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ABSTRACT 
 

This study was aimed at characterizing Simien sheep using qualitative physical appearance traits, quantitative 

morphological traits and growth characteristics and investigating the relationship between quantitative morphological 

traits. Data on morphological characters and body measurements were collected from a total of 1000 sheep from 

Miligebsa and Dara kebeles. Plain and patchy coat color patterns were characteristics displayed in 57% and 43% of 

Simien sheep population, respectively. Further, 44.5% of female and 40% of male sheep were found to have a brown 

coat color. The breed was entirely fat tailed with the formation of a curved and upward tail. The average body 

measurements of Simien sheep were 24.9kg of body weight, 64.1cm of height at wither, 53.9cm of body length, 70.6cm 

of heart girth and 13.8cm of pelvic width. Heart girth was found to be the best estimator of live weight for both male 

and female sheep (85% and 85.5%, respectively) with prediction equations for ewes and rams: Y=-21.5±0.92X and Y=-

23.4±0.92X, respectively under on-farm conditions. Therefore, the Simien sheep breed is one of the sheep breeds of 

Ethiopia characterized by short fat tail, with a plain and patchy coat color patterns dominated by brown color. Simien 

sheep attains its mature weight at eruption of three pairs of permanent incisors, which indicates that the sheep takes 

longer in duration to attain its mature body weight. Qualitative traits such as coat color type and pattern influenced the 

decision of farmers in choosing animals, and thus apparent economic value. At on-farm conditions heart girth can safely 

be applied to estimate live weight of Simien sheep using the determined prediction equations. The existing variations 

within the breed are good potential for selection, so improvement by selection can be considered as good strategy for 

the breed.  
 

Key words: Genetic diversity, Morphological traits, Qualitative, Quantitative and Simien sheep 

 

INTRODUCTION 

 

Animal genetic diversity is critical for improving 

disease resistance, improved food security and rural 

development. It allows farmers and researchers to select 

stock or develop new breeds in response to changing 

conditions, including climate change, new or resurgent 

disease threats, new knowledge of human nutritional 

requirements, and changing market conditions or societal 

needs. The effects will be most acute in developing 

countries where the increase demand is expected to be at a 

rate faster than increases in production and will occur 

where climate change is projected to have its greatest 

impact (FAO, 2003). Little information exists on African 

Small Ruminant Genetic Resources (SRGR) in the FAO 

data bank. This is due to lack of suitable data recording 

facilities in most African countries. At present five breeds 

of sheep are already extinct, three breeds are endangered 

and 10 breeds are decreasing in number (FAO, 2006). 

Despite the availability of diverse sheep resources in 

Ethiopia, their productivity is low; the sector has not 

received a great deal of attention from scientists, 

administrators and legislators (Girma et al., 2000). Sheep 

production in the crop/livestock production systems of the 

highland areas has a very important role in contributing to 

food security as well as in generating for direct cash income 

(Setshwaelo, 1990). Study by Solomon (2008) revealed the 

presence of high within-population genetic diversity in 

Ethiopian sheep populations. It is this important to review 

results up to date through routine inventories as genetic 

resources are dynamic (Solkner et al., 1998).  Thus, 

separate  study  on  Simien   sheep   of   their   morphological

 
 

Cite This Article as: Melaku S, A Kidane, S Abegaz, A Tarekegn and A Tesfa, 2019. Phenotypic characterization of 

simien sheep in Simien Mountain Region, Ethiopia. Inter J Agri Biosci, 8(4): 178-185. www.ijagbio.com (©2019 IJAB. 

All rights reserved) 

mailto:assemu546@gmail.com


Inter J Agri Biosci, 2019, 8(4): 178-185. 
 

 179 

characterization is of paramount importance to provide 

insightful knowledge on the breed so that, 

recommendations on future breeding plans for 

improvement and conservation can be made confidently. 

Therefore, this study was conducted with the intention 

of characterizing Simien sheep breed under on-farm 

conditions with full participation of the community having 

the following objectives: 

• To characterize Simien sheep using qualitative 

physical appearance traits, quantitative morphological 

traits and growth characteristics.  

