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  Abstract 
This study was conducted to phenotypically characterize dromedary camels and 
evaluate the relationships among morphological traits in pastoral production sys-
tems of the Borana communities. Both qualitative and quantitative data were col-
lected from a total of 260 camels sampled from the Dubluk and Gomole districts. 
Qualitative traits were assessed through visual observation, while quantitative 
traits, including live body weight and linear body measurements, were analyzed 
using ANOVA and correlation analysis. The results revealed that dark brown 
(46.54%) and white (31.92%) were the predominant coat colors, suggesting adap-
tive significance under harsh environmental conditions and pastoral selection pref-
erences. Quantitative analysis indicated that the camels possess well-developed 
body conformation, with relatively large values for key traits such as heart girth, 
shoulder height, and body length. District, sex, and age significantly (P < 0.05) 
influenced most linear body measurements and body weight. Camels from the Go-
mole district and male camels generally exhibited higher values compared to their 
counterparts. Correlation analysis demonstrated predominantly positive and signif-
icant relationships among most linear body measurements and body weight, indi-
cating coordinated growth and structural integration. In conclusion, the studied 
camel population exhibits a well-integrated morphological structure with desirable 
adaptive and productive traits. The strong positive correlations among key meas-
urements provide a practical basis for indirect selection strategies in pastoral sys-
tems where direct measurement is constrained. Therefore, improving breeding, 
management, and selection practices based on these traits can enhance camel 
productivity and sustainability in arid and semi-arid environments. 

Keywords 
Breeding; phenotypic characterization; linear body measures; estimated live body 
weight 

 
1. Introduction 

Camels are vital livestock in arid and semi-arid regions worldwide, with dromedary camels comprising 94% of the 
global camel population. These resilient animals thrive in harsh environments and provide essential resources such 
as meat, milk, leather, and transportation for pastoral communities [1]. In Africa, over 80% of the camel population 
is concentrated in eastern countries like Sudan, Somalia, Ethiopia, and Kenya, where they play a significant role in 
sustaining livelihoods [2]. In Ethiopia, camels are primarily found in arid and semi-arid regions, including Somali, 
Afar, and Borana, where they serve as a critical component of the pastoral economy, particularly as a drought-
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resilient livestock option [3]. The Borana Zone, located in southern Ethiopia, was selected for this study due to its 
high camel population, accessibility, and diverse ethnic composition [4]. Traditionally, Borana pastoralists relied 
on cattle; however, due to changing ecological and socio-economic conditions, they have increasingly integrated 
camels into their livelihoods, recognizing their superior drought tolerance [5]. While camels in this region are pri-
marily reared for milk production, the Gabra pastoralists have a longer-established tradition of camel husbandry [6]. 

Despite their economic and ecological importance, key phenotypic and reproductive traits, including body size, 
coat color, and reproductive performance, remain poorly documented. Understanding these traits is crucial for de-
veloping effective breeding strategies to enhance camel productivity and resilience in the face of climate variability. 
Camels play an increasingly crucial role in the livelihoods of pastoralists, particularly as climate change and frequent 
droughts threaten traditional cattle-based systems. However, limited research has been conducted on the phenotypic 
characteristics of camels in Ethiopia’s Borana Zone, despite their importance in milk production, trade, and resili-
ence to harsh climates. This study seeks to fill knowledge gaps by providing phenotypic characterization data for 
camels, thereby contributing to improved camel productivity and pastoral livelihoods. 

1.1 Objectives 

• To identify and document key phenotypic traits (body size, coat color, reproductive performance) of camels 
in the Borana Zone. 

• To analyze the variations in these traits across different management systems and ecological conditions. 
• To assess the influence of phenotypic traits on camel productivity, particularly in terms of milk production 

and reproduction. 
• To provide recommendations for improved camel breeding and selection programs based on observed phe-

notypic characteristics. 

2. Materials and Methods  

2.1 Description of the Study Area 

The study was conducted in the Borana Zone, Southern Ethiopia, approximately 575 km south of Addis Ababa, 
covering 95,000 km² with a population density of six people per square kilometer [4]. The region has a semi-arid 
climate, receiving 500-900 mm of annual rainfall and experiencing a mean temperature of 19 °C, with extremes of 
24.6 °C and 12.96 °C [7, 8]. The hottest months are March to May, while the coolest period falls between November 
and January. Among the 13 districts in the zone, Gomole and Dubluk were selected due to their high camel popu-
lations, access to water sources, transport infrastructure, and diverse ethnic composition (Figure 1). Geographically, 
Gomole lies between 4°56'40"N to 5°19'23"N latitude and 38°1'7"E to 38°37'50"E longitude, while Dubluk is po-
sitioned between 4°11'57"N to 4°37'43"N latitude and 37°51'8"E to 38°28'48"E longitude [9]. These districts are 
key camel-rearing areas, making them ideal for studying camel phenotypic traits and management practices.  
 

 
Figure 1. Map of the study area. 
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2.2 Sample Size Determination and Data Collection 

According to [10], a recommended sample size for phenotypic characterization studies consists of 100 mature fe-
male camels and 30 mature male camels from each study site. Accordingly, a total of 260 camels were included in 
the present study, comprising 200 mature females and 60 mature males sampled from two districts, namely Dubluk 
and Gomole. From each district, 100 mature females and 30 mature males were selected. Furthermore, at the Kebele 
level, 50 mature females and 15 mature males were sampled from each selected Kebele to ensure adequate repre-
sentation of the camel population across the study areas. The age of the sampled camels was estimated based on 
information obtained from camel owners and pastoralists, using traditional age classification practices commonly 
applied in pastoral production systems. Based on the maturity status identified by the pastoralists, the camels were 
categorized into three age groups: 5-6 years (first age category), 7-8 years (second age category), and above 9 years 
(third age category). These age classifications were used to evaluate age-related variations in phenotypic and mor-
phometric traits among the sampled camel populations. The categorization also helped to minimize age-related bias 
during data analysis and facilitate comparisons among age groups. 

