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Summary

In this study, canonical correlation analysis was applied to estimate the relationship between six different morphologic traits (X
set — birth weight (BW), body length (BL), height at withers (HW), chest depth (CD), chest width (CW) and chest girth (CG)) measured
at birth and the morphological traits measured at weaning time (Y set — weaning weight (WW), body length (BL_W), height at withers
(HW_W), chest depth (CD_W), chest width (CW_W) and chest girth (CG_W)) measured from 121 Karayaka lambs, raised at Gaziosmanpasa
University. First of estimated six different canonical correlation coefficients (CCC) (r=0.668) between the pairs of canonical variables were
found significant (P<0.05). The results of canonical correlation analysis indicated that height at withers, chest girth and birth weight
had largest contribution for the explanatory capacity of canonical variables estimated from the morphologic traits of Karayaka lambs at
the birth when compared with other body measurements. Height withers and chest girth had largest contribution for the explanatory
capacity of canonical variables estimated from the morphological traits of the lambs at the weaning time when compared with other
body measurements. As results of this study showed that height at withers, body weight and chest girth measured at birth can be used
as early selection criteria for genetic improvement in Karayaka lambs.
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Karayaka Kuzularinda, Sutten Kesim Zamaninda ve Dogumda
Olciilmiis Bazi Ozellikler Arasindaki iliskinin Tahmini icin
Kanonik Korelasyon Analizi

Ozet

Bu calismada, Gaziosmanpasa Universitesi arastirma ciftliginde yetistirilen, 121 adet Karayaka kuzusuna ait, dogumda 6l¢lilen 6
farkh morfolojik ozellik ile (X veri seti- dogum agirhd (BW), viicut uzunlugu (BL), cidago yuksekligi (HW), gogus derinligi (CD), gogus
genisligi (CW) ve gogus cevresi (CG)) stitten kesim doneminde olctlmis morfolojik 6zellikler (Y veri seti — stitten kesim agirhg (WW),
viicut uzunlugu (BL_W), cidago yiksekligi (HW_W), gégus derinligi (CD_W), g6gus genisligi (CW_W) ve g6gus ¢evresi (CG_W)) arasindaki
iliskiyi tahmin etmek icin kanonik korelasyon analizi uygulanmistir. Kanonik degisken ciftleri arasinda tahmin edilen alti farkli kanonik
korelasyon katsayilarindan (CCC) (r=0.668) birincisi olarak 6énemli bulunmustur (P<0.05). Kanonik korelasyon analizinin sonuglari
gostermektedirki, diger viicut dl¢uleri ile karsilastirildigi zaman dogumda Karayaka kuzularinin morfolojik 6zelliklerinden tahmin edilmis
kanonik degiskenlerin agiklayici etkisi icin Cidago yliksekligi, gogus cevresi ve dogum agirhigi'nin katkisi daha buyktir. Cidago yiiksekligi
ve gogus cevresi, diger viicut ozellikleri ile karsilastinldigi zaman stitten kesimde kuzularin morfolojik 6zelliklerinden tahmin edilmis
kanonik degiskenler icin en biyik katkiya sahiptir. Bu calismanin sonucu olarak, dogumda 6lcllen cidago yuksekligi, dogum agirligi ve
gogus cevresi, Karayaka kuzularinin islah ¢alismalarinda erken seleksiyon kriteri olarak kullanilabilir.

Anahtar sézciikler: Kanonik korelasyon katsayisi, Karayaka, Dogum ve siitten kesim 6zellikleri

INTRODUCTION

Sheep raised are an important component of the farming  roles for the rural population. Karayaka sheep, numbering
systemsinTurkey and haveimportant culturaland financial ~ about 1.300.000 is one of the indigenous breed of sheep
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reared in the middle and east Black Sea region of Turkey .
Live weight of mature Karayaka rams and ewes are ranged
65-90 and 40-60 kg, respectively. Weights at birth, 56 and
140 days of age of Karayaka lambs were reported as 4.16,
16.47 and 30.63 kg, respectively 2. The Karayaka is raised
especially wool and meat production.

It is important to determine the relationship between
two or more characters measured at early time (at birth)
and measured hard at or later time (at weaning time), since
early selection is one of the modern selection programmes
applied for a higher meat production in sheep 3% Simple
correlation analysis is usually prefered by researchers for
determining degree and direction of the relationships
between body measurements. But one or more of the
variables may be interrelated and it is therefore difficult to
pinpoint their individual significance.

