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ABSTRACT: The present experiment was carried out for evaluation the influence of
body weight selection at 12 —wk of age for Gimmizah chickens on hatching traits
besides same genetic and phenotypic parameters related to it. The obtained results are
summarized as follows: fertility percentage was numerically increased for first
generation after selection of body weight compared with those for base population also,
hatchability percentages were significantly decreased for the first generation compared
with those for the base one population, while late and total embryonic mortalities were
significantly increased for the first generation comparable to base one. Values of
heritability for all studied parameters of fertility, hatchability and embryonic mortalities
were low. Also, there are no obvious changes for heritability between base and 1%
generations with respect to all studied hatching traits. Moreover, most values of
additive gene for fertility, hatchability and embryonic mortalities were low with
relatively marked decrease for hatchability of total eggs among the base population and
first generation. Highly positive significant phenotypic correlation was detected
between fertility and hatchability of fertile eggs. While, all stages of embryonic
mortalities represented highly negative significant phenotypic correlations with
hatchability of fertile eggs. Moreover, hatchability of fertile eggs is genetically highly
positive correlated with fertility. In conclusion fertility, hatchability and embryonic
mortality could be considered in designing the program of improving body weight for
Gimmizah chickens and this criteria should be involved in the selection index.
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INTRODUCTION

Selection for body weight is the most
important trait of genetic improvement
program because that body weight is
easily measured and correlated with
several other traits (Saleh et al., 2008, and
Ramadan et al., 2014).

Fertility and hatchability can be
maintained in populations under multiple
trait selection through culling of paternal

and maternal families with low
performance. This culling only of
families  with  low fertility and

hatchability allows the breeder to use
higher selection intensity to obtain greater
genetic progress in primary traits such as
egg production (Fairfull, 1990).

Hatchability is a typical fitness trait with
low heritability, which suggests that
optimization of breeder farm and
hatchery management is the most
promising route for improvement (Forster
et al., 1992). However, low heritability
does not exclude improvement by
selection, it only takes a long time to see
measurable results and estimates of
heritability for hatch of fertile eggs in the
literature ranges from 0.02 to 0.24
(Sharifi et al., 2010; Wolc et al., 2010). It
has been suggested that the decrease in
viability of the embryo may be caused by
changes in the embryo or by changes in
certain physical aspects of the eggs
(Becker, 1960).Consequently, heritability
value for mid-term embryonic mortality
IS important for improving
hatchability(Gwaza et al., 2016.)

Genetic selection for traits such as
growth rate and vyield have been
negatively associated with the expression
of morphometric traits related to
reproduction (Soller et al., 1965; Siegel
and Dunnington, 1985). Specifically,
male body weight is known to directly
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impact reproduction in broiler breeders
(Wilson et al, 1979; Siegel and
Dunnington, 1985).

The direct additive genetic component of
any trait can be estimated from a single
observation per birds, however, shared
environmental effects can also give rise to
phenotypic covariance between related
individuals (Kruuk and Hadfield, 2007).
In domestic fowl variation of the ratio of
chromosome abnormalities was found
among different breeds, families and
individuals (Thorne and Sheldon., 1991).

This study was performed to evaluate the
influence of body weight selection at 12-
wk of age for Gimmizah chickens on
some hatching traits besides estimating
the genetic and phenotypic parameters of
hatching out-put.

MATERIALS AND METHODS
The present study was conducted at El-
Sabahia Poultry Research  Station,
Alexandria, Agriculture Research Centre.
Three hundred and fifty two Gimmizah
chickens for both sexes were mated in
family pens and each family composed of
one sire and ten females and formed as
base population. The pedigreed chicks
produced from the base generation were
wing-banded. Males and females at 12-
wk of age were selected according to
individual selection. After 20 weeks of
age, selected males and females were
transferred into family pens. Three
thousands, four hundreds and fifty
hatching eggs obtained from Gimmizah
chickens at 45-50 wks of age representing
the base population and first generation
(1850 and 1600 eggs, respectively) were
used for evaluation the hatching traits. All
collected eggs were individually
pedigreed the pedigreed eggs were
collected from sire families then weighed
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prior to the beginning of the incubation
and incubated in Egyptian- made
incubator at 99.5° F and 55% RH during
setting phase and 98.6° F with 65% RH
during hatching phase. Eggs for each
generation were randomly distributed in
trays as replicates in the incubator.