2.3 Data Collection Methods 

Both qualitative and quantitative approaches were employed for data collection during the study. Qualitative data 
were collected through direct observation of the animals, interviews with local pastoralists, and the administration 
of semi-structured questionnaires. The information gathered focused on the phenotypic characteristics of camels, 
including face profile, ear size, coat color, hair length, hump characteristics, and related morphological characteris-
tics commonly used for breed description. The physiological status of the animals, such as dry, lactating, and preg-
nant conditions, was recorded at the time of data collection. Quantitative data were collected through direct meas-
urements of various morphometric traits using standard measuring procedures and equipment. These measurements 
were used to assess the body conformation and structural characteristics of the sampled camels and to evaluate 
variations among districts, sex groups, and age categories. 

2.4 Sampling Techniques 

Consultations were conducted with experts from the Zonal and District Livestock Offices, as well as with commu-
nity leaders and local pastoral elders, to explain the objectives of the study and to obtain relevant information re-
garding camel production potential in the study areas. Based on these discussions and recommendations, four 
kebeles were selected for the study: Bokoksa and Goro Dada from Dubluk District, and Buyya Gudda and Surupha 
Badiya from Gomole District. The study districts and kebeles were selected using a purposive sampling technique 
due to the scattered settlement patterns, seasonal mobility of pastoral communities, and accessibility challenges 
commonly observed in pastoral production systems. This sampling approach was employed to intentionally target 
areas with relatively high populations of dromedary camels and well-established camel-based pastoral production 
systems. 

Furthermore, the districts were selected based on their representativeness of the pastoral production environment, 
accessibility for field data collection, and the existence of important camel production practices and constraints 
relevant to the objectives of the study. Within each selected district, kebeles were also purposively identified to 
ensure the inclusion of camel herds that adequately represent the typical husbandry practices, management systems, 
and ecological conditions of the study areas. This approach was intended to enhance the representativeness of the 
sampled camel population. 

2.5 Animal Selection 

The selection of experimental animals followed a purposive sampling procedure based on predefined criteria. Ani-
mals were carefully screened and selected according to their health status, physiological condition, and age category. 
Only clinically healthy camels were included in the study to avoid bias arising from disease-related effects on body 
measurements and performance. Pregnant females were excluded to prevent the confounding influence of pregnancy 
on morphological traits and body weight. Furthermore, animals were categorized into different age groups to facil-
itate comparison of growth and morphological variations across age classes. This deliberate selection ensured that 
the sampled animals were appropriate for the objectives of the study and improved the reliability and validity of the 
results. 
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2.6 Linear Body Measures and Morphological Traits 

Quantitative data were collected on linear body measurements, including heart girth (HG), body length (BL), and 
hump circumference (HC), using standardized measurement procedures. These measurements were recorded in 
centimeters. Body weight was estimated using the [11] formula: 

 
where: Y = body weight (kg), SH = height at shoulder (meters), CG = chest girth (behind the chest pad) (meters), 

BG = barrel girth (over the highest part of the hump) (meters) 

2.7 Definition of Some Morphological Variables Measured 

Length of forelimb (cm): distance from the surface of the ground level to the front of the sternum, measured using 
a measuring stick.  
Length of hind limb (cm): distance from the bottom of the leg to the pin bone of the hip, measured using a meas-
uring stick.  
Tail length (TL): distance from the tail base to the tip of the tail measured by a measuring tape  
Hump circumference: the perimeter of the hump from a point at the anterior end of the hump to a point at its 
posterior end, measured using a measuring tape.  
Hump length: length from the bottom to the tip of the hump measured using a measuring tape  
Neck length: distance from the lower part of the mandible to the sternum, measured using a measuring tape. 
Face length: distance from the midpoint of the two ears to the mouth, measured using a measuring tape. 
Ear length: length of the external ear from its root on the base to the tip, measured using a measuring tape. 
Distance between eyes: the distance between the two eyes measured using a measuring tape.  
Heart or Chest girth (cm): the circumference of the body immediately behind the shoulder blades in a vertical 
plane, perpendicular to the long axis of the body, as quantified using a measuring tape.  
Height at shoulder/wither (cm): the height (vertical) from the bottom of the front foot to the highest point of the 
withers, measured using a measuring stick.  
Barrel girth (cm): the measurement of the distance around the abdomen over the highest part of the hump, meas-
ured by a measuring tape.  
Body length (cm): the horizontal distance from the point of the shoulder to the pin bone measured using a measuring 
stick. 
Depth of chest (cm): distance from withers to sternum measured using a measuring tape. 
Width of chest (cm): distance from left to the right upper arm measured using a measuring tape. 
 

 
Figure 1. Reference points and lengths for various body measurements of Camel: Source: [12]. 

Notes: FL = face length, DE = distance between the eyes, EL = ear length, NL = neck length, WS = width at shoulders, HW = height at withers, ALL 
= anterior limb length, TG = thoracic girth, HH = height at hump, Hl = hump length, Hc = hump circumference, Hh = hump height, BL = body length, 
AC = abdomen circumference, PLL = posterior limb length, FPC = foot pad circumference, TL = tail length and BW = body weight. 
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3. Data Analysis 

3.1 Qualitative Data Analysis 

Qualitative phenotypic data were analyzed using descriptive statistics, including the Chi-Square test, means, and 
frequency distributions. 

