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ABSTRACT: Dromedary camels (Camelus drom-
edarius) are a domesticated and closely guarded 
economic staple of indigenous people located 
throughout Ethiopian territorial states. Seventeen 
morphometric variables were examined to deter-
mine intraspecific variation among 8 pastoral-
ist-designated breeds of camels. Additionally, DNA 
sequences from mitochondrial cytochrome-b gene 
and genotyping of 6 nuclear microsatellite loci were 
examined to assess genetic diversity and phylogenetic 
relationship of Ethiopian camels. Examination of 
525 individuals revealed significant morphometric 

differentiation in Afar as compared with the remain-
ing 7 breeds. Analysis of cytochrome-b sequences 
failed to recover monophyletic groups associated 
with pastoralist-recognized breeds. Analysis of 6 
microsatellite loci from 104 individuals depicted no 
resolution of distinct genetic lineages in accordance 
to geographical or designated breeds. Overall, sep-
aration of 2 ecotypes based on the morphometric 
data was supported; however, genetic analysis of 
cytochrome-b and microsatellite data failed to sup-
port any unique genetic lineage or statistically sig-
nificant population structure.
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INTRODUCTION

The 1-humped camel (Camelus dromedarius), 
referred to as the Arabian or dromedary camel, 
was domesticated approximately 4,000 yr ago in 
the southern Arabian Peninsula, possibly in present 
day Yemen and Oman (Schwartz and Dioli, 1992; 
Wilson, 1998). Its introduction into east Africa 
is thought to have occurred through the Horn of 
Africa, via the Suez canal, approximately 3,500 
yr ago (Tefera and Getachew, 2012). According 
to the Food and Agriculture Organization of the 
United Nations (FAO), eastern Africa is known as 
the heartland of camel production; out of 25.89 
million camels worldwide, 7.0 million, 4.25 mil-
lion, and 2.40 million camels are found in Somalia, 
Sudan, and Ethiopia, respectively (FAO, 2011). 
These animals are integral, vital socioeconomic 
cornerstones and support the survival of millions 
of people in the semidry and arid zones of Asia and 
Africa (Epstein, 1971). The ability to survive and 
reproduce under prolonged water shortage, poor 
quality feed, and high heat load (Schroter et  al., 
1989; Dahlborn et al., 1992) is due to their unique 
morphological, behavioral, and physiological adap-
tations (Wilson, 1998; Ouajd and Kamel, 2009).

Knowledge about existing morphological, 
physiological (production profile), and genetic 
diversity of any animal resource is an essential 
prerequisite to establish effective utilization and 
conservation programs. The Domestic Animal 
Diversity Information System (DAD-IS) database 
and FAO recognize 97 camel breeds worldwide, 
based on distribution and specific characteristics 
(http://www.fao.org/dad-is/). Likewise, in eastern 
Africa, the classification is generally based on the 
ethnic groups and geographical distribution of the 
pastoral communities that own them (Tefera and 
Gebreah, 2001). The FAO officially recognizes 5 
breeds in Ethiopia (Somali/Ogaden, Ethiopian 
Dromedary, Afar, Anfi, and Borena); however, pas-
toralists of the region recognize additional breeds 
(http://www.fao.org/dad-is/).

Camels are adapted to the lowlands of 
Ethiopia, contributing greatly to the food security 
and economic states of pastoralists (Eyasu, 2007; 
Mehari et al., 2007). They provide milk and meat 
of high nutritional and medicinal value (Yagil, 
2004; Mehari et al., 2007; Al-Haj and Al-Kanhal, 
2010) as well as transportation. They also serve as 
a means of investment and social prestige (Farah 
et al., 2007; Gwida et al., 2012). The regional states 
Somali, Afar, and Oromia cover 61 to 65% of the 
total Ethiopian land area and possess almost the 

entire camel population of the country (Abebe, 
2001). In the face of climate change, camels are 
expected to become the most important domestic 
livestock in terms of rural food security of north-
ern Africa (Salem et al., 2011).

