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ABSTRACT The BG line was originated from the
cross between 2 Chinese indigenous breeds, Dongxiang
blue eggshell, and Jiangshan black-bone, and has been
bred to combine dark heavy black-bone body and high
production of blue-shell eggs, into single dual-purpose
line. Full-pedigree hens from 2 generations, G4 (n =
441) and G5 (n = 464), were reared in the same single-
cage laying facility in 2019−2020 and 2020−2021,
respectively. Starting from the first egg of each hen, its
daily egg production was recorded until 300 days-of-age.
Up to 7 "no-egg" days were considered normal laying
breaks between clutches, whereas laying cessation of 8
or more days was considered Pause, and the laying pat-
tern of each hen was assigned either with Pause or No-
Pause. The other traits included PsDays: number of
Pause days; AFE: age at first egg; EN300: eggs laid until
300 d; %L300: total laying rate (EN300/[300-AFE]);
%Lnet: net laying rate (EN300/[300-AFE-PsDays]);
ClLng: average clutch length; EW200 and EW300: aver-
age egg weight around 200 d and 300 d. Estimates of
� 2021 The Authors. Published by Elsevier Inc. on behalf of Poultry
Science Association Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Received October 20, 2021.
Accepted December 10, 2021.
1Corresponding author: bigzhengliang@hotmail.com

1

heritability (h2) of each trait, and phenotypic and
genetic correlation between traits, were calculated in
each generation using the animal model. Heritability
estimates were calculated also by regressing the means
of full-sib G5 hens on their G4 parents' means. Mean
overall laying rate of all G4 hens was low (%L300 =
57%) because 53% of them had Pause in their laying pat-
tern. In G5, incidence of Pause was higher (75%) due to
a 3-wk cold stress, with mean %L300 = 54%. However,
significant estimates of heritability and genetic correla-
tions suggest that selection for low PsDays will reduce
the incidence of Pause in BG hens and elevate the line's
mean laying rate towards %L300 = 70%, as the No-
Pause hens in G5. PsDays-free laying rate (%Lnet) was
found to be highly correlated with the significantly heri-
table (h2�0.4) clutch length (ClLng). Selection index
combining the genetically independent low PsDays and
high ClLng is expected to maximize egg production
improvement in the BG line, and in similar populations
derived from indigenous breeds.
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INTRODUCTION

Throughout evolution, egg production has been the
basic fitness performance of chickens, and is economi-
cally very important since their domestication. Practi-
cally, egg production is the number of eggs laid up to a
certain target age, which is the product of age at first
egg (AFE) and the overall laying rate: the number of
eggs laid from AFE to target age, divided by the number
of days between these 2 ages. Thus, laying rate simply
represent the ratio between the overall numbers of days
with or without egg laid. Biologically, however, these
numbers depend on the egg-laying pattern of clutches
(consecutive days with eggs) and periods of no-laying
days between them, and their length.
Wolc et al. (2019) estimated of heritability of clutch

length in commercial Rohde Island Red (RIR) and
White Leghorn (WL) lines; the estimates were medium
(0.31−0.34) for average clutch length, and lower (0.20
−0.29) for maximum clutch length. Similar estimates of
heritability were reported for average and maximum
clutch length (0.26−0.31 and 0.21−0.24, respectively) in
2 lines originated from Chinese indigenous chickens (Jin,
2010; Shen et al., 2019), whereas somewhat higher heri-
tability (0.42) of average clutch length was found in
2 brown-egg dwarf lines selected for egg production over
16 generations (Chen and Tixier-Boichard, 2003).
Higher heritability estimates were reported for number
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of clutches: 0.42 and 0.41 in commercial RIR and WL
(Wolc et al., 2019), and 0.52 in Chinese Rugao Yellow
chickens (Shen et al., 2019).

Clutch ends when the hen skip one or a few days
before resuming egg laying and starting another clutch,
and its length may vary from a single day to over a year
(Warren, 1953; Preisinger, 2018). Up to 7 no-egg days
between clutches are considered normal, whereas a tem-
porary cessation of egg laying for 8 or more days have
been defined as Winter Pause because of their winter
occurrence (Jull, 1952; Warren, 1953). Due to the sub-
stantial reduction in overall egg production caused by
such pauses, the genetic and non-genetic factors affect-
ing their occurrence and length were thoroughly investi-
gated in commercial WL and RIR hens during the
19300s and 1940s (e.g., Lerner and Taylor, 1947; Hays,
1949, 1951). Lerner and Taylor (1947), by selecting for
high egg production over 9 generations, reduced the inci-
dence of Winter Pause from 54 to 26%, indicating that
the tendency to such long pauses is hereditary. In a
recent study (Wolc et al., 2019) on the genetic determi-
nation of egg-laying pattern in modern WL and RIR
commercial egg-production lines, long pauses were not
mentioned, suggesting that after many generations of
intensive selection for high egg production, hens in mod-
ern commercial lines do not enter long pauses under nor-
mal rearing conditions. However, it is expected that
chicken populations recently derived from poorly
selected indigenous rural breeds may exhibit variable
laying patterns, including long pauses similar to those of
the commercial WL and RIR layers of the 1930s and
1940s.

