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S u m m a r y .  A p p r o x i m a t e  s t a n d a r d  e r r o r s  of  g e n e t i c  p a r a m e t e r  e s t i m a t e s  w e r e  o b t a i n e d  u s i n g  a s i m u l a t i o n  t e c h -  
n ique  and  a p p r o x i m a t i o n  f o r m u l a e  f o r  a s i m p l e  s t a t i s t i c a l  m o d e l .  The s i m i l a r i t y  of  t he  c o r r e s p o n d i n g  e s t i m a t e s  
of  s t a n d a r d  e r r o r s  f r o m  t h e  two m e t h o d s  i n d i c a t e d  that  the  s i m u l a t i o n  t e c h n i q u e  m a y  be  u s e f u l  f o r  e s t i m a t i n g  the  
p r e c i s i o n  of g e n e t i c  p a r a m e t e r  e s t i m a t e s  f o r  c o m p l e x  m o d e l s  o r  u n b a l a n c e d  p o p u l a t i o n  s t r u c t u r e s  w h e r e  a p p r o x i  
m a t i o n  f o r m u l a e  do not app ly .  The m e t h o d  of  g e n e r a t i n g  s i m u l a t i o n  p o p u l a t i o n s  in  t h e  c o m p u t e r  i s  o u t l i n e d ,  and  a 
t e c h n i q u e  of  s e t t i n g  a p p r o x i m a t e  c o n f i d e n c e  l i m i t s  to h e r i t a b i l i t y  e s t i m a t e s  i s  d e s c r i b e d .  

Key  w o r d s :  P a r a m e t e r s  - G e n e t i c s  - P r e c i s i o n  - S i m u l a t i o n  

I n t r o d u c t i o n  

Several attempts have been made to provide approxi- 

mate formulae for the standard errors of heritability 

and genetic correlation estimates derived from vari- 

ance and covariance components (e. g. Dickerson 

1960; Robertson 1959; Grossman and Norton 1974) 

for a few limited hierarchical statistical models, 

sometimes with very restrictive assumptions. How- 

ever, there are no general formulae that are appli- 

cable to the many possible models or combinations 

of circumstances. 

A simulation technique was used by Van Vleck 

and Henderson (1961) and Shook and Barr (1968) as 

an empirical check on the approximation formulae of 

Reeve (1955) and Tallis (1959) for the sampling vari- 

ance of genetic correlation estimates. In this study, 

simulation was carried out to check the approximate 

standard errors from formulae of genetic parameter 

estimates of egg composition traits in a study by Roda, 

Friars, Gavora and Merritt (1977) from 998 progeny 

distributed over 229 dams and 56 sires. The experiment 

was designed to obtain 5 progeny from each of the 4 

sire-dam families, but in all cases a minimum of 17 

progeny per sire was maintained by the addition of a 

fifth family, if necessary. Thus, the data were very 

close to being equal number subclasses. A computer 

was used to generate many simulated populations of 

observations from the parameters estimated from the 

o r i g i n a l  e x p e r i m e n t a l  o b s e r v a t i o n s .  S u b s e q u e n t l y ,  

p a r a m e t e r  e s t i m a t e s  w e r e  c a l c u l a t e d  f r o m  the  s i m u -  

l a t e d  p o p u l a t i o n s ,  t h e i r  d i s t r i b u t i o n  was  e x a m i n e d ,  

and  s t a n d a r d  e r r o r s  c a l c u l a t e d .  

E x p e r i m e n t a l  M e t h o d  

E s t i m a t i o n  of  h e r i t a b i l i t i e s  and  g e n e t i c  c o r r e l a t i o n s  

S i r e ,  dam and  p r o g e n y  v a r i a n c e  c o m p o n e n t s  w e r e  

e s t i m a t e d  by H e n d e r s o n ' s  Me thod  1 (1953)  fo r  egg  

c o m p o s i t i o n  and  egg  p r o d u c t i o n  t r a i t s  u s i n g  the  n e s t e d  

m o d e l  : 