Despite the socioeconomic importance at the 
household and national levels, the camel represents 
one of the least researched domestic animal spe-
cies in Ethiopia (Mehari et al., 2007; Sirak, 2012). 
Consequently, the country does not have a national 
camel breeding program, registry, or functional 
camel development strategy. Information regard-
ing existing diversity and potential productivity is 
incomplete for Ethiopian camels.

Camel breeds are officially recognized by phe-
notypic and genetic characterization methods 
(FAO, 2011). Despite observable phenotypic diver-
sity and reported productivity variations, there is 
no record of genetic characterization for Ethiopian 
camels. Therefore, the goals of this study were to 
investigate morphometric and genetic variation so 
that to better understand the diversity of camel 
breeds in eastern Ethiopia.

MATERIALS AND METHODS

Samples for this study were collected from 19 
localities located in pastoral and livestock areas 
of Somali, Afar, and Oromia regional states of 
Ethiopia. Pastoralists, belonging to different com-
munities, recognize their camels as specific breeds; 
however, as these locally recognized breeds are not 
confirmed by genetic data, they will henceforth be 
referred to as ecotypes to avoid confusion. Number 
and distribution of samples, assigned ecotypes, 
and number of samples used in separate analyses 
are available in Table  1 and Fig.  1. Five hundred 
thirty-five individuals belonging to the 8 ecotypes 
were subjected to morphological characterization; 
all data were collected from living individuals.

Between April and May of 2014, qualitative 
and quantitative characteristics (e.g., herd size and 
history of specific camels) were recorded for indi-
viduals of the 8 ecotypes following FAO (2011) 
phenotypic standards. Structured questionnaires 
were administered to camel owners and general 
information was gathered on pedigree, husbandry, 
classifications, productivity, and tolerance of cam-
els. Morphologic data also were collected on general 
characteristics and descriptions of camels such as 
body color, hair length, pelage, tail length, ear size, 
orientation and hump size, and udder size. After 
morphologic characteristics were taken, ear tissue 
samples were collected from unrelated animals 

http://www.fao.org/dad-is/
http://www.fao.org/dad-is/
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of both sexes. An approximately 2  cm2 area was 
shaved with sterile surgical blades, disinfected with 
70% alcohol, and then cut with a sterile blade and 
collected into 50-mL screw-capped sample bottles 
containing 10 mL of lysis buffer (Longmire et al., 
1997) and shipped at ambient temperature to Texas 
Tech University for analysis.

Morphologic Analysis

Populations were compared within the 8 afore-
mentioned camel ecotypes. The morphologic 
analyses used 17 exomorphic variables from 525 
individuals; 3 variables (hind leg hoof circumfer-
ence, foreleg hoof circumference, and Weight) and 
10 individuals were omitted as a result of missing 
data (Table  2). Recorded values were log-trans-
formed to account for sexual dimorphism and indi-
vidual outliers within each population. Standard 
multivariate statistics including principle compo-
nent analysis (PCA) and discriminant function 
analysis (DFA) were performed to obtain PCA 

eigenvalues, PCA percent variation, and DFA load-
ings (Table 3) for each character in every ecotype 
using the statistical packages in R (R Core Team, 
2014).

R scripts for DFA and PCA were analyzed 
using R studio (Team, 2014) with graphical pack-
age using the morphological data. Principle compo-
nent analysis was used to summarize the variation 
and to determine differences among the 8 ecotypes; 
DFA was performed to find the combination of 
exomorphic characters that better differentiate 
the ecotypes. Loadings of variables of the 2 dis-
criminate axes were calculated to determine which 
individual variables contributed to the most of the 
variation.

