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ABSTRACT 
 

The current study was conducted to examine the relationship between weaning weight and biometric traits viz; heart 

girth (HG), rump height (RH), body length (BL), withers height (WH) and sternum height (SH) and, also to determine 

direct and indirect influence of biometric traits on weaning weight (WW) of Dorper sheep. Dorper sheep lambs 

(females=23, males=16) were used. Pearson’s correlation and path analysis were used for data analysis. Female 

correlation results indicated that WW had a positive highly significant correlation with HG (r=0.66), BL (r=0.66) and 

RH (r=0.55), and positively statistical correlation with WH (r=0.45) at P<0.05 whereas in males, results demonstrated 

that WW had a negative highly significant correlation with HG (r=-0.51) at P<0.05. Path analysis results on females 

showed that BL (0.34) had the greatest direct effect on WW while HG (0.31) had the highest indirect contribution on 

WW, males’ results indicated that HG (0.97) had the highest direct contribution on WW while WH (0.69) had the 

greatest indirect effect on WW. Current study information will assist rural farmer who lack weighing scales to predict 

weight of their animals for various reasons such as for breeding and marketing purposes and again study outcome will 

help sheep breeders to select direct and indirect traits influencing weaning weight for improvement. 
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INTRODUCTION 

 

There is extreme growth in sheep production of about 

70.3 million population used for meat and milk production 

which contributed to the national economy Khan et al. 

(2018) and lamb production contributes 85- 90% of total 

income on meat (Kumar et al. 2018). Small ruminant 

(sheep) plays an important role in reducing poverty in many 

rural African households, they contribute to the economic 

living of farmers in terms of providing income when they 

sell their animals and their products such as milk and meat 

(König et al. 2017). According to Ayichew (2019), Dorper 

sheep is a South African native meat breed known for 

attributes including low maintenance, fast reproduction, 

muscling, high dressing percentage, high growth rates and 

can survive under harsh climatic conditions. Wishart et al. 

(2017) said weaning weight is a major economic parameter 

used to determine animal growth, judge qualitative traits of 

an animal and it represents the optimum parameter by 

which management, health, production, and marketing 

decisions can be made (Costa et al. 2020). Rather et al. 

(2021) indicated that animal morphological structure and 

improvement ability can be reflected by animal biometric 

traits, they serve as growth indicators, help in selection 

during breeding purposes and are also used for estimation 

of average live weaning weight of animals. Determination 

of weaning weight using biometric traits may not explain 

their correlation in all aspects and may provide inadequate 

information, but a path coefficient and path analysis could 

be more reliable in determining all the causal effects 

between the biometric variables (Sabri et al. 2019). Path 

analysis determines the traits that directly and indirectly 

affect the weaning weight of an animal; therefore, it 

provides more detailed information on the correlation 

between these traits (Tyasi et al. 2017). According to 

Canul-Solis et al. (2020), there is low availability of 

resources such as weighing scale in rural areas due to their 

high cost. Farmers depend on physical estimation of the 

animal weaning weight (may result in incorrect weight 

estimate) for purposes such as marketing, medical dosage, 

feeding and breeding (Hussain et al. 2019). Hence, it is 

important  to  practice  alternative  methods  which  are easy 
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and of low cost such as using biometric traits which will 

allow rural farmers to determine weight of their animals to 

monitor the growth of livestock (Chay-Canul et al. 2019). 

According Mabu et al. (2020) path analysis has been used 

in previous studies to provide more detailed information on 

the relationships (direct and indirect) between variables. 

Other study has been done on Botswana communal sheep 

and goats using path analysis to predict weaning weight 

from body measurement traits (Temoso et al. 2017). Path 

analysis was used to determine the relationship between 

weaning weight and some linear characteristics in Red 

Sokoto kids (Shuaibu et al. 2020) and in some exotic sheep 

breeds (Costa et al. 2020). There is limited literature on 

analysis technique involving the use of path analysis to 

determine the relationship between weaning weight and 

biometric traits of Dorper sheep at weaning. Hence the 

objectives of the current study were 1) to examine the 

relationship between weaning weight and biometric traits 

(heart girth, rump height, body length, withers height, 

sternum height) of Dorper lamb at weaning, 2) to determine 

direct and indirect biometric traits affecting weaning weight 

of Dorper lamb at weaning. The results obtained from the 

study will be used to predict weaning weight in the field for 

selection, marketing, feeding, medical dosage purposes at 

weaning, and the direct and indirect effect will be used for 

improvement purposes of weaning weight at weaning. 

 

MATERIALS AND METHODS 

 

Study Area 

The research study was conducted at the University of 

Limpopo Experimental farm (Syferkuil) in South Africa 

located next to Mankweng (23°490 S; 29°410 E). The area 

receives a daily average temperature ranging from 

maximum of 30°C to minimum of 13°C in summer and 

0.6°C to 18°C in winter with average long-term annual 

rainfall of 450 mm per year (Mokoka et al. 2018). 

