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Genetic (Co)Variances for Milk and Fat Yield in California, New York, 
and Wiscomin for an Animal Model by Restricted Maximum Likelihood 

ABSTRACT 

Two samples of data from approxi- 
mately 4000 Holstein cows were analyzed 
by REML with a multivariate (milk and 
fat yields) animal model for first lacta- 
tions started in 1970 through 1977 and in 
1978 through 1985 and also for first 
lactation records started in low, middle, 
and high production herds in 1978 
through 1985 separately for California, 
New York, and Wisconsin herds. Her- 
itability estimates for milk yield (similar 
for fat yield) ignoring category of herd 
production were .29 for 1978 and later 
and .34 for 1977 and earlier. Estimates 
for low, middle, and high production 
herds were .23, .29, and .36. Estimates of 
genetic correlation between milk and fat 
averaged .62 for 1978 and later and .73 
for 1977 and earlier; for 1978 and later 
these estimates were greater for California 
than for New York and Wisconsin, .70 vs. 
.58 overall. Phenotypic and environ- 
mental variances associated with low 
production herds were less than for 
middle and high production herds, but 
differences between middle and high 
herds varied by state and sample. The 
pattern of estimates of genetic and 
environmental parameters suggests that 
differences between California, New 
York, and Wisconsin are not very im- 
portant for genetic evaluation procedures. 
Production of herds does seem important. 
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INTRODUCTION 

Estimates of heritability of milk yield from 
both daughter on dam regression and paternal 
half-sib correlations have been found to in- 
crease with production of the herd (2, 3, 11, 
13, 16). Earlier studies showed a similar pattern 
as recent estimates, although most were based 
on less data. Herirability estimates from coun- 
tries with low production are generally smaller 
than estimates from countries with high pro- 
duction (11). Many recent results are from 
analyses of records from northeastern United 
States. High average production in California 
suggests that heritabiliry for herds in California 
might be greater than where average production 
is less. In that case, large California herds might 
have some advantage for sampling bulls. The 
Midwest and Northeast, however, contain a 
large number of cows. The purpose of this 
project was to compare heritability and varia- 
tion at different herd production in California, 
New York, and Wisconsin using REML with an 
animal model. The three states were chosen to 
represent three regions with high concen- 
trations of cows and different management 
practices. 

MATERIALS AND METHODS 

Data 

First lactation milk and fat records of 
Holstein cows freshening from 1970 through 
1985 in California, New York, and Wisconsin 
were furnished by the Animal Improvement 
Programs Laboratory of the USDA. To reduce 
the time period and range of yearly production 
within a herd, only production records started 
in 1978 and after were included in one set of  
analyses. Pedigree information from 1970 
through 1977 records also was used to account 
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for numera tor  relationships among animals that  
had records in the  analyses. Another  data set 
was created f rom records started before  1978 
to examine changes with t ime as average 
produc t ion  was less before  1978 than later (see 
bo t tom of  Table 3). For  the 1977 and earlier 
analyses, relat ionships were computed  f rom 
cows in data  set (1970 through 1977) and 
parents of those cows. For  the  1978 and later 
analyses, relationships were computed  f rom 
cows in data  set (1978 through 1985) and f rom 
ancestors o f  those cows appearing f rom 1970. 
Management  practices may also have changed 
through t ime, a l though such informat ion  is not  
available. Records  were el iminated for in- 
consistent dates, missing informat ion,  and milk 
records less than 2268 kg or greater  than 
18,144 kg and fat records less than 68 kg or  
greater than 680 kg. 

Herds were chosen from the overall  data to 
contain 300 to 400 cows with first lactat ion 
records in the  t ime period to be analyzed.  The 
goal was to have about  12 herds in each sample 
for analysis. Two samples were chosen f rom 
each state and t ime  period. Characteristics of  
the data sets are in Table 1. The  same pro- 
cedure was fo l lowed when samples were taken 
according to herd product ion  category except  
that  considerably more than 12 herds were 
somet imes  needed to obtain  samples o f  about  
4000 cows (Table 2). 

