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Objective: The better understanding of laying pattern of birds is crucial for developing 
breed-specific proper breeding scheme and management.
Methods: Daily egg production until 50 wk of age of six chicken breeds including one layer 
(White Leghorn, WL), three dual-purpose (Rhode Island Red, RIR; Columbian Plymouth 
Rock, CR; and Barred Plymouth Rock, BR), one synthetic dwarf (DY), and one indigenous 
(Beijing-You Chicken, BYC) were used to characterize their clutch traits and egg production. 
The age at first egg, egg number, average and maximum clutch length, pause length, and 
number of clutches and pauses were calculated accordingly. 
Results: The egg number and average clutch length in WL, RIR, CR, and BR were higher 
than those in DY and BYC (p<0.01). The numbers of clutches and pauses, and pause length 
in WL, RIR, CR, and BR were lower than those in DY and BYC (p<0.01). The coefficient 
variations of clutch length in WL, RIR, CR, and BR (57.66%, 66.49%, 64.22%, and 55.35%, 
respectively) were higher than DY (41.84%) and BYC (36.29%), while the coefficient variations 
of egg number in WL, RIR, CR, and BR (9.10%, 9.97%, 10.82%, and 9.92%) were lower 
than DY (15.84%) and BYC (16.85%). The clutch length was positively correlated with egg 
number (r = 0.51 to 0.66; p<0.01), but not correlated with age at first egg in all breeds.
Conclusion: The six breeds showed significant different clutch and egg production traits. 
Due to the selection history, the high and median productive layer breeds had higher clutch 
length than those of the less productive indigenous BYC. The clutch length is a proper 
selection criterion for further progress in egg production. The age at first egg, which is 
independent of clutch traits, is especially encouraged to be improved by selection in the 
BYC breed.
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INTRODUCTION

Egg production is the primary interest for genetic-economic improvement in laying hens. 
The traditional direct selection of part- or whole-record egg number or egg-laying rate 
resulted with positive genetic progress in egg production. However, this may reduce the 
genetic variability, narrow the range of selective response, and slow down further genetic 
progress [1]. Therefore, it is necessary to explore new and more basic biological traits for 
further genetic improvement of egg production [2]. 
  Under the 24 h based light-dark period, the pronounced cyclic process of chickens’ egg 
formation requires an average a bit over 24 h [3-5]. In a sequence of consecutive days, the 
first oviposition normally occurs in the morning, and the following oviposition is post-
poned day by day until a laying cessation for one or more days when the oviposition is 
postponed to the afternoon. Then the next egg will be laid in the morning again in a new 
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sequence. Such a series of eggs laid on successive days was 
named a clutch [6]. The clutch length, indicating the number 
of consecutive days with eggs, is an important trait describ-
ing the individual laying pattern and has been investigated 
in different domestic avian species in recent years. The mean-
ingful correlation between clutch length or clutch number 
with egg production has been reported [7,8]. Moderate heri-
tabilities were estimated for clutch length, such as 0.31 in 
Rhode Island Red (RIR), 0.34 in White Leghorn (WL), and 
0.43 in Dwarf brown-egg layers [1,7]. Clutch traits, providing 
additional insight into the difference between highly pro-
ductive and inferior layers, were proposed to be integrated 
into selection criteria of layer chickens [1,9-12] and other 
domestic poultry species [13,14]. Increased clutch length 
could reduce the average follicle growth period, enhance the 
growth rate, and improve egg production at the end. The 
hens that produce eggs in long clutches are favored. Chen 
and Tixier-Boichard [9] reported that 16 generations of se-
lection for average clutch length in two dwarf brown-egg 
layer lines resulted in an increase from 4 to 15 for egg number 
per clutch and an increase from 105 to 130 for egg number 
until 42 wk of age. 
  There is a rising trend where customers are looking more 
and more for differentiation in egg color and appearance in 
their egg consumption. Furthermore, concern is increasing 
for the welfare of day-old male chicken cull in egg produc-
tion industry. This inspires the traditional layer or dual-
purpose breeding involving a wide variety of distinct breeds 
or lines [15,16]. The better understanding of the clutch 
patterns in different types of chickens may provide new in-
sights for their breeding strategy and management practice 
[14]. However, this information has not been explored in a 
wide range of breeds. The objective of this study was to an-
alyze clutch traits and egg production in six chicken breeds 
covering the layer breed, dual-purpose breed, synthetic dwarf 
line, and indigenous breed, aiming at providing basic eval-
uation and support for an informed breeding plan.

