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Abstract: - The records of 305 Dandarawi (Dand), 303 Fayoumi (Fay) and
452 Golden Montazah (GM) hens from Fayoum Poultry Research Station
were used in this study. Four measurements for clutch and pausing traits
were calculated for each hen within the studied breeds. These traits were:
the average clutch size (number of eggs per clutch of each hen, CSy), the
number of clutches (CNy), the average length of pause duration (PDyy) and
the occurrence number of pauses (PNoy). GM had significantly (P<0.01)
higher CSop mean and standard error (3.69 and 0.22) than other breeds
whereas Fay showed significantly (P<0.01) higher CNgy, PDgy and PNy
(22.63, 2.24 and 22.9, respectively). Egg number, egg mass in the first 90
days of production and PDy for all breeds showed considerable maternal
effects. However, higher estimates for h’s than those calculated from the
dam components indicated existence of sex-linked effects on CSyy for the
three breeds studied and CNyy and PNy for Dandarawi and Golden
Montazah breeds.

Phenotypic and genetic correlations between pause and clutch size
traits and with some egg production traits for the breeds studied were also
calculated.

Individual selection for improving CSoy, CN90, PNyy and PDy, traits
would be more useful for Golden Montazah. It can be concluded that, GM
had a good merit of the egg production performance than other breeds.
Expected genetic response for GM to individual selection was estimated to
be 3.76, 9.65, 10.27 and —1.21 for the four traits, respectively. For selecting
both Dand and Fay females for either CSyy or CNyy, family selection based
on full sib showed better efficiency compared to individual selection when
family size was six hens. Family selection based on full sib showed better
efficiency than on half sib. However, for selecting males, sib selection based
on full sib showed better efficiency when family size was at least eight hens.
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It can be seen that the bigger the family size, the better the efficiency was.
The expected reduction in PDyy after one generation of individual selection
for either GM or Dand had a considerable reduction in pause length.
Moreover, the lower value for CSyy recorded for Fay (1.84 egg) and a
relative longer PDyy (2.24 days) and a lower h’ than both GM and Dand
suggested the need for selection to increase its CSyy. Family selection
reduced PDyy and increased clutch traits for Fay and it would be useful for
improving egg production in the first 90 days. However, individual selection
for improving these traits would be more useful for GM and Dand. A
selection index including clutch, pausing traits and a full record of egg
production is suggested.

INTRODUCTION

Since egg production in laying hens strongly exhibits cyclic process
in which eggs are laid at the interval of about 24 to 27 hours or more,
depending mainly on their laying performance and age. Egg production is
treated as clutches in which clutch consists of the eggs laid in consecutive
days and is terminated by a pause of one or more non-productive days
(Minh et al., 1996). Production of multiple clutches may be energetically
demanding as reported by Ricklefs (1974 and 1977), thus selection is
expected to favor reduction of costs associated with the production of
individual clutches. Ross (1979) revealed that females may reduce costs of
multiple clutch production through three mutually non exclusive ways. First,
females may lay small eggs. Second, females may evolve larger body size,
thereby reducing the relative costs of egg production. Third, females may
adopt a variable mating behavior that allows them to take advantage of
abundant of food that can be allocated to egg production. Moreover, chicks
originated from larger clutches had better viability than those from smaller
clutches if raised under identical conditions as reported by Both et al.
(1998). High heritability of clutch size (CS) along with genetic correlations
with egg number and egg mass were reported by Shebl (1998), indicating
that selection of hens based on for CS to improve egg production may be
more advantageous than selection for egg number. Therefore, CS constitutes
a reasonably good indicator of rate of laying and represented an effective
tool in selection for egg production than selection for egg number itself
(Van Albada and Timmermans, 1973). The strong correlations between
hen-day egg production and clutch size observed in flocks of laying hens
(Robinson et al., 1992) may have implications in selection for increasing
egg production. In addition, the information of CS in the early laying
periods from the onset of lying was used to predict total egg produced for
periods of 270 and 360 days of production as reported by (Minh et al.,
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1995). Sabri et al. (1994) showed that improving egg production for
Fayoumi could be realized through selection to reduce pause duration (PD)
and increase CS, therefore, a selection index including both traits and yearly
egg number would be suggested. Thangaraju et al. (1978) and Shebl
(1998) reported that genetic and phenotypic correlations between CS and
egg number tended to be positive and high, however, Sabri et al. (1994)
found negative and high genetic and phenotypic correlations, suggesting
that correlated responses of egg production when selecting for CS or against
longer pauses would be high in magnitude.