Yijk = ~ + si + dij + Pijk 

w h e r e  Yijk i s  t he  o b s e r v a t i o n  on the  k th p r o g e n y  

wi th in  the  j th  dam wi th in  

the  i th s i r e ;  

i s  a c o n s t a n t  c o m m o n  to a l l  o b s e r v a t i o n s ;  

s i ,  dij and  Pijk r e f e r  to r a n d o m  e f f e c t s  of  s i r e s ,  

d a m s  and  p r o g e n y  with  z e r o  m e a n s  and v a r i a n c e s  
(7 2 dd,~ and a 2 r e s p e c t i v e l y .  s '  p 

To e s t i m a t e  t he  c o v a r i a n c e  c o m p o n e n t s  b e t w e e n  t r a i t s  

A and B,  a new t r a i t ,  t r a i t  C was  f o r m e d  by s u m -  

m i n g  v a l u e s  of  t r a i t s  A and  B fo r  e a c h  o b s e r v a t i o n .  

V a r i a n c e  c o m p o n e n t s  f o r  t r a i t  C w e r e  e s t i m a t e d ,  

and  c o v a r i a n c e  c o m p o n e n t s  b e t w e e n  t r a i t s  A and  B 
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w e r e o b t a i n e d f r o m t h e i d e n t i t y  COVAB = ( a  2 -  2 2 a A- %)/2 2 2 2 
w e r e  a A,  a B a n d  a C a r e  v a r i a n c e  c o m p o n e n t s  f o r  

t r a i t s ,  A,  B a n d  C r e s p e c t i v e l y .  S i r e  h a l f - s i b  a n d  f u l l -  

s i b  h e r i t a b i l i t i e s  a n d  g e n e t i c  c o r r e l a t i o n s  w e r e  e s t i -  

m a t e d  f r o m  t h e s e  v a r i a n c e  a n d  c o v a r i a n c e  c o m p o n e n t  

e s t i m a t e s .  

The a p p r o x i m a t e  s t a n d a r d  e r r o r s  of t h e  h e r i t a b i -  

l i t y  e s t i m a t e s  w e r e  e s t i m a t e d  u s i n g  t h e  f o r m u l a e  

r e p o r t e d  by  D i c k e r s o n  ( 1 9 6 0 )  a s  s i m p l i f i e d b y  B e c k e r  

( 1 9 6 7 )  : 

2 V a r  ( ~ )  
S . E .  '~'hsHs'~-2 -2 ~2 

a s + a d + ap 

~2 ~2 ^2 ^2 
V a r  ( ~s  ) + V a r  ( a d) + 2 C o v  ( ~ s '  ~d ) 

S'E'(h2s ) = ~2s+~2 d ^2 
+ ap  

w h e r e  SHS d e n o t e s  s i r e  h a l f - s i b  a n d  F S  d e n o t e s  f u l l -  

s i b .  

The  s a m p l i n g  v a r i a n c e s  a n d  c o v a r i a n c e s  of  t h e  

v a r i a n c e  c o m p o n e n t  e s t i m a t e s  in  t h e  n u m e r a t o r s  of  

t h e  a b o v e  f o r m u l a e  w e r e  e s t i m a t e d  f r o m  t h e  e x a c t  

f o r m u l a e  g i v e n  by  S e a r l e  ( 1 9 7 1 ) ,  u n d e r  t h e  a s s u m p -  

t i o n  t h a t  t h e  e f f e c t s  in  t h e  m o d e l  a r e  n o r m a l l y  d i s t r i -  

b u t e d ,  a n d  a r e  e x a c t  o n l y  f o r  s p e c i f i e d  v a l u e s  of t h e  

v a r i a n c e s  w h i c h  a r e  u n k n o w n .  

The  f o r m u l a  of  R o b e r t s o n  ( 1 9 5 9 )  w a s  u s e d  to 

e s t i m a t e  t h e  s t a n d a r d  e r r o r s  of  g e n e t i c  c o r r e l a t i o n  

e s t i m a t e s .  T h i s  f o r m u l a  a s s u m e s  e q u a l  f a m i l y  s i z e s ,  

a n d  e q u a l  a n d  k n o w n  h e r i t a b i l i t y  v a l u e s  of  t h e  t r a i t s .  

