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ABSTRACT 

Interaction of genotype with envi- 
ronment was studied with 10,780 Span- 
ish production records (daughters of 
210 Holstein-Friesian bulls) and two 
subsets of United States data (800,821 
records with 1170 sires and 762,152 
records with 1186 sires). Only 74 bulls 
had daughter records in both Spanish 
and United States data. Genetic and 
phenotypic (co)variances and correla- 
tions and heritability for milk and fat 
yields were estimated both within coun- 
try and between countries with coun- 
tries considered as separate traits (joint 
analysis). (Co)variance components 
were estimated with a REML proce- 
dure. Heritability estimates for milk 
and fat in the Spanish population (.16 
and .14, within country; .12 and .09, 
joint) were smaller than for United 
States data (means of.33 and .31, within 
country; .26 and .24,joint). Genetic and 
phenotypic correlations between milk 
and fat within country were higher for 
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Spain (.94 and .91) than for United 
States data (means of .66 and .81). 
Genetic correlation between countries 
averaged .81 for milk and .50 for fat. 
Rankings of bulls for milk yield are 
expected to be similar in Spain and the 
United States, although a scaling effect 
on predicted values is expected from 
different genetic variances in each coun- 
try. Ranking of bulls for fat yield may 
be quite different. 

INTRODUCTION 

In the last 20 yr, dairy cattle management 
in Europe has been oriented toward increased 
milk production per animal. Importation of 
semen and live animals from highly special- 
ized breeds of dairy cattle (mainly North 
American Holsteins) has been one element in 
this process. Spain has participated in this 
general trend. Calcedo (2) reported that 60% 
of all inseminations of Friesian cows in Spain 
used Holstein-Friesian semen. 

A concern about introduction of foreign 
semen is the possible existence of an interac- 
tion of genotype with environment that could 
cause a change in ranking of bulls in different 
countries. Numerous studies have dealt with 
genotype by environment interactions in 
dairy cattle. Most (4, 6, 7, 11, 12, 25) showed 
no such interaction of practical importance 
for different definitions of environment 
within countries. The relatively large interac- 
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tion between sire and amount of grain fed in 
summer detected by Mao and Burnside (12) 
with Canadian data is an exception. Danell's 
(4) summary of the literature reported signif- 
icant interactions between feeding regimens 
and genotypes in experiments with twins. 
Correlations among predicted breeding 
values in different countries have been found 
to be above .70 in studies dealing with Euro- 
pean and North American populations (3, 17, 
22) and in some studies involving North and 
Central American data (13, 14). For North 
and Central American data, Romero (20) and 
Abubakar et al. (1) found correlations among 
breeding values of bulls in different countries 
to be low to intermediate (.26 to .50). 

The purpose of this study was to estimate 
variance and covariance components for milk 
and fat yields in Spain and the US and to 
estimate the genetic correlation between per- 
formance of daughters of bulls in Spain and 
the US by considering milk production in the 
two countries as separate traits. 

MATERIALS AND METHODS 

Data 

Data were provided by USDA and the 
Ministry of Agriculture of Spain. The origi- 
nal USDA data set of 4,409,545 records 
included all 305-d, mature equivalent, first 
lactation records of US Holstein cows sired 
by bulls that also had daughters in the Span- 
ish data set and all their herdmates for calving 
years 1967 through 1983. All records included 
milk and fat yields, and all had sire identifica- 
tion. Duplicate records were eliminated. Sea- 
sons were defined as December through April 
and May through November. Sires were 
divided into five groups based on year of 
entry into A1 service from 1951 to 1975 to 
account for selection over time. 

Because the size of the original data set and 
the number of sires was too great for available 
computing capabilities, records were dis- 
carded 1) if the record was not in a herd-year- 
season (HYS) class in which at least 1 of the 
74 bulls in common for the US and Spain was 
represented; 2) if the cow was sired by a bull 
that did not have more than 25 daughters; 3) 
if the cow was not the daughter of a registered 
AI sire; or 4) if the record was in a HYS class 
with only one sire represented. After edits, the 
US data set consisted of 2,001,435 records 
with 4569 sires represented. To reduce the 
data set further to a computationally manage- 
able size, two samples were chosen so that 
they included records of all daughters of the 
74 sires in common plus records of cows sired 
by about an additional 1000 randomly 
selected sires. After eliminating records in 
HYS classes with only one sire represented, 
the two samples contained 800,821 records 
with 1170 sires and 762,152 records with 1186 
sires. 