3.2 Phenotypic Data Analysis 

Linear body measurement data were analyzed using analysis of variance (ANOVA) with the general linear model 
(GLM) procedure in SAS (Version 9.4) to detect statistical differences among the sampled camel populations. Mean 
differences were assessed using Duncan’s Multiple Range Test (DMRT), with statistical significance set at p < 0.05. 

Additionally, multivariate analysis was performed to compare variables among camel populations and explore 
the relationships between fixed effects (district and sex) and dependent variables (body weight and linear body 
measurements). The effects of sex, district, and their interaction with age group on linear body size measures were 
evaluated using the following linear model: 

 
Where: Yijkl= the observed lth linear body measurement in the ith sex, jth district, and the interaction effect be-

tween sex and age group μ= overall mean; Di= the effect of the ith district (i = Dubluk and Gomole); Sj= the effect 
of the jth sex (j = female and male); Ak= the effect of the kth age group (k = 5 to 6 years, 7 to 8 years, and above 9 
years); eijkl = random residual error, 

Pearson’s correlation coefficients were computed to assess the correlations between body weight and linear meas-
urements within each sex. 

For linear body measurements, ANOVA was performed using the GLM procedure in SAS (Version 9.4) to detect 
differences among camel populations. Duncan’s Multiple Range Test (DMRT) was used to determine mean differ-
ences, with statistical significance set at p < 0.05. Multivariate analysis was conducted to examine relationships 
between independent variables (districts, sex) and dependent variables (body weight, linear measurements). 

4. Results and Discussions 

4.1 Phenotypic Characterization of Dromedary Camels in the Study Areas 

The major qualitative traits of camels from both study areas are presented in Table 1. All qualitative data presented 
in Table 1 were collected through an observational study conducted by the researchers, without any direct measure-
ments. The most commonly observed body coat color in both study sites, particularly for females, was dark brown, 
with 39.4% in Dubluk and 47% in Gomole. For males, dark brown coat color was observed in 69.2% of camels in 
Dubluk and 50% in Gomole districts. The dromedary camel breed in both study areas showed a high frequency of 
dark brown (46.54%) and white (31.92%) coat colors. Grey coat color had the lowest frequency among the sampled 
camels, at 21.54%. The higher proportion of animals with dark brown and white coat colors in this study suggests 
an adaptation to the pronounced seasonal fluctuations in light intensity and heat duration in the area. The dominance 
of dark brown coat color in both female and male dromedary camels can be explained through a combination of 
environmental adaptation, natural selection, and pastoralists’ preferences. In pastoral areas such as Borana range-
lands, camels are exposed to harsh climatic conditions characterized by high solar radiation, fluctuating tempera-
tures, and prolonged dry seasons. Dark brown coat color plays an important role in thermoregulation and environ-
mental adaptation. This observation may reflect adaptation to environments characterized by intense solar radiation. 
without excessive internal heat gain, especially when combined with physiological adaptations like sweating effi-
ciency and water conservation. Coat color plays a significant role in regulating physiological processes and adapting 
animals to specific ecological conditions [13]. Another key factor is pastoralist selection and indigenous knowledge. 
In traditional pastoral systems, herders often prefer animals that demonstrate better adaptation, productivity, and 
survival under local conditions. Dark brown camels may be preferred because they are perceived to be: more tolerant 
to heat and drought, more resistant to diseases and parasites, stronger and more productive (milk, transport, or 
reproduction). As a result, pastoralists may consciously or unconsciously select and retain dark brown animals for 
breeding, increasing their frequency in the population. In contrast, the lower frequency of grey coat color (21.54%) 
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may indicate that such animals are either less preferred by pastoralists or less adapted to the prevailing environmen-
tal conditions, leading to reduced survival or reproduction rates. Overall, the predominance of dark brown coat color 
in both female and male camels in Dubluk and Gomole districts reflects a combined effect of environmental pres-
sures (heat, radiation, and drought) and long-term pastoral selection, making it a key adaptive trait for survival and 
productivity in arid and semi-arid pastoral ecosystems. 

Table 1. Summary of the qualitative traits of dromedary camels in the study areas 

Character 
(Traits) Attribute 

Dubluk Gomole 
Over all Sex Sex 

Female Male Female Male 
N (%) N (%) N (%) N (%) N (%) 

 
Body coat colour 

Dark brown 41 (39.4) 18 (69.2) 47 (47) 15 (50) 121 (46.54) a 
Grey 27 (26) 0 (0) 25 (25) 4 (13.3) 56 (21.54) c 
White 36 (34.6) 8 (30.8) 28 (28) 11 (36.7) 83 (31.92) b 

X2      13.07* 

 
Teat size 

Small 29 (27.9) 0 (0) 23 (23) 0 (0) 52 (20)d 
Medium 47 (45.2) 0 (0) 50 (50) 0 (0) 97 (37.31) a 

Large 26 (25) 0 (0) 27 (27) 0 (0) 53 (20.39) c 
None 2 (1.9) 26 (100) 0 (0) 30 (100) 58 (22.31) b 

X2      249.68* 

 
Udder size 

Small 21 (20.2) 0 (0) 26 (26) 0 (0) 47 (18.1) c 
Medium 61 (58.7) 0 (0) 54 (54) 0 (0) 115 (44.2) a 

Large 20 (19.2) 0 (0) 20 (20) 0 (0) 40 (15.4) d 
None 2 (1.9) 26 (100) 0 (0) 30 (100) 58 (22.3) b 

