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ABSTRACT

Aim of this study was to use canonical correlation analysis technique to reveal the relationship between seven
morphological traits (live weight, withers height, chest depth, body length, chest width, rump width and chest
circumference) measured at weaning time (X-Set) and six months age (Y-Set) in a multidimensional form from a total of
71 male Bafra lambs raised at Gözlü Agricultural Enterprise located in Konya Province, Turkey. Seven pairs of
canonical dimensions were generated of which only the first one (U1V1) was found statistically significant (rc=0.674,
p<0.05). Canonical correlation analysis revealed that all correlations were uniformly large which shows both of the
canonical variates (U1 and V1) can be considered as an overall measure of X and Y variable sets. Raw canonical
coefficients showed that a one unit increase in live weight and wither’s height at weaning leads to 0.118 and 0.127 units
increase in linear combination of measurements at six months of age, respectively. Also, the most influential traits were
wither’s height, chest circumference and chest girth in the relationship of covariates measured at weaning time and six
months age which can form the basis for early selection criteria in Bafra lambs.
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INTRODUCTION

Sheep breeding has a significant role to play in
developing world in providing both food and non-food
products. With an estimated of 33.67 million of a
population, sheep breeding has an important place in
Turkey’s livestock industry. Turkey is also considered to
be among the first ten World countries in terms of its
sheep population (Faostat, 2018). The majority of the
sheep population in Turkey is composed of multi-purpose
indigenous breeds, producing milk, meat and wool. Yield
level of these sheep varies according to breeds, but is
generally low. Bafra breed is a registered crossbred
genotype of sheep (3/4 Chios + 1/4 Karayaka) which is
relatively disease resistant, prolific, highly yielding and
environmentally adopted in many regions of Turkey
(Atasoy et al., 2003; Akçapinar et al., 2005). Many
studies reported milk yield and milking traits (Unal et al.
2008), meat production traits (Yakan and Unal, 2010),
fertility traits and growth characteristics (Unal et al.,
2003), fleece traits (Unal et al., 2004) and adaptation
capability (Akcapinar et al., 2002; Gungor and
Akcapinar, 2013) of this breed. However, the knowledge
of the relationship between body measurements and live
weight is limited.

In animal husbandry, body measurements are
important in terms of giving information about the
morphological structure and development ability of

animals.  Knowing the level and course of the
relationship between live weight and body measurements,
is of great importance in terms of defining animal
performance, selection practices and management
applications. Researchers generally use simple correlation
analysis in order to determine the strength and direction
of linear associations among various body measurements
(Cankaya and Kayaalp, 2007; Iqbal et al., 2013; Iqbal et
al., 2014; Cilek and Petkova, 2016; Sandeep et al., 2018).
However, simple correlation analysis is dependent on the
coordinate system in which the variables are described,
meaning that even if there is a very strong linear
relationship between two multidimensional
measurements, this relationship may not be visible in a
simple correlation analysis (Zheng and Xue, 2009).
Canonical correlation analysis (CCA) was developed by
Hotelling (Hotelling, 1936) and can find the coordinate
system that is most favourable for correlation analysis. It
is widely used in determination of the relationship
between multiple measurements taken from the same
animal in different time points providing information that
can form the basis of indirect selection, in animal science.
Also, it would be used in timing and rearranging of
management applications in lamb meat production.
Applications of CCA to determine the relationship
between multiple measurements such as pre-post
slaughter traits of Ross 308 broiler chickens (Mendes and
Akkartal, 2007) and Karayaka hoggets (Cankaya et al.,
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2009), body weights and carcass yields of Karayaka
sheep (Cam et al., 2010), body measurement and live
weight of Ile de France x Akkaraman (G1) (Tatar and
Elicin, 2002),  milk and wool yields in Awassi sheep
(Keskin and Dag, 2009), testicular and body
measurements of Awassi ram lambs (Emsen and Davis,
2004) and some traits measured at different time points in
Merino lambs (Sahin et al., 2011) were reported in
previous studies. However, to the best of our knowledge,
there is no application of canonical correlation analysis
for investigation the relationships of some body
measurements and live weights measured in different
time periods in Bafra breed.