Canonical correlation analysis is a technique for
describing the relationship between two variable set by
calculating linear combinations that are maximally
correlated ®. Canonical correlation analysis has the ability to
deal with two variable sets simultaneously and to produce
both structural and spatial meaning .

The applications of canonical correlation analysis
such as determination of the relationship between some
traits measured pre- and post slaughtering, production
performance and body measurements, milk yield traits,
head and scrotum measurements, testicular and body
measurements or measurements in different periods
(sucking and fattening) and body measurements etc. were
discussed in the previous livestock studies #'°. However, to our
knowledge, it is not founded the applications of canonical
correlation analysis for estimating the relationships
among morphologic traits measured at birth and weaning
period in Karayaka lambs. The first objective of this paper
is to estimate the interrelationship between six different
morphologic traits measured at birth and weaning of 121
Karayaka lambs. The second objective is to determine
which variables can be used as early selection criteria for
decreasing generation interval and economy in Karayaka
lambs production.

MATERIAL and METHODS

The material of the study was formed of Karayaka
lambs raised at Gaziosmanpasa University. In terms of the
live body measurements of the lambs in the experimental,
birth weights, body length, height at withers, chest depth,
chest width and chest girth were measured 121 male
Karayaka lambs. The body measurements were taken by
meter at birth and weaning time of lambs. All lambs were
weighted and ear tagged within 24 h of the birth. All lambs
were weighed and ear tagged within 12 h of the birth.
The lambs were kept alone with their mothers in stalls for 3

days after lambing. The lambs were allowed to suckle their
mothers twice a day.

The breeding season mostly occurs between July and
September and lambing occurs between November.

Canonical Correlation Analysis (CCA)

The canonical correlation analysis °, focuses on the
correlation between a linear combination of the variables
in the weaning variable set (X-set, called canonical variable
U) and a linear combination of the variables in the six-
month age variable set (Y-set, called canonical variable V)
such that the correlation between the two canonical
variables is maximized '¢. Canonical variables (U and V),
which in this study are needed to represent the association
between morphologic traits measured at birth and at the
weaning time from 121 lambs of Karayaka, are so formed
that the first pair has the largest correlation of any linear
combination of the original variables. Subsequent pairs
also have maximized correlations subject to the constraint
that they are uncorrelated with each previous pair .
Symbolically, given X, and Y, then U=Xa; and V;=Yb,
where g;and b; are standardized canonical coefficients that
can be used to determine which variables are redundant in
interpreting the canonical variables '8, These coefficients
indicate the relative importance of the variable set of
measurements at the birth in determining the value of the
variable set of the weaning time, with i=1,...,min(p,q). On
the other hand, the coefficients can be unstable because
of the presence of multicollinearity in the data. For this
reason, the canonical loadings are considered to provide
a substantive meaning of each variable for the canonical
variables 3. The result satisfies Corr(U,V,)=0, Corr(U,U)=0,
Corr(V,V)=0 for i#j and Corr(U,V)=p; for i=j V. The
canonical correlation coefficient (p) is the measure of
the interrelationship between two variable sets. Let

planpy (0<ps <..< pf <1) bemin(p,g) ordered
eigenvalues (/) of the matrix, 31/ 20 >3 2o . where

_ Z:11 Z12 . .
Z— .Their positive roots 0;,..., P, are the
Z:21 Z:22

population of canonical correlation coefficients between
Uand V.

CovU,V) _ _ aX,b )
VarWar(V) (@', a)(b'E,,b)

i=12,..,q

Puy, ='}=\/Z‘=\/

Interpretations of Canonical Correlation Analysis
(CCA)

The null and alternative hypotheses for assessing
the statistical significance of the canonical correlation
coefficients are,

Hy:py=py=..=p. =0
H,:p;#0 atleastonei=1,2,,..,r
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The F test statistic for the statistical significance of ,01‘2 is
1/t

oo 1-4," sd,
A sd

Sdl,Sd2 ,a

Here,

= . 1
A :H(l—rf); s=min(p,q); sd,=pq; sd, :wt—zpq+l;
i=1

1 2q% -4
w=n——(p+q+3);, t= 7129q 3
2 p +qg° =5
Where, nis the number of cases, p is number of variables
in the X set, g is the number of variables in the Y set, and

r? : represents the eigenvalues of ;' ¥, ¥5' Y, orthe

squared canonical correlations.