MATERIALS AND METHODS

Ethics approval
The present study was approved by the Animal Care and 
Use Committee of Institute of Animal Science of Chinese 
Academy of Agricultural Sciences (No. IAS2021-48) and was 
performed in accordance with the relevant guidelines and 
regulations set by Ministry of Agriculture and Rural Affairs 
of the People’s Republic of China.

Experimental animals
A total of 4,015 birds from six representative genetic stocks 
hatched contemporarily were used in this study. These in-
cluded one layer breed, WL (n = 629); three dual-purpose 

breeds, RIR (n = 704), Columbian Plymouth Rock (CR; n = 
730), and Barred Plymouth Rock (BR; n = 688); one synthetic 
dwarf line (DY; n = 675), which was a hybrid of Beijing-You 
chickens (BYC) and Dwarf Jingxing Yellow chickens; and 
one Chinese indigenous breed, BYC (n = 589). WL, RIR, CR, 
and BR are pure Shaver lines imported from the University 
of Guelph, Canada. 

Management
The birds were housed in individual cages of three-tier bat-
tery-cage in the same building since 19 wk of age. Artificial 
light of 10 lx was provided for 8 h per day (8 L:16 D) at the 
beginning of 19 wk and increased by 1 h per week until 16 h 
light per day (16 L:8 D) at 27 wk and last until the end of this 
experiment. The LED lamps were suspended 2 m above the 
ground. Light intensity was measured at the birds’ eye level 
with the photoreceptor sensor of a light meter (model: DT-
1301; Shenzhen Everbest Machinery Industry Co. Ltd., 
Shenzhen, China). The house was equipped with thermal 
controls and was held at around 21°C during the study. Feed 
and water were provided according to the chicken standard 
feeding requirement [17]. All birds were fed the same com-
mercial corn-soybean-based diets formulated in mash form. 
The composition and nutrient levels of the basal diets were 
exceeded for all six breeds in this study (Table 1).

Table 1. Composition and nutrient levels of the basal diet

Items
From 19 wk  
of age to 5%  

egg-laying rate

From 5%  
egg-laying rate 
to 50 wk of age

Ingredients (%)
Corn 65.5 64.0
Soybean meal 21.5 23.2
Wheat bran 5.0 3.8
Limestone 4 5
Premix1) 4 4

Formulated nutrient profile2)

ME (MJ/kg) 11.20 11.08
Crude protein (%) 15.07 15.51
Ca (%) 2.03 2.75
Total phosphorus (%) 0.51 0.51
Available phosphorus (%) 0.29 0.29
Lys (%) 0.75 0.78
Met (%) 0.34 0.39
Met+Cys (%) 0.65 0.73

1) Premix provided per kilogram of diet: vitamin A, 100 to 250 KIU; vitamin 
D3, 60 to 80 KIU; vitamin E, 0.5 KIU; vitamin K3, 80 mg; vitamin B1, 45 mg; 
vitamin B2, 180 mg; vitamin B6, 100 mg; vitamin B12, 0.5 mg; D-Calcium 
pantothenate, 220 mg; nicotinamide, 720 mg; folic acid, 20 mg; biotin, 2 
mg; Copper, 0.2 to 0.8 g; ferrous iron, 1.5 to 5.0 g; zinc, 0.8 to 2.4 g; man-
ganese, 1.5 to 3.0 g; iodine, 10 to 30 mg; selenium, 2 to 6 mg.
2) The nutrient levels were calculated from the data provided by Feed 
Database in China.
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Egg production and clutch traits 
Egg production from the first egg until 50 wk of age of each 
individual was recorded by the customized Radio Frequency 
Identification (RFID)-based data collection system. The age 
at first egg, egg number, egg-laying rates, average clutch 
length, maximum clutch length, number of clutches, pause 
length, number of pauses, and frequency of clutch length 
(FCL) were calculated based on the egg production data until 
50 wk of age for each individual. More specifically, clutch 
length is the number of eggs laid on successive days of each 
individual [18]. The pause length is the average length of in-
terval between two clutches. Three FCL categories (≤7 d, 8 
to 14 d, and ≥15 d) were calculated. For example, FCL ≤7 d 
was calculated as follows;

  FCL (≤7 d,% ) 
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  In addition, average clutch length and maximum clutch 
length were also calculated based on the egg production data 
until 32 wk of age for each individual.

