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Variation of Milk Records Within Paternal-Sib Groups 

L. D. VAN VLECK 
Department of Animal Science, Cornell University, Ithaca. New York 

Abstract 

Differences between daughter-dam and 
paternal sib estimates of heritability of 
first lactation milk yield have not been 
explained for New York data. Deviations 
of first lactation records from herdmate 
means of 155,070 artificially sired Holsteins 
were analyzed to examine the effect of un- 
equM within group variances on the pa- 
ternal sib estimate of heritability. The 
statistical model used to describe the data 
wasy~j = /x + s~ + e¢~ with o-~¢~ = o-~ + 

Estimates of the within sire-group O- e i .  

variances, cr~, were heterogeneous (P < 
.05) for each year of freshening, 1951-64. 
Average heritability estimates were .24, for 

2 
both the usual analysis which assumes o-., 
---= ¢% for all i and the method which es- 
timates oG as o-d~, each ~ as m%~ and 
heritability as 4o-A/(m~ q-~%).  Similar 
results were obtained for other breeds. 
Repeatability of ¢d,~ from year to year 
was estimated as .39 if yearly o-/,~ was 
expressed as a fraction of the average 
within group variance for that year and as 
.58 if yearly changes in average variance 
were ignored. Estimates of genetic value 
changed little when using m%~ in tile re- 
gression of the group mean on true daugh- 
ter superiority as compared to using the 
pooled within group variance in the re- 
gression coefficient. 

Bradford and Van Vleek (2) reported a 
large difference between estimates of heritabil- 
ity of first lactation milk production from 
daughter-dam regression, .40, and paternal 
half-sib correlations, .25. Further reports have 
not satisfactorily resolved the difference but 
have apparently eliminated maternal effects 
and the interaction of additive by additive ge- 
netic effects as possible causes of the difference. 
Small fractions of the difference have been at- 
tributed to enviromnental correlations between 
daughter and dam records and to changes in 
variance associated with an increase in mean 
production. Johnson (3), Wadell, Van Vleck, 
and Henderson (8), and Van Vleck and Barr 

Received for publication March 16, 1968. 

(7) have, however, reported heterogeneity of 
variances within groups of paternal half-sis- 
ters. The present study was initiated to de- 
termine if such heterogeneous variances are 
responsible for the differences in heritability 
estimates. 

Data 

First  laetation (2×,  305-day, mature equiva- 
lent) milk records of artificially sired 
(AI) cows of the Ayrshire, Brown Swiss, Jer- 
sey, Holstein, ~,nd Guernsey breeds were avail- 
able from the AI sire file of the New York 
Dairy Records Processing Laboratory. Records 
begun after 35 months of age were not included 
nor were records initiated or ended by abortion. 
The records were expressed as deviations from 
their adjusted herd-mate averages (4). The 
number of records ~nd number of sires for 
each year from 1950 through 1964 are shown 
in Tables 1, 2, 3, 4, and 5. Each year began 
April 1 and ended March 31 of the following 
calendar year. 

Methods 

The statistical model used to describe a record 
of the 9 daughter of the i "  sire was: 

y~j =/~ ÷ st + e i j ,  where 
/z is a population constant; 
st is a random effect common to daugh- 

ters of the i ''~ sire with mean, zero, 
and variance, cr2s ; 

% is a random effect common to the 
record of the 9 daughter of the i ' '  
sire with mean, zero, and variance, 
o-%~, which is equivalent to /c~cr% (k~ 
being a constant associated with the 
i t~ sire). The s~ and e~ are assumed 
to be independent for all i and j. 

I f  k~ = 1 for all i, then this is tile usual ran- 
dora effects, one-way classification model, cr ~, 
and o--~ were estimated for the usual model 
which assmnes k~ equals one for all i by equating 
the total sum of squares, the sire sum of squares 
and the correction factor to their expectations. 

~r~ and ~r~,~ were estimated by equating the 
total sum of squares, the individual sire con- 
tributions to the sire sum of squares and the 
correction factor to their expectations. The 
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I I v  

expectations, as are well  known,  are given be- 
low where n~ is the number of  daughters o£ the 

S 
i t~ sire, ~. ~ ~ n~ and s is the number  of sires. 

i 
The symbol  E[ ] is used to indicate expectation. 

i 

I ~b3 z ~ b  2 E ( ~  y s j ) 2 / n  s s~ + nso-% -k ~ e  s, and 

J 

] V Sn~ 1 S 
r , j ) 2 / , .  = + _ 2 + 

L ~  3 n . i  
l s  

n . i  

The easiest computing procedure is to esti- 
mate each 2 from the corresponding within (T el 
sire sum of  squares as 

, ~ y ~ j _  ( ~ y ~ ) 2 / n  ~ / ( n ~ - -  Erl ¢~ 

j J 
and ~r2s as 

r S ~ S ~ (n .  -- 1 )  

LiJ i j  ~. 

s l 1 s 

~ n , ~ %  J / ( n . -  - -  :~.n2,). 
i n.  i 

The 2 o-~ ~ were tested for heterogeneity with 
Bartlett's (1) test. 

