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Abstract 

 The data of 60 male Chios lambs raised in western Turkey on a farm registered with the Sheep 
and Goat Breeders' Association were used. Two datasets were generated to determine the correlations 
between weaning (90 d) and six-month traits in lambs. A canonical analysis was performed to determine 
the correlation between body weight measured at the weaning period and six morphological traits —
dataset X-weaning weight (WW), body length (BL), wither height (WH), heart girth (HG), chest width 
(CW), rump width (RW), and rump length (RL)— and body weight measured at six months and six 
morphological traits —dataset Y-body weight (LW_6), body length (BL_6), wither height (WH_6), heart 
girth (HG_6), chest width (CW_6), rump width (RW_6), and rump length (RL_6). Only the first (U1V1) 
of the seven pairs of canonical dimensions was statistically significant. The contribution of body weight, 
WH, and RW to the explanatory effect of canonical variables estimated from morphological traits of 
Chios lambs was greater at weaning age than other body measurements. Canonical correlation analysis 
and variables (U1 and V1) can be used as a generic measure of variables, X and Y, respectively. The 
cross-loadings indicated that body weight, RW, and WH in the weaning period were more effective in 
V1 determination than other traits; WH, RL, and LW_6 were more influential in U1 determination. This 
study is the first to use canonical correlation analysis to determine the correlation between live weight 
and body measurements in Chios lambs, presenting early selection criteria for Chios lamb breeding 
studies. 
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Introduction 

 Chios sheep are one of the rare breed specimens in the world, especially with their high milk 
and fertility. The Chios species is also used to generate new sheep breeds to improve lamb meat 
production and, in this context, they are used as rootstock material in cross-breeding programmes due 
to their high fertility and milk yield (Esen et al., 2000; Ceyhan et al., 2007). Chios meat palatability, 250–
300 g of daily live weight gain, and satisfactory fattening performance make it highly desirable (Boztepe 
et al., 2022). Non-breeding male Chios lambs extensively bred in the Aegean region attain slaughter 
weight at a young age under intensive feeding conditions (Altinel et al., 1998; Zervas et al., 1999; Onenç 
et al., 2012). Although the Chios breed is suitable for the characteristics of the milk type, it has a large 
and delicate body type with high withers. Body size-related data are critical in determining morphological 
structure and developmental potential in animals (Mathapo et al., 2022). Live weight, which affects meat 
yield, is considered a significant criterion in the animal selection process (Yaprak et al., 2008; Iqbal et 
al., 2013; Shehata, 2013; Ambarcioglu et al., 2017; Varkoohi et al., 2018; Mokoena et al., 2022). Thus, 
numerous morphological traits in sheep breeding are frequently measured and recorded to track live 
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weights while animals grow. However, weighing of sheep takes a long time and much labour (Gurcan 
& Akcapinar, 2006; Yakubu & Mohammed, 2012).  