Data provided by the Ministry of Agricul- 
ture of Spain consisted of 10,780 records pro- 
duced from 1975 through 1983 by first lacta- 
tion cows sired by 210 Holstein-Friesian 
bulls. All records included 305-d milk and fat 
yields. Short records were extended to 305 d. 
Information included herd code, calving date, 
calving age, lactation length, region where the 
record was produced (North or South), and 
sire origin (European, North American, or 
unknown) and birth date. Yields, dates, calv- 
ing ages, and lactation lengths were required 
to be within the following ranges: milk yield 
from 2500 to 10,000 kg, fat percentage from 
2.5 to 5%, calving age from 20 to 40 too, and 
minimum lactation length of 120 d. Mean 
milk and fat yields for Spanish data and both 
US samples are in Table 1. Calving ages in the 
final data set ranged from 21 to 38 mo and 
were divided into four groups. Two seasons 

TABLE 1. Mean milk and fat yields for Spanish data and two United States samples. 

Spain 

United States 

Sample 1 Sample 2 

Milk yield, kg 4982 7709 7716 
Fat yield, kg 171 278 278 
Number of records 10,780 800,821 762,152 

Journal of Dairy Science Vol. 72, No. 11, 1989 



ESTIMATION OF GENETIC PARAMETERS 3015 

were defined (October through March and 
April through September). Sire birth year 
ranged from 1957 to 1975 and was divided 
into four groups. 

Models 

Linear models were used in all analyses: 

y : X / 3 + Z s + e  

where y is the vector of observations;/3, s, and 
e are vectors of fixed, sire, and residual 
effects; and X and Z are known matrices that 
associate elements of/3 and s with y. The vec- 
tors s and e were considered to be jointly nor- 
mally distributed. 

The model for US data was: 

Yijkl = hi + fj + Sjk + eijkl 

w h e r e  Yijkl is milk or fat yield of cow 1 in HYS 
i and sired by bull k in group j, h i is effect of 
HYS i (146,765 HYS for sample 1; 142,676 
HYS for sample 2); fj is effect of sire group j; 
Sj.k is effect of sire k within sire group j (1170 
sires for sample 1; 1186 sires for sample 2); 
and eijkl is residual. 

The model for Spanish data was: 

Yijklmnopq = hij + bjl + elm + s n + tjo + Uko + Vlo 

+ Wmo + dop + eijklmnop q 

w h e r e  Yijklmnopq is milk or fat yield of cow q 
calving at age 1 in region m, herd i, year j, and 
season k and sired by bull n with origin o and 
birth year p; h ij is effect of herd-year ij (2068 
herd-years); bit is interaction effect between 
calving year j and calving age 1; elm is interac- 
tion effect between calving age 1 and region m; 
Sn is effect of sire n; tjo is interaction effect 
between calving year j  and sire origin o; Uko is 
interaction effect between calving season k 
and sire origin o; Vlo is interaction effect 
between calving age 1 and sire origin o; Wmo is 
interaction effect between region m and sire 
origin o; dop is interaction effect between sire 
origin o and sire birth year p; and eijklmnop q is 
residual. This more complicated model was 
used because results of a study by L. Gomez 
Raya et al. (1989, personal communication) 

with a similar sample of the Spanish Friesian 
population indicated that all these effects 
were significant. 

Estimation of Variance Components 

To estimate variances of s and e, R E M L  
was used by following an expectation- 
maximization (EM) algorithm as described 
by Dempster et al. (5) for the exponential 
family of densities. In this study, the vector of 
s and e (x t = [st:et]) was considered to be com- 
plete data, and the vector of "error contrasts" 
(Kty where K is a matrix that transforms y 
into a vector of deviations from herdmates'  
yield) (16) was considered to be incomplete 
data. 

Two sets of analyses were performed. The 
first was estimation of genetic (4 times sire) 
and phenotypic (sire plus residual) variances 
and covariances between milk and fat within 
each country. The second yielded estimates 
for genetic and phenotypic variances and co- 
variances for milk and fat yields in each coun- 
try with countries considered as separate 
traits. 

Analysis Within Country for Milk and Fat 

Milk and fat yields within each country 
were considered jointly for estimation of var- 
iances and covariances. The factors that 
affected milk and fat yields were assumed to 
be the same, and the following model was 
used: 

[,3, [::1 + [::3113 + [1] 
where y is the vector of observations for the 
yield trait (1 = milk; 2 = fat); X and Z are 
known incidence matrices for fixed and sire 
effects; /3,s, and e are vectors of fixed, sire, 
and residual effects associated with the yield 
trait. 

