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

in Poultry 1 

F.  D.  EN FIE L D  and  R. E .  COMSTOCK 

Univers i ty ,  of Minnesota ,  St.  Pau l ,  Minn. 

Summary. Data  on 16,557 chicks from t98 sire groups were analyzed to determine the importance of genotype- 
hatch interactions as sources of bias in the est imation of genetic parameters  for eight-week weight in poultry. Est imates  
of her i tabi l i ty  for eight-week weight obtained from a paternal  half-sib correlation were .27 + .04 and .29 + .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 analvsis 
the corresponding estimates of her i tabi l i ty  would be .30 and .35 for males and females respectively. No a t t empt  was 
made to art if icially 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-addit ive genetic-environment effects than addit ive • environmental  effects in the male progeny but  not  in the 
female progeny. 

Introduction 

Severa l  e x p e r i m e n t s  have  been r e p o r t e d  in the  
l i t e r a t u r e  t h a t  have  e v a l u a t e d  the  p r e d i c t a b i l i t y  of 
shor t  t e r m  response  to  select ion in b o t h  large an ima l s  
and  l a b o r a t o r y  popu la t ions .  (CLAYTON et al., 1957; 
RAHNEFELD et al., 1963; MARTIN and  BELL, t960;  
ENFIELD et al., 1966; HETZER and  HARVEY, 1967 and  
SIEGEL, 1962, a re  among  the  m a n y  t h a t  m i g h t  be 
ci ted.)  In  such e x p e r i m e n t s  i t  is of ten obse rved  t h a t  
the  a c t u a l  response  to  se lect ion falls  shor t  of t h a t  
p r e d i c t e d  based  on e s t ima te s  of a p p r o p r i a t e  genet ic  
p a r a m e t e r s  in the  co r re spond ing  popu la t ions .  One 
of t he  more  c o m m o n l y  used  m e t h o d s  of e s t i m a t i n g  
h e r i t a b i l i t y  for  p r ed i c t i ve  purposes  is the  in t ra -c las s  
co r re la t ion  where  the  sire c o m p o n e n t  of va r i ance  
e s t i m a t e d  f rom a nes ted-c lass i f i ca t ion  (see KING a n d  
HENDERSON, t954) for a g iven  sub-se t  of env i ron-  
m e n t s  p rov ides  an e s t i m a t e  of one- four th  the  a d d i t i v e  
gene t ic  va r i ance .  Such e s t ima te s  of sire compone n t s  
are  of ten m a d e  on an i n t r a - t i m e  pe r iod  analys is ,  i. e. 
wi th in  years ,  genera t ions ,  cycles,  etc.  F o r  the  sire 
c o m p o n e n t  to  be an u n b i a s e d  e s t i m a t o r  of a d d i t i v e  
gene t ic  va r i ance  in such an ana lys i s  the  g iven  t ime  
per iods  m u s t  e i ther  be  r e p r e s e n t a t i v e  of the  t o t a l i t y  
of e n v i r o n m e n t s  to which  the  e s t i m a t e  has  app l i ca t i on  
or  t he re  m u s t  be no g e n o t y p e - e n v i r o n m e n t a l  in te r -  
ac t ion.  A s i r e - env i ronmen t  i n t e r ac t i on  effect  in such 
an  ana lys i s  is con founded  wi th  the  sire effect  and  
t hus  can bias  u p w a r d  the  e s t i m a t e  of a d d i t i v e  
gene t ic  va r i ance .  

Severa l  e x p e r i m e n t s  have  been r e p o r t e d  in the  
l i t e r a tu r e  which  have  been des igned  to  e v a l u a t e  the  

1 The authors  grateful ly acknowledge Nichols, Inc., 
Brunswick, Maine for providing the da ta  for this s tudy.  

i m p o r t a n c e  of g e n o t y p e - e n v i r o n m e n t  i n t e r ac t i ons  
(ABPLANALP, 1956; BRADFORD, 1968; HARDIN et al., 
t967 ;  DICKERSON, 1962 serve  as examples) .  Severa l  
of these  e x p e r i m e n t s  have  shown t h a t  such in te r -  
ac t ions  m a y  be i m p o r t a n t  sources of v a r i a t i o n  espe- 
c ia l ly  when s h a r p l y  d i f ferent  e n v i r o n m e n t s  are  im- 
posed.  