In contrast to the low number of reports on egg-laying
pattern, there were many studies on the genetics of the
standard components of overall egg production: egg
number, AFE, laying rate, and egg weight. These studies
were conducted in intensely selected commercial and
experimental egg-type chicken lines, and in populations
of indigenous or native rural chickens. Medium esti-
mates of heritability were reported for AFE in inten-
sively selected RIR lines (0.45, Tongsiri et al., 2015;
0.51, Liu et al., 2019), White Plymouth Rock (WPR)
line (0.44, Tongsiri et al., 2015), WL line and brown-egg
dwarf line (0.32 and 0.55, Yi et al., 2014), whereas low
heritability (0.16) was estimated for AFE in a popula-
tion of Thai native chickens (Tongsiri et al., 2018). Low
estimates of heritability were reported for egg number
during various laying periods in intensively selected RIR
lines (0.20, Tongsiri et al., 2015; 0.14−0.24, Liu et al.,
2019), and WPR line (0.19, Tongsiri et al., 2015). Also
in native and indigenous populations in Iran, Thailand,
and India, the heritability estimates of egg number were
low, 0.14 to 0.17 (Niknafs et al., 2012; Tongsiri et al.,
2018; Ullengala et al., 2020). Low to medium estimates
of heritability were reported for egg weight at various
ages, ranging from 0.17 to 0.43 in native Iranian breed
(Niknafs et al., 2012), 0.24 in native Indian male line
(Ullengala et al., 2020), and 0.38, 0.43, 0.44 to 0.54 and
0.35 to 0.60 in RIR, WPR, WL and brown-egg dwarf
lines, respectively (Yi et al., 2014; Tongsiri et al., 2015).
The present study is part of the ongoing development
of BG, an experimental dual-purpose line originated
from a cross between 2 Chinese indigenous breeds, and
bred since 2015 for improved production of a unique
combination of dark carcass and blue-shell eggs. The
general interest in populations derived from indigenous
breeds is increasing, following the efforts to improve
their performances for meat production (Yang and
Jiang, 2005) or for dual-purpose production (Ibrahim
et al., 2019; Ibrahim, 2020), and to broaden the genetic
basis of commercial chicken lines by capturing useful
genetic variants that exist only in indigenous breeds
(Athrey, 2020). The first paper in this series (Wang
et al., 2021) presented and discussed the genetic parame-
ters of body weight and skin darkness at various ages in
the G4 generation of the BG line, and their potential use
in selecting females and males for these 2 carcass-related
traits. This paper covers the genetic parameters of lay-
ing pattern and egg production in 2 consecutive genera-
tions, G4 and G5, and the prospects to improve these
traits by selective breeding.
MATERIALS AND METHODS

The BG Line

Breeding Process The BG line has been bred at the
Hangzhou Academy of Agricultural Sciences (Wang
et al., 2021). Briefly, it originated from the segregating
progeny of the cross between 2 Chinese indigenous
breeds, Dongxiang blue eggshell chicken and Jiangshan
black-bone chicken. The breeding program of the BG
line has been aimed at combining black body (and feath-
ers) and blue eggshell. Following molecular confirmation
of homozygosity in the major genes for black body and
blue eggshell in 2015, the BG line had been further
expanded by 3 generations (G1 to G3) of random mat-
ing. In the year 2019, each of 35 random G3 sires was
mated by artificial insemination with 3 to 6 randomly
assigned non-sib G3 dams. The G4 full-pedigree progeny
chicks were obtained in 3 consecutive hatches (May 1, 7,
and 13, 2019), and they were marked by wing bands
with pedigree-related identification numbers.
From the 441 G4 females that were alive at 300 d of

age (300 d), 154 were selected to serve as dams of G5.
They had the top values of an index with 2 carcass-
related traits: body weight (BW) at 300 d (BW300)
minus skin lightness (L*) at 250 d (Wang et al., 2021),
and 2 egg production traits: % lay to 300 days (%L300)
plus mean egg weight at 200 d (EW200). The index con-
sisted of the standardized phenotypic values the 4 traits,
with the following relative weights: BW = 30%, L* =
20%, %L = 35%, EW=15%. From the 318 G4 males
that were alive at 300 d of age, 35 males were selected
according to the same index, consisted of their own BW
and L*, and the means of %L300 and EW200 of their
full-sib sisters. Each of these 35 males, selected to serve
as sires of G5, was mated by artificial insemination with
3 to 6 randomly assigned, but non-sib, selected G4
dams. As in G4, the G5 full-pedigree progeny chicks
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were obtained in three consecutive hatches (May 18 and
30, and June 5, 2020), and they were marked by wing
bands with pedigree-related identification numbers.
Animal Management In both generations, all the
chicks were reared to 56 d of age in stack-style brooding
batteries of group cages, and then moved to stack-style
growing group cages for additional 50 d. The stocking
density from 1 to 30 d, from 31 to 56 d, and from 57 to
105 d was 100, 50 and 25 birds per square meter, respec-
tively. After the age of 105 d, females and males were
housed in individual cages. When the hens started laying
eggs, day length was increased artificially, in 30-min
weekly increments, to 16 h of light per day. At each
stage, from day-old chicks to laying hens, the same facili-
ties and all management procedures (following the
guidelines of Hy-Line International, https://www.
hyline.com/) were used in G4 and G5. Major nutrients
during brooding, growing and laying periods were 19.5%
crude protein (CP) and 2900 Kcal/Kg metabolism
energy (ME), 16.5% CP and 2,800 Kcal/Kg ME, 17.5%
CP and 2850 Kcal/Kg ME, respectively. All rearing
practices were approved by the animal ethics committee
of Hangzhou Academy of Agricultural Sciences (Hang-
zhou, China).
Number of Females Per Generation and Family Tag-

gedPBetween the housing in individual cages at 105 d, and
the termination of daily egg recording at 300 d, rate of
mortality was approximately 3% in both generations.
This rate is similar to the mortality in commercial layer
farms (Fulton, 2017), indicating standard hygiene and
overall rearing conditions. The data used in this study
were taken only from the hens that lay at least one egg
and were alive at 300 d of age: 441 in G4 and 464 in G5.
The hens in both generations were progeny of 35 sires,
each mated at random with 3 to 6 unrelated (non-sib)
dams, 144 in G4 and 154 in G5. The average number of
hens per sire and per dam was 12.5 and 3.0 in G4, 13.5
and 3.1 in G5. There were only a few dams with a single
hen progeny, and one sire (in G5) with a single dam;
their exclusion from the analyses hardly changed the
results, and therefore data from all hens were included
in this study.
Egg Production Measurements

Starting from the first egg of each hen, its daily egg
production was recorded up to 300 days of age (300 d).
In the rare cases where 2 eggs per hen were recorded on
the same day, as happens when the exact time of egg
recording slightly varies from day to day, the record of 1
egg was moved to the "no-egg" day before or after the
"2-eggs" day. Clutch length was the number of consecu-
tive days (also a single day) with an egg laid by the hen,
ended by at least one no-egg day. Up to 7 no-eggs days
were considered normal laying breaks between clutches,
whereas temporary laying cessation of 8 or more days
were considered Pause, following the definition of Win-
ter Pause (Lerner and Taylor, 1947; Hays, 1949, 1951).
For each hen, the following traits of egg production up
to 300 days of age (300 d) were defined: Pause0/1 −
hens without Pause in their laying pattern were assigned
0 and hens with Pause were assigned 1; PsDays − total
number of Pause days; AFE − age at first egg; EN300
− number of eggs laid until 300 d; %L300 − laying rate
from AFE to 300 d (EN300/[300-AFE]); %Lnet − lay-
ing rate during the in-lay days (EN300/[300-AFE-
PsDays]); ClLng − average clutch length (in days);
EW200 and EW300 − average weight of about 5 eggs
collected from each hen around 200d and 300d, respec-
tively (the few hens not laying around 200 d or 300 d
were assigned the average EW200 or EW300 of their
full-sib sisters).
Statistical Analysis

