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Aims: A total of 163 Sahelian goats of both sexes (64 males and 99 females) 
were randomly sampled and used in this study to assess the relationship 
between bodyweight and morphological traits using multivariate path 
analysis method. 
Methods: Data were obtained on bodyweight (kg), height at withers (HW), 
body length (BL), paunch girth (PG) and heart girth (HG). Means (+SD and 
CV) and correlation coefficients between bodyweight and morphological 
parameters were also evaluated using the statistical procedures of SPSS 
20.0 package. 
Results: Higher significant (P<0.05) values were obtained for female goats 
in all the variables than males. The phenotypic correlation values between 
bodyweights and linear measurements were positive and highly significant 
(r = 0.707 – 0.803; P< 0.01 and r = 0.520 – 0.752; P< 0.01) in male and 
female goats respectively. Results also revealed that the direct effect of 
paunch girth on bodyweight was strongest (path coefficient = 0.413; 
P<0.05) for males while body length was strongest (path coefficient = 
0.373; P<0.01) for female goats. 
Conclusions: The forecast indices recorded in this work could be employed 
to predict bodyweight in Sahelian goats with accuracy. 
Significance and impact of study: The prediction model obtained in this 
study would be useful in weight estimation and in the process help in 
making management decision and breeding programs for genetic 
improvement in goats. 
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INTRODUCTION 
 
Goats are the most numerous of all domesticated 
ruminants in Nigeria with an estimated population of 
79.38 million, representing about 6.56% of the world’s 
goat population (FAOSTAT. 2018). Goats play very 
important roles in the socio-cultural and socio-economic 
livelihoods of rural dwellers (Kosgey et al., 2008). Goats 
constitute an important source of livelihood and food 
security among the rural dwellers (Adebambo et al., 
2011). 
Bodyweight is crucial for proper management decisions 
and can be used to monitor and evaluate body 

development of farm animals (De Brito Ferreira et al., 
2000). Bodyweight can be estimated using 
morphological traits (Yakubu, 2010a), simple phenotypic 
correlation relationships between bodyweight and 
morphological parameters (Gül et al., 2019; Kuzelove et 
al., 2011). These methods, however, are inadequate in 
explaining complex relationships between bodyweight 
and morphological traits due to the complex nature of 
bodyweight. 
Correlations coefficients measure relationships between 
two variables whether influenced directly or indirectly. 
Path analysis is an alternative, which allows for the 
splitting of correlation coefficient into constituent parts 
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called path coefficient (Marjanovic-Jeromela et al., 2007; 
Yakubu, 2011). It measures the direct and indirect effect 
of one variable on another and also partitions the 
correlation coefficients of the variables into components 
of direct and indirect effects (Akintunde, 2012; Yakubu 
and Mohammed, 2012). The path analysis model is a 
complementary methodology to regression analysis that 
permits the determination of independent variables that 
affects the dependent variable mostly (Jeonghoon, 
2002; Keskin et al., 2005). Few authors have applied path 
analysis procedures to assess relationships between 
bodyweight and various body measurements in; West 
African Dwarf goats (Ogah et al., 2009), Red Sokoto goats 
(Yakubu and Mohammed, 2012), Yankasa lambs 
(Yakubu, 2010b), Bunaji cows (Yakubu, 2011), Awassi 
lamb (Gül et al., 2019), Turkey (Mendes et al., 2005). 
However, there was no such study in Sahelian goats in 
Nigeria. 
This study used a path analysis approach to explore the 
relationships between bodyweight and linear body 
measurements of Sahelian goats in Nigeria and to 
determine the independent variables that largely affect 
bodyweight and have the potential to produce forecast 
indices at a higher degree of accuracy (Norris et al., 
2015). 
 
MATERIALS and METHODS 
 
A total of 163 Sahelian goats of both sexes (64 males and 
99 females) were randomly sampled and used in this 
study to assess the relationship between bodyweight 
and morphological traits using multivariate path analysis 
method. Goats were randomly sampled in villages 
located within Katsina state, Nigeria. Locations were 
purposively selected because of the preponderance of 
the targeted experimental animals. Katsina State lies 
between latitudes 12059′N and longitudes 7036′E with an 
elevation of about 519 m above the sea level 
(Anonymous, 2019). 
Experimental animals were subjected to the traditional 
management grazing system which allowed them to 
graze freely during the day on natural pasture as 
available and returned to the homestead in the evening 
to owner care where they were provided with water and 
occasionally with kitchen wastes. The ages of the animals 
were estimated based on their dentition (FAO, 2012; 
Dereje et al., 2013). 
Data were taken on live bodyweight (kg) and four (4) 
morphological traits; height at withers (HW), body 
length (BL), paunch girth (PG) and heart girth (HG). 
Bodyweight (kg) was taken using weighing scale, height 
at withers (HW) was taken in centimeters (cm) using 

