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ABSTRACT 

Variance components were estimated for herd, sire, and cow effects 
with a three-way nested model, using unadjusted and adjusted records 
for age and seasonal difference from 62 herds on DHIA recording in 
Puerto Rico . The cows calved from 1967 to 1973. They were high grade 
and purebred Hols teins imported from Canada or the Un ited States or 
p rogeny of bulls and semen from the two countries. The percentages of 
the total va riance for milk yield were 18 .7, 4.9, and 40.8% for herd, sire, 
and cow, respectively. The percentages for fat yield were similar. These, 
plus the component for lactation length and days open, were in the range 
reported from temperate regions. The variance components of fat percent 
were si milar to that of temperate regions for herd ( 14.9%) and cow 
(54.1 %), but the sire component was negative, indicat ing factors yet 
unident ified that influenced this t rait . Total variances for m ilk and fat 
y ields ind icated sufficient variabil ity to permit selection . 

Estimates of heritability and repeatabi li ty for milk yield, fat yield, fat 
percent, lactation length, and days open computed from the sire and cow 
variance components were consistent with those reported from the 
t emperate regions . The estimates indicate there was no loss of genotypic 
variance in the tropical environment. It appears that genotype exerts as 
much influence on production in Puerto Rico as elsewhere . 

INTRODUCTION 

There have been a number of studies on estimates of var iance 
associated wit h herd, sire, cow, and the total variance using data on 
Holsteins from temperate areas, but few such estimates are available 
from tropical areas . The estimates from tropical data have been based on 
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single herds and breeds other than Holstein. This is mainly because of 
lack of data, especially from commercial herds in tropical areas. 
Estimates for heritability and repeatability of performance traits are 
likewise unavailable for Holsteins in trop ical areas. 

The objective of this study was to ut ilize data from a trop ical area, 
Puerto Rico , for determining the variance in several tra its assoc iated 
with herd, sire, cow, and the total variance, as well as estimates of 
heritability and repeatability. 

PROCEDURE 

The data came from herds on DHIA recording in Puerto Rico and 
consisted of 33,950 records from 62 herds for cows calving from 1967 to 
1973. Further description of the data and screening procedures are found 
in another report (7). For the present study the following restrictions 
were applied: 1) Only normally terminated records were accepted ; 2) all 
records exceeding 305 days were excluded, as were records of less than 60 
days duration; 3) only records with cow and sire identificat ion were 
considered; and 4) milk and fat records were adjusted for age-season 
effects with factors derived from Puerto Rico data (6 ). 

The model used for estimating components of variance of each tra it 
was: 

where, 

YtJkl = the measurement of a trait of interest; 
J.l = the population mean common to all records; 
Ht = the random effect associated with the ith herd with mean zero 

and variance an 2
; 

Sii the random effect of the j th sire nested in the ith herd with 
mean zero and variance a5

2
; 

cijk the random effect of the kth cow nested within the j th sire in 
the ith herd with mean zero and variance ac 2

; 

etJkl random error with mean zero and variance a/ . 

The model assumed the effects of herds, sires, cows, and t he error term 
were random (26) . The estimation of variance components for an 
unbalanced hierarchal des ign has been described by Gates and Shiue 
(17) and Gower (18). 

The estimates of the components of variances were denoted as an 2
, IJ s 2 , 

IJc
2

, and ae 2
; and ap 2 was the sum of these or estimated total variance. 

Heritabilities were estimated across herds (overall) as 4 (J /I a P 
2 and 

within herd as 4 a//(a/ -- an 2
) . Similarly, repeatabilities overall were 

estimated as (a/+ a/)/1Jp2 and within herd as (a/ + ac 2 )/ (ap 2 
- an 2

). 
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RESULTS AND DISCUSSION 

COMPONENTS OF VARIANCE 

The component of variance for herd ( uh 2 ) appeared important for mi lk 
yield, fat yield, and fat percent, using either the unadjusted or adjusted 
records (table 1) . It was smaller for length of lactation and of little 
consequence for days open . The relative variation between herds was less 
than generally reported from temperate regions . Most estimates range 
from 30 to 40% for milk and fat yields and fat percent (1 ,4,9, 13,27,29). 
However, the estimated var iance for the three traits made by Cunning
ham (11 ) was similar to the estimates for Puerto Rico . The differences 
among estimates are partially due to the models employed. In several 
studies, e.g., VanVleck and Henderson (29), variance for cows and herds 
were no t separated, thereby probably resulting in some inflation in uh 2 • 