Accurate estimates of genetic parameters with pause and CS traits as
a criteria of selection are needed to accurately predict responses to direct
and indirect selection. This study aimed to evaluate the inheritance of pause
and clutch traits and their relationships with egg production traits for three
studied Egyptian breeds: Dandarawi, Fayoumi and Golden Montazah.

MATERIALS AND METHODS

This work was carried out during the period from June 1998 to
February, 1999 on Dandarawi (Dand), Fayoumi (Fay) and Golden Montazah
(GM) pullets maintained by El Azab Poultry Research Center, Animal
Production Research Institute, Agricultural Research Center, Ministry of
Agriculture, Egypt.

The structure of the breeds used is shown in Table 1. Twelve sires
were used for each breed where each was mated to 10 hens to produce the
females used in this study. A total of 305 Dand, 303 Fay and 452 GM
offspring females that produced in about four to seven successive pedigreed
hatches, seven days apart, were used in this study. Therefore, at 20 weeks of
age, the pullets were moved and kept into individual battery cages to record
their first 90 days of egg production. The feeding and management practices
were kept uniform as possible throughout the experimental period.

Table 1: The structure of the breeds used.

Breed | Number of Number of Family size
hatches Sire  Dam  Offspring Sire Dam
Dand 7 11 100 305 27.72 3.05
Fay 4 10 79 303 29.99 5.11
GM 7 10 89 452 45.2 5.08

The following traits were recorded for each hen: Age at sexual
maturity (SM) individually recorded in days. Egg mass (EMg) in grams was
obtained by multiplying egg weight and egg number laid during the first 90
days of age and were recorded foreach hen for each breed. Two
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measurements for either clutch or pausing traits were considered during the
first 90 days of production. They were the average clutch size (number of
eggs per clutch of each hen, CSqp) was calculated by dividing egg number
by number of clutches, the number of clutches (CNyy), the average length of
pause duration (PDgg, the non-productive days) and the occurrence number
of pauses (PNyy).

Statistical Analyses

Before estimating genetic parameters, data were corrected for hatch
effects within each breed. The hierarchical analyses of variance and
covariance were done to compute the heritabilities (h”) according to
Kempthorne (1957) for egg production traits clutch and pause traits,
genetic and phenotypic (rg and rp) correlations among the studied characters
using SAS (2000).

The following model was fitted, for each breed, to each of the
studied traits to calculate the genetic parameters:

Yijk= U+ S; + Dj; + ek
Where:

Yij. expresses the observation of the ijkth hen, n: is the overall
mean, S;: is the effect of i" sire, Dy is the effect of the j"" dam mated to i"
sire, ejji: 1s the error term accounted for the k™ hen of the jth dam and i sire.
The standard errors of heritabilites were obtained according to Swiger et al
(1964). The standard errors of genetic correlations were computed
according to the approximation methods of Robertson (1959). Standard
errors for phenotypic correlations were calculated according to Becker
(1985).The expected genetic response after one generation of individual,
family and sib selection were estimated according to Lush (1947) and
Falconer (1989) as the following:

Method of selection Expected response (R)
Individual R=idp h’

Family selection R= i6p h% *(1+(n-1)r)/ Vn[1+(n-1)t]
Sib selection R=idp h?*( nr)/ Vn[1+(n-1)t]

iz intensity of selection (selection differential in standard measure): assumed
to be equal for all methods, dp. standard deviation of phenotypic values of individuals,
h?: heritability of individual values, r: intra-class correlation with full-sib families r
=1/2 and with half-sib families r =1/4, t: correlation of phenotypic values of members
of the families and n: number of individuals in the families.
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The intensity of selection was determined according to Becker
(1985) by assuming a flock contained not less than 400 individuals of each
sex and that 20% of each sex to be selected. The effect of family size on
family and sib selection was studied. For full sib families the range of
family size used was from 2 to 8 individuals per family, for half sib families
the range was from 4 to 16 individuals per family. The efficiencies for both
family and sib selections compared to individual selection were calculated
according to Falconer (1989).