Genetic Analysis

Ear tissues were heat treated to 75°C to ensure 
no pathogen was present in transport, which may 
have resulted in the low yield of genomic DNA. 
Genomic DNA was extracted from 0.1 g ear tissue 

Table 1. Number of individuals used for exomorphic and molecular studies in 8 ecotypes

Ecotype Sampled tissue Microsatellite study Exomorphic study Cyt-b study Distribution

Jigjiga 34 13 71 3 Jigjiga zone, ESRS1

Issa 30 13 71 3 Sitti zone, ESRS

Hoor 34 13 71 2 Jarar, Korahe, and Shebelle zones, ESRS

Ayden 33 13 70 6 Jarar, Korahe, and Shebelle zones ESRS

Liben 32 13 66 7 Liben zone, ESRS

Borena 32 13 69 3 Borana zone, ORSE2

Kerreyu 27 13 54 5 East Shoa, ORSE

Afar 30 13 63 3 Zone 3, ARSE3

252 104 535 32 Ethiopia

1ESRS = Ethiopian Somali Regional State.
2ORSE = Oromia Regional State of Ethiopia.
3ARSE = Afar Regional State of Ethiopia.

Figure 1. Distribution of localities and ecotypes that were collected for this study. Circles represent collection localities within each of the 3 
regions.
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using a DNeasy Blood and Tissue kit (QIAGEN, 
Inc., Valencia, CA). Spectrophotometer readings 
indicated that on average DNA samples were in the 
15 to 16 ng/µL range. The low DNA concentration 
may have subsequently resulted in the inability to 
amplify specific loci in some individuals. Of the 252 
individuals from which ear clips were sampled, 104 

animals (13 per ecotype) were randomly selected for 
genetic characterization using microsatellite mark-
ers (Table 1). Nineteen sampling localities (Fig. 1) 
were distributed in the 3 separate study regions of 
Ethiopia (Afar, Oromia, and Somali).

Thirty-one individuals were randomly selected 
(Table  1) for sequencing their mitochondrial 

Table 3. Principal components and discriminant functions, loadings and percentage of variants explained 
by PCA and DFA analyses on 17 exomorphic variables of Ethiopian dromedary camels

Variables

PCA DFA

Loadings

PCA eigenvalues PCA percent variation

Loadings

PC1 PC2 DF1 DF2

Face length 0.1177 −0.1102 0.2299 59.48503227 0.4555 0.1906

Distance between eyes 0.2350 −0.2796 0.0569 14.72796452 1.4139 −0.1947

Ear length 0.2200 −0.8335 0.0364 9.42071884 1.0826 2.2696

Neck length 0.1043 −0.0727 0.0247 6.38081374 0.2156 −0.1365

Height at shoulder 0.0712 0.0034 0.0107 2.77758491 −0.1447 0.3308

Length of hind limb 0.0631 −0.0593 0.0064 1.66901725 −0.4932 −0.1664

Depth of chest 0.2682 0.1517 0.0059 1.5205097 0.4450 −1.5173

Width of chest 0.3924 0.2055 0.0039 1.01215999 1.0030 −0.2650

Heart or chest girth 0.1094 0.0684 0.0028 0.72268549 −0.2242 −0.2886

Barrel girth 0.1484 0.1383 0.0024 0.60867413 −0.0887 0.0012

Hump circumference 0.4481 0.2932 0.0019 0.50064712 0.7363 −0.7786

Hump length 0.5114 −0.0199 0.0015 0.38036484 −0.0781 0.5090

Height at hump 0.1003 0.0274 0.0010 0.27029641 −0.4138 0.4637

Body length 0.1300 0.1576 0.0008 0.21416278 0.3266 −0.2217

Width of hip 0.3236 −0.0573 0.0006 0.15191386 0.0602 −0.1100

Length of hind limb 0.0502 −0.0441 0.0003 0.08769881 0.2750 −0.0072

Tail length 0.0785 0.0009 0.0003 0.06975536 −0.4559 0.1568

DFA = discriminant function analysis; PCA = principle component analysis.

