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SUMMARY
A long-term poultry egg-stock selection study, conducted at the Animal
Research Centre, has been used as a basis for considering some issues in
breeding. Gains of 2 eggs and 0.3 g egg size per generation were made over
29-30 generations without significant changes in fertility, hatchability or
viability. During the last 10 generations, egg specific gravity and Haugh
units were improved while body weight was reduced without a significant
increase in percentage of eggs with blood spots. This was achieved with
populations of 1100 pullets housed/strain/year. All sires were from sire
families (half-sib) above average for egg production. About VS of the sires
contributed sires to the next generation to avoid rapid inbreeding or the loss
of desirable low frequency genes. Inbreeding in the selected strains averaged
0.7-0.8% per generation.
Each selected trait should be clearly defined,
particularly complex traits like egg production: Closely related traits, henhoused egg production and hen-day rate from first egg, gave different direct
and indirect responses when used as the principal trait of selection. There
was no evidence of decreases in genetic variation of egg production or any
other trait over the thirty years. Also, the genetic correlations changed
little during the study. However, heritabilities of selected strains were
lower than those of the control implying that change had taken place. Changes
in selection objectives and the value of control strains are discussed.
INTRODUCTION
Many egg stock selection studies have not told us much about the
consequences of simultaneous selection for the necessary array of traits
required in stocks to be used commercially for egg production. Either the
selection study was too short to be considered long term or only a few of the
necessary traits were included or an appropriate control strain was not used
to separate the genetic and environmental trends. Frequently, there were no
replicates and the populations were small. Hence, the results were often a
reflection of genetic drift or inbreeding and as a consequence were not very
relevant to the improvement of poultry strains for commercial use. Neverthe
less, the results of the long-term studies reported are useful if one under
stands their limitations and takes these into account before drawing conclu
sions (Hutt and Cole, 1947, 1955: Lerner. 1950, 1958: Dickerson, 1955: Hays,
1957: Morris, 1963: Cole and Hutt, 1973: Bennett et §!•. 1981: Kashyap et. al.,
1981: Sheldon et a K , 1984).
In the study reported here, the traits under selection have not been
constant since the experiment started in 1950. Therefore careful interpre
tation of the results is necessary. Traits were added, as was being done by
the commercial industry, during the course of the study. This procedure was
used to make both the birds' performance and the results more relevant and
creditable to the poultry industry and not just of academic interest. In
general, this result has been achieved, as some of the strains are now used
commercially, and there has been general interest in the results by poultry
breeders throughout the world. Since this unique study involved different
base populations, as well as control strains, there are some interesting_____
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"lessons" that may be drawn from this work.
METHODS
Selected strain 3 and control strain 5 originated in 1950 from a common
base population of Leghorns that could be considered a relatively narrow-based
population. Strain 4 was a broad-based population that originated in 1951
from a diallel cross of 7 Canadian Leghorn stocks. Strains 3 and 4 were
selected primarily for HHP1 (see Table 1 for an explanation of trait codes).
Up to 1957, some older birds selected on HHP5 as well as HHP1 were also used.
Selection in both strains was also directed against high mortality, low
fertility and low hatchability. Egg size (EWT1) was added as a selected trait
in 1952, and selection pressure was increased in 1961. Egg quality traits
(SGR1, HAU1, BSP1) were added in 1969 and selection for reduced body size
(BWT1) was started in 1975. The study terminated with the 1980 population
that finished test in 1982.
TABLE 1.
Trait