meter ruler while body length (BL), paunch girth (PG) and 
heart girth (HG) were taken in centimeters (cm) using a 
simple Tailors’ measuring tape. 
Data collected were entered into Excel worksheet of 
Microsoft Excel 2016. Means, standard deviations (SD), 
and coefficients of variation (CV) for bodyweight (BWT), 
height at withers (HW), body length (BL), paunch girth 
(PG) and heart girth (HG) were obtained. Bivariate 
correlations among bodyweight and morphological traits 
were also obtained. The independent variables were 
screened to check the degree of multicollinearity by 
Variance Inflation Factors (VIF) and Tolerance (T) values, 
using SPSS (2011) statistical package. The initial values of 
the parameters measured were transformed to generate 
the standardized values from the unstandardized 
variables using Microsoft Excel 2016 procedures 
(Akintunde, 2012). The standardized data were then 
subjected to regression analysis using SPSS 20.0 
statistical package. The path coefficient from an 
independent variable (X) to a dependent variable (Y) was 
estimated (Mendes et al., 2005). 

PY.Xi = 𝑏𝑖SY
SXi 

Where; 
PY.Xi = Path coefficient from Xi to Y (i = HW, BL, PG, HG)  
bi = Partial regression coefficient, 
SXi = Standard deviation (SD) of Xi  
SY= Standard deviation (SD) of Y  
The multiple linear regression model adopted is:  
Y = a + b1X1 + b2X2 + b3X3 + b4X4 + e 
where:  
Y = Criterion variable (bodyweight; BWT),  
a = Intercept, 
b1, b2, b3, b4 = Regression coefficients,  
X1, X2, X3, X4 = Explanatory variables (HW, BL, PG, HG) 
e = Residuals 
In path analysis, it is assumed that residuals (error terms) 
are not correlated (Ulukan et al., 2003). The indirect 
effects (IE) of Xi on Y through Xj was calculated as 
described by  (Keskin et al., 2005; Norris et al., 2015). 
IE(YXi) = (rXiXj).(PY.Xj) 
where: 
IE(YXi) = Indirect effect of Xi via Xj on Y, 
rXiXj = Correlation coefficient (r) between ith and jth 
independent variables, 
PY.Xj = Path coefficient indicating the direct effect of jth 
independent variable on the dependent variable. 
 
RESULTS and DISCUSSION 
 
The descriptive statistics of bodyweight and linear body 
measurements for male and female Sahelian goats are 
presented in Table 1. Sex had significant (P<0.05) effects 
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on BWT, HW, BL, PG, and HG where female goats had 
higher values than the male goats (18.77 kg and 14.93 
kg, 66.44 cm and 62.43 cm, 75.20 cm and 64.75 cm, 
73.27 cm and 66.02 cm, 59.54 cm and 54.34 cm 
respectively). The trend revealed the manifestation of 
sexual differentiations in the Sahelian goats. This is 
similar to the report of Ogah et al. (2009), who also 
observed that female West African Dwarf goats had 
higher values than their male counterparts except for 

rump height however, Okpeku et al. (2011) observed 
that males had higher mean values for all measured 
morphological measurements in indigenous goats in 
Southern Nigeria. Sebolai et al. (2012) reported 
significant differences in bodyweight between male and 
female for Tswana goats. Thiruvenkanden (2005) 
reported non-significant sex differences in bodyweight 
and body measurements of Kanni Adu goat kids of South 
India. 

 
Table 1: Descriptive statistics for bodyweight (kg) and body linear measurements (cm) in male and female Sahelian 
goats 

Parameters Sex Mean SE SD CV 

BWT (kg)  F  18.77a 0.63 6.31 33.63 
M  14.93b 0.75 5.96 39.93 

HW (cm)  F  66.44a 0.79 7.81 11.75 
M  62.43b 1.03 8.23 13.18 

BL (cm)  F  75.20a 0.96 9.59 12.75 
M  64.75b 1.13 8.10 13.90 

PG (cm)  F  73.27a 0.93 9.27 12.65 
M  66.02b 1.24 9.93 15.04 

HG (cm)  F  59.54a 0.91 9.09 15.26 
M  54.34b 1.31 10.45 19.23 

BWT = bodyweight, HW = height at wither, BL = body length, PG = paunch girth, HG = heart girth, F = female, M = male, 
SE = standard error, SD = standard deviation, CV = coefficient of variation, a,bMeans having different superscripts 
between sex for same trait are significantly different (P<0.05). 
 
