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Genotype — Hatch Interactions as a Source of Bias in Estimating
Genetic Components of Variance for Eight-Week Weight
in Poultry’

F. D. ENFIELD and R. E. COMSTOCK

University, of Minnesota, St. Paul, Minn.

Summary. Data on 16,557 chicks from 198 sire groups were analyzed to determine the importance of genotype-
hatch interactions as sources of bias in the estimation of genetic parameters for eight-week weight in poultry. Estimates
of heritability for eight-week weight obtained from a paternal half-sib correlation were .27 + .04 and .29 4- .04 for
males and females respectively when the sire component of variance was unconfounded with the sire-hatch inter-
action variance. If the sire-hatch interaction effects were confounded with the sire effects in an intra-hatch analysis
the corresponding estimates of heritability would be .30 and .35 for males and females respectively. No attempt was
made to artificially create differences in the hatch environments.

The ratio of the dam-hatch interaction variance to the dam component of variance as compared with the sire-hatch
interaction variance to the sire component gave a slight indication of a greater degree of importance of the interaction
of non-additive genetic-environment effects than additive X environmental effects in the male progeny but not in the

female progeny.

Introduction

Several experiments have been reported in the
literature that have evaluated the predictability of
short term response to selection in both large animals
and laboratory populations. (CLAYTON ef al., 1957;
RAHNEFELD ¢f al., 1963; MarTiN and BELL, 1960;
ENFIELD et al., 1966; HETZER and HARVEY, 1967 and
SIEGEL, 1962, are among the many that might be
cited.) In such experiments it is often observed that
the actual response to selection falls short of that
predicted based on estimates of appropriate genetic
parameters in the corresponding populations. One
of the more commonly used methods of estimating
heritability for predictive purposes is the intra-class
correlation where the sire component of variance
estimated from a nested-classification (see KinG and
HexDERSON, 1954) for a given sub-set of environ-
ments provides an estimate of one-fourth the additive
genetic variance. Such estimates of sire components
are often made on an intra-time period analysis, 1. e.
within years, generations, cycles, etc. For the sire
component to be an unbiased estimator of additive
genetic variance in such an analysis the given time
periods must either be representative of the totality
of environments to which the estimate has application
or there must be no genotype-environmental inter-
action. A sire-environment interaction effect in such
an analysis is confounded with the sire effect and
thus can bias upward the estimate of additive
genetic variance.

Several experiments have been reported in the
literature which have been designed to evaluate the

1 The authors gratefully acknowledge Nichols, Inc.,
Brunswick, Maine for providing the data for this study.

importance of genotype-environment interactions
(ABPLANALP, 1956; BRADFORD, 1968; HARDIN ¢f al.,
1967; DICKERSON, 1962 serve as examples). Several
of these experiments have shown that such inter-
actions may be important sources of variation espe-~
cially when sharply different environments are im-
posed.

From the standpoint of parameter estimation one
of the questions raised is how much bias is involved
in estimation of genetic parameters on a within
time-space basis when no attempt is made to create
major differences in macro-environments over a peri-
od of generations. The theoretical issues related to
this problem have been examined by CoMsToCK
(1960), ComsTock and MoirL (1963) and FALCONER
(1952).

The emphasis in this paper is to assess the magni-
tude of genotype-hatch interactions for eight-week
weight in two broiler populations of poultry and
to determine the extent of bias in heritability esti-
mates when the data are analyzed on a within-hatch
basis where hatch differences are considered random
relative to the total population of macro-environ-
ments.

Materials and Methods

The data for this project were collected over a two
year period with ten separate hatches represented. Two
broiler strains are represented in the analysis. Strain A
was largely a New Hampshire Red strain with some intro-
duction of outside blood for the purpose of bringing the
dominant white gene into the population. Strain B was
primarily of Rhode Island Red breeding but introductions
from outside sources had been made. The amount of data
represented in each hatch and the breeding of the chicks
involved are given in Table 1. Male and female eight-

week weight were treated as different traits and thus
were analyzed separately.
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Table 1. Numbers of stves, dams, and progeny in each hatch ~ Table 2. Analysis of Vaviance and Expected Mean Squares
Hatch p . No. No.of male o °f Model  Pijy = pu + si + dij + b+ (st)ir + (@8)isn
code ¢ g oi sires of dams progeny cmate + A 3 eijn
progeny ik ifkl
169 StrainB 36 190 752 695 (iomplete random model)
173 629 631 where: P;;; = the family mean for the 2% hatch {from
177 B 27 151 538 567 the j# dam mated to the it sire.
178 486 540 u == general mean for the measurement.
215 B 55 252 966‘% 1009 Si = ?n eff}elct 'tior.nmon to all individuals
227 846, 930 d romf‘; etl— - to all individual
if = an effect common to all individuals
ggg B 5 313 }gg? “;3 from the j# dam mated to the it sire.
3 b, = an effect common to all individuals in
238 A 29 205 898 914 the At hatch.
246 871 872 (st)ir = an interaction effect between sire and
Total 198 1111 8414 hatch common to all individuals from

