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ABSTRACT
 

Data from 629 meat type quails were used to study 
association between two different sets of traits: egg production and 
reproduction. Traits related to reproduction were: body weight at 
42 days (W42), average egg weight (AEW), age at sexual maturity 
(ASM); and production traits: number of eggs produced from 42 
until 182th day considering intervals of 35 days each period (P1, 
P2, P3 and P4). Canonical correlations were used to describe 
the association between these two sets of traits. The canonical 
coefficients indicated that egg production and reproductive traits 
were moderately related (0.3475). The first partial period of 
production (P1) and age at sexual maturity were the most relevant 
traits among the analyzed variables. Results show that selecting 
animals with lower age at sexual maturity might lead to an increase 
on number of eggs produced until 77 days, although it might also 
lead to a decrease on egg weight. Breeding programs aiming to 
improve quails production should consider selection strategies to 
decrease age at sexual maturity and then, as correlated response, 
increased egg production might be observed.

Key words: animal breeding, canonical pairs, Coturnix coturnix, 
egg production, multivariate analysis. 

RESUMO

Dados de 629 matrizes de codornas de corte foram 
utilizados para estudar a associação entre características de 
reprodução e produção de ovos. As características analisadas 
foram: peso corporal aos 42 dias (W42), peso médio de ovos (AEW) 
e idade à maturidade sexual (ASM), que compôs as características 
reprodutivas; e números de ovos produzidos a partir do 42o dia, 
divididos em intervalos de 35 dias cada (P1, P2, P3 e P4), que 
integrou o grupo de características de produção. Para análise de 
associação, foi utilizada a análise de correlação canônica entre 
os dois conjuntos de características. Os coeficientes canônicos 

indicaram que os conjuntos de características de produção 
de ovos e reprodutivas são dependentes, correlacionando-se 
moderadamente (0,3475). Entre as variáveis avaliadas, o primeiro 
período parcial de produção de ovos e a idade à maturidade sexual 
foram as mais importantes. Os resultados indicam que a seleção 
para menor idade à maturidade sexual resultaria em aumento no 
número de ovos produzidos até 77 dias de idade, embora essa 
seleção possa resultar em diminuição do peso de ovo. Conclui-se 
que a seleção de aves deve ser efetuada para menor maturidade 
sexual, pois, assim, estará selecionando também aves para maior 
produção de ovos.

Palavras-chave: análise multivariada, Coturnix coturnix, 
melhoramento animal, pares canônicos, 
produção de ovos.

INTRODUCTION

Quails have been widely used in studies 
involving genetic selection due to its short interval 
generation, high fertility and small size (YANG et 
al., 1998). Moreover, they present physiological 
and genetic similarity with chicken with the 
advantage of fast development of specialized lines 
at specific traits, what would not be possible using 
animals of Gallus genus (MINVIELLE, 2009). 
These points make the use of quail as animal model 
preferable. Several traits can be included on breeding 
programs, and a large number of them are directly 
influenced by environment (BARBOSA et al., 2005), 
difficulting interpretation through univariate analysis 
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(SAKAGUTI et al., 1996). An alternative  in this case 
is the use of multivariate analysis.

Multivariate analysis allows evaluation 
of traits simultaneously, taking into account its 
correlations. Thus, it becomes possible to infer about 
a set of traits by considering a known significance 
level (SAKAGUTI et al., 1996), as well as to estimate 
a better combination of variables that leads to a 
significant value. GODSHALK & TIMOTHY (1988) 
describe the use of multivariate analysis techniques 
as an alternative of selection index in plants, which 
the main advantage is to provide weights to the traits 
without needing to estimate genetic parameters on the 
population of interest.

Canonical correlation is a multivariate 
analysis technique based on determining two linear 
combinations, each one for a set of variables, 
maximizing the correlation coefficient between them. 
Firstly, the objective is to determine a pair of linear 
combinations that presents the highest correlation. 
Therefore, to determine the pair of linear combinations 
that provide the higher correlation between all the 
other not correlated pairs and the pair previously 
selected, and so on. The linear combination pairs are 
defined as canonical variables and their correlations 
as canonical correlations. These combinations are 
canonical variables, and these pairs are denominated 
as canonical pairs (JOHNSON & WICHERN, 2007).

Among traits with economic relevance on 
genetic evaluation of breeders, egg production, sexual 
maturity and average egg weight are well known by 
their connection with profit determination. Age at 
sexual maturity, body weight, laying persistence 
and egg weight can influence egg production. 
Considering this, canonical correlation analysis 
may allow inferences about one sets of features that 
might affect another one. Furthermore, canonical 
correlation analysis enables to indicate traits that 
most have influence on other traits.

