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ABSTRACT 
Objective: This study on Japanese quails was undertaken to estimate heritability values for growth, body and 
egg traits as well as genetic and phenotypic relationships between these traits in Japanese quails reared in the 
Southern Guinea Savannah Zone of Nigeria.  
Methodology and Results: One hundred and sixty nine (169) pedigree-hatched day-old Japanese quail chicks 
from 10 sires were used for this study. The data obtained were subjected to variance and correlation analyses 
as appropriate. Results showed that heritability estimates of body weight at various ages ranged from 
0.10±0.02 to 0.82±0.14 while those of body weight gain were mostly moderate (0.19±0.05 - 0.42±0.02). Linear 
body parameters had moderate to high (0.23±0.13 - 0.49±0.16) heritability estimates except body length which 
was 0.08±0.15 heritable. Age at first egg (AFE), Body weight at first egg (BWFE) and weight of first egg (WFE) 
had heritability estimates of 0.48±0.17, 0.56±0.21 and 0.38±0.18, respectively. Phenotypic correlations 
between body weights at various ages and egg traits were mostly positive and significant (p<0.01) while that of 
linear body traits were all positive and mostly significant (p<0.01). Genetic relationships between body weights 
at various ages were all high and positive. AFE correlated negatively with BWFE while WFE had positive 
correlation with AFE and BWF.  
Conclusion and application of findings: The moderate to high heritability estimates obtained for body weight at 
ages 1-3 weeks indicates that response to selection for body weight at these ages could be rapid while the low 
heritability estimates of body weight at week 5 and 6 imply that response to selection for body weight at the 5th 
and 6th week could be slow. It is recommended that selection for body weight or growth rate in Japanese quails 
should be carried out at early stages of growth, preferably 2-3 weeks of age. 
Key words: Heritability, Genetic correlation, phenotypic correlation, selection, Body measurements 
 
INTRODUCTION 
Japanese quail is the smallest avian species farmed 
for meat and egg production (Panda and Singh, 
1990) and it has assumed worldwide importance not 
only as a laboratory animal (Baumgartner, 1993) but 
also as supplier of meat and eggs, especially for the 

rural poor and the landless. Distinct characteristics of 
the Japanese quail which, include rapid growth, thus 
enabling the quail to be marketed for consumption at 
5-6 weeks of age, early sexual maturity, which 
results in short generation interval, disease 
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resistance, less capital requirement, high rate of lay 
and much lower feed and space requirement than 
domestic fowl (Adeogun and Adeoye, 2004) have 
further given the birds advantage and attention from 
researchers in recent times. Moreover, the meat 
which is highly nutritive delicious, with low caloric 
value and high dry matter ((Muthukumar and Dev 
Roy, 2005)) is preferred by all. It is rich in protein, 
vitamins, essential amino acids, saturated fatty 
acids, unsaturated fatty acids and phospholipids 
(Muthukumar and Dev Roy, 2005). In view of the 
importance of this small stock, it is necessary to 
initiate improvement programs that can genetically 
improve the birds for efficient and effective 
productivity. In order to establish a breeding 
program, it is essential to estimate genetic 
parameters for improving the most important 
economic traits. The magnitude of the genetic 
parameter, for example heritability, could indicate the 
amount of improvement that can be achieved by 
selection. Several workers have reported some 
estimates of genetic parameters for various traits of 

the Japanese quail. Kawahara and Saito (1976) 
reported genetic parameter estimates of different 
organs and body weight in Japanese quail. Toelle et 
al. (1991) estimated genetic and phenotypic 
relationship between body weight, carcass and some 
organ parameters. In Nigeria, most studies on quails 
have been conducted in the area of production, 
nutrition, management and health (NVRI, 1996; 
Bawa, 2006; Chindo and Olowaniyan, 2006; 
Dafwang, 2006; Tuleun et al., 2008). However, apart 
from the work of Adeogun and Adeoye (2004); Akpa 
et al. (2008) and Daikwo (2011), there is little 
evidence of genetic work done on Japanese quails in 
Nigeria. Moreover, genetic parameters, especially, 
heritability estimates are population characteristics 
and environment specific. They change over time 
and need to be recomputed from time to time. The 
objective of this study, therefore, was to estimate 
heritability values for growth, body and egg traits as 
well as genetic and phenotypic relationships 
between these traits in Japanese quails reared in the 
Southern Guinea Savannah Zone of Nigeria. 

