4 RESULTS AND DISCUSSION
4.1 Means and variations:

Means, phenotypic standard deviations (SD) and percentages of variability (V%)
of body weights (BW), daily gains (DG) and relative growth rates (RG) in Dokki-4

. chickens are given in Table 22.

4.1.1 Means:

As expected, means of BW and DG of Dokki-4 chicks increased with advancing
of age. The present estimates were generally fall within the range of those estimates
- obtained for the same breed by most- of the Egyptian studies (Abd EIl-Gawad,
1969&1970; Sharara, 1974; Ayoub and Magraby, 1976; Abd El-Gawad, 1981; Khalil
et al., 1993). Some of reviewed studies on Fayoumi, White Baladi and Dandarawi
shown that body weight at hatch, 2, 4, 6, 8 and 12 weeks of age were lower in means
than for Dokki-4 chickens of the present study (e.g. Samkari, 1962; Amer et al. 1964;
El-Itriby and Sayed, 1966; Abd El-Gawad, .1969‘; El-Hossari, 1969; El-Maghraby et
al., 1969; Ezzeldin, 1970; Abd El-Gawad and El-Itriby, 1971; Sharara, 1974; Ismail,
1980; Kosba and Eid, 1983; Sorour, 1984; Atta, 1985; Amer, 1990). For RG in
Dokki-4 chickens, rate of gain was high (135.4%) at the early stages (hatch-4 weeks),
then decreased generally with the advancement of age which reached 33.6% during
the period of 12-16 weeks.

4.1.2 Percentage of variability (V%):

Results given in Table 22 indicate that percentage of variability for each trait of
BW, DG and RG tend to increase with the increase of the age. The same trend was
observed by Amer et al. (1964), El-Hossari (1969), El-Maghraby et al. (1969), Sharara
(1974), Ayoub and Magraby (1976), Farrag (1977) Abd El-Gawad et al. (1979a&b),
Sabra (1990) and Khalil et al. (1993). Estimates of V% in present study indicated
also that variation of biweekly growth of Dokki-4 chicks was markedly lower during
the earlier age interval (hatch-4 weeks) than at the older interval (12-16 weeks). The
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Table 22. Means, standard deviations (SD) and percentages of variability (V%) for
body weights, daily gains and relative growth rates at different ages in

Dokki-4 chickens.

Trait” No. _ Mean SD V%
Body weight (grams):

BWO 7226 31.6 3.1 9.7

BW2 6858 75.9 119 15.7
BW4 6594 167.9 283 168
BW6 6421 295.4 55.4 18.7
BW3§ 6156 428.3 72.7 17.0
BW10 5919 568.5 939 16.5
BW12 5645 744.2 130.6 17.6
BW16 4975 1052.8 186.1 17.7
Daily gain (grams):

DG4 6594 9.8 20 20.4
DGS8 6156 18.5 4.3 23.0
DG12 5645 224 6.5 29.1
DG16 4975 21.7 7.0 320
Relative growth rate (%):

RG4 6594 1354 101 75

RG8 6156 86.4 12.1 14.0
RG12 5645 532 11.6 21.8
RG16 4975 33.6 8.6 25.5

¥ Traits as defined in Table 20.
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estimates of V% for DG and RG during the period of hatch-4 weeks were 20.4 .and
7.5% compared to 32.0 and 25.5% during the period of 12-16 weeks, respectively.
Lower variability from hatch-4 weeks may be due to the consequence of the
~ expression of the combination of non-genetic maternal environment and the genetic
factors (Falconer and Mackay, 1996). While the bird at later ages may be become less
sensitive to the non-genetic maternal effects which decreases with advance of age,
while the environmental effects increases with advance of age, therefore, V% is
higher for later ages than for earlier ages (Gupta and Johar, 1975)

Generally, the estimates of V% for growth traits in Dokki-4 chickens are
relatively high and they ranged from 7.5 to 32.0% (with an average equal to 18.9%)
compared to the other local breeds (e.g. Fayoumi, White Baladi, Alexandria and
Mamourah) which have ranged from 8.6 to 27.5% (with an average equal to 16.7%).
Consequently improvement of growth rate in Dokki-4 chicks through phenotypic

selection is quite possible.

4.2 Non-genetic aspects:

Means and standard errors for the effects of generation and sex on body weights

(BW), daily gains (DG) and relative growth rates (RG) are presented in Table 23.

4.2.1 Generation:

Means are presented in Table 23 demonstrated that BW of chicks at different
ages were significantly heavier in the first generation than those of the second
generation at 2, 4 and 16 weeks of age. BW of the first and second generations
recorded about 76.5 vs 75.1, 173.9 vs 160.4 and 1058.3 vs 1043.8 grams at 2, 4, and
16 weeks of age, respectively. However at 6, 10 and 12 weeks the opposite trend was
recorded, i.e. 288.5 vs 304.4, 564.5 vs 573.8 and 740.9 vs 748.9 grams, respectively.
Also, means of DG and RG in the first generation were significantly higher than those
obtained in the second generation (except intervals of 4-8 weeks and 8-12 weeks of

age). Slight superiority of the first generation relative to the second generation for
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growth traits may be due to that the numbers of progeny, sires and dams in the first
generation wefe higher than that in the second generation (Hagger, 1991a). This is
clear from the percentages of progeny numbers obtained from the two generations
since the first generation posed 55.6 to 62.2% of the progeny produced (Table 23).
Also, these may be due to different climatic conditions and the performance of birds
could possible be genetically different from generation to another. Liu et al. (1994 and
Dunnington and Siegel (1996) reported that generation effect on growth traits of
chickens was highly significant (P<0.01). '

4.2.2 Sex:

Males were heavier in weights and gains and higher in their growth rates than
females' at all different ages (Table 23). This may be due to metabolic rate, level of
growth hormone and feed efficiency for males higher than females. BW of males and
females were 32.7 vs. 31.3, 179.2 vs. 164.3. 469.9 vs. 414.5, 843.2 vs. 710.5 and
1208.2 vs. 1002.2 grams at hatch, 4, 8,12 and 16 weeks of age, respectively. Since
males were faster in their growth rates than females, the RG of males versus females
were 137.1% vs. 134.8%, 88.8% vs. 85.5%, 56.2% vs. 52.2% and 34.5% vs. 33.3%
during the periods hatch-4, 4-8, 8-12 and 12-16 weeks of age, respectively. These
results are in full agreement with those findings reported by many investigators (e.g.
Gupta and Johar, 1975; Mostageer et al., 1975 Shalash, 1977; Kumar, 1979; Singh and
Singh, 1979&1983; Abou El-Ella, 1982; Al Sobyel, 1985; Ramappa et al., 1986;
Sabra, 1990, Iraqi, 1991; Le Bihan-Duval et al., 1997). Table 23 show also that the

percentages of progeny numbers for females were markedly higher than for males.

4.3 Components of variance:

4.3.1 REML method:

Variance components estimated from the sire model (o7 & o?) and variance

components estimated from dam model (o & o?) for body weights (BW), daily gains (DG)
and relative growth rates (RG) using REML method are given in Table 24.
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4.3.1.1 REML estimators from the sire model:

The estimates presented in Table 24 show that percentages of variance due to
sire effect are variable for all studied traits. They ranged from 2.1 to 5.1% (averaged
3.4%), 1.9 to 3.9% (averaged 2.8%) and 2.2 to 3.8% (averaged 2.8%) for BW, DG
and RG, respectively. These percentages of sire component for Dokki-4 chickens were
higher than those previously reported by many Egyptian investigators (Ezzeldin, 1970,
Ayoub and Magraby, 1976; El-Maghraby and Bakir, 1977; Shalash, 1977, Iraqi, 1991)
for some Egyptian breeds of chickens. In addition to that, the sire effects on all growth
traits were larger in earlier ages than those later ages (Table 24). Ayoub (1965), El-
Maghraby and Bakir (1977) and Farrag (1977) obtained the same trend with
Dandarawi, Dokki-4 and Rhode Island Red chickens. On the other hand, some
Egyptian investigators (Ayoub, 1965; Ei-Maghraby and Bakir, 1977; Farrag, 1977,
Sorour, 1984) derived higher cc;rresponding estimates from the sire component in

Dokki-4, Dandarawi and White Baladi than represented in this study.