F r o m  the  s t a n d p o i n t  of p a r a m e t e r  e s t ima t i on  one 
of the  ques t ions  ra i sed  is how much  bias  is i nvo lved  
in e s t ima t i on  of gene t ic  p a r a m e t e r s  on a wi th in  
t ime-space  basis  when no a t t e m p t  is made  to  c rea t e  
m a j o r  dif ferences  in m a c r o - e n v i r o n m e n t s  over  a per i-  
od of genera t ions .  The  theo re t i ca l  issues r e l a t ed  to  
th is  p rob l e m have  been e x a m i n e d  b y  COMSTOCK 
(t960),  COMSTOCK and  MOLL (t963) and  FALCONER 
(1952). 

The  emphas i s  in th is  p a p e r  is to assess t he  magni -  
t ude  of g e n o t y p e - h a t c h  i n t e r ac t i ons  for e igh t -week  
weight  in two bro i le r  popu la t i ons  of p o u l t r y  and  
to de t e rmine  the  e x t e n t  of b ias  in h e r i t a b i l i t y  est i -  
ma te s  when the  d a t a  are  a n a l y z e d  on a w i t h i n - h a t c h  
bas is  where  h a t c h  dif ferences  are  cons idered  r a n d o m  
re l a t ive  to the  t o t a l  popu l a t i on  of mac ro -env i ron -  
ments .  

Materials and Methods 
The da ta  for this project  were collected over a two 

year  period with ten separate hatches represented. Two 
broiler s t ra ins  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 
pr imari ly  of Rhode Island Red breeding but  introductions 
from outside sources had been made. The amount  of da ta  
represented in each hatch and the breeding of the chicks 
involved are given in Table 1. Male and female eight- 
week weight were t reated as different t rai ts  and thus 
were analyzed separately.  
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Table  1. Numbers of sires, dams, and progeny in each hatch 

~'. I). ENFIELD and R. E.  COMS~OCK: 

No. of 
Hatch Breeding No. No. No. of male female 
code ot sires of dams progeny progeny 

169 Strain13 36 190 752 695 
173 629 631 

177 13 27 151 538 567 
178 486 540 

215 13 55 252 966: 10o9 
227 84~i 950 

233 13 51 3t3 1076 1113 
238 1o81 1123 

238 A 29 205 898 914 
246 871 872 

Tota l  198 111t 8143 8414 

The exper imenta l  plan was such tha t  progenies f rom 
a given set of mat ings  were represented in two separate  
hatches.  The  s tat is t ical  mode l  employed  and the  ex- 
pecta t ions  of the analysis of var iance  are g iven in Table  2. 
In  this analysis the s ta t is t ical  uni t  consisted of a full-sib 
fami ly  mean  for a g iven hatch.  A second analysis was 
used on a smaller  segment  of the  da ta  where the  experi-  
menta l  uni t  was an individual  observa t ion  so t h a t  an 
es t imate  of the  within-full-sib fami ly  component  could 
be obtained.  

Two issues are considered per t inen t  in the  analysis. 
The  first  concerns the  magni tude  of the  es t imate  of the 
s ire-hatch in terac t ion  (bs2t) re la t ive  to the sire componen t  
es t imate  (bs~). I n  this case we are considering the  im- 
por tance  of the  in terac t ion  of addi t ive  gene effects wi th  
env i ronmen t  and the  po ten t ia l  bias associated wi th  
es t imates  of addi t ive  genetic var iance  and her i tab i l i ty  in 
the  narrow sense obta ined  f rom an in t ra -ha tch  analysis. 
The  second issue is the  one ident i f ied by  COMSTOCK (I 960) 
in discussion of the  magn i tude  of geno type-env i ronment  
in terac t ion  var iances  re la t ive  to associated kinds of 
genetic var iance  as a po ten t ia l  source of bias in es t imat ion  
of re la t ive  magni tude  of dominance  and addi t ive  variance.  
Al though  the  evidence  is compl ica ted  wi th  ma te rna l  
effects in this da ta  the rat io  b~t/&' ~ as compared  wi th  b2st/b' ~ 
will provide  some informat ion  on this  mat ter .  