 
MATERIALS AND METHODS 
The experiment was carried out at Mundi’s Farm behind 
the Livestock Teaching and Research Farm of the Faculty 
of Agriculture, Nasarawa State University, Lafia, 
Nasarawa State. Nasarawa State falls within the 
Southern Guinea Savannah zone of Nigeria. The state 
lies between latitude 7⁰ and 9⁰ North and Longitude 7⁰ 
and 10⁰ East. It has a climate typical of the tropical zone 
because of its location. It has a temperature ranging from 
25⁰C in October to 36⁰C in March while rainfall varies 
from 13.73 cm in some places to 14cm in others 
(Nasarawa State Ministry of Information, 2006). 
Experimental Birds and Their Management: The base 
population of the Japanese quails used in this experiment 
is part of an original random bred population purchased 
from the Poultry unit of the National Veterinary Research 
Institute (NVRI), Vom, Plateau State. Thirty (30) females 
and ten (10) males of this base population were used in 
the study. They were housed in the same pen for two 
weeks for the purpose of acclimatization. At the 6th week 
of age, they were randomized into 10 breeding cages in 
the rearing house. A mating ratio of 1:3 (i.e. 1 cock to 3 
hens) was used. The birds were fed formulated diet 
containing 18% crude protein and 2700 Kcal/Kg 
metabolizable energy as recommended by Dafwang 

(2006). Feed and water were provided ad libitum.  Eggs 
for hatching were collected only when the birds were at 
least 9 weeks of age. This is because higher rates of 
fertility and hatchability of Japanese quail eggs are 
achieved between 9 - 19 weeks of age (Daikwo, 2011). 
The eggs were held in egg crates under room 
temperature with good ventilation. At the end of 6 days of 
egg collection, the eggs were set for pedigree hatching in 
an electric incubator. On hatching, chicks were weighed 
and given individual and sire identities using permanent 
marker of various colours. The chicks were then taken to 
a brooding room immediately for brooding. The quail 
chicks were kept at a temperature of 35⁰C with adequate 
drinker and feeder spaces provided. Light was provided 
for 24 hours during brooding to avoid pilling and death. 
The temperature was reduced gradually at the rate of 
3.50C on weekly basis as brooding progressed. The chick 
phase lasted for 3 weeks (21 days). During this phase, 
the birds were fed formulated chick mash, which 
contained 24% crude protein (CP) and 2800Kcal/kg 
metabolizable energy. After the chick phase was the 
growers phase, which lasted for another three weeks, 
during which time the birds were fed growers mash 
containing 21% CP and 3000 kcal/kg metabolizable 
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energy. Layers mash, which contained 20% CP and 
2,600Kcal/kg metabolizable energy, was given to the 
birds at point of lay (6 weeks of age). The birds were then 
allowed to lay and records of egg production were taken 
for the first three months (part-period egg production) to 
determine egg traits. Though quail is known to be 
resistant to most diseases of poultry (Modern Farming 
Methods, 2014). Antistress vitamins (vitalyte®), antibiotics 
and coccidiostats were administered through water at 
various times to prevent possible disease outbreak. In 
addition, good hygiene, cleanliness and biosecurity 
measures were ensured throughout the experimental 
period.  
Measurement of Traits 
Body Weight: Live body weights were measured at 
hatching using sensitive electronic scale and then at 
weekly intervals after wards until 6 weeks of age. 
Body Weight Gain: Average daily gains (ADG) for the 
periods, 0-1, 1-2, 2-3, 3-4, 4-5 and 5-6 weeks were 
estimated using the Formula: 
 