Trait codes
Code

Pullets Housed, No
PUHO
Fertility, %
FERT
Hatchability of fertile eggs, %
HATC
Brooding and rearing mortality, %
BRMT
Laying house mortality from housing to 273 d (Period 1), %
LHM1
Laying house mortality from housing to 497 d (Period 5), %
LHM5
Hen-housed egg production from housing to 273 d (Period 1), No
HHP1
Hen-housed egg production from housing to 385 d (Period 4), No
HHP4
Hen-housed egg production from housing to 497 d (Period 5), No
HHP5
Age at first egg, d
AGFE
Rate of lay from AGFE to 273 d (Period 1), %
HDR1
Rate of lay from 274 to 385 d (Period 2), %
HDR2
Rate of lay from 386 to 497 d (Period 3), %
HDR3
Rate of lay from AGFE to 497 d (Period 5), %
HDR5
Body weight at 265 d (Period 1), dg
BWT1
Body weight at 365 d (Period 2), dg
BWT2
Egg weight at 240 d (Period 1), g
EWT1
Egg weight at 450 d (Period 3), g
EWT3
Egg specific gravity at 240 d (Period 1), (1.082 = 82)
SGR1
Haugh Units at 240 d (Period 1)
HAU1
Total blood spots at 240 d (Period 1), %________________________ BSP1
A consistent selection procedure (but not a linear selection index) was
used for all strains. Different emphasis was placed on pedigree, family and
individual records depending on the trait and sex involved. FERT and HATC
pedigree records were, for the most part, used for selection. For egg produc
tion for HHP1 or HDR1 selected strains, selection was based on half-sib and
full-sib family means, as well as individual records for females. For traits
of less importance such as the egg quality and body weight (EWT1, SGR1, HAUl,
BWT1) less emphasis was placed on family records (except for male breeders),
and more was put on individual records utilizing independent culling levels.
In 1969, strain 2 was derived from strain 4 by a within full-sib division
of the selected males and females hatched in 1968. Similarly strain 1 was
derived from strain 3 in 1971. Strains 1 and 2, after being formed, were
selected primarily on HDR1 as well as for all the other traits being selected
153

trait selection program has been successful in improving these 4 strains for
the wide array of traits required in commerce.
TABLE 3. Mean performance of the
1980 test populations of the selected
strains and control strain 5________
_________ Strain_________
Trait
2
3
4
5
1
480
PUHO
1127 1124 1125 1117
97
96
91
91
FERTa
96
83
82
82
88
HATCa
85
2.4
2.8 7.1
6.0
BRMTa
3.6
1.8
LHMla
1.4
0.4
0.9
4.4
LHM5
4.7
2.2
5.9
3.0 10.0
102
119
HHPlb
111
115
82
201
194
197
HHP4
206
154
HHP5
279
268
262 276
209
AGFE
152
162
140
143
173
HDR1C
92
92
88
91
85
HDR2
85
85
80
81
74
HDR3
76
71
67
66
59
HDR5
84
83
79
80
72
BWTla
173
185
175
179
191
BWT2
181
192
183
186
204
58
57
58
EWTla
57
52
66
65
66
EWT3
64
59
SGRla
87
85
86
84
84
HAUla
88
86
85
87
83
BSPla
2.7
2.6
3.5
2.1
3.9
aSelected in all strains.
^Selected in strains 3 and 4.
cSelected in strains 1 and 2.
spots and mature egg size (SGR1, HAU1,

The strains selected for partrecord hen-housed egg number (HHP1)
were superior in this trait, whereas
those selected for part-record rate
(HDR1) were on the average, better
in part-record rate of production
(Figs. 1 and 2, Table 3) by the end
of the experiment. However, the
HDR1 selected strains were much
superior in HDR5 (Fig. 3), and on
the average, better in HHP5 than the
HHP1 selected strains (Fig. 4).
This superiority in HHP5 resulted
despite the fact that the HDR1 selec
ted strains came into production at
an increasingly later age (Fig. 5).
These increases in egg produc
tion were taking place while egg
size was gradually increased and
then maintained (Fig. 6), and body
weight was decreased, after selec
tion to reduce body size was started
in 1976 (Fig. 7). Besides the
traits shown graphically, there were
also improvements in the egg quality
traits, specific gravity (an estimate
of shell thickness), Haugh units (a
measure of albumen quality), eggs
with a lower percentage of blood
>1, EWT3 in Table 3).

While all these genetic changes were taking place the overall mortality
generally decreased (Fig. 8) except when a Marek's disease outbreak took place
in 1969 and 1970. Nevertheless, the 4 selected strains had a lower level of
laying-house mortality at the end of the study than the control strain (Fig.
8, Table 3). For strain 4 rearing mortality was slightly higher than for the
control, whereas the laying-house mortality for the related strains 2 and 4
tended to be the lowest of all strains.
Selection differentials
The average selection differentials (male and female combined) for some of
the traits considered are shown in Table 4. These were calculated using the
procedure developed by McAllister (1977). Strains 1 and 2 were selected for
HDR1 and not HHP1: therefore, the selection differential shown for HHP1 is a
correlated differential. Similarly strains 3 and 4 were not selected for HDR1
and the differential for HDR1 is a correlated effect.
Selection pressure on egg size was reduced starting from 1973
different strains as egg size reached an optimum level. Thus,
selection differentials in Table 4 were an overestimate for the
and an underestimate for the early years. The selection pressure
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to 1976 for
the average
later years
on AGFE was