X2      249.878* 

Ear shape 
Rounded 80 (76.9) 19 (73.1) 81 (81) 23 (76.7) 203 (78.1) 

Straight edged 24 (23.1) 7 (26.9) 19 (19) 7 (23.3) 57 (21.9) 
X2      0.99NS 

 
Ear orientation 

Erect 81 (77.9) 20 (76.9) 84 (84) 26 (86.7) 211 (81.2) a 
Lateral 23 (22.1) 6 (23.1) 11 (11) 3 (10) 43 (16.5) b 

Drooping 0 (0) 0 (0) 5 (5) 1 (3.3) 6 (2.3) c 
X2      11.94* 

 
Hump size 

Absent 0 (0) 0 (0) 6 (6) 1 (3.3) 7 (2.7) d 
Small 43 (41.3) 6 (23.1) 23 (23) 3 (10) 75 (28.9) b 

Medium 45 (43.3) 14 (53.8) 63 (63) 15 (50) 137 (52.7) a 
Large 16 (15.4) 6 (23.1) 8 (8) 11 (36.7) 41 (15.8) c 

X2      35.26* 

 
Face profile 

Straight 71 (68.3) 19 (73.1) 67 (67) 21 (70) 178 (68.5) 
Concave 31 (29.8) 7 (26.9) 31 (31) 8 (26.7) 77 (29.6) 
Convex 2 (1.9) 0 (0) 2 (2) 1 (3.3) 5 (1.9) 

X2      1.2NS 
Total Responses 104 (40) 26 (10) 100 (38.46) 30 (11.54) 260 (100) 

Notes: Values in the same sub-table not sharing the same superscript are significantly different at p < 0.05. N = number of households; 
NS = non-significant; * = the chi-square statistic is significant at p < 0.05 level. 
 

Similarly, medium-sized teats were the most commonly observed for female camels in both districts. The pro-
portion of camels with medium-sized udders was 58.7% in Dubluk and 54% in Gomole. Regarding other phenotypic 
traits, the majority of camels in both districts exhibited rounded ear shapes (78.1%), erect ear orientations (81.2%), 
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medium-sized humps (52.7%), and straight face profiles (68.5%). The chi-square test for the assumption of equal 
proportions of categorical variables in both study areas revealed that among the phenotypic variables considered, 
body color, teat size, udder size, ear orientation, and hump size were significant at P < 0.05. However, ear shape 
and face profile were not found to be significant (P > 0.05) for their respective attributes. 

4.2 Live Body Weight and Linear Body Measurements 

Information on live body weight and linear body measurements of existing breed types plays a crucial role in breed 
improvement and selection programs for all livestock species. The results of the ANOVA analysis for 15 morpho-
metric variables are presented in Table 2. 

Table 2. Summary of linear body dimensions in the female and male Borana dromedary camel population 

Effect and level N FL NL FLL HLL HG 

  (M±SE) (M±SE) (M±SE) (M±SE) (M±SE) 

Overall 260 53.3±3.89 106.8±8.66 145.0±2.44 154.6±2.69 207.4±12.33 

CV%  7.29 8.11 1.69 1.74 5.95 

R2  0.08 0.06 0.57 0.46 0.07 

District  *** NS * NS NS 

Dubluk 130 52.38±0.39b 106.4±0.86 145.28±0.24a 154.88±0.27 208.08±1.22 

Gomole 130 54.23±0.38a 107.1±0.84 144.62±0.24b 154.37±0.26 206.78±1.19 

Sex  NS NS * * * 

Female 204 53.2±0.27 106.52±0.61 144.71±0.17b 154.32±0.19b 206.47±0.87b 

Male 56 53.7±0.52 107.59±1.17 145.86±0.33a 155.71±0.36a 210.93±1.66a 

Age group  ** *** *** *** ** 

5 to 6 years (1st) 92 52.54±0.45b 104.34±1.00b 141.52±0.28c 151.82±0.31c 203.82±1.43b 

7 to 8 years (2nd) 86 53.36±0.46ab 106.81±1.04ab 145.49±0.29b 154.59±0.32b 207.71±1.47a 

above 9 years (3rd) 82 54.10±0.44a 109.39±0.99a 148.24±0.28a 157.80±0.31a 211.18±1.41a 

Sex * age  NS * *** *** *** 

Female 5 to 6 years (1st) 76 52.46±0.46 104.41±1.00bc 141.43±0.28c 151.63±0.31c 203.11±0.53b 

Female 7 to 8 years (2nd) 72 53.25±0.47 106.64±1.02abc 145.32±0.29b 154.43±0.32b 207.93±1.45b 

Female above 9 years (3rd) 56 54.13±0.54 109.23±1.16ab 148.36±0.33a 157.84±0.36a 209.14±1.64ab 

Male 5 to 6 years (1st) 16 52.94±1.00 104±2.17c 141.94±0.61c 152.69±0.31c 207.19±3.07b 

Male 7 to 8 years (2nd) 14 53.93±1.07 107.71±2.32abc 146.36±0.65b 155.43±0.72b 206.57±3.29b 

Male above 9 years (3rd) 26 54.04±0.79 109.73±1.70a 148±0.48a 157.73±0.53a 215.58±2.41a 

Effect and level N SH BG HC HL AC 

  (M±SE) (M±SE) (M±SE) (M±SE) (M±SE) 