Statistical analysis
In this study, each bird was taken as the experimental unit to 
obtain parameters. The egg number and clutch traits were 
analyzed using general linear model procedure of SAS (SAS 
9.1, SAS Institute Inc., Cary, NC, USA). The main effect of 
the model is breed. The percentage data was arcsine trans-
formed before the analysis. Means were compared by Student-
Newman-Keuls multiple-range tests when a significant 
difference was detected. In addition, Pearson’s correlation 

coefficients (r values) between egg number or age at first egg 
and clutch traits were calculated. Significance was designated 
as p<0.05.

RESULTS

The six lines showed an overall difference in egg-laying rate. 
The four breeds WL, RIR, CR, and BR reached their laying 
peaks between 24 to 27 wk of age, whereas BYC attained the 
peaks considerably later at 31 wk of age (Figure 1). From 24 
wk, the laying rates of WL and RIR breeds were maintained 
above 80% throughout the experiment, while the laying 
rates of DY and BYC breeds declined sharply after the laying 
peaks.
  The WL, RIR, CR, and BR breeds had the earlier age at 
first egg than DY and BYC (p<0.01; Table 2). The most di-
vergent age at first egg was 144.26 d and 170.98 d in WL and 
BYC, respectively. The egg number and average clutch length 
in WL, RIR, CR, and BR were higher than those in DY and 
BYC (p<0.01). Meanwhile, the maximum clutch length in 
WL and RIR breeds were longer than those in other breeds 
(p<0.01). The most divergent maximum clutch lengths until 
50 wk of age were 48.13 d and 11.11 d in WL and BYC, re-
spectively. The number of clutches and pauses, and pause 
length in WL, RIR, CR and BR breeds were lower than those 
in DY and BYC (p<0.01).
  More than 90% of the clutch length of DY and BYC were 
≤7 d, while 55.68%, 56.60%, 64.45%, and 67.22% in WL, RIR, 
CR, and BR fell in this category (p<0.01), respectively. Con-
versely, 24.87%, 25.52%, 13.94%, and 13.04% of clutches 
were ≥15 d in WL, RIR, CR, and BR breeds, respectively, 
which were higher than those in DY (2.31%) and BYC 

Figure 1. Egg-laying rates curves until 50 wk of age in six chicken breeds. WL, White Leghorn chickens (n = 629); RIR, Rhode Island Red chickens 
(n = 704); CR, Columbian Plymouth Rock chickens (n = 730); BR, Barred Plymouth Rock chickens (n = 688); DY, synthetic dwarf line (n = 675); BYC, 
Beijing-You chickens (n = 589).
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(1.44%) (p<0.01).
  As shown in Table 3, the coefficient variations of egg num-
ber in WL, RIR, CR, and BR breeds (9.10%, 9.97%, 10.82%, 
and 9.92%, respectively) were lower than those in DY (15.84%) 
and BYC (16.85%). However, the coefficient of variations of 
average clutch length in WL, RIR, CR, and BR breeds (57.66%, 
66.49%, 64.22%, and 55.35%, respectively) were higher than 
those in DY (41.84%) and BYC (36.29%). Meanwhile, the 
interval between upper and lower quartiles of average clutch 
length and maximum clutch length in WL, RIR, CR, and BR 
were higher than those in both DY and BYC breeds (Figure 
2).
  The laying pattern of individual birds in six chicken breeds 
are visually shown in Figure 3. A small cluster of hens with 
less egg number in WL, RIR, CR, and BR showed poor per-
sistence of laying after 46 wk of age. While majority of the DY 
and BYC chickens exhibited breaks between short clutches.
  Correlation coefficients between egg number and clutch 
traits are shown in Table 4. In all breeds, egg number was 
positively correlated with average clutch length (r = 0.51 to 
0.66; p<0.01), maximum clutch length until 32 wk and 50 

wk (r = 0.41 to 0.54; p<0.01), and FCL ≥15 d (r = 0.46 to 
0.59; p<0.01). Egg number was negatively correlated with 
pause length in all breeds (p<0.01). Egg number was also 
negatively correlated with the number of clutches and number 
of pauses (p<0.01) in all breeds except for BYC. As shown in 
Table 5, the age at first egg was negatively correlated with egg 
number in all breeds (r = –0.31 to –0.52; p<0.01) but did not 
show strong correlations with clutch traits (Table 5).