EGG NUMBER

HEN-HOUSED EGG PRODUCTION

YEAR OF HATCH

Fig. 1. Hen-housed egg production to 273 d for selected strains as deviations
from control strain 5.
in strains 3 and 4 except HHP1. As a result, there was no direct and little
indirect selection for early sexual maturity in strains 1 and 2. The procedure
used for selecting strains 3 and 4 resulted in heavy indirect selection for
early sexual maturity. When strain 4 was divided to create strains 2 and 4,
the selection pressure was reduced in this one year because twice the number
of breeders were selected from the same size population of males and females.
When strain 3 was divided to create strains 3 and 1, selection was partially
relaxed in 1969. It was completely relaxed in 1970 when the breeding popula
tion was expanded, and there was only limited selection pressure used when the
two populations were created in 1971. Otherwise selection was continuous.
All the selected and control populations were reared together so that
valid comparisons could be made. All pullets were housed in single bird cages
starting in 1965 and all chicks reared to maturity in cages starting in 1968.
Details of the selection and test procedures, and the analytical methods used
have been described in (Gowe et a^., 1959, 1973: Gowe and Fairfull 1980, 1984,
1985: Fairfull and Gowe 1980: and Fairfull et al., 1983).
The numbers of sires and dams used and the progeny housed over the last 10
generations are shown in Table 2. The numbers used in the earlier years for
strains 3 and 4 can be seen in Gowe and Fairfull (1985).
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PER CENT

RATE OF EGG PRODUCTION

Fig. 2.

Rate of egg production to 273 d from age at first egg for selected
strains as deviations from control strain 5.
RESULTS

Performance means
At the end of the selection study, when selected strains were compared with
the control, improvement in all traits was evident (Table 3) with the exception
of hatchability which had decreased
TABLE 2.
Total number sires, dams
slightly by 3 to 6% for the 4 selected
and progeny housed in the 10 year
strains. Selection for fertility and
period 1971 to 1980 for the selected
hatchability was based on pedigree
strains and control strain 5_______
information - that is dam and sire
Mean PUHO
performance (except for the individual
Sires Dams
PUHO
sire dam
selection of sires for their own fertil
str.
No
No
No
No
No
ity in the earlier years). Although
this procedure prevented a large de
1 280
2196 11211
40.0 5.1
crease in hatchability, sufficient posi
2 280
2189 11216
40.1 5.1
tive selection pressure was not used to
3
279
2141 11190
40.1 5.2
prevent the small decline observed. It
4 278
2162 11186
40.2 5.2
should also be noted that the inbreeding
5 796
2214
4790
6.0 2.2
for the selected strains had increased
to 22.8, 26.2, 21.3, 24.4 percent for
strains 1, 2, 3 and 4, respectively, by the last generation, whereas it was
only 6.3 percent for control strain 5
It is also well known that hatchability tends to decline with an increa:;e in inbreeding. Otherwise the multi156
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Fig. 3. Rate of egg production to 497 d from age at first egg for selected
strains as deviations from control strains 5.
TABLE 4.
Annual selection differ
entials - mean of 1970-1979 for some
traits under direct or indirect
selection and the chance selection
differential for the control strain 5
Strain
3
4
1
2a
Trait
8.21 4.92 10.42 7.65 1.58
HHP1
-1.76 0.20 -4.40 -3.75 -1.79
AGFE
5.04 4.20 4.89 3.21 1.89
HDR1
.49
.38
.44 3.67 -1.32
BWT1C
3.48 2.95 5.04 3.04 0.74
EWT1
3.04 6.45 3.97 5.45 1.52
SGR1
7.77 4.77 6.80 3.33 1.40
HAU1
-1.71 -1.79 -1.88 -1.94 0.17
BSP1
aData for strain 2 males not
included for 1970. ^Strain 5
females included only from 1976
to 1979. cFrom start of
selection in 1975 to 1979.
for strain 2.

entirely indirect and naturally much
higher for HHP1 selected strains 3
and 4.
Genetic gains

Linear estimates of annual gene
tic gains over the last 10 gener
ations of the selection study are
shown in Table 5. These can be com
pared with the selection differen
tials for the same traits in Table 4.
For HDR1 selected strains 1 and 2,
the mean gain for HDR1 was highly
significant at .27 and .26 percent
per generation. For the HHP1 selec
ted strains 3 and 4, the genetic
gain for HHP1 was positive at .36
and .37 egg per generation but not
significant. There was a highly
significant decrease in mean HHP1
AGFE decreased for the two strains 3 and 4 selected on HHP1,
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Fig. 4.