Distribution of 

[:] 
Journal of Dairy Science Vol. 72, No. 11, 1989 
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was assumed to be multivariate normal with 
mean 

[:1 
and variance 

R 

where G = Var(s) = Go®A and R = Var(e)R~®l 
with A = numerator relationship matrix 
among sires, I = identity matrix, ® indicates 
direct (Kronecker) product operation 

Go = [gll gl2] 

tg2l g22] 

and 

ao = 
rll r12] 

r21 r22J 

A series of transformations were performed 
to simplify computations (8). These transfor- 
mations involved a canonical transformation 
(23) to allow computation with single-trait 
systems, decomposition of the relationship 
matrix as A = LL t (19) to eliminate A -1 in the 
quadratics in ~ and in the traces, and tridiag- 
onalization of the coefficient matrix as 
described by Lawlor (10). 

Joint Analysis of Spanish 
and United States Yield Traits 

Spanish and US milk yields were analyzed 
jointly to estimate genetic correlation be- 
tween milk yields in the two countries. A lin- 
ear model also was used for this analysis. 
Milk yields in the two countries were consid- 

ered as different traits and analyzed in a 
multiple-trait context so that estimates for 
genetic and residual variances within country 
and genetic covariance between genetic ex- 
pression in the two countries could be 
obtained. The following model was used: 

[1] 

where y is the vector of observations for milk 
yield in the country (1 = US; 2 = Spain); X and 
Z are known incidence matrices relating the 
observation vectors to fixed and sire effects; 
and fl, s, and e are vectors of fixed, sire, and 
residual effects associated with the country. 
The Z contain null columns corresponding to 
sires with no daughters in that country 
because the same sires were included in s for 
both countries even though most of them did 
not have daughters in both countries. The 
assumptions for s and e were the same as 
before except that 

R = Var(e) = [: ] 11IN1 0 

r22IN2 

An analogous joint analysis was performed 
for fat yield. 

RESULTS AND DISCUSSION 

Analyses Within Country 

Estimates of genetic and phenotypic (co)- 
variance components after 100 rounds of 
iteration are in Table 2. Estimates of both 
genetic and phenotypic variances were con- 
siderably smaller for Spain than for the US. 

Heritability estimates for milk and fat in 
the Spanish population (.16 and .14) were 
smaller than estimates for US data sets (Table 
2). However, Spanish estimates agree with 
results of L. Gomez Raya et al. (1989, per- 
sonal communication), who applied Hender- 
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TABLE 2. Estimates of variance components, heritabilities, and genetic and phenotypic correlations for milk and fat 
yields from analyses within country for Spain and two United States samples. 

United States 

Spain Sample 1 Sample 2 

Genetic (co)variances, kg 2 
Milk yield 
Fat yield 
Milk-fat covariance 

Phenotypic (co)variances, kg 2 
Milk yield 
Fat yield 
Milk-fat covariance 

Heritability 
Milk yield 
Fat yield 

Correlation milk-fat 
Genetic 
Phenotypic 

108,608 496,015 629,929 
102 568 656 

3147 10,564 14,058 

676,175 1,691,576 1,711,458 
752 1993 2004 

20,487 47,038 47,573 

.16 .29 .37 

.14 .28 .33 

.94 .63 .69 

.91 .81 .81 

son's method 3 to estimate variance compo-  
nents with a single-trait model for a similar 
sample of the Spanish population. Their her- 
itability estimates were. 12 for milk yield and 
• 11 for fat yield. The slightly larger estimates 
in this study may be the result of including 
relationships among sires. Smaller genetic 
variances and heritabilities for Spain than for 
the US also agree with results found by sev- 
eral researchers (4, 10; L. Gomez Raya  et al., 
1989, personal communication),  who ob- 
served an increase of genetic variance and, in 
some cases, heritability as yield increased. 
Mean yield in Spain was approximately two- 
thirds of that in the US (Table 1). Heritability 
estimates for US data sets (.29 and .28 for 
milk and fat yields in Sample 1 and .37 and .33 
for milk and fat yields in Sample 2) were in the 
range of previous heritability estimates for 
the US (6,21)• 

A possible explanation for the smaller her- 
itability estimates for the Spanish population 
is that environmental  conditions related to 
management  limited expression of genetic 
potential of superior cows and, therefore, re- 
stricted differences in yields among animals 
due to genetic value• A higher disease inci- 
dence and less accurate pedigree recording in 
Spain than in the US also could have contrib- 
uted to smaller estimates of genetic variance 
in Spain. 