F o r m a t i o n  of  s i m u l a t e d  p o p u l a t i o n s  

The  a s s u m p t i o n s  r e q u i r e d  to  f o r m  s i m u l a t e d  p o p u l a -  

t i o n s  w e r e  a s  f o l l o w s :  

( a )  t h e  r a n d o m  e f f e c t s  i n  t h e  m o d e l  w e r e  n o r -  

m a l l y  d i s t r i b u t e d ;  

( b )  t h e  e s t i m a t e s  of v a r i a n c e s  a n d  c o v a r i a n c e s  

due  to  s i r e s ,  d a m s  a n d  p r o g e n y  d e r i v e d  f r o m  t h e  e x -  

p e r i m e n t a l  d a t a  w e r e  t h e  t r u e  p o p u l a t i o n  p a r a m e t e r s .  

The  m e t h o d  of  o b t a i n i n g  a m u l t i n o r m a l l y  d i s t r i -  

b u t e d  o b s e r v a t i o n  v e c t o r  of  q t r a i t s  d e s c r i b e d  by 

H o c k i n g  a n d  S m i t h  ( 1 9 6 7 )  i s  o u t l i n e d  b e l o w .  

( a )  F o r m  a q • q s y m m e t r i c  m a t r i x  V of v a r i -  

a n c e s  a n d  c o v a r i a n c e s  f o r  e a c h  r a n d o m  e f f e c t  i n  t h e  

m o d e l  ( i . e .  Y s '  V d '  V p ) .  

T h e o r .  A p p l .  G e n e t .  
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F i g .  1. F r e q u e n c y  d i s t r i b u t i o n s  of  ( a )  s i r e - h a l f - s i b  
a n d  ( b )  f u l l - s i b  h e r t a b i l i t y  e s t i m a t e s  f o r  a l b u m e n  
p e r c e n t a g e - s o l i d s  f r o m  400 s i m u l a t e d  p o p u l a t i o n s  

( b )  F o r  e a c h  V m a t r i x ,  f o r m  a c o r r e s p o n d i n g  

q • q l o w e r  t r i a n g u l a r  T m a t r i x ,  s u c h  t h a t  TT'  = V. 

Let t i j  , v i i  r e p r e s e n t  e l e m e n t s  of T a n d  V r e s p e c -  

t i v e l y ,  t h e n  

g-1 ) 1/2 
= - ~ ,  t 2 t gg  Vgg gk 

k= l  

t g j ( g  > j )  = Vgj - t j k t g  k / t j j  

k= l  

(g  : 1 . . . . .  q , ( j  : 1 . . . . .  g ) ) .  

( c )  U s i n g  a r a n d o m  n o r m a l  d e v i a t e  g e n e r a t o r ,  

f o r m  a v e c t o r  w of  q r a n d o m  n o r m a l  d e v i a t e s  w i t h  

E ( w ) =  0 a n d  V a r ( w )  = I ,  ( i . e .  z e r o  m e a n  a n d  

un i t  v a r i a n c e ) .  

( d )  P o s t m u l t i p l y  T by  w to  f o r m  u,  w h i c h  i s  a 

m u l t i n o r m a l l y  d i s t r i b u t e d  v e c t o r  of  q e f f e c t s  w i th  

E ( u )  = 0 a n d  V a r ( u )  = V. The v e c t o r  u i s  n o w a  

v e c t o r  of s i m u l a t e d  e f f e c t s  f o u n d  in  t h e  m o d e l .  The 

d a t a  f r o m  t h e  o r i g i n a l  e x p e r i m e n t  w e r e  s o r t e d  p r o -  

g e n y  w i t h i n  d a m s  a n d  d a m s  w i t h i n  s i r e s .  Then ,  t a k i n g  

e a c h  p r o g e n y  in  o r d e r ,  a v e c t o r  Up of  e f f e c t s  w a s  

g e n e r a t e d  f o r  e a c h  p r o g e n y ,  a v e c t o r  u d f o r  e a c h  new  

d a m  a n d  a v e c t o r  u f o r  e a c h  new  s i r e ,  a n d  t h e t h r e e  ~g 
v e c t o r s  s u m m e d  to  f o r m  t h e  o b s e r v a t i o n  v e c t o r  f o r  

q t r a i t s ,  j u s t  a s  in  t h e  s t a t i s t i c a l  m o d e l :  

Yijk = ~ + s i  + dij  + Pi jk"  
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80% Tolerance Limits 

F i g .  3 .  G r a p h  f o r  o b t a i n i n g  80 % T o l e r a n c e  L i m i t s  f o r  
h e r i t a b i l i t y  e s t i m a t e s  f o r  t h e  s p e c i f i c  p o p u l a t i o n  s t r u c -  
t u r e  a n d  m e t h o d  of  e s t i m a t i o n  u s e d  to d e r i v e  e s t i -  
m a t e s  

W i t h o u t  l o s s  of  g e n e r a l i t y ,  ~ w a s  s e t  e q u a l  to  z e r o .  