  W2 – W1  
       N  
          
Where: 
 W2= weight at the current week  
 W1= weight at the previous week  
N is the number of days from the previous weight to the 
present weight. 
Linear Body Measurement: The linear body 
measurements such as body length, shank length, wing 
lengths and breast girth were measured at weekly 
intervals until 6 weeks of age using measuring tape. 
Age at First Egg (AFE): Quails lay their first egg at this 
age. In this experiment, this was the age of the birds 
when the first egg was laid in the flock. 
Body Weight at First Egg (BWFE):  This was the 
average weight of the hens when the first egg was laid. 
Weight of First Egg (WFE): The weight of first egg for 
each quail hen was taken using sensitive electronic scale. 
The average weight of all the first eggs was taken as the 
weight of first egg. 
Egg Number: The total numbers of eggs laid by each 
hen was recorded monthly for a period of 3 months (part 
period egg production).  
Egg Weight: The weights of the first 3 eggs of each hen 
were taken in grams at week 1, week 4, week 8 and week 
12 of lay to determine average egg weight.  
Experimental Design: The design of the experiment was 
a nested or hierarchical design. In other word, random 

samples of dams were nested within random sample of 
sires. 
Data Analysis: Heritability of, genetic and phenotypic 
correlations among growth, body, and egg traits were 
estimated using the mixed model least-squares and 
maximum likelihood computer programme of Harvey 
(1990). The reduced sire model (Becker, 1992) was used 
to fit the data. 
Yij= µ + Si + eij 
Yij =Observation on the jth progeny of the ith sire. 
µ = Overall mean (constant) 
Si = Random effect of the ith sire (i=1,2,…..10)  
eij= Random residual error 
The Harvey programme computes estimates of genetic 
and phenotypic correlations as well as heritability 
estimates from sire variance components. The following 
formulae are used by the Harvey programme: 
 
 
Heritability: 
     4σ2

s 
h2=  
   σ2

s+ σ2
e 

 
Genetic correlation:  
 
   COVs 
 ϒG = 
            √ σ2

s(x) √σ2
s(y) 

 

Phenotypic correlation: 

            σ2
s(x,y) + 1-NW 

 ϒp =            NRI[σ2
s(x,y)] 

                     √σ2
e(x) + 1-NW                   √ σ2

e(y) +1- NW 
                       NRI[σ2

s(x)]                         NRI[σ2
s(y)]} 

 
Where: 
h2 = heritability estimate from paternal half-sib analysis. 
ϒG = estimate of genetic correlation. 
ϒP = estimate of phenotypic correlation. 
σs

2 = cross classified “family” variance component 
estimate, otherwise known as sire variance component. 
σe

2 = within family variance component, otherwise known 
as error variance component. 
NW = decimal percentage of additively genetic variance 
in σ2

e. 
NRI = decimal percentage of additively genetic variance 
in σ2

s.  
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RESULTS 
The least squares means±SEM and heritability estimates 
of body weight at various ages and body weight gain in 
Japanese quail are presented in Table 1. Heritability 
values for body weight decreased with the age of the bird. 
Estimates of heritability of body weight was high at hatch, 
week 1 and week 2, moderate at weeks 3 and 4 and low 

at the 5th and 6th week, respectively. The heritability 
estimates of body weight gain on the other hand did not 
follow a particular trend with respect to age. Estimates 
generally ranged from low (0.19±0.05) to high 
(0.42±0.02). 

 
TABLE 1: Least Squares Means±SEM (g) and heritability (h2±S.E) estimates of growth traits in  Japanese quails 

Parameters No. of Observation Mean±SEM h2±S.E 

Body weight    
   Hatch weight 169 5.74±1.10 0.82±0.14 

Week 1 138 10.88±1.10 0.77±0.26 
Week 2 134 23.70±1.18 0.45±0.03 
Week 3 134 34.73±1.18 0.33±0.15 
Week 4 134 54.54±1.19 0.25±0.14 
Week 5 132 76.08±1.20 0.16±0.04 
Week 6 132 89.81±1.20 0.10±0.02 

