University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

Faculty Papers and Publications in Animal

Science Animal Science Department

May 1989

Estimation of Genetic Parameters for Milk and Fat Yields of Dairy
Cattle in Spain and the United States

M. J. Carabano
Cornell University

L. Dale Van Vleck
University of Nebraska-Lincoln, dvan-vleck1@unl.edu

G. R. Wiggans
USDA, ARS

R. Alenda
Instituto Nacional de Investigaciones Agrarias, 28040 Madrid, Spain

Follow this and additional works at: https://digitalcommons.unl.edu/animalscifacpub

b Part of the Animal Sciences Commons

Carabano, M. J.; Van Vleck, L. Dale; Wiggans, G. R.; and Alenda, R., "Estimation of Genetic Parameters for
Milk and Fat Yields of Dairy Cattle in Spain and the United States" (1989). Faculty Papers and Publications
in Animal Science. 131.

https://digitalcommons.unl.edu/animalscifacpub/131

This Article is brought to you for free and open access by the Animal Science Department at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty Papers and
Publications in Animal Science by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/animalscifacpub
https://digitalcommons.unl.edu/animalscifacpub
https://digitalcommons.unl.edu/ag_animal
https://digitalcommons.unl.edu/animalscifacpub?utm_source=digitalcommons.unl.edu%2Fanimalscifacpub%2F131&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/76?utm_source=digitalcommons.unl.edu%2Fanimalscifacpub%2F131&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/animalscifacpub/131?utm_source=digitalcommons.unl.edu%2Fanimalscifacpub%2F131&utm_medium=PDF&utm_campaign=PDFCoverPages

Estimation of Genetic Parameters for Milk and Fat Yields of Dairy
Cattle in Spain and the United States

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. Al 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 Al service from 1951 to 1975 to
account for selection over time.
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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
Al 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 mo, 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.

United States

Spain 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
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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=XB+Zs+e

where y is the vector of observations; 8, s, and
e are vectors of fixed, sire, and residual
effects; and X and Z are known matrices that
associate elements of 8 and s with y. The vec-
tors s and e were considered to be jointly nor-
mally distributed.

The model for US data was:

Yi = hi + £+ S + e

where yj;, is milk or fat yield of cow 1in HYS
i and sired by bull k in group j, h; is effect of
HYS i (146,765 HYS for sample 1; 142,676
HYS for sample 2); f; is effect of sire group j;
sik is effect of sire k within sire group j (1170
sires for sample 1; 1186 sires for sample 2);
and ey is residual.
The model for Spanish data was:

Yijklmnopq = hij + bjl Ot syt tjo + Uy * Vo
t Wio * dop + Cijklmnopq
Where Yijimnopq 18 milk or fat yield of cow q
calving at age 1in region m, herd i, year j, and
season k and sired by bull n with origin o and
birth year p; h j; is effect of herd-year ij (2068
herd-years); by is interaction effect between
calving year j and calving age [; ¢, is interac-
tion effect between calving age 1 and region m;
s, is effect of sire n; tj, is interaction effect
between calving year j and sire origin o; u,, is
interaction effect between calving season k
and sire origin 0; v, is interaction effect
between calving age 1 and sire origin o; w,,, is
interaction effect between region m and sire
origin o; d,, is interaction effect between sire
origin o and sire birth year p; and €;ximqopq 1S
residual. This more complicated model was
used because results of a study by L. Gomez
Raya et al. (1989, personal communication)
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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, REML
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! = [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:

Yi X 0} |8 Z0]]s e
= + +
Yy 0 X BZ 0Z Sy [

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; B,s, and e are vectors of fixed, sire,
and residual effects associated with the yield

trait.
s
e

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

and variance

o

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

m -
gu 8u
G, =
g1 &2
L ;
and
. -
ISTRER S )
R, =
Ty Iy
h -

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! (19) to eliminate A-! 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-

Journal of Dairy Science Vol. 72, No. [1, 1989
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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:

Y1 X, 0]1]5 Z,0||s e
Y2 0 X5} 18 0 Z] s e
By

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 B, 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

g 0
R = Var(e) =
0 rphe

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, kg2

Milk yield 108,608 496,015 629,929

Fat yield 102 568 656

Milk-fat covariance 3147 10,564 14,058
Phenotypic (co)variances, kg2

Milk yield 676,175 1,691,576 1,711,458

Fat yield 752 1993 2004

Milk-fat covariance 20,487 47,038 47,573
Heritability

Milk yield .16 .29 37

Fat yield .14 28 33
Correlation milk-fat

Genetic .94 .63 .69

Phenotypic 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 yieldsin 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 Gy and R,.