On the 18" day of incubation, eggs for
each generation were candled and those
with evidence of living embryos were
transferred to the hatcher with the same
experiential design: The infertile eggs
were macroscopically evaluated to
demine apparent infertility by necked
eyes. Eggs that failed to hatch at the end
of incubation and having full opportunity
for hatch were broken out and then
examined with necked eye to estimate
embryonic  mortality and  assigned
according to their times of death in days
as possible.  Embryonic  mortality
percentages expressed as a percentage of
fertile eggs set were recorded and
classified into different intervals as early
(1-7), middle (8-14) and late (15 -21)
days of incubation. Macroscopic fertility
was calculated as a percentage of fertile
eggs relative to total eggs @ set.
Hatchability was calculated as the
percentages of sound chicks that hatched
from either total or fertile eggs.
Statistical analyses:

The first step, the mixed model was
defined to analyze the data, get the
Restricted Maximum Likelihood (REML)
estimates of the variance and covariance
components. These estimates were used
in the prediction equations of the additive
values of all animals as directed by
Sorensen and Kennedy (1984). The
following animal model shown in matrix
notation was used to estimate genetic
parameters for the fertility, hatchability of
total eggs, hatchability of fertile eggs,
early embryonic mortality, middle

857

embryonic mortality, late embryonic
mortality, and total embryonic mortality
traits, as well as means of all traits.
REML co-variance components were
estimated by series of multivariate animal
models (allowing to estimate correlations
among traits) using WOMBAT software
(Meyer, 2006).
The model can be represented in matrix
terms by
Y=Xb+Za+te
Where, y is the vector of observations; X
is the incidence matrix of fixed effects; b
is the vector of fixed effects (generation);
Z is the incidence matrix of random
effects; a is the vector of random effects;
e is the vector of residuals.

Genetic, phenotypic, and environmental
correlations  were  estimated  using
biraviate analyses with the same fixed
effects in univariate models (Yavarifard
et al., 2015).

Heritability was computed according to
Boldman et al. (1995) as:

__ %%

h? = o2 +0?
Where 62 and o2 are variances due to
effects of direct additive genetic and
random error, respectively.

Numbers of preliminary analyses were
done using SAS (2004) for checking
listing all data. The following model was
used:

Yik =M +Si+€ik
Where

Yik the phenotypic measurements for
the individual from K" sire.

U = general mean for the
measurement.
S = effect common to all individual

from i" sire.

ek = the experimental error.
Differences between each means were
done according to Duncan (1955).
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RESULTS AND DISCUSSIONS
Means and standard error of body weight
and some hatching traits by generation for
Gimmizah chickens selected for body
weight at 12-wk of age are shown in
Table 1. Data of this table represented
significant increase of body weight at 12-
wk of age for the selected 1% generation
compared to those for the base one. Also,
reported numerical increase of fertility
percentage for eggs of the first generation
after selection (91.63%) compared to
90.59% of the base one. While first
generation (1%) represented significant
decrease for both hatchability of fertile
and total eggs compared with those of the
base population. Moreover, data of late
and total embryonic mortalities were
significantly (p<0.05) increased for eggs
of the 1*' generation compared with those
for the base one. Whereas, early and
middle embryonic mortality did not
reveal any statistical change between both
studied generations. It appears from the
current results that the reduction of
hatchability ~percentage in the 1
generation comparable to the base one is
mainly due to the increase of embryonic
mortality in the late stage of incubation
and in turn the total embryonic mortality.
Different results and explanations were
mentioned regarding the effect of body
weight selection on fertility and
hatchability. Barbato et al. (1984)
mentioned that chicken selection for rapid
growth can affect fertility by increasing
the frequency of defective sperms and
ova as such defects are attributed to neuro
endocrine imbalances, disruption of a to
genesis synchrony, and dysfunction of

ovulation-  oviposition.  Furthermore,
Emmerson  (1997) mentioned that
intensive genetic selection for

economically important production traits
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significantly accelerated the occurrence
of metabolic disorders which are often
detected at the embryo level. The current
results are in line with those of Ashour et
al (2015) who reported that hatchability
and fertility percentages decreased with
the increase of EI-Salam strain body
weight. In addition, Gharib et al. (2006)

reported  significant  decrease  of
hatchability percent for heavier line of
Fayoumi chickens. The influence of

parent body weight of female(Fasenko et

al., 1992) and male (Bramwell et
al.,1996) on hatchability has been
reported.