DISCUSSION

Eggs are the most abundant animal products in livestock 
production and the principal protein resources in human 
diets [19]. Productive laying hens are the everlasting aim of 
selective breeding practices in the industry. In the present 
study, the egg production and clutch related traits were in-
vestigated in six distinct breeds to better understand the 
laying pattern for developing informed breeding schemes 
and management practices designed for different breeds. 
  The six breeds in this study did show substantial differ-
ences in their clutch traits and egg production traits. The 

Table 2. Egg production and clutch traits in six chicken breeds

Variables2) Breeds1)

SEM p-value
WL RIR CR BR DY BYC

Age at first egg (d) 144.26f 149.29d 147.50e 150.32c 154.61b 170.98a 0.20 < 0.01
Egg number (n) 180.81a 175.52b 169.53c 165.43d 137.28e 116.48f 0.46 < 0.01
Average clutch length until 32 wk (d) 13.36a 10.43b 8.33c 8.20c 5.35d 4.22e 0.11 < 0.01
Average clutch length (d) 12.83a 13.20a 8.65b 8.00c 3.84d 3.31d 0.11 < 0.01
Maximum clutch length until 32 wk (d) 35.10a 28.85b 23.19c 22.15c 13.88d 5.35e 0.25 < 0.01
Maximum clutch length (d) 48.13a 49.36a 33.29b 30.07c 14.48d 11.11e 0.41 < 0.01
Number of clutches (n) 18.12d 17.80d 24.67c 25.06c 38.75a 37.57b 0.20 < 0.01
Average pause length (d) 1.46c 1.51bc 1.43c 1.43c 1.58b 1.82a 0.04 < 0.01
Number of pauses (n) 17.07d 16.67d 23.78c 24.10c 38.19a 36.84b 0.20 < 0.01
FCL ( ≤ 7 d, %) 55.68e 56.60e 64.45d 67.22c 91.05b 94.60a 0.35 < 0.01
FCL (8 to 14 d, %) 19.45a 17.88b 17.53b 19.74a 6.64c 4.31d 0.19 < 0.01
FCL ( ≥ 15 d, %) 24.87a 25.52a 13.94b 13.04b 2.31c 1.44c 0.26 < 0.01

SEM, standard error of the mean; FCL, frequency of clutch length.
1) WL, White Leghorn chickens (n =  629); RIR, Rhode Island Red chickens (n =  704); CR, Columbian Plymouth Rock chickens (n =  730); BR, Barred Plym-
outh Rock chickens (n =  688); DY, synthetic dwarf line (n =  675); BYC, Beijing-You chickens (n =  589).
2) Unless otherwise stated, the variables were calculated based on the egg production data until 50 wk of age.
a-f Values within a row with different superscripts differ significantly at p < 0.05.

Table 3. Coefficient of variation (%) of egg number, average clutch length, and maximum clutch length in six chicken breeds

Variables2) Breeds1)

WL RIR CR BR DY BYC

Egg number (n) 9.10 9.97 10.82 9.92 15.84 16.85
Average clutch length until 32 wk (d) 78.25 65.44 68.81 64.88 70.40 56.83
Average clutch length (d) 57.66 66.49 64.22 55.35 41.84 36.29
Maximum clutch length until 32 wk (d) 53.52 50.00 68.81 64.88 70.40 72.47
Maximum clutch length (d) 58.09 58.78 65.46 65.80 72.55 73.05

1) WL, White Leghorn chickens (n =  629); RIR, Rhode Island Red chickens (n =  704); CR, Columbian Plymouth Rock chickens (n =  730); BR, Barred Plym-
outh Rock chickens (n =  688); DY, synthetic dwarf line (n =  675); BYC, Beijing-You chickens (n =  589).
2) Unless otherwise stated, the variables were calculated based on the egg production data until 50 wk of age.