To investigate the relationship between quantitative 

morphological traits and growth traits to develop prediction 

equation. 

 

MATERIALS AND METHODS 

 

Description of the study area 

The research was conducted in Dabat and Debark 

districts of North Gondar administrative zone, Amhara 

region, Ethiopia. Dabat and Debark district are found in 

northeast direction of Gondar town about 800 and 840kms 

from Addis Ababa, respectively. The study area is 

generally situated in the Amhara plateau in the western 

Simien Mountains between 13° 11'N and 38° 04'E with 

altitude ranging from 2,000-3,900m above sea level, and in 

rugged terrain and thus known as "The roof of Africa" near 

Ras Dashen mountains. The mean annual rainfall of the 

study area is 1,550mm falling in to two wet seasons, from 

February to March, and July to September. Mean annual 

temperature ranges from a minimum of -2.5°C to 4°C and 

that of maximum from 11°C to 18°C. There is often a dry 

wind during the day; frosts may occur at night, and snow 

sometimes settles on the summit of Ras Dashen (Magin, 

2001). 

In general, agriculture comprises of mixed crop 

livestock production system where barley grain is the 

dominant crop and sheep are more important animals in the 

area to eat crop stubble. The Simien Mountains region is also 

rich in flora which grows in four belts related to altitude: 

Afromontane forest, Hypericum woodland, Afromontane 

grassland and Afro-alpine moorland. Species in the latter 

two biospheres display xeromorphic adaptations to extreme 

high-altitude conditions, and diverse speciation. However, 

the heavy overgrazing has eroded and degraded the 

grassland which is now very unproductive. In 1996, of 900 

ha of Afro-alpine vegetation, 25% was heavily overgrazed, 

60% heavily grazed and approximately 15% natural 

(Debonnet et al., 2006). 

 

Animal management 

The sheep (Figure 1) were kept under smallholder 

farmers’ management condition. They graze on natural 

pasture from communal grazing areas. Reproduction in 

almost all cases was natural and uncontrolled. During data 

collection treatments including vaccination and drenching 

against internal parasites were given to the flocks as an 

incentive to facilitate linear measurement data collection. 

 

Data collection  

Qualitative physical characteristics 

Data on morphological characters (qualitative) were 

collected, including; coat color pattern, coat color type, hair 

type, head profile, horn shape, horn orientation, tail type, 

tail form, body condition score and presence and absence 

of wattle and ruff from 1000 randomly selected sheep (820 

female and 180 males) from the two districts.  

 

 
 

 
 
Fig. 1: Physical appearance of Simien sheep in Simien Mountains 

Region. 

 

Quantitative physical characteristics 

Body measurements including body weight (kg), 

height at wither, body length, heart girth, pelvic width, ear 

length, tail length, tail width, tail circumference and scrotal 

circumference (cm) were measured and recorded using 

tailors plastic tapes and portable Salter balances from a 

total of 1000 sheep (820 female and 180 males) from the 

two districts.  

Body measurements were taken by restraining and 

holding the animals in a stable condition and label position. 

Reference points were taken according to Sisay (2008);  

Heart girth refers to the circumference of the chest 

posterior to the forelegs at right angles to the body axis.  

Height at wither is the highest point measured as the 

vertical distance from the top of the shoulder to the ground 

(bottom of forelegs).  

Body length refers to the horizontal length from the point 

of shoulder to the pin bone.  

Pelvic width refers to the horizontal distance between the 

extreme lateral points of the hook bone (tuber coxae) of the 

pelvis.  

Ear length is the length of the external ear from its root to 

the tip.  

Tail length is the distance from the base to the tip of the tail 

on the outer side of the tail.  

Tail width is the horizontal distance between the two ends 

of the middle of the tail.  
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Tail circumference is the circumference of the tail at its 

widest part and Scrotal circumference is the circumference 

of the testes at the widest part to the nearest centimeter. 