4.3.1.2 REML estimators from the dam model:

Results in Table 24 show that percentages of dam variance component were
high at all ages comparable to the sire component. They ranged from 6.0 to 13.8%
with an average equal to 8.6%. This may be due to maternal effects and possibly due
to dominance and other additive and non-additive gene interactions. In addition to
that, the dam effects were large in the early ages than those of the later ages. This is
because the effect of egg size (as a character of the dam) on the chick's weight
decreased quickly with the advancement of age (Jaap et al., 1962; Saeki et al., 1969a;
Khalil, 1993; Aggrey and Cheng, 1994). The trend for DG and RG traits were similar
to that obtained for BW traits. They ranged from 3.8 to 7.2% for DG and from 2.7 to
5.9% for RG. From the previous results, it is clear that dam effect could be considered
as the most important factor affecting growth traits at hatching and during post
hatching periods. This is true, since maternal and non-additive genetic effects are still
present up to later ages. Schuele et al. (1996) stated that maternal and non-additive
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gene effects were important for body weights in Japanese Quail. Thus, sex-linked and
maternal effects on body weights should be taken with reservation. One may
recommend that broiler procedures should marketing their flocks at the age in which
maternal as well as non-additive genetic effects are becoming small or insignificant.
Percentages of variance due to dam effects in the present study (based on REML
method) were lower than those reported by El-Maghraby and Bakir (1977), Farrag
(1977), Iraqi (1991) (based on Henderson's method) for the same breed. This is
because different genetic models were used in estimation (Schaeffer, 1993).

In general, results given in Table 24 veveal that the dam at all ages studied had
greater effect on the chicks’ growth traits (6.8%) than of the sire (3.1%). Similarly,
Ayoub (1965), Ezzeldin (1977), El-Maghraby' and Bakir (1977), Farrag (1977),
Shalash (1977), Sorour (1984) and Khalil et al. (1993) who were working on different
breeds of chickens reported that the dam components of variance were hlg,her than
those of the sire component at all ages studied. In the literature, statistically, the
upward bias in the dam component of variance for most reviewed estimates may be a
result of the existence of interaction between dams and other fixed effects included in
the same model of analysis (Toelle et al., 1990) which resuits in an inflation in the
dam component and thereby downward bias in the sire component.

For comparison of ANOVA estimators in the literature and REML estimators
in this study, estimates of variance components resulted by the REML method
(Iterative method) are more accurate and preferable relative to ANOVA method
(Henderson’s method) because: (1) It is unbiased by selection since they have built in
optimality properties (Searle, 1989; Hofer, 1998), (2) It does not taken any special
demands on the design and hence it is an ideal method for unbalanced designs that
arise in quantitative genetics (Toelle et al., 1991; Besbes et al., 1992; Knott et al.,
1995), and (3) Sire- or dam-variance components are not affected by the fixed effects
included in the model (Beaument, 1991; Smith and Savage, 1992; Ferraz and Johnson,
1993; Dieters et al., 1995; Johanson and Thomson, 1995; Hofer, 1998). However,
ANOVA method has three significant practical limitations. First, ANOVA estimates

of variance components require that sample sizes be reasonably well balanced, with
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the number of observations for each set of conditions being nearly equal. Second,
observations collected from field often yield records with variety of relatives, such as
offspring, parents, sibs, etc., that cannot be analysed jointly with ANOVA, Le.
covariance among effects of genetically related animals, cannot be accounted for.
Third, covariances between any two traits can only be estimated from the animals on
which both traits are measured. This yields biased estimates in cases where only
animals that were selected on the first trait have a chance of expressing the second trait
(Sorensen and Kennedy, 1984; Hofer, 1998). For the above reasons more precise
estimates were obtained from the REML since it considered the relationship among
animals (A™"). This leads to an increase in the sire variance and a decrease in the error
variance, i.e. analysis under sire mixed model equations (MME) which account for
the relationships among sires (REML) should therefore give more precision in the

genetic variance components.

4.3.2 DFREML estimators from single-trait and multi-traits animal models:
Estimates of direct additive genetic (o7%), common environment (c?) and
predicted error (o?) variance components estimated by DFREML method using

single-trait and multi-traits animal models (AM) are presented in Tables 25 and 26.

The direct genetic variance in this study was estimated the individual (progeny) itself.

4.3.2.1 Direct additive genetic variance:

The additive genetic variance is the chief cause of resemblance between
relatives and therefore it is the chief determinant of the observable genetic properties
of the population for selection. Moreover, it is the only component that can be readily
estimated from the observations made on the population in practice, therefore, the
important partition is additive genetic variance versus all the rest, the rest being the
non-additive genetic and environmental variance (Falconer and Mackay, 1996). Also,

Senou and Dempfle (1989) pointed out the factors affecting additive genetic variance
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Table 25. Estimates of direct additive (c%4), common environment (6%c), predicted etror
(PEV or o) and total phenotypic (o’p) variances calculated by single-trait

* Percentage of G2 Or o’cor o’ relative to o’p.

97

Animal Model.
Trait" Variance component of single-trait
Additive Common Error Total
environment
| s V% | o |V% | PEV V% | o
Body weight (grams):
BW0 1.8] 19.9 23] 253 5.1 54.8 9.2
BW2 16.0] 119 26.1] 193 93.1] 68.8] 135.2
BW4 98.5] 13.9 83.3| 11.8 525.0| 743] 706.9
BWé 192.8] 6.9 499.0 179 2093.5 75.2| 2785.2
BWS 381.1} 8.0 908.3| 19.2] 3448.1] 72.8] 47375
BW10 7117} 9.3 12032 15.7] 57379 75.0| 7652.8
BWi2 8319, 6.0 224751 163 10702.1] 77.7| 13781.5
BW16 22150, 8.3 3781.11 14.2| 20639.7] 77.5] 26635.8
Daily gain (grams):
DG4 0.46] 12.9 0.38] 10.8 271 764 3.54
DGS 1.02] 6.1 3.41] 204 1227 73.6| 16.68
DG12 1.84] 5.0 457 124 30.48| 82.6] 36.89
DG16 3.49] 8.0 3200 73 36.92f 84.7] 43.61
Relative growth rate (%):
RG4 1142 119 945 9.8 7520 78.3] 96.07
RGS 9727 1711 21.88] 16.0] 10532 769 136.92
RG12 8.26)] 6.3 16.17] 12.3] 10698 81.4] 13141
RG16 536 74 3.89] 54 63.11] 872 7235
Traits as defined in Table 20.




Table 26. Estimates of direct additive (O‘ZA
error {PEV or c%) and total

multi-traits animal model.

phenotypic (c’) vari

}, common environment (czc), predicted
ances calculated by

Trait Variance component of multi-traits
Additive Common Error Total
environment
, I V% | oc | V% | PEV V% | o’
Body weight (grams):
BWO 1.7] 17.8 2.5 256 5.5] 56.6 9.6
BW4 97.2| 16.0 79.1 13.0] 4316 71.0 607.9
BW8S 3535 9.6 1014.0f 27.6] 2300.9 62.7] 36684
BW12 910.1] 11.0] 2070.3 25.1] 5270.4| 639 8250.8
BW16 2895.8| 15.2) 35879 18.9| 12517.9{ 659! 19001.7
Daily gain (grams):
DG4 0.36) 10.1 0.39 11.1 2.791 78.7 3.54
DGS 1.00l 6.0 341 2041 12.35[ 73.7 16.76
DG12 1.80] 4.9 4.44 12.0] 30.77] 83.1 37.01
DGI116 3208 7.3 3.21 73] 37.26{ 85.3 43.67
Relative growth rate (%):
RG4 13.48| 139 7.91 8.1 75.63] 78.1 97.02
RGS 1063 76 72.69 . 16.3] 106.07] 76.1f 139.39
RG12 8.37] 6.1 16621 .122] 111.75] 8L.7] 136.74
RG16 565 7.6 4.26 5.7] 6427 86.6 74.17

* Traits as defined in Table 20.

* -
Percentage of o> OF clcor o°, relative to o’p.
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to be: (1) Selection which induced linkage dis-equilibrum, (2) The change of allele
frequencies, and (3) The effective population size.

Estimates given in Table 25 show that percentages of direct additive genetic
variance (&2 ) for all studied growth traits using single-trait AM were moderate at the
early ages (hatch-4 weeks) and low thereafter up to 16 weeks of age. The percentages
of &7 relative to total phenotypic variance 1 1.9 to 19.9% for growth traits at early ages
and from 6.0 to 9.3% for traits measured at later ages (Table 25). These percentages
are lower than those obtained by Danbaro et al. (19953), Koerhuis and McKay (1996)
and Kuhlers and McDaniel (1996) for different breeds of chickens. This may be due to
presence of inbreeding among sires and dams in the base population, which it reached
to 15.3% (as calculated using MTDFREML program of Boldman et al., 1995), and/or
due to data structure used. In this situation, Tosh and Wilton (1994) pointed out
several variables that describe the data structure with respect to sire and they defined
these as: (1) The variables number of progeny, (2) The effective number of progeny,
(3) The number of contemporary groups in which the sire has progeny, and (4) the
relationship coefficient matrix (A).