The aim of this study was to estimate
interrelationship between morphological characters and
live weight measured at weaning time and six-months age
in Bafra lambs using canonical correlation analysis.

MATERIALS AND METHODS

Animal Material: The study was conducted at state-
owned Gözlü Agricultural Enterprise located in Konya
Province (38° 29´ N - 32° 27´ E), Turkey between
February and August 2018. Konya is in central Anatolia,
where semi-arid (steppe) climate condition prevails.
During the experiment, minimum and maximum
temperature ranged from 3.1 to 28°C.  Relative humidity
varied from 42.50% to 62.8%. A total of 71 male Bafra
lambs with a mean initial weight of 3.62 ± 0.56 kg were
used in the study. Lambs were kept in a semi-open shed
until the sale at six months of age and fed with the routine
programme of the enterprise. Live weight and the
following body measurements of the animals were taken
at weaning period (three-month of age) and six-months of
age (Table 1). All data were collected by one person to
ensure standardization.

Table 1. Measured variables and variable coding used in the study.

Variable name For Weaning Period
(X-Variable Set)

For Six month age
(Y-Variable Set)

Live Weight (kg) LW_W LW_SM
Withers Height (cm) WH_W WH_SM
Chest Depth (cm) CD_W CD_SM
Body Length (cm) BL_W BL_SM
Chest Width (cm) CW_W CW_SM
Rump Width (cm) RW_W RW_SM
Chest Circumference (cm) CC_W CC_SM

Live weight was recorded by using digital scale
and the scale was accurate to 5 gr. Definitions regarding
the morphological traits measured were given as follows:

Withers Height (cm): Distance from the withers
to the ground.

Chest Depth (cm): Distance from the withers  to
the sternum.

Body Length (cm): Distance from base of tail to
the base of the neck.

Chest Width (cm): The distances between the
tips of the scapula.

Rump Width (cm): The width between tuber
coxae

Chest Circumference (cm): Around the chest
just behind the front legs and withers.

Statistical Analysis: Canonical correlation analysis was
used to investigate the association among the
morphological traits at weaining period (X set of
variables) and 6 months of age (Y set of variables).
Pearson correlation analysis was also used to determine
the linear relationship between traits.

Canonical Correlation Analysis (CCA): The correlation
matrix of all variables was divided into four parts: Rxx

(the correlations among the X variables), Ryy (the
correlations among the Y variables), Rxy (the correlations
between the X and Y variables), Ryx(the correlations
between Y and X variables) which is shown below.

Then, the equation used for canonical correlation analysis
can be defined using the singular value decomposition of
a matrix R where,

Eigenvalues were obtained by analyzing the R
matrix. Eigenvectors were obtained for the Y set of
variables first and then calculated for the X set of
variables using the following,

The eigenvector that corresponds to each
eigenvalue was transformed into the canonical
coefficients used to combine the original variables into
the composite variate (Tabachnick and Fidell, 2007).
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The hypothesis for the statistical significance of the
canonical coefficients was established as;

Hypothesis testing for canonical correlation was tested
using Wilk’s Lambda:

where eigenvalue, , is equal to the squared canonical

correlation, for the pair of canonical variates,
generated across m canonical correlations. The
significance of canonical correlations was evaluated as a
chi-square variable, where n is the number of cases, kx is
the number of variables in X variable set, ky is the
number in the Y variable set,

Scores on canonical variates (U and V) were
estimated using the standardized scores on the original
variates, Zx and Zy and the canonical coefficients of Bx
and By with the following equation:

Loading matrices (Ax and Ay), which are matrices of
correlations between the variables and canonical
coefficients were calculated as,

The proportion of variance (pv) extrated from a
set of variables by a canonical variate of the set was
calculated by the following equations,

Where represents squared correlations and
represents number of variables in the set.
Redundancy (rd) was calculated with the following
equation:

All the computational work was performed
using STATA 12.1 MP4 statistical software (StataCorp,
2011).