On a briefly review of literature, canonical 
correlation analysis have been used on pigs studies 
(BARBOSA et al., 2005; VENTURA et al., 2011; 
VENTURA et al., 2012), buffalos (THOMAS & 
CHAKRAVARTY, 2000), dairy cattle (KESKIN et al., 
2004, ÇANKAYA & KAYAALP, 2007, ÇANKAYA 
et al., 2008a), lambs (SAHIN et al., 2011) and laying 
hens (YANG et al., 1998; AKBAS & TAKMA, 2005; 
ROSÁRIO et al., 2006; MENDES & AKKARTAL, 
2007; ÇANKAYA et al., 2008b). The aim of this study 
was to estimate the relation between productive and 
reproductive traits; to determine which are most relevant 
on meat type quail selection, leading to higher number 
off eggs through canonical correlation analysis.

 MATERIALS   E   METHODS

Data from 629 females totalizing 
four generations of meat type quails (Coturnix 
coturnix), from a poultry breeding program at 
Universidade Federal de Viçosa were used. Diets 
for laying quail contained 19% of crude protein and 
2900kcal of metabolizable  energy per kg. Quails 
had free access to water and feed and lighting 
program was 16 hours of light.

Egg production data were collected daily. 
Age at sexual maturity (ASM) was considered as 
the age that the bird laid the first egg. The number 
of eggs produced was recorded starting on 42th until 
182th days of age, divided on intervals of 35 days 
each, totalizing four periods. All birds were weighed 
at 42th day of age (W42). The average egg weight 
(AEW) for each period was the average egg weight 
in a sample of three days record. Animals were 
weighed on a 0.01 precision scale. 

All traits recorded were separated in two 
sets. The first set  with egg production traits, such as 
number of eggs produced from 43th-77th, 78th-112th, 
113th-147th and 148th-182th days of age, relative to 
first partial period (P1), second partial period (P2), 
third partial period (P3) and fourth partial period 
(P4), respectively. The second set with reproductive 
traits, such as: average egg weigh (AEW), age at 
sexual maturity (ASM) and female body weight at 
maturity (W42).

The first step was the estimation of 
Pearson’s correlation among variables. Both 
Pearson’s correlation and canonical correlation 
analysis were obtained using CANCORR procedure 
from SAS software (SAS, 2009). Canonical 
correlation analysis was performed to analyze the 
relation between the two sets of traits (productive 
and reproductive). This technique was developed 
by Hotteling, in 1935, and consists on obtaining the 
optimal correlation between a linear combination 
of a set of variables (Yi) and another linear 
combination of set of variables (Xi). Therefore, it is 
possible to define that the linear combination of set 
of variables, following JOHNSON & WICHERN 
(2007) are:

U1=a11X1 + a12X2 + ...+a1pXp

V1=b11Y1 + b12Y2 + ...+b1qYq

Canonical variables U1 and V1 belong 
to the first canonical pair associated with the first 
canonical correlation, expressed for:
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p and q are the number of variables from X and Y, 
respectively. 

To check for significance of canonical 
correlation, maximum likelihood ratio test was 
performed, considering Lambda (Λ) from Wilk’s 
whose expressions are presented by KHATTREE & 
NAIK (2000).

RESULTS   AND   DISCUSSION

Correlation analysis was performed 
to avoid the severe multicollinearity or linear 
dependency between the variables, excluding those 
with correlation higher than 0.80 according to 
MONTGOMERY & PECK (2012). The third period 
(P3) from egg production traits was eliminated 
because it caused severe multicollinearity, which 
leads to singular matrices or poorly conditioned 
matrices.

Bivariate correlation among analyzed traits 
is on table 1. The highest correlation was between 
P2 and P4 (0.8024), while the lowest was between 
P1 and ASM (-0.5653). These results indicate that a 
higher number off eggs produced on the second period 
results on higher number of eggs on fourth period as 

well. Furthermore, lower age at sexual maturity imply 
on higher number of eggs produced until 77 days of 
age. Similar results involving correlation between 
sexual maturity and number off eggs were presented 
by AKBAS & TAKMA (2005) and ÇANKAYA et al. 
(2008b) on studies with laying hens.

The standardized coefficients, canonical 
correlation (r), squared canonical correlation (r2) and 
statistical test (F) to canonical pairs between egg 
production and reproductive traits are on table 2. 

Sets of traits related to egg production 
and reproduction were not considered independent 
(Table 2). Only the first canonical correlation was 
significant (p<0.01) and it was 0.3475, showing 
moderate correlation between reproductive and 
productive traits. Evaluating traits within first 
canonical pair there was a high predominance of P1 
that is related to egg production and age at sexual 
maturityin the set of reproductive traits. Proportion 
of variance in common to the two canonical 
variables at the first canonical pair, given by squared 
canonical correlation coefficient (r2) was 12.8%.