For comparison of additive genetic variance resulting from sire model (o7%,=
4¢?) and single-trait AM (&%), the percentages of o for all growth traits obtained by
single-trait AM are lower (ranged from 5.0 to 19.9%) (Table 25) than those obtained
by sire model (sire variance components) (ranged from 7.7 to 20.4%) (Table 24). This
is because the percentages of o7 resulted from sire model were computed as four
times of the covariance between paternal half sibs (o?) relative to the total phenotypic
variance (Meyer, 1989). Therefore, if we have any bias in estimates of additive genetic
variance due to sire components (that may be occurred resulting from ignored the
common environmental effect in the sire model) and consequently percentages of o
getting large, because this bias will being four times in the additive genetic variance.
Also, the single-trait AM is considered the relationship coefficient matrix in the
analysis that could be another cause. However, using relationships among animals

Jeads to an increase in o% and reduction predicted error variance (PEV) (Quass et al.,
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1984: Toelle et al., 1991, Schaefter, 1993). Thus, one could recommend the poultry
breeders in Egypt to use AM in estimation of variance components to obtain accurate
estimates of o and minimum PEV. Recently, Laloee et al. (1996) reported that
estimates of PEV were decreased for the related animals than for the unrelated
animals.

In multi-traits animal models (AM), of variance components, the percentages of
additive genetic variance (o) ranged from 9.6 to 17.8%, 4.9 to 10.1% a:nd 6.1 to
13.9% for BW, DG and RG, respectlvely (Table 26). Resuits of Koerhius and Mckay
(1996) in juvenile broiler based on bivariate AM were higher (28.6% for 6 weeks)
than those estimates presented in presenf study (16.0% for 6 weeks). On the other
hand, results in the present study are in agreement with findings of Danbaro et al.
(1995a) for White Plymouth Rock chickens.

For comparisons of single-trait and multi-traits AM in estimation of direct
additive genetic variance, results represented in Tables 25&26 indicated that
percentages of o7, for BW and RG traits estimated by multi-traits AM appeared to be
higher than those resulting from single-trait AM. The estimates ranged from 9.6 to
17.8% (averaged 13.9%) based on multi-traits AM, while they ranged from 6.0 to
19.9% (averaged 11.2%) based on single-trait AM for BW. Based on multi-traits AM,
the percentages of o% were increased by 2.1%, 1.6%, 5.0% and 6.9% than the
corresponding percentages obtained by single-trait AM for BW at 4, 8, 12 and 16
weeks of age, respectively. Similarly, they increased by 2.0%, 0.5% and 0.2% for RG
at age intervals of hatch-4, 4-8 and 12-16 weeks, respectively. Koerhuis and McKay
(1996) came to same conclusion for 6-weeks body weight. Higher additive genetic
variance (o3 ) obtained by multi-traits AM relative to single-trait AM may be due to
that extra information on correlated traits were existed (i.e. covariances among traits
were considered) as well as due to bias selection was smaller (Koerhuis and van der
Werf, 1994; Mrode, 1996).

Using of multi-traits AM leads to reduction in the percentages of predicted error

variance (PEV oro?) by 3.3%, 10.1%, 13.8% and 11.6% than those estimates of PEV
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resulted by single-trait AM for BW at 4, 8, 12 and 16 weeks, respectively. Little

differences in PEV (o?) were between single-trait and multi-traits AM for DG and

RG (Tables 25&26).

4.3.2.2 Commbn environmental variance:

The inclusion of common environmental effects in an AM allows obtaining the
true. estimates of additive genetic variance. In this respect, Southwood et al. (1989)
reported (based on simulation) that when the variances were estimated under tﬁe
correct model for the data set, estimates of variances agreed with true values. Even in
an AM, if maternal effects are present but not accounted correctly, estimated additive
direct variance (o%) will also include all or part of the maternal variance. Using
single-trait AM, results given in Table 25 show that percentages of common
environmental variance (o2 ) were large at hatching age (25.3%), declined thereafter
gradually at the chick grew older (14.2% at 16 weeks). The percentages of o2 ranged
from 11.8 to 25.3% for BW, 7.3 to 20.4% for DG and 5.4 to 16.0% for RG. Aggery
and Cheng (1994) observed the same trend. for growth traits in Japanese Quail. Also,
percentages in present study are all within the range (9.6 to 38.4%) which reported by
Danbaro, et al. (1995a) for White Pljmouth Rock chickens.

However, common environmental effect affected the growth of the progeny is
to some extent the sequence of the genetic variation of some characters of the dam
(mothering ability or maternal effect) (Mrode, 1996; Le Bihan-Duval et al., 1997).
Maternal environmental effects on chick growth are divided into two stages, namely
the pre-ovipositional maternal effect and the post-ovipositional effect. The post-
ovipositional effect can be divided into pre-hatch (incubation) and post-hatch effects.
Because chicks were raised independently of the dams, the post-hatch maternal
influence on the chick growth was not important. Therefore, the common
environmental effect that may possibly affect chick growth are pre-ovipositional
maternal components, which are mainly oviductal factors such as egg size, egg

weight, shell quality, and yolk composition (Aggrey and Cheng, 1994). The estimates
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of ¢? included in the present study accounted for maternal permanent environmental
variation, non-additive gene -action, and any sire-dam interaction that may present,
since this component largely represented covariances between full sibs’ families (the
majority of dams were nested within sire). In addition to that, another source of
common environmental variance raised between families may be due to factors such
as nutrition and/or climatic conditions. All sorts of relatives are subjected to
environmental sources of resemblance (Aggrey and Cheng, 1994; Mrode, 1996)

Using multi-traits AM, the estimates of o obtained for BW (Table 26)
indicate that no clearly trend was observed for growth traits across different ages. The
percentages of o, were somewhat higher (13.0 to 27.6%) than those resulted by
single-trait AM for BW (11.8 to 25.3%). Results in the present study are in agreement
with findings of Koerhuis and McKay (1996) for juvenile broilers. In the present
study, percentages of o7 using multi-traits AM were moderate and ranged from 7.3 to
20.4% for DG and 5.7 to 16.3% for RG. On the other hand, differences in estimation
of o? between single-trait and multi-traits AM for both DG and RG were low (Tables
25&26) and consequently either of the two models could be used -in estimation of

variance components of common environment.

4.4 Heritability:

The knowledge of size of the Heritability in chickens’ growth traits is of -great
importance in the decision of which selection methods should be used and its
properties as a measurement of the accuracy of the phenotypic value as a guide to the
breeding value (Falconer and Mackay, 1996).

Heritabilities were estimated from the four genetic models. The first two models
(sire model or dam model) based on variance components estimated from the REML
methods, which the other two models (single-trait animal model or multi-traits animal
model) based on DFREML in estimation of variance components. Heritabilities
estimated by the sire model (#}), dam model (#?) and animal model (4}) for body
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weights (BW), daily gains (DG) and relative growth rates (RG) in Dokki-4 chickens

are given in Table 27.

" 4.4.1 Heritabilities estimated from the sire model:

Estimates of »> for growth traits obtained in this study were low or relatively

moderate, 1.€. importanf of growth traits could not be fair enough through selection of
sires based on performance of their progenies. The estimates ranged from 0.09 to 0.20
for BW; form 0.08 to 0.16 for DG and from 0.09 to 0.15 for RG ftraits. This might be
due to the large mate_mal effects and variation in egg sizes of the sires’ and dams’
daughters (hens) which could have masked any additive genetic variance, i.e.
increasing the non-additive genetic effects. Also, the existence of inbreeding (15.3%,
as calculated using MTDFREML program of Boldman et al., 1995) among sires and
dams in the present base population coul& be an another cause to decrease
heritabilities from the sire component.

