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Responses in Partial, Residual and Annual Egg Production
Expected from Selection on Part Record in Synthetic White
Leghorn flock
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INTRODUCTION

It has been discussed by Dickerson and Hazel (1944) that the amount of genetic
progress depends on three factors: the intensity of selection, the accuracy of selection
and the length of the generation interval. Dempster and Lerner (1947) concluded that the
use of earlier partial record as selection criterion for high annual egg production should
lead to increase more rapid genetic progress due to the reduced generation interval than
selection on complete records. The possibility of more efficient selection on early partial
record than on full record to improve annual egg production was reported by Lerner and
Cruden (1948), Morris (1956), Oliver et al. (1957), and Waring et al. (1962) based on
various estimates in different populations.

Bohren et al. (1970) concluded that selection on partial production, whether the
criterion is percent production or egg numbers to a fixed age, should reveal response in
partial, residual and annual egg production. From a theoretical comparison of criteria
they showed that selection on early record, either egg numbers or percentage, should give
about the same increase in annual egg numbers. Furthermore, they emphasized that selec-
tion on early percent production would result in a greater increase in annual as well as in
either residual egg numbers or residual percent production. »

Prior to Bohren et al. (1970), Oliver et al. (1957) suggested that selection on early
‘percent production to a fixed age would be more efficient for improvement in annual
egg production than selection on egg numbers to the same age.

To evaluate the efficiency of variously segmented early production records Lowe and
Garwood (1980) theoretically compared the ‘efficiency of selection on the segment with
selection on the early percent production. From such a comparison they concluded that the
use of a shorter record disregarding the beginning of the early record should cut down the
expenses of collecting data against a relatively small loss of information.

There are few reports that made more precise comparison of segments of the early
production as egg numbers and percent production with residual as well as annual egg
production at a time in the same flock. Therefore, the main purposes of this study were to
estimate the heritabilities of and gentic correlations between diversely segmented early
records and other traits such as age at sexual maturity, residual and annual records, to

compare theoretically the genetic gain from selection on segment with that from selection
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on partial production, and to evaluate synthetically the relative effectiveness of two
criteria by calculating the ratio of standardized response in correlated traits from selection
on partial production to another standardized response.

Material and Method

The present data pertain to the first generation of a Synthetic White Leghorn flock
maintained at the Poultry Breeding Farm, College of Agriculture, Seoul National
University. The details of the base population have previous-ly been reported by Yeo and
Ohh (1978).

Selection of pullets in the base population for breed replacements was based on the
family average of the hen-day egg production to 40 weeks of age. The cockerels used were
the full brothers of the selected pullets. Selected breeders were mated at random with
the restriction that no full-or half-sib matings were praticed.

Records were obtained individually from all pullets surviving until 64 weeks of age.
The available breed flock consisted of 478 fully pedigreed pullets from 15 sires and 101
dams.

The measured traits and the symbols are defined as follows.

SM (age at sexual maturity) —the number of days from hatching to first egg.

P (partial egg number) —the number of eggs produced from first egg to 40 weeks of

age.

P’ (partial percent production)—the ratio of P to the number of days from first egg to

40 weeks of age.

R (residual egg number) —the number of eggs produced from 41 to 64 weeks of age.

R’ (residual percent production)—the ratio of R to the number of days from 41 to 64

weeks of age (168 days).

A (annual egg number)—the number of eggs produced from first egg to 64 weeks of

age.

A’ (annual percent production)—the ratio of A to the number of days from first egg

to 64 weeks of age.

The prime(’) denotes the transformation of egg number to percent production.

The data were analyzed on the computer using the programs which designed for
the estimation of genetic variance and covariance for determining heritability and genetic |
correlation. The programs used were accorded to the hierarchal analysis of variance
described by King and Henderson (1954) for estimation of heritability and the procedure
described by Hazel et al. (1943) for genetic correlation, using the combined sire and dam
components in any case.

Results and Discussion

The estimated heritabilities of the gentic correlations between six measures of egg
production and age at sexual maturity are presented in Table 1.