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 from 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 |

Spain-US sample 2

Spain Us

Spain UsS

Genetic variances, kg2
Milk yield
Fat yield

Genetic covariances
{Spain, US)
Milk yield
Fat yield
Phenotypic variances, kg2
Milk
Fat yield
Heritability
Milk yield
Fat yield
Genetic correlation
(Spain, US)
Milk yield
Fat yield

79,177 431,575
66 449

145,526
84

674,221 1,694,106
748 1993

12
.09

.79
.49

25
.23

88,182 466,231
68 477

165,455
90

676,255 1,698,973
748 1998

13 27
09 .24

.82

.40

.35

.30

.25

Heritability

.20

rj

10 15 20

Round

25

30 35 40

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

Journal of Dairy Science Vol. 72, No. 11, 1989
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.35

.30

.25
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.20

Heritability

.05

30 40 50 60

Round

Figure 2. Heritabilities for fat yield at successive rounds of iteration for Spain-US sample 1 joint analysis
(O = Spain; A = US sample 1) 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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T T T T

30 40 50 60

Round

Figure 3. Genetic correlations between countries for milk yield (O = Spain-US sample I; 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 51) 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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milk and fat yields in Spain were relatively
small. Possible causes of the low estimates
related to the data set include accuracy of
pedigree recording, sampling, and size of the
data set. Additional factors not related to the
data set that may have caused small estimates
are management conditions that limit expres-
sion of genetic potential of superior cows.
Further investigation of causes of the small
estimates of genetic variance is recom-
mended, including studies with larger data
sets or those on quality of paternity identifica-
tion or genetic variance in different manage-
ment conditions. If these additional studies
also show evidence of a small genetic variance
in the Spanish dairy cattle population, a
change in the parameters currently used (her-
itability of .25 for milk) in sire evaluations
might be necessary.

Genetic and phenotypic correlations
between milk and fat yields were close to 1.00
in Spain but somewhat smaller for the United
States. Rankings for US bulls based on milk
or fat yields would not be expected to be the
same, whereas Spanish rankings for the two
traits should be nearly identical. Rankings of
bulls in Spain and the US are expected to be
similar for milk yield but different for fat
yield. Further investigation is necessary to
determine causes of the smaller correlation
between countries for fat yield, especially as
related to import of bulls for their fat value.

Low estimates for genetic variance and rel-
atively high genetic correlations between
countries for milk yield suggest that importa-
tion of semen from the US Holstein popula-
tion might enhance genetic progress for milk
yield in the Spanish Friesian population.
Although use of US semen likely would
increase milk and fat yields, economic costs
and benefits should be compared with those
from improving management conditions.

ACKNOWLEDGMENTS

This research was supported in part by a
grant from the US-Spain Joint Committee
for Scientific and Technological Coopera-
tion. Computing facilities were provided by
the Northeast Dairy Records Processing Lab-
oratory, Ithaca, NY, and the Cornell
National Supercomputer Facility, Ithaca,

3021

NY, which is funded by the National Science
Foundation, New York State, and IBM Cor-
poration. Assistance by S.M. Hubbard in
technical improvement of the manuscript is
acknowledged gratefully.

REFERENCES

—

Abubakar, B. Y., R. E. McDowell, and L. D. Van
Vleck. 1987. Interaction of genotype and environ-
ment for breeding efficiency and milk production of
Holsteins in Mexico and Colombia. Trop. Agric.
(Trinidad) 1:17.

2 Calcedo, V. 1984. New information on the incidence
of the Holstein-Friesian strain in the population of
Friesians in Spain. Av. Aliment. Mejora Anim.
25:217 (Anim. Breeding Abstr. 53:357).

3 Chavaz, J. 1984. Calculation of foreign breeding
values. Mitt. Schweiz. Verb. Kiinst. Besamung. Inter-
essengem. Schweiz. Besamungsz. 22:155 (Anim.
Breeding Abstr. 53:922).

4 Danell, B. 1982. Interaction between genotype and
environment in sire evaluation for milk production.
Acta Agric. Scand. 32:33.