RESULTS AND DISCUSSION

As shown in Table 2, Dand reached sexual maturity 5.29 or 16.83
days earlier than GM and Fay breeds, respectively. Similar results were
observed by Saleh et al. (1994) and El Full et al. (2005). Earlier age at
sexual maturity was reported by several authors for native or foreign breeds
ranging from 129 to 170.7 days (Sharaby, 1998 and Shebl, 1998) . Dand
hens had significantly (P<0.01) higher ENgy than GM or Fay (64.16 vs
61.44 and 40.9 eggs, respectively). GM had the heaviest EW,, or EMy,
(48.28 and 2966.32g, P<0.01) whereas Fay had the lowest EMy, being
1969.2g as shown in Table 2. Lower ENg ranging between 23.1 to 57.04
eggs for most native or White Leghorn breeds was cited by El Hossari et al.
(1995), Shebl (1998) and Sharma et al., 1999). Ragab (1996) reported
heavier EW for Dand (42.39) whereas, lower estimates of EW (36.19) was
reported by Abdel Galil (1993). Similar trend for EM was reported by
Kader and EIl Sayed (1986). However, lower EM estimates were cited by
Sharaby (1998). GM had significantly (P<0.01) higher CS mean and
standard error (3.69 + 0.22) than other breeds whereas Fay showed
significantly (P<0.01) higher CN, PD and PN (22.63, 2.24 and 22.9,
respectively). Sabri et al. (1994) reported higher CS and PD (2.16 egg and
4.18days) for Fay selected for high egg number for five generations and
lower PN of 20.57 during 365 days of production than estimates of the
present study. However, Shebl (1991) reported lower CS of 1.82 in
Alexandria strain.

Heritability estimates for different traits studied based on sire (h%),
dam (h’p) and siretdam (h%sip) component of variance are presented in
Table 3. Higher th estimates than hzs for SM in Dand, ENgy, EMgg, PDyg
for all breeds studied and PNy, for Fay indicated maternal effects on these
traits. Combined estimates showed moderate magnitude for these traits.
Similar trend was reported by Sabri et al. (1994) that CS showed
considerable maternal effects. However, higher estimates for hzs than those
calculated from the dam components indicated existence of sex-linked
effects on SM (Becker, 1985) for Fay, EWy, for Dand and Fay, CSy, for the
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three breeds studied, CNgg for Dand and PN for Dand and GM. This was in
agreement with Hossari (1976) and Sabri et al. (1994) who found evidence
of sex-linkage in the inheritance of these traits in Fay. Estimates of h%s.p for
EMyy ranged from 0.23 to 0.45 for different breeds in the present study
which were within the range of those published by Arboleda et al. (1976),
Thangaraju et al (1978), Barua et al (1986), Kalita and Das (1987) ,
Zanella et al. (1988) and Shebl (1991). The h’s.p estimates for CS¢y were
0.26, 0.09 and 0.57, respectively for Dand, Fay and GM. Shebl (1991)
reported h’.p for CS in Alexandria strain of 0.19 while those reported by
Thangaraju et al (1978), Dixit et al. (1986) and Singh et al (1990) were
0.88, 1.07, 0.06 and 0.47 . The high values of heritability may be due to
correction of hatch effect which may have trimmed the phenotypic
variability to some extent (Ayyagari et al 1985). Moreover, King and
Henderson (1954) reported that the adjustment of hatch effects decreased
the environmental component by 30 to 40% thereby increasing the estimates
of heritability for production traits. Since the heritability estimates of
different traits were high in magnitude, individual selection for these traits
would be an effective criterion to make progress for all studied traits except
SM in Dand and for EWgy and PDyy of GM flocks. However, Fay had very
low h? estimates for both CN and PN ranging from 0.03 tom 0.09 (Table 3).
Abdel Gawad and El Ibiary (1971) reported averages of 0.11 and 0.14 for
heritabilities of PD and PN. However, Kruger et al. (1952) reported that
heritability of PD ranged from 0.16 to 0.20.

Phenotypic Correlations

Phenotypic correlations among pause and clutch size traits for the breeds
studied are presented in Table 4. In all breeds, CSqy was negatively correlated
with CNgg, PNgy and PDgy. Similar trends of negative correlations were
found between PDgy and each of CNgy, PNgy but lower in magnitude.
However, CNgy was positively correlated with PNy,.

Although Fay's PNgy had high rp's with other traits of clutch or
pausing, it was not a good indicator for egg production compared to PD,
since some hens recorded few numbers of pauses. However, the pauses were
too long and in some cases lasted to the end of production year (Sabri et al.,
1994). This was decided because of the low h” of Fay's PN, indicating small
additive variance for this trait. However, Dand and GM had higher hs for
this trait being 0.38 and 0.67 (Table 3).

As shown in Table 5, all breeds showed low rP among SM and
either clutch or pause traits. In both Dand and GM, as CSg¢y or PDy
increased EWy decreased, however, in GM EWy positively correlated with
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CNy and PNyo. This is inagreement with the findings of Sabri et al. (1994)
for Fay that PD was positively correlated with SM. However, Fay in the
present study showed lower correlations but opposite in direction than those
found in Dand and GM for EW. As CSyg increased both ENgy and EMyg
increased in Dand and Fay. This is in agreement with the finding of Sabri et
al. (1994). There were negative associations between ENgg and each of CNg,
and PNy in Dand and GM, whereas, ENg positively correlated with these
traits in Fay. Estimates of positive phenotypic correlation moderate in
magnitude were found between EMy, and each of CSgy, CNgy and PNy in
Dand and Fay. However, lower and negative phenotypic correlations were
found between EMy, and these traits in GM as shown in Table 5. This is
expected since GM had negative relationships between ENygg and these traits.