Table 2. Description of the 17 exomorphic characteristics and abbreviations

Abbreviation Description

Face length (FL) Distance from midpoint of ears to mouth tip

Distance between eyes (DBE) Distance between the most medial part of each eye

Neck length (NL) Distance from lower part of mandible to sternum

Height at hump (HAH) Height from bottom of front foot to highest point of withers

Length of forelimb (LOF) Distance from surface of the ground level to front of sternum

Depth of chest (DOC) Distance from wither to sternum

Width of chest (WOC) Distance from left to right upper leg

Weight Weight in kilograms of each individual

Barrel girth (BG) Measurement of distance around abdomen over highest part of hump

Hump circumference (HC) Perimeter of hump from a point at anterior end of hump to a point at posterior end

Hump length (HL) Length from bottom to tip of the hump

Body length (BL) Horizontal distance from point of shoulder to pin bone

Width of hip distance (WOH) Distance from left to right point of hip

Length of hind limb (LOHL) Distance from bottom of leg to pin hip bone

Tail length (TL) Maximum distance from tail base to tip of tail

Hind leg hoof circumference (HLHC) Circumference of right hind leg hoof around widest part

Foreleg hoof circumference (FLHC) Circumference of right foreleg hoof around widest part

Ear length (EL) Length of external ear from base of skull to tip of ear

Height at shoulder (SH) Height (vertical) from the bottom of the front foot to the highest point of the withers

Heart or chest girth (HG) Circumference of the body immediately behind the shoulder blades in a vertical plane, perpendic-
ular to the long axis of the body as quantified
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cytochrome-b (cyt-b) gene. Using PCR, the entire 
cyt-b gene (1,140  bp, primers LGL766/765) was 
amplified using methods following Mehari (2007). 
Popart version 1.7 (http://popart.otago.ac.nz) was 
used to create a graphical representation of the TCS 
haplotype network. Examination of the number of 
cyt-b haplotypes within populations was used to 
see if  the haplotypes were conserved. Alignment of 
sequences was done by eye in MEGA 6 (Tamura 
et  al., 2013), and TCS (Clement et  al., 2000) was 
used to create a TCS network.

Bayesian (Ronquist and Huelsenbeck, 2003) 
and likelihood characteristics, node support, and 
branch lengths for the cyt-b gene were estimated 
using MrBayes 3.1.2. Based on the previously pub-
lished phylogenetic relationships (Montgelard, 
1997), 4 sequences from GenBank, Camelus bac-
terinus (AY126625.1), Llama glama (AY535253.1), 
and Vicugna pacos (JF489132.1) were used as out-
groups with C.  dromedarius (AY126629.1) used 
as a reference sequence. Phylogenies were rooted 
using C. bacterinus, L. glama, and V. pacos and an 
analysis was conducted with the following options: 
8 Markov chains, 10 million generations, and sam-
ple frequency of  1,000 with a burn-in of  10,000. 
A  GTR+G model of  evolution was selected by 
MrModeltest 2.3 (Nylander, 2004) as best fitting 
the data.

Seven microsatellite primer pairs (Table  4) 
were used, as they were shown to be highly poly-
morphic and among the most informative of the 
primers published for camel genetics to date (Nolte 
et al., 2005). The thermal profile includes an initial 
denaturation at 95°C for 10  min followed by 35 
cycles each of 45 s of denaturation at 94°C, a 90-s 
annealing step from 55°C to 64°C (based on primer 
melting temperature; Table 4), and 60  s of elong-
ation at 72°C with a final extension for 10 min at 
72°C.

An Applied Biosystems 3130 Avant Genetic 
Analyzer (Applied Biosystems Inc., Foster City, 
CA) was used for analysis of microsatellite ampli-
cons. Reactions included 0.5 µL of 500HD RX size 
standard (Applied Biosystems Inc.), 11 µL of Hi-Di 
Formamide (Applied Biosystems Inc.), and 3.5 µL 
(50 ng/µL or more) of PCR product. Genemapper 
version 4.0 (Applied Biosystems Inc.) was used to 
score microsatellite allele size. GeneAlEx version 
6.501 was used to determine the Ethiopian ecotype 
relationships with the microsatellite data.