All the measurements were undertaken before the 

animal was left for grazing. During linear measurement and 

morphological characterization both sexes and most age 

groups of the breed were considered.  

 

Analysis of physical characteristic traits  

Descriptive statistical analysis of frequency and 

percentage analysis was used for the qualitative trait 

analysis using Statistical package for Social Sciences 

(SPSS) version 16.  

Data on quantitative measurements were analyzed 

using analysis of variance (ANOVA) of Statistical 

Analysis System (SAS, 2003). The fixed effects of sex, age 

groups and district were considered. Age grouping was by 

dentition from zero to five. Zero pair of permanent incisors 

(0PPI) refers to sheep with fully grown milk teeth that 

started to spread apart, wear down or are fully spread apart; 

one pair of permanent incisors (1PPI) means sheep with 

erupted and growing one pair of permanent incisors; two pair 

of permanent incisors (2PPI) stands for sheep with erupted 

and growing two pairs of permanent incisors; three pair of 

permanent incisors (3PPI) is for sheep with erupted and 

growing three pairs of permanent incisors; four pair of 

permanent incisors (4PPI) encompasses sheep with erupted 

and growing four pairs of permanent incisors and five pair 

of permanent incisors (5PPI) includes sheep whose four 

pairs of permanent incisors have started to wear down, 

spread apart and completely lost (broken mouth and smooth 

mouth).  

For the growth curve, the dentition classes employed 

were 1 to 4 including the 1st pair of milk teeth erupted to 4 

pairs of milk teeth; dentition class 5 and 6 representing 

sheep with fully grown milk teeth that started to spread 

apart and worn down; 7 to 10, on the other hand, stood for 

erupted 1st pair of permanent incisors (PPI) to 4 PPI and 11 

to 13 encompassed old sheep with full PPI that started to 

lose (broken mouth) and completely lost their PPI (smooth 

mouth). 

 

The Statistical Model employed for linear body 

measurements of Simien sheep was: 

Yijk = µ + Di + Atj+ Sk + eijk               

 Where: 

Yijk = the observations on body weight, wither height, body 

length, heart girth, pelvic width, ear length and scrotal 

circumference 

µ = Overall mean 

Di = Fixed effect of ith district (i = Miligebsa, Dara) 

Atj = Fixed effect of jth age group (j = 0 PPI, 1 PPI, 2 PPI, 

3 PPI, 4 PPI and 5 PPI) 

Sxk = Fixed effect of kth Sex (k=male, female) 

eijk = Error effects 

 

Regression analysis 

Correlations (Pearson’s correlation coefficients) 

between body weight and other linear measurements were 

computed for the population within each sex and dentition 

groups to see the relationship.  

The stepwise REG procedures of SPSS version 16 

were used to determine the relative importance of live-

animal body measurements in a model designed to predict 

body weight. Live weight was regressed on the body 

measurements separately for each dentition class and for 

the pooled data by sex categories. The choice of the best 

fitted regression model was assessed using adjusted 

coefficient of determination (R2 adjusted). 

The Multiple Linear Regression Model for Females was as 

follows: 

 

Yj = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+ β7X7 

+ β8X8 + ej 

Where:  

Yj = the dependent variable body weight,  

β0 = the y intercept for the independent variables X1, X2, 

X3, X4, X5, X6, X7 and X8 which are; body length, height at 

wither, chest girth, pelvic width, ear length, tail length, tail 

width and tail circumference, respectively.  

β1, β2, β3, β4, β5, β6, β7 and β8 are the regression coefficients 

of the variables X1, X2, X3, X4, X5, X6, X7 and X8, 

respectively.  

ej = the residual error 

The Multiple Linear Regression Model for Males was as 

follows: 

Yj = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6+ β7X7 

+ β8X8 + β9X9 + ej   

Where:  

Yj = the dependent variable body weight,  

β0 = the intercept,  

X1, X2, X3, X4, X5, X6, X7, X8 and X9 are the independent 

variables for body length, height at wither, chest girth, 

pelvic width, ear length, tail length, tail width, tail 

circumference and scrotal circumference, respectively.  