Correlations between milk and fat yields 
are in Table 2. Correlations between Spanish 
yield traits were higher than for US samples 
(.94 and .91 for genetic and phenotypic corre- 
lations in Spain and •66 and .81 for genetic 
and phenotypic correlations for mean of the 
two US samples). 

Because computational costs for iteration 
were inexpensive, 100 rounds were per- 
formed• However, most parameters did not 
change signficantly after round 30. As a check 
that the maximum found was global rather 
than local, different starting values were used, 
and all led to the same final results• These 
starting values included negative covariances, 
larger genetic than phenotypic (co)variances, 
and identity matrices for Go and R0. 

Joint Analyses 

Estimates of genetic and phenotypic var- 
iance components  are in Table 3 for the Span- 
ish data analyzed with each of the two US 
samples• Estimates for genetic variances in 
this analysis were consistently smaller for 
both countries and for both milk and fat 
yields than were estimates f rom within- 
country analyses. For US data sets, the 
decrease in estimates of the genetic compo-  
nent might be expected if smaller genetic dif- 
ferences among bulls in the Spanish data 

Journal of Dairy Science Vol. 72, No. 11, 1989 
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TABLE 3. Estimates of variance and covariance components, heritabilities, and genetic and phenotypic correlations 
for milk and fat yields from joint analysis of Spanish and United States data sets. 

Spain-US sample 1 Spain-US sample 2 

Spain US Spain US 

Genetic variances, kg 2 
Milk yield 79,177 
Fat yield 66 

Genetic covariances 
(Spain, US) 

Milk yield 
Fat yield 

Phenotypic variances, kg 2 
Milk 674,221 
Fat yield 748 

Heritability 
Milk yield 
Fat yield 

Genetic correlation 
(Spain, US) 

Milk yield 
Fat yield 

431,575 88,182 466,231 
449 68 477 

145,526 165,455 
84 90 

t,694,106 676,255 1,698,973 
1993 748 1998 

.12 .25 .13 .27 

.09 .23 .09 .24 

.79 .82 

.49 .50 

O 

"T  

.40  

.35' 

.30  

.25  

.20 ̧  

.15 ̧  

.10 
1'o ,'s 2'0 2's 3'o 3's 

Round 

Figure 1. Heritabilities for milk yield at successive rounds of iteration for Spain-US sample 1 joint analysis 
(D = Spain; A = US sample I) and Spain-US sample 2 joint analysis (O = Spain; * = US sample 2). 

Journal of Dairy Science Vol. 72, No. 11, 1989 
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Figure 2. Heritabilities for fat yield at successive rounds of iteration for Spain-US sample 1 joint  analysis 
(/3 = Spain; ZX = US sample I) and Spain-US sample 2 joint  analysis ((> = Spain; * = US sample 2). 

could reduce estimated differences among 
those bulls in US data because of the positive 
genetic correlation between countries. For 
the same reason, estimated differences of 
Spanish bulls might be expected to increase 
because of larger differences among esti- 
mated breeding values for the data set; how- 
ever, this was not observed. The decrease in 
the sire variance component for the Spanish 
data set did not have a clear explanation. 
Simulation studies by Walter and Mao (24) 
and Pollak et al. (18) and Meyer and Thomp- 
son's (15) study with field data found that esti- 
mates of genetic variances tended to decrease 
if correlated traits with selection on one trait 
were analyzed as single traits rather than as a 
multiple trait. Magnitude of decrease was 
related to selection intensity and correlation 
between traits. In this study, milk and fat were 
highly correlated in the Spanish data, 
although selection intensity was not expected 
to be high. In contrast to Walter and Mao's 

simulation (24) for which a decrease in esti- 
mates of residual variance components was 
reported for single-trait as compared with 
multiple-trait analyses, estimates of residual 
components for the Spanish data did not 
decrease if analyzing milk and fat yields inde- 
pendently rather than jointly but instead 
increased slightly. Estimates of phenotypic 
variances were similar for both within- 
country analyses and for joint analyses. As a 
consequence of the decrease in estimates of 
genetic variance but not in estimates of phe- 
notypic variance, heritability estimates de- 
creased from within-country to joint analyses 
(Tables 2 and 3). 