Hen-housed egg production to 497 d for selected strains as deviations
from control strain 5.

TABLE 5. Estimates of genetic gain
per generation from 1971 to 1980 for
the selected strains as deviations
from control strain 5
Strain
Trait
3
4
1
2
.36
.37
HHP1
.12
-1.12**
1.04** -1.01*
-.63
AGFE
-.02
.27**
.26** -.09
.03
HDR1
-2.33
-.43
-2.17**
BWTla -1.72
.31**
.06
.31**
.15
EWT1
.44**
SGR1
.16*
.06
.38**
HAU1
.72**
.42**
.29**
.55**
BSP1
-.10
-.01
-.06
-.01
*P<0.05: **P<0..01; a1976 to 1980 only.

but it increased significantly for
strain 2.

There was a positive genetic gain
for egg weight in all strains that
was significant only for strains 1
and 3. Since strain 3 had somewhat
smaller eggs in 1970 than strains 2
and 4, there was slightly more selection for egg size in strains 1 and 3.
The selection practiced for the other
egg quality traits resulted in desirable changes for all strains although
the reduction in blood spots was not
significant for any strain and the
increase in specific gravity was not
significant for strain 3. Selection for reduced body size resulted in a de
crease in all strains though the regression was significant only for strain 4.

Genetic parameters
The mean heritability for HHP1 was .12 for the 4 selected strains compared
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DAYS

AGE AT FIRST EGG

Fig. 5.

Age at first egg for selected strains as deviations from control
strain 5.

with .28 for the unselected control. Heritability for HHP5 was about the same
at .10 for the selected stocks (Table 6). Note, however, that the heritability
of HDRl was on the average higher (.15) than that of HHP1 for the selected
strains and was above .20 for HDR2 and HDR3 (Table 7). This suggests that
there would be more usable genetic variation if selection was for an HDRl
record that extended beyond 273 d. The part-whole genetic correlation of HHP1
and HHP5 was .60 for the 4 selected strains (Table 6). The same part-whole
correlation for HDRl and HDR5 was .63 indicating there was little difference
in these correlations (Table 7). The part-whole genetic correlation between
HHP4 and HHP5 was .95 (Table 6) while the genetic correlation between egg
production rate in the first third of laying year (HDRl) and the last third of
the year (HDR3) was much lower at .39 (Table 7).
For all selected strains, the heritabilities for LHM1 and LHM5 were
very low, while for AGFE, BWT2, EWT1, EVT3, SGR1 and HAU1, they were rela
tively high. BSP1 heritabilities were low (Table 8).
Genetic correlations among some of the key traits were not as consis
tent for the different strains (Table 9). There were negative correlations
(desirable) between production (HHP1 or HHP5) and mortality (LHM1 or LHM5) for
all but strain 4. The fact that strain 4 had the best overall record for lay
ing house viability (Fig. 8) may be the reason for the lack of correlation
between HHP5 and LHM5. Although there were negative genetic correlations
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TABLE 6. Heritabilities (on diagonal)
and genetic correlations based on sire
components of variance and covariance
- mean of 1971-1980 for hen-housed
egg production from housing to 273,
385 and 497 d for the selected strains
and from Gowe et al. (1973) for
strain 5
HHP1
HHP4
HHP5
HHP1 Str. 1
.09
Str. 2
.12
Str. 3
.11
Str. 4
.14
4 Strs.
.12
Str. 5
.28
HHP4 Str. 1
Str. 2
Str. 3
Str. 4
4 Strs.
Str. 5

.68
.74
.85
.86
.78
.97

.07
.08
.09
.11
.09
.22

HHP5 Str. 1
Str. 2
Str. 3
Str. 4
4 Strs.
Str. 5

.54
.39
.84
.63
.60
.98

.75
.86
1.30
.90
.95
1.00

TABLE 7. Heritabilities (columns on
diagonal and genetic correlation based
on sire components of variance and covariance - mean of 1971-1980 for
selected strains and from Gowe et al.
(1973) for strain 5 for survivor rate
of egg production from age at first
egg for 3 non-overlapping periods and
the icomplete test year
HDR1 HDR2
HDR1 Str. 1
.14
Str. 2
.10
Str. 3
.22
Str. 4
.15
4 Strs.
.15
Str. 5
.26