Structure version 2.3.4 (Pritchard et al., 2000) 
was used to estimate population genetic structure 
among sampled ecotypes using multilocus genotype 
data. Structure options were as follows: burn-in 
length = 500,000, Monte Carlo Markov chain rep-
etitions  =  5,000,000, K  =  14 (K represents range 

Table 4. Characterization of 7 microsatellite loci in Ethiopian camels, primer sequences, number of alleles, 
polymorphic informative content (PIC) value, and observed (Ho) and expected (He) heterozygosity

Locus1 Label/Ta Alleles, no. Ho He PIC

VOLP03 6-FAM/64 11 0.613 0.528 0.324

F: AGA CGG TTG GGA AGG TGG TA

R: CGA CAG CAA GGC ACA GGA

VOLP10 6-FAM/55 9 0.709 0.657 0.845

F: CTT TCT CCT TTC CTC CCT ACT

R: CGT CCA CTT CCT TCA TTT C

VOLP67 6-FAM/53 21 0.455 0.640 0.883

F: TTA GAG GGT CTA TCC AGT TTC

R: TGG ACC TAA AAG AGT GGA G

YWLL 08 6-FAM/55 7 0.396 0.538 0.648

F: ATC AAG TTT GAG GTG CTT TCC

R: CCA TGG CAT TGT GTT GAA GAC

LCA56 HEX/55 3 0.234 0.285 0.324

F: ATG GTG TTT ACA GGG CGT TG

R: GCA TTA CTG AAA AGC CCA GC

LCA63 HEX/58 11 0.249 0.689 0.768

F: TTA CCC AGT CCT TCG TGG G

R: GGA ACC TCG TGG TTA TGG AA

LCA77 HEX/55 1 – – –

F: TGT TGA CTA GAG CCT TTT CTT CTT T

R: GGG CAA GAG AGA CTG ACT GG

1F = forward; R = reverse.

http://popart.otago.ac.nz
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of  potential clusters or populations examined), 
with 10 iterations at each K value. Examination of 
K from 1 to 14 was used to identify any potential 
substructure within the ecotypes. This test was rep-
licated 4 times using the following variables: prior 
(A), no prior (B), admixture (1), and no admixture 
(2) [A1, A2, B1, and B2].

Structure Harvester (Earl et al., 2012) was then 
used to determine the most appropriate value of K 
from 4 iterations of structure output. The program 
GeneAlEx version 6.501 (Peakall, 2006) was used to 
estimate allele frequencies as well as observed and 
expected heterozygosity (Ho and He). Polymorphic 
information content (PIC) was analyzed using 
Cervus version 2.0 (Marshall et al., 1998). One locus 
(LCA77) was omitted from the microsatellite ana-
lysis due to its monomorphic nature. The remaining 
6 loci were considered diagnostically informative 
and used for the remainder of the project.

RESULTS

Three exomorphic characters hump circumfer-
ence (HC), hump length (HL), and ear length (EL) 
were the most diagnostic variables separating the 8 
ecotypes. Means, standard deviations, and ranges 
of all measurements are provided in Table 5. The 
highest percentage of variation was explained by 
the first 2 components in the PCA (PC1 59.5% and 
PC2 14.7%) based on 17 exomorphic characteristics 
for 525 individuals. The bivariate plot of PC1 and 
PC2 showed a clear separation in size of the small 
ecotype (Afar) and samples from the remaining 7 

Figure 2. Graphical representation of DF1 and DF2 function ana-
lysis, based on size and shape of vectors.

Figure 3. Plot of components 1 and 2 obtained from the PCA ana-
lysis of exomorphic characteristics of Ethiopian camels. Values in 
parentheses give the amount of variation explained by each principle 
component. PCA = principle component analysis.

Figure 4. Haplotype network of the 33 cyt-b sequences for the 8 Ethiopian ecotypes.
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ecotypes (Figure 2) . The remaining 7 ecotypes were 
larger, substantially overlapped with one another, 
and were segregated from Afar.