It is critical to determine the relationship between a trait measured in the early period and two 
or more traits measured in the late period. For instance, Tahtali et al. (2012) reportedly indicated that 
wither height, birth weight, and chest width measured at birth could be utilized as early selection criteria 
in lamb breeding. Alade et al. (2010) noted that the traits such as litter size, birth weight, and weaning 
weight could be used to achieve substantial genetic improvement in growth rate through direct selection 
to attain high heritability and repeatability estimates. Younas et al. (2013) reported that animal body 
measurements are a positive indicator and are highly correlated with body weight; as a result, it is 
conceivable to apply these criteria safely to estimate body weight. Khan et al. (2014) identified strong 
genetic relationships between simply-measurable weight and morphological traits in sheep, suggesting 
that these traits can be considered differentiation criteria during indirect selection to achieve genetic 
improvement. Lakew et al. (2017) also identified strong, positive correlations between body weight and 
the majority of body measurement data in lambs of both sexes across all age groups, indicating that 
body measurements are the most practical criteria to make accurate estimations for live weight under 
farm conditions.  
 Yet, it might be challenging, in practice, to comprehensively elucidate the relationship between 
body weight and morphological measures (Fourie et al., 2002; Tahtali et al., 2012; Adhianto et al., 2020; 
Karna et al., 2020; Faraz et al., 2021). The canonical correlation analysis, applied in this context, refers 
to measuring the interactions between multiple dependent and independent variables to identify the 
relationship between different sets of variables. In other words, the multivariate statistical technique 
designed to support the researcher aims to analyse the complex interactions of the data obtained from 
two sets of variables. It is also a statistical model involving two correlated, variable datasets that shows 
how much variance one set shares with other sets or how predictable it is. The most critical aspect of 
the technique is its ability to focus on the significant relationship between the two variable sets in several 
canonical variable sets (Ventura et al., 2011; Jacob & Ganesan, 2013; Mokoena & Tyasi, 2021; Akour 
et al., 2023). Canonical correlation analysis has been used successfully as a comprehensive statistical 
tool to analyse the relationships between significant traits that provide information that may serve as 
the basis of indirect selection and management practices in animal husbandry and to effectively 
estimate multiple trait clusters (Bilgin et al., 2003; Akbas & Takma, 2005; Cankaya & Kayaalp, 2007; 
Yaprak et al., 2008; Cankaya et al., 2009; Sahin et al., 2011; Tahtali et al., 2012; Atac & Takma, 2018; 
Kim et al., 2018; Altay et al., 2020; Karadavut, 2020; Kaya et al., 2021; Mokoena & Tyasi, 2021;Ozen 
et al., 2021). 
 This study aimed to identify the relationship between live weight of Chios lambs at weaning and 
six months of age, with six different morphological traits within the same period. It also aimed to 
determine which traits could be utilized as selection criteria during the weaning period to improve live 
weight. In this context, the current study is the first and a unique attempt to identify the relationships 
assessed in Chios lambs by applying canonical correlation analysis appropriate to the data set and with 
high accuracy. 
 

Materials and Methods  
 The study was carried out between February (WW; 3-months of age) and May, 2022 (6-months 
of age) on a farm registered with the Sheep and Goat Breeders' Association in Izmir, western Turkey. 
All lambs were kept in the maternity chambers (delivery stalls) with their mothers for three days after 
delivery. The lambs were fed ad libitum concentrate and premium alfalfa hay for three months, starting 
15 days after birth. Male and female lambs were raised separately after being weaned, which took 90 
± 8 days on average. The lambs had free access to fresh water for drinking, lick blocks for minerals, 
and roughage. Approximately 200 g of concentrate feed per lamb/day was fed from weaning to six 
months of age (180 d).  
 The experimental design included 60 male Chios lambs. Weaning weight (WW) at 3 m and live 
weight at 6 m (LW_6), as well as morphological measurements for body length (BL), wither height (WH), 
heart girth (HG), chest width (CW), rump width (RW), and rump length (RL) were taken (Table 1). The 
body measurements of lambs at weaning and six months of age were measured on a flat surface using 
a measuring stick, measuring callipers, and tape, and accordingly, researchers measured each lamb 
on their left side and recorded their live weights using a digital scale with 5 g precision. Live weight 
measurements of the lambs took place before morning feeding. Only one person collected all of the 
data to ensure standardization. 
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 The studied morphological measurements were: 
Body length (BL): The diagonal distance measured from the sternum tip to the tail base 
Heart girth (HG): The circumference of the animal behind the foreleg 
Wither height (WH): The distance measured from the ground to the highest point of the wither 
Rump width (RW): The distance measured between the left and right tuber coxae 
Rump length (RL): The distance measured from the anterior point to the posterior extremity of the pin 
bone 
Chest width (CW): The measurement of the intercostal diameter at the level of the sixth rib 
 
Table 1 Measured variables and variable coding used in the study  

 

 

  

 

 

 

 

  
 