www.animbiosci.org  903

Shi et al (2023) Anim Biosci 36:899-907

indigenous BYC started to lay as late as 170 d. The WL, RIR, 
CR, and BR had longer clutch length than BYC and synthetic 
dwarf DY. The maximum clutch length in WL and RIR were 
longer than those in other breeds. Specifically, the longest 
value of maximum clutch length in WL (184 d) and RIR (190 
d) breeds was about 2.5-fold higher than in DY (72 d) and 
BYC (71 d). The clutch traits are not comparable between 
studies, since the egg production records used to calculate 
the clutch traits varied in target ages in different studies [9,20]. 
Individual recording of daily egg laying revealed that majority 
of the DY and BYC chickens exhibited more breaks between 
short clutches, especially during the late laying period. This 
might be one of the reasons for their low mean egg produc-
tion. Their difference in clutch traits and egg production 
traits indicated that differential breeding plans and manage-

ment should be applied. 
  Population variation is one of the crucial determinants of 
genetic progress. It is expected that intense selection of egg 
number has eroded a high proportion of the genetic vari-
ability in components associated. As shown in this study, the 
coefficient variations of egg number in WL, RIR, CR, and 
BR breeds (9.10% to 10.82%) were lower than those in DY 
(15.84%) and BYC (16.85%). This should be due to the gen-
erations of selection for egg numbers in WL, RIR, CR and 
BR breeds. Interestingly, the coefficient variations of average 
clutch length (55.35% to 66.49%) and maximum clutch 
length (58.09% to 65.80%) in these four breeds were higher. 
Positive correlations between egg number, average clutch 
length, maximum clutch length until 50 wk of age were detect-
ed. Therefore, the clutch length seems to be a better selection 

Figure 2. The box plot of maximum (A) and average clutch length (B) in six chicken breeds. The dot indicated maximum clutch length of a chick-
en. WL, White Leghorn chickens (n = 629); RIR, Rhode Island Red chickens (n = 704); CR, Columbian Plymouth Rock chickens (n = 730); BR, Barred 
Plymouth Rock chickens (n = 688); DY, synthetic dwarf line (n = 675); BYC, Beijing-You chickens (n = 589).
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criterion than the egg number in view of population variation. 
Furthermore, average, and maximum clutch length until 
32 wk of age were also positively correlated with egg number 
until 50 wk of age. This highlights the possibility that early 
clutch traits calculated from egg production data recording 
to an earlier target age could be applied to facilitate the early 
selection in both high productive and less productive chicken 
breeds or lines. It is interesting to notice that egg number 
was highly correlated with the number of clutches/pauses 

in high productive WL, RIR, and BR breeds, and moderately 
correlated in the less productive DY, but not correlated in 
the least productive BYC breed. It is possible that the BYC 
birds with more clutches having shorter clutch length and 
the ones with less clutches having longer pause length may 
both result in lower egg production. The number of clutches/
pauses is therefore not a suitable selection criterion for egg 
production.
  Dissecting egg production as a comprehensive phenotype 

Figure 3. Heatmap showing laying and pause days for individual birds in six chicken breeds until 50 wk of age. The vertical axis represents indi-
viduals in the order of egg number. The red dots mean laying days, and the green dots mean pause days. WL, White Leghorn chickens; RIR, Rhode 
Island Red chickens; CR, Columbian Plymouth Rock chickens; BR, Barred Plymouth Rock chickens; DY, synthetic dwarf line; BYC, Beijing-You 
chickens.
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could also provide detailed insights to elucidate specific fac-
tors affecting egg production variability. Understanding the 
relationship between traits of interest, thereby harnessing 
those relationships to maximize overall response to selection, 
is necessary to achieving overall breeding objectives. Except 
for clutch traits, age at first egg is also an important contrib-
utor of total egg production [21]. In the present study, the 
age at first egg negatively correlated with egg number in all 
six breeds but did not show strong correlations with clutch 
traits. Similar findings were also reported previously [7,22,23]. 
These data showed that the selection of age at first egg may 
increase the egg number without affecting the clutch traits. 
The age at first egg and clutch traits can be both integrated 
into the selection criteria. This is especially important for the 
BYC breed, which showed an extreme late age at first egg. 
From the view of management practice, Renema et al [24], 

Zuidhof et al [25], and Shi et al [26] reported that age at first 
egg was affected by the age of the initiation of photostimula-
tion, while the clutch length was not. The six breeds here 
were housed in the same environment in this study. This in-
dicates that the light stimulation should be breed specific to 
properly adapt the body maturation and sexual maturation. 
Egg quality is also crucial for egg production efficiency. 
There might be concern regarding the potential negative 
correlation between egg quality traits and clutch traits [27]. 
Although the individual egg quality was not estimated in the 
present study, our previous publication did not observe an-
tagonism between clutch and egg quality traits [22].
  In summary, our study investigated clutch and egg pro-
duction traits in six chicken breeds covering the layer breed, 
dual-purpose breed, synthetic dwarf line, and indigenous 
breed. It identified the high and median productive layer and 