Discriminant functions (DF) and loadings of 
variables on each conical axis are summarized in 
Table 3. Variables with the highest loadings and the 
first conical axis were related to overall size. Within 
the DFA, the variables distance between eyes, EL, 
WOC, and HC separated the ecotypes based on 

size. These measurements displayed mainly positive 
scores on DF1 with the percentage of variation in 
DF1 being 37%, and DF2 being 28.2% with clear 
distinction of Afar from all other ecotypes (Fig. 3).

Both DFA and PCA shared 2 variables: EL 
and HC. These variables were averaged for the 7 
ecotypes (EL: 12.1 and HC: 148.9) and Afar (EL: 
11.5 and HC: 81.6), showing high disparity between 
Afar and the remaining ecotypes. Geographical 

Figure 5. Bayesian cladogram with posterior probability indicated by * for 95% or greater depicting no discernable geographic pattern. Ecotypes 
are abbreviated to A (Ayden), AF (Afar), I (Issa), H (Hoor), K (Kerreyu), J (Jigjiga), L (Liben), and B (Borana).

Figure 6. Structure results for the genotype information for all individuals included in this study. Specimen labels are shown below the genotype 
bar graph. Shading denotes the estimated proportion of the specimen’s nuclear genome attributed to each cluster.
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information was not included when analyzing the 
individuals because the driving force for separation 
of ecotypes is thought to be the isolation of pasto-
ralists rather than the movement of domesticated 
camels.

Cyt-b sequences (n = 31) were added to ref-
erence sequences from GenBank (n  =  4). Not 
all of  the 31 cyt-b sequences were complete 
(1,143 bp); the first 22 bp were not amplified for 
these individuals, reducing the total sequence 
length to 1,121 bp. Excluding outgroup individu-
als, nucleotide composition analyzed by MEGA 
6 (Tamura et al., 2013) for the individuals in this 
study was A = 29%, C = 27.7%, T = 28.4%, and 
G = 14.9%. Of  the 1,121 nucleotides, 25 were var-
iable, 1,097 were conserved, and 9 were consid-
ered phylogenetically informative. Using Popart 
version 1.7 minimum spanning network ana-
lysis no unique haplotype for the 8 ecotypes was 
recovered (Leigh and Bryant, 2015) (Fig.  4). In 
addition, overlays of  haplotypes into the distri-
bution of  localities did not support isolation of 
populations by distance.

Bayesian inference analysis produced a topol-
ogy (Fig. 5) that failed to recover supported mono-
phyletic groups among samples of Ethiopian 
ecotypes. In Fig.  5, supported nodes were pre-
dominantly terminal and without apparent struc-
ture with regard to ecotype or geographic origin. 
Genetic distance between clades I and II was 1.0%, 

genetic distance within clade I was 0.7% and within 
clade II was 0.3%.

In the microsatellite analysis, Structure 
Harvester determined the most appropriate value 
of K to be 2 across all runs. Two individuals from 2 
different ecotypes (Jigjiga and Liben) had complete 
association (posterior probability of 1.0) to clus-
ter 1.  Only 2 individuals from the ecotype Ayden 
showed high association to cluster 2 with a poste-
rior probability of 0.898. No individual was com-
pletely unique to cluster 2 (Fig. 6).

DISCUSSION

The morphological analysis failed to recover 
either the 5 defined breeds or the 8 ecotypes and 
instead identified only 2 significant groups: 1) Afar 
and 2)  the remainder of the ecotypes examined 
in this study. Afar and Borena are the only FAO-
reported breeds included in the study. The 7 
remaining clustered ecotypes contain the Borena 
ecotype separated from the Afar ecotype. These 2 
groups appear to be split based on overall size, with 
one group including the smallest camel ecotype 
(Afar) and the 7 averaged-sized ecotypes making 
up the other.