The  d e s i g n  f o r  t h e  s i m u l a t e d  o b s e r v a t i o n s  w a s  t h e r e -  

f o r e  i d e n t i c a l  to  t h a t  in  t h e  o r i g i n a l  d a t a .  

W h e n  t h e  s i m u l a t e d  p o p u l a t i o n  w a s  c o m p l e t e ,  g e n -  

e t i c  p a r a m e t e r s  w e r e  e s t i m a t e d  by  t h e  s a m e  s t a t i s -  

t i c a l  a n a l y s i s  a s  t h e  o r i g i n a l  e x p e r i m e n t a l  d a t a .  The  

e x p e c t a t i o n s  of s u m s  of  s q u a r e s  w e r e  i d e n t i c a l  f o r  

e a c h  s i m u l a t e d  s a m p l e ,  a n d  s o  i t  w a s  u n n e c e s s a r y  to 

r e c a l c u l a t e  t h e m  f o r  e a c h  s a m p l e .  T h i s  p r o c e d u r e  w a s  

r e p e a t e d  200 o r  400 t i m e s ,  p r o v i d i n g  a f r e q u e n c y  d i s -  

t r i b u t i o n  of  e s t i m a t e s  f o r  e a c h  g e n e t i c  p a r a m e t e r  

( e x a m p l e ,  F i g .  1 ) ,  a n d  s t a n d a r d  d e v i a t i o n s  w e r e  e s t i -  

m a t e d .  The  p o i n t s  b e y o n d  w h i c h  t h e  u p p e r  a n d  l o w e r  

10 70 of  t h e  d i s t r i b u t i o n  of e s t i m a t e s  f e l l  a r e  k n o w n  

a s  e s t i m a t e s  of  t h e  80 ~ t o l e r a n c e  l i m i t s  f o r  t h e  p o -  

p u l a t i o n .  

I n t e r p r e t a t i o n  of  r e s u l t s  f r o m  t h e  s i m u l a t i o n  t e c h -  

n i q u e  

The  v a r i a n c e  of  h e r i t a b i l i t y  e s t i m a t e s  i s  f o u n d  f r o m  

t h e  d i s t r i b u t i o n  of  ~2 ,  a n  e s t i m a t e  of  h 2, w h i c h  d e -  

p e n d s  o n  t r u e  ( u n k n o w n )  v a l u e s  of  h 2,  t h e  n u m b e r  of  

s i r e s ,  d a m s ,  a n d  p r o g e n y ,  a n d  t h e  m e t h o d  of  e s t i m a -  

t i o n .  F o r  a g i v e n  d e s i g n  p a t t e r n  of  s i r e s ,  d a m s  a n d  

p r o g e n y  a n d  a m e t h o d  of  e s t i m a t i o n ,  t h e  s i m u l a t i o n  

m e t h o d  p r o v i d e s  a n  a p p r o x i m a t i o n  to  t h e  t r u e  s a m p l e  

v a r i a n c e  of  ~2 f o r  e a c h  f i x e d  h 2 .  The  s t a n d a r d  d e v i -  

a t i o n  i s .  e .  s ) of  t h e  d i s t r i b u t i o n  i s  a n  e s t i m a t e  of  t h e  

t r u e  s t a n d a r d  e r r o r  of  ~2 .  

If t h e  a s s u m e d  v a l u e  of  h 2 u s e d  to  s i m u l a t e  t h e  

p o p u l a t i o n s  w a s  c l o s e  to  t h e  u n k n o w n  t r u e  v a l u e  of  h 2 

f o r  t h a t  t r a i t ,  t h e n  s . e .  s i s  l i k e l y  to b e  c l o s e  to t h e  

t r u e  s t a n d a r d  e r r o r  of  ~ 2  The  a s s u m p t i o n  i s  m a d e  

t h a t  s m a l l  d i f f e r e n c e s  b e t w e e n  t h e  a s s u m e d  a n d  t r u e  

v a l u e  of  h 2 do not  g r e a t l y  c h a n g e  s . e . .  A s i m i l a r  
s 

a s s u m p t i o n  i s  m a d e  f o r  g e n e t i c  c o r r e l a t i o n  e s t i m a t e s .  