Results and Discuss ion 

T h e  e s t i m a t e d  c o m p o n e n t s  of v a r i a n c e  for  m a l e  a n d  
f e m a l e  e i g h t - w e e k  w e i g h t  a re  g i v e n  in  T a b l e s  3 a n d  4. 
T h e s e  c o m p o n e n t s  a re  e x p r e s s e d  as a p e r c e n t  of t h e  h~ 
t o t a l  p h e n o t y p i c  v a r i a n c e  in T a b l e  5, 

T h e  p o o l e d  e s t i m a t e s  of h e r i t a b i l i t y  o b t a i n e d  for  ka 
t h e  r a t io ,  4 ^~ ^2 G / % ,  of .27 ! .04 a n d  .29 • .04 for  
ma le s  a n d  f e m a l e s  r e s p e c t i v e l y  a re  l o w e r  t h a n  t h e  
m e d i a n  of t h e  e s t i m a t e s  for  t h i s  t r a i t  r e p o r t e d  in  t h e  G 
l i t e r a t u r e  as s u m m a r i z e d  b y  SIEGEL (t962).  I f  t h e  
s i r e - h a t c h  i n t e r a c t i o n  e f fec t  w e r e  c o n f o u n d e d  w i t h  
t h e  s ire  e f fec t s  h e r i t a b i l i t y  w o u l d  be  e s t i m a t e d  f r o m  k4 
t h e  r a t i o  4 (8~ + ^2 ^~ G t ) / %  in an  i n t r a - h a t c h  ana lys i s .  
T h e s e  e s t i m a t e s  of h e r i t a b i l i t y  w o u l d  be  .30 a n d  .35 k 
for  m a l e s  a n d  f e m a l e s  r e s p e c t i v e l y .  S t a n d a r d  e r ro rs  s 
w e r e  l a rge  e n o u g h  so t h a t  u p w a r d  b ias  m a y  h a v e  no'k 

ni b e e n  m o d e r a t e l y  Larger t h a n  a c t u a l l y  e s t i m a t e d .  X n~ 
H o w e v e r ,  t h e  r e su l t s  of t h i s  s t u d y  a d d  to  t h e  w e i g h t  �9 
of e v i d e n c e  r e p o r t e d  b y  o t h e r  worke r s ,  i n d i c a t i n g  N 
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Table  2. 

Model 

where : 

Analysis  o/Variance and Expected Mean Squares 

Si 

d i j  = 

tk 

(s t) ik  : 

Piik = # + si + dij + tk+ (st)ik + (dt)iik 

1 ~ e i i k l  
@ ni  i~k 

(complete r andom model) 

f i / jk = the fami ly  mean  for the k th ha tch  from 
the  j~  dam ma ted  to the  it~ sire. 
general  mean  for the  measurement .  
an effect  common  to all individuals  
f rom the  i th sire. 
an effect  common  to all individuals  
f rom the/'th dam ma ted  to the  i~ sire. 
an effect  common to all  individuals  in 
the  k th - hatch.  
an in terac t ion  effect be tween  sire and 
ha tch  common  to all  individuals  from 
the  it- h- sire in the  kt-~ hatch.  