The inbreeding coefficient was determined in each
generation of the BG line and found to be too low to
affect performance neither to bias the estimates of
genetic parameters (Wang et al., 2021). Estimates of
heritability (h2) of each trait, and the genetic correlation
(rG) and phenotype correlation (rP) between traits, were
calculated in each generation using the individual ani-
mal model of ASReml 4.1 software (https://asreml.kb.
vsni.co.uk/) with pedigree information (G3 parents of
G4 hens, G3 grandparents and G4 parents of G5 hens)
as random effects, and hatch as fixed effect. The signifi-
cances of h2, rG and rP were determined by the likelihood
ratio test of ASReml. Heritability estimate of each trait
was calculated also from Parent-Offspring (P-O) associ-
ation, by regressing the means of G5 hens in each full-sib
family on the their mid-parent − the mean of their G4
dams and sires (each sire was assigned the means of his 3
to 5 full-sib sisters). These regressions, as well as chi-
square tests and contrasts (t tests) between generations
and between No-Pause vs. Pause hens, were conducted
by the JMP software (https://www.jmp.com/).
RESULTS AND DISCUSSION

Incidence of Pause in the Laying Pattern

About 53% of the hens in G4 had Pause (temporary
cessation of egg laying for more than 7 d) in their laying
pattern up to 300 days of age (300 d), when egg record-
ing was terminated in this study. This percentage
(%Pause) is very similar to the incidence of Winter
Pause in commercial WL and RIR lines during the 1930s
and 1940s (Lerner and Taylor, 1947; Hays, 1949, 1951),
whereas in generation G5, %Pause was significantly
higher (75.6%) than in G4 (Table 1). It should be noted
that only for hens that were laying on 300 d or the pre-
ceding week, the recorded Pauses ended by resumption
of egg laying. However, for hens that were on Pause at
300 d, it is not known if the laying cessation was tempo-
rary that is, they were in a "real" Pause of unknown
length, or they already terminated their yearly egg pro-
duction. The percentage of these hens, that possibly
stopped laying before 300 d, was 18.4% in G4 and
decreased to 9.0% in G5 (Table 1).
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Table 1. The numbers and percentages of hens in each of two Pause categories, divided by the hen's status at 300 d (in laying or in
Pause), in generations G4 and G5.

Hen status at 300 d

Generation G4 (441 hens) Generation G5 (464 hens)

No-Pause Pause No-Pause Pause

In laying 208 (47.2%) 152 (34.4%) 113 (24.4%) 309 (66.6%)
In Pause 0 81 (18.4%) 0 42 (9.0%)
All hens 208 (47.2%) 233 (52.8%) 113 (24.4%) 351 (75.6%)

The differences between generations in the frequencies of No-Pause vs. Pause hens were highly significant (P of Chi-square < 0.0001).
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The term Winter Pause was used in Lerner and Tay-
lor (1947) and Hays (1949, 1951), and in textbooks
(Jull, 1952; Warren, 1953) because these pauses
occurred mainly during the winter months (November,
December, January, February). These months are char-
acterized by less hours/day of natural light, but this sea-
sonal variation is the same every year, whereas all the
authors reported large year-to-year variation in %Pause.
Among several biotic and a-biotic stressors suggested as
potential causes of Pause, low temperatures were consid-
ered the main cause (Hays, 1949, 1951), and therefore,
the minimal temperatures during the laying seasons of
G4 and G5 were compared. The upper graph in Figure 1
shows the weekly averages of the daily minimum tem-
peratures from mid-September to early April in the
years 2019−2020 (generation G4) and 2020−2021 (gen-
eration G5), whereas the lower graph shows the weekly
averages of %Pause among the hens in G4 and G5 dur-
ing the same weeks. The lower graph shows that G4 and
Figure 1. The minimum weekly temperature (upper graph) and the per
week of 2020 (generation G4), and from 37th week of 2020 to 14th week of 20
G5 had similar %Pause throughout most the weeks,
except during the last 3 wk of 2020 (wk 51, 52, 53),
when the %Pause of the G5 hens increased sharply up to
50%, before returning to around 20% (similar to G4) in
the following weeks as many in-Pause G5 hens resumed
egg production. The upper graph shows that during
these weeks in the year 2020, there was a sharp drop,
from 5°C down to �9°C, in the minimum temperatures
recorded outside the hens' house. Temperatures were
not recorded inside the house, but considering the
house's simple materials, it is assumed that inside mini-
mum temperatures were no more than 10°C above the
outside temperatures, that is, the G5 hens were exposed
to minimum ambient temperatures around the freezing
point. The corresponding outside temperatures during
these weeks in 2019−2020 fluctuated between 4°C and
�4°C, suggesting that during the coldest weeks, the G4
hens (kept in the same house as the G5 hens) were
exposed to ambient temperatures well above the freezing
centage of hens in Pause (lower graph), from 37th week of 2019 to 14th
21 (generation G5).
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point. In a study with commercial WL and RIR lines of
the late 1950s, egg production declined sharply when
ambient temperatures dropped to around �7°C outside
the chicken house and 2°C inside (Hays, 1958). This
report, earlier ones by Hays (1949, 1951), and a recent
one by Xie et al. (2017), support the suggestion that the
elevation in %Pause among G5 hens was induced by low
minimum temperatures. It should be noted that mortal-
ity during the wk 51 to 53 in 2020 was normal (0.6%),
indicating that this cold stress was not lethal.
The Effects of Pause on Egg Production
Traits

Table 2 shows the means of the egg production traits
calculated separately for the hens without Pause (No-
Pause) and with Pause in generations G4 and G5, and
the Pause effect (Pause minus No-Pause) on each trait.
By definition, the No-Pause hens had no Pause days
(PsDays = 0), whereas the Pause hens averaged 35.9 d
in G4 and 42 d in G5. Compared to No-Pause hens,
mean AFE of their counterparts with Pause was lower
by 2.6 d (not significant) in G4 and by 5.2 d (significant)
in G5 (Table 2). It appears that on the average, hens
that started to lay earlier were more prone to pause,
especially under cold stress (G5). The No-Pause hens in
G4 and in G5 averaged substantially higher EN300 (99
and 98 eggs) than the Pause hens (71.6 and 72.5 eggs).
Having Pause in the laying pattern reduced EN300 (by
an average of about 26 eggs), reflecting the Pause-
related PsDays, because as there are more PsDays in the
laying pattern, there are less potential days for laying
eggs. The overall rate of lay from AFE to 300 d (%L300)
is the ratio between EN300 and 300-AFE, and due to
the small difference in AFE between the No-Pause and
Pause groups, their means of %L300 ranked similarly to
their ranking by EN300. In G4 and G5, mean %L300 of
the No-Pause hens (67.5 and 69.2%) were significantly
higher than the corresponding means of the Pause hens
(47.7 and 49.2%; Table 2).