β1, β2, β3, β4, β5, β6, β7, β8 and β9 are the regression 

coefficients of the variables X1, X2, X3, X4, X5 and X6, X7, 

X8 and X9, respectively. 

ej = the residual error 

 

RESULTS AND DISCUSSION 

 

Qualitative physical traits of simien sheep 

Morphological characters of Simien ewes and rams as 

presented in Tables 1 indicated that 57% and 43% of 

Simien sheep were characterized by plain and patchy coat 

color patterns respectively. About 44.5% of females and 

40% of males were found to have brown coat color 

followed by 24% females and 40% males brown dominant 

patchy colors. This agrees with the previous work of 

Solomon (2008) for the same breed. Fur long coarse hair 

type dominated females and fur short smooth, that of males 

in harmony with Sisay (2008). Simien sheep is mostly 

dominated by straight head profile (75.2% of females and 

81.7% of males) and followed by slightly convex (18.3% 

of females and 11.7% of males).  

The breed was entirely fat tailed with formation of 

curved upward. Majority of female (80.4%) and male 

(75.6%) didn’t have wattle and 95.4% of females and 

88.8% of males lack ruff. Ear formation of 60.5% of 

females and 59.4% of males was carried horizontally 

followed by semi-pendulous 34.7% of females and 36.7% 

of males. Females were usually polled (70.8%) with 18.4% 

scurs concerning horn shape. Males, on the other hand, 

were characterized by curved horn shape (48.7%) and 

spiral horn shape (18.3%). 
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Table 1: Morphological Characters of Simien Sheep 

Parameters Classification variables Sex 

Total Female Male 

N % N % N % 

Coat color pattern Plain 481 58.6 85 47.2 566 56.6 

Patchy 340 41.4 94 52.8 434 43.4 

Coat color type White 66 8.0 5 2.8 71 7.1 

Black 53 6.5 9 5.0 62 6.2 

Brown 365 44.5 72 40.0 437 43.7 

Brown dominant 197 24.0 53 30.0 250 25.0 

Black dominant 79 9.6 18 10.0 97 9.7 

White dominant 61 7.4 22 12.2 83 8.3 

Hair type Fur short smooth 348 42.4 131 72.6 479 47.9 

Fur long coarse 445 54.2 44 24.7 489 48.9 

Fur with hairy thighs 28 3.3 4 2.7 32 3.2 

Head profile Straight 617 75.2 147 81.7 764 76.4 

Slightly concave 54 6.5 12 6.7 65 6.5 

Slightly convex 150 18.3 21 11.7 171 17.1 

Wattle Absent  660 80.4 135 75.6 795 79.5 

Present  161 19.6 44 24.4 205 20.5 

Ruff Absent  774 95.4 160 88.8 934 93.3 

Present 37 4.6 20 11.2 57 5.7 

Ear form Erect (prick) 7 0.9 2 1.1 9 0.9 

Carried Horizontally 497 60.5 107 59.4 604 60.4 

Semi-pendulous 285 34.7 65 36.7 350 35.0 

Rudimentary 32 3.9 5 2.8 37 3.7 

Tail type Fat tailed 820 100.0 180 100.0 1000 100.0 

Tail formation Curved upward 820 100.0 180 100.0 1000 97.5 

Horn shape Polled 581 70.8 58 12.2 639 63.9 

Scurs 151 18.4 40 10.2 191 19.1 

Straight 50 6.1 19 10.6 69 6.9 

Curved 35 4.3 48 48.7 83 8.3 

Spiral 3 0.3 15 18.3 18 1.8 

Horn orientation Lateral 53 21.5 13 10.8 66 0.18 

obliquely upward 4 1.6 3 2.5 7 0.02 

Backward 50 20.2 65 54.2 115 31.3 

Scurs 140 56.7 39 32.5 179 48.7 

N = number of observations; % percentage.  