 Canonical correlation signifies the relationship between a linear combination of variables in one 
group and a linear combination of variables in another group, and the primary objective here is to identify 
a pair. Canonical variables are the linear combination pairings with the highest correlation among all 
pairs (Akour et al., 2023). The canonical correlation analysis in this study included seven characters (X: 
body weight and morphological traits at weaning) in the weaning variable set, and these same seven 
characters (Y: 6-m body weight and morphological traits) in the six-month age variable set. The U and 
V letters referred to the canonical variables for X and Y, respectively. 
 This study used canonical correlation analysis to evaluate the correlation between the weaning 
period (variable set X) and six month traits (variable set Y). It also utilized Pearson’s correlation analysis 
to identify the linear correlation between traits. All computations were performed using the SPSS 26.0 
statistical package program (SPSS, 2019). The following table includes the formula and equations used 
for the hypothesis and canonical correlation calculations made in the study. 
 
 The hypothesis for the statistical significance of canonical coefficients was: 
 
    H0 = rc1 = rc1=…= rcr = 0       (1) 
    H1 ≠ rci = 0 at least one i= 1,2,…k 
 
The most typical method used to test the null and alternative hypotheses is Wilk's Lambda (Λ) test 
statistic (Equation 2). 

m = ∏ .m
i=1 (1 − λi)       (2) 

 

where m = Canonical correlation coefficient  
λi =  squared canonical correlation  
m = number of canonical correlations.  
 
The significance of canonical correlations was measured using the Chi-square variable: 

X2 = − (N − 1 − (
Kx+Ky+1

2
)) In Λm     (3)

   

where N = number of cases, 
Kx = the number of variables in the X variable set,  
Ky = the number of variables in the Y variable set. 
 
Scores (U and V) on canonical variables were estimated. 

Variable name For Weaning Period 
(X-Variable Set) 

For Six month age 
(Y-Variable Set) 

live weight (kg) LW_W LW_6 

body length (cm) BL_W BL_6 

heart girth (cm) HG_W HG_6 
wither height (cm) WH_W WH_6 
rump width (cm) RW_W RW_6 
rump length (cm) RL_W RL_6 
chest width (cm) CW_W CW_6 
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U = ZxBx        (4) 
V = ZyBy        (5)

  
Zx and Zy = standardized scores, and Bx and By = canonical coefficients.  
The correlation matrices among variables were calculated using matrix loadings and canonical 
coefficients: 

Ax = RxxBx, Ay= RyyBy       (6) 

pvxc = ∑
a2

ixc

kx

kx

i=1
       (7) 

pvyc = ∑
a2

iyc

ky

ky

i=1
       (8) 

where Pv = the variance ratio calculated from a set of variables through a canonical variable of the 
cluster, a2 = squared correlation and the number of variables in the cluster, rd = redundancy, and rd = 
(pv) (r2

c). 
 

Results and Discussion 

 Table 2 provides descriptive data for each trait analysed in male Chios lambs. Accordingly, 
analyses revealed that the mean LW_W and LW_6 values were 24.83 ± 3.47 kg and 38.98 ± 5.19 kg, 
respectively. The average values for BL, HG, WH, RW, RL, and CW measured in the weaning period 
and at 6 m ranged from 53.31–66.25, 39.15–48.32, 57.83–66.74, 11.18–15.08, 16.85–22.00, and 
14.08–17.58 cm, respectively. This study identified the highest correlations between LW and RW 
(0.746) during the weaning period, whereas the highest correlations were found between LW_6 and RL 
(0.691) at 6 m (P <0.01). Younas et al. (2013) reportedly found a strong and positive correlation (P 
<0.001) between body length and heart girth in Hissardale sheep. In the current study, the correlations 
between body length and heart girth in Chios lambs in both age periods (P <0.05) were consistent with 
this literature. Topal & Macit (2004) also reported a strong correlation (0.867) between body weight and 
heart girth in Morkaraman sheep. Similarly, Lakew et al. (2017) identified a consistent (P <0.001), strong 
correlation between body weight and heart girth in lambs of both sexes in all age groups. Atta & El 
Khider (2004) reported that heart girth measurement estimated the potential body weight of male and 
female Nilotic sheep. In Chios sheep, however, the correlation between heart girth at both weaning and 
6 m and body weight was significant (P <0.01), but the correlation between heart girth at weaning and 
live weight at 6 m was not statistically significant. 
 