Body weight gain    
0-1 Week 138 0.74±0.05 0.31±0.07 
1-2 Week 134 1.83±0.05 0.19±0.05 
2-3 Week 134 1.58±0.09 0.42±0.02 
3-4 Week 134 2.87±0.13 0.30±0.03 
4-5 Week 132 3.02±0.11 0.26±0.08 
5-6 Week 132 2.14±0.18 0.29±0.06 

SEM = Standard error of mean 
 
Least Squares Means±SEM and heritability (h2±S.E) 
estimates of 6-month body measurements and some egg 
traits in Japanese quail are presented in Table 2. 
Heritability estimates ranged from 0.08±0.15 for body 

length to 0.49±0.16 for breast girth. Values for egg traits 
ranged from 0.34±0.18 for egg number to 0.59±0.23 for 
egg weight. 

 
TABLE 2: Least Squares Means±SEM and heritability (h2±S.E) estimates of 6-month body measurements and some egg 
traits in Japanese quail 

Parameters No. of Observation Means±SEM h2±S.E 

Body measurement    
Shank length (cm) 132 3.93±0.15 0.40±0.19 
Breast girth (cm) 132 6.51±0.07 0.49±0.16 
Wing length (cm) 132 15.00±0.17 0.23±0.13 
Body length (cm) 132 17.99±0.16 0.08±0.15 

Egg traits    
Age at first egg (days) 132 54.49±0.20 0.48±0.17 
Weight of first egg (g) 132 138.91±0.64 0.56±0.21 

  Body weight at first egg (g) 132 7.83±0.08 0.38±0.18 
   Egg weight (g) 300 8.43±0.06 0.59±0.23 
   Egg number 42 23.19±0.11 0.34±0.18 
SEM = Standard error of mean 
 
 



Momoh et al.    J. Appl. Biosci.   2014.     Genetic parameters of growth, body and egg traits in Japanese 
quails reared in southern guinea savannah, Nigeria 

6951 

TABLE 3: Genetic (upper diagonal) and Phenotypic (below diagonal) correlations between   body weights at different 
ages in Japanese quails. 

 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Week 0  0.66 0.51 0.80 0.70 0.71 0.31 
Week 1 -0.077  0.81 0.71 0.68 0.73 0.55 
Week 2 0.019 0.198  0.73 0.85 1.01 0.64 
Week 3 -0.021 0.223 0.195  0.82 0.89 0.57 
Week 4 0.154 0.074 0.241* 0.242*  1.03 0.99 
Week 5 0.206 0.214 0.273* 0.355** 0.388**  0.94 
Week 6 0.018 0.204 0.191 -0.010 0.362** 0.237*  

*= P<0.05, **= P<0.01 
 
Genetic and Phenotypic correlations between body 
weights at different ages are shown in Table 3. Generally, 
genetic and phenotypic correlations between body 
weights at various ages were positive except for 
phenotypic relationship between body weight at hatch 
and week 1 and hatch and week 3, which showed 
negative correlations. Phenotypic correlations between 

body weight at hatch and week 1, respectively, were 
weak and not significant with body weights at higher 
ages. However, at weeks 2, 3 and 4, body weights 
showed significant phenotypic associations with body 
weights at weeks 5 and 6. Genetic correlation between 
body weight at hatch, weeks 1, 2 and 3 were all very high 
and positive. 

 
TABLE 4: Phenotypic Correlation between linear body parameters of Japanese quail at week 1 and week 6 
 Body Weight Body Length Wing Length Breast Girth 

Week 1     
Body length 0.279**    
Wing length O.174 0.610**   
Breast girth 0.123 0.566** 0.761**  
Shank length 0.195 0.505** 0.478** 0.344** 
Week 6     
Body length 0.386**    
Wing length O.284** 0.634**   
Breast girth 0.454** 0.676** 0.453**  
Shank length 0.083 0.091 0.116 0.151 
**= P<0.01, EWT=egg weight, EW=egg width, EL=egg length, ST=shell thickness, ESI=egg shape index, YW=yolk width, 
YH= yolk height, YI=yolk index, AW=albumen width, AH=albumen height, AL=albumen length. 
 