Table 4. Pearson’s correlation coefficients between egg number and clutch traits in six chicken breeds

Variables2) Breeds1)

WL RIR CR BR DY BYC

Average clutch length until 32 wk (d) 0.35** 0.31** 0.52** 0.50** 0.48** 0.39**
Average clutch length (d) 0.59** 0.51** 0.59** 0.60** 0.66** 0.54**
Maximum clutch length until 32 wk (d) 0.52** 0.42** 0.46** 0.45** 0.42** 0.43**
Maximum clutch length (d) 0.54** 0.48** 0.54** 0.54** 0.49** 0.41**
Number of clutches (n) –0.61** –0.56** –0.65** –0.60** –0.35** –0.04
Average pause length (d) –0.40** –0.49** –0.42** –0.46** –0.63** –0.64**
Number of pauses (n) –0.61** –0.56** –0.65** –0.60** –0.35** –0.04
FCL ( ≤ 7 d, %) –0.58** –0.54** –0.69** –0.63** –0.57** –0.36**
FCL (8 to 14 d, %) 0.02 0.01 0.31** 0.31** 0.51** 0.32**
FCL ( ≥ 15 d, %) 0.59** 0.53** 0.59** 0.56** 0.46** –0.04

FCL, frequency of clutch length.
1) WL, White Leghorn chickens (n =  629); RIR, Rhode Island Red chickens (n =  704); CR, Columbian Plymouth Rock chickens (n =  730); BR, Barred Plym-
outh Rock chickens (n =  688); DY, synthetic dwarf line (n =  675); BYC, Beijing-You chickens (n =  589).
2) Unless otherwise stated, the variables were calculated based on the egg production data until 50 wk of age.
** p < 0.01.

Table 5. Pearson’s correlation coefficients between age at first egg and clutch traits in six chicken breeds

Variables2) Breeds1)

WL RIR CR BR DY BYC

Egg number (n) –0.52** –0.45** –0.40** –0.36** –0.35** –0.31**
Average clutch length until 32 wk (d) –0.20** –0.16** –0.11 –0.12** –0.15** –0.09**
Average clutch length (d) –0.04 0.06 0.03** –0.08* -0.05 –0.01
Maximum clutch length until 32 wk (d) –0.06 0.05 0.05 0.03 0.01 –0.02
Maximum clutch length (d) –0.10* –0.06 –0.05 0.01 –0.15** –0.05
Number of clutches (n) –0.01 –0.10* –0.08* –0.11** –0.12** –0.21**
Average pause length (d) –0.02 0.00 –0.01 –0.06 –0.20** –0.20**
Number of pauses (n) 0.01 –0.10* –0.08* –0.11** –0.12** –0.21**
FCL ( ≤ 7 d, %) 0.02 –0.08* –0.00 –0.04 0.05 –0.02
FCL (8 to 14 d, %) 0.04 0.00 –0.03 0.00 –0.05 0.03
FCL ( ≥ 15 d, %) –0.05 0.08* –0.01 0.06 –0.05 –0.05

FCL, frequency of clutch length.
1) WL, White Leghorn chickens (n =  629); RIR, Rhode Island Red chickens (n =  704); CR, Columbian Plymouth Rock chickens (n =  730); BR, Barred Plym-
outh Rock chickens (n =  688); DY, synthetic dwarf line (n =  675); BYC,  Beijing-You chickens (n =  589).
2) Unless otherwise stated, the variables were calculated based on the egg production data until 50 wk of age.
* p < 0.05; ** p < 0.01.
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dual-purpose breeds had higher clutch length than those of 
the less productive indigenous breeds. In addition, the clutch 
length may be a potential trait for selection to increase egg 
production further due to its greater variability than tradi-
tional part- or whole-record egg number. Furthermore, the 
clutch length calculated from the egg production recording 
until 32 wk of age was also correlated with the whole-period 
egg number and exerted its advantage for early selection. 
Different from egg number, the age at first egg showed no 
correlation with clutch traits. It is therefore encouraged to be 
incorporated as another selection criteria especially for the 
late maturated and less productive indigenous breed. This 
study provided basic evaluation of different breed in the aspect 
of egg production and laying patterns, and the results may 
support further informed breeding plans and fine manage-
ment.
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