Table 1. Heritabilities and genetic correlations

Egg number Percent production

P R A P’ R’ A SM
Partial egg number (P) 311
Residual egg number (R) 153 353
Annual egg number (A) .668 .838 .302
Partial percent production (P') 506 .364 .554 .292
Residual percent production (R’) .153 1.000 .838 .364 .353
Annual percent production (A') .361 .907 .882 722 .907 .316
Age at sexual maturity (SM) —~.642 126 —.260 .336 126 225 482

Diagonal figures represent heritability

The heritabilites for egg production are estimated to be slightly low values, ranging
from .29 to .35, while the estimate of heritability for age at sexual maturity is intermediate.
Similar estimates were obtained by Jerome et al. (1956) and Poggenpoel and Erasmus
(1978).

The estimates of genetic correlations between partial and annual production, either
in egg number or percent production are considerably high value, .688 and .722 respective-
ly. These large positive estimates imply that selection on partial production should result
in an increase of annual production. But selection on partial egg number will shorten
‘largly age at sexual maturity due to large negative correlation between them (—.642),
while selection on partial percent production will retard age at sexual maturity.

Genetic correlations between partial and residual production in either egg number
or percent production are estimated to be positive value, .153 and .364 respectively. These
estimates are smaller than those obtained by Bohren et al. (1970) who reported correlation
of .38 between partial and residual egg numbers and .58 between partial and residual
percent production.

When the early record was calculated by gradually extending a laying period by two
weeks, mean, standard deviation (SD), coefficient of variation (CV), heritability (h?) and
genetic correlation for the egg numbers and percent production are presented in Table 2
and Table 3, respectively. Let 4G a.p be the stadardized response in annual egg number
(A) from selection on partial egg number (P), and 4Ga . be the standardized response in
A from selection on the extending segment (E:), as described by Bohren et al.(1970). Then
the relative efficiency of two criteria for improving annual egg number (A) is the ratio of
4GaE to 4GaAP..

According as a laying period of segment becomes longer, in Table 1 the estimate of
heritability for and a negatively large genetic correlation between segment (E:) and age
at segual maturity (SM) has a declining tendency, while in Table 2 heritability for
segment (E) is estimated to be similarly low and genetic correlation between E: and SM
shows a relatively uniform intermediate estimate except the first three Eis. However ac-

cording as a laying period of segment becomes longer, the relative efficiency in either case
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(4GAE/4Gap Of AGA%Et/AGAp) increases in proportion to extended laying
period.

When the early record to 40 weeks of age was shorten by gradually excluding earlier

record by two weeks, genetic parameters associated with the segments are presented in
Table 4 and Table 5.

Table. 2. Genetic parameters related to the number of the eggs which obtained by gradually
extending a laying period to a fixed age

Extending Period Egg numbers Genetic correlations i{i%l;t;\;ecy
segment (k) (4G4 -Ei/
Mean SD CV(%) ht P P’ R(rR) A A SM 4Ga p)
E, SM-22 7.3 6.1 833 51 80 —.04 -—.14 34 —-10 -—.89 .68
E, SM-24 16.4 8.7 53.2 44 8% 02 .22 29 —.14 —.88 .50
E, SM-26 27.9 10.0 36.0 .39 .86 A1 -8 34 —.06 .83 55
E, SM-28 40.0 10.7 26.8 33 .89 16 ~.14 .38 —.01 —.82 .58
E, SM-30  52.2 11.2 215 .31 91 20 —.10 .43 04 —.81 .63
Ee SM-32 64.2 11.8 18.4 .28 93 24 —.06 47 09 .79 .66
E, SM-34 76.8 12.8 16.1 .27 97 .32 .00 54 16 .77 74
E, SM-36 88.2 12.9 14.6 .26 .99 .37 .03 57 21 —-.74 .76
E SM-88 99.9 13.4 13.4 .29 1.00 .45 .09 .62 29 —.69 .87
) SM-40 111.3 139 12.5 31 1.00 .51 .15 .67 .36 —.64 1.00
Table 3. Genetic parameters related to percent production of the early records which obtained by
extending a laying period to a fixed age.