The phenotypic correlations between linear body 
measurements at week 1 and at week 6 are presented in 
Table 4. At week 1 and week 6, the phenotypic 
correlations between the body parameters were all 
positive. Additionally, the relationships were highly 
significant (P<0.01) except for relationships between body 

weight and wing length, body weight and breast girth and 
body weight and shank length at week 1 which were 
positive but not significant (P>0.05). Also at six weeks of 
age, relationship between shank length and all other 
parameters were not significant. 

 
DISCUSSION 
The heritability of body weight at hatch (0.82±0.14) is 
lower than 0.91±0.11 reported by Daikwo (2011) and 
1.08±0.17 reported by Adeogun and Adeoye (2004) but 
higher than 0.26±0.16, 0.263±0.098 and 0.33 reported by 
El-Full et al. (2001), Vali et al. (2005) and Resende et al. 
(2005), respectively. The heritability estimate of 
0.25±0.14 for 4-week body weight in this study falls within 

the range of 0.17±0.60 computed from sire variance 
components as reported by Bahie El-Deen (1994) for 
Japanese quail at 4 weeks of age. Estimates obtained at 
week 1 (0.77±0.26), week 2 (0.45±0.03), week 3 
(0.33±0.15) week 5 (0.16±0.04) and week 6 (0.10±0.002) 
were lower than values reported by Daikwo (2011) and 
also at variance with the values reported by El-Full et al. 
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(2001), Vali et al. (2005) and Resende et al. (2005).  The 
decrease in heritability estimate with age as observed in 
this study had been reported earlier by Saatci et al. 
(2002) and Daikwo (2011) for Japanese quails. It would 
appear that additive genetic effects were more important 
in affecting body weight of Quails at the early ages than 
do environmental and non-additive genetic effects. 
However, this observation is not in consonance with the 
findings of Resende et al. (2005) who reported that 
heritability estimates increase with age in Japanese quail 
and broiler chicken; and Momoh et al. (2013), who 
reported increasing heritability estimate with age in 
domestic pigeon. The moderate to high heritability 
estimates obtained for body weight at ages 1-3 weeks 
indicates that response to selection for body weight at 
these ages could be rapid while the low heritability 
estimates of body weight at weeks 5 and 6 imply that 
response to selection for body weight at the 5th and 6th 
week could be slow.  An estimate of heritability of body 
weight gain (h2 = 0.42±0.02) at 2-3 weeks of age is 
similar to 0.40 reported by Samuel and Chang (1994). 
The result obtained in this study indicates that, selection 
for this trait might result in appreciable improvement. 
Since the growth rate during the 2-3 weeks of age had 
the highest heritability estimate, it can be used as 
criterion of selection to improve growth performance of 
Japanese quail. Except for wing and body lengths, the 
heritability estimates for shank length and breast girth are 
high and, therefore, indicate that genetic improvement for 
shank length and breast girth is possible and fast through 
mass selection. Genetic improvement for breast girth is 
particularly important in meat-type poultry because of the 
high positive correlation between breast girth and meat 
yield. Wing and body lengths in Japanese quails may be 
slow in response to genetic improvement due to the low 
heritability estimates for these traits as shown by this 
study. Due to the dearth of information in literature on 
heritability estimates of body measurements in quails, it is 
not feasible to compare the estimates obtained here for 
these traits with other previous reports. The heritability 
estimate obtained for age at first egg (h2=0.48±0.17) in 
this study is similar to 0.42 reported by El-Fiky (1991) but 
higher than 0.18, 0.27 and 0.31±0.18 reported by Abdel-
Mounsef (2005), El-Full (2001) and Daikwo (2011). The 
corresponding values for weight of first egg agreed with 
the range of 0.17 to 0.78 reported by Strong et al. (1978) 
and Farahat (1998). However, El-Full (2001) reported an 
extremely low heritability estimate of 0.0001 for weight of 
first egg in Japanese quail while Daikwo (2011) reported 
0.04 for the same trait. Heritability estimate of body 