Canonical correlation coefficients do not identify the
amount of variance accounted for in one variable set by
other variable sets. Therefore, it is important to calculate
the redundancy measure for each canonical correlation
to determine how much of the variance in one set of
variables is accounted for by the other set of variables ™.
The redundancy measure can be formulated as below,

SLY

R, =0Vl ov(Yly,)="3—
q

Where @ (Y|V;) is the averaged variance in Y variables
that is accounted for by the canonical variate V; LY; which
is the loading of the j* Y variable on the i canonical
variate; and g is the number of traits in canonical variates
mentioned.

Applications of Canonical Correlation Analysis

While the first six characters were included in the
first variable set (X.,,: morphologic traits at birth), the latter
six characters were included in the second variable set

Table 1. Descriptive values for examined characters (n=121)

(Ynq: morphological traits at weaning). All of the
computational work was performed to examine the
relationships between the two sets of traits by means of
the PROC CONCORR procedure of the SAS 8.1 statistical
package 2.

RESULTS

Descriptive statistics for the examined characters
and correlations displaying the relationships among the
morphologic traits from 121 Karayaka lambs are given in
Table 1 and 2, respectively. Highest correlations were
predicted between BW and HW (r=0.72) for birth time;
CG_W and BL_W (r=0.72) for weaning time; and HW and
HW_W (r=0.61) for the interrelationships between birth
time and weaning time. The lowest correlations were
predicted between CW and BW (r=0.28) for birth time;
CD_W and WW (r=0.27) for weaning period; CD and
BL_W (r=0.09) for the inter-relationships between birth
and weaning time (P<0.01 and P>0.05, respectively).
Although birth period are important indicators of weaning
period, it is extremely difficult to explain simultaneously
the relationship between the traits. For this reason, instead
of interpreting the correlations, six canonical correlation
coefficients were estimated to explain the interrelation-
ships between the studied variable set, since the number
of canonical correlations that need to be interpreted is the
minimum number of traits within the birth or weaning
period (Table 3). First canonical correlation coefficient
(r=0.668) were significant (P<0.01)with respect to the
likelihood ratio test (Table 3). Based on this result, the
paper interpred the relationship between the first pair of
canonical variables (U; and V).

Standardized canonical coefficients (canonical weights)
were given for the first pair of canonical variables in Table
4. These coefficients indicate the effects of birth period on
the weaning period. Therefore, the canonical variates (U,
and V;) representing the optimal linear combinations of
dependent and independent variables can be defined by
using the standardized canonical coefficients as,

Tablo 1. incelenen karakterler icin tanimlayici istatistikler (n=121)

X Variable Set Y Variable Set

For Birth Period For Weaning Period

Mean+S.D* MeanS.D*
Height at withers (cm) (HW) 36.4+2.10 Height at withers (cm) (HW_W) 46.4+3.13
Chest depth (cm) (CD) 11.9+0.78 Chest depth (cm) (CD_W) 19.3+2.04
Chest width (cm) (CW) 9.1+1.40 Chest width (cm) (CW_W) 15.5+1.65
Chest girth (cm) (CG) 39.1+2.64 Chest girth (cm) (CG_W) 60.7+4.41
Body Lenght (cm) (BL) 35.3+2.63 Body Lenght (cm) (BL_W) 35.3+2.63
Birth weight (kg) (BW) 3.6+0.61 Weaning weight (kg) (WW) 60.3+5.10

*SD: Standard deviation
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U,= (0.50 BW) + (0.33 BL) + (0.65 HW) + (0.02 CD) + at the weaning time will decrease, and the values of the
(0.04 CW) - (0.50 CG) BW_W and HW_W at the weaning time will increase.

V, =(-0.01 WW) + (0.01 BL_W) + (1.01 HW_W) - (0.13

Variables with larger canonical loadings contributed
CD_W)-(0.14 CW_W) + (0.17 CG_W)

more to the multivariate relationships between morphologic
Accordingly, if the values of the CG decrease at the traits measured at birth and at the weaning time from 121
birth time, the values of the WW, CD_W, CW_W and CG_W  lambs of Karayaka (Table 5).