Genetic Correlations

In all breeds, the genetic correlations (r,) between CSoy and each of
CNyy and pausing traits were mostly negative higher than their
corresponding 1,'s as shown in Tables 4 and 6, indicating the big influence
of environmental factors on these relationships. A wide range of genetic
correlations between CNgy and pausing traits was found and ranged from
0.09 to 1.00 in Dand and GM. Positive r, estimates were found between
PNgpand CNyo in Dand and GM, whereas a low negative r, of -0.19 was
found between these traits, A wide range of positive genetic correlations
between PNgg and CNgy and pausing traits was found and ranged from 0.07
to 1.17 in Dand and GM. Although, no phenotypic correlations were found
between SM and either clutch or pausing traits in all breeds. There were low
to moderate positive genetic correlations between SM and each of CS for all
breeds ranging from 0.15 to 0.41. Conversely, SM was negatively correlated
with CNyy and PNy in Dand and GM. However, it was positively associated
with these traits in Fay (Table 7). Very low negative rg estimates were
shown in Dand between EWgy and CSqg, CNygg and PNyg, however EWq, was
positively correlated with PDgy (0.16). Similar trends of negative rg's were
found in Fay between EWy, and each of CNgy whereas, GM indicated
positive rg of 0.31 between EWgy and both CNyy and PNy,. Either Dand or
Fay had low positive rg ranging between 0.16 and 0.18 between EWy, and
PDyy, indicating that egg weight increased as pause duration increased.
However, GM had negative low rg between the same two traits as shown in
Table 7.

Regarding rg's based on S+D components of variance and
covariance, both Dand and GM had positive rg between ENgy and CSgg
being 0.19 and 1.00, however, Fay showed negative associations between
these traits (-0.16). Similar trends of negative genetic correlations ranging

831



El Full, E. A. et al,,

from -0.16 to -0.98 were found between ENygg and each of CNgg, PNgy and
PDy, for all breeds, except the rg between ENgy and PDgg in Fay being 0.86.
This is expected, because long and multiple pauses led to decrease egg
production as shown in Table 7. No genetic correlations were found
between EMg, and each of CSg in Fay, CNgy and PNgy of GM. EMy, had
similar trends with CS and pause traits as those obtained with ENgg except
the moderate positive rg between EMy, and CNg as shown in Table 7.

Expected Genetic Response to Selection

The breeds used in the present study weren't subjected to selection
for any traits. The expected genetic responses as gain in CSgg, CNgg or loss in
PNy and PDy, after selection for one generation are presented in Tables 8
and 9. The genetic response for individual selection was calculated
according to Falconer (1989). GM had the highest expected gain in either
CSgp or CNygg due to individual selection, whereas Fay showed the lowest
expected gain for these traits. Similar trend was observed for pausing traits.
This is expected since GM had higher heritability estimates for these traits
than other breeds. Selection intensity used was based on the assumption that
20% of each sex to be selected. However, selecting only 10% of the males
would increase the intensity of selection for males from 1.4 to 1.755
(Backer, 1987).

For selecting both Dand and Fay females for either CSqy or CNyy,
family selection based on full sib showed better efficiency compared to
individual selection when family size was six hens. Family selection based
on full sib showed better efficiency compared to family selection based on
half sib (Table 8). However, for selecting males, sib selection based on full
sib showed better efficiency when family size was at least eight hens. The
average genetic response can be estimated as the average of the genetic
response of both sexes. It is clear that the bigger the family size, the better
the efficiency was.

The expected reduction in PDgy after one generation of individual
selection for either GM or Dand would be a considerable reduction in pause
length. Moreover, the lower value for CSg recorded for Fay (1.84 egg) and
a relatively longer PDgg (2.24 days) and a lower h” than both GM and Dand
suggested the need for selection to increase its CSoy.

It was clear that, GM had heavier EMy,, longer CSqy, lower and a
relatively short PDyy followed by Dand than the Fay which means a good
merit of the egg production performance of the former breeds than the latter.
Results of the present study suggested that family selection to reduce PDy,
and increase clutch traits for Fay would be useful for improving egg
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production in the first 90 days (Table 9). However, individual selection for
improving these traits would be more useful for GM and Dand

The tested breeds could be followed different production curves.
Therefore, it is recommended in future to test the productivity for longer
period than 12 weeks. In conclusion, in spite of the reproductive merit of
either GM or Dand than Fay, their productive efficiency still need
improvement through applying a consistant and sustainable breeding
program. These future studies must test and improve their full record of egg
production to clarify the persistency of production. On the other hand, we
need to compare among one or more than commercial hybrids with these
native breeds under same traditional conditions taking into consideration
their relative economic efficiency, cost and total yield . A selection index
including clutch, pausing traits and a full record of egg production is
suggested.