 

Table 2: Least squares means ± standard errors of body measurements for the effects of age, district and sex for Simien sheep 

Variables N 
Body Weight Height at Wither 

Body 

Length 

Heart 

Girth 

Pelvic 

Width 

Ear 

Length 

2SC 

LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE N LSM±SE 

Overall 1000 24.9±0.3 64.1±0.3 53.9±0.4 70.6±0.9 13.8±0.1 9.6±0.1 15 24.2±1.8 
1Dentition  **** **** **** **** **** *  NS 

0 448 16.7±0.4d 57.9±0.4c 48.3±0.5c 60.6±0.6c 11.4±0.2c 9.3±0.1b 6 18.3±2.3 

1 67 24.7±0.5c 65.5±0.5ab 55.2±0.8ab 70.5±0.8b 13.9±0.3b 9.7±0.1a 4 24.1±2.5 

2 92 25.9±0.4b 65.2±0.5b 55.1±0.7ab 71.7±0.7b 14.4±0.2ab 9.6±0.1ab 3 28.3±5.4 

3 59 27.0±0.5ab 64.3±0.6b 54.9±0.8ab 72.2±0.8b 13.9±0.3b 9.7±0.2a 2 25.8±4.1 

4 248 27.8±0.4a 66.2±0.4a 55.6±0.5a 74.0±0.6a 14.5±0.2ab 9.7±0.1a  NA 

5 86 27.7±0.5a 65.5±0.5ab 56.0±0.8a 74.4±0.8a 14.8±0.3a 9.8±0.2a  NA 

District  **** **** **** **** NS *  * 

Dara 500 25.5±0.3 63.5±0.3 53.0±0.5 71.4±0.5 13.8±0.2 9.7±0.1 6 23.8±2.2 

Miligebsa 500 24.4±0.3 64.7±0.3 54.8±0.5 69.7±0.5 13.8±0.2 9.5±0.1 9 24.6±3.0 

Sex  NS *** *** **** ** NS  NA 

Female 614 24.9±0.2 64.9±0.2 55.1±0.2 72.5±0.3 14.2±0.1 9.6±0.1   

   Male 386 24.9±0.6 63.3±0.6 52.8±0.8 69.7±0.5 13.4±0.3 9.6±0.2   
1Dentition: 0=Full milk teeth; 1 to 4= 1 to 4 Pair of Permanent Incisors; 5= old sheep (Spread apart PPI, broken-mouth and smooth-

mouth); 2SC = Scrotal Circumference; NS=Non significant (p>0.05), *P<0.05, **P<0.01, ***P<0.001, ****p<0.0001; 4NA = not 

applicable/available. 

 

Quantitative physical traits of simien sheep 

The overall least square means of body weight (24.9 

kg), height at wither (64.1 cm), body length (53.9 cm), 

heart girth (70.6 cm), pelvic width (13.8 cm), ear length 

(9.6 cm), tail length (12.4 cm), tail width (11.6 cm), tail 

circumference (19.0 cm) and scrotal circumference (24.2 

cm) of Simien sheep are presented in Table 2.  

District and dentition were significant sources of 

variation (P<0.0001) for body weight. Body weight of 

sheep at Dara kebele was significantly heavier (p<0.001) 

than that of sheep found at Miligebsa kebele (25.5 vs. 24.4 

kg). Unlike the report of Mengistie et al (2010) on 

Washera sheep, no significant difference (p>0.05) was 

observed in body weight between male and female sheep. 
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But this was in agreement with Gumuz (Solomon et al., 

2011).  

Dentition also significantly affected height at wither, 

body length, heart girth, pelvic width, tail length and tail 

width at (p<0.0001) level and ear length at (p<0.05) and tail 

circumference at (p<0.01) significance levels. Scrotal 

circumference, however, was not influenced by dentition 

(p>0.05). In general, body measurements increase as age 

increases except some fluctuations. 

Body weight of Simien sheep continuously increased 

from dentition class 0 to 4 then showed slight decline at the 

5th dentition class. It increased by 8.0 kg from dentition 0 

(full milk teeth) to 1 (1 pair of permanent incisors); by 1.2 

kg from dentition 1 to 2; by 1.1 kg from 2 to 3; by 0.8 kg 

from 3 to 4 and decreased by -0.1kg from dentition 4 to 5. 