Table 2 Descriptive values for measured characteristics (cm) in male Chios lambs (n = 60) 

Variables Mean Std Error Std Deviation Minimum Maximum 

LW_W 24.83 0.45 3.47 18.00 31.00 

BL_W 53.31 0.58 4.53 42.00 63.00 

HG_W 39.15 0.40 3.11 32.00 46.00 

WH_W 57.83 0.37 2.88 51.00 66.00 

RW_W 11.38 0.14 1.11 9.00 14.00 

RL_W 16.85 0.20 1.54 13.00 20.00 

CW_W 14.08 0.17 1.28 11.00 17.00 

LW_6 38.98 0.67 5.19 26.00 48.00 

BL_6 66.25 0.41 3.19 59.00 74.00 

HG_6 48.32 0.38 2.91 42.00 53.00 

WH_6 66.74 0.41 3.14 59.00 73.00 

RW_6 15.08 0.14 1.06 13.00 18.00 

RL_6 22.00 0.20 1.54 18.00 25.00 

CW_6 17.58 0.18 1.42 14.00 21.00 

BL: body length; HG: heart girth; WH: wither height; RW: rump width; RL: rump length; CW: chest width; W: weaning 
period; 6: six months of age 
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 Table 3 displays the correlation between the live weights and the morphological traits analysed 
in the two periods in male Chios lambs. According to the bivariate correlation matrix, the strongest 
correlations identified between the live weight and other respective traits at the weaning period were: 
LW_6 (r = 0.817), RL_6 (r = 0.769), RW_W (r = 0.746), and WH_6 (r = 0.706).  
 The 6-m measurements, however, identified a substantial correlation between live weight and 
RL_6 (r = 0.691), BL_6 (r = 0.671), RW_W (r = 0.665), and CW_6 (r = 0.064). The correlation between 
the two-body weights measured in two periods and HG_W was relatively weak compared to other traits.  
 The weakest correlations estimated were for HG_W and RL_W (r = 0.18) at weaning time, and 
CW_6 and RW_6 (r = 0.24) at 6 m, and for BL_W and BL_6 (r = 0.12) at weaning and 6 m (P <0.01, P 
<0.05, respectively.  
 
 In this study, for the first time, a correlation between body weight and morphological traits 
measured at weaning and six months of age was determined using canonical correlation analysis in 
Chios lambs. The results revealed a strong (P <0.01) correlation between the body measurements 
assessed in male Chios lambs at both weaning and 6 m. The canonical correlation analysis also 
revealed that the traits that best represent the weaning period were live weight, wither height, and rump 
width, whereas the traits that best represented 6 m lambs were wither height, rump length, and live 
weight. In both age periods, live weight and height at wither were important measurements. 
 