Table 2: Means = SE for different traits of the studied breeds.

Trait Dand Fay GM

SM 170.17+0.33 ¢ 187.00+1.77° 175.46+0.80°
EW, 40.00+0.30° 40.80+0.21° 48.28+0.75°
ENy, 64.16+0.66° 40.90+0.36 ¢ 61.44+1.06°
EMo, 2566.40+29.04° 1669.20+17.50¢ | 2966.32+1.08°
CSy, egg 3.32+0.08"° 1.84+0.03 ¢ 3.69+0.22°
CNy, 19.2240.33° 22.63+0.25° 18.09+0.69°
PD,,, days 1.58+0.03° 2.24+0.03° 1.69+0.05°
PNy, 18.78+0.33 " 22.9+0.25° 17.56+0.69 ¢

Means within the same row had different superscripts are significantly different at P<0.01.
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Table 3: Heritability estimates + SE for different traits of the studied breeds.

Breed SM EWy, ENyy EMy, CSyp CNyy PDyy PNy
Dand | S 0.11£0.26 | 0.99+0.38 | 0.15+0.28 || 0.28+0.29 | 0.43+0.26 | 0.30+0.28 | 0.55+0.24 | 0.38+0.27
D 0.22+0.37 || 0.14£0.28 | 0.37+0.39 || 0.29+0.37 | 0.10+0.31 | 0.18+0.35 | 0.71+0.52 || 0.01+0.32
S+D | 0.16+0.23 | 0.57£0.23 || 0.26+0.24 | 0.28+0.23 | 0.26+0.20 | 0.24+0.22 | 0.62+0.25 | 0.19+0.21
Fay S 0.20+0.15 || 0.15+0.13 | 0.05+0.05 || 0.08+0.06 | 0.10+0.11 | 0.04+0.07 | 0.01+0.04 | 0.04+0.07
D 0.18+0.22 || 0.11+0.21 | 0.39+0.15 || 0.37+0.16 | 0.08+0.21 | 0.03+0.20 | 0.33+0.17 || 0.09+0.19
S+D | 0.19+0.12 | 0.13£0.12 || 0.23+0.08 | 0.23+0.08 | 0.0+0.11 0.04£0.0 | 0.16+0.08/ | 0.07+0.09
GM S 0.12+0.09 | *** 0.25£0.27 || 0.12+0.24 | 0.76+0.45 | 0.66+0.41 | 0.39+0.44 | 0.67+0.42
D 0.12+0.15 || 0.24+0.25 | 0.51+0.39 || 0.77+0.43 | 0.39+0.33 | 0.28+0.33 | 1.22+0.51 || 0.33+0.34
S+D || 0.12+0.08 | 0.87+0.38 | 0.38+0.20 | 0.45+0.21 | 0.57+0.26 | 0.47+0.24 | 0.81+0.21 | 0.50+0.25
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Table 4: Phenotypic correlations £+ SE among pause and
clutch size traits for the studied breeds.

Breed Trait CSy CNy, PNy, PDy,

Dand CNoy | -0.69+0.03 0.97+0.01 | -0.27+0.06
PNoo | -0.71£0.03 | 0.97+0.01 -0.20+0.06
PDy | -0.16£0.07 | -0.27+0.06 | -0.20+0.06

Fay CNoo | -0.84+0.02 0.99+0.01 | -0.32+0.07
PNoy | -0.85+0.02 | 0.99+0.01 -0.310.08
PDyy | _0.09+0.08 | -0.32+0.07 | -0.31+0.08

GM CNoo | -0.84+0.02 0.99+0.01 | -0.32+0.07
PNoo | -0.85+0.02 | 0.99+0.01 -0.3120.08
PDy | -0.09+0.08 | -0.32+0.07 | -0.31+0.08

*: Imaginary values.

Table 5: Phenotypic correlations = SE among egg production traits and
both pause and clutch size traits for the studied breeds.