HDR3

HDR5

-

-

-

-

-

-

.26

-

-

.23
.31

-

-

-

-

.07
.11
.09
.14
.10
.18

TABLE 8. Heritabilities based on sire
components of variance - mean of 19711980 for the selected strains and
control strain 5 for traits other than
egg production____________________
Trait
__________ Strain
1
2
3
4
5 5a
LHM1
.04 .03 .02 .01 .14 LHM5
.04 .03 .04 .02 .12 AGFE
.42 .40 .29 .33 .68 .38
BWT2
.51 .49 .52 .46 .68 .48
EWT1
.47 .58 .62 .50 .63 .54
EWT3
.41 .55 .49 .53 .69 SGR1
.54 .46 .37 .47 .49 .50
HAU1
.58 .59 .66 .54 .65 .48
BSP1
.10 .09 .05 .12 .11
a Gowe et al^ (1973)

HDR2 Str. 1
Str. 2
Str. 3
Str. 4
4 Strs.
Str. 5

.55
.49
.74
.73
.63
.86

.21
.22
.24

HDR3 Str. 1
Str. 2
Str. 3
Str. 4
4 strs.
Str. 5

.37
.31
.36
.53
.39
.98

.83
.87
.78
.82
1.28

.16
.26
.18
.27
.22
.16

HDR5 Str. 1
Str. 2
Str. 3
Str. 4
4 Strs.
Str. 5

.58
.47
.72
.74
.63
.87

.96
.96
.98
.94
.96
1.02

.94
.96
.83
.94
.92
1.12

.82

.20
.26
.25
.30
.25
.35

between HDR1 and AGFE for strains 3
and 4, these correlations were gen
erally lower than for the control
strain. For the latter part of the
laying period (HDR3 and AGFE), these
genetic correlations were all posi
tive and generally small for the
selected strains, although this cor
relation was high and negative for
strain 5.

The genetic correlations of either HDR1 or HDR5 with BWT2 were positive
for the strains selected on HDR1, while they were negative for strains selec
ted on HHP1.
This difference may be of some significance. The genetic
correlations for HDR1 and EWT1 were negative and larger (more undesirable)
than those of HDR5 and EWT1, suggesting production and egg size are more
antagonistic early in the cycle. The genetic correlations were also negative
and large for HDR5 and EWT3.
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GRAMS

Specific gravity (SGR1) and the percentage of blood spots (BSP1) were
generally negatively correlated with early egg production (HDR1). Egg albumen
quality (HAU1) was positively correlated with egg production, although the
correlations were generally low.
DISCUSSION
Multi-trait selection
What can be learned from this long-term study? It is perhaps important to
note first of all that progress can be made in selecting populations of Leghorn
stocks for all of the wide array of traits required by commercial birds (Table
3). Genetic gains in the principal traits since 1950 and 1951 when this long
term selection study started are shown in Table 10. These genetic changes made
over 30 years are probably not optimal, yet these selected strains when crossed
produce populations that are competitive with industrial stocks (Gowe and
Fairfull, 1982: Fairfull et al^., 1983, 1986). These results have been achieved
with relatively small populations of about 1100 pullets housed per strain per
year. It would be reasonable to expect that somewhat better progress could
have been made with the larger populations available to commercial concerns.
Therefore, one must conclude either that industrial breeders use inefficient
procedures, or more likely, that the procedures used here have resulted in a
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TABLE 9.
Genetic correlations between some important traits based on
sire components of variance and covariance - mean of 1971-1980 for the
selected strains and control strain 5
Correlated
Strains
Traits
1
2
3
4
5
5*
HHP1 + LHM1
-.25
-.16
-.69
.44
-.42
HHP5 + LHM5
-.54
-.54
-.47
.01
-.53
HDR1 + AGFE
HDR3 + AGFE
HDR5 + AGFE