R e s u l t s  

H e r i t a b i l i t y  e s t i m a t e s  a n d  s t a n d a r d  e r r o r s  

The r e g r e s s i o n  of  s . e .  on  h 2 w a s  s m a l l  f o r  h a l f - s i b  
S 

h e r i t a b i l i t y  e s t i m a t e s  a n d  a l m o s t  z e r o  f o r  f u l l - s i b  e s -  

t i m a t e s ,  s u g g e s t i n g  t h a t  t h e  v a l u e s  f o r  s . e .  w e r e  
s 

good  a p p r o x i m a t i o n s  of  t h e  s t a n d a r d  e r r o r s  of e s t i -  

m a t e s  of  t h e  u n k n o w n  h e r i t a b i l i t i e s .  The  s t a n d a r d  e r -  

r o r  ( s .  e .  f)  c a l c u l a t e d  f r o m  t h e  m o d i f i e d  D i c k e r s o n ' s  

f o r m u l a  w e r e  s l i g h t l y  l a r g e r ,  ( F i g .  2)  but  w e r e  o t h e r -  

w i s e  q u i t e  c o n s i s t e n t  w i t h  t h o s e  f r o m  t h e  s i m u l a t i o n  

s t u d y .  

The 80 7~ t o l e r a n c e  l i m i t s  of  t h e  h a l f - s i b  h e r i t a b i l i t y  

e s t i m a t e s  w e r e  p l o t t e d  ( F i g .  3)  a g a i n s t  t h e  p a r a m e t e r  

v a l u e s  o n  w h i c h  t h e  s i m u l a t i o n s  w e r e  b a s e d .  R e g r e s -  

s i o n  l i n e s  w e r e  f i t t e d  to  u p p e r  a n d  l o w e r  l i m i t s .  

W h e n  a n  e s t i m a t e  of  h e r i t a b i l i t y  i s  a v a i l a b l e ,  80 70 

c o n f i d e n c e  l i m i t s  of t h e  t r u e  h e r i t a b i l i t y  c a n  b e  f o u n d  

by  c o n s t r u c t i n g  a h o r i z o n t a l  l i n e  t h r o u g h  t h e  v a l u e  of  

t h e  e s t i m a t e  on  t h e  v e r t i c a l  a x i s ;  t h i s  l i n e  wi l l  i n t e r -  

s e c t  t h e  two r e g r e s s i o n s  at  p o i n t s  w h i c h  m a y  be  r e a d  
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F i g .  4.  S t a n d a r d  e r r o r s  of  s i r e - h a l f - s i b  g e n e t i c  c o r -  
r e l a t i o n  e s t i m a t e s  f r o m  a p p r o x i m a t e  f o r m u l a e  ( w h i t e  
c i r c l e s )  a n d  f r o m  s i m u l a t i o n  ( b l a c k  c i r c l e s )  
E s t i m a t e s  i n v o l v i n g  egg  l a y i n g  i n t e n s i t y  a r e  m a r k e d  
w i t h  a n  "L" 

off  o n  t h e  h o r i z o n t a l  a x i s .  T h e s e  two  p o i n t s  a r e  t h e  a p -  

p r o x i m a t e  80 7~ c o n f i d e n c e  l i m i t s  f o r  t h e  e s t i m a t e  ( M o o d  

e t  a l .  1974)  i f  t h e  r e g r e s s i o n s  a r e  c o r r e c t l y  a s s u m e d  

to  b e  l i n e a r .  F o r  e x a m p l e ,  t h e  c o n f i d e n c e  l i m i t s  on  

t h e  h e r i t a b i l i t y  e s t i m a t e  of  0 . 3 7  f o r  egg  w e i g h t  w e r e  

0 . 2 2  a n d  0 . 5 8 .  B e t t e r  e s t i m a t e s  of  t h e  s l o p e s  of  t he  

r e g r e s s i o n  l i n e s  wou ld  h a v e  b e e n  o b t a i n e d  h a d  s o m e  

" a r t i f i c i a l "  t r a i t s  b e e n  s i m u l a t e d  w i t h  h 2 r a n g i n g  f r o m  