8143

The experimental plan was such that progenies from
a given set of matings were represented in two separate
hatches. The statistical model employed and the ex-
pectations of the analysis of variance are given in Table 2.
In this analysis the statistical unit consisted of a full-sib
family mean for a given hatch. A second analysis was
used on a smaller segment of the data where the experi-
mental unit was an individual observation so that an
estimate of the within-full-sib family component could
be obtained.

Two issues are considered pertinent in the analysis.
The first concerns the magnitude of the estimate of the
sire-hatch interaction (62;) relative to the sire component
estimate (62). In this case we are considering the im-
portance of the interaction of additive gene effects with
environment and the potential bias associated with
estimates of additive genetic variance and heritability in
the narrow sense obtained from an intra-hatch analysis.
The second issue is the one identified by ComsToCK (1960)
in discussion of the magnitude of genotype-environment
interaction variances relative to associated kinds of
genetic variance as a potential source of bias in estimation
of relative magnitude of dominance and additive variance.
Although the evidence is complicated with maternal
effects in this data the ratio 6%/6% as compared with 6%,/62
will provide some information on this matter.

Results and Discussion

The estimated components of variance for male and
female eight-week weight are given in Tables 3 and 4.
These components are expressed as a percerit of the
total phenotypic variance in Table 5.

The pooled estimates of heritability obtained for
the ratio, 4 6%/63, of .27 + .04 and .29 £ .04 for
males and females respectively are lower than the
median of the estimates for this trait reported in the
literature as summarized by SIEGEL (1962). If the
sire-hatch interaction effect were confounded with
the sire effects heritability would be estimated from
the ratio 4 (62 4 6%)/6% in an intra-hatch analysis.
These estimates of heritability would be .30 and .35
for males and females respectively. Standard errors
were large enough so that upward bias may have
been moderately larger than actually estimated.
However, the results of this study add to the weight
of evidence reported by other workers, indicating

the ¢ sire in the £ hatch.

(dt);;x = an interaction effect between dam and
hatch common to all individuals from
the j# dam mated to the i sire in the
& hatch.

eijki = a residual effect on phenotype of
the I** individual in the A% hatch from
the % dam mated to the * sire,

nijk = the number of individuals from the j#
dam mated to the i sire in the At®
hatch.

Varian Degrees T
ariance of Expected Mean Squares
Sources
Frecdom
Between
hatches kR —1
Among sires s — [ ky 0%+ 0% + kg 0% + k 0F + Ry o
Among dams
within sires  Xn;—s k0% + o + ko)

i

Hatch x sire (b — )
s—10)  kyo}+ of + k3o
k— 1)
Zn-s)

(
(
Hatch x dams (

within sires

2
ky 6% + oy

Table 2. (con’t.) Analysis of Vaviance and Expected Mean
Squaves
p s zrp - 2t zs ]
! Z”z‘s i Rijk i Wi § k Wijk
1 1 1 1 1
k = — — X
2 (s—1)k(§m 72"%1"1'77: Zm%'%‘kzm,-k)
i
1 2ng
kg =—fn;, — ¢ i
s—\S 2
7
2
k ; "
ky _s~1(%‘n—2m
i
k = number of hatches
s = number of sires
nijx = number of offspring per dam in the 2% hatch
n; = number of dams mated to the #* sire
2 n; = total number of dams
1\1/' = total number of dam hatch subclasses
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Table 3. Components of Variance and Estimates of Herilability for Eight-Week Weight in Males

Hatches Breeding o2 0% a2, o3 02 Heritability*
238, 246 Line A .0540 0123 —.0027 .0046 .0069 .35
169, 173 Line B .0238 .0081 —.0005 .0040 .0025 .26
215,227 Line B .0373 —.0007 .0021 0110 .0018 14
177,178 Line B .0480 .0079 .0007 .0038 .0049 .30
233, 238 Line B .0440 —.0038 .0005 .0086 .0044 .31
Pooled Line A L0411 .0036 .0003 .0080 .0039 27
and B +.0051 +.0030  -.0008  4.0014  +.0009  -+.04

* 4 0}/o} where 0} is the sum of the within hatch components variance.