In general, the body weight increment was at larger rate 

from dentition 0 to 1. But at dentitions 1 up to 4, body 

weight increased at declining rate then showed weight lose 

from dentition 4 to 5 when they get older and started to 

break and lose their permanent incisors.  

 
Table 3: Least square means of body weight (kg) at different ages 

Variables N LSM±SE 

Overall  247 19.7±0.3 

R2   0.78 

CV                       16.8 

Dentition Classes Observed   **** 

1 (one PMT) 15 3.5±1.5g 

2 (two PMT) 19 8.2±1.8f 

3 (three PMT) 24 8.4±0.7f 

4 (four pairs of milk teeth) 280 13.4±0.2e 

5 (full milk teeth that started to spread 

apart) 

69 13.4±0.5e 

6 (full milk teeth that started to wear 

down) 

50 19.9±0.5d 

7 (1 PPI) 66 24.6±0.5c 

8 (2 PPI) 91 26.0±0.4b 

9 (3 PPI) 58 27.1±0.5b 

10 (4 PPI) 238 27.7±0.3a 

11 (full PPI and that started to spread 

apart) 

56 27.9±0.5a 

12 (broken mouth) 16 28.3±0.9a 

13 (smooth mouth) 18 29.2±1.4a 

PMT = Pair of Milk Teeth; PPI = Pair of permanent incisors; 

Means with different superscripts within the same column and 

class are statistically different; NS = non-significant (p>0.05); 

****p<0.0001; N= number of observations. 

 

 
 

Fig. 2: Growth curve of Simien sheep. 

There was no significant difference (p>0.05) in body 

weight of Simien sheep after dentition class 3 indicating 

that the breed attains its mature weight at 3 PPI. This result, 

in turn, indicates that Simien sheep takes longer duration to 

attain its mature body weight compared to Gumuz sheep 

which attain mature weight at eruption of 1 to 2PPI 

(Solomon et al 2011). Thus, the least square mean body 

weight of mature Simien sheep (at 3 PPI) was found to be 

smaller than Gumuz and larger than mature Washera sheep 

(27.0 vs. 31.4kg) and (27.0 vs. 26.7kg), respectively 

(Solomon et al., 2011; Mengistie et al., 2010). 

Heart girth of Simien sheep was increasing 

continuously from dentition 0 to 5. The measurements at 

dentition 0 were significantly different from 1, 2, 3, 4, and 

5 but there were no significant differences observed 

between dentition classes 1, 2 and 3. Likewise, dentition 4 

and 5 showed statistical similarity. 

In case of Scrotal Circumference, there was no 

significant difference among rams at different ages 

(p>0.05) which may be related to the small number of 

mature rams (only 15 rams) measured due to culling trend 

of rams above six months of age in the community that they 

don’t keep many in a village and they utilize few common 

rams for mating. 
 

Growth curve of simien sheep 

Growth curve data of Simien sheep displayed in Table 

3 and figure 2 was fitted using thirteen dentition classes 

against body weight to clearly observe the growth rate of 

the breed at all stages of its life span.  

The quadratic growth curve of the sheep breed and the 

Table showed that there is boost in body weight at an 

increasing rate up to dentition class 10 where 4 PPI erupted 

(full mouth). Afterwards, no increase in body weight was 

registered when the sheep when they aged and became 

older rather they started to show body weight losses. This 

agrees with Tesfaye (2008) who found out that body weight 

of both Menz and Afar sheep started to decline at old age 

when sheep started to wear their permanent incisors 

(approximately above 5 years old). 

 

Correlation between Body Weight and Linear 

Measurements  

Correlations coefficients (r) obtained from Pearson 

Correlation analysis between body weight (BW) and other 

linear body measurements of Simien sheep ewes and rams 

are displayed in Table 4.  

At dentition class 0PPI body weight had a strong 

positive and highly significant correlation (p<0.01) with 

wither height, body length, heart girth and pelvic width. 