Analyses by herd p roduc t ion  category were 
done  only for records of  cows that  first fresh- 
ened in 1978 or after. Categories o f  p roduc t ion  
were de termined  f rom herd average for milk 
yield;  records in the  herd average associated 
with each record include average mature  
equivalent  yield of  cows with comple ted  
lactat ions that  calved in the 12 mo preceding 
fresh date. Averages associated with individual 
records were reviewed, and the  largest for any 
lacta t ion started in the herd after  1977 was 
selected as the indicator  of  p roduc t ion  category 
for all records f rom that  herd. The same limits 
were used for the  three states: low p roduc t ion  
herds had largest herd average of  less than 7711 
kg, middle  p roduc t ion  herds had largest herd 
average be tween  8392 and 9299 kg, and high 
p roduc t ion  herds had largest herd average 
greater  than 9979 kg. Gaps be tween categories 
were  set deliberately to separate low and high 
groups f rom the  middle group. California had 
few herds and cows in the  low category~ nearly 
all were included in the analysis with first lac- 
ta t ion herd sizes ranging form 44 to 357. The  
count  for herd size included all cows in the  
herd for the t ime period studied. Herd sizes for  
low herds ranged f rom 174 to 290 in New 
York  and 170 to 399 in Wisconsin. Similarly, 
nearly all herds categorized as high in Wisconsin 
were needed for those analyses with herd sizes 
ranging from 75 to 233. Sizes o f  New York  

TABLE 1. Numbers of cows with records and herds in each sample used to estimate genetic and environmental 
covariances for milk and fat yield. The fraction of nonzeroes in the inverse of the relationship matrices indicate 
the fraction of ties caused by relationships within herd. 

Fraction nonzero off-diagonals 
1978 +1 1977- in inverse of relationship 

matrix (within herd) State No. No. No. No. 
and sample cows herds cows herds 1978 + 1977- 

California 
S e t l  4168 12 4183 12 .34 .25 
Set2 4208 12 4051 13 .26 .39 

New York 
Se t l  4065 12 3768 13 .80 .81 
Set2 3973 12 4629 15 .80 .76 

Wisconsin 
Set1 4675 12 4428 19 .86 .59 
Set2 4288 12 4162 18 .61 .54 

11978 + = Records started 1978 through 1985, 1977- = 1970 through 1977. 
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TABLE 2. Numbers of cows and herds in each sample used to estimate genetic and environmental covariances 
for milk and fat yield. The fraction of nonzeroes in the inverse o f  the relationship matrices indicate the fraction 
of  ties caused by relationships within herd. 

Herd production category 

Low Middle High 

State No. No. No. No. No. No. 
and sample cows herds cows herds cows herds 

California 
Set 1 
Set 2 

New York 
Set 1 
Set 2 

Wisconsin 
Set 1 
Set 2 

Fraction nonzero offdiegonals 
in inverse of 
relationship matrix (within herd) 

California 
Set 1 
Set 2 

New York 
Set 1 
Set 2 

Wisconsin 
Set 1 
Set 2 

2260 16 4145 12 4014 13 
1356 14 3945 12 3107 13 

3630 16 4344 13 3534 18 
3700 16 4303 15 3246 19 

3791 17 3794 14 2374 16 
3690 17 3909 14 2077 17 

.16 .39 .29 

.09 .36 .36 

.82 .87 .94 

.81 .90 .88 

.73 .69 .83 

.67 .58 .57 

herds in the high category ranged f rom 143 to 
540. The range of  sizes for middle category 
herds was about  300 to 400 for all three states. 

Methods 

Restricted maximum likelihood estimates 

(14) were obtained with a multivariate (milk 
and fat) animal model  that included fixed 
herd-year-season effects ( two seasons per year: 
February through June  and July  through 
January),  animal genetic value, and random 
environmental  value. Covariances be tween 
residual genetic and environmental  effects and 
among environmental  effects of  relatives were 
assumed to be zero. The procedure is outl ined 
in Henderson (9) and detailed in Swalve and 
Van Vleck (15) and Van Vleck and Dong (17). 
All numerator  relationships within a herd 
(including sires and base animals wi thout  
records) were used to determine the rela- 

t ionship matr ix  among animals with records. 
The inverse o f  that relationship matr ix  was used 
in the REML procedure  to make the  procedure  
computa t ionaUy possible. If relationships are 
assumed to be zero with the animal model ,  
genetic and environmental  variances cannot  be 
separated. Relationships across herds were 
assumed to be zero even if bulls were used in 
more than one herd in the sample. Such re- 
lationships do not  seem to have much effect  on  
estimates o f  variances and covariances (Rober t  
P. Yerex, 1988, personal communica t ion)  
because of  the sparsity o f  across-herd rela- 
tionships. Canonical t ransformation,  factoriza-  
tion of  the relationship matrix,  and tridi- 
agonalizat ion were used to speed up the  com- 
putat ions as described by Lawlor (10). Number  
of  rounds of  i teration was 300 per analysis for  
overall samples. Little change in est imates 
occurred after 50 rounds, al though at 50 
rounds some drift  in estimates seemed to  be 
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occurring. Fo r  the  analyses by category o f  herd 
product ion ,  500 rounds of  i terat ion were done 
because drif t  was more  not iceable  in some of 
these analyses. Later inspection revealed no 
practically impor tan t  changes after 300 rounds.  
Only samples for  low product ion  herds in 
California showed changes as much  as .02 for  
est imates of  heri tabi l i ty and genetic correla- 
t ions f rom round 300 to round 500. Changes 
were in the  third decimal  place for  most  o ther  
analyses. 