RESULTS AND DISCUSSION

Descriptive statistics for each characters and
their relationship among the morphological traits 71
Bafra lambs were given in Table 2 and Table 3.
According to the bivariate correlation matrix, the
strongest correlations were between weight and chest
girth (r=0.61), followed by weight and withers height
(r=0.53) for weaning period; weight and withers height
(r=0.67) followed by weight and chest depth (r=0.64) for
the 6th month of age; withers height (weaning period)
and withers height (six month of age) (r=0.54) for the
interrelationships between two measurement periods
(Table 3). The correlation of live weight between two
measurement time periods was relatively weaker than
that of the relationship between weight and body
measurements. Those findings are in line with several
studies conducted with Karayaka sheep (Cam et al.,
2010; Tahtali et al., 2012), Bafra sheep (Kilic and
Ozbeyaz, 2010), Malya sheep (Cilek and Petkova, 2016),
Harnali sheep (Sandeep et al., 2018), Kajli lambs (Iqbal
et al., 2014) and Beetal goats (Iqbal et al., 2013).

Table 2. Descriptive statistics.

Variable Mean Std. Error Std. Deviation Median Minimum Maximum
LW_W 22.79 0.46 4 22.7 13.9 33.4
WH_W 57.08 0.42 3.64 56.15 45 66
CD_W 22.52 0.2 1.77 22 19.2 29
BL_W 49.05 0.36 3.12 49 40 57
CW_W 14.13 0.14 1.23 14 10 16
RW_W 13.73 0.16 1.42 14 11 17.03
CC_W 68.81 0.46 3.97 68 60 78
W_SM 31.95 0.62 5.41 33.11 22.5 43.1

WH_SM 61.71 0.35 3.05 61.89 53 66
CD_SM 25.59 0.23 2.02 25.9 21 29
BL_SM 54.26 0.23 2.04 54 50 59
CW_SM 16.72 0.16 1.35 17 14 19
RW_SM 17.72 0.21 1.81 18 14 23
CC_SM 80.6 0.73 6.36 80.55 69 93

LW: Live weight, WH: Withers Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW: Rump Width, CC:
Chest Circumference; _W: Weaning Period, _SM: Six months of age
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Many morphological traits are frequently
measured and recorded in studies on sheep breeding as
these measurements are important indicators of the live
weights in animal growth. However, difficulties arise in
explaining the relationship between these characters in a
comprehensive way in practice (Fourie et al., 2002). To
better explain the relationship between two sets of
variables by finding linear combinations of variables that
maximally correlate, seven pair of canonical variates in
which each of them is orthogonal to the other canonical
variates except for the one with which its correlation has
been maximized, were generated.  For this particular
model, there were seven canonical dimensions of which
only the first one (U1V1) was statistically significant
(P=0.001) (Table 4). The possible number of such pairs is
dependent to the number of morphological traits
measured in the smallest group. In previous studies,
number of generated canonical pairs varied from three
(Cankaya and Kayaalp, 2007) to six (Tatar and Elicin,
2002; Cankaya et al., 2009; Sahin et al., 2011), of which
only the first pair was statistically significant except the
study of (Sahin et al., 2011)’s.

Raw canonical coefficients to define the linear
relationship between traits at weaning and the traits at six
months age were given in Table 5.  Results showed that a
one unit increase in live weight and wither’s height at
weaning leads to 0.118 and 0.127 units increase in linear
combination of measurements at six months of age,
respectively. However, since the variables in the model
had different standard deviations, the standardized
coefficients were also given to allow for easier
comparisons among the variables.