Estimates of #* for BW traits were moderate at early ages of growth up to 4
weeks (averaged 0.18), while they were low at the age of 12 weeks and increased
slightly thereafter (Table 27). In this situation, some investigators (e.g. Gupta and
Johar, 1975; Sabri 1979; Stino et al., 1981; Tripathey et al., 1984) reported that n: for
body weights were the highest for weight at hatch, declined to the lowest values at 4
and/or 6 weeks of age and increased again at 8§ weeks or older. In the reverse, the
reviewed estimates of #? for chicks’ BW at different ages (Amer, 1965; Ezzeldin,
1970; Farrag, 1977; Ismail, 1980; Kumar and Acharya, 1980; Kosba and Fid, 1983)
were generally high at older ages where they averaged 0.34 at 8 weeks. While they
were moderate at younger ages (0.22 at hatch). However, estimates of n are
fluctuated from study to another (Ezzeldin, 1970,; Khalil et al., 1993; Aggrey and
Cheng, 1994) and cannot be explained on strong bases of genetics and statistics stand
points. Similar to what found for BW, estimates of #’ for DG and RG traits were
large at early age intervals than at the other ones. They were 0.16 and 0.15 at the age
interval of hatch-4 weeks, then declined gradually to 0.11 and 0.09 at interval of 12-16
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Table 27. Heritabilities (h*) and standard errors (SE) estimated from the sire model, dam
model, single-trait animal model and multi-traits animal model for body
weights, daily gains and relative growth rates in Dokki-4 chickens.

Trait’ Sire model Dam model single-trait | multi-traits |
animal model’ | animal model
h’+SE h?*SE h'as b am
Body weight:
BWoO 0.20+0.043 0.5530.049 0.20 0.18
BW2 : 0.16+0.034 0.42+0.042 0.12
BW4 0.1710.036 0.3240.038 0.14 0.16
- BW6 0.12+0.027 0.2430.035 0.07
BWS 7 0.1310.030 0.25+0.036 0.08 0.10
BWI10 . 0.1240.028 0.3130.040 0.09
BWI12 0.09+0.023 0.3520.043 0.06 0.11
BW16 0.131£0.032 0.3310.044 0.08 0.15
Daily gains:
DG4 0.16+0.028 0.29+0.040 o013 0.10
DGS 0.1010.025 0.20+0.034 - 0.06 - 0.06
DG12 0.08+0.021 0.2610.038 0.05 0.05
DG16 0.1140.030 0.1510.036 0.08 0.07
Relative growth rates:
RG4 0.1510.033 0.23+0.034 0.12 0.14
RGS 0.1110.026 0.22+0.035 0.07 0.08
RG12 0.0910.024 0.1540.033 0.06 0.06
RG16 0.0910.024 0.1110.034 0.07 0.08

¥ Traits as defined in Table 20.

* Sire model— fixed effects + sire + error; Dam model= fixed effects + dam + error; single-trait
animal model= fixed effects + direct additive genetic effect + common environment + error
and multi-trait animal model= fixed effects + direct additive genetic effect + common
environment + erTor.
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weeks of age for traits of DG and RG, respectively. El-Hossari (1970b) and Iraqi
(1991) observed the same trend with Fayoumi, Dokki-4 and New Hampshire chickens.

For comparing 4’ of growth traits in the present study (based on REML
method) with those of the reviewed studies (based on Henderson’ method), estimates

of k! resulting from REML method were larger than those obtained by Henderson’
method (El-Maghraby and Bakir, 1977; Iraqi, 1991) for Dokki-4 chickens. This might

be due to that #? estimated from REML were unbiased by selection (Besbes et al.,
1992; Ferraz and Johanson, 1993, Gebhafdt-Henrich and Marks, 1993; Dieters et al.,
1995; Johnson and Thompson, 1995). Also, the low estimates of A} based on
Henderson’s method reported in the reviewed studies for growth traits in Dokki-4
chickens could be attributed to that the number of progeny per sire group was small.
Sampling effect and non-randomness in the distribution of dams within sire groups
could be added as other causes in this respect. On the other hand, estimates of 4} for
BW traits in different local breeds reported by the old studies (Amer, 1965; Ayoub,
1965; Farrag, 1977; Abd El-Gawad, 1970; Ismail, 1980) were larger than those
obtained in present study. This may be due to non-adjustment for the important non-
genetic effects (such as generation and month of hatch) that proved to be a highly
significant source of variation in their studies. Bias estimates of & (based on
Henderson’s methods) may be mainly due to maternal and dominance effects (Ayoub
and Magraby, 1976; El-Maghraby and Bakir, 1977; Gill and Varma, 1983; Kumar et
al., 1988; Abd Eliatif, 1989). This biased in 4’ obtained in literature based on
Henderson method may be due to ignoring the effects of selection. In this respect,
Gianola et al. (1986) and Spilike and Mielenz (1992) reported that even for moderate
selection intensities, variance-covariance estimated by ANOVA type procedure are
likely to be severally biased by selection, while estimates obtained by REML and
DFREML methods are preferable because: (1) They had the ability to account for
selection bias, (2) They give variance components estimators which are unaffected by
the fixed effects and characterized by many valuable features, such as non-negativity
and unbiasedness, (3) They are applied to an animal model, with the inclusion of full
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additive relationship matrix, and (4) They are preferable computationally in the
multivariate analysis (Sorensen and Kennedy, 1983; Meyer and Thompson, 1984;
Meyer, 1989; Searle, 1989; Johnson and Thompson, 1995; Van Tassel et al., 1995;
Hofer, 1998).

The existence of high relationship coefficients between dams and sires in the
parent population of poultry will lead to a downward bias in the estimates of
heritability from the sire model (Mayer et al., 1987). In this respect, van der Werf
(1992) reported that sire-dam model will give an underestimating heritability because
it ignores the animal relationships other than parents-progeny. Mayer et al. (1987)
reporte.d that genetic relationship among dams within and between dam groups must
be considered. Thus these results lead to conclude that no much attention would be

paid to the sire-dam models in estimation of heritability.

4.4.2 Heritabilities estimated from the dam model:

Heritability estimated from the dam model (4?) for growth traits were mostly
moderate (Table 27), i.e. important of growth traits could be possible by selection of
dams based on performance of their progeny. The estimates of K} ranged from 0.24 to
0.55 for BW, from 0.15 to 0.29 for DG and from 0.11 to 0.23 for RG traits. These
estimates are agreed with results of Abd El-Gawad (1970), Awad (1978) and Sabri
(1979) with Dokki-4, Fayoumi and White Baladi chickens. On other the hand,
estimates of # for growth traits were seem to be lower than those reported by El-
Hossari (1970b), Farrag (1977),.A1—Muﬁi (1978), Ismail (1980) and Iragi (1991)
(which estimated by Henderson’s methods) in Fayoumi, Dokki-4 and White Baladi
chickens basing on Henderson method in estimation of variance components.

The estimates of #? for growth traits were large comparable to n* (Table 27).
From the previous results, it is appear that the estimates of # from the dam
component are larger than those estimated from the sire component. This may be due
to that growth traits in Dokki-4 chickens were subjected to a large non-genetic

maternal influence. It is also clear that maternal effects are of considerable importance
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in determining phenotypic differences in the growth traits at different ages that bring
predominance of the- R} estimate over. the estimate of k> (Willham, 1972&1980).
Gimilar to the present study, most estimates of k2 obtained by the Egyptian
investigators (El-Hossari, 1970b; Ezzeldin, 1970; Ismail, 1980; Iragi, 1991 with
Dokki-4 and Fayoumi chickens) and by the other non-Egyptian ones (Smith and Jaap,
1957; Hale, 1961; Saeki, et al., 1969a; Orzco, 1971; Kumar and Acharya , 1980;
Verma et al., 1983 with White Leghorn, Desi, and White Wyndotte chickens) appear
to be much higher than the corresponding estimates of k? reported in the same
literature, i.e. contribution of maternal effects and dominance in dam variance of
growth traits was large. Growth characteristics from hatching time and up to the age of
16 weeks could still give evidence of this maternal effect, probably due to correlation
of growth of the chick with its egg quality. However, the dam component of variance
included all of the maternal additive genetic vﬁriance, the covariance between.direct
and maternal additive effect, common environmental variance (variation between full-
sib families) and both maternal dominance and maternal environmental variances.
These were not included in the sire component of variance and four times their
contributions would lead to differences between paternal and maternal estimates of
heritability. A suggestion of possible maternal effects up 16 weeks on growth traits of
chickens at different ages would agree with other reports (Hale, 1961; Saeki et al.,
1969a; El-Hossari, 1970a; Orzco, 1971; Ismail, 1980; Kumar and Acharya, 1980;
Verma et al., 1983; Iraqi, 1991).