Heritability(h?) of male's body weight and
some hatching traits for selected line of
Gimmizah chickens at 12 wks of age is
shown in Table 2. Moreover, heritability
values for body weight of Gimmizah
chickens 12 weeks of age for base
population (0.51) and 1% generation
(0.50) are considered high values of
heritability for all studied parameters of
fertility, hatchability and embryonic
mortalities are considered low. Also,
there are no obvious changes for
heritability ~between base and 1%
generation with respect to all hatching
studied traits. These mentioned results are
in accordance with those reported by
Beaumont et al. (1997) who pointed that
heritability values of early embryonic
mortality, middle and lat embryonic
mortalities were 0.09, 0.09, 0.07 and
0.05, respectively. Besides, wilson et al.
(1979) revealed that heritability of the
different stages of embryonic mortality
varied from 0.01 — 0.12 when analyzed
from sire component. Also, Bennewitz et
al. (2007) found that heritability of
reproductive traits in White Leghorn
layers ranged between 0.06 and 0.14 and
showed that the obtained heritability
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estimates were higher compared with the
expected values obtained from linear
model. Moreover, Wolc et al. (2010)
found that the heritability of fertility and
hatchability of fertile eggs was low,
ranging between 0.005 and 0.105 for the
male component.  Furthermore, Zhang
(2016) estimated heritability for fertility
could be biased on the founding effect of
early embryonic mortality and fertility.
However low heritability does not
exclude improvement by selection but it
only takes a long time to get measurable
results (Wolc et al., 2010).

Data of Table 3. demonstrate additive
genetic(Va) and standard error (SE) of
males body weight and some hatching
traits for Gimmizah chickens selected for
body weight at 12 wks of age. Most
values of additive genetic for fertility,
hatchability and embryonic mortalities
are considered low with relatively marked
decrease of hatchability for total eggs

among the  experimental  studied
generations. Moreover, data of both
generations did not represent any

noticeable change with respect to fertility,
hatchability of fertile eggs and embryonic
mortality except that for total embryonic
mortality as represented 0.59 and 0.65 for
both studied generations. This increase of
additive genetic for total embryonic
mortality in the 1% generation after
selection compared the base one could
help for improving this trait through
indirect selection with other related traits.
The importance of genetic factor on
embryonic mortality and subsequently on
hatching out-put were detected in
different publications. Lariviere et al.
(2009) showed the genetic influence on
embryonic mortality for traditional
chicken breed and they added that there
are variation in genetic parameters
estimates from sire variance components
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due to breed. Also, Takashi et al. (2011)
reported that genetic factors area
predominate during embryonic death in
native chicken breed. Moreover, Gwaza
et al. (2015) mentioned significant
(P<0.05) differences that existed between
the sires within the ecotype indicated that
there was a genetic background on
embryonic mortality that was affected by
the wvariation in the additive genetic
differences between the sires used.

Phenotypic and genetic correlations of
fertility, hatchability of fertile eggs and
embryonic mortality for Gimmizah
chickens are presented in Table 4. Data of
this table demonstrated highly positive
significant phenotypic correlation
(p<001) between fertility with body
weight for males and hatchability of
fertile eggs. While, all stages of
embryonic mortality represented highly
negative (p<001) correlations with
hatchability of fertile eggs. Moreover,
hatchability of fertile eggs is highly
positive genetic correlated with fertility
(0.99). Whereas, hatchability of fertile
eggs is highly negative genetic correlated
with all stages of embryonic mortality.
Also, highly significant negative genetic
correlation was observed between early
and late embryonic mortalities. The
highly significant positive phenotypic
correlation  between  fertility  and
hatchability of fertile eggs in this study is
in harmony with those of earlier works by
Islam et al. (2002) and Adedeji et al.
(2015). Moreover, the currents of
negative and significant phenotypic
correlations between hatchability of
fertile eggs and all stages of embryonic
mortality including total embryonic
mortality were confirmed by Islam et al.
(2002) Also, the same authors come to
the same our results regarding the non-
significant and positive phenotypic
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correlation between fertility and total
embryonic mortality. However, Adedeji
et al. (2015) reported that there were
positive phenotypic correlations between
fertility and all stages of embryonic
mortalities but with significant estimates.
The highly genetic correlation between
fertility and hatchability of fertile eggs
added credence to the previous findings
of Beaumont et al. (1997) who found that
genetic correlation estimates between
both traits are high from sire and dam
components. Also, Sapp et al. (2004),
Boutrous et al. (2016) and Zhang (2016)
estimated genetic correlations between
fertility and hatchability of the fertile
eggs and they found moderate to high
values and ranged from 0.32 to 0.97.
Besides, Savegnago et al. (2011)
documented  the  highly  positive
correlation between the both estimated
traits indicated that any of these traits can
be improved genetically by selecting for
one of them, and they added that selection
for fertility and hatchability is based on a
hypothesis ~ of  selection against
segregation of deleterious recessive genes
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probably at low frequencies, with a
presumption that the heritability is low.
Our estimates of negative correlation
between hatchability of fertile eggs and
susceptibility to the intervals of
embryonic death are generally
favourable. So, selecting for increasing
hatchability should result in decreased
embryonic mortalities and reciprocally,
selection for decreasing embryonic
mortality should allow an indirect
increase in hatchability of fertile eggs. It
is clear from this study that fertility and
embryonic mortality through incubation
intervals are sub-traits of hatchability and
should be maintained at optimum levels
in designing the program of improving
body weight of Gimmizah chickens.
CONCLUSION