The standardized canonical coefficients for
canonical variates were given in Table 6. It was revealed
that the biggest contributor on the U1 canonical variate
was live weight followed by withers height and rump
width for X variable set, while the biggest contributor on
the V1canonical variate was live weight, followed by
withers height and chest depth. Considering the variable
live weight; one standard deviation increase in live
weight in weaning period leads to a 0.47 standard
deviation increase in the score on the first canonical

variate (U1) for X variable set, while one standard
deviation increase in live weight at six months leads to a
0.97 standard deviation increase in the score on the first
canonical variate (V1) for Y variable set when the other
variables in the model are held constant (Table 6). In a
study conducted with Karayaka lambs (Tahtali et al.,
2012), largest contributor to the variable set consisting of
morphological traits at weaning time was withers height
followed by chest girth.

The loadings of the variables in each set on the
canonical dimensions which represents the correlations
between variables and the opposite canonical variates
were given in Table 7. Results showed that all
correlations are uniformly large which shows both of the
canonical variates (U1 and V1) can be considered as an
overall measure of X and Y variable sets, respectively.
The cross loadings suggested that live weight at weaning
period, withers height and chest depth were more
influential than other four traits in forming V1, while
weight at six months age, wither’s height and chest
circumference were more influential in forming U1 in
weaning period (Table 7). Previous studies reported high
influence of withers height (Tahtali et al., 2012) and
chest girth (Cankaya and Kayaalp, 2007; Tahtali et al.,
2012) for weaning period. Also, Atta (2004) reported
high influence of heart girth on live weight.

In the present study, 48.7% of the total variation
was explained by canonical variate U1, while the 22.1%
of the variation was explained by canonical variable V1
for traits measured in weaning period. In contrast, 43.3%
of the total variation in morphological traits at six months
of age was explained by canonical variate V1, and 25% of
the ratio was explained by canonical variate U1.
Although the amount of shared variance that can be
explained by each canonical function was relatively low,
no generally accepted guidelines have been established
for the minimum acceptable redundancy index (Joseph et
al., 2004). However, results of this study are compatible
and in line with previous studies (Cankaya et al., 2008;
Sahin et al., 2011), supporting the theoretical and
practical significance of the research problem being
investigated.
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Table 3. Bivariate correlations between morphological traits.

W_W W_SM WH_W CD_W CW_W BL_W RW_W CC_W WH_SM CD_SM BL_SM CW_SM RW_SM CC_SM
W_W 1

W_SM 0.39*** 1
WH_W 0.53*** 0.43*** 1
CD_W 0.45*** 0.47*** 0.46*** 1
CW_W 0.36*** 0.35** 0.32** 0.36** 1
BL_W 0.37*** 0.25* 0.21 0.24* 0.24 1
RW_W 0.25* 0.34** 0.19 0.29 0.32** 0.15 1
CC_W 0.61*** 0.33** 0.38** 0.36** 0.30** 0.35** 0.20 1

WH_SM 0.42*** 0.67*** 0.54*** 0.34** 0.29* 0.33** 0.28* 0.29* 1
CD_SM 0.38** 0.63*** 0.34** 0.41*** 0.27* 0.22 0.21 0.37** 0.64*** 1
BL_SM 0.38** 0.49*** 0.27* 0.33** 0.10 0.38** 0.23* 0.21 0.54*** 0.48*** 1
CW_SM 0.40*** 0.61*** 0.18 0.31** 0.31** 0.15 0.16 0.19 0.52*** 0.64*** 0.37** 1
RW_SM 0.34** 0.51*** 0.25* 0.36** 0.31** 0.13 0.38** 0.10 0.42*** 0.44*** 0.51*** 0.46*** 1
CC_SM 0.48*** 0.62*** 0.29* 0.38** 0.25* 0.29* 0.34** 0.36** 0.67*** 0.68*** 0.66*** 0.51*** 0.49*** 1

***: p<0.001, **: p<0.01, *: p<0.05
LW: Live weight, WH: Withers Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW: Rump Width, CC: Chest Circumference; _W: Weaning Period, _SM: Six
months of age
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Table 4. Primary results for the canonical correlation analysis.