) Egg numbers Genetic correlations Relative
Extending  Period efficiency
segment (wk) (4GAEt/

Mean SD CV(%) h? P P’ R(orR) A A’ SM 4Ga'p:

T SM-22 464 29.83  63.2 .16 61 —01 —20 A9 —12  —62 .13
E, SM-24 61.6 285 38.1 .09 39 45 —-45 .13 -—.14 .00 .10

3 SM-26 70.2 17.2 24.6 .16 34 69 —.12 .09 .22 .27 23
Eq SM-28 74.8 18.7 18.4 21 29 .79 .03 .18 .37 .40 44
E; SM-30 77.3 11.7 11.7 .23 .31 .84 11 .26 46 42 .56
) o4 SM-32 78.7 109 15.2 .20 34 .89 .16 .81 .52 44 . .59
E; SM-3¢ 79.8 10.0 13.8 .21 87 .96 24 .39 .61 46 .72
E; SM-36 80.5 9.3 12.5 21 41 .99 .27 43 .64 44 14
Ey SM-38 80.8 8.8 il.6 .25 47 1.00 .31 .50 .68 .38 .87
Ep SM-40 80.9 8.4 10.9 .29 51 1.00 .36 .55 .72 .34 1.00




Table 4. Genetic parameters related to the number of eggs which obtained by gradually excluding
earlier records.

Egg numbers Genetic correlations Relative
Shortening Period . efficiency
segments  ( wk) . ' . (4Gas:/
Mean SD CV(%) h? P P R{orR) A A’ M 4Gp)
S SM-40 111.3 139 125 .31 1.00 .51 15 .67 .36 —.64 1.00
S, 21-40 109.6 129 113 .27 .98 .64 .23 72 48 —.51 .97
S, 23-40 104.1 109 105 21 .86 .81 .36 74 .64 —.22 .89
S, 25-40 949 91 10.2 23 .67 .87 56 .80 .82 .02 1.00
Sy 27-40 834 8.0 9.9 .25 .60 .81 .58 77 81 .06 1.03
Ss 29-40 7.3 7.1 9.5 .26 .62 .80 .57 a1 0079 .02 1.03
S, 31-40 59.2 6.0 9.6 .31 .62 .79 .55 74 .76 .02 1.08
Ss 33-40 47.2 5.0 10.5 .36 .63 .80 .52 74 .76 .01 1.16
Sy 35-40 35.1 3.9 11.7 .34 .70 .83 51 .18 a1 —.04 1.18
Sio 37-40 23.2 29 125 .33 .76 .88 .58 .86 .84 —.05 1.29
Table 5. Genetic parameters related to the percent production which obtained by gradually excluding
earlier records.
i i relation: Relative
Shortening Period Percent production Genetic correlations efficiency
segment (wk) (AGst/
Mean SD CV(%) h? P P° R(rR) A A’ SM A4Gp)
1 SM-40  80.9 8.4 10.4 .29 .51 1.00 .36 .55 72 .34 1.00
i 21-40 81.3 9.2 11.3 27 .98 .64 23 72 A8 —.51 .64
Ss 23-40 82.6 8.6 105 .21 .86 .81 .36 74 .64 —.22 74
A 25-40 84.7 8.2 9.6 .23 .67 .87 .56 .80 .82 .02 1.00
S: 27-40 85.1 8.1 9.5 .25 .60 .81 .58 .77 .81 .06 1.05
Sé 29-40 84.9 8.4 9.9 .26 .62 .80 .57 7 .79 .02 1.03
S; $1-40  84.6 8.6 102 31 .62 79 .53 74 .76 .02 1.10
H 33-40 84.3 89 105 .36 .63 .80 .52 74 .76 .01 1.18
Sy 35-40 83.5 9.4 11.3 .34 .70 .83 .51 .78 71 —.04 1.15
S/ 37-40 82.7 103 125 .33 .76 .88 .58 .86 .84 —.05 1.23