In view of known non-genetic factors that increase
PsDays, and because %L300 is calculated from the ratio
of EN300 divided by the total number of days from AFE
to 300d including the PsDays, %Lnet was calculated for
Table 2. Means of the egg production traits until 300 days-of-age (30
Pause effects (Pause minis No-Pause), in G4 and G5 generations.

Generation G4

Trait No-Pause Pause Pause e

PsDays (d) 0.0 35.9 +35.9
AFE (d) 153.7 151.1 �2.6
EN300 (eggs) 99.0 71.6 �27.4
%L300 (%) 67.5 47.7 �19.8
%Lnet (%) 67.5 62.7 �4.8
ClLng (d) 2.90 2.66 �0.2
EW200 (g) 41.0 40.8 �0.2
EW300 (g) 47.5 47.4 �0.1

PsDays, number of Pause days until 300 d; AFE, age at first egg; EN300, nu
%LNet, laying rate during in-lay days; ClLng, clutch length, average number o
age egg weight around 300 d.

*,**,***The Pause effect (Pause minus No-Pause) differ significantly from zero
each hen from the ratio of EN300 divided by the number
of non-Pause days (300-AFE-PsDays). In G4, mean
%Lnet of the No-Pause and Pause hens were 67.7 and
62.7%, but in G5, mean %Lnet of the No-Pause and
Pause hens were almost identical (69.2 and 68.9%), indi-
cating that %Lnet successfully neutralized the cold-
induced reduction in the overall laying rate in G5
(Table 2). Average clutch length (ClLng) of each hen
reflects its laying pattern throughout the no-Pause peri-
ods, with larger clutches associated with higher potential
for egg production (Wolc et al., 2019). Indeed the No-
Pause and Pause means of ClLng ranked similarly to the
ranking of %Lnet. In G4, Pause significantly reduced
mean ClLng by 0.23 d whereas in G5 the Pause effect on
ClLng was lower (�0.07d) and not significant (Table 2).
In both generations, means of egg weight were very simi-
lar in the No-Pause and Pause groups at both ages (200
d and 300 d), with very low and nonsignificant Pause
effect, ranging from �0.2 g to +0.4 g (Table 2).
Summing up the aspect of laying pattern, the results

in Table 2 show that overall egg number and laying rate
were lower in hens with Pause compare to hens without
Pause. These Pause effects are highly relevant to the
main objective of this study − to evaluate the genetic
merit of the G4 hens and males that were selected to
serve as parents (dams and sires) of the G5 hens. This
evaluation requires comparisons between the means of
egg production traits in G4 and G5, but the comparisons
in EN300 and %L300 are biased by the significantly
higher %Pause in G5 than G4 (Table 1). The higher
%Pause in G5 occurred due to incidental cold stress
(Figure 1), and therefore studying the genetics and
breeding aspects of egg production in G4 vs. G5 popula-
tions must account for the incidence of Pauses in the lay-
ing pattern of each individual hen, and their impacts on
the hen's potential and actual egg production.
Means of G4 vs. G5, and the Selection
Differentials of G4 Dams and Sires (Parents
of G5)

The first column in Table 3 shows the means of the
egg production traits calculated from all 441 G4 hens.
The following columns show the means of the 154 G4
0 d), of the hens with No-Pause and the hens with Pause, and the

Generation G5

ffect No-Pause Pause Pause effect
*** 0.0 42.0 +42.0***

158.7 153.6 �5.2**
*** 98.0 72.5 �25.5***
*** 69.2 49.2 �20.0***

*** 69.2 68.9 0.3
3* 3.15 3.08 �0.07

41.9 41.8 �0.1
48.1 48.5 +0.4

mber of eggs laid until 300d; %L300, overall laying rate from AFE to 300d;
f days per clutch; EW200, average egg weight around 200d; EW300, aver-

at P < 0.05, < 0.01 and < 0.001, respectively.



Table 3. Means and standard deviation (SD) of the egg production traits of generations G4 and G5 hens, and the selected G4 dams and
sires of the G5 hens.

Trait

G4

G5 All hens G5mG44
SD

All hens Selected dams Selected sires1 Mid-parents2 SelDif 3 G4 all G4 dams G4 sires G5 all

%Pause5 (%) 52.8b 47.4b 40.2c 43.8 �9.0* 75.6a 22.8*** — — — —
PsDays (d) 19.0b 13.3c 11.7c 12.3 �6.7** 31.8a 12.8*** 24.3 17.8 9.3 25.6
AFE (d) 152.3b 150.7b 151.9b 151.5 �0.8 154.8a 2.5* 15.1 13.3 9.8 14.8
EN300 (eggs) 84.5b 93.1a 94.4a 94.1 9.6*** 78.7c �5.8*** 25.0 18.9 12.7 23.8
%L300 (%) 57.0b 62.4a 63.9a 63.5 6.4*** 54.1c �2.9** 15.5 11.4 8.5 15.1
%Lnet (%) 65.0b 68.3a 69.0a 68.8 3.8*** 69.0a 4.0*** 11.4 8.3 6.2 10.4
ClLng (d) 2.77b 2.95ab 3.21a 3.10 0.33* 3.10a 0.33*** 1.22 1.18 1.09 1.45
EW200 (g) 40.9b 41.5a 41.8a 41.7 0.8* 41.9a 1.0*** 3.0 2.6 1.6 3.0
EW300 (g) 47.4b 48.0a 48.5a 48.2 0.8* 48.4a 1.0*** 3.6 3.2 2.1 3.6

Differences between these means represent the selection differentials in G4, and the responses to the selection.
%Pause, percentage of hens with Pause; PsDays, number of Pause days until 300 d; AFE, age at first egg; EN300, number of eggs laid until 300 d;

%L300, overall laying rate from AFE to 300 d; %LNet, laying rate during in-lay days; ClLng, average clutch length; EW200, average egg weight around
200 d; EW300, average egg weight around 300 d.