Table 2 presents the bivariate correlation coefficients 
displaying the relationship between bodyweight and all 
the linear body measurements of Sahelian goats. 
Correlations between bodyweight and the 
morphological traits were highly significant (P<0.01) and 
positive. Highest correlations were observed between 
the bodyweight and PG in male and between body 
weight and height  at withers in female goats (r = 0.803 
and 0.752 respectively). 
Other linear body measurements were also highly 
significant (P<0.01) and positively correlated . The 
implications of this highly significant (P<0.01) positive 
correlations between bodyweight and morphological 

traits in the present study could be used to estimate live 
bodyweight from body measurements where weighing 
scales are not readily available or accessible. This 
association could also be useful in selection program for 
body weight improvement in goats. 
High correlations between bodyweight and linear body 
measurements have been reported in; goat breeds  
(Ojedapo et al., 2007; Norris et al., 2015), Kanni Adu goat 
kids in South India (Thiruvenkanden, 2005), Yankassa 
lambs (Yakubu, 2010a), Nadji ram lambs (Aziz and 
Sharaby, 1993), Shami goats in Turkey (Gül et al., 2019) 
and sheep in South Africa (Kunene et al., 2009).  
 

 
Table 2: Bivariate Pearson correlation coefficients among traits in Sahelian goats 

 BWT HW BL PG HG 

BWT 1 0.784** 0.707** 0.803** 0.750** 
HW 0.752** 1 0.752** 0.809** 0.814** 
BL 0.732** 0.606** 1 0.855** 0.638** 
PG 0.723** 0.666** 0.635** 1 0.843** 
HG 0.520** 0.610** 0.297** 0.603** 1 

Male above diagonal and Female below diagonal, BWT = bodyweight, HW = height at wither, BL = body length, PG = 
paunch girth, HG = heart girth, **. Correlation is significant (P<0.01). 
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Tables 3 and 4 present the path coefficients of the 
explanatory variables of male and female Sahelian goats 
respectively. In male goats (Table 3), the highest direct 
positive contribution to bodyweight was made by the PG 
followed by  HW (0.413 and 0.345 at P<0.05 
respectively). Highest correlation coefficient with body 
weight was recorded with PG (r = 0.803; P<0.01), its 

indirect effects (0.3899) was mostly realized via HW. The 
lowest direct effects (0.029) on body weight was 
recorded in BL, its indirect effects (0.6776) was realized 
via PG.  Most of the indirect contributions of the 
variables were realized via PG. It could be concluded that 
HW and PG are important for predicting bodyweight of 
male Sahelian goats with a high degree of accuracy. 

 
Table 3: Direct and indirect effects of morphological traits on the bodyweight of male Sahelian goats 

Trait Correlation coefficient with BWT Direct effects Indirect effects Total 
HW BL PG HG 

HW 0.784** 0.345* - 0.0218 0.3345 0.0830 0.4393 
BL 0.707** 0.029NS 0.2594 - 0.3531 0.0651 0.6776 
PG 0.803** 0.413* 0.2791 0.0248 - 0.0860 0.3899 
HG 0.750** 0.102NS 0.2808 0.0185 0.3482 - 0.6475 

BWT = bodyweight, HW = height at wither, BL = body length, PG = paunch girth, HG = heart girth, **Significant at 
P<0.01; *Significant at P<0.05, NS: non-significant. 
 
Table 4 presents the direct and indirect effects of 
morphological traits on bodyweight in female goats. The 
correlation coefficient between bodyweight and HW in 
this study was highest (r = 0.752; P<0.01), with  direct 
effect on bodyweight (path coefficient = 0.329; P<0.01) 
and Its indirect effect  (0.4232, realized mostly via  body 
length. The highest direct effects were observed in BL 
(0.373) with high correlation with the body weight (r = 
0.732; P<0.01), its indirect effects mainly realized via 

HW. This indicates that bodyweight can be improved 
through direct selection for HW. This is followed by HW, 
having a significant direct effect (0.329; P<0.01), and its 
indirect effect on bodyweight was 0.4232, realized 
mostly via BL. However, the direct effects of HW (0.093) 
were non-significant. Indirect effects obtained in this 
study were lower than the direct effects, except in BL, 
signifying that the variations observed were mainly due 
to the indirect effects.