Moreover, body length, wither height and heart girth had 

strong positive and highly significant inter-correlation 

between variables. At the subsequent dentition classes, 

strongly positive and highly significant correlation was 

observed regularly between body weight and heart girth. 

Exceptionally, rams at dentition category of 1-PPI and 

above, and wither height showed greater correlation with 

body weight than heart girth. The observed positive and 

significant correlations between body weight and other 

measurements were in agreement with literatures 

(Kassahun, 2000; Khan et al., 2006; Sowande and Sobola, 

2007; Mengistie et al., 2010). 
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Table 4: Pearson correlation matrix of live weight and body measurements of Simien sheep 

Sex Dentition1 Traits BW WH BL HG PW EL 

 

 

 

 

 

 

 

 

Female 

0 PPI WH 0.804**      

BL 0.801** 0.848**     

HG 0.925** 0.740** 0.794**    

PW 0.755** 0.700** 0.764** 0.749**   

EL 0.450** 0.401** 0.431** 0.455** 0.452**  

1 PPI WH 0.476**      

BL 0.461** 0.556**     

HG 0.542** 0.194 NS 0.160NS    

PW 0.288* 0.188 NS 0.543** 0.525**   

EL -0.047NS -0.12 NS 0.133NS 0.115NS 0.365**  

≥2 PPI WH 0.289**      

BL 0.251** 0.501**     

HG 0.549** 0.244** 0.501**    

PW 0.186** 0.468** 0.244** 0.379**   

EL 0.184** 0.120* 0.468** 0.216** 0.226**  

 

 

 

Male  

0 PPI WH 0.88**      

BL 0.79** 0.90**     

HG 0.92** 0.82** 0.79**    

PW 0.80** 0.79** 0.80** 0.81**   

EL 0.13 NS 0.12 NS 0.12 NS 0.09 NS 0.16*  

SC 0.58** 0.50** 0.40* 0.41* 0.37* 0.31 NS 

≥1 PPI WH 0.70**      

BL 0.44NS 0.64**     

HG 0.59** 0.59** 0.84**    

PW 0.31 NS 0.45* 0.44 NS 0.70**   

EL 0.04 NS 0.08 NS -0.00 NS 0.29 NS 0.53*  

SC 0.58 NS 0.16 NS 0.39 NS 0.71 NS -0.27NS -0.38 NS 
1Dentition 0 - sheep with full milk teeth; 1 - sheep with 1 pair of permanent incisor (PPI); ≥2 - sheep with 2 PPI and above; ≥1 - sheep 

with 1 pair of permanent incisor (PPI) and above; BW - Body weight; HG - Heart girth; PW - Pelvic width; BL - Body length; WH - 

Height at wither; EL -  Ear length; SC – Scrotal Circumference; NS - not significant (P>0.05), *P<0.05, **P<0.01. 

 
Table 5: Regression models for predicting body weight of Simien sheep at different age groups 