1Each sire was assigned the means of his 3-to-5 full-sib sisters.
2Mid-Parents is the average of the dam and sire of each G5 hen.
3SelDif: the selection differential, i.e. the difference between the Mid-parents mean and the mean of all the hens in G4.
4G5mG4: the mean of all G5 hens minus the mean of all G4 hens.
5The differences in %Pause between groups were tested by Chi-square test of the numbers of hens with Pause or without Pause in each group.
a,b,cFor each trait, means with no common superscript, differ significantly at P < 0.05.
*,**,***The parameter (SelDif, G5mG4) estimate significantly different from zero at P < 0.05, P < 0.01, and P < 0.001, respectively.
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hens and 35 G4 males that were selected to be the dams
and sires (mothers and fathers of the G5 hens). To calcu-
late the means of the selected sires, each sire was
assigned the means of his 3−5 full-sib sisters. For each
G5 hen, the values of her dam and sire were averaged
and presented in the Mid-parents column. The values in
the next column are the selection differentials (SelDif),
the mid-parents minus the corresponding means of all
G4 hens. The means of all 464 G5 hens are presented in
the next column, and the values in the column titled
G5mG4 are the mean of G5 minus the mean of G4, an
approximation of the response to the selection applied
when the dams and sires were selected in G4. The last 4
columns show the standard deviations (SD) in G4 (all
hens, dams, sires) and in G5.

There was no intentional selection against Pause, but
the selection of G4 parents with higher laying rate
favored No-Pause hens. Consequently mean %Pause of
the dams (47.4%) and sires (40.2%) were lower than the
52.8% in the entire population of G4 hens, resulting in
SelDif = �9% (Table 3). However, the high %Pause of
G5 hens (75.6%) and the positive G5mG4 (22.8%) are
not relevant to the selection applied in G4 because they
reflect an incidental cold stress (Figure 1). Similarly,
mean PsDays of the dams (13.3 d) and the sires (11.7 d)
were significantly lower than mean PsDays of all G4
hens (19.0 d), resulting in significant SelDif of �6.7d,
yet the G5mG4 was positive, +12.8 d (Table 3).

The AFE means of the dams and sires were similar to
the mean of all G4 hens, and consequently SelDif of
AFE was very small (�0.8 d) and not significant
(Table 3). This could be expected because AFE was not
a selection criterion in G4, yet the G5 hens started to
lay, on the average, a bit later (G5mG4 = 2.5d). The dif-
ference between 154.8d (G5) and 152.3d (G4) was statis-
tically significant, but it cannot be attributed to genetic
changes, because G4 and G5 hens started to lay in differ-
ent years (2019 vs. 2020) under similar but not identical
environments. The same reservation regarding the
genetic interpretation of G5mG4 vs. SelDif holds for all
traits, although some are known to be less affected by
environmental conditions.
Although total number of eggs (EN300) is the trait of

economic importance, the G4 hens and males (based on
their full-sisters) that served as dams and sires of G5
were selected according to their overall laying rate,
%L300, and the effect of this selection is apparent in
both traits. In EN300, the means of the dams and sires
were around 94 eggs (Mid-parents = 94.1), significantly
higher than 84.5 eggs, the mean of all G4 hens. Simi-
larly, mean %L300 of the dams and sires (Mid-parents =
63.5%) were significantly higher than 57.0%, the mean
of all G4 hens (Table 3). In spite of the substantial and
highly significant SelDif in EN300 and %L300, 9.6 eggs
and 6.4%, the means of G5 were significantly lower than
G4, with G5mG4 equal �5.8 eggs and �2.9% lay. How-
ever, mean egg production in G5 was reduced due to
higher %Pause and more PsDays (Table 2), in agree-
ment with many reports (e.g., Lerner and Taylor, 1947;
Hays, 1949, 1951). Since this elevation in PsDays of G5
hens was due to the incidental cold stress in G5, the neg-
ative values of G5mG4 in EN300 and %L300 do not
reflect a genetic response to the selection in G4. There-
fore, %Lnet was used to compare the laying rate of the
hens in G5 and their predecessors in G4. Mean %Lnet of
the G4 dams and sires (Mid-parents = 68.8%) were sig-
nificantly higher than the mean of all G4 hens (65.0%),
indicating that the selection of dams and sires by
%L300 resulted also in a significant SelDif (3.8%) in
%Lnet (Table 3). With the effects of Pause and PsDays
neutralized, mean %Lnet in G5 (69.0%) was signifi-
cantly higher than in G4, indicating a true genetic
response to the selection for higher laying rate, as
applied in G4.
Reported to be associated with total egg number

(Chen and Tixier-Boichard, 2003; Wolc et al., 2010,



Table 4. The heritability (h2) and standard error (SE) of the egg
production traits, calculated separately from the data of genera-
tions G4 (441 hens) and G5 (464 hens) using the animal model,
and from the regression of G5 hens on their G4 mid-parents (G5/
G4)1.

Trait h2(G4) h2(G5) h2(G5/G4) SE(G4) SE(G5) SE(G5/G4)

Pause0/12 0.120 0.243* 0.223** 0.076 0.098 0.076
PsDays 0.042 0.280** 0.383*** 0.062 0.102 0.145
AFE 0.258** 0.499*** 0.305*** 0.095 0.115 0.089
EN300 0.152 0.307** 0.247* 0.080 0.101 0.118
%L300 0.133 0.331** 0.425*** 0.079 0.106 0.121
%Lnet 0.284** 0.277** 0.336** 0.103 0.102 0.115
ClLng 0.358*** 0.439*** 0.392*** 0.103 0.117 0.105
EW200 0.416*** 0.373** 0.589*** 0.110 0.114 0.098
EW300 0.495*** 0.355** 0.710*** 0.113 0.108 0.086

Pause0/1, 0, No-Pause, 1, Pause; PsDays, number of Pause days until
300 d; AFE, age at first egg; EN300, number of eggs laid until 300d;
%L300, overall laying rate from AFE to 300d; %LNet, laying rate during
in-lay days; ClLng, average clutch length; EW200, average egg weight
around 200 d; EW300, average egg weight around 300 d.

1Calculated from 154 pairs of full-sib G5 hens' means regressed on the
mean of their dams and sires.

2Pause0/1: hens without Pause were assigned 0 and hens with Pause
were assigned 1.