 

Experimental Animals 

Dorper sheep lambs at weaning (females=23, 

males=16) were used in the current study. According to 

Van Wyk and Cloete. (2019), Dorper sheep is a far-tail 

breed, an adaptable commercial breed with high growth 

rate associated with large body size, good meat yield, 

carcass weight and dressing percentage.  

 

Animal Management 

Animals was raised under extensive production 

system. They were allowed to graze outside during the day 

and re-called back to their different camps based on their 

health, age in the afternoons. Animals were vaccinated and 

dipped frequently for possible diseases and clean water was 

always provided. 

 

Data Collection 

Biometric traits viz; withers height (WH), heart girth 

(HG), rump height (RH), body length (BL), and sternum 

height (ST) were collected randomly from all lambs except 

sick and pregnant animals by the same person to avoid 

biasness, arguments and variations. Weaning weight (WW) 

of each lamb was measured in kilograms using a weighing 

scale while biometric traits were measured using a tape 

(cm) following suggestions of Birteeb et al. (2012). Briefly: 

the distance between the highest point of the shoulder 

(wither) and the ground surface in relation to level of the 

fore legs as the withers height, body length as the distance 

from the anterior shoulder point to the posterior extremity 

of the pin bone, vertical distance between the lower tip of 

the sternum and the ground as the sternum height, rump 

height as the distance between top pelvic girdle and the 

ground surface in relation to the level of hind legs and body 

circumference just behind the scapula as the heart girth was 

be measured.  

 

Statistical Analysis 

Statistical Package for Social Sciences (IBM SPSS 

Statistics 25) was used for data analysis. Pearson’s 

correlation was used to achieve first objective, and the 

second objective was achieved through path analysis. 

Probability of 5% for significant and probability of 1% for 

highly significant between traits was also used. Path 

analysis was computed following Norris et al. (2015) 

procedure as described below: 

Pyxi = 
𝐛𝐢𝐒𝐱𝐢

𝐒𝐲
 

Where: 

Pyxi = path coefficient from Xi to Y (i = HW, RH, BL, SH, 

HG) 

bi = partial regression coefficient 

Sxi = standard deviation of Xi 

Sy = standard deviation of Y 

T-statistic in multiple regression analysis was used to 

test significance of path coefficient. Path analysis of 

Indirect effect of biometric traits on weaning weight via 

direct effect were computed as follows:  

IEyxi = rxixjPyxj  

Where: 

IEyxi = indirect effect of biometric traits through direct 

effect on weaning weight 

rxiyj = correlation coefficient between ith and jth biometric 

traits 

Pyxj = path coefficient indicating direct effect of jth 

biometric trait on weaning weight 

 

RESULTS 

 

Descriptive Statistics 

Descriptive statistics of biometric traits (HG, RH, BL, 

WH, SH) and weaning weight of females and males of 

Dorper sheep at weaning are presented in Table 1. Results 

showed that females had a mean value of 10.31kg which is 

lower than of males (10.50kg). Summary of biometric traits 

in females showed that HG had the highest mean value of 

53.13cm. followed by BL (45.83cm), WH (39.28cm), RH 

(38.78cm) respectively while SH had the lowest mean 

value (33.40cm) whereas in males, descriptive statistics of 

biometric traits showed that HG had the highest mean value 

of 49.50cm followed by BL (45.17cm), WH (39.55cm), 

WH (39.55cm), RH (39.36cm) respectively, whereas SH 

had the lowest mean value of 32.24cm. 

 

Phenotypic Correlation Among Measured Traits 

Pearson’s correlation was used to determine the 

relationship between weaning weight and biometric traits 

(HG, RH, BL, WH, SH) and results are presented in Table 

2  with  females  results  below  diagonal  and  males’ results 
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Table 1: Descriptive statistics of biometric traits of Dorper sheep 

Traits Females Males 

WW (kg) 10.31+5.98b (2.00-25.00) 10.50+12.54a (4.00-55.00) 

HG (cm) 53.13+9.06a (37.50-70.00) 49.50+13.19b (16.25-65.00) 

RH (cm) 38.78+6.37b (30.00-52.50) 39.36+8.08a (25.00-51.03) 

BL (cm) 45.83+8.96a (27.50-60.00) 45.17+7.70b (35.00-63.04) 

WH (cm) 39.28+5.22b (30.00-47.50) 39.55+8.39a (25.00-55.00) 

SH (cm) 33.40+5.09a (25.00-44.30) 32.24+5.16b (25.00-42.50) 

WW: Weaning Weight, HG: Heart Girth, RH: Rump Height, BL: Body Length, WH: Withers Height, SH: Sternum Height. Values 

(mean+SD) bearing different alphabets in a row differ significantly (P<0.05). Values in parenthesis are range values.  