 
Table 4: Direct and indirect effects of biometric traits on the bodyweight of female Sahelian goats 

Trait Correlation coefficient with BWT Direct effects Indirect effects Total 
HW BL PG HG 

HW 0.752** 0.329** - 0.2260 0.1405 0.0567 0.4232 
BL 0.732** 0.373** 0.1994 - 0.1340 0.0248 0.3582 
PG 0.725** 0.211* 0.2191 0.2369 - 0.0561 0.5121 
HG 0.520** 0.093NS 0.2007 0.0996 0.1272 - 0.4275 

BWT = bodyweight, HW = height at wither, BL = body length, PG = paunch girth, HG = heart girth, **Significant at 
P<0.01, *Significant at P<0.05, NS = non-significant 
 
In this study, using path analysis procedures to show the 
relationship between body weight and morphological 
traits, the indirect effects of the independent variables 
on bodyweight were higher than the direct effects in 
both male and female goats. From this study, BL had the 
highest direct effects on body weight. Yakubu and 
Mohammed (2012) also used path analysis to show the 
relationship between bodyweight and morphological 
traits in Red Sokoto goats in Northern Nigeria, 
concluding that body length had the highest direct effect 
on bodyweight. 
Tables 5 and 6 present the results of the regression 
analysis, in which standardized regression coefficients,  

t-statistical significance levels, and VIF values are given 
to explain the relationship between the other body 
measurements and bodyweight of male and female 
Sahelian goats. The results of the preliminary analysis in 
this study revealed that the VIF value for the 
independent variables were less than 10 in both cases 
while the tolerance (T) was greater than 0.1, in male and 
female goats, confirming that problem of Collinearity 
was not detected among the explanatory variables of the 
goats studied. 
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Table 5: Results of regression preliminary analysis for male Sahelian goats 

Parameters HW BL PG HG 

Coefficient (b) 0.345** 0.029NS 0.413* 0.102NS 
VIF 4.060 4.716 8.362 5.109 
Tolerance 0.246 0.212 0.120 0.196 
R-squared 0.699    

HW = height at wither, BL = body length, PG = paunch girth, HG = heart girth, SE = standard error, VIF = Variance 
Inflation Factor, **Significant at P<0.01; *Significant at P<0.05, NS: non-significant. 
 
Table 6: Results of regression preliminary analysis for female Sahelian goats 

Parameters HW BL PG HG 

Coefficient (b) 0.329** 0.373** 0.211* 0.093NS 
VIF 2.477 2.105 2.621 2.022 
Tolerance (T) 0.404 0.475 0.382 0.495 
R-squared 0.722    

HW = height at wither, BL = body length, PG = paunch girth, HG = heart girth, SE = standard error, VIF = Variance 
Inflation Factor, **Significant at P<0.01; *Significant at P<0.05, NS: non-significant. 
 
From the regression analysis, regression model 
equations were derived for males and female goats. The 
derived regression model for male goats is: 
Y = -0.491 + 0.280 HW + 0.018 BL + 0.283 PG + 0.082 HG          
While in female goats, the derived regression model 
equation is:  
Y = -0.506 + 0.253 HW + 0.218 BL + 0.127 PG + 0.053 HG  
The path coefficients of, BL and HG in male and HG in 
female goats, were found statistically non-significant, 
and were expunged from the regression model. The 
simplified regression model was found to be:  
For male goats; Y = -0.504 + 0.315 HW + 0.335 PG and 
the R2 = 0.697While in female goats, the derived 
regression model equation is:  
For female goats; Y = -0.514 + 0.288 HW + 0.200 BL + 
0.155 PG and the R2 = 0.717 
 
CONCLUSIONS 
 
Correlation coefficients observed between BWT and 
morphological traits were positive and significant at 
P<0.01, implying that the bodyweight of goats may be 
evaluated using morphological traits, particularly 
situations where scales are not readily available. The 
path analysis shows that PG and BL had the highest 
direct contributions to BWT in male and female goats 
respectively. The implication is that PG and BL could be 
useful for selection and breeding programs in goat 
improvement for bodyweight. 
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