Pair of
Canonical
Variables

Canonical
Correlation

Squared
Canonical

Correlation

F-Value Df1 Df2 Probability
Pr>F

Wilks'
Lambda

U1 V1 0.674 0.455 1.78 49 319 0.001 0.293
U2 V2 0.482 0.232 1.17 36 279 0.236 0.538
U3 V3 0.378 0.143 0.96 25 239 0.525 0.702
U4 V4 0.327 0.107 0.84 16 199 0.636 0.818
U5 V5 0.228 0.052 0.65 9 161 0.751 0.916
U6 V6 0.178 0.032 0.57 4 134 0.686 0.967
U7 V7 0.039 0.001 0.1 1 68 0.751 0.999

Table 5. Linear combinations for canonical correlations (raw coefficients) of U1 to predict canonical variate of
traits at six months of age (V1).

Coefficient Std. Err. T P 95% Confidence Interval
Lower Bound Upper Bound

W_W 0.118 0.045 2.57 0.012 0.026 0.209
WH_W 0.127 0.043 2.93 0.004 0.041 0.213
CD_W 0.089 0.092 0.97 0.336 -0.094 0.273
CW_W 0.141 0.129 1.09 0.278 -0.116 0.398
BL_W 0.029 0.048 0.61 0.546 -0.067 0.126
RW_W 0.280 0.101 2.76 0.007 0.078 0.482
CC_W 0.08 0.044 1.78 0.079 0.009 0.166

LW: Live weight, WH: Withers Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW: Rump Width, CC:
Chest Circumference; _W: Weaning Period

Table 6. Standardized canonical coefficients for canonical variables.

X Variable Set
W_W WH_W CD_W CW_W BL_W RW_W CC_W

U1 0.471 0.463 0.158 0.174 0.092 0.397 0.312
Y Variable Set

W_SM WH_SM CD_SM CW_SM BL_SM RW_SM CC_SM
V1 0.967 0.451 -0.359 -0.097 -0.218 0.279 0.121

LW: Live weight, WH: Withers Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW: Rump Width, CC:
Chest Circumference; _W: Weaning Period, _SM: Six months of age

Table 7. Cross-loadings of the original variables with opposite canonical variables.

X Variable Set
W_W WH_W CD_W CW_W BL_W RW_W CC_W

V1 0.473 0.461 0.424 0.390 0.237 0.399 0.249
Y Variable Set

W_SM WH_SM CD_SM CW_SM BL_SM RW_SM CC_SM
U1 0.625 0.552 0.436 0.394 0.438 0.515 0.508

LW: Live weight, WH: Withers Height, CD: Chest Depth, BL: Body Length, CW: Chest Width, RW: Rump Width, CC:
Chest Circumference; _W: Weaning Period, _SM: Six months of age

Conclusion: Body measurements are important in terms
of providing information about the morphological

structure of animals. This study has reported the
association between some morphological traits measured
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at weaning time and six months age in Bafra breed first
time. The study revealed that the most influential factors
were withers height, chest circumference and chest girth
in relationship of traits measured at weaning time and six
months age.

One of the advantages of the method used in this
study was to evaluate the effect of morphological
measurements as a combination of variables, rather than
using only a single variable to predict on the other side of
the equation which does not report the information
concerning dimensionality.

Farm management is a problem-solving and
decision-making activity and knowing the relationship
between live body weight and type traits at weaning and
six months of age may provide the farmer forming an
early basis for his management activity such as in
reorganizing the breeding groups or production.

In conclusion, the canonical correlation
technique could be a comprehensive tool to investigate
associations among useful traits providing information
that can form the basis of indirect selection and
management applications.
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