4.4.3 Heritabilities estimated from single-trait and multi-traits animal models:
Estimates of heritabilities using single-trait (k) and multi-traits (#2,,) animal

models (AM) for body weights (BW), daily gains (DG) and relative growth rates

(RG) in Dokki-4 chickens are given in Table 27. These estimates indicate that & for

BW were higher at earlier ages from hatch up to 4 weeks (averaged 0.15) than at later
ages from 6 to 16 weeks (averaged 0.08) for. The same trend was observed for most
traits of DG and RG. These results of progeny themselves indicate that selection may
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be effective for improvement the performance of Dokki-4 chickens at early age of 4
weeks. These estimates are lower than those with reported by Aggrey and Cheng
(1994) with Japanese Quail at 3 weeks of age and Danbaro et al. (1995a) with White
Plymouth Rock chickens at 7 weeks of age. Chambers (1990) reported that
heritabilities based on additive genetic effects were about 0.40 for growth traits in
chickens. Recently, Le Bihan-Daral et al. (1997) reported that estimates of
heritabilities were 0.24 and 0.22 for 3- and 6-weeks body weights using DFREML
with an AM, respectively. |
Published estimates for heritability of growth traits in chickens estimated by
AM are few (Aggrey and Cheng, 1994; Danbaro et al., 1995a; Kuhlers and Mcdaniel,
1996; Le Bihan-Duval et al., 1998). For comparison of heritabilities resuiting from
sire model (#?) and from single-trait AM (k) the estimates of k. for all growth
traits were lower than those obtained by sire model (#?). This may be attributed to
inctusion of common environmental effect in the AM and consequently a correction
for this effect was considered in the AM while it was not considered in the sire model.
Estimates of heritability based on single-trait AM (K) were lower than those
obtained by sire model (/). This is because the estimates of K is estimated as the
direct additive genetic variance relative to the total phenotypic variance, while,
estimates of A2 were computed as four times of the covariance between paternal half
sibs (o?) relative to the total phenotypic variance. (Meyer, 1989). Therefore, if we
have any bias in estimates of additive genetic variance due to sire components (that
may be occurred resulting from ignored the common environmental effect in the sire
model) and consequently estimates of A getting large, because this bias will being
four times in the heritability. On the other hand, Fairfull and Gowe (1990), Toelle et
al. (1991) and Aggrey and Cheng (1994) found that additive AM analysis, yielded
higher heritability estimates than those obtained by Henderson’s methods.
From the previous notations, one may recommend that using multi-trait AM
analysis is effective to obtain more accurate estimates of additive genetic variance as

well as heritability associated with minimum with predicted error variance (PEV).
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For DG and RG traits, no clear differences were observed between estimates of
., and K, (Table 27). Based on AM analysis for comparison, the estimates of #},
and h,, for grthh traits in Dokki-4 chickens in this study were generally lower than

those reported by Kuhlers and McKay (1996) and Le Bihan-Duval et al. (1998) with
juvenile and broiler chickens. According to Danbaro et al., 1995a, the decreasing in

estimates of h}; and #%,, in present study could be attributed to: (1) The additive

genetic variances in the population were low, (2) The existence of inbreeding {15.3%,
i.e. as calculated using MTDFREML program of Boldman et al., 1995) between
parents in the base population, and (3) selection carried out prior to the establishment
of the base populaition. Also, data on culled chicks were not available for analysis in
this study. The lack of full information on the random selection process in the
establishment of the base population may have contributed to the reduction of additive
variance.

In general, the variability of beritability estimates in the present and reviewed
studied may be due to differences in: (1) The genetic constitution of the breeds, (2)
Selection, if practised, (3) The available number of observations used, (4) The
structure and distribution of the data set, (5) The models applied for each set of data
to correct for the non-genetic factors, (6) The level of inbreeding and coefficient of
relationship in the parent population (related progenies, dams- or sires-related or sires

related to dams), and (7) The method of analysis and estimation.

4.5 Correlations among growth traits:

Multivariate animal model (AM) analyses of variance and covariance Wwere
performed on the data of Dokki-4 chickens of the present study in order to derive
estimates of additive genetic, common environmental, environmental and phenotypic
correlations among growth traits at different ages. Because, the estimates of
correlations among growth traits in present study were very lower than expected, the
two-traits analysis was used to obtain the optimum estimates of correlation among two

traits (Boldman et al., 1995). In general, the negative or very low estimates of rg, re,
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Table 28. Additive genetic (rg), common environmenta!l (r¢), environmental (rg), and
phenotypic {re) correlations among body weights, daily gains, and relative
growth rates estimated from multi-traits animal model.

Traits correlated” TG rc g rp
Body weights’:
BW0 & Bw4 0.17 0.43 0.22 0.25
& BWS 0.34 0.23 0.14 0.18
& BWI2 | 022 0.42 0.16 0.21
& BW16 024 0.23. .13 0.15
BW4 & BWS 0.77 0.62 0.60 0.61
& BW12 .84 0.57 0.49 0.52
& BW16 0.83 0.56 0.36 0.41
BWS & BWI12 0.68 0.80 0.69 0.70
& BWI16 0.35 0.76 0.55 0.58
BWI12 & BW16 0.77 0.94 0.82 0.34
Daily gains':
DG4 & DGS 0.31 - 0.35 0.25 0.27
& DG12 0.56 0.20 0.20 0.22
& DG16 0.44 0.30 0.07 0.11
DGS & DGI2 -0.11 0.14 0.10 0.10
& DG16 -0.35 0.39 0.11 0.13
DG12 & DG16 0.65 0.24 0.18 0.20
Relative growth rates :
RG4 & RGS -0.45 .14 Q.42 038
& RGI2 0.01 -0.33 0.12 -0.14
& RG16 0.12 0.19 -0.10 -0.06
RGS & RGI12 -0.48 -0.46 -0.28 -0.32
& RG16 -0.96 -0.10 -0.02 -0.06
RGI12 & RG16 0.48 -0.82 -0.06 -0.04

: Traits as defined in Table 20.
Using two traits of the term in calculation.
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Estimates of rg in present study showed that most of these associations were
positive and similar in sign to the corresponding estimates of rp (Table 28). The
estimates ranged from 0.17 to 0.84 among BW, and -0.35 to 0.65 among DG traits.
These estimates fall within the range of r¢ in the Egyptian studies (Ezzeldin, 1970;
Abd El-Gawad and El-Ibiary, 1972) for Fayoumi chickens. Bhushan and Singh (1995)
reported that some estimates of rg between BW traits of broiler chicks were positive
and generally low.

_ Estimates of r¢ among BW and DG traits at early age intervals (i.e. up to 8
weeks of age) were generally higher than those estimates of r¢, rg and rp (Table 28).
This may be due to that genes which influerice growth traits are more persistent in
their effects than the environmental factors which they are temporary in nature
(Kumar and Acharya, 1980; Khalil et al., 1993). Similar trend was reported by some
investigators who working on different breeds of chickens (e.g. El-Hossari, 1971;
Kumar, 1979; Kumar and Acharya, 1980; Stino et al., 1983). Therefore, it could be
safely concluded, on the basis of estimates of rg (in the present and the other reviewed
studies), that growth traits of chickens at earlier ages (4 weeks) could be used for
selection at later ages, i.e. correlated improvement in growth traits at later ages
(through indirect selection) may be quite possible. The high estimates of rg reported
here (Table 28) are pertinent in constructing efficient selection indices for
improvement of growth traits in Dokki4 chickens.

The estimates of rg among growth traits at different ages were mostly moderate or
high and averaged 0.52 BW and 0.25 among DG traits. These estimates indicated that
the genetic factors of all growth traits studied were closely additively related. The high
estimates of rg given in Table 28 indicate that measures before the age of 16 weeks
could be good indications of the genetic value for growth traits at that age. For local
breeds (e.g. Dokki-4, Fayoumi and Baladi White), estimates of rg among different
growth traits reported by some Egyptian investigators (El-Hossari, 1971; Abd El-
Gawad and El-Ibiary, 1972; Sorour, 1984; Khalil et al., 1993) fall within the range of
these estimates obtained in the this study. In addition, estimates of rg obtained here

were higher than those reported for some exotic breeds (Ahlawat et al., 1980; Kumar
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and Acharya, 1980; Bhushan and Singh, 1995, Reddy et al., 1997). This may be due to

that local breeds were not subjected to any intensive programme of selection, while

the exotic breeds may be subjected to aggressive selection. This gaves an
encouragement for the chicken breeders in Egypt to improve growth traits of their

Dokki-4 chicks through indirect selection.

The low unbiased estimates of rg resulting from multivariate analysis, while
they are upward biased in the reviewed studies, may be arise from two circumstances.
Firstly, it can be due to the correction of the data for all possible non-genetic effects
such as common environmental effects, i.e. egg size (as a character of the dam),
differed from one generation to another and this will lead to a reduction in the dam
compdnent of variances and covariances. Secondly, bias due to selection was
eliminated (i.e. bias resulting from using the data chicks surviving to the latest weight
at later age was disappeared). Existence of inbreeding (15.3%, i.e. as calculated using
MTDFREML program of Boldman et al., 1995) between parents (sire and dams) in
the base population might be added another cause in reduction of additive genetic
variance and covariance among traits.