(dt)ij~ = an in terac t ion  effect  be tween  danl and 
ha tch  common  to all  individuals  f rom 
t h e / ' ~  dam ma ted  to the  i th sire in the  
k th hatch.  
a residual  effect  on pheno type  of 
the  l~ individual  in the  k th hatch  f rom 
the  j~  dam mated  to the  i~ sire. 
the  number  of individuals  from the  yth 
dam ma ted  to the  i th sire in the  k@ 
hatch.  

e i j k l  

nijk 

Variance Degrees 
of Expected Mean Squares 

Sources Freedom 

Between  
hatches  k -- l 

Among  sires s -- 1 k 2 a2e + ~ + k 3 apt + k a~ + k 4 as ~ 
Among  dams 

wi th in  sires ~ ' n i - - s  k la~ + a~t + ka~ 
i 

H a t c h  • sire ( k - -  l) 

H a t c h •  ( k - -  l) 
wi th in  sires (2~ni-s) k 1 a~ + a~, 

Table 2. (con't.) Analysis  o/ Variance and Expected Mean 
Squares 

' z  I ) 
_ I ( l ) ( z z z  ' - -  Xn=, Z Z n i - - s  k \ i  i k niik �9 

i 
t ( I 1 1 ) 

- - - Z Z n r ,  f Z ' 
i 

s - I ~ni ] 

= number  of hatches  
= number  of sires 
= number  of offspring per dam in the k th ha tch  
= number  of dams ma ted  to the  iL h- sire 
= to ta l  number  of dams 

= to ta l  number  of dam ha tch  subclasses 
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Table 3. Components o/ Variance and Estimates o/Heritability [or Eight-Week Weight in Males 
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Hatches Breeding b~ b~t es2t b~ ~s ~ Heritability* 

238, 246 Line A .0540 .0123 --.0027 .0046 .0069 .35 
169, t73 Line B .0238 .008t --.0005 .0040 .0025 .26 
2t5, 227 Line B .0373 --.0007 .0021 .0110 .0018 .14 
177, t78 Line B .0480 .0079 .0007 .0038 .0049 .30 
233, 238 Line B .0440 --.0038 .0005 .0086 .0044 .31 
Pooled Line A .0411 .0036 .0003 .0080 .0039 .27 

and B 4-.0051 -t-.0030 +.0008 +.0014 4-.0009 +.04 

* 4 g2s/a~ where g~ is the sum of the within hatch components variance. 

Table 4. Components o/ Variance and Estimates o/Heritabil i ty/or Eight-Week Weight in Females 

Hatches Breeding ~ ~t a2st a~ ~s ~ Heritability 

238, 246 Line A .0203 .0035 .0018 .0069 .0049 .52 
169, t73 Line B .0235 .0004 .O004 .0054 .0028 .34 
177, t78 Line B .0317 --.0002 .0008 .0053 .00t7 .17 
215, 227 Line B .0264 .0008 .000t .0040 .0020 .24 
233, 238 Line B .0246 .0001 .000t .0050 ~002t .26 
Pooled Line A .0256 .0006 .0005 .0053 .0025 .29 

and B 4-.0019 +.0007 4-.0003 4-.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 • 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 s tudy in the 
case of data related to age at first egg the hatch • 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 JOHNSON and ASMUNnSO~ 
(t957) 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. GOOD- 
WIN and DICKERSON (t956) and GowE (1956) were 
interested in determining whether genotype • 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 MOLL (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 MOLL etal. ,  1964; ENFIELD etal. ,  
t969) then the issue of whether the biases associated 
with genotype-environment interactions have the 

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

Sex Hatch Line 

Components of Variance 
(% of total variance) 