*,**,***The heritability estimate is significant at P < 0.05, P < 0.01, and
P < 0.001, respectively.
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2019), mean clutch length (ClLng) has been used to
describe laying pattern of individual hens. As for %Lnet,
the means of ClLng were similar in the No-Pause and
Pause hens in G5 (Table 2), allowing unbiased compari-
son between G4 and G5 in the present study. Mean
ClLng of the dams and sires (Mid-parents = 3.1 d) were
significantly higher than the mean of all G4 hens, indi-
cating that the selection of dams and sires by %L300
resulted also in a moderate (0.33 d) but significant Sel-
Dif in ClLng (Table 3). As in the case of %Lnet, mean
ClLng in G5 (3.10 d) was significantly higher than in G4
(2.77 d), indicating a true genetic improvement in clutch
length, in response to the selection for higher laying rate
in G4, thus proving the positive genetic association
between these 2 traits.

Selection of the G4 parents (of G5) was done by an
index that included %L300 and EW200 as egg produc-
tion traits (along with BW and skin darkness, Wang
et al., 2021). Accordingly, mean EW200 of the dams and
the sires were significantly higher than the mean of all
G4 hens (40.9 g) and with Mid-parents = 41.7 g, the sig-
nificant SelDif was 0.8 g (Table 3). With the known high
correlation between EW at different ages, EW300 means
of all G4 hens, dams, sires and Mid-parent were ranked
similarly to those of EW200, and SelDif was the same in
the two ages. The EW200 and EW300 means of the G5
hens, 41.9 g and 48.4 g, were significantly higher than
the corresponding means of the G4 hens, indicating sig-
nificant genetic response to the selection on egg weight.
These results could be expected because egg weight is
known to be highly heritable (Yi et al., 2014; Tongsiri
et al., 2015), and in view of the independence of EW and
Pause (Table 2).

Two aspects should be mentioned concerning the phe-
notypic standard deviations (SD) of the four groups for
each trait (Table 3). First, as could be expected, the SD
of the selected dams and sires were lower than those of
all G4 hens, mainly in the %L300 and EW200, the
selected traits, and to a lesser extent in the other traits
associated with egg production and egg weight. Second,
the SD values of all G4 hens and all G5 hens were very
similar in all traits, indicating that in spite of genetic
and environmental differences between the two genera-
tions, both had quite similar phenotypic variances (SD2)
in these egg-production traits.
Heritability Estimates

Heritability (h2) estimates of the egg production
traits, and their standard errors (SE), are presented in
Table 4. The availability of data from 2 consecutive gen-
erations (G4 and G5), allowed to calculate h2 by the tra-
ditional approach of Parent-Offspring regression
(regressing G5 hens on their G4 mid-parents values),
and separately in each generation by the more-recent
pedigree-based Animal Model (Falconer and Mackay,
1996). In generation G4, one-generation pedigree (G3
parents) was available, whereas in generation G5, the h2

calculation used 2-generation pedigree (G3
grandparents and G4 parents). In G5, h2 estimates (and
their SE) were calculated also with one-generation pedi-
gree (only G4 parents), and the values (data not shown)
were very similar to those from 2-generation pedigree.
This similarity suggests that h2 estimates calculated by
one-generation pedigree in G4 were as reliable as the h2

estimated calculated by 2-generation pedigree in G5.
For the estimation of heritability, the tendency to

pause (of each individual hen) was considered a binary
threshold trait (Falconer and Mackay, 1996). Hens with-
out Pause were assigned 0 and hens with Pause were
assigned 1, hence the trait was termed Pause0/1. The h2

of Pause0/1 was low and not significant in G4 (h2(G4) =
0.120), but 2-times larger and significant in G5 (h2(G5) =
0.243). Similar and significant h2 of Pause0/1 was
obtained from the regression of G5 hens of their G4 mid-
parents (h2(G5/G4) = 0.223; Table 4). Lerner and Taylor
(1947) and Hays (1949, 1951) reported that the multi-
year tendency for winter pause had low h2, similar to
h2(G4) in the present study. It is suggested that the spe-
cific tendency to pause under cold stress in G5 had fur-
ther genetic variation which resulted in significantly
higher h2(G5). The significant h2 estimates of the binary
Pause0/1 support the assumption that it is a threshold
trait with underlying continuous variation in the ten-
dency for Pause (Falconer and Mackay, 1996). In such
trait, the actual expression of this tendency (here, stay
No-Pause or enter Pause) depends on environmental
parameters, like the cold stress in G5. This genetic
nature of Pause0/1 is supported by Lerner and Taylor
(1947) results: they reported substantial year-to-year
fluctuations in absolute levels of %Pause in 3 lines genet-
ically differing in their tendency to Pause, but the differ-
ences in %Pause between the lines were similar in all
years. The similarity between h2(G5/G4) and h2(G5), in
spite of the lower h2(G4), also supports the suggestion
that Pause0/1 is a threshold trait. Data from more
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generations (i.e., years) of the BG line will be used to
confirm the genetic nature of the tendency to pause, and
how its expression is affected by environmental factors.

The number of PsDays was strongly affected by
Pause, suggesting that this trait's very low h2(G4) (0.042)
was related to the low h2(G4) of Pause0/1 (Table 4). This
logic is supported by the similar h2(G5) of Pause0/1 and
PsDays (0.243 and 0.280, respectively). The h2(G5/G4) of
PsDays was even higher (0.383), further indication of
the potential to select for lower Pause0/1 and less
PsDays. Overall egg production, both EN300 and
%L300, was also strongly affected by Pause (Table 2).
Accordingly, the three heritability estimates (h2(G4),
h2(G5), h

2
(G5/G4)) of these traits were quite similar to the

corresponding h2 of Pause0/1: low (0.133 and 0.152) in
G4 and moderate (0.307 and 0.331) in G5, with h2(G5/

G4) being intermediate (0.247) for EN300 and higher
(0.425) for %L300 (Table 4). The h2 estimates of EN300
and %L300 in G4 were similar to the corresponding esti-
mates reported by Wolc et al. (2010), Niknafs et al.
(2012), Tongsiri et al. (2015), Liu et al. (2019), and Shen
et al. (2019).