weight at first egg strongly agreed with the range of 0.25 
to 0.59 reported by Shamma (1981) while the value 
obtained for egg number falls within the range of 0.30-
0.41 reported by Tawefeuk (2001) during a 70 days egg 
production period in Japanese quails. Helal (1995) 
reported heritability estimates of egg number that ranged 
from 0.40-0.88 for 12-15 weeks period of egg production 
in Quail. Heritability value obtained for egg weight is 
higher than 0.37±0.09 documented by Daikwo (2011). 
The moderate heritability estimates for egg number and 
body weight at first egg indicate that improvement in 
these traits would be possible using individual selection 
method. High estimates recorded for age at first egg, 
weight of first egg and egg weight suggest that 
improvement may be rapid using mass selection 
procedure. Differences in heritability estimates for 
different populations can be expected since heritability is 
a property of the population and the size or magnitude of 
the estimate is highly affected by such factors as 
selection, environmental deviations and method of 
estimation. The consistently higher genetic correlations 
between body weights at different ages than their 
respective phenotypic correlations have been reported by 
several others (Bahie-El-Deen, 1994; Farahat, 1998; 
Daikwo, 2011). The strong and positive genetic 
relationships as observed between body weights at 
various ages could mean that the same genes are 
controlling body weight at different ages. Similarly, high 
genetic correlations between body weights at early ages 
with body weights at later ages could indicate that 
selection for body weight at early ages would improve 
body weight at later (maturity) ages. However, genetic 
correlation greater than 1 as obtained between body 
weights at week 2 and week 5 as well as between body 
weight at week 4 and week 5 is above parametric range. 
El-Full et al. (2001) and Daikwo (2011) also recorded 
values greater than 1 for genetic correlation between 
body weights in Japanese quails. Problems associated 
with small data size, sampling error and data imbalance 
(unequal group sizes) could indicate very high genetic 
correlations between traits involved, which sometime 
could be outside parametric range. The phenotypic 
relationship between body weight and shank length at 
week 1 (0.195) and at week 6 (0.083) fairly agreed with 
the findings of Adeogun and Adeoye (2004) who reported 
that, phenotypic correlations of body weight and shank 
length are positive at all age from 1-6 weeks of age. The 
all positive and mostly significant phenotypic relationships 
between linear body parameters and body weight agreed 
with Oyetade (2011) who reported all positively and 
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mostly significant (P < 0.05) phenotypic relationship 
between body weight and all linear body measurement at 
various ages. This all positive and mostly significant 
phenotypic relationships between linear body parameters 

and body weight indicate that an improvement in one trait 
could lead to a concomitant improvement in the other if 
they do demonstrate positive genetic association. 

 
CONCLUSION AND RECOMMENDATIONS 
Genetic parameters of body and egg traits of Japanese 
quails reared in Southern Guinea Savannah of Nigeria 
have been provided. The moderate to high heritability 
estimates obtained for body weight at ages 1-3 weeks 
indicates that response to selection for body weight at 
these ages could be rapid while the low heritability 
estimates of body weight at week 5 and 6 imply that 
response to selection for body weight at the 5th and 6th 
week could be slow. The strong and positive genetic 
relationships as observed between body weights at 
various ages could mean that the same genes are 
controlling body weight at different ages. Similarly, high 
genetic correlations between body weights at early ages 

with body weights at later ages could indicate that 
selection for body weight at early ages would improve 
body weight at later (maturity) ages. 
It is, therefore, recommended that selection for body 
weight or growth rate in Japanese quails should be 
carried out at early stages of growth, preferably 2-3 
weeks of age. The positive and mostly significant 
phenotypic relationships between linear body parameters 
and body weight as observed in this study should be put 
into consideration in selection exercises for these 
parameters in Quail populations as phenotypic 
associations are important in determining the size of 
selection differentials in selection practices. 
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