Table 2. The correlation matrix between morphologic traits

Tablo 2. Morfolojik 6zellikler arasindaki korelasyon matrisi

BW BL HW cD cw CG ww BL_ W HW_W ch_wW cw_w

BL 0.46"

HW 0.72" 0.69"

CcD 0.49™ 0.49™ 0.56™

cw 0.28™ 0.71" 0.54" 0.34"

CcG 0.66™ 0.65™ 0.68™ 0.45™ 0.59"

Ww 041" 0.31" 0.38" 0.16 0.12 0.22

BL_ W 0.35" 0.23" 0.33" 0.09 0.26™ 0.23" 0.53"

HW_W 0.52" 0.46™ 0.61" 0.35" 0.32" 0.34" 0.68™ 0.58"

CD_W 0.26™ 0.21" 0.31" 0.07- 0.27™ 0.23 0.27* 0.66™ 0.53"

CW_W 0.29" 0.15° 0.25" 0.02 0.16 0.17- 0.55" 0.64" 0.50" 0.45™

CG_W 0.48™ 0.34" 0.43" 0.23" 0.25" 0.33" 0.62" 0.72" 0.70" 0.61" 0.62"
* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed), - Correlation is not statistically significant at the
0.05 level (2-tailed). The superscript indicates that no correlation was found between the traits (for example between HW and RW). Other words, bold figures
presented the highest and lowest correlation between the traits
BW, BL, HW, CD, CW, CG,: The Morphologic traits measured at birth
WW, BL_W, HW_W, CD_W, CW_W, CG_W: The morphological traits measured at weaning time

Table 3. Summary results for the CCA
Tablo 3. Kanonik korelasyon analizi icin 6zet sonuglar

Pair. of Canonical Canonifal Squared Car.lonical Eigenvalle DE LikeIiI!ood Probability
Variables Correlation Correlation Ratio Pr>F
uVv, 0.668 0.446 0.806 36 0.424 <0.001
Uy, 0.337 0.114 0.129 25 0.765 0.213
u,v, 0.300 0.090 0.099 16 0.864 0414
uyv, 0.193 0.037 0.039 9 0.950 0.755
UV, 0.100 0.010 0.010 4 0.987 0.822
UV, 0.057 0.003 0.003 1 0.997 0.546

Table 4. Standardized canonical coefficients for canonical variables

Tablo 4. Kanonik degiskenler icin standardize edilmis kanonik katsayilar

X - Variable Set Y - Variable Set
BW BL HW cD cw CcG ww BL_W HW_ W | CD_W cw_w G W
U, 0.50 0.33 0.65 0.02 0.04 -0.50 V, -0.01 0.01 1.01 -0.13 -0.14 0.17

Table 5. Canonical loadings of the original variables with their canonical variables

Tablo 5. Orjinal degiskenler ile kanonik degiskenlerin kanonik yiikleri

X - Variable Set Y - Variable Set

BW BL HW cD cw cG ww BLW | HW.W | (D W | CW W | CG W
0.80 0.71 0.92 0.57 0.47 0.51 % 0.67 0.54 0.99 0.45 0.42 0.71
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The loadings for the weaning time suggested that the
height at withers and chest girth were more influential than
other characters in forming V;, while height at withers and
body weight were more influential than other characters
in forming U, at birth time. According to the cross loadings,
HW and HW_W contributed the most to canonical variates
V;and U, respectively (Table 6).

In the present study, it was found that 46.7% of total
variation in the birth time set was explained by first canonical
variables U;, while the redundancy measure of 0.208 for
the first canonical variable suggests that about 20.8% of
the ratio was explained by canonical variable V. Also, it was
found that 43.2% of total variation in the weaning period
set was explained by the first canonical variable V;, while
the redundancy measure of 0.193 for first canonical variable
suggests that about 19.3% of the ratio was explained
by canonical variable U, (Table 7).

the value given in this study.

To this end, this study has revealed the relationships
between morphologic traits measured at birth and
morphological traits of the weaning time. Height at withers,
body weight and chest girth were the most influential
factors in this relation. Results obtained from this work
will help breeding pratices and research on performance
by guiding breeders in selecting the best animal at birth
time. In conclusion, the efficiency of selection may be
increased by decreasing generation interval in Karayaka
lambs production.
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Table 6. Cross loading of the original variables with opposite canonical variables

Tablo 6. Orjinal degiskenlerin yiiklerine karsilik gelen kanonik degiskenler

X - Variable Set

Y - Variable Set

BW BL HW cD cw CcG

ww BLW | HW.W | CDW | CW.W | CG W

v 0.54 0.47 0.62 0.38 0.31 0.34

0.45 0.36 0.66 0.30 0.28 0.47

Table 7. The explained total variation ratio by canonical variables for the variable sets

Tablo 7. Degiskenler icin kanonik degiskenler tarafindan aciklanan toplam varyasyon

X - Variable Set

Y - Variable Set

Variance extracted Redundancy Variance extracted Redundancy
U, 0.467 v, 0.208 v, 0.432 U, 0.193
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