 

Table 2: Pearson correlation coefficient between weaning weight and biometric traits of Dorper sheep, females below and males above diagonal. 

Traits WW HG RH BL WH SH 

WW  -0.51* 0.21ns -0.04ns 0.00ns 0.36ns 

HG 0.66**  0.43ns 0.62** 0.71** 0.52** 

RH 0.55** 0.73**  0.62** 0.54** 0.53** 

BL 0.66** 0.92** 0.68**  0.57** 0.66** 

WH 0.45* 0.68** 0.43* 0.66**  0.76** 

SH 0.27ns 0.43* 0.35 ns 0.34 ns 0.54**  

WW: Weaning Weight, HG: Heart Girth, RH: Rump Height, BL: Body Length, WH: Withers Height, SH: Sternum Height, ns: non-

significant, *: Correlation is significant at the 0.05 level (2 tailed), **: Correlation is significant at the 0.01 level (2-tailed). 

 

above diagonal. Results in females indicated that WW had 

a positive statistically significant correlation with HG 

(r=0.66), BL (r=0.66), RH (r=0.55) respectively at P<0.01, 

WH (r=0.45) at P<0.05 and had no significant correlation 

with SH (r=0.27). Relationship amongst biometric traits 

showed that HG was statistically and positively 

significantly correlated to BL (r=0.92), RH (r=0.73), WH 

(r=0.68) respectively at P<0.01 while statistically 

correlated to SH (r=0.43) at P<0.05. RH had a positive 

significant correlation with BL (r=0.68) at P<0.01, WH 

(r=0.43) at P<0.05 and had non-significant with SH 

(r=0.35). BL had a positive statistical correlation with WH 

(r=0.66) at P<0.01 and WH was found to be positively 

correlated to SH (r=0.54) at P<0.01. 

Correlation results above diagonal (males) demonstrated 

that WW had a negative statistically significant correlation 

with only HG (r=-0.51) at P< 0.05. Relationship between 

biometric traits showed that SH was positively and statistically 

correlated to WH (r=0.76), BL (r=0.66), RH (r=0.53) and HG 

(r=0.52) respectively at P<0.01. WH had a significant 

correlation with HG (r=0.71), BL (r=0.57), RH (r=0.54) at 

P<0.01 and BL was found to be significantly correlated to HG 

(r=0.62) and RH (r=0.62) at P<0.01. 

 

Path analysis 

Direct and indirect effect results of biometric traits on 

weaning weight of Dorper sheep at weaning for both 

females and males achieved by path analysis are presented 

in Table 3 (females) and Table 4 (males). Female results 

showed that BL (0.34) had the greatest direct effect on WW 

while HG (0.31) had the highest indirect contribution on 

WW via BL. Table 4 showing male results indicated that 

HG had the highest direct contribution on WW while WH 

had the greatest indirect effect on WW via HG. 

 
DISCUSSION 

 

Path analysis has an advantage in providing more 

detailed information on the relationships (direct and 

indirect) between these variables (Temoso et al. 2017). The 

first objective of the current study was to examine the 

relationship between weaning weight and biometric traits 

(HG, RH, BL, WH, SH) of Dorper lamb at weaning using 

Person’s correlation. Correlation results of female 

demonstrated WW having positive statistically significant 

correlation with HG, BL, RH, WH respectively and had no 

significant correlation with SH. The results indicate that, to 

improve weaning weight, one must improve HG, BL, RH, 

WH, as they had a positive significant relationship with 

weaning weight but improving SH might not have 

influence on weaning weight. Relationship amongst 

biometric traits showed that HG was statistically and 

positively significantly correlated to BL, RH, WH, SH 

respectively. RH had a positive significant correlation with 

BL, WH but had no statistically significant relationship 

with SH. BL had a positive statistical correlation with WH 

whereas WH was found to be positively correlated to SH. 

Males correlation results demonstrated that WW had a 

negative statistically significant correlation with only HG 

and had no significant correlation with BL, RH, SH and 

WH. Therefore, HG was found to be the only traits that has 

influence on weaning weight however it cannot be used to 

improve WW and increasing BL, RH, SH and WH might 

not influence the WW. Relationship between biometric 

traits demonstrated that SH had a positive and statistical 

correlation with WH, BL, RH and HG respectively. WH 

had a significant correlation with HG, BL, RH and BL was 

found to be significantly correlated to HG and RH. Other 

studies have been done on the prediction of weaning weight 

from body measurements of goats and sheep of communal 

rangelands in Botswana using path analysis and their 

descriptive statistics findings are in harmony with the 

current study results that males had higher average WW 

than females but same authors disagree with our results 

where average HG and SH of females were higher than of 

males (Temoso et al. 2017), contrary may be due genetic 

factor such as type of breeds, furthermore reported similar 

results that positive statistical correlation was found 

between WW and HG but disagree with current study 

results where there was a statistical relationship between 

WW and SH. Moreover, a high correlation between various 

body measurements and live weight in sheep was reported 

and their results are similar with the current study findings 

on BL, WH and RH (Doğukan et al. 2019). Current 

correlation results disagree with the results reported by 

Sabri  et  al. (2019)  on males,  disagreement may be due to 
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Table 3: Path analysis coefficient of biometric traits and weaning weight of Dorper (females) 