5 Dempster, A. P., N. M. Laird, and D. B. Rubin. 1977.
Maximum likelihood from incomplete data via the
EM algorithm. J. R. Stat. Soc., Ser. B, 39:1.

6 De Veer, J. C., and L. D. Van Vleck. 1987. Genetic
parameters for first lactation milk yields at three lev-
els of herd production. J. Dairy Sci. 70:1434.

7 Hill. W.G., M. R. Edwards, M. K. A. Ahmed, and R,
Thompson. 1983. Heritability of milk yield and com-
position at different levels and variability of produc-
tion. Anim. Prod. 36:59.

8 Jensen,J., and I. L. Mao. 1988. Transformation algo-
rithms in analysis of single trait and of multitrait
models with equal design matrices and one random
factor per trait: a review. J. Anim. Sci. 66:2750.

9 Laird, N., N. Lange, and D. Stram. 1987. Maximum
likelihood computations with repeated measures:
application to the EM algorithm. J. Am. Stat. Assoc.
82:97.

10 Lawlor, T. J., Jr. 1984, Estimation of genetic and
phenotypic parameters of milk, fat, and protein yields
of Holstein cattle under selection. Ph.D. Thesis, Cor-
nell Univ., Ithaca, NY.

11 Lytton, V. H., and J. E. Legates. 1966. Sire by region
interaction for production traits in dairy cattle. J.
Dairy Sci. 49:874.

12 Mao, 1. L., and E. B. Burnside. 1969. Sire by herd
interaction for milk production. J. Dairy Sci.
52:1055.

13 McDowell, R. E., G. R. Wiggans, J. K. Camoens, L.
D. Van Vleck, and D. G. St. Louis. 1976. Sire com-
parisons for Holsteins in Mexico versus the United
States and Canada. J. Dairy Sci. 59:298.

14 Menéndez, B. A., and D. Guerra. 1983. Relationship

among the breeding values of Holstein-Friesian Al

bulls evaluated in Cuba, Canada and Mexico. Memo-
ria, Asoc. Latinoam. Prod. Anim. 16:161. (Anim.

Breeding Abstr. 52:835.)

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



3022

15

17

18

19

20

Meyer, K., and R. Thompson. 1984. Bias in variance
and covariance component estimators due to selec-
tion on a correlated trait. Z. Tierz. Zuchtungsbiol.
101:33.

Patterson, H. D., and R. Thompson. 1971. Recovery
of interblock information when block sizes are
unequal. Biometrika 58:545.

Petersen, P. H. 1975. Genotype-environment interac-
tion in milk production under Danish and Bulgarian-
Czechoslovakian conditions. Anim. Prod. 21:101.
Pollak, E. J., J. van der Werf, and R. L. Quaas. 1984.
Selection bias and multiple trait evaluation. J. Datry
Sci. 67:1590.

Quaas, R. L. 1989. Transformed mixed model equa-
tions: a recursive algorithm to eliminate A-1. J. Dairy
Sci. 72:1937.

Romero, L. C. 1986. Environmental and genetic fac-
tors influencing the performance of Holsteins in
Puerto Rico. M. S. Thesis, Cornell Univ., Ithaca, NY.

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

21

22

23

24

25

CARABANO ET AL.

Swalve, H., and L. D. Van Vleck. 1987. Estimation of
genetic (co)variances for milk yield in first three lacta-
tions using an animal model and restricted maximum
likelihood. J. Dairy Sci. 70:842.

Swanson, G. J. T. 1984. Conversion of bull evalua-
tions from several countries to UK improved contem-
porary comparison equivalents. Bull. Int. Dairy Fed.
183:293. (Anim. Breeding Abstr. 55:533.)
Thompson, R. 1977. Estimation of quantitative
genetic parameters. Page 639 in Proc. Int. Conf. on
Quant. Genet. E. Pollak, O. Kempthorne, and T. B.
Bailey, ed. lowa State Univ. Press, Ames.

Walter, J. P., and L. L. Mao. 1985. Multiple and single
trait analyses for estimating genetic parameters in
simulated populations under selection. J. Dairy Sci.
68:91.

Wiggans, G. R., and L. D. Van Vleck. 1978. Evalua-
tion of sires in herds feeding differing proportions of
concentrates and roughage. J. Dairy Sci. 61:246,



	Estimation of Genetic Parameters for Milk and Fat Yields of Dairy Cattle in Spain and the United States
	

	3013_1.tif