-.16
.07
-.02

.11
.35
.33

-.24
.06
-.05

-.15
.10
-.02

-.38
-.28
-.38

-.25
-.39
-.28

HDR1 + BWT2
HDR5 + BWT2

.13
.24

.03
.06

-.20
-.16

-.18
-.07

.08
.09

-.20
-

HDR1 + EWT1
HDR5 + EWT1

-.16
.05

-.11
-.06

-.59
-.33

-.31
-.20

-.29
-.40

-.46
-.29

HDR5 + EWT3

-.28

-.38

-.52

-.47

.05

HDR1 + SGR1
HDR1 + HAU1
HDR1 + BSP1

-.12
.05
-.03

-.15
.15
-.16

-.05
.32
.57

-.36
.07
-.27

.05
-.24
-.21

-.38
.18
-

HDR5 +
HDR5 +
HDR5 +
*Gowe et

SGR1
.12
HAU1
.10
BSP1
.00
a K (1973)

.00
.23
.17

-.03
.11
.32

-.18
.11
-.30

-.31
-.35
-.28

-.28
.12

Fig. 7.

Body weight for selected strains as deviations from control strain 5.

-

GRAMS

-
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reasonable balance of progress in
the traits compared to commercial
stocks.

TABLE 10. Estimates of genetic gain
per generation from 1950 (Strains 1
and 3) and 1951 (strains 2 and 4) to
1980 for the selected strains as a
deviation from control strain 5____
Strain
1
2
3
4
HHPl
.77**
.55**
.77** 1.26**
HHP5
2.18** 2.14** 1.41** 2.39**
HDR1
.18**
.19**
.06
.20**
HDR5
.40**
.30**
.20**
.25**
AGFE
-.55** -.48** -.78** -.88**
LHM5
-.09
-.24**
.04
-.29**
EWTla
.39**
.24**
.38**
.31**
a EWT2 data from 1953/59 and EWT1
data from 1960/80.

PERCENT

Trait

Space does not permit a de
tailed elaboration of the selection
procedure. However, there are sev
eral key elements that are respon
sible for whatever success was
achieved. Although there was
selection for fertility and hatchability, only the poor extremes
were selected against so that selec
tion pressure was not wasted on
small variations that were probably
environmental in origin.

YEAR OF HATCH

Fig. 8.

Laying house mortality to 497 d for selected strains and control
strain 5.