Overall 260 193.6±8.02 241.1±13.12 113.6±17.46 32.0±8.33 171.3±14.58 

CV%  4.14 5.44 15.36 26.01 8.51 

R2  0.35 0.14 0.07 0.03 0.22 

District  ** *** ** NS *** 
Notes: a, b, c, means with different superscripts within the same column and class are significantly different (P < 0.05); *significant at (P < 0.05); ns = 
non- significant (P > 0.05); FL = face length, NL = neck length, FLL = Forelimb length, HLL = Hind limb length, HG = heart girth. 
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Table 2 Continued 

Effect and level 
N SH BG HC HL AC 

 (M±SE) (M±SE) (M±SE) (M±SE) (M±SE) 

Dubluk 130 192.45±0.79b 237.39±1.30b 110.7±1.73b 32.65±0.83 166.87±1.44b 

Gomole 130 194.67±0.78a 244.72±1.27a 116.59±1.69a 31.39±0.81 175.77±1.41a 

Sex  * ** * * *** 

Female 204 192.75±0.57b 239.53±0.92b 112.04±1.23b 31.35±0.59b 168.97±1.03b 

Male 56 196.52±1.08a 246.61±1.77a 119.46±2.36a 34.45±1.12a 179.88±1.97a 

Age group  *** ** * NS *** 

5 to 6 years (first) 92 187.26±0.93c 238.15±1.52b 113.89±2.02ab 32.21±0.97 166.53±1.69b 

7 to 8 years (second) 86 193.19±0.96b 240.91±1.57ab 110.54±2.09b 31.24±1.00 169.70±1.74b 

above 9 years (third) 82 201.01±0.91a 244.46±1.49a 116.62±1.99a 32.61±0.95 178.39±1.66a 

Sex * age  *** *** * NS *** 

Female 5 to 6 years (first) 76 187.72±0.92d 237.71±1.56b 113.49±2.03ab 31.71±0.96 164.95±1.76d 

Female 7 to 8 years (second) 72 192.94±0.95c 240.22±1.60b 109.31±2.08b 30.94±0.99 167.78±1.81cd 

Female above 9 years (third) 56 199.30±1.08b 241.11±1.82b 113.61±2.36ab 31.38±1.12 175.96±2.05abc 

Male 5 to 6 years (first) 16 185.06±2.01d 240.25±3.40b 115.81±4.42ab 34.56±2.09 174.06±3.83bc 

Male 7 to 8 years (second) 14 194.43±2.15c 244.43±3.63b 116.86±4.73ab 32.79±2.24 179.57±4.10ab 

Male above 9 years (third) 26 204.69±1.58a 251.69±2.67a 123.12±3.47a 35.27±1.64 183.62±3.01a 

Effect and level N BL Hh HH BW TL 

  (M±SE) (M±SE) (M±SE) (M±SE) (M±SE) 

Overall 260 146.2±8.60 24.0±7.70 204.4±8.24 485.7±55.11 55.2±4.45 

CV%  5.88 32.14 4.03 11.35 8.07 

R2  0.17 0.05 0.43 0.24 0.08 

District  *** NS *** ** NS 

Dubluk 130 143.59±0.85b 23.68±0.76 202.42±0.82b 477.07±5.46b 54.62±0.44 

Gomole 130 148.75±0.83a 24.25±0.75 206.36±0.80a 494.35±5.34a 55.7±0.43 

Sex  ** ** * ** * 

Female 204 145.21±0.61b 23.13±0.54b 203.39±0.58b 477.92±3.89b 54.86±0.31b 

Male 56 149.68±1.16a 27.02±1.04a 208.05±1.11a 514.07±7.44a 56.23±0.60a 

Age group  *** NS *** *** *** 

5 to 6 years (first) 92 143.72±1.00b 23.59±0.89 197.30±0.95c 455.80±6.39c 53.78±0.52b 

7 to 8 years (second) 86 146.04±1.03b 23.22±0.92 203.34±0.98b 484.50±6.59b 55.35±0.53a 

above 9 years (third) 82 149.07±0.98a 25.18±0.88 213.45±0.94a 520.54±6.28a 56.50±0.51a 

Sex * age  *** ** *** *** ** 

Female 5 to 6 years (first) 76 143.24±1.04c 22.95±0.88bc 197.63±0.98d 454.37±6.36c 53.5±0.52b 

Female 7 to 8 years (second) 72 145.49±1.06bc 22.06±0.90c 202.81±1.00c 482.63±6.54bc 55.19±0.53ab 
Notes: a, b, c, d, means with different superscripts within the same column and class are significantly different (P < 0.05); *significant at (P < 0.05); ns 
= non- significant (P > 0.05); SH = Height at shoulder, BG = Barrel girth, HC = Hump circumference, HL = Hump length, AC = Abdomen circumference. 
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Table 2 Continued 

Effect and level 
N BL Hh HH BW TL 

 (M±SE) (M±SE) (M±SE) (M±SE) (M±SE) 

Female above 9 years (third) 56 147.54±1.21abc 24.77±1.02bc 211.95±1.14b 503.84±7.41b 56.29±0.60a 

Male 5 to 6 years (first) 16 146±2.26bc 26.63±1.92ab 195.75±2.13d 462.58±13.87c 55.13±1.13ab 

Male 7 to 8 years (second) 14 148.86±2.41ab 29.21±2.05a 206.07±2.28c 494.1±14.83b 56.14±1.20a 

Male above 9 years (third) 26 152.39±1.77a 26.08±1.50abc 216.69±1.67a 556.51±10.88a 56.96±0.88a 
Notes: a, b, c, d, means with different superscripts within the same column and class are significantly different (P < 0.05); *significant at (P < 0.05); ns 
= non- significant (P > 0.05); BL = Body Length, Hh = hump height, HH = height at hump, BW = Body weight, TL = Tail Length. 
 

