Bulliet 1975; Sala and Kartaeva
2017; Tapper 1985) and prone to confusion and
inconsistencies on the correct terms for specific hy-
brids (Imamura et al. 2016). This article follows the
latest hybrid etymology adopted by Baimukanov
et al. (2019). Two main cross-breeding methods are
adopted, both initially based on a two-breed cross
followed by various stages of back-crossing and are
illustrated in Fig. 9. The so-called “Turkmen Hybridization
Method” in which the first generation (F1) of camel
hybrids is produced crossing a male Bactrian camel
with female dromedary results in a hybrid camel
named iner-maya for female and iner for male. The
“Kazakh Hybridization Method” in which a male
dromedary is crossed with a female Bactrian camel
results in a F1 hybrid female camel named nar-maya
and a male named nar (Baimukanov et al. 2018,
2019) (Fig. 10). This method is possible because both
the Kazakh breed of dromedary and the Turkmen
dromedary or arvana (Fig. 11), has a large and long-
bodied conformation that allows the male to over-
come the obstacle of the female Bactrian camel rear
hump when mating. Both dromedary and Bactrian
camel mate in a crouched position; however, when a
female Bactrian camel is mated with a male dromed-
ary, her rear hump forces a short-bodied mating male
dromedary to assume a very erect position which is
unstable. In such circumstances, the male often slides
down sideways away from the female and is unable to
complete the mating. F1 hybrids, iner-maya and nar-
maya, or bir-tygan in Kyzylorda region of Kazakhstan,

do not differ much from each other. Both have a single
very large hump extending from the shoulder to the lum-
bar area with a distinct notch, a few centimetres deep, on
the front of the hump. These hybrids have also more hair
than the pure-bred dromedary and in the same body areas
of Bactrian camels: neck, head, hump, and forearms. As in
the case of horse cross-breeds, the phenotype of the
mother is slightly more obvious (Lin et al. 2016) and so
iner-maya hybrids tend to look more like a dromedary
while nar-maya inherit more Bactrian camel characteris-
tics, particularly neck and forearm hair (Ruchkina and
Vakhitova 2008).

Male and female F1 hybrids are not bred among them-
selves since with such breeding the advantages of heterosis,
hybrid vigour, disappear. Furthermore, their progeny, jarbal
or jarbay or dzharbai, have poor body development with
deformed chest and joints and an unsound temperament
(Baimukanov 2002; Dzhumagulov 1980; Ruchkina and
Vakhitova 2008). All further crossings of F1 hybrids are
therefore based on a back-crossing system: female F1 are
mated with one of their original species, while male F1 are
usually castrated (Ruchkina and Vakhitova 2008). The
back-crossing of nar-maya (F1) females with male Bactrian
camels produces a group of F2 hybrids named kospak,
whose females will subsequently be mated with Turkmen
male dromedaries to produce a group of F3 hybrid camels
named kez-nar. Iner-maya (F1) females back-crossing with
male Turkmen dromedaries produce a group of F2 hybrids
named kurt whose females will later on be mated with male
Kazakh Bactrian camels to produce a group of F3 camel
hybrids named kurt-nar (Figs. 12 and 13).

Fig. 10 A dromedary male mating with a Bactrian camel female. The rear hump of the female and the short-bodied conformation of the male is
forcing the male to assume a very erect mating position. In such conditions, the mating dromedary front legs are unable to reach the ground
and the male loses balance and slide down on the female side and is unable to complete the mating
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The “Turkmen Hybridization Method” and the
“Kazakh Hybridization Method” have been known at
least for several decades (Dzhumagulov 1980); how-
ever, renewed interest in Kazakhstan toward achieving
a more profitable utilization of the dromedaries and
Bactrian camels resulted in the development of more
complex hybridization schemes.

Modern variations of the Turkmen Hybridization
Method
Figure 14 summarizes the various modifications done by
Kazakh scientists to the Turkmen Hybridization
Method. As in the original hybridization scheme, the
iner-maya, obtained by crossing a female dromedary
with a male Bactrian camel, is back-crossed with a male

Fig. 12 Hybrid camels: a kospak 3, b, c kez-nar, and d kurt

Fig. 11 An adult dromedary male stud of the Arvana breed. This dromedary breed is long-bodied and large with a big elongated hump and
dense brown coat. The breed is tolerant to cold wet conditions and has good milk production of 10–15 l daily. Man height, 1.85 m
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Fig. 14 Modern variations of the Turkmen Hybridization Method leading to the production of new hybrids: bai-nar; bekdas and bekdas-nar; baytur;
kurt-nar; kurt 1, 2, and 3; and “Kazakh dromedary”
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with a Kazakh dromedary to produce a new F5 hybrid
named sannak (Baimukanov et al. 2016, 2017b, 2019).