Genetic correlations between countries for 
milk and fat yields are in Table 3. Correlation 
for milk yield is relatively high (.79 for the 
Spain-US sample 1 analysis and .82 for the 
Spain-US sample 2 analysis), which indicates 
that bulls tended to rank similarly in both 
countries (although a scaling effect is ex- 

Journal  of Dairy Science Vol. 72, No. 11, 1989 
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Figure 3. Genetic correlations between countries for milk yield ([] = Spain-US sample l; A = Spain-US sample 2) 
and fat yield (<) = Spain-US sample 1; * = Spain-US sample 2) at successive round of iteration. 

pected because of the differences in genetic 
variances). Correlations between countries 
for fat yield were considerably smaller (.49 for 
the Spain-US sample 1 analysis and .50 for 
the Spain-US sample 2 analysis) than correla- 
tions for milk. The two countries' different 
genetic correlations between milk and fat 
yields (.94 for Spain vs..63 and .69 for US 
samples) might explain partially the differen- 
ces in genetic correlation between countries. 
In addition, fat yield is calculated from fat 
percentage of the milk and, therefore, may be 
subject to more measurement errors than is 
milk yield. 

Figures 1 through 3 illustrate the iterative 
process to convergence that led to estimates 
of heritabilities for milk yield (Figure 1) and 
fat yield (Figure 2) and genetic correlations 
between countries (Figure 3) for the joint 
analyses. Fewer rounds of iteration (from 24 
to 5l) were performed for joint than for 
within-country analyses because of higher 

Journal  of Dairy Science Vol. 72, No. 11, 1989 

cost per round. Size of the Frobenius norm 
(computed as square root of sum of squares of 
elements of the matrix of differences in var- 
iance components between successive 
rounds) relative to estimates of variance com- 
ponents (which was smaller than. 1% at stop- 
ping point) was the criterion used in deciding 
when convergence had been reached. Because 
of the extremely slow rate of convergence, 
especially for genetic variance for the Spanish 
data and genetic covariance between coun- 
tries, the procedures described by Laird et al. 
(9) was used to speed convergence by predict- 
ing expected estimates of parameters of inter- 
est after an infinite number of rounds. Dis- 
continuities in Figures 1 through 3 represent 
points of estimate projection. 

SUMMARY AND CONCLUSIONS 

Estimates of genetic components of var- 
iance as well as heritability estimates for both 
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mi lk  and fat  yields in Spa in  were re la t ively  
small .  Poss ib le  causes of  the low es t imates  
re la ted  to the d a t a  set inc lude accuracy  of  
pedigree  record ing ,  sampl ing ,  and size of  the 
d a t a  set. A d d i t i o n a l  factors  no t  re la ted  to the 
d a t a  set tha t  m a y  have caused smal l  es t imates  
are m a n a g e m e n t  cond i t ions  tha t  l imit  expres-  
s ion of  genet ic  po ten t i a l  of  super io r  cows. 
F u r t h e r  inves t iga t ion  of  causes of  the small  
es t imates  of  genet ic  var iance  is r ecom-  
mended ,  inc luding  s tudies  with larger  d a t a  
sets or  those  on qual i ty  of  pa te rn i ty  ident i f ica-  
t ion  or  genet ic  var iance  in different  manage -  
men t  condi t ions .  If  these add i t i ona l  s tudies 
also show evidence of  a smal l  genetic var iance  
in the Span i sh  da i ry  cat t le  popu la t ion ,  a 
change  in the  pa r ame te r s  cur ren t ly  used (her- 
i tabi l i ty  of  .25 for  milk)  in sire eva lua t ions  
might  be necessary.  

Genet ic  and pheno typ ic  cor re la t ions  
between mi lk  and fat yields were close to 1.00 
in Spa in  but  somewha t  smal ler  for  the Uni ted  
States.  Rank ings  for  US bulls based on mi lk  
or  fat  yields would  not  be expected  to be the 
same, whereas  Span i sh  rankings  for  the two 
t ra i ts  should  be near ly  identical .  Rank ings  of  
bulls  in Spa in  and the US are expected  to be 
s imi lar  for  milk  yield but  different  for  fat  
yield.  F u r t h e r  inves t iga t ion  is necessary  to 
de te rmine  causes of the smal ler  co r re l a t ion  
be tween count r ies  for fat yield,  especial ly  as 
re la ted to i m p o r t  of  bulls for  their  fat  value.  

Low es t imates  for  genetic var iance  and rel- 
at ively high genet ic  cor re la t ions  be tween 
count r ies  for  mi lk  yield suggest  tha t  i m p o r t a -  
t ion  of  semen f rom the US Hols te in  p o p u l a -  
t ion might  enhance  genetic progress  for  mi lk  
yield in the Span i sh  Fr ies ian  popu la t i on .  
A l t h o u g h  use of  US semen l ikely would  
increase mi lk  and fat yields,  economic  costs  
and benefi ts  should  be c o m p a r e d  with those  
f rom improv ing  m a n a g e m e n t  condi t ions .  
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