The comparison of most  interest was  between 
the estimates of  (r% under the two different 
assumptions : k~ = 1 and k~ v ~ k~,. 

t teri tabi l i ty  was estimated in three ways:  
1 )  hi  -~ 4o'%/(o'% "-~ (~%) where 3-% and &% 

were estimates f rom the usual anal- 
ysis (kl = 1) .  Note  that &% is 
equivalent to 
S 

( n ,  - -  1 )  o-~%J(n.  - -  s ) ;  
i 

= 4 q ~ / ( ~  - - ~  w h e r e  ° and 2 )  h~ ~ 2 + c ~ )  o-~'. 

~%~ were estimated from the other 
analysis  (k~ # kl,) where 

s 
(r~ ~ ---- ~ ni o-1 ~ / n .  ; and 

i 
3) h, = 4o'1%//(o~s ~- 0"22.) where o"2% : 

S 
~:~Js .  

i 
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These analyses were done for data from each 
year of freshening beginning April 1950 and 
for data over all years. The minimum number 
of daughter records per sire for calculation of 
a variance was J~ve. 

Repeatability of o-'~ was estimated by doing 
an among and within sire analysis using the 
o-~L~ as the units of observation. For example, 
sire i with daughters in four years would have 
four observations: (r~%~ for year l ,  o-~ for 
year 2, etc. Various adjustments in the ~%~ 
were made in an attempt to remove the effect 
of increasing variance in the later years: 1) 
each u1%~ was expressed as a fraction of the 
unweighted average o-f, for the corresponding 
year, 2) procedure 1 was repeated except that 
standard deviations were used, 3) each c,~%~ was 
expressed as a deviation from the average for 
the year, 4) procedure 3 was repeated using 
standard deviations, 5) the variance estimates 
were not adjusted, and 6) the estimates of stan- 
dard deviations were not adjusted. 

Results and D|scuss;on 
Estimates of the sire component of variance 

and the average within sire variance by the two 
methods of analysis (/s~ ---- 1 for all i and k~ 
k~,) and Bartlett 's chi-square statistic for test- 
ing heterogeneity of the within sire variances 
are shown in Tables 1-5. The within sire vari- 
antes were not homogeneous (P < .05) for the 
overall analyses for all breeds and for all ex- 
cept one year of the Holstein data. The rec- 
ords for the other breeds are not as numerous 
as the Holstein records, nevertheless about half 
the yearly tests of heterogeneity of variance 
are significant for the Ayrshire, Guernsey, and 
Jersey breeds. 

These results which indicate differences in 
variation among daughters of different sires 
are in agreement with those found by Johnson 
(3), Wadell et al. (8) and Van Vleck and 
Barr (7). Possible biological models have been 
discussed in the earlier reports. 

The concern in this study was, however, to 
determine the effect of this heterogeneity on 
estimates of genetic variance (4&L or 4o-15). 
Comparison of the two estimates of the sire 
variance shows no real difference between them 
for any of the overall analyses or for most of 
the analyses of yearly data. 

Similarly, estimates of heritability obtained 
from four times the ratio of the sire variance 
component to the sire plus the average within 
sire variance are not generally different (Tables 
1-5). These results demonstrate quite conclusive- 
ly that heterogeneity of variances within sire 
groups does not explain the difference in heri- 

tability estimates from daughter-danl and pa- 
ternal half-sib analyses. 

There is some possibility that the heterogene- 
ity of variance in sire groups is due by chance 
to ~he particular herds where the daughters 
make their records since Lee and Henderson 
(6) have shown heterogeneity of within herd 
variances. The number of records in each sire 
by herd subclass is so small that simultaneous 
estimation of the effects of sire and herd on 
heterogeneity is impractical. The similarity 
of within sire variances from year to year, how- 
ever, should provide a minimum estimate of 
how much of the heterogeneity is due to sire 
effects. Therefore, repeatability of within sire 
variances was computed for the Holstein data 
considering the estimates of variances from 
one year to another as repeated measurements 
of within sire variance. Only variances esti- 
mated from records of 50 or more daughters 
per year were included in this analysis. The 
intra class correlations which are estimates of 
repeatability are shown in Table 6 for the six 
ways the variances were expressed and for 
weighting the estimated variances equally and 
by the nmnber of records in the estimated vari- 
ances. 