After choice of the most appropriate 
canonical pair, the second step was to analyze the 
magnitude of canonical coefficients that would be 
significant on contributions relative with correlated 
variable. Coefficients indicated effect of reproductive 
traits on productive traits (Table 3). Through the 
correlation between the original variable and their 
canonical correlation, P1 still the most important 
variable on canonical variable U1, as well as age at 
sexual maturity still the most relevant variable on V1. 
Thus, lower age at sexual maturity provides higher 
number of eggs until 77 days. 

Age at first egg is an important trait, 
because it characterizes sexual maturity in females, 
which have influence of several relevant factors on 

Table 1 - Bivariate correlation considering productive and reproductive traits.

P1 P2 P4 ASM AEW W42

P1 1.000
P2 0.7195* 1.000
P4 0.4720* 0.8024* 1.000
ASM -0.5653* -0.3390* -0.1811* 1.000
AEW 0.0566 0.0134 -0.0440 0.0003 1.000
W42 -0.0541 -0.0589 -0.0747 -0.0011 0.0877 1.000

* = significance (P<0.001).
P1 - number of eggs produced at first period; P2 - number of eggs produced at second period; P4 - number of eggs produced at fourth period;
ASM - age at sexual maturity; AEW - average egg weight; W42 - body weight at 42 days of age.
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poultry production. According to LIU et al. (1995), 
the beginning of egg production can be affected by 
genetics, chronological age and body composition. 
When the bird reaches sexual maturity it means that 
reproductive organs developed enough, enabling 
birds to produce eggs. Early development of 
reproductive organs may lead to higher egg 
production and total egg number.

Although age at sexual maturity had 
been highlighted on the set of reproductive traits, 
it is important to consider also body weight at 
maturity. Birds with reasonable weight may 
persist better laying eggs. According to LEESON 
& SUMMERS (1997), birds that present a higher 
body weight at sexual maturity might have better 
performance and in contrast birds with lower body 

weight might present later sexual maturity as well 
as lower performance.

On the other hand, average egg weight 
had a negative correlation on egg production at first 
period. RIBEIRO et al. (2012) corroborate these 
results, when obtained lower egg weights and lower 
egg mass evaluating the same period of age. Similar 
results were found by ÇANKAYA et al. (2008).

AKBAS & TAKMA (2005) conclude that 
age at sexual maturity and body weight at maturity 
had a positive impact on number of eggs produced 
on different periods, while egg weight have a 
negative impact on number of egg. Therefore, it is 
desirable to select birds that achieve sexual maturity 
earlier in life, indirectly selecting birds with better 
egg production.

Table 2 - Standardized coefficients, canonical correlation (r), squared canonical correlation (r2) and F statistical test (F) to canonical pairs
relative to productive and reproductive traits.

------------------------------------------------Canonical Pairs------------------------------------------------Traits
1st 2nd 3rd

P1 -1.2160 -0.0487 -0.8641
P2 0.3362 -0.7518 2.0595
P4 0.0050 1.5082 -0.8803
ASM 0.9906 -0.0420 0.1302
AEW -0.1202 -0.7753 0.6279
W42 0.0953 -0.5583 -0.8302
r 0.3475 0.0088 0.0003
F <0.0001* 0.2827 0.6829
r2 0.1208 7.84x10-5 9.24x10-8

* = significance (P<0.001).
P1 - number of eggs produced at first period; P2 - number of eggs produced at second period; P4 - number of eggs produced at fourth period;
ASM - age at sexual maturity; AEW - average egg weight; W42 - body weight at 42 days of age.

Table 3 - Correlation between: productive traits (P1, P2 and P4) and their canonical variables (U); reproductive traits (ASM, AEW and W42)
and their canonical variables (V); canonical variables and traits.

U1 U2 U3 V1 V2 V3

P1 -0.9716 0.1217 0.2031 ASM 0.9893 -0.0397 0.1403
P2 -0.5351 0.4272 0.7289 AEW -0.1070 -0.8307 0.5463
P4 -0.2981 0.8799 0.3699 W42 0.0742 -0.6346 -0.7693
ASM 0.5832 -0.0037 0.0024 P1 -0.5727 0.0115 0.0035
AEW -0.0631 -0.0782 0.0095 P2 -0.3154 0.0402 0.0127
W42 0.0438 -0.0597 -0.0134 P4 -0.1757 0.0828 0.0065

P1 - number of eggs produced at first period; P2 - number of eggs produced at second period; P4 - number of eggs produced at fourth period;
ASM - age at sexual maturity; AEW - average egg weight; W42 - body weight at 42 days of age.
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CONCLUSION

Canonical coefficients indicate that the 
sets of traits related to production and reproductive 
traits are dependents. Among analyzed variables, 
egg production until 77 days of age and age at 
sexual maturity were the most important traits for 
selection of meat type quails focused on higher 
egg production. Thus, selection to decrease the 
age at sexual maturity could lead to an increase of 
number of eggs.
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