Modern variations of the Kazakh Hybridization
Method
The Kazakh Hybridization Method has been further
modified by Kazakh scientists. Two main breeding plans
have been developed, one involving crossing the nar-
maya with the newly developed breed of Kazakh drom-
edary and another one using the Turkmen breed of
dromedary. Figure 17 schematically shows the first ap-
proach. It is a three-way cross using the newly developed
breed Kazakh dromedary. The F1 nar-maya is back-
crossed with a male of Kazakh dromedary to produce a
new F2 hybrid named aydaramir-arada. This hybrid will
be then back-crossed to a Bactrian camel to produce a
new F3 hybrid named aydaramir-nar that will be again
back-crossed to a dromedary of the Turkmen breed to
produce a new F4 hybrid named aydaramir-kurt. This
latest hybrid will finally be back-crossed to the new
breed of Kazakh dromedary obtaining a new F5 hybrid
named aydaramir (Baimukanov et al. 2019). The second
hybridization strategy consists of crossing the F1 nar-
maya with a male dromedary of the Turkmen breed to
obtain an F2 hybrid arada-kurt (also named Dostik 1).
This hybrid will be crossed with the new breed of Kaz-
akh dromedary obtaining a new F3 hybrid named
arada-nar. Such hybrids are further developed and
allowed to breed “in itself” ultimately producing an F4
hybrid that is considered a completely new camel breed
named arada. The new breed has a Bactrian camel

genetic make-up of 12.5% and a dromedary heritage of
87.5% made up by the Turkmen dromedary breed
(37.5%) and the new Kazakh dromedary breed (50%)
(Kazakhstan Patent Database 2009b). F2 arada-kurt may
also be used to develop a line of hybrids named Dostik
by back-crossing repeatedly with dromedaries of the
Turkmen breed. The mating generates an F3 hybrid
named Dostik 2 and subsequently an F4 hybrid Dostik 3.
These latest hybrids are bred among each other and gen-
erate an F5 hybrid simply named type Dostik 3 (Baimu-
kanov et al. 2013; Kazakhstan Patent Database 2014).

The second variation of the Kazakh Hybridization
Method is shown in Fig. 18 (Baimanukov 2019, Kazakh
Patent Database 2008a, 2009c, 2010a, b). With this
breeding method, the F1 nar-maya is back-crossed to a
male Bactrian camel to produce an F2 hybrid named
kospak 1 or bal-kospak. This hybrid is then further back-
crossed with a Bactrian male to obtain a new F3 hybrid
named kopsak 2 or myrza kospak, and again to obtain a
new F4 hybrid named kospak 3 or nar-kospak
(Kazakhstan Patent Database 2008b). All the hybrid kos-
paks can be back-crossed with Turkmen dromedaries to
produce various types of hybrids named kez-nars. F2
kospak 1 produces F3 kez-nar 1, F3 kospak 2 produces
an F4 kez-nar 2, and F4 kospak 3 produces an F5 kez-
nar 3 (Kazakhstan Patent Database 2008a).

An important addition to this cross-breeding scheme
consists of introducing a “three-breed cross-breeding”
strategy crossing the F2 hybrid kospak with the new breed
of Kazakh dromedary and by doing so generating a com-
pletely new F3 hybrid named baidara (Kazakhstan Patent

Fig. 15 Typical phenotypic characters of Bactrian camel: (a) two humps with their bases separated by 30–40 cm or more of flat area; (b) abundant
forearms hair; (c) abundant hair localized on the front margins of the neck, from the throat area to the neck base; and (d) abundant hair on the top of
the head between the ears. These areas of hair growth are absent in pure dromedaries while these are always present in varying degree in hybrids
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Fig. 16 Turkmen Hybridization Method utilization of a “three-breed cross-breeding” using the new breed of Kazakh dromedary to produce new
hybrids: bayshin, baykazhy, ardas, and sannak
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Fig. 17 Modern variations of the Kazakh Hybridization Method leading to the production of new hybrids: dromedary type Dostik 3, arada, and aydaramir
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Fig. 18 Kazakh Hybridization Method variations leading to the production of new hybrids—bereket-nar and kospak 1, 2, and 3—and
utilization of a “three-breed cross-breeding” using the new breed of Kazakh dromedary to produce the new hybrids: baidara
and baidasbeck
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Database 2009c). Baidara may occasionally be crossed
with the new Kazakh dromedary or a pure-bred Bactrian
camel as this seems to increase early reproductive matur-
ity. The Kazakh dromedary is also utilized by crossing it
with a female F5 kez-nar 3 to produce a new F6 hybrid
(sixth filial generation) named baidasbeck (Kazakhstan Pa-
tent Database 2010b). Recently, a variation of this scheme
has been added by utilizing the larger breed of Bactrian
camel: Kalmyk breed (Fig. 19). When crossing a female F3
kospak with a male Bactrian camel of Kalmyk breed, a
valuable new F3 hybrid is obtained named bereket-kospak,
which produces a new F4 hybrid named bereket-nar when
crossed with a male Turkmen dromedary (Kazakhstan Pa-
tent Database 2010a).