Though earlier record was gradually excluded by two weeks, the estimates of

heritability for segments (S: or S: )are not influenced particularly, However considerably

large positive or negative correlations between age at sexual maturity and segments

containing almost greater parts of earlier records (S; to S, or S to S,) imply that egg

records layed from first egg to 8 or 4 weeks would influence significantly association of

age at sexual maturity with early records. Thus the use of segments disregarding earlier



record from first egg to 3 or 4 weeks as a criterion of selection might be more effective
for improving annual production than the use of the whole early record, as showed by
relative efficiency in Table 4 or Table 5. However, there has been no evidence by practical
experiments that could support such a hypothesis, while theoretical comparisons could be
found in the report by Lowe and Garwood (1980).

To compare direct response from selection on either partial egg number or partial
percent production with the theoretically calculated response in correlated measurements,
the relative efficiencies are presented in Table 6 by the ratio of one standardized reponse
(4 ) to another (41).

Table 6. The relative efficiency ratios of the standadized response in correlated trait from selection
on partial record to another standardized response

numerator 4;

denominator (4;) 4Gar AGAP A4Gar A4GAr AGre AGK?P AGRF AGRPF AGSMP AGsMF

AGa.p. 1.00 .54 .80 1.05 23 23 .53 .53 .96 49
4Ga'.p 1.86 1.00 1.49 1.94 42 42 .98 .98 1.78 .90
AGA.p: 1.25 .67 1.00 1.30 .28 .28 .66 .66 1.20 61
4Gap- .96 .52 717 1.00 22 .22 51 .51 92 46
4Gr.p 4.39 2.36 3.52 4.59 1.00 1.00 2.32 2.32 4.21 2.13
AGR.p 4.39 2.36 3.52 4.59 1.00 1.00 2.32 2.32 4.21 2,18
AGr.p 1.89 1.02 1.52 1.98 43 .43 1.00 1.00 1.82 .92
4Gr.p’ 1.89 1.02 1.52 1.98 43 43 1.00 1.00 1.82 .92
AGsm.p 1.04 .56 .84 1.09 .24 .24 .55 .55 1.00 51
AGsm.pe 2.06 1.11 1.65 2.15 47 47 1.09 1.09 1.98 1.00

Therefore,the ratio of 4: to 4; is equal to the inverted value of the ratio of 4; to 4;.

The relative ratio of 4G a.» to 4G ar , 1.25 means that for improving annual egg
number(A) selection on partial egg number (P) is 25 percent more efficient than selection
on partial percent production(P ). Additional support for this hypothesis was presented by
Bohren et al. (1970) who reported the ratio of 1.13. For improving annual percent
production (A") selection on partial percent production (P') is nearly two times (1.94) as
efficient as selection on partial egg number (P), while in the relative efficiency for shorten-
ing age at sexual maturity (SM) selection on partial egg number is almost two times (1.98)
as efficient as selection on partial percent production.

SUMMARY

Data pertaining to the first generation of a Synthetic White Leghorn flock were
used to estimate the heritabilities of and genetic correlation between partial egg
production (egg number or percentage) or diversely segmented part records and other



traits such as age at sexual maturity, residual and annual egg production, ard to
compare the expected genetic gain from selection on partial egg number or partial
percent production with correlated response in other traits.

The estimated heritabilites for six measures of egg production were ranged from
.29 to .35, while heritability for age at sexual maturity (SM) was intermediate (.48).
Genetic correlations between partial egg number (P) and annual egg number (A), and
partial percent production (P) and annual percent production (A') were 51 and .72,
respectively. Genetic correlation between P and SM was estimated largely negative
(—.64), while correlation between P and SM was positively intermediate (.34).

In comparing direct response from selection on partial production (P or P) with
another response in correlated trait, selection on P would be 25% more efficient
than selection of P for improving A, while selection of P’ would be 94% more efficient
than selection P for improving A'. For shortening SM selection of P would be 98% more
efficient than selection on P
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