Depending on the method of expressing the 

variances the repeatability values suggest that 
40 to 60% of the differences in within sire 
variances arc attributable to effects contributed 
by the sires. The reason is not clear why the 
variances not corrected for yearly changes in 
variance have higher repeatability than the cor- 
peeted variances. Van Vleck and Barr (7) re- 
ported a product-moment correlation of .33 
between within sire variances of first and second 
records. 

I f  within group variances are as different as 
the results suggest, then what is the appropriate 

TABLE 6. Repeatability of within sire variances 
from year to year for 128,720 records in 

707 sire by year groups by 287 sires. 

Repeatability estimates 

Observa- Observa- 
Yearly tions tions 

Observa- weighted weighted 
ilon ~ equally by n~ 

(tie 2/crf~: .39 .45 
o'~o~/u2e .39 .45 
erie2 __ ~2 .44 .49 
o ~  -- c~..e .41 .46 
o-~ ~ .58 .63 
~e~ .56 .63 

o-lel 2 are the estimates of within sire variances 
for a particular year. o-~. 2 is the unweighted aver- 
age of (r~el ~ for a particular year. 

J'. DAI~Y SCI~-OE VoI.. 51, No. 9 
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procedure to follow in estimating the genetic 
value or daughter superiority of these sires? 
The application of the general theory of the 
selection index (5) would lead to the use of 
the appropriate within group variance. For 
example in the simple case when each of p 
daughters, all in different herds, has one record 
each, the selection index procedure leads to 
a regression coefficient of p/(p + o-~eJo-~) for 
estimating daughter superiority, q:e~ is the true 
within sire variance for the i '~ sire group. This, 
however, can only be estimated. With small 
numbers of records the sampling variance of 
such estimates is high, the well known expres- 
sion for the variance of an estimated variance 
being 2o-'~J(n~- 1). Moreover, for sires with 
large numbers of daughters the regression co- 
efficient is not greatly affected by the ratio, 
~2eJc~. Examination of estimates of daughter 
superiority for 54 sires, each with more than 
500 daughters, shows a maximum difference 
of only 2 kg of milk between estimates using 
o-~,~ and those using &~. The differences in the 
methods were greater for 43 sires with between 
50 and 60 daughters, the usual number for 
evaluation of Holstein sires. The extreme dif- 
ferences were +22 and --12 kg. Even these 
differences have little practical importance in 
sire selection. The sampling variance of ~2~t 
is, of course, much larger for only 50-60 daugh- 
ters than for more than 500 daughters. 

The ratio, c ~ / ~  also is important in de- 
termining the variance of trne daughter su- 
periority when the estimated daughter superi- 
ority is known. For  the simplest case with only 
one record per daughter this variance is [ 1 -  
p / ( p  + ~ / ~ ) ] ~ .  This expression is, of 
course, slightly more complicated for unequal 
numbers of records per daughter and for en- 
vironmental correlations between daughters in 
the same herd. The value of this variance de- 
pends on knowing the true ~-~ and ~ .  Although 
the sampling variances of ~:o~ axe quite large, 
some idea of possible differences in computing 

2 2 the variance from R, ---- p / ( p  + o~ ~/o~ ,) as 
opposed to R = p / ( p  + &~/&:~) can be ex- 
amined. The ratio, [(1 -- R 0 / ( 1  -- R)]  ~/~, 
gives the relative change in the range for prob- 
ability statements about a true daugther superi- 
ority value given the estimate of daughter su- 
periority. 

For  the sires with more than 500 daughters 
the extreme values of this ratio were .82 and 

1.16. For  the sires with 50-60 daughters the 
extremes were .59 to 1.24. 

Conclusions 
These results confirm earlier studies that 

some sires have daughters with records which 
are more variable than records of daughters of 
other sires. This heterogeneity of variance has 
little effect on the estimate of the among  sire 
component of variance and thus does not ex- 
plain differences between estimates of heritabil- 
ity from daughter-dam regression and from 
paternal half-sister analyses for variance com- 
ponents. The repeatability of the within sire 
variance from a group of daughters in one 
year to groups in other years is about 50% 
which may indicate that not all the differences 
in variances are due to confounding with spe- 
cific herd or year effects but also some con- 
founding of environmeental effects with the 
effect of the sire on uniformity occurs. The 
differences in within sire variances are not 
important in estimating genetic value but are 
slightly more useful for making probability 
statements about true genetic value. 
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