Traits Correlation 

coefficient with WW 

Direct Indirect effect 

HG RH BL WH SH 

HG (cm) 0.66** 0.25 
 

0.10 0.31 -0.00 0.00 

RH (cm) 0.55** 0.14 0.18 
 

0.23 -0.00 0.00 

BL (cm) 0.66** 0.34 0.23 0.09 
 

-0.00 0.00 

WH (cm) 0.45* -0.01 0.17 0.06 0.22 
 

0.00 

SH (cm) 0.27ns 0.01 0.12 0.05 0.12 -0.00 
 

WW: Weaning Weight. HG: Heart Girth. RH: Rump Height. BL: Body Length. WH: Withers Height. SH: Sternum Height. 

 

Table 4: Path analysis coefficient of biometric traits and weaning weight of Dorper (males) 

Biometric traits Correlation 

coefficient with WW 

Direct effect Indirect effect 

HG RH BL WH SH 

HG (cm) -0.51* -0.97 
 

0.12 -0.09 0.01 0.42 

RH (cm) 0.21ns 0.28 -0.41 
 

-0.09 0.01 0.42 

BL (cm) -0.04ns -0.14 -0.60 0.17 
 

0.01 0.53 

WH (cm) 0.00ns 0.01 -0.69 0.15 -0.08 
 

0.61 

SH (cm) 0.36ns 0.80 -0.50 0.15 -0.09 0.01 
 

WW: Weaning Weight. HG: Heart Girth. RH: Rump Height. BL: Body Length. WH: Withers Height. SH: Sternum Height. 

 

environmental factors such as climatic conditions during 

data collection. Similar results have been reported by 

Ambarcioğlu et al. (2017) in Karacabey Merino Sheep 

where there was a highly positive statistical relationship 

among live WW, BL, and WH and agrees with the present 

study path analysis results that BL had a direct effect on 

live WW. We also determined the direct and indirect 

biometric traits affecting weaning weight of Dorper sheep 

using path analysis technique. Direct and indirect effect of 

biometric traits on weaning weight of Dorper sheep results 

in females showed that BL had the greatest direct effect on 

WW while HG had the highest indirect effect on WW. Path 

analysis results in males indicated that HG had the highest 

direct effect on WW while WH had the greatest indirect 

effect on WW. Results implies that BL had the most 

contribution on WW of females while HG made the most 

contribution on males. Findings indicates that WW might 

be improved by direct selection of BL and indirect selection 

of HG in females while direct selection of HG and indirect 

selection of WH might improve WW in males. It can be 

concluded that, WW could be estimated using BL and HG 

in females and HG and WH could be used to estimate 

weaning weight in males. Therefore, BL and HG are 

valuable traits in improving WW in females while HG and 

WH are valuable traits in improving WW in males. 

Our association findings on path analysis do not 

coherent with the results reported by Önder and Abacı. 

(2015) on path analysis for body measurements on weaning 

weight of Saanen kids, contrary may be due to use of 

different breed. Additionally, previous studies put forward 

path analysis as a useful technique in determining WW 

using biometric traits in animal breeding in goats (Rotımı 

et al. 2020), in cattle (Tyasi et al. 2020), in chickens (Egena 

et al. 2014; Tyasi et al. 2018), in pigs (Al Ard Khanji et al. 

2018) and ducks (Yakubu et al. 2015). 

 

Conclusion 

The current study predicted the relationship between 

weaning weight and biometric traits of Dorper sheep at 

weaning using Pearson correlation and performed path 

analysis to determine the direct and indirect effect of 

biometric traits on weaning weight. Our findings stated that 

improvement of HG, BL, RH and WH might lead to 

increase in weaning weight of female Dorper sheep, 

whereas path analysis indicated BL and HG in females, HG 

and WH in males as valuable traits in improving WW. 

Information from current study will assist rural farmer who 

lack weighing scales to predict weight of their animals for 

various reasons such as for breeding, feeding, and 

marketing purposes and again study outcome will help 

sheep breeders to select direct and indirect traits 

influencing weaning weight for improvement. 
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