Table 4. Components of Varviance and Estimates of Heritability for Eight-Week Weight in Females
Hatches Breeding o2 6%, o2, o3 a2 Heritability
238, 246 Line A .0203 .0035 .0018 .0069 .0049 .52

169, 173 Line B .0235 .0004 0004 .0054 .0028 .34

177,178 Line B .0317 ~.0002 .0008 .0053 0017 A7

215, 227 Line B .0264 .0008 .0001 .0040 ‘0020 .24

233, 238 Line B .0246 .0001 .0001 .0050 .0021 .26

Pooled Line A .0256 .0006 .0005 .0053 .0025§ .20

and B +.0019 +.0007 +.0003 +.0005 +.0006 +.04

that over normal variations in environment, variance
due to interaction of genotype and environment is
quite small relative to genetic variance.

ABPLANALP (1956) considered the importance of
hatch x sire interaction effects for a number of
different egg production traits in a flock maintained
by Kimber Farms, Niles, California. His conclusion
was that genotype-environmental interactions con-
tribute relatively little to total variation and may be
of negligible magnitude. However, in his study in the
case of data related to age at first egg the hatch x sire
component was nearly twice the magnitude of the
sire component itself which in this instance would
have resulted in a considerable upward bias in the
estimation of heritability on an intra-hatch basis.
In other data of this kind JorNsON and ASMUNDSON
(1957) found a significant sire x hatch interaction
for eight-week weight in turkeys when data were
included from hatches where the brooding tempera-
tures had been abnormally high. In hatches of normal
temperature no interaction effects were noted. Goop-
wiN and DICKERSON (1956) and GowEe (1956) were
interested in determining whether genotype X loca-
tion interactions were an important source of varia-
tion for broiler traits. No significant interaction
effects were found for early growth rate in either
study.

Comstock and MorL {1963) discuss the potential
biases associated with estimates of genetic variance
components obtained from data collected in a single
macro-environment, i. e. hatches, years, locations, etc.
If the variance estimates are to be used in the form
of ratios for such purposes as estimating level of
dominance (see MorL et al., 1964; ENFIELD et al.,
1969) then the issue of whether the biases associated
with genotype-environment interactions have the

Table 5. Per Cent of the Total Variation in Eight-Week
Weight Attributed to the Various Components

Components of Variance
(9% of total variance)

Sex Hatch Line
o3 o 6% o &
Males 238 A 69.41 15.81 * 5.91 8.87
246
169 B 61.98 21.09 * 10.42 6.51
173
215 B 71.46 * 4.02 21.07 3.45
227
177 B 73.54 12.10 1.07 5.82 7.50
178
233 B 76.52 * .87 14.96 7.65
238
Pooled A&B 74.47 3.44 .54 14.49 7.06
Females 238 A 54.28 9.36 4.81 18.45 13.10
246
169 B 72.30 1.23 1.23 16.62 8.62
173
177 B 80.25 * 2.03 13.42 4.30
178
215 B 79.28 2.40 .30 12.01 6.01
227
233 B 77.12 .31 .31 15.67 6.58
238
Pooled A&B 74.21 1.74 1.45 15.36 7.2

* indicates a negative estimate

same ratios as the true genetic variances is of interest.
This issue can be evaluated in the present study by
comparing the ratios, 6%,/6% with 62,/62. If dominance
variance is an important source of variation then
62> 6% In both the male and female data the magni-
tude of 63 is approximately double 62. This may be
due only in part to dominance variance with maternal
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effects also likely to be contributing to 2. The ratios
of the interaction variances to their corresponding
sire or dam components are as follows:

Pl CALH
Male progeny .45 .07
Female progeny A1 .20

In the female progeny data there is nothing to
indicate differences in importance of interaction of
kinds of genetic effects with environment. In the
male progeny data there is some indication that the
interaction of non-additive genetic effects with en-
vironment is of a higher order of magnitude than the
additive X environmental effects. However the large
sampling errors associated with the ratio preclude the
observed differences being statistically significant.
The relative importance of the interaction of environ-
ment with additive and non-additive genetic effects
has been considered in some plant breeding experi-
ments where genotype-environment interactions are
considered more important sources of variation.
Rojas and SPRAGUE (1952) reported that in the case
of corn yield the interaction variance associated with
dominance effects was larger relative to dominance
variance than interaction variance associated with
additive effects relative to additive genetic variance.
Conflicting results were reported by CoMsTOCK (1960)
for the same trait. However, in both experiments the
relative magnitude of the interaction variances to the
genetic variances was much larger than our data
indicates for eight-week weight in poultry.

The results of this study suggest that when no
attempt is made to create environmental differences
between hatches, the interaction of genotype with
the random environmental effects associated with
differences among hatches contribute a relatively
small fraction (less than 49,) of the total variation for
eight-week weight in poultry. Estimates of additive
genetic variance and heritability estimated on an
intra-hatch basis would be biased upward 10 to 20 per-
cent when considering eight-week weight.
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