TABLE I.-Es timated percentages of uariance for herd, sire, cow, and error and the total 
uariance for seueral traits 

Trai t Herd Si re Cow Error Total 

o/r 

Unadjusted Records 

Milk yield 18.7 4.9 40.8 30.5 16,452,663 (lb') 
Fat yield 20.5 4.7 38.9 36.0 21,927 (lb ' ) 
Fat percent 14.9 - 19.9 54. 1 50 .9 .1426 (%') 
Lactat ion length 8.6 - 18.8 59.9 50.2 3,839 (days') 
Days open 1.9 - 19.9 57 .3 61.1 6,731 (days') 

A fter Age-Season Adjustment 

Mi lk yield 18.7 2.0 42 .5 368 16,061,914 (lb ' ) 
Fat yield 20.4 2.0 40.5 37 .1 21,771 (l b' ) 
Fat percent 14.8 - 19.0 53.8 50.2 .1450 (%' ) 

Also, when cows with only a single record are included, the cow variance 
goes into the u/ component which will reduce the relative size uh 2 • In the 
present study cow variance was separated and only cows with repeat 
records included . 

The estimated uh 2 for days open (table 1) agrees with reports from 
temperate regions. For instance, Dunbar and Henderson (12) estimated 
that uh 2 for nonreturns was essentially zero. 

The sire component (u/) for milk and fat yield was about 5% of the 
total variation. These values are in the lower range of estimates (3 to 
10 %) that h ave been reported (4 ,11,13,21,29). 

The lis 
2 for fat percent, lactation length, and days open were negative 

(table 1). These were interpreted to mean that sire variance was zero, 
that is to say, genotype contributed no detectable part in the expression 
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of these traits in Puerto Rico herds . Estimates of zero for (J / in percent 
fat have also been reported fro m the United States (10, 11). Higher 
estimates have been reported (1, 4), and the heritability is accepted at 
about 0.50 . Estimates of (J.Z that approach zero for lactation length and 
days open are generally accepted (11, 24, 25). 

By far the largest component of variance was (J/, the variance among 
cows (table 1) . Near 40% of the variation in milk and fat , over 50% of t hat 
in fat percent, and about 60% of the variation in lactation length and 
days open were attributed to differences between cows. The magn itude of 
t he estimates indicates a sizeable potential for cow selection and/or 
changes in herd management to improve both production and reproduc
tion in Puerto Rico. 

The elements of the model-herds, sires, and cows- accounted for 
more than 60% of the variation in milk and fat yields. The error, or un
explained variance, with 30 to 36% which is somewhat lower than the 
estimates of 48 to 50% obtained by others (21, 29). The difference in 
results was attributed to the more extensive model used in the present 
study. The (J.Z "for fat percent was 50.2 % of the total variance. T he 
conclusion is that factors unidentified in this study inf1uenced the error 
component for fat percent. In previous reports (7, 8) it was pointed out 
that fat percent varies from the expected in Puerto Rico . The error 
component for lactat ion length and days open is not different from that 
reported from cooler cl imates, espec ially for days open ( 12). 

After adj usting milk and fat yields for age and season of calving, the 
total variation decreased about 2.4% for milk and 0.7% for fat yield. 
Changes in the total variation for fat percent were negligible. The 
differences suggest that age and season could account for these approxi
mate percentages in total variation for milk and fat. The adjustment fo r 
age and season brought little change in the estimates of (Jh 

2
, (J c 

2
, or (J e

2 for 
milk yield; however, (J 5

2 decreased to about half when unadjusted records 
were used. This suggests some confounding of sires and ages. 

The total va riance for milk yield (table 1) was more than twice that for 
herds in New York (20, 29). In the New York studies only 305-day, 2X, 
mature equivalent records were used while the Puerto Rico data included 
records of 60 to 305 days . While the greater variance could have resulted 
because of the confounding effect of lactation length, it is apparent that 
sufficient variability is available in the dairy cattle of Puerto Rico for 
improvement through selection. 

An important practical conclusion derived from the components of 
variance is that considerable change could be achieved in Puerto Rico 
herds by improving herd environments, selecting good sires , and giving 
more attent ion to culling of cows . 
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HERITABILITY AND REPEATABILITY 

Heritabi lity and repeatability estimates derived from the components 
of variance are in table 2. T he estimates of he ritabi lity for milk and fat 
yields with unadjusted records are sim il ar to t hose for Holste ins in 
tem perate areas (2,3 ,5,11 ,15 ,19,30), but lower than some other estimates 
(10,23) . 