0 . 0 0  to  1 . 0 0  i n s t e p s  of  0 . 1 0 .  The g r a p h  i n F i g .  3 c a n  

o n l y  b e  u s e d  f o r  t h e  p a r t i c u l a r  p o p u l a t i o n  s i z e ,  s t r u c -  

t u r e ,  a n d  m e t h o d  of  e s t i m a t i o n  f r o m  w h i c h  i t  w a s  d e -  

r i v e d .  Tha t  i s ,  a d e s i g n  w i t h  56 s i r e s ,  e a c h  m a t e d  to 

4 o r  5 d a m s  g i v i n g  r i s e  to  4 o r  5 p r o g e n y  p e r  m a t i n g  

f o r  a t o t a l  of  998 o b s e r v a t i o n s .  

G e n e t i c  c o r r e l a t i o n s  

The  s t a n d a r d  e r r o r s  of  s i r e  h a l f - s i b  g e n e t i c  c o r r e -  

l a t i o n  e s t i m a t e s  c a l c u l a t e d  f r o m  t h e  a p p r o x i m a t e  

f o r m u l a  of  R o b e r t s o n  ( 1 9 5 9 )  a n d  f r o m  t h e  s i m u l a t i o n  

s t u d y  s h o w e d  g o o d  a g r e e m e n t  ( F i g .  4) w i t h  f o u r  o b -  

v i o u s  e x c e p t i o n s .  T h e s e  e x c e p t i o n s  a p p l y  to  c o r r e l a -  

t i o n s  i n v o l v i n g  egg  l a y i n g  i n t e n s i t y  w h i c h  h a d  a low 

h e r i t a b i l i t y  ( 0 . 0 7 ) .  T h o s e  f o u r  c a s e s  s e r i o u s l y  v i o -  

l a t e d  two of  t h e  a s s u m p t i o n s  o n  w h i c h  t h e  f o r m u l a  

w a s  b a s e d :  ( i )  t h e  h e r i t a b i l i t i e s  w e r e  f a r  f r o m  e q u a l  

0 . 0 7  v 0 . 5 5 ;  0 . 0 7  v 0 . 4 5 ;  0 . 0 7  v 0 . 4 0 ;  0 . 0 7  v .  0 . 5 8 ) ;  

a n d  ( i i )  t h e  e s t i m a t e  of  t h e  h e r i t a b i l i t y  of l a y i n g  i n -  

t e n s i t y  had  a c o m p a r a t i v e l y  l a r g e  s t a n d a r d  e r r o r  

( s .  e .  = 0 . 0 7 )  r e l a t i v e  to  t h e  h e r i t a b i l i t y  v a l u e .  In 
s 

t h e  r e m a i n d e r  of  t h e  c a s e s ,  t h e  e s t i m a t e s  w e r e  not  

g r e a t l y  d i s s i m i l a r  ( l o w e s t  0 . 3 7  ; h i g h e s t  0 . 5 8 )  a n d  

w e r e  f a i r l y  p r e c i s e l y  e s t i m a t e d  ( s t a n d a r d  e r r o r s  of 

e s t i m a t e s  w e r e  a r o u n d  0 . 1 4 ) .  In a l l  c a s e s  t h e  a s -  

s u m p t i o n  of  e q u a l  f a m i l y  s i z e  w a s  not  g r e a t l y  v i o l a t e d .  

F i g .  4 s u g g e s t s  a d e p e n d e n c e  b e t w e e n  t h e  v a l u e  of  

t h e  c o r r e l a t i o n  a n d  i t s  s t a n d a r d  e r r o r .  A n  o v e r e s t i -  

m a t e  of  t h e  t r u e  g e n e t i c  c o r r e l a t i o n  wou ld  l e a d  to  a n  

u n d e r e s t i m a t e  of t h e  t r u e  s t a n d a r d  e r r o r  a n d  v i c e  

versa. 