As previously noted, the camels of Ethiopia are 
separated into 5 recognized breeds (Afar, Borena, 
Ethiopian Dromedary this sounds including all 
camels in Ethiopia and Somali/Ogaden based on 

Table 5. Standard deviation, maximum length, minimum length, average between both male and female, 
average for female, and average for males using 17 exomorphic variables for 535 individuals

Variables Male (n = 99) Female (n = 425) Male and female (n = 525) Maximum length Minimum length SD

Face length 56.41 56.38 56.38 62 47 3.15

Distance between 
eyes

27.25 27.21 27.22 30 18 2.69

Ear length 13.38 13.36 13.36 16 5 1.37

Neck length 106.72 106.67 106.67 119 90 7.35

Height at shoulder 195.73 195.71 195.71 220 170 9.77

Length of hind 
limb

148.36 148.34 148.34 171 128 7.64

Depth of chest 75.64 75.58 75.58 96 50 10.59

Width of chest 63.54 63.46 63.46 90 34 12.29

Heart or chest 
girth

207.05 207.01 207.01 241 175 14.46

Barrel girth 244.9 244.89 244.89 291 115 25.42

Hump 
circumference

142.56 142.3 142.3 270 75 30.78

Hump length 32.62 32.51 32.51 60 15 8.66

Height at hump 210.94 210.85 210.85 253 184 12.54

Body length 148.7 148.7 148.7 181 115 14.35

Width of hip 42.48 42.45 42.45 61 30 6.75

Length of hind 
limb

155.88 155.88 155.88 178 137 7.40

Tail length 59.41 59.42 59.42 71 40 5.39
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their production profile and phenotypic character-
istics (FAO, 2011). The distribution of these rec-
ognized breeds includes the lowland areas of the 
county, which overlap with the study area. When 
comparing C.  dromedarius in Ethiopia, which is 
best suited for the semiarid dry climate of Africa, 
to the genetic study of camels worldwide, it was 
expected that low genetic diversity between the 
breeds/ecotypes would be present. No data of this 
study were comparable to previous studies (Mburu 
et  al., 2003; Ji et  al., 2009; Mishra et  al., 2009; 
Mahmoud et al., 2012; Nouairia et al., 2015).

Although these groups are clearly differenti-
ated morphologically, genetic differentiation was 
not supported. Results of the Bayesian analysis of 
the cyt-b gene fail to recover monophyletic relation-
ships between the ecotypes. In tandem, the micro-
satellite analysis resulted in a K = 2, identifying a 
potential split in the genetic lineages. However, the 
programs limitations need to be accounted for in 
that it cannot determine a K = 1 as a result of the 
methodology. With the high amounts of admixture 
from both populations in the structure results, it 
should be assumed K = 1 is the most plausible esti-
mate of number of identifiable clusters.

The Structure results, when plotted with the 
geographical locations of the sampling localities, 
did not show a definite pattern. There seems to be a 
pattern of no genetic structure among the samples; 
however, the genotyping data were too limited. In 
general, individuals with high posterior probability 
to cluster 1 (Jigjiga, Issa, and Afar) were geograph-
ically located in the northern portion of the study 
region whereas ecotypes with high probability of 
belonging to cluster 2 were more southern (Borana, 
Ayden, and Hoor); however, 2 ecotypes (Kerreyu 
and Liben) did not follow this trend.

CONCLUSIONS

Given the currently available data, there is 
insufficient molecular evidence to recognize the 8 
ecotypes as genetically distinct groups; however, the 
morphological data are capable of separating the 
Afar ecotype (technically a recognized breed) from 
the other ecotypes. It is likely that the differences 
in production profiles and other phenotypic char-
acteristics reported by pastoralists are the result of 
intense artificial selection for these traits, as previ-
ously noted in cattle (Hayes et al., 2009). If  these 
traits are controlled by a few loci, the remainder 
of the genome may have experienced little selective 
pressure. It is possible that with a more thorough 
sampling scheme (both genomic and organismal 

in scale), some level of genetic differentiation may 
be detected. A  more detailed investigation of the 
molecular variability of pastoralist-recognized 
ecotypes, and the phenotypic expression of that 
variation, has the potential to increase understand-
ing of domesticated animal breeds. More research 
is needed to address the intraspecies relationships 
of the Ethiopian camel.
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