Selection for body weight at 12-wk of age
in Gimmizah chickens could affect the
fertility and embryonic mortality and
consequently the hatchability of fertility
eggs suggesting that these traits should be
included as selection criteria in genetic
breeding program.
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Table (1): body weight for males at 12-wk of age and some hatching traits for selected Gimmizah chickens

Traits Base population 1% generation
X+SE X+SE

Body weight for males (g) 1345.78+12.04° 1458.78+70.04°
Fertility % 90.59 + 0.47 91.63+1.03
Hatchability of total eggs % 81.80 + 0.62° 78.70 + 1.02°
Hatchability of fertile eggs % 90.30 + 0.50° 86.74 + 1.08"
Early embryonic mortality(1-7 days) % 2.13+£0.25 3.26 + 0.83
Middle embryonic mortality(8-14 days)% 2.88 +0.28 1.74 = 0.61
Late embryonic mortality(15-21 days)% 4.73+0.36° 8.26 + 0.78°
Total embryonic mortality % 8.84 + 0.46° 12.03+1.04°

a and b Means within each row with different superscripts are significantly different (p<0.05)

Table (2): Heritability(h?) and standard error (SE) for male's body weight and some hatching traits by generations for the selected line

of Gimmizah chicken .

Traits Base population 1% generation
h’+S.E h’+S.E
Body weight for males at12-wk of age 0.510 = 0.01 0.500 = 0.010
Fertility 0.060 + 0.050 0.060 = 0.004
Hatchability of total eggs 0.023 £ 0.050 0.022 £+ 0.100
Hatchability of fertile eggs 0.060 = 0.006 0.060 + 0.006
Early embryonic mortality(1-7 days) 0.060 + 0.006 0.060 = 0.004
Middle embryonic mortality(8-14 days) 0.060 + 0.006 0.060 + 0.004
Late embryonic mortality(15-21 days) 0.060 + 0.006 0.060 + 0.004
Total embryonic mortality 0.060 = 0.040 0.052 + 0.180
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Table(3):Additive genetic(Va) and standard error (SE) of body weight for males and some hatching traits for the selected

Gimmizah chickens

Traits Base population 1st generation
Va+S.E Va £S.E
Body weight for males 1.08 + 0.74 1.08 = 0.15
Fertility 0.60 + 0.008 0.61 + 0.01
Hatchability of total eggs 0.34 + 0.860 0.39 + 0.26
Hatchability of fertile eggs 0.60 + 0.008 0.60 + 0.01
Early embryonic mortality(1-7 days) 0.60 + 0.001 0.61 + 0.02
Middle embryonic mortality(8-14 days) 0.60 £ 0.001 0.61 = 0.01
Late embryonic mortality(15-21 days) 0.60 + 0.001 0.61 + 0.01
Total embryonic mortality 0.59 + 0.035 0.65 + 0.02

Table (4):Phenotypic (above diagonal) and genetic (below diagonal), correlations of body weight and some hatching traits for Gimmizah chickens

Body Hatchability Fertility Early Middle Late Total
Traits weight for of fertile embryonic | embryonic embryonic embryonic
males eggs mortality mortality mortality mortality
(1-7 days) (8-14 days) | (15-21 days) for total
eggs
Body weight for males -0.33 0.947 0.08 0.11 0.06 0.25
Hatchability of fertile eggs 0.10+0.01 0.67 -0.46%** -0.50%** -0.69*** -0.67***
Fertility 0.10+0.01 | 0.99+0.003 0.000 0.002 -0.09 0.09
Early embryonic mortality -0.50 +0.15 -0.03 -0.04 0.46***
Middle embryonic mortality -0.30 £0.14 0.36+0.04 -0.17+£0.04 -0.04 0.50***
Late embryonic mortality 0.98 £0.01 -0.70£0.12 0.16+0.02 0.69***
Total embryonic mortality 0.10+0.01 | -0.84+0.11 0.88+0.08 0.11+0.01

***: Significant differences at P<0.001
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