Breed Trait CSy CNy, PNy, PDy,

Dand SM 0.03+0.06 0.03+0.06 0.03£0.06 | -0.05+0.43
EWy | -0.12+0.06 | 0.17+0.06 0.18+0.06 | -0.20+0.37
ENy | 0.53+£0.02 -0.42+0.05 | -0.45+0.05 | -0.16+0.31
EMy, | 0.44+0.02 0.31+0.05 0.33+0.05 -0.18+0.29
Fay SM 0.04+0.06 | -0.08+0.06 | -0.07+0.06 | 0.09+0.06
EWy | 0.04+£0.04 | -0.02+0.06 | -0.01£0.06 | -0.01+0.06
ENyy | 0.33+0.05 0.51+0.04 0.4+0.04 -0.73+0.03
EM,, | 0.31+0.05 0.47+0.04 0.46+0.0 -0.68+0.03

GM SM w4 | 0.06+0.08 0.05+0.08 -0.02+0.08
EW,, wxx | 0.44+0.07 0.43+0.06 -0.14+0.08
ENy, w4 | -0.30£0.07 | -0.32+0.07 | -0.60+=0.05
EMy, s | -0.09£0.08 | -0.11+£0.08 | -0.28+0.08

*: Imaginary values.
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Table 6: Genetic correlations (r;) £ SE among pause and clutchsize
traits for the studied breeds.

Breed ry CSyy CNy PNy PDy,
Dand CNyy S 1.00£0.00 1.05+0.05 | 0.48+0.35
D -0.83+0.56 2.1943.30 | -0.29+0.73
S+D | -0.93+0.05 0.98+0.23 | 0.12+0.26
PNy, S -0.91+0.09 1.05+0.05 0.29+0.49
D -3.44420.11 2.19+£3.30 -0.18+1.79
S+D | -0.98+0.01 0.98+0.23 0.17+0.42
PDy, S -0.09+0.58 | 0.48+0.35 | 0.29+0.49
D 0.09+0.81 -0.29+0.73 | -0.18+1.79
S+D -0.02+0.73 0.12+0.26 | 0.17+0.42
Fay CNyy S -0.42+0.79 0.98+0.06 | -0.67+1.82
D -4.50+£53.42 -1.08+0.47 | 1.14+0.22
S+D -2.24+5.02 -0.19£1.89 | 0.90+0.11
PNy, S -0.46+0.74 0.98+0.06 -0.43+£2.79
D -1.84+3.96 -1.08+0.47 1.81+£2.80
S+D -1.22+0.44 -0.19+1.89 1.17+0.29
PDy, S -1.70+4.95 | -0.67+1.82 | -0.434+2.79
D 0.79+0.30 1.14+0.22 | 1.81+2.80
S+D 0.41£0.66 0.90+0.11 | 1.17+0.29
GM CNy, S -1.03+0.03 1.00+£0.00 | 0.59+0.19
D -0.86+0.18 1.00+0.00 | -0.33+0.44
S+D | -0.98+0.01 1.00+0.15 | 0.09+0.25
PNy, S -1.04+0.04 1.00£0.00 0.58+0.29
D -0.83+0.23 1.00+0.00 0.32+0.64
S+D | -0.97+0.02 1.00+0.15 0.07+0.34
PDy, S -0.27+0.41 0.59+0.19 | 0.58+0.29
D -0.28+0.71 | -0.33£0.44 | 0.32+0.64
S+D | -0.25+0.49 | 0.09+0.25 | 0.07+0.34
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Table 7: L Genetic correlations (r;) = SE among egg production
traits and both pause and clutch size traits and for the
studied breeds.