The findings of the present study indicate that Borana dromedary camels possess well-developed body confor-
mation, as evidenced by their relatively large linear body measurements, including heart girth, shoulder height, and 
body length related traits. The population was characterized by relatively large body measurements, which is an 
important phenotypic characteristic for enhancing milk production and ensuring better adaptation to the harsh con-
ditions of pastoral production systems. The observed values of heart girth and abdominal circumference reflect good 
body capacity and overall condition of the animals, while forelimb and hind limb lengths indicate strong mobility 
and suitability for long-distance trekking, a key adaptive trait in arid and semi-arid environments. In addition, neck 
length and face length may be related to feeding adaptation, enabling camels to utilize diverse vegetation types. 

The relatively low coefficient of variation (CV%) for most traits, particularly forelimb (FLL = 1.69% and hind 
limb lengths (HLL = 1.74%), suggests a high degree of phenotypic uniformity within the population. This may be 
attributed to long-term stabilizing selection practiced by pastoralists, who tend to prefer animals with specific adap-
tive and productive traits. The study also revealed significant differences in body weight between the two districts, 
which may be associated with variations in environmental conditions, feed availability, and management practices. 
The highest body weights observed in the third age category, especially among males, indicate that camels reach 
their optimal growth and mature body size at this stage. This is consistent with the general growth pattern of camels, 
where body development increases progressively with age. 

Moreover, the strong positive and significant relationship between body weight and linear measurements such as 
heart girth and barrel girth suggests that these traits can serve as reliable predictors of live body weight. This finding 
is particularly important under pastoral conditions where weighing scales are often unavailable, and indirect meth-
ods of weight estimation are essential. Age was found to have a highly significant effect on both body weight and 
linear body measurements in both sexes, with values increasing as age advances. This agrees with previous reports 
[14] on camels from Yabello and Melka Soda, confirming that age is a major determinant of growth and body 
development in dromedary camels 

The results of the present study indicated that morphological traits and body weight of dromedary camels were 
significantly influenced by district, sex, age group, and the interaction between sex and age (sex × age). The overall 
mean values recorded for body length (BL), hump height (Hh), height at hump (HH), body weight (BW), and tail 
length (TL) were 146.2 cm, 24.0 cm, 204.4 cm, 485.7 kg, and 55.2 cm, respectively. The coefficients of variation 
(CV%) revealed relatively low variability across most of the measured traits, with particularly low values observed 
for height at hump (4.03%) and body length (5.88%). This indicates a high degree of uniformity within the studied 
camel population. 

The results clearly indicate that the district had a significant influence on key structural and productive traits, 
particularly body length (BL), height at withers (HH), and body weight (BW). Camels from Gomole showing higher 
values in these traits suggest that animals in this district generally have better overall body development and growth 
performance than those from Dubluk. This variation can reasonably be explained by environmental and manage-
ment-related differences between the two districts. Better feed availability, both in quality and quantity, in Gomole 
likely supports improved skeletal growth (reflected in BL and HH) and greater body mass (BW). In pastoral systems, 
access to diverse and nutritious browse species, as well as more reliable grazing conditions, directly enhances animal 
growth. Additionally, differences in herd management practices such as watering frequency, mobility patterns, and 
disease control may further contribute to the observed superiority of Gomole camels. Based on this finding, agro-
ecological and management differences between districts play an important role in determining camel growth and 
body conformation, particularly for economically important traits such as body weight and size. Gomole district 
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appears to provide a more favorable production environment. 
Sex had a significant effect on all studied traits. Male camels showed significantly higher values than females in 

BL (149.68 vs. 145.21 cm), Hh (27.02 vs. 23.13 cm), HH (208.05 vs. 203.39 cm), BW (514.07 vs. 477.92 kg), and 
TL (56.23 vs. 54.86 cm). This result reflects the typical sexual dimorphism in camels, where males tend to have 
larger body size and greater growth performance due to hormonal influences and genetic potential. The study re-
vealed that sex had a statistically significant effect on all the measured morphological traits, with male camels 
consistently exhibiting higher values than females. This pattern is evident in body length (BL), hump height (Hh), 
height at withers (HH), body weight (BW), and tail length (TL), indicating a clear sexual dimorphism within the 
population. The higher measurements observed in males can primarily be attributed to physiological and hormonal 
differences between the sexes. Male camels are influenced by androgens, sex-related physiological differences, 
which promote greater skeletal growth, muscle development, and overall body size. As a result, males tend to de-
velop longer bodies (BL: 149.68 cm vs. 145.21 cm) and greater height at withers (HH: 208.05 cm vs. 203.39 cm), 
reflecting enhanced structural growth compared to females. Similarly, the significantly higher body weight (BW: 
514.07 kg in males vs. 477.92 kg in females) is likely a consequence of increased muscle mass and a larger body 
frame in males. In pastoral production systems, males are often less physiologically constrained than females, who 
must allocate substantial energy toward reproduction, including pregnancy and lactation. These reproductive func-
tions can limit the growth potential and body reserve accumulation in females, contributing to their comparatively 
lower measurements. The observed difference in hump height (Hh: 27.02 cm in males vs. 23.13 cm in females) may 
also be linked to the role of the hump as a fat storage organ. Males generally accumulate more fat reserves, partly 
due to hormonal influences and differences in energy utilization, resulting in a more pronounced hump structure. 
This trait is particularly important in arid and semi-arid environments, where energy storage is crucial for survival 
during feed scarcity. This finding is consistent with previous reports by [14] on Yabello and Melka Soda camels 
and [15] on Jigjiga camels. 