Evidently, estimates of rg obtained here from DFREML estimators of
(co)variance components Wwere higher and less extreme than the corresponding
estimates of genetic correlation based on Henderson’s methods in the reviewed
studies. This might be due to:

(1) The variance and covariance components obtained by multi-traits AM were
unbiased by selection (Quass et al., 1984; Toelle et al., 1991; Schaeffer, 1993,
Hofer, 1998).

(2) Analysis of growth traits using multi-traits AM which includes the relationships
among individuals will give more accurate genetic correlations, i.e. an increase
in genetic covariance and a decrease in error variance.

(3) Multivariate analysis allows separating the common environment non-genetic
effects (caused by non-additive maternal and non-genetic maternal effects) from

uncontrolled environmental effects.
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(4) Sampling variances based on AM analysis were approximated since, the matrix
of asymptotic lower bound sampling covariances of the parameters estimated is
given by the inverse of the information matrix, i.e. the matrix of expected value

of second derivatives of the log (Meyer, 1993).

4.5.2 Common environmental correlation (rc):

No reports are available for estimates of common environmental (r¢) correlation
in chickens. Therefore, estimates of rc among BW traits and among all DG traits were
positive and mostly of moderate or high magnitude, and tended to decrease relatively
in value as the intervals between the two ages got larger (Table 28). The estimates
averaged 0.56 among BW and 0.27 among DG traits (Table 28). Estimates of r¢ were
mostly higher than estimates of rg and rp. These findings indicate that non-genetic
maternal effects of full-sib families on growth traits are of considerable importance up
to 16 weeks after hatch in Dokki-4 chickens. Thus, one might recommend that
common environmental effects should be considered in multi-traits AM of estimation
of variance and covariance components 1o get unbiased estimates of genetic,
phenotypic and environmental correlation. In this respect, Wie and van der Werf
(1992) reported that if maternal and common environmental effects seemed to be
important, a mixed model using data for more than one generation could possibly

correct for such effect.

4.5.3 Environmental correlation (rg):

The rg estimated by multi-traits AM among growth traits of Dokki-4 chickens
showed that the relationships among BW and among DG traits were positive and
generally moderate or high (Table 28). The estimates averaged 0.42, among BW and
0.15 among DG traits. Based on Henderson’s methods, similar findings were reported
by other investigators (El-Hossari, 1971; Abd El-Gawad and El-Ibiary, 1972; Lien,
1973b; Stino et al., 1983; Sorour, 1984; Khalil et al., 1993). Estimates of rg reported
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herein for different growth traits indicated that the magnitude of the coefficients
decreased as the chick advanced in age.

In some cases, estimates of rg and rg are different in magnitude, or even in sign,
while in other cases the two correlations are of the same sign and not very different in
magnitude, and this is the more usual situation in the present study. A large difference,
and particularly a difference in sign, shows that genetic and environmental sources of
variation affect the characters through different physiological mechanism (Falconer,

1989;7 Falconer and Mackay, 1996).

4.5.4 Phenotypic correlation (rp):

All estim.ates of rp among BW and among DG traits at different ages were positive
and mostly of moderate or high magnitude (Table 28). The estimates tended to
decrease relatively in value as the intervals betweeﬁ the two ages got larger. The
estimates averaged 0.45 among BW and 0.17 among DG traits. In agreement with the
present results, most of the estimates in the literature (Saeki et al., 1969a; El-Hossarl,
1971; Abd El-Gawad and El-Ibiary, 1972; Lien, 1973b; Al-Mufti, 1978; Singh and
Singh, 1979; Kumar and Acharya, 1980; Gill and Varma, 1983; Stino et al,, 1983;
Asuquo and Nwosu, 1987) showed that the rp among growth traits of chicken at
different ages were positive and generally high. However, such high and positive
estimates (in the present and reviewed studies) between two growth traits does not
necessarily indicate that selecting one of these traits will lead to an improvement in the
other correlated one, because rp is not always a reliable estimate of the genetic
relationship existing between two growth traits. Sometimes, the environmental effects
upon the two growth traits could be strong and positively correlated and consequently
a positive rp could be obtained. Therefore, it is clear that the rp is not a quiet
satisfactory indicator to the expected correlated genetic response of growth traits under
selection; the rg is the one to be used for such prediction.

Estimates of rp among growth traits at earlier age intervals with subsequent ages
(i.e. up to 16 week of age) indicate that those genetic factors affecting growth traits at

early ages are more closely related to those affecting growth traits at later ages. This
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result may be due to their part/whole relationship. In practice, the positive and
generally moderate or high rp among growth traits at different ages give the

management policy and culling decisions considerable advantage.

4.6 Evaluation of Birds
4.6.1 Computational aspects:

For single-trait and multi-traits animal models, the structure of the number of
equations and iterations, number of non-zero elements, number of likelihood
evaluated, CPU-time consumed and storage required in memory of the computer
(MB) attained in the evaluation of growth traits in Dokki-4 chickens are presented in
Tables 29&30.

For single-trait AM, the average number of equations and iterations recorded
were 9286 and 44, 9278 and 36, and 9278 and 56 for BW, DG and RG, respectively.
These results indicate that Dokki-4 chicks recorded higher number of equations and
iterations for BW traits compared with both DG and RG traits with the exception of
the number of iterations for RG. While, the average of non-zero elements per equation
and number of likelihood evaluated were 9.50 and 78.9, 9.2 and 67.3, and 9.2 and
100.3 for BW, DG and RG traits, respectively. These results indicate that number of
equations and iterations decreased with advance of age.

In general, number of iterations required to-reach convergence could be affected
by the number of animals (number of equations), the number of random factors in the
model and even specific to particular traits (Ducrocq et al. 1989; Gerstmayer et al.
1989; Schaeffer 1993; Groeneveld and Brade 1996). Wiggans and Misztal (1987) and
Ducrocq et al. (1989) reported that number of rounds of iterations required to reach
adequate convergence criteria might not be before 100 or more iteration.

The CPU-time consumed (Minutes) for likelihood evaluation and estimation of
breeding values ranged from 0:35 to 0:58 and 2:14 to 2:24 for BW traits, from 0:34 to
0:45 and 2:10 to 2:18 for DG traits and from 0:28 to 1:44 and 2:14 to 2:20 for RG
traits, respectively. The memory storage required (MB) for solving the iterative
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equations using single-trait AM ranged from 0.852 to 0.925 for BW traits, from 0.852
to 0.909 for DG and RG traits. These resuits indicate that CPU-time consumed and
storage required were increased as the number of equations (number of animals) and
the number of non-zero elements got larger {(Groeneveld and Brade, 1996). These
items were larger for BW traits relative to DG and RG traits.

For multi-traits AM, the number of equations and iterations to reach
convergence attained, average of non-zero elements, number of likelihood evaluated,
CPU-time consumed and storage required in memory of the computer (Tables 29&30)
were generally larger for BW traits (five traits at a time) compared with DG and RG
traits (four traits at a time). Also, these results were higher compared with
corresponding results obtained by single-trait AM. These results were expected since
the number of equations (i.e. number of animals) and number of traits got larger
(Groeneveld and Brade, 1996). In general, Gerstmeyer et al. (1989) reported that the
limiting factors which could restrict the number of animals and consequently could be
included in the analysis:

(1) The complex model required more likelihood to be evaluated for each iteration that
are needed in an univariate problem.

(2) The algorithm worked only on the non-zero elements of the matrix, thus utilizing
its sparseness. \

(3) The algorithm becomes very demanding of computing time and memory space,
when the number of animals (number of equations) increased.

(4) The advantages arising from avoiding inversion completely were offset be the
extreme expansion of the system of equations.

For comparison of the two analyses used (single-trait and multi-traits animal
models), the CPU-time consumed and size of the memory storage required were very
large in case of multi-traits analysis compared to single-trait analysis. Gerstmeyer et
al. (1989) and Groeneveld and Brade (1996) stated that the costs of analysis are
dependent on (1) the properties of computer used in analysis, (2) the number of
equations to be solved, and (3) the number of traits included in the model. These

factors should be carefully considered in application of AM analysis, because these
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could influence the costs of the breeding programs and consequently the economic

returns of these programs.