R ESU LTS 

Estimates f rom samples over all herd pro- 
duc t ion  categories are in Table 3 for  the two 
t ime periods and three states. Standard er- 
rors for  heri tabil i ty est imates (17) are prob- 
ably about  .03, larger than that for genetic 

correlat ions and smaller for  pheno typ ic  cor- 
relations. 

A somewhat  surprising result is that  esti- 
mates  of  heritabili t ies and genetic and pheno-  
typ ic  correlat ions are consis tent ly larger for  t he  
early t ime period than  for the  last t ime  per iod 
in spite of  yield increases. The  only excep t ion  is 
fo r  milk yield in Wisconsin. This t rend agrees 
with paternal half-sib analyses o f  New York  
data  (13). Daughter  on dam regressions f r o m  
New York  data (2, 16), however,  showed no 
t rend over  time. Those  analyses conta ined  
considerably larger data sets, al though the  
procedures  did no t  account  for  relat ionships 
o ther  than parent-progeny and paternal  half- 
sibs. Heri tabi l i ty est imates f rom New York  data  
including protein yield by the same me thod ,  
however ,  were about  .36 for records made  f rom 
1981 through 1985 (17). Cue et al. (1) also 

TABLE 3. Estimates ~ from analyses by restricted maximum likelihood of milk and fat yield for first lactation 
cows in California, New York, and Wisconsin for records started 1978 through 1985 (1978 + ) and started 1970 
through 1977 (1977-). 

Statistic California New York Wisconsin Mean 

Heritability 
Milk 

1978 + .26 .28 .34 .29 
1977- .39 .32 .31 .34 

Fat 
1978 + .29 .27 .30 .29 
1977-- .43 .33 .34 .37 

Correlation 
Genetic 

1978 + .70 .54 .62 .62 
1977-- .82 .70 .67 .73 

Phenotypic 
1978 + .82 .77 .78 .79 
1977-- .84 .82 .81 .82 

Phenotypic variance z 
Milk, kg: 

1978 + .8358 .9870 .8562 .8930 
1977- .9442 .6942 .6425 .7603 

Fat, kg 2 
1978 + .7111 .7842 .7340 .7431 
1977-- .7549 .5789 .5921 .6420 

Mean milk, kg 
1978 + 8562 8243 8077 
1 9 7 7 -  7751 7462 7018 

I Average of two samples. 

2 For milk, multiply by (1451.5): ; for fat, multiply by (54.43) 2 . 
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found estimates of about .35 from Canadian 
data for a sire model with relationships assumed 
to be zero. Within the limits of sampling 
variance (records of about 8000 cows in each 
estimate), differences in estimates among states 
or milk and fat are not apparent. 

Although the samples may be too small to 
be definitive, the observed decrease from early 
to late time period in genetic correlation is 
sizeable and seems fairly consistent over the 
three states. Genetic correlations between milk 
and fat from California data appear considerably 
larger than from data of the other states. Based 
on only two samples for each estimate, the 
differences across states might be attributed to 
sampling variance. Estimates from production 
category analyses, however, follow the same 
pattern, resulting in the average of estimates 
from eight samples of records from California 
probably being significantly greater than from 
16 samples of New York and Wisconsin records. 
New York (17) and Canadian (1) studies, 
however, with protein data found genetic 
correlations of .70 and .73 between milk and 
fat yield for late 1970's and early 1980's data. 
Northeast data have generally produced smaller 
estimates of genetic correlations: .40, .43, .38 
(7, 10, 12), although Wilcox et al. (20) found 
estimates of about .70 for 1960's data. Maijala 
and Hanna (11) suggested the average of genetic 
correlation estimates to be .81. 