The results further indicated that age had a significant effect on the linear body measurements of camels. Camels 
in the third age group (above 9 years) exhibited the highest mean values for body length (BL = 149.07 cm), height 
at hump (HH = 213.45 cm), body weight (BW = 520.54 kg), and tail length (TL = 56.50 cm), followed by those in 
the second (7-8 years) and first (5-6 years) age groups. This trend suggests that body growth and development in 
dromedary camels continue with advancing age, resulting in increased body size and weight. This finding is con-
sistent with that of [14], who reported that body weight and all body measurements were significantly (P < 0.05) 
affected by age group, with values increasing as camels advanced from younger to older age groups. Similarly, the 
present results support the findings of [16], who stated that age significantly affects the phenotypic measurements 
of camels.  

The interaction between sex and age (sex × age) in dromedary camels significantly (P < 0.05) affected neck length, 
forelimb length, hind limb length, heart girth, shoulder height, barrel girth, hump circumference, abdominal circum-
ference, body length, hump length, height at the hump, and body weight. However, the remaining morphological 
traits were not significantly influenced by this interaction (Table 2). Male dromedary camels in the third age group 
(above 9 years) exhibited significantly (P < 0.05) higher values for most of these traits compared to males in the 
younger age groups. 

4.3 Multivariate Analysis of Female and Male Dromedary Camel with Respect to Sexes and Its Linear 
Body Measures 

The correlation coefficients indicating the relationship between body weight and linear body measurements for male 
and female camels are presented in Table 3. The correlation matrix for each camel group (male or female) showed 
globally significant correlations between most of the quantitative parameters, with no significant negative correla-
tions. Body weight was significantly (P < 0.05) correlated with all morphological traits considered for the dromedary 
camel population, except for face length (FL), hump circumference (HC), hump length (HL), and hump height (Hh). 
The quantitative morphological traits exhibited weak to strong correlations, with most traits showing significant 
positive correlations (P < 0.05). The quantitative morphological traits exhibited weak to strong correlations, with 
most traits showing significant positive associations (P < 0.05). This finding is in line with the study of [17], which 
reported that body weight was significantly (P < 0.05) correlated with all continuous traits measured in both male 
and female camels, except for neck length, hump length, fore hoof circumference, and hind hoof circumference in 
male camels. This trend indicates positive associations among body measurements and structural harmony within 
the animal population, where the development of one body dimension is accompanied by proportional changes in 
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others. Such relationships are biologically expected, as body size, skeletal development, and muscular growth may 
be associated with overall body development patterns. The presence of moderate to strong and highly significant 
positive correlations among several measurements suggests that the animals possess a consistent relationship among 
body measurements. 

In particular, traits associated with skeletal size and thoracic development, such as heart girth (HG), shoulder 
height (SH), and leg lengths (LL), show strong positive relationships with body weight. This indicates that these 
measurements are useful indicators of body size. Consequently, animals that perform well in one of these traits are 
likely to exhibit higher values in related traits, demonstrating uniformity in morphological development. However, 
not all relationships were equally strong. The existence of weak and non-significant correlations among some meas-
urements suggests that certain traits develop more independently. For example, traits such as face length showed 
limited association with other body measurements, indicating lower biological and practical relevance in selection 
programs. This independence may arise from functional specialization or differences in sensitivity to environmental 
and management conditions. From a breeding perspective, the overall pattern of correlations has important impli-
cations. The predominance of positive associations indicates that selection for improvement in one economically 
important trait, particularly body weight, can result in favorable correlated responses in other traits. This is espe-
cially advantageous in pastoral production systems, where direct measurement of body weight is often difficult. In 
such cases, indirect selection using easily measurable traits with strong associations, such as heart girth and linear 
body dimensions, can be effectively applied. At the same time, the presence of weak or non-significant correlations 
provides flexibility for targeted genetic improvement. Since some traits are less interdependent, they can be selec-
tively improved without causing undesirable changes in other characteristics. This is important for designing bal-
anced breeding programs that address both general body size and specific functional traits. Overall, the correlation 
structure indicates that the population exhibits morphological balance and adaptability, which are essential for sur-
vival and productivity under extensive production systems. The integration of body measurements suggests that the 
animals are well adapted to their environment, maintaining both structural soundness and functional efficiency. 
Positive correlations indicate that variables such as body weight and heart girth, body weight and barrel girth, body 
weight and shoulder height, and body weight and body length suggest that an increase in one variable results in a 
positive increase in the other. This is particularly useful for making practical management decisions, including 
selection, dosing of veterinary drugs, and marketing of animals, thereby supporting improved productivity and in-
formed decision-making under field conditions. This finding is consistent with the study by [18], which reported 
similar positive correlations between body weight and variables such as shoulder height, withers height, and body 
length. These relationships highlight why these variables are useful for estimating body weight. For both sexes, 
chest girth/heart girth had the highest and most significant (P < 0.01) correlation with body weight, accounting for 
approximately 87% and 86% of the variation in body weight for male and female camels, respectively. This suggests 
that measurements of heart girth/chest girth and barrel girth may be useful for estimating body weight in dromedary 
camels. 