4.6.2 Breeding values estimated for birds with records:

For birds with available records, breeding value (PBV) estimates for body
weights (BW), daily gains (DG) and relative growth rates (RG) were predicted by
single-trait and multi-traits AM. Both models are considered the relationship
coefficient matrix (A™") among birds in estimation (Korhanen, 1996). For all birds and
the top 50% (according to Danbaro et al., 1995a; Morris and Potlott, 1997) of birds
(progeny), estimates of minimum and maximum PBYV in addition to their ranges (i. e.

the difference between the maximum and minimum value), standard errors (SE) and

accuracy of each predictor (7;) are presented in Table 31. These results indicate that

Dokki-4 chicks, generally, recorded higher ranges in estimates of PBV for BW and
RG when using multi-trait AM than those single-trait AM. The average of ranges in
estimates of PBV obtained from multi-trait vs single-trait AM were 86.58 vs 67.95
grams, 4.17 vs 3.96 grams and 12.66 vs 10.71 % for BW, DG and RG traits,
respectively. Similar to the list of all birds, the top 50% of birds (selected part of
progeny) recorded also higher ranges for traits studied when using multi-traits AM
than those estimated by single-trait AM. When considering the top 50% of birds in
both models (i.e. single-trait and multi-trait AM), the ranges in PBV seem to be of a
trend nearly similar to the case in which all birds were considered (Table 31). Low
estimates of PBV obtained by single-trait AM for most growth traits compared to
multi-trait evaluations may be due to: (1) decreasing of predicted error variance (PEV)
(Quaas et al., 1984), (2) considering the relationships among traits (i.e. residual
covariance between traits was computed for), which it is ignored with single-trait AM,
(3) bias due to selection was eliminated when using multi-traits analysis, but this bias
can be result of a single-trait AM (Mrode, 1996) and (4) traits with lower heritabilities
give more benefit when analysed with traits of higher heritabilities in a multi-traits
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analysis (Thompson and Meyer, 1986). In this respect, Barwal et al. (1993) found that
the best index included information on all traits.

Accuracy of minimum and maximum PBV for birds obtained by multi-traits
AM were higher than those compared to single-trait AM. The average of accuracy
across all the minimum and maximum estimates of PBY when using multi-trait vs
single-trait AM was 0.65 vs 0.60 %, 0.61 vs 0.59 %, and 0.64 vs 0.64% for iEiW, DG
and RG traits, respectively (Table 31). In this situation, Quaas et al. (1984) and Mrode
(1996) reported that the main advantages of multi-variate BLUP is that it increases the
accuracy of evaluation.

From the previous results, we conclude that applied multi-traits AM allows to
estimate an additive genetic variance without bias, consequently the predictors are
BLUP and results obtained in lower PEV and an increase efficiency of selection
(Kennedy, 1991). Mrode (1996) reported that selection bias can be the result of a
single-trait analysis which does not include the information upon which selection was
practised (i.e. generation). He added that a multi-trait evaluation is the optimum
methodology to evaluate animals using all traits, because it accounts. for . the
relationship among them. The numbers of birds with positive estimates of PBV and
their percentages given in Table 32 indicate that low difference between the
percentages of birds recorded by single-trait and multi-trait AM. The average of
percentages for PBV with positive signs for single-trait vs multi-trait AM were 42.1
vs 41.8%, 43.1 vs 42.5% and 44.1 vs 42.8% for BW, DG and RG traits.

In general, the advantages of using AM in poultry breeding are: (1) It eliminates
some of fixed effects (e.g. generation sex, etc.), (2) It reduces the estimated error for
unbalanced data, (3) It is useful in estimation of PBV for progeny, which can shorten
the generation interval, (4) It is used in estimation of PBV of individuals without
records from the relatives' information, (5) It is useful in estimation of sires (PSTA)
and dams (PDTA) transmitting abilities (birds without records) from their progeny
records, which can be used for family selection, (6) as genetic and environmental

correlation between traits and all relatives' information are considered, it can increase
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Table 32. Numbers (and percentages) of birds with positive estimates of
predicted breeding values (PBV) recorded by single- and multi-
trait animal models (birds with records) for body weights, daily

gains and relative growth rates.

Trait" Single-trait animal Multi-traits animal |
model model
No. of % of No. of % of
birds birds birds birds
Body weights:
BW0 3633 50.3 3618 50.0
BW2 3261 45.1
BW4 2885 399 2884 39.9
BW6 3243 449
BWS 3086 4?2.7 2960 41.0
BW10 2802 38.8
BWI12 2832 39.2 2635 36.5
BWI16 2786 38.6 2992 41.4
Daily gains:
DG4 2914 40.3 2978 412
DGS8 3188 44.1 3230 44.7
DGI12 2987 41.3 2971 41.1
DG16 3371 46.7 3100 429
Relative growth rates:
RG4 2142 29.6 2860 39.6
RGS 3531 489 3106 43.0
RG12 3318 459 3140 43.6
RG16 3765 52.1 3254 45.0

¥ Traits as defined in Table 20.
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the accuracy of selection (Pang et al., 1989; Priby! and Pribylovy, 1991; Danbaro et
al., 1995b).

4.6.3 Transmitting abilities estimated for birds without records:

In AM, a simultaneous evaluation of dams and sires in which the genetic merit
of all relatives plus the bird’s own performance will be obtained, i.e. genetic merit of
birds will be attained (Meyer, 1989, Boldman et al., 1995). Often, individuals without
records of the present population were evaluated quite accurately through performance

of their relative’s information using single-trait and multi-traits AM.

4.6.3.1 Transmitting ability estimates for sires of birds:

The results of predicted transmitting ability obtained by multi-trait and single-
trait AM for sires (PSTA) (sires of birds) for BW, DG and RG traits in Dokki-4
chickens were given in Table 33. The minimum and maximum estimates of PSTA and
their ranges indicate that these estimates had the same trend obtained for birds with
records. The average of ranges in estimates of PSTA for BW obtained by single-trait
AM vs multi-trait AM were 32.54 vs 36.97 grams, 2.11 vs 2.06 grams and 5.17 vs
5.14% for BW, DG and RG traits, respectively. When considering the top 4% of sires
of animals in both models of evaluation, the ranges in estimates of PSTA are seem to
be of the trend similar to the case in which all sires were considered (Table 33): These
ranges were small when considering 4% of sires than that when considering of the all
sires in the list (Sabra, 1998).

The accuracy of minimum and maximum estimates of transmitting ability for
sires indicate that these estimates had the same trend obtained for birds with records.
Accuracy of PSTA for sires when using multi-trait AM were relatively higher than
those compared to single-trait AM. The averages of accuracy across all the minimum
and maximum estimates of PSTA when using multi-traits vs single-trait AM was 0.82
vs 0.76%, 0.76 vs 0.75% and 0.79 vs 0.77% for BW, DG and RG traits, respectively.

This is because covariance structure among traits was considered in multi-trait AM. In
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addition to that, the standard errors of predictors of PSTA obtained by multi-traits AM
were lower than those compared with single-trait AM for most growth traits. Pribly
and Pribylova (1991) found that reliability of PBV were O. 84, 0.61 and 0.60 with
standard error of predictions of 0.086, 0. 180 and 0.023 for sires, dams and laying hens -
at 20-weeks of age, respectively. On other hand, the accuracy of predictors of sires
(PSTA) was higher than those recorded for birds with records (PBV). This may be
due to a large amount of information were available for each sire (i.e. large numbers of
progeny per sire were utilized) (Table 19). In this respect, Korthonen (1996) reported
that the heritability of the trait and the amount of information utilized in evaluation
affect the reliability of index.

The numbers of sires with positive estimates of PSTA and their percentages
glven in Table 34 indicate that single-trait AM estimates were mostly higher in
transmitting ability for BW than those obtained from muiti-trait AM. The average of
percentages for PSTA with positive signs for single-trait vs muiti-trait AM was 49.3
vs 48.8% for BW. However the opposite trend was recorded, i.e. these averages were
48.5 vs 49. 3% and 50.0 vs 51.5% for DG and- RG traits, respectively. From the
percentages of PSTA with positive signs for all growth traits (nearly 50%) obtained
by single- or multi- traits AM, we expect that the transmitting ability of sires of birds
in the present study are normally distributed with N~(4's , VW/ ).