Phenotypic correlations follow the trend 
shown by the genetic correlations, but the 
magnitudes of differences are smaller. The New 
York study (I7) of 1981 through 1985 records 
with protein reported a phenotypic correlation 
of .80 between milk and fat yield. 

What is indicated by apparently larger 
genetic correlations in California as compared 
with those in New York and Wisconsin? Is the 
difference due to effects of management 
practices on genetic expression? In the pro- 
duction analyses (Table 4), genetic correlations 
seem to become smaller as production increases 
(except for one California estimate). Average 
milk production for the California samples that 
ignored herd yield, however, was greater, 
although not substantially so, than for New 
York and Wisconsin data. 

Except for California samples, phenotypic 
variances were greater in the 1978 and later 
records than the pre-1978 records as has been 
reported [e.g., by Mirande and Van Vleck (13) 

for residual variances from paternal half-sib 
analyses having much larger degrees of freedom 
for the residual components]. The California 
result is partly due to the greater genetic 
variance in the early time period. In California, 
the environmental variances are less for the 
pre-1978 period than in the later period for 
scaled fat yield (.4273 vs..5042) and for scaled 
milk yield (.5750 vs..6168). When averaged 
over all three states, phenotypic standard 
deviations for both milk and fat yield were 
about 8% greater for records in 1978 and later 
compared with the pre-1978 records. 

Phenotypic variances seem to be somewhat 
smaller for Wisconsin and New York than for 
California for pre-1978 records. For the last 
period, New Vork seems to have the largest 
phenotypic variance. The scaled standard errors 
of the scaled variances are probably about [2 
(1)4/8000] .s = .016 for the average of two 
samples of 4000 cows. Mean production, 
however, was greatest in California and smallest 
in Wisconsin, although differences were not 
great. 

Samples by Production Categories 

Estimates by state and by category of herd 
average are in Table 4. Heritability estimates for 
milk and fat follow the usual pattern [e.g., (2, 
3, 16)1 for the three states in that heritability 
becomes substantially greater from low to 
middle to high herd production categories. The 
pattern and average estimates essentially are the 
same for milk and fat yield. 

With exception of California, genetic cor- 
relation estimates decreased as production 
increased. The average absolute difference 
between the two estimates for each production 
category and state combination was relatively 
large, .070. Phenotypic correlations decreased 
slightly with each increase in category of herd 
average for the three states. The average ab- 
solute difference between the two samples was 
only .022. 

Estimates for both genetic and phenotypic 
correlations were greater for California than for 
New York and Wisconsin for all three pro- 
duction categories as well as for the analyses for 
samples from all herds. 

With the exception of New York middle and 
high categories of production, phenotypic 
variance increased as category of production 
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increased.  T h e  overal l  p a t t e r n  based on  re- 
la t ively smal l  samples  is c o n s i s t e n t  w i th  o t h e r  
e s t ima tes  o f  p h e n o t y p i c  var iance  [e.g., (3, 13, 
19 ) ] .  E n v i r o n m e n t a l  var iances,  however ,  were  
s l ight ly g rea te r  in midd le  t h a n  in h igh  ca t ego ry  
he rds  fo r  Ca l i fo rn ia  and  New York  records .  T he  
average abso lu t e  d i f f e rence  b e t w e e n  t h e  t w o  
samples  for  e n v i r o n m e n t  var iance  was .0513 for  
mi lk  and  .0549  for  fa t  yield.  

In a parallel  s t u d y  using d a u g h t e r  and  d a m  
pairs,  on ly  a b o u t  40% as m a n y  pairs  were  f o u n d  
in t he  Cal i forn ia  da t a  (13 .7%) as in New York  
(36 .0%)  and  Wiscons in  (34 .7%)  da ta  (Kevin  
Wade,  1987,  pe r sona l  c o m m u n i c a t i o n ) .  Th i s  
d i s c r epancy  suggested t h a t  re l iab i l i ty  o f  pedi-  
g ree  i den t i f i c a t i on  m a y  b e  d i f f e r e n t  in Cali- 
fo rn i a  f r o m  t h a t  in New York  and  Wisconsin  o r  
t h a t  m o r e  r e p l a c e m e n t s  m a y  be  p u r c h a s e d  in 

TABLE 4. Estimates 1 from analyses by restricted maximum likelihood of milk and fat yield by herd produc- 
tion category (low, middle, high) for first lactation cows in California, New York, and Wisconsin for records 
started in 1978 and after. 