Table 3. Correlation coefficients among body measurements and weight of males and females of Gomole and Dubluk camels 
(values above the diagonal are for males and below the diagonal are for females) (N = 56 for males; N = 204 for females) 

Variable FL NL FLL HLL HG SH BG HC HL AC BL Hh HHT BW TL 

FL 1.00 -
0.03ns 0.08ns -0.01ns 0.00ns 0.15ns -0.13ns 0.00ns -0.20ns 0.27* 0.06ns -0.16ns 0.11ns 0.00ns 0.15ns 

NL 0.11ns 1.00 0.24ns 0.20ns 0.24ns 0.28* 0.24ns 0.33* 0.31* 0.34* 0.19ns 0.38** 0.24ns 0.29* 0.42** 

FLL 0.20* 0.20* 1.00 0.71*** 0.06ns 0.59*** 0.08ns 0.16ns -0.02ns 0.11ns 0.23ns -0.04ns 0.76*** 0.28* 0.24ns 

HLL 0.21** 0.11ns 0.83** 1.00 0.26ns 0.57*** 0.34** 0.12ns 0.05ns 0.20ns 0.26* -0.07ns 0.64*** 0.48*** 0.27* 

HG 0.30* 0.19* 0.23* 0.22** 1.00 0.32* 0.80*** 0.19ns 0.27* 0.57*** 0.46*** 0.13ns 0.27* 0.87*** 0.11ns 

SH 0.26** 0.23* 0.49** 0.50** 0.13ns 1.00 0.33* 0.18ns -0.05ns 0.45*** 0.44*** 0.10ns 0.79*** 0.66*** 0.25ns 

BG 0.33* 0.15* 0.14* 0.10ns 0.71** 0.08ns 1.00 0.23ns 0.34** 0.49*** 0.54*** 0.16ns 0.26ns 0.90*** 0.17ns 

HC 0.14* 0.01ns -
0.01ns 0.02ns 0.13ns 0.00ns 0.20** 1.00 0.65*** 0.12ns 0.32* 0.51*** 0.27* 0.24ns 0.43*** 

HL -
0.07ns 0.04ns -

0.04ns -0.01ns 0.08ns 0.00ns 0.04ns 0.72** 1.00 -0.05ns 0.21ns 0.47*** 0.07ns 0.24ns 0.23ns 

AC 0.40* 0.19* 0.33* 0.33* 0.44* 0.41* 0.47* 0.23** 0.06ns 1.00 0.49*** 0.14ns 0.23ns 0.61*** 0.24ns 
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Table 3 Continued 

Variable FL NL FLL HLL HG SH BG HC HL AC BL Hh HHT BW TL 

BL 0.27** 0.30** 0.20** 0.21** 0.41** 0.34** 0.41** 0.19** 0.06ns 0.42** 1.00 0.12ns 0.41** 0.59*** 0.29* 

Hh 0.10ns -0.03 
ns 0.09ns 0.16* 0.06ns 0.10ns 0.04ns 0.57*** 0.59*** 0.24*** 0.01ns 1.00 0.01ns 0.16ns 0.16ns 

HHT 0.31** 0.15* 0.54** 0.61** 0.18** 0.53** 0.22* 0.10ns 0.01ns 0.34** 0.25* 0.22* 1.00 0.52*** 0.25ns 

BW 0.39** 0.26** 0.38** 0.36** 0.86** 0.50** 0.83** 0.16* 0.05ns 0.59** 0.51** 0.09ns 0.40* 1.00 0.21ns 

TL 0.21** 0.20** 0.23** 0.22** 0.08ns 0.34** 0.04ns 0.03ns -0.02ns 0.19** 0.29* 0.02ns 0.25* 0.19* 1.00 
Notes: ***= p < 0.001, ** = P < 0.01, * = P < 0.05; ns= non-significant at (P < 0.05); FL =face length, NL =neck length, FLL = Forelimb length, HLL 
= Hind limb length, HG = heart girth, SH = Height at shoulder, BG = Barrel girth, HC = Hump circumference, HL = Hump length, AC = abdomen 
circumference, BL = Body Length, Hh = hump height, HH = height at hump, BW = Body weight, TL = Tail Length.  

5. Conclusions and Recommendations 

The study aimed to phenotypically characterize camels based on both quantitative and qualitative traits in the pas-
toral communities of the Borana and Gabra ethnic groups. The correlation analysis clearly demonstrates that linear 
body measurements are predominantly and positively associated, reflecting coordinated growth, structural harmony, 
and a well-integrated morphological framework within the animal population. The strong and significant relation-
ships among key traits such as heart girth, shoulder height, body length, and body weight highlight their importance 
as useful indicators of body size. This suggests that improvement in one major trait is likely to result in favorable 
correlated responses in others, which is highly beneficial for breeding and selection programs. Among male camel 
populations, linear body measurements such as heart girth and barrel girth were found to be the most significant, 
followed by body weight and shoulder height. In female camels, body weight was the most important trait, followed 
by barrel girth. Based on the findings of this study, the following recommendations are made for improving drom-
edary camel production and productivity within the Gabra and Borana communities:  
 Traits such as heart girth, barrel girth, shoulder height, and body length, which showed strong positive 

correlations with body weight, should be used as practical selection criteria for improving body size and 
productivity, especially where weighing scales are not available.  

 Greater emphasis should be given to traits associated with environmental adaptability (coat color, body 
conformation) and productivity (body size, udder characteristics), as these are critical for survival and per-
formance under harsh pastoral conditions. 

 Pastoralists should be provided with practical training on animal selection, breeding management, record-
keeping, and the use of linear body measurements for estimating body weight and making informed man-
agement decisions. 

 Research is essential to effectively design breeding programs and genetic improvement strategies for cam-
els in the study areas. This research should be complemented by training on methods for improving camel 
production and productivity, selecting economically important traits, and improving breeding management 
practices. 
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