Although the measurements taken during weaning were strong indicators for the 6-m period, it is 
necessary to use the canonical correlation coefficient to estimate and explain the relationships between 
the analysed variable set while interpreting the correlations (Table 4), since it is difficult to explain the 
relationships among the traits simultaneously. Statistically, the correlation between U1V1 (r = 0.963) 
was the highest (P <0.001), and this article interpreted the correlation between the initial canonical 
variable. Younas et al. (2013) reported a strong and positive correlation between live weight and wither 
height in various age groups of Hissardale sheep. Atta & El Khider (2004) also documented that the 
live weight of Nilotic sheep for both sexes could be estimated using wither height. Topal & Macit (2004) 
indicated that two traits in combination—wither height and heart girth (R2 = 75.2%)— were successful 
indicators for estimating live weight in Morkaraman sheep. Sahin et al. (2011) estimated body 
measurements before weaning and body weight at 6 m in Merino lambs using canonical correlation, 
and accordingly, found that if the wither height and live weight increased at weaning, the withers 
height_6 and body weight_6 would also increase at 6 m. Iqbal et al. (2014) reported that body length 
and wither height were optimal combinations for estimating body weight in Kajli lambs between the ages 
of four and six months. Correspondingly, Ozen et al. (2021) reported that canonical coefficients led to 
increases in linear measurement combinations of 0.118 and 0.127 units for every unit increase in body 
weight and wither height, respectively, at the weaning period for Bafra lambs. They further noted that 
wither height, chest circumference, and chest girth were the most effective traits correlating weaning 
and variates measured at 6 m, and could serve as a basis for early selection criteria in Bafra lambs. 
 

Table 4 Results of the canonical correlation analysis  

Pair of 

canonical 

variables 

Canonical 

correlation 

Squared 

canonical 

correlation 

F-

Value 

Df1 Df2 Probability 

Pr>F 

Wilks' 

Lambda 

U1 V1 0.963 0.927 5.983 49 237.957 <0.001 0.017 

U2 V2 0.682 0.465 2.257 36 209.152 <0.001 0.237 

U3 V3 0.610 0.372 1.764 25 179.814 0.018 0.443 

U4 V4 0.452 0.204 1.136 16 150.335 0.327 0.706 

U5 V5 0.261 0.068 0.687 9 121.837 0.720 0.887 

U6 V6 0.221 0.048 0.646 4 102.000 0.631 0.951 

U7 V7 0.010 0.000 0.005 1 52.000 0.943 1.000 
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Table 3 The correlations between morphologic traits measured in male Chios lambs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* P <0.05; ** P <0.01 
BL: body length; HG: heart girth; WH: wither height; RW: rump width; RL: rump length; CW: chest width; W: weaning period; 6: six months of age 
 
 

 

 

 

 

 

 LW_W LW_6 BL_W BL_6 HG_W HG_6 WH_W WH_6 RW_W RW_6 RL_W RL_6 CW_W CW_6 
LW_W 
 

1        
      

LW_6 
 

0.817** 1       
      

BL_W 
 

0.586** 0.314* 1      
      

BL_6 
 

0.618** 0.671** 0.123 1     
      

HG_W 
 

0.438** 0.249 0.309* 0.267* 1    
      

HG_6 
 

0.576** 0.555** 0.102 0.618** 0.235 1   
      

WH_W 0.595** 0.489** 0.268* 0.502** 0.225 0.414** 1  
      

WH_6 0.706** 0.628** 0.133 0.655** 0.311* 0.539** 0.734** 1       

RW_W 0.746** 0.665** 0.322* 0.674** 0.304* 0.645** 0.626** 0.706** 1      

RW_6 0.478** 0.529** 0.255* 0.352** 0.149 0.369** 0.160 0.291* 0.333** 1     

RL_W 0.604** 0.554** 0.183 0.593 0.181 0.336** 0.625** 0.475** 0.562** 0.153 1    

RL_6 
0.769** 0.691** 0.403** 

0.653** 0.364** 0.492** 0.734** 0.622** 0.718** 0.270* 0.688** 1   

CW_W 
0.528** 0.587** 0.203 

0.528** 0.308* 0.353** 0.363** 0.431** 0.475** 0.345** 0.520** 0.618** 1  

CW_6 0.678** 0.664** 0.140 0.556** 0.265* 0.447** 0.525** 0.719** 0.591** 0.243 0.432** 0.691** 0.553** 1 
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 Table 5 provides comparisons of model variables interpreted using standardized canonical 
coefficients. Considering the comparisons between the variables, body weight and WH affected the U1 
and V1 determinations more, respectively. However, the variables that contributed most to the U1 
canonical variable were WH and BL, while these traits were RL and LW_6 for V1. Considering the most 
substantial contribution to canonical coefficients estimated from body measurements in this study, wither 
height and body length contributed the most during weaning, but rump length and LW_6 contributed the 
most at 6 m.  
 