Breed e]z‘gi‘i;fe SM EWy, ENgo EM,,
Dand CSoy S 0.17+0.83 | 0.11%0.33 | 0.8120.26 | 0.61+0.35
D 0.94+0.18 | -0.8940.36 | *** o
S+D 0.4120.60 | -0.04£0.39 | 1.00:0.02 | 0.84+0.13
CNyy S 0.2940.97 | 0.06£041 | -0.58+0.62 | -0.29+0.63
D 0.7240.64 | -0.34+1.04 | *** ok
S+D 0.4840.62 | -0.0350.43 | -0.8040.24 | 0.40+0.52
PNy S 20.4040.79 | -0.0140.36 | -0.52£0.60 | -0.310.55
D kskk kskk kskk skskk
S+D 0.6240.54 | -0.09+0.47 | -0.85£0.20 | -0.81+0.23
PDy, S ok 20302026 | 0.47£0.50 | 0.09£0.47
D 0.854021 | *** 0.87+0.14 | -0.5740.45
S+D 0.0840.53 | 0.16£028 | -0.39£0.37 | -0.26+0.38
Fay CSoo S 0.54+0.44 | 02240.63 | 1.154022 | 0.93+0.09
D 0.1841.19 | 0.7140.78 | -0.72£0.33 | -0.52+0.53
S+D 0.21+0.84 | 0.43£0.87 | -0.16:0.62 | -0.02+0.64
CNyy S 0.35£0.72 | 0.13+0.85 | -0.2840.86 | -0.12+0.83
D 1.5942.96 | -1.79%534 | 2.32+4.75 | -2.58+6.32
S+D 0.9240.13 | -0.7040.53 | -1.5340.88 | 1.60+1.05
PNy S 0.4410.65 | 0.40£0.71 | -0.3340.81 | -0.02+0.83
D 1.06£0.14 | -0.9740.09 | -1.17£0.25 | -1.33£0.52
S+D 0784026 | -0.3540.69 | -0.9840.02 | -1.00+0.01
PDy, S 2.44£11.06 | -1.4442.55 | -1.00£0.03 | -1.50+2.85
D 0.6740.30 | 0.43+0.57 | 0.95:0.03 | 0.99+0.01
S+D 0.63£024 | 0.1840.44 | 0.86+0.07 | 0.84+0.08
GM CSyy S 0234045 | -0.12£0.38 | 0.14x0.55 | 0.08+0.76
D 0.66£034 | -0.06£0.64 | 0.73027 | 0.82+0.16
S+D 0.1540.38 | -0.1140.31 | 0.1940.34 | 0.13+0.46
CNyy S HEH ok HHE 20.74+0.37
D 0.1620.08 | 0.1140.81 | -0.01%0.66 | 0.03+£0.57
S+D -0.04+0.57 0.31+0.46 -0.20+0.40 -0.07+0.39
PNy S HhE ok ok 20.68+0.43
D 20.17£1.00 | 0.1240.75 | -0.02£0.61 | 0.02+0.52
S+D 0.0450.56 | 0314045 | -0.21+0.38 | -0.08+0.38
PDy, S 0214040 | 0394022 | 0.20+0.37 | -0.88+0.21
D 0.07£0.65 | -0.3340.44 | -0.26:0.37 | 0.06+0.34
S+D 0.04£047 | -0.20£0.37 | -0.1620.31 | -0.1820.29

*: Imaginary values.
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Table 8: Expected genetic gain for clutch traits from different methods of selection and
efficiency for family and sib selection in relation to individual selection.

FAMILY SELECTION FOR SIB SELECTION FOR
Trait | Breed IS NES | NHS FEMALES MALES
FS HS FS HS

G E G E G E G E

CSyp | Dand | 0.509 | 2 4 0.507 | 0.998 | 0.407 | 0.800 | 0.423 | 0.832 | 0.389 | 0.766

4 8 0.539 | 1.060 | 0.409 | 0.806 | 0.621 | 1.220 | 0.580 | 1.140

6 12 0.566 | 1.112 | 0.420 | 0.827 | 0.720 | 1.415 | 0.679 | 1.336

8 16 0.586 | 1.151 | 0.430 | 0.845 | 0.771 | 1.515 | 0.733 | 1.441

Fay | 0.066 | 2 4 0.068 | 1.038 | 0.056 | 0.847 | 0.062 | 0.936 | 0.060 | 0.907

4 8 0.077 | 1.173 | 0.059 | 0.904 | 0.109 | 1.654 | 0.106 | 1.606

6 12 0.085 | 1.291 | 0.064 | 0.969 | 0.146 | 2.213 | 0.142 | 2.153

8 16 0.091 | 1.387 | 0.068 | 1.027 | 0.175 | 2.653 | 0.170 | 2.586

GM | 3.732 | 2 4 3.492 | 0.936 | 2.733 | 0.732 | 2.562 | 0.687 | 2.188 | 0.586

4 8 3.426 | 0918 | 2.568 | 0.688 | 2.955 | 0.792 | 2.644 | 0.708

6 12 3.425 | 0918 | 2.522 | 0.676 | 2.965 | 0.794 | 2.722 | 0.729

8 16 3.431 | 0919 | 2.502 | 0.670 | 2.880 || 0.772 | 2.686 | 0.720

CNyy | Dand | 1.936 | 2 4 1.941 | 1.002 | 1.560 | 0.806 | 1.634 | 0.844 | 1.511 | 0.780