With %Lnet expressing the potential laying rate
independent of Pause, the h2(G4) and h2(G5) estimates
for this trait were very similar (0.284 and 0.277) and
h2(G5/G4) was somewhat higher (0.336); all three esti-
mates were significant (Table 4). The 3 h2 estimates
for clutch length (ClLng) were somewhat higher,
ranging from 0.358 to 0.439 (Table 4). Similar esti-
mates of h2 (0.31 and 0.34) were found recently for
clutch length in commercial lines of RIR and WL
(Wolc et al., 2019) and slightly lower estimate (0.23)
was obtained in an experimental line (Wolc et al.,
2010). The significant moderate-high heritability of
%Lnet and ClLng, both neutralized from Pause
effects, were reflected in the results presented in
Table 3: significant SelDif for %Lnet (3.8%) and
slightly higher response (G5mG4 = 4%), and also for
ClLng, SelDif and G5mG4 were similar, 0.33d.
Table 5. The phenotype correlation (rP, above the diagonal) and gen
tion traits in G4 and G5 generations.

Trait Gen. PsDays AFE EN300 %

PsDays G4 �0.007 �0.735*** �0
G5 �0.070 �0.753*** �0

AFE G4 �0.336 �0.429*** �0
G5 �0.446* �0.416*** �0

EN300 G4 �0.182 �0.592* 0
G5 �0.565* �0.377* 0

%L300 G4 �0.474 �0.180 0.900*
G5 �0.815*** 0.084 0.891***

%Lnet G4 �0.292 �0.373 0.940*** 0
G5 �0.245 �0.298 0.813*** 0

ClLng G4 �0.417* �0.473* 0.974*** 0
G5 �0.546* �0.329 0.978*** 0

EW200 G4 0.265 0.162 �0.148 �0
G5 0.414 0.107 �0.510* �0

EW300 G4 0.218 0.291 �0.200 �0
G5 0.431* 0.059 �0.536* �0

PsDays, number of Pause days until 300 d; AFE, age at first egg; EN300, nu
%LNet, laying rate during in-lay days; ClLng, average clutch length; EW200, a

*,**,***The correlation coefficient is significant (differ from zero) at P < 0.05,
For AFE, the heritability estimates were high in G5
(h2(G5) = 0.499), whereas moderate estimates were
obtained for h2(G4) and h2(G5/G4) (0.258 and 0.305). Sim-
ilar h2 of AFE, ranging from 0.32 to 0.55, were reported
by Niknafs et al. (2012), Yi et al. (2014), Tongsiri et al.
(2015), Liu et al. (2019), Wolc et al. (2010, 2019) and
Shen et al. (2019).
The heritability estimates of egg weight, both EW200

and EW300, were moderate in G5 (0.355−0.373) to high
in G4 (0.416-0.495), and h2(G5/G4) (the regression of G5
on G4) was further higher, 0.589 for EW200 up to 0.710
for EW300. These high heritability estimates are in
agreement with many studies: 0.42 (Wolc et al., 2010),
0.43 (Niknafs et al., 2012), 0.38 to 0.43 (Tongsiri et al.,
2015); and 0.35 to 0.60 (Yi et al., 2014). Moreover, the
moderate/high h2 of EW are in agreement with the
actual response to the selection of the G4 parents of G5;
they were selected by an index that included EW200,
and indeed mean EW200 and mean EW300 of the G5
hens were significantly higher than the corresponding
means in G4 (Table 3). In the case of the BG line, there
is no need to select further on egg weight, because the
means of EW200 and EW300 in G5 meet the market
requirements.
Phenotypic and Genetic Correlations
Between Traits

Table 5 presents all the phenotypic correlations (rP,
above diagonal) and genetic correlations (rG, below
diagonal) between the eight continuous traits, in genera-
tions G4 and G5. The correlations were calculated by
the ASReml software using the same animal model and
pedigrees that were used to calculate the heritability
estimates (previous section). The SE of the correlations,
also calculated by ASReml, are presented in Table 6. In
most trait-combinations, the phenotypic correlations
were similar in G4 and G5, whereas the genetic
etic correlation (rG, below the diagonal) between the egg produc-

L300 %Lnet ClLng EW200 EW300

.814*** �0.232*** �0.082 �0.091* �0.057

.853*** �0.147** �0.112* �0.017* 0.049

.094 �0.108* �0.129** 0.110* 0.130*

.082* �0.077 �0.109 0.177*** 0.190***

.935*** 0.695*** 0.503*** 0.032 �0.028

.935*** 0.586*** 0.467*** �0.092* �0.150**

0.730*** 0.508*** 0.072 0.016
0.606*** 0.490*** �0.040* �0.097*

.967*** 0.760*** 0.068 0.013

.745*** 0.765*** �0.040 �0.050

.991*** 0.958*** �0.065 �0.101

.932*** 0.868*** �0.113* �0.083

.129 �0.008 �0.074 0.809***

.540* �0.498* �0.233 0.801***

.116 0.029 �0.136 0.967***

.594** �0.513* �0.315 0.950***

mber of eggs laid until 300d; %L300, overall laying rate from AFE to 300 d;
verage egg weight around 200 d; EW300, average egg weight around 300 d.
P < 0.01, and P < 0.001, respectively.



Table 6. Standard errors (SE) of the phenotype correlation (rP, above the diagonal) and genetic correlation (rG, below the diagonal)
shown in Table 5.

Trait Gen. PsDays AFE EN300 %L300 %Lnet ClLng EW200 EW300

PsDays G4 0.048 0.023 0.017 0.046 0.048 0.048 0.048
G5 0.052 0.023 0.014 0.049 0.051 0.051 0.051

AFE G4 0.527 0.040 0.048 0.050 0.050 0.050 0.051
G5 0.209 0.043 0.052 0.051 0.053 0.052 0.051

EN300 G4 0.549 0.244 0.006 0.025 0.036 0.050 0.050
G5 0.166 0.193 0.007 0.032 0.037 0.051 0.050

%L300 G4 0.429 0.347 0.070 0.023 0.036 0.049 0.050
G5 0.085 0.222 0.047 0.031 0.039 0.052 0.051

%Lnet G4 0.538 0.259 0.090 0.084 0.021 0.051 0.052
G5 0.270 0.230 0.119 0.136 0.021 0.051 0.050

ClLng G4 0.556 0.230 0.150 0.148 0.059 0.052 0.052
G5 0.216 0.201 0.105 0.089 0.072 0.052 0.052

EW200 G4 0.519 0.238 0.290 0.312 0.244 0.220 0.018
G5 0.246 0.216 0.216 0.219 0.239 0.224 0.018

EW300 G4 0.472 0.217 0.269 0.291 0.232 0.207 0.033
G5 0.235 0.218 0.208 0.206 0.250 0.220 0.043

PsDays, number of Pause days until 300 d; AFE, age at first egg; EN300, number of eggs laid until 300d; %L300, overall laying rate from AFE to 300 d;
%LNet, laying rate during in-lay days; ClLng, average clutch length; EW200, average egg weight around 200 d; EW300, average egg weight around 300 d.
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correlations in G4 and G5 were similar in some trait-
combinations, and quite different in others. Because
Pause is a binary categorical trait, its association with
the other traits was determined by comparing the means
of the No-Pause and Pause hens (Table 2).