Statistic California New York Wisconsin Mean 

Heritability 
Milk 

Low .17 .26 .27 .23 
Middle .26 .30 .31 .29 
High .36 .37 .34 .36 

Fat 
Low .16 .24 .29 .23 
Middle .24 .27 .33 .28 
High .35 .32 .42 .36 

Correlation 
Genetic 

Low .70 .63 .65 .66 
Middle .70 .58 .63 .64 
High .77 .54 .55 .62 

Phenotypic 
Low .84 .82 .80 .82 
Middle .83 .78 .76 .79 
High .79 .73 .70 .74 

Phenotypic and environmental variance 2 
Milk kg 2 

Low .6990 .8118 .7207 .7438 
(.5809) 3 (.6048) (.5232) (.5693) 

Middle .9053 1.0685 .8384 .9374 
(.6690) (.7437) (.5802) (.6643) 

High 1.0286 1.0188 .9741 .9619 
(.6552) (.6378) (.6478) (.6469) 

Fat, kg 2 
Low .5973 .6768 .6489 .6410 

(.5047) (.5171) (.4614) (.4944) 
Middle .7776 .8658 .7299 .7911 

(.5894) (.6329) (.4890) (.5704) 
High .8703 .8584 .9022 .8770 

(.5662) (.5854) (.5224) (.5580) 
Mean milk (kg) 

Low 7165 7107 7099 
Middle 8499 8326 8174 
High 9675 9422 9423 

1 Average of two samples. 

2 For milk, multiply by (1451.5) 2 ; for fat, multiply by (54.43) 2 . 

3 Environmental variance in parentheses. 
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California than in New York and Wisconsin. 
Heritability estimates from REML and an 
animal model decreased when only relation- 
ships due to sires were used compared with 
when all relationships were used (4, 5). Van 
Vleck and Hudson (18) showed that with 
method 3 (8), incorporating the numerator 
relationship matrix in a sire model increased 
heritability estimates from about .31 to .32. 
That the sire component of variance (and 
heritability) would increase can be shown 
theoretically with method 3. With REML 
the effect of ignoring certain relationships is 
more complex because relationships enter into 
estimates of breeding value, quadratics for 
estimating (co)variance components, and ex- 
pectations (or prediction error variance) of the 
quadratics. Nevertheless, inverses of the re- 
lationship matrices were examined. 

The right half of Table 1 and lower half of 
Table 2 show the fraction of nonzero elements 
in inverses of the within herd relationship 
matrices. These fractions are considerably 
different for the California samples as com- 
pared to New York and Wisconsin, especially 
for samples for the low category of herd 
average. Whether this difference suggests that 
true heritability in California is larger than 
estimated in this study is unknown. In a study 
to be reported later (6) that included matched 
daughters and dams, the fractions of nonzero 
elements in the inverse of relationship matrices 
were comparable in all three states and similar 
to those for New York and Wisconsin. From 
records started in 1978 and later, heritability 
estimates were slightly larger for milk yield in 
all three states and for each state except Cali- 
fornia for fat yield. A different set of herds was 
analyzed so that the estimates may be affected 
by the herds chosen for the samples. 

CONCLUSIONS 

Heritability for milk and fat yield seems 
similar in California, New York, and Wisconsin 
herds. The pattern that heritability for milk and 
fat yield is smallest in low production herds and 
largest in high production herds is the same 
for California, New York, and Wisconsin herds. 
Differences in heritability would make testing 
of daughters in high production herds more 
effective for evaluation of young bulls than in 
low production herds if genetic correlations 

between genetic expression in different pro- 
duction categories are as large (.90>) as re- 
ported by DeVeer and Van Vleck (3). 

Genetic correlation between milk and fat 
yield seems to have decreased from the 1970 
through 1977 data sets to the 1978 through 
1985 data sets. Genetic correlation also seems 
to have decreased slightly as herd production 
category increased in the same time period. 
Genetic correlations, however, from the Cali- 
fornia samples were consistently greater than 
those from the New York and Wisconsin 
samples. 

The pattern of phenotypic and environ- 
mental variances is confusing except that 
variances were smallest in herds in the low 
production category. 

The significance of differences in rela- 
tionship matrices for California as compared 
with New York and Wisconsin herds needs to 
be studied. If the reason is inaccurate identi- 
fication, then use of such herds may lead to 
inaccurate predictions of breeding value from 
either animal or sire models, depending on 
whether sires or dams or both are misidentified. 
Purchased animals with missing identification 
would not allow correction for mates in pre- 
dicting sire breeding values from animal or 
maternal grandsire models. 
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