 Accordingly, Sahin et al. (2011) reported that chest girth and live weight were the most substantial 
contributors to the canonical coefficients estimated from pre-weaning body measurements of Merino 
lambs; however, it was wither height and live weight at 6 m. Tahtali et al. (2012) documented that the 
wither height and chest circumference were the best contributors to the canonical coefficients of 
morphological traits in the weaning period of Karayaka lambs. Mokoena & Tyasi (2021) also revealed 
that wither height and live weight measurements at birth and weaning constituted the best contribution 
to canonical variables to increase body weight in goats, specifying that these measurements are 
potential genetic improvement criteria.  
 
Table 5 Standardized canonical coefficients for canonical variables 
 

 

 

 

 

 
 
 

BL: body length; HG: heart girth; WH: wither height; RW: rump width; RL: rump length; CW: chest width; W: weaning 
period; 6: six months of age 
 
 Table 6 lists the loadings of each set's variables on the canonical dimensions generated by cross-
loadings that represent the correlations between the opposite canonical variables and the variables in 
V1 and U1. According to the cross-loading, body weight, RW, and WH in the weaning period were more 
effective in V1 determination, whereas WH, RL, and LW_6 were more effective in U1 determination. 
 

Table 6 Cross loadings of the original variables with opposite canonical variables 

X-Variable Set 

V1  LW_W 

-0.870 

BL_W 

-0.304 

HG_W 

-0.360 

WH_W 

-0.758 

RW_W 

-0.810 

RL_W 

-0.613 

CW_W 

-0.600 

Y-Variable Set 

U1 LW_6 

-0.810 

BL_6 

-0.703 

HG_6 

-0.655 

WH_6 

-0.857 

RW_6 

-0.429 

RL_6 

-0.829 

CW_6 

-0.768 

BL: body length; HG: heart girth; WH: wither height; RW: rump width; RL: rump length; CW: chest width; W: weaning 
period; 6: six months of age 
 

 The current study found that the canonical variables, U1 and V1, explained 58% and 45%, 
respectively, of the total variation of the morphological traits measured during the weaning period. In 
contrast, U1 and V1 variables explained 42% and 54%, respectively, of the total variation in 
morphological traits measured at 6 m (Table 7).  
  

X-Variable Set 

U1  LW_W 
0.7402 

BL_W 
-0.2666 

HG_W 
-0.0224 

WH_W 
0.3597 

RW_W 
0.1677 

RL_W 
-
0.1639 

CW_W 
0.1677 

Y-Variable Set 

V1 LW_6 

0.2206 

BL_6 

-0.0921 

HG_6 

0.1460 

WH_6 

0.4584 

RW_6 

0.0646 

RL_6 

0.3677 

CW_6 

0.0373 
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Table 7 Total variation for variables explained by canonical variables 

X – Variable Set Y – Variable Set 

Variance extracted Redundancy Variance extracted Redundancy 

U1 0.58 V1 0.45 V1 0.54 U1 0.42 

 

Conclusion 

 The most significant and critical aspect of animal breeding studies is the regular record keeping. 
Body measurements are significant performance criteria used in herd tracking to identify phylogenetic 
traits, as they provide crucial information about animals, developmentally and morphologically. 
However, it is essential to shorten the breeding time between generations in lambs and evaluate any 
traits that may be advantageous for potential early selection. By performing canonical correlation 
analysis, it is possible to reveal and interpret the correlational structure between two sets consisting of 
at least two variables without compromising their integrity. The most significant factors in the relationship 
between the traits measured in Chios lambs were live weight and wither height. Therefore, taking the 
live weights of the lambs during the weaning period will substantially help breeders select the best 
animal. Furthermore, the findings of this study may expectedly add to the literature and advance 
breeding practices. 
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