The correlations between PsDays and overall egg pro-
duction to 300d (EN300 and %L300) were highly nega-
tive (ranging from �0.735 to �0.853), because hens with
more PsDays had less potential days to lay eggs. The
genetic correlations (rG) between these traits were
highly negative (�0.565 and �0.815) in generation G5
but weaker in G4, supporting the conclusion regarding a
genetic component in the Pause response to cold stress
in G5. In both generations, the rP and rG between
PsDays and %Lnet were also negative but much weaker,
ranging from �0.147 to �0.292. The rP of PsDays with
AFE and with ClLng were very low, between -0.112 and
0.049 (Table 5). However, most rG between PsDays and
these traits were higher and significant in G5 generation:
�0.446 with AFE and �0.546 with ClLng, suggesting
that early-maturing hens, and hens with shorter
clutches, were more prone to pause under cold stress.

As could be expected, rP (�0.592 in G4, -0.416 in G5)
and rG (�0.429 in G4, -0.377 in G5) between AFE and
EN300 were significant and negative (Table 5), because
hens that start to lay earlier (lower AFE) have longer
laying period to 300 d. The rP between AFE and ClLng
were low (�0.129 in G4, �0.109 in G5), but the corre-
sponding rG were higher (�0.473 in G4, �0.329 in G5)
and significant. These negative correlations indicate a
favorable breeding-wise association; with early-maturing
hens (lower AFE) tending to have longer clutches
(higher ClLng). The rP between the 2 rate-of-lay traits,
%L300 and %Lnet, were very high (0.730 in G4, 0.606 in
G5), and the rG between these traits were further higher
(0.967 in G4, 0.745 in G5). With EN300 in the numera-
tor of both %L300 and %Lnet, the estimates of rG of
EN300 with these 2 %L traits were very high in both
generations, ranging from 0.813 to 0.940 (Table 5), sup-
porting the conclusion that %Lnet was an accurate
expression of the genetic potential for egg production.
The expected very high rP and rG between egg number
and laying rate were reported also by Niknafs et al.
(2012) and Shen et al. (2019). However, both laying-rate
measurements, %L300 and %Lnet, are directly affected
by the incidence and length of laying pause, known to
depend on environmental factors and vary considerably
between years. In contrast, clutch length (ClLng) is
independent of Pause, and was reported to be associated
with total egg number (Chen and Tixier-Boichard,
2003; Wolc et al., 2010, 2019). Also in the present study,
the rG between ClLng and EN300 was very high (0.974
and 0.978), and similarly highly correlated with %L300
and %Lnet (Table 5). With these very high rG values,
along with a significant negative rG with PsDays, clutch
length appears to be the best selection criterion for
higher egg production in the BG line and similar popula-
tions, as well as in commercial lines (Wolc et al, 2019).
The rP between the egg production traits (EN300,

%L300, %Lnet) and the two EW traits (EW200,
EW300) were low in both generations, ranging from
-0.150 to 0.068, similar to the low rP between EW and
PsDays. The low and nonsignificant rG between egg pro-
duction and EW in G4 are in agreement with previous
reports (Wolc et al., 2010; Niknafs et al., 2012), whereas
in G5, the rG between EW and the egg production traits
ranged from �0.498 to �0.594, and the rG between
EW300 and PsDays was 0.431 (all significant, Table 5).
Having these significant genetic correlations only in G5
and not in G4, suggests that they are not consistent
characteristics of the BG line, but rather related to the
non-genetic difference between the 2 generations. The
cold stress in G5 (Figure 1) is assumed to cause higher
incidence of pause and elevation in PsDays, possibly due
to cold-related shortage of body energy resulting from
higher rate of body heat dissipation, as suggested by Xie
et al. (2017). It appears that under cold stress, hens with
genetic potential to produce higher egg mass (more eggs
and/or heavier eggs) were more prone to pause, possibly
because they could not meet the higher body energy
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requirement needed to maintain their inherent level of
reproduction. Further observations are required, under
controlled ambient temperatures and feeding treat-
ments, to clarify this interpretation.
CONCLUSIONS

The overall objective of this study was to evaluate the
prospects to improve egg production (along with BW
and skin darkness) of the BG line, an experimental pop-
ulation derived from a cross between 2 indigenous Chi-
nese lines, and bred to serve as a dual-purpose line. With
its indigenous genetic background, the genetic potential
for egg production in the BG population, with overall
laying rate (%L300) around 57%, is inferior (as
expected) to modern commercial layer lines. Individual
recording of daily egg laying revealed that the relatively
low mean egg production resulted from a Pause (more
than a week without laying) in the laying pattern of
53% of the G4 hens, and higher incidence (75%) in G5,
probably due to a cold stress.

However, significant estimates of heritability were
obtained from the G5 data, and from the G5/G4 regres-
sion, for the tendency to pause (Pause0/1) and for the
number of pause days (PsDays). Because selection for a
threshold trait (Pause0/1) is problematic, PsDays
should be used as a continuous expression of the ten-
dency to pause. By including low PsDays in a selection
index aimed at improving egg production, the No-Pause
hens (with PsDays = 0) will have a priority, followed by
hens with short Pauses (low PsDays). By eradicating
Pause from the laying pattern of the BG hens, their cur-
rent mean laying rate is already about 70%, as the No-
Pause hens in G5.

In addition to selection against Pause, potential lay-
ing rate of the BG hens can be improved by selection for
high %Lnet and/or for longer clutches (ClLng), also a
component of the laying pattern. The genetic correla-
tions between these traits were very high (0.958 in G4
and 0.868 in G5), but the h2 estimates of ClLng were
higher and more significant. Thus, a selection index com-
bining low PsDays and high ClLng is recommended for
improving the genetic potential for egg production of
the BG population. Due to very short (if at all) history
of intensive selection for high egg production, popula-
tions derived from rural indigenous breeds are character-
ized by higher tendency to pause and by short clutches.
Therefore, selection based on laying pattern, against
pause and for longer clutches, will be especially useful in
such populations, which are becoming more important
in view of the efforts to improve their performances, and
to utilize useful genetic variants from indigenous breeds.
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