D i s c u s s i o n  

The  a p p r o x i m a t i o n  f o r m u l a e  g a v e  good  e s t i m a t e s  of  

t h e  s t a n d a r d  e r r o r s  of  h e r i t a b i l i t y  e s t i m a t e s  b e c a u s e  

it  c a n  b e  s h o w n  t h a t  t h e  n u m e r a t o r  t e r m s  i n  t h e  f o r -  

m u l a e  a r e  t h e  a c t u a l  s t a n d a r d  e r r o r s  of t h e  e s t i m a t e s  

of  a d d i t i v e  g e n e t i c  v a r i a n c e .  The  a p p r o x i m a t i o n  f o r -  

m u l a  a s s u m e s  t h e  d e n o m i n a t o r  i s  a c o n s t a n t ,  bu t  t h e  

t h e  c o r r e c t  v a l u e  of  t h e  s t a n d a r d  e r r o r  of  h e r i t a b i l i -  

t i e s  d e p e n d s  on  t h e  s a m p l i n g  v a r i a t i o n  of  t he  d e n o m i -  

a t o r  a n d  i t s  c o r r e l a t i o n  w i t h  t h e  n u m e r a t o r .  The  f o r -  

m u l a e  m a k e  no o t h e r  a s s u m p t i o n s  e x c e p t  t h a t  t h e  

e f f e c t s  a r e  n o r m a l l y  d i s t r i b u t e d .  F o r  g e n e t i c  c o r r e -  

l a t i o n s ,  t h e  s i m u l a t i o n  t e c h n i q u e  p r o d u c e d  e s t i m a t e s  

of  s t a n d a r d  e r r o r s  w h i c h  w e r e  q u i t e  c l o s e  to t h e  v a l -  

u e s  o b t a i n e d  by  t h e  f o r m u l a  of  R o b e r t s o n  ( 1 9 5 9 )  w h e n  

t h e  a s s u m p t i o n s  w e r e  not  s e r i o u s l y  v i o l a t e d .  The 

c l o s e  a g r e e m e n t  b e t w e e n  s t a n d a r d  e r r o r  e s t i m a t e s  

by  t h e  a p p r o x i m a t i o n  f o r m u l a e  a n d  s i m u l a t i o n  p r o c e -  

d u r e  c o u l d  b e  due  to  t h e  n e a r l y  e q u a l  s u b c l a s s  n u m -  

b e r s  in  t h i s  s t u d y .  S i n c e  t h e  a p p r o x i m a t i o n  f o r m u l a e  

a s s u m e  e q u a l  s u b c l a s s  n u m b e r s ,  t h e  s i m u l a t i o n  p r o -  

c e d u r e  m i g h t  b e  e x p e c t e d  to y i e l d  b e t t e r  e s t i m a t e s  

of  s t a n d a r d  e r r o r s  t h a n  t h e  f o r m u l a e  u n d e r  d r a s t i -  

c a l l y  u n e q u a l  s u b c l a s s  n u m b e r  s i t u a t i o n s .  

The s i m u l a t i o n  t e c h n i q u e  a p p e a r s  to  be  a u s e f u l  

a n d  e a s y  m e t h o d  of  f i n d i n g  a p p r o x i m a t e  s t a n d a r d  e r -  

r o r s  of  h e r i t a b i l i t i e s  a n d  g e n e t i c  c o r r e l a t i o n s ,  a n d  

c a n  a l s o  b e  u s e d  to  o b t a i n  a p p r o x i m a t e  c o n f i d e n c e  

l i m i t s  a r o u n d  h e r i t a b i l i t y  e s t i m a t e s .  I t s  g r e a t  p o t e n -  

t i a l  l i e s  in  t h a t  i t  i s  not  l i m i t e d  to  p a r t i c u l a r  s t a t i s t i -  

c a l  m o d e l s ,  n o r  to  c o n d i t i o n s  of  e q u a l  f a m i l y  s i z e s .  

F o r  m i x e d  m o d e l s ,  t h e  f i x e d  e f f e c t s  c a n  b e  a s s i g n e d  

a r b i t r a r y  v a l u e s ,  t h e  e a s i e s t  a r e  z e r o ,  a n d  t h e  s i m -  

u l a t e d  d a t a  c a n  b e  a n a l y z e d  e x a c t l y  a s  t h e  o r i g i n a l  

d a t a .  If  t h e  d i s t r i b u t i o n  of  e f f e c t s  i s  not  n o r m a l ,  t h e n  
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samples may be drawn from the appropriate distri- 

bution if it is known. Although the simulation techni- 

que may be laborius in terms of computer program 

development, it offers a general solution of the prob- 

lem of estimating the sampling variation of genetic 

parameter estimates. 
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