4 8 2.056 | 1.071 | 1.580 | 0.816 | 2.442 | 1.261 | 2.289 | 1.182

6 12 2.187 | 1.130 | 1.627 | 0.840 | 2.870 | 1.482 | 2.716 | 1.403

8 16 2271 | 1.173 | 1.668 | 0.862 | 3.103 | 1.603 | 2.958 | 1.527

Fay | 0.244 | 2 4 0.256 | 1.050 | 0.210 | 0.862 | 0.237 | 0.971 | 0.233 | 0.957

4 8 0.296 | 1.214 | 0.229 | 0.940 | 0.447 | 1.833 | 0.440 | 1.807

6 12 0.332 | 1.362 | 0.250 | 1.027 | 0.634 | 2.600 | 0.625 | 2.565

8 16 0.363 | 1.490 | 0.270 | 1.107 | 0.801 | 3.286 | 0.790 | 3.243

GM | 9.563 | 2 4 9.213 | 0.954 | 7.262 | 0.752 | 7.033 | 0.729 | 6.137 | 0.636

4 8 9.240 | 0.957 | 6.952 | 0.720 | 8.671 | 0.898 | 7.846 | 0.813

6 12 9.352 | 0.969 | 6.901 | 0.715 | 9.028 | 0.935 | 8.343 | 0.864

8 16 9.442 | 0.978 | 6.896 | 0.715 | 8.76 | 0.930 | 8.409 | 0.871

IS: Individual selection, NFS: Full- sib family size, NHS: Half- sib family size, G: Gain of selection
and E: Efficiency of selection comparing to individual selection.
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Table 9: Expected genetic gains for pausing traits from different methods of
selection and efficiency for family and sib selection in relation to
individual selection.

FAMILY SELECTION FOR SIB SELECTION FOR
Trait | Breed IS NFS | NHS FEMALES MALES
F HS FS S

G E G E G E G E
PNog Dand 1.533 2 4 1.554 | 1.014 | 1.255 | 0.819 | 1.338 || 0.873 | 1.255 | 0.819
4 8 1.690 | 1.103 | 1.291 | 0.842 | 2.105 | 1.373 | 1.993 | 1.300
6 12 1.804 | 1.177 | 1.345 || 0.877 | 2.567 || 1.675 | 2.448 | 1.597
8 16 1.890 | 1.233 | 1.391 | 0.907 | 2.854 | 1.862 | 2.736 | 1.784
Fay 0427 | 2 4 0.445 | 1.043 | 0.364 | 0.853 | 0.405 | 0.950 | 0.395 | 0.926
4 8 0.507 || 1.189 | 0.391 | 0.918 | 0.734 | 1.722 | 0.717 || 1.682
6 12 0.562 | 1.318 | 0.423 | 0.991 | 1.005 || 2.355 | 0.983 | 2.304
8 16 0.608 || 1.426 | 0.451 | 1.057 | 1.228 | 2.879 | 1.203 | 2.820
GM 10.269 | 2 4 9.742 | 0.949 | 7.663 | 0.746 | 7.348 || 0.716 | 6.369 | 0.520
4 8 9.703 || 0.945 | 7.291 | 0.710 | 8.871 | 0.864 | 7.999 | 0.779
6 12 9.782 | 0.953 | 7.213 | 0.702 | 9.128 || 0.889 | 8.417 | 0.819
8 16 9.852 || 0.959 | 7.192 | 0.700 | 9.007 | 0.877 | 8.426 | 0.821
PDyy Dand 0455 | 2 4 0.421 | 0.927 | 0.329 | 0.723 | 0.303 || 0.667 | 0.256 | 0.564
4 8 0.409 || 0.900 | 0.306 | 0.673 | 0.339 | 0.746 | 0.302 | 0.664
6 12 0.407 | 0.895 | 0.299 | 0.658 | 0.335 || 0.737 | 0.307 | 0.674
8 16 0.406 | 0.894 | 0.296 | 0.651 | 0.322 | 0.709 [ 0.300 | 0.660
Fay 0.117 | 2 4 0.119 | 1.021 | 0.097 | 0.827 | 0.104 | 0.891 | 0.099 | 0.844
4 8 0.131 || 1.123 | 0.101 | 0.859 | 0.169 | 1.448 | 0.161 | 1.381
6 12 0.141 | 1.208 | 0.106 | 0.902 | 0.212 | 1.811 || 0.203 | 1.736
8 16 0.149 | 1.274 | 0.110 | 0.939 | 0.240 | 2.053 | 0.231 | 1.976
GM 1.205 | 2 4 1.079 | 0.895 || 0.832 || 0.690 | 0.724 | 0.601 || 0.591 | 0.491
4 8 1.012 | 0.840 [ 0.754 | 0.625 | 0.731 | 0.607 [ 0.641 | 0.532
6 12 0.990 | 0.822 | 0.726 | 0.603 | 0.687 || 0.570 | 0.624 | 0.517
8 16 0.979 | 0.812 | 0.712 | 0.591 | 0.642 | 0.533 | 0.594 | 0.493

IS: Individual selection, NFS: Full- sib family size, NHS: Half- sib family size, G: Gain of

selection and E: Efficiency of selection comparing to individual selection.
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