4.6.3.2 Transmitting ability estimates for dams of birds:

The results of predicted transmitting ability obtained by multi-trait and single-
trait AM for dams (PDTA) (dams of birds) for BW, DG and RG traits were given in
Table 35. The minimum and maximum estimates of PDTA and their ranges indicate
that these estimates had the same trend obtained for birds with records. The ranges of
PDTA for BW and RG were higher when using multi-trait AM than those obtained
by single-trait AM. The average of ranges of PDTA when using single-trait AM vs
multl-tralt AM were 15.83 vs 21.59 grams, 0.91 vs 0.87 grams and 1.99 vs 2.35% for
BW, DG and RG, respectively. When considering the top 23% of dams of birds in
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Table 34. Numbers (and percentages) of sires with positive estimates of
predicted transmitting abilities (PSTA) recorded by single- and
multi-trait animal models (birds without records) for body weights,
daily gains and relative growth rates. :

Trait’ Single-trait animal Multi-traits animal
model model
No. of sires % of No. of | % of sires
sires sires
Body weights:
BWO 17 50.0 17 50.0
BW2 14 412
BW4 16 47.1 15 441
BW6 16 47.1
BWS 18 529 18 52.9
BW10 16 47.1
BWI12 11 524 16 47.1
BW16 15 441 . 417 -50.0
Daily gains:
DG4 i5 441 15 441
DGS8 18 529 18 529
DG12 17 50.0 18 529
DGI16 16 47.1 16 47.1
Relative growth rates:
RG4 15 44.1 15 44.1
RGS 16 47.1 18 52.9
RG12 18 529 19 559
RG16 19 55.9 18 52.9

* Traits as defined in Table 20.
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both models of evaluation, the ranges in PDTA are seen to be of the trend similar to
the case in which all dams were considered (Table 35).

The accuracy of minimum and maximum estimates of transmitting ability for
dams indicate that these estimates were lower than those obtained for birds (birds with
records) and sires (sires of birds). This may be due to a small amount of information
available for each dams (i.e. small numbers of progeny per dam were utilized) (Table
19). The average of accuracy across all the minimum and maximum estimates of
PDTA for dams using multi-trait AM were relatively higher than those compared to
single-trait AM. These averages when using multi-traits vs single-trait AM were 0.29
vs 0.26%, 0.26 vs 0.23% and 0.28 vs 0.27% for BW, DG and RG traits, respectively.
This is because covariance structure among traits was considered in multi-trait AM.

The numbers of dams with positive estimates of PDTA and their percentages
given in Table 36 indicate that single-trait AM estimates were mostly higher in
transmitting ability than those obtained from multi-trait AM. The average of
percentages for PSTA with positive signs for single-trait vs multi-trait AM was 52.0
vs 50.5%, 52.6 vs 50.9% and 50.2 vs 48.9%. for BW, DG and RG traits, respectively.
From the percentages of PDTA with positive signs for all growth traits (nearly 50%)
obtained by single- or multi- traits AM, we expect that the transmitting ability of dams
of birds in the present study are normally distributed with N~(4-'D , VW/ ).

4.6.4 Rates of change in accuracy

Comparisons of accuracy for predictor resulting from single-trait and multi-trait
AM and rates of changes in accuracy occurred for birds with records and birds without
records (sires and dams) are presented in Table 37. These results indicate that
accuracy of multi-trait evaluations were higher than those obtained by single-trait AM,
because data from correlated traits provide information not contained in data of the
trait being evaluated (Foully et al., 1982; Mrode, 1996).

Rates of changes occurred in accuracy for birds breeding values (PBV) ranged
from —2.1 to 27.8% (averaged 10.8%), -3.6 to 6.6% (averaged 2.7%) and —15.6 to
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Table 36. Numbers {(and percentages) of dams with positive estimates of
predicted transmitting abilities (PDTA) recorded by single- and
multi-trait animal models (birds without records) for body
weights, daily gains and relative growth rates.

Trait’ Single-trait animal Multi-traits animal
model model
No. of % of No. of % of
dams dams dams dams
Body weights:
BWO 157 48.3 158 48.6
BW2 179 55.1
BW4 167 51.4 164 50.5
BW6 i71 52.6
BWS 170 523 176 54.2
BW10 172 52.9
BW12 169 52.0 166 511
BWI16 : 166 511 156 48.0
Daily gains:
DG4 166 51.1 165 50.7
DGS 181 55.7 173 53.2
DG12 171 52.6 166 51.1
DG16 166 51.1 158 48.6
Relative growth rates:
RG4 157 48.3 154 47.4
RGS 172 52.9 170 523
RG12 167 514 160 492
RG16 156 48.0 152 468

* Traits as defined in Table 20.
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6.0% (averaged —1.3%) for BW, DG and RG traits, respectively. Similarly, the rates”
of changes in accuracy of sires transmitting abilities (PSTA) ranged from —1.2 to
8.6% (averaged 3.7%), 2410 3.6% (averaged 1.5%) and 1.3 to 4.8% (averaged 2.8%)
for the same order. While the rates of changes in accuracy of dams transmitting
abilities (PDTA) ranged from —6.5 to 28.6% (averaged 12.5%), -5.6 to 27.3%
(averaged 9.6%) and —14.3 to 45.1% (averaged 12.3%) for the same order. These
results indicate that advantages of the rate of changes for predictions were largest for
both dams and birds émd decreased for sires as number of progenies increased
(VanRaden et al., 1990). Advantages could be overstated if tru.e parameter differs from
estimates (Table 37). |

4.6.5 Rank correlation:

Spearman’s rank correlations were calculated among estimates ranks of BLUP
which were estimated by single-trait AM for different growth fraits to detect which
trait can be replaced by the other to simplify the method of analysis and to safe the
time and money specially when using complicated models. Also, a rank correlations
were estimated among ranks of transmitting ability estimates calculated by the two
animal models (single-trait and multi-traits AM) were used to decide whether the two
models are quite different from each other in evaluation of birds under questions or

not.

4.6.5.1 Rank correlations among estimators predicted by single-trait animal

models:

Rank correlations (and their significances) among ranks of breeding values of
birds with records (PBV) and among ranks of transmitting ability of birds without
records (sires, PSTA, and dams PDTA) in single-trait and multi-trait AM are given in
Table 38.

For data of birds (birds with records), estimates of rank correlation among most
ranks of PBYV estimates estimated by single-trait AM for BW and DG traits were
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moderate or high. The estimates ranged from 0.23 to 0.89 (P<0.01) and —0.11 to 0.39
(P<0.01) for BW and DG, respectively. For data set of sires without records (PSTA),
estimates of rank correlations ranged from low to high (i.e. 0.13 to 0.91 for BW)
estimates obtained from data set of sires. Most estimates of rank correlation were
significant (P<0.01). For data set of dams without records (PDTA), estimates of rank
correlations showed a trend similar to that observed to estimates obtained from data

set of birds.

4.6.5.2 Rank correlations among estimators predicted by single-trait vs multi-

trait animal models:

Rank correlations (and their significances) among ranks of predictors estimated
by single-trait and multi-trait AM for different growth traits for data set of birds (birds
with records), sires and dams (birds without records) are shown in Table 38. For data
set of birds (with and without records), most of correlations among ranks of predictors
(i.e. PBV, PSTA and PDTA) estimated by single-trait and multi-trait AM for BW,
DG and RG traits were relatively moderate or -high; {(29-estimates out of 66 were
found with correlations less than 0.4). On the other hand, the rank correlations among
predictors were higher for multi-traits than single-trait evaluations. Rank of
correlations among ranks of PBV, PSTA and PDTA ranged from 0.23 to 0.89%, 0.13
to 0.91% and 0.26 to 0.87 for BW traits when using single-trait- evaluation,
respectively. While it ranged from 0.27 to 0.78, 0.18 to 0.77 and 0.33 to 0.89 among
the same predictors when using multi-trait evaluations (Table 38). These estimates
mean that ranking of predictors estimated by single-trait differed from the ranking of
predictors estimated by multi-trait AM. Therefore, evaluation of bil_‘ds for grbwth traits
in Dokki-4 chickens using multi-trait AM would give BLUP estimates with more
accuracy than using single-trait AM. This was expected since covariances between
traits play an important role in the accuracy of the BLUP estimates by multi-trait AM.

High estimates of rank correlations (and highly significant, P<0.01) between
estimates of PBV, PSTA and PDTA estimated by single-trait and multi-traits AM for

BW at 8 and the following ages suggested that breeding birds, sires and dams could be
136




selected at 8-weeks of age to bring genetic improvement-and to breed Dolcki-4
chickens for higher market weight. Consequently, selection of birds at 8 weeks of age
s more effective without saving of all birds to later ages and thus the cost of breeding
program is reduced. These results were agreed with reports’ of Raheja and Singh
(1993). On the other hand, high estimates of rank correlations among predictions of
transmitting abilities for all growth traits, when comparisons were done between
single-trait and multi-trait AM, indicate that low differences were observed between
both models of evaluation. From the previous results, we can conclude that the single-
trait AM is satisfactory model to application in evaluation of poultry breeding
programs, because (1) it reduce the time of computation required in an analysis, (2) it
reduce the specific requirements of the computer, and (3) it reduce the cost of breeding

programs.
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