All males selected and nearly all females selected came from sire families
(half-sib groups) that ranked above average in egg production (HHPl or HDR1)
recognizing the low additive and important non-additive variation for these
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traits (Fairfull et a K , 1986) that makes dam family (full-sib groups) means a
less reliable source of information. Nevertheless, full-sib means were used
for within half-sib family selection. Also, at least 10 sires contributed
sires to the next generation to avoid too rapid a rate of inbreeding and too
high a chance for the loss of desirable genes present in low frequency. Inbreeding for all selected strains averaged less than 1 percent a generation.
The success of selection on egg production to 273 d depends on this trait
having a high genetic correlation with annual egg production.
These
correlations were lower in the selected populations (Tables 6 and 7) than in
the control. Despite the the low genetic correlations between HDR1 and HDR3
(Table 7) for all 4 strains, progress was made in improving HDR3 and HDR5 in
strains 1 and 2 (Fig. 3, Table 3). This study shows that it is very important
to clearly define each trait to be selected, particularly traits such as egg
production, which is the end result of a complex biological system. Closely
related traits such as HHP1 and HDR1 gave different results when used as the
principal trait for selection. The selection differentials (Table 4) show
that selection on either HHP1 or HDR1 resulted in relatively large selection
differentials for HDR1, and that selection on either trait should therefore
achieve the same progress in rate of production (HDR3 and HDR5). It is clear
from the results (Figs. 1 to 3) that this is not so. The ranking of sire
families on HHP1 and HDRl are not the same so that there is a clear difference
in the emphasis and in the individuals selected across sire families based on
these similar traits. Thus, how the selection differential is obtained, not
only its absolute value, is important.
The heritability and genetic correlation results reported here suggest
that even greater progress in HHP5 and HDR5 would have been made if the partrecord period had been extended somewhat (say by 8 to 16 weeks). Data from
Flock (1980) support this conclusion. It is suggested that a superior selec
tion procedure to that used, would involve selecting for an extended HDRl
period, plus concurrent moderate selection for early sexual maturity (until
this trait attained an optimum level), plus continued selection for viability
from hatching to the end of the test, as well as continued selection with a
lower intensity for egg size and egg quality traits, fertility and hatchability. Using HHP1 as the primary selection trait puts too much selection
pressure on age at first egg for early maturing stocks. It may be useful to
use HHP1 as the primary selection trait in newly synthesized stocks that are
very late maturing. However, in strains such as 3 and 4 that mature at about
140 d this extreme pressure on AGFE is apparently not desirable.
The market in which stocks are to be sold will determine the relative
emphasis to be placed on traits such as HAU1, or BSP1 and EWT1. There are
different premiums for these traits in different markets. Feed efficiency is
another important trait that needs to be included in comprehensive selection
programs. Fairfull and Gowe (1980) have shown that the 4 selected strains
reported here differ significantly in feed efficiency adjusted for body size
and egg mass output. These genetic differences should be exploited by direct
selection because feed is the major cost in egg production.
Change in genetic variance
For the two long-term selected strains 3 and 4, there was no obvious trend
in the estimates of the additive genetic variance and heritabilities for egg
production over the 30 years. These results are detailed in Gowe and Fairfull
(1985). They clearly show there was not a significant decline in genetic
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variance over 30 generations in the two selected strains (3 and 4) examined.
They also showed that the difference between the control strain and the selec
ted strains in genetic variance after the first few generations of selection
was consistent from the start of the study. One must conclude that the addi
tive genetic variance (sire variance) was decreased initially by the use of
selected sires and then remained more or less constant thereafter. Therefore
genetic parameters (particularly for egg production) should be estimated in
populations under selection to permit more meaningful predictions.
The very high estimates of genetic variance for egg production from dam
components of variance (.30 to .40 compared to .10 to .15 from sire components
- see Gowe and Fairfull, 1985) indicated that there is a large component of
non-additive variation for this trait. Therefore there is a need to put more
selection emphasis on sire family means than on dam family means (Fairfull et^
al.. 1986).
One reason why the genetic variation did not decrease over the 30 years
may be due, in part, to mutations which Frankham (1980, 1983) has suggested
may play a larger role than previously was thought possible.
Value of control strains
This study has had a control strain since it started with two others added
later, strain 7 in 1966 and strain 10 in 1973. The performance of strains 5
and 7 have been described in detail (Gowe et. al.. 1973: Gowe and Fairfull,
1984). As can be seen in these papers, the conclusion would have been the
same if both control strains 5 and 7 had been used in this report. Neverthe
less, there are some advantages to using more than one control strain, partic
ularly when there are unusual environmental changes such as exposure to a new
disease, use of a new vaccine, or a major change in housing such as housing
the test birds in cages instead of floor pens as was done starting in 1965 in
this study. Significant control strain by environment interactions can only
be detected and tested if more than one control strain is used in a selection
study. Specific examples of the value and need for more than one control
strain to separate out major environmental effects can be seen in Gowe and
Fairfull (1982, 1985).
Control strain 5 has been genetically constant over the 30 years as can
most readily be seen by examining the egg size and egg production absolute
values over the years (Gowe and Fairfull, 1985). Inbreeding for strain 5 has
risen to only 6.3 percent over the 30 generations because large breeding
populations of 240 females and 80 males were pedigree-mated since 1960, and
reproduced so that each sire contributed a sire, and each dam a dam to the
next generation (Gowe ejt al., 1959). This procedure also ensures that gene
loss in the population is minimal and therefore the control also maintains a
valuable gene pool.
Changes in objectives over time
There are academic justifications for not changing selection criteria over
time in a multi-trait selection program: however, this is rarely feasible in
the real world of animal or poultry breeding. By changing emphasis on traits
and adding new traits the necessary balance can be either developed or main
tained. Traits such as sexual maturity and egg size have optima, and after
these are achieved, selection should then be directed at maintaining these op
tima while improving the remaining traits. Additional traits may have to be
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added if commercial requirements change. One example is the addition of inte
rior egg quality in recent years to most egg stock programs. The large number
of traits to be considered, plus the high non-additive variance associated
with some traits, plus the negative genetic relationships amongst some desir
able traits and many non-linear relationships make formal linear indices based
on simplistic assumptions less efficient in practical selection programs.
A
selection system that involves family selection and individual selection for
the primary traits and individual culling levels for the more highly heritable
traits, seems the most direct and effective way to achieve the objective of
improving stock for a wide array of traits as was the case in this study.
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