Overview of main established hybrid advantages
The main objective of dromedary and Bactrian camel
cross-breeding practices developed by Kazakh and Rus-
sian scientists has been to develop a camel breed with
higher milk production capabilities than the Bactrian
camel as well as the ability to survive the harsh climate
of Central Asia essentially in a free-range situation. The
climatic conditions of such regions are characterized by
hot summers and snowbound winters with severe sub-
zero temperatures. Numerous hybrids with such qual-
ities have been developed. Of particular interest are
bainar, baykazhy, aydaramir-arada, aydaramir-nar,
baidasbeck, and baidar hybrids which have a higher
milk production than the Turkmen dromedary. Mean-
while the F2 hybrids: bayshin, and aidaramyr-nar, all
F4 hybrids (excluding kurt 3) and F5 hybrids sannak,

and aidaramyr have a higher live weight than the
dromedary and the Bactrian camel. The work of
Russian and Kazakh researchers (Baimukanov et al.
2016, 2017a, b, c, 2018, 2019; Dzhumagulov 1980) has
established the following general rules concerning
camel hybridization practices:

� Breeding hybrid males is not recommended (except
F5 kurt 4, F4 Dostik 3, F3 arada-nar).

� F1 hybrids are 5–12% larger in body size than each
of their own pure-bred parents, the dromedary and
Bactrian camel, and with better working ability and
higher endurance. F1 hybrids obtained with the
Kazakh Hybridization Methods are larger than F1
obtained with the Turkmen Hybridization Method.
The positive effects of heterosis are greater from the
age of 1 year onward.

� All hybrids have greater productive longevity than
dromedary and Bactrian camels with F1 nar-maya
and F3 kez-nar capable of 7.3 and 6.8 lactations in
their lifetime respectively.

� When F1 hybrids breed among themselves, the
positive effects of heterosis are completely absent
and the resulting F2 hybrid, named jarbay, is an
unfit animal.

� Hybrid calves have a higher birth weight
(F1 mean birth weight, 45.4 ± 0.842.1 kg) than
the calves of dromedaries (mean birth weight,
34.5 ± 0.09 kg; Nagy and Juhász 2019) and
of Bactrian camels (mean birth weight,
34.55 ± 7.17 kg; Zhao et al. 2000). Their growth
rate is also higher.

Fig. 19 Bactrian camel stud of the Kalmyk breed. This Bactrian camel breed is massive, capable to reach a live body weight of more than 1200
kg. The breed can produce 6–9 kg of fine wool and has a daily milk production of 2.5–3.5 l. Man height, 1.85 m

Dioli Pastoralism: Research, Policy and Practice            (2020) 10:6 Page 16 of 20



� Higher percentages of dromedary genes in a
hybrid increases overall milk production due to:
longer and more abundant lactation; improves
udder size and conformation including better quarters
symmetry and development; increased teats spacing,
size, and downward direction. However, this also
reduces fat percentage in milk, reduces wool
production and early maturity as well as adaptability
to colder climates.

� Higher percentage of Bactrian camel genes in a
hybrid increases wool production, live weight, and
fat percentage in milk but decreases lactation length
and absolute milk yield. The length of pregnancy
also increases.

� All hybrids have a gestation length shorter than the
one of the Bactrian camel (mean 442.5 ± 5.1 days) but
longer than that of the Turkmen dromedary (mean
425 ± 3.9) and Kazakh dromedary (mean 417.2 ± 3.1
days). Dromedary genes shorten the duration of
pregnancy. F4 hybrids have a gestation length closest
to the Turkmen and Kazakh dromedary.

� All hybrids have a lower wool production than that
of Bactrian camels

� All hybrids have a lower fat percentage in milk than
that of Bactrian camels (mean 5.34 ± 0.60) but
higher than that of pure-bred dromedaries (mean
3.52 ± 0.74) (Zhao et al. 2015)

Conclusions and recommendations
Camel hybridization may play an important role in enhan-
cing camel productivity in all areas of Central Asia that
presently keep only Bactrian camels because of the inability
of dromedaries to survive in the Central Asian climate. In-
deed, trends toward increasing camel milk production util-
izing hybrids are already detectable in areas of Kazakhstan
(Imamura et al. 2017). In many areas of Kazakhstan, drom-
edaries, Bactrian camels, and their hybrids are free-ranging
and naturally intermingling (Fig. 20). In such conditions,
unsupervised mating may occur and go unrecorded. produ-
cing animals with an unknown dromedary/Bactrian camel
genetic make-up. All such hybrids, while morphologically
identical to pure-bred dromedaries, still retain Bactrian
camel genes that may influence a hybrid’s productivity. The
identification of hybrid camels based on phenotypic charac-
ters is unreliable, particularly for later stage hybrids such as
F4-F6 (Table 1 and Fig. 15). Rigorous pedigree recording,
combined with permanent camel identification, are there-
fore better tools to clearly identify individual hybrids and
the exact genetic contributions of dromedary and Bactrian
camel to their genetic make-up. The increasing availability
of advanced techniques for genetic and parentage testing
will allow a better understanding of the genetics of drom-
edary, Bactrian camel, and their hybrids, possibly permit-
ting the detection of valuable genetic traits related to
increased productivity or adaptability (Burger et al. 2019).

Fig. 20 a, b Hybrid camels of unknown generation possibly F4-F5. c Hybrid camels: left to right, bereket-kospak and iner-may. d Hybrid camels:
left to right, kez-nar, kospak, and kez-nar 3
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