Since the estimated components for sire variance of fat percent, 
lactation length, and days open were negative (table 1) and assumed to 
be zero, heri tability es t imates for these tra its were zero. The low 
herit ab ility for lactation length and days open agrees with most other 
studies, but the generally accepted heritability for fat percent ranges 
from 50 to 60% (22 ). 

T he estimates of repeatabil ity for all traits (tab le 2) a re similar to 
curren tly accepted values (22). 

T AB LE 2. -Estimated heritability and repeat ability for vario us traits 

Heritabil it y Repeatability 

Overall Wi thin herd Overall With in herd 

"' Unadjusted Records 

M il k yie ld 19.5 24.0 45.7 56.3 
Fat y ield 18.6 2:L4 1: :.5 54.7 
Fat percent 0 0 34 .2 40.1 
Lactation length 0 0 50.5 54.4 
Days open 0 0 47.6 48.4 

A ft er Age-Season A djustment 

M ilk y ield 7.9 9.7 44.5 54.7 
Fa t yie ld 7.9 9.9 42 .5 53.3 
Fat percen t 0 0 54.1 63.4 

T he he rita bil ity est imates derived for milk yield and fat yield using 
adjusted records are much lower than expected (table 2). The cause or 
causes for the marked reduction in estima tes withou t apprec iable 
changes in the repeatability est imates is not clear at this time. 

An interesting aspec t emerging fro m this study of varian ce compo
nents, heritability , and repeatabili ty is t he performance of an imported 
genotype in a trop ical environment. In Puerto Rico a number of the cows 
were imported from Canada or t he United States, and most of the others 
were progeny of either se men imported or bulls purchased from the two 
countries for use in the local AI center or natural services on some farms. 
Heretofore, it has been assumed t hat much of t he genetic variation would 
be overridden by the tropical env iron ment (14) . The present study does 
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not support this hypothesis . The highest producing cows in Puerto Rico 
have been high grade or purebred Holsteins ( 16). Other breeds, such as 
native, crossbred, and Brown Swiss, that were tried earlier, at present 
represent less than 10% of the total da iry cow population . The compo
nents of va riance are well within the range accepted fo r temperate 
regions . VanVleck (28 ) indicated genetic variability could differ from one 
environment to another . He concluded that higher levels of produc tion 
were assoc iated with higher genetic variab il ity. Lower estimates of 
genetic var iabil ity could, therefore, be a function of lower levels of 
production . The obv ious conclusion is that even in the tropics, if high 
levels of production could be attained, h igher estimates of genet ic 
variability would result. Nonetheless , it appears that even though levels 
of feeding and management in Puerto Rico may not be sufficient for full 
expression of genetic potential for milk production , the use of good 
genetic stock is warranted . 

RESUMEN 

Se esti maron los componentes de variaci6n para los efectos de hato, 
toros y vacas usando un modelo en diseno factorial. Se usaron los 
registros no ajustados y los adjustados para edad y Ia estaci6n del aiio de 
62 hatos inscritos en Ia asociaci6n de mejoramiento de hatos lecheros de 
Puerto Rico. Las vacas, que parieron del 1967 al 1973, eran Holstein 
puras o de alto grado de pureza importadas del Canada o de los Estados 
Unidos o progenie de toros y semen de los dos pales . Los porcentajes de Ia 
variaci6n total para Ia producci6n de leche fueron 18.7, 4.9 y 40.8 para 
hato, toro y vaca, respectivamente. Los porcentajes de producci6n de 
grasa fueron simi lares . Estos, mas el componen te de duraci6n de Ia 
lactaci6n y dlas receptivos, es taban en los lfm ites informados para zon as 
templadas. Los componentes de variaci6n del porcentaje de grasa fueron 
sim il ares a los de zonas templadas para hato (14 .9%) y vaca (54. 1 %). El 
componente toro fue negativo, indicando que factores todavfa no 
identificados afectaron este rasgo . Las variaciones totales para Ia 
producci6n de leche y grasa ind icaron que habia s uficiente variabilidad 
para permitir Ia selecci6n . 

Los estimados de Ia hered itabilidad para Ia producci6n de leche y 
grasa, contenido de grasa, duraci6n de Ia lactaci6n, y dfas receptivos 
computados de los componentes de variaci6n para toro y vaca fueron 
consistentes con los informados en las zonas templadas . Los est imados 
indican que no hubo perdida de Ia var iaci6n genotfpica en el ambiente 
tropical. Se puede concluir que el genot ipo parece ejercer tanta 
influencia en Ia producci6n de leche en Puerto Rico como en cualquiera 
otra parte. 
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