Males 

Females 

238 A 69.41 15.81 * 5.91 8.87 
246 

169 B 6t.98 21.09 * 10.42 6.51 
173 

215 t3 7t.46 * 4.02 21.07 3.45 
227 

177 B 73.5t 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 

238 A 54.28 9.36 4.81 18.45 t3.10 
246 

169 B 72.30 t.23 1.23 16.62 8.62 
t73 

t77 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 t.74 1.45 t5.36 7.24 

* indicates a negative estimate 

same ratios as the true genetic variances is of interest. 
This issue can be evaluated in the present s tudy by 
comparing the ratios, ^~ TM " ^~ ^~ aat/a a with asff~ s. If  dominance 
variance is an important  source of variation then 
~ > ~2,. In  both the male and female data the magni- 
tude of ~ is approximately double a,. ^~ This may be 
due only in part  to dominance variance with maternal 
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effects  also l ike ly  to  be c o n t r i b u t i n g  to  ~ .  The  r a t io s  
of t he  i n t e r a c t i o n  va r i ances  to  the i r  co r re spond ing  
sire or  d a m  componen t s  a re  as  fol lows:  

Male p r o g e n y  .45 .07 
F e m a l e  p r o g e n y  .t I .20 

I n  the  female  p r o g e n y  d a t a  the re  is no th ing  to  
i nd i ca t e  d i f ferences  in i m p o r t a n c e  of i n t e r ac t i on  of 
k inds  of gene t ic  effects w i th  env i ronmen t .  I n  t he  
male  p r o g e n y  d a t a  the re  i s  some i nd i ca t i on  t h a t  the  
i n t e r a c t i o n  of n o n - a d d i t i v e  gene t ic  effects  w i th  en- 
v i r o n m e n t  is of a h igher  o rde r  of m a g n i t u d e  t h a n  the  
a d d i t i v e  • e n v i r o n m e n t a l  effects.  H o w e v e r  t he  large  
s ampl ing  errors  a s soc ia t ed  wi th  the  r a t io  p rec lude  the  
obse rved  differences be ing  s t a t i s t i c a l l y  s ignif icant .  
The  r e l a t ive  i m p o r t a n c e  of the  i n t e r a c t i o n  of env i ron-  
m e n t  wi th  a d d i t i v e  and  n o n - a d d i t i v e  gene t ic  effects 
has  been  cons idered  in some p l a n t  b reed ing  exper i -  
m e n t s  where  g e n o t y p e - e n v i r o n m e n t  i n t e r ac t i ons  are  
cons idered  more  i m p o r t a n t  sources of va r i a t ion .  
ROjAS and  SPRAGUE (1952) r e p o r t e d  t h a t  in t he  case 
of corn y ie ld  t he  i n t e r ac t i on  va r i ance  a s soc ia t ed  wi th  
dominance  effects  was la rger  r e l a t ive  to  dominance  
va r i ance  t h a n  i n t e r ac t i on  va r i ance  assoc ia ted  wi th  
a d d i t i v e  effects  r e l a t ive  to  a d d i t i v e  gene t ic  va r i ance .  
Confl ic t ing resul t s  were r e p o r t e d  b y  CO~tSTOCK (1960) 
for  t he  same  t ra i t .  However ,  in bo th  e x p e r i m e n t s  the  
r e l a t ive  m a g n i t u d e  of the  i n t e r a c t i o n  va r i ances  to  the  
gene t ic  va r i ances  was much  la rger  t h a n  our  d a t a  
ind ica tes  for e igh t -week  we igh t  in pou l t ry .  

The  resu l t s  of th is  s t u d y  suggest  t h a t  when no 
a t t e m p t  is m a d e  to  c rea te  e n v i r o n m e n t a l  d i f ferences  
be tween  ha tches ,  t he  i n t e r ac t i on  of g e n o t y p e  wi th  
the  r a n d o m  e n v i r o n m e n t a l  effects  a s soc ia t ed  wi th  
differences among  ha tches  c o n t r i b u t e  a r e l a t i v e l y  
smal l  f rac t ion  (less t h a n  4%) of t he  t o t a l  v a r i a t i o n  for  
e igh t -week  weight  in pou l t ry .  E s t i m a t e s  of a d d i t i v e  
gene t ic  va r i ance  a n d  h e r i t a b i l i t y  e s t i m a t e d  on an 
i n t r a - h a t c h  bas is  would  be  b i a sed  u p w a r d  10 to  20 per-  
cent  when  cons ider ing  e igh t -week  weight .  
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