Sex Age 

Group1 

Model2 Intercept β1 β2 β3 R2 R2 

Change 

SE 

Female 0 a±b1HG -16.0 0.91   83.5 0.00 2.07 

a±b1HG±b2WH -21.4 0.69 0.30  87.8 0.04 1.78 

1 a±b1HG -4.7 0.56   30.9 0.00 2.56 

a±b1HG±b2BL -21.6 0.52 0.45  51.1 0.20 2.19 

a±b1HG±b2BL±b3PW -25.9 0.65 0.58 -0.29 52.6 0.05 2.10 

2 a±b1HG 6.7 0.56   31.5 0.00 2.27 

≥ 3 a±b1HG -2.8 0.56   30.8 0.00 2.48 

a±b1HG±b2BL -10.25 0.54 0.22  35.4 0.05 2.39 

Overall a±b1HG -21.5 0.92   85.0 0.00 2.70 

a±b1HG±b2WH -27.8 0.70 0.27  87.7 0.03 2.44 

Male 0 a±b1WH -3.5 0.67   45.5 0.00 2.29 

a±b1WH±b2HG -19.4 0.52 0.46  63.9 0.18 1.89 

1 a±b1HG -13.9 1.00   99.6 0.00 0.54 

a±b1HG±b2BL -45.06 2.12 -1.13  100 0.00 0.00 

≥ 2 a±b1HG -12.4 0.78   61.1 0.00 3.69 

Overall a±b1HG -23.4 0.93   85.5 0.00 2.97 

a±b1HG±b2WH -26.5 0.61 0.37  88.8 0.03 2.61 
1Dentition 0 - sheep with milk teeth (> 9 months); 1 - sheep with 1 pair of permanent incisor (PPI); 2 - sheep with 2 PPI; ≥3 - sheep with 

3 and above; 2Dependent Variable=Wt (Body weight; HG =Heart girth; PW=Pelvic width; BL= Body length; WH= Wither Height; SE 

– Standard Error 

 

In general for ewes, heart girth showed the highest 

correlation coefficients more consistently with body weight 

at all dentition categories (0.55 to 0.93) than the other 

measurements and the highest correlation coefficient 

between body weight and heart girth was at dentition class 

0PPI. For rams, on the other hand, heart girth had the 

highest correlation coefficient value (0.92) at 0 PPI and 

wither height was the most correlated (0.70) at dentition 1 

and above PPI. The highest correlation of chest girth with 

body weight than other body measurements were agreeable 

with other results of Thiruvenkadan (2005); Fasae et al. 

(2006); Tesfaye (2008) and Solomon et al. (2011) and it 

can indicate that chest girth is the best variable for 

predicting live weight than other measurements. 

 

Prediction of body weight from other body measurements 

All the eight body measurements were fitted into the 

model to predict body weight as displayed in Table 5. 

Through stepwise elimination procedure, the body 

measurement that best fitted the models were heart girth 
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(HG), wither height (WH), body length (BL), pelvic width 

(PW), tail length (TL), tail width (TW) and tail 

circumference (TC) at all age categories and both sexes of 

the breed from which data was collected. However, in the 

overall regression model, five body measurements were 

found to best fit to predict body weight (HG, WH, BL, TL 

and TW). 

The adjusted coefficient of determination (R2 adjusted) 

represents the proportion of the total variability explained 

by the model. Heart Girth was found to be the best 

estimator of live weight for both male (85%) and female 

(85.5%) sheep and consistently selected and entered into 

the model in step one procedure of stepwise regression due 

to its larger contribution to the model than other variables. 

This agrees with most findings on indigenous sheep breeds 

including Afar, Menz, and Washera (Tesfaye, 2008; 

Mengestie et al., 2010). Ewes and rams showed 

comparable adjusted R2 values. 

Thus, the prediction of body weight for Simien ewes 

of pooled age groups can be based on regression equation: 

Y = -21.5 ± 0.92X and for those of rams Y = -23.4 ± 0.92X 

under farmers’ management conditions where ‘y’ stands 

for body weight and ‘x’ for heart girth. Inclusion of WH in 

the model enhanced the R2 value from 85% to 87.7% for 

ewes and 85.5% to 88.8% for rams. 

 

Conclusions 

Simien sheep breed is one of the sheep breeds of 

Ethiopia characterized by short fat tail, plain and patchy 

coat color patterns dominated by brown color, fur long 

coarse hair type of females and fur short smooth hair of 

males majority of which lack wattle and ruff, with ewes 

usually polled and rams are mostly horned with curved and 

spiral shape. The highest correlation of heart girth with 

body weight can safely indicate that it can serve as an 

alternative measurement to estimate body weight at on-

farm conditions based on regression equation: Y = -21.5 ± 

0.92X for ewes and Y = -23.4 ± 0.92X for those of rams. 

At on-farm conditions heart girth can be applied to estimate 

live weight of Simien sheep using the determined 

prediction equations. Certainly further research is 

warranted to study the Simien sheep breed pasture 

utilization and species survey of productive high-altitude 

species and their effect on feed conversion efficiency and 

meeting the food resource needs of a growing African 

population. 
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