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SUMMARY

Restricted Maximum Likelihood (REML) parameters fo r fa t yie ld were estim ated in large 
Holstein-Friesian pedigree herds, using an Individual Animal Model (1AM). H e ritab ility  estim ates 
from  individual herds were sim ilar, but the genetic and environm enta l variances d iffe red among 
herds.

INTRODUCTION

In the 1990's the 1AM (Individual Animal Model) is likely to  become the m odel o f evaluation fo r 
dairy cattle. Some countries already have implemented the ir 1AM evaluation (W iggans et al, 
1988), others w ill fo llo w  w ith in  the next few  years. The 1AM requires few er assum ptions about 
the data than a sire model, fo r example random non-m ating of males and fem ales is taken in to 
account. However, the 1AM may be susceptible to  problem s w hich p rev iously  were o f lesser 
im portance fo r evaluation w ith  a BLUP sire model. One such a problem  is that of 
heterogeneity o f variance, i.e. the variation of EBV's (Estimated Breeding Values) among cows 
w ith in  a herd or herd-year-season is influenced by the phenotypic varia tion w ith in  that 
environment. If it  is not known w hether the genetic variance, the environm enta l variance, or 
both variances are heterogeneous, then the e ffect on accuracy o f se lection is not predictable. 
Previously, if  young bulls were tested among herds from  many d iffe ren t mean and variance 
groups and evaluated w ith  a sire model, the ir EBV was unlikely to  be heavily in fluenced by 
heterogeneity o f variance between herds or herd-year-seasons. For the p rob lem  of he t#  o f 
variance it is not clear what the effect on EBV's w ill be using an 1AM.

Usually the estimates o f variances (or the ir ratios) required fo r  BLUP are derived from  REML 
(Restricted Maximum Likelihood; Patterson and Thompson, 1971) procedures using a s im ilar 
model of analysis to  that used to  predict breeding values. For U.K. data the use o f an IAM fo r  
estim ating population param eters had not been investigated. The aim o f th is  s tudy was to 
calculate REML estimates using an IAM, w ith  special a ttention to  the problem  o f he terogeneity  
of w ith in  herd variance. To try  to  explain potentia l heterogeneity o f variance the data were 
analysed in itia lly  at herd level. The estim ations were carried ou t using a REML program  w ritten  
by Karin Meyer (Meyer, 1989).

MATERIAL AND METHODS

A sample of 26 large Holstein Friesian (HF) pedigree herds was taken. Before ed iting  7979 firs t 
lactation fa t yield records were present, from  cows calving between 1981 and 1986. The overall 
mean and (uncorrected) standard deviation were 213 ± 43.9 kg fat. The ranges o f herd means 
and herd standard deviations were 170.3-263.6 and 25.0-48.9 respective ly. The corre la tion 
between herd mean and standard deviation was close to  zero (+ 0.02). The average North 
American HF percentage o f the cows was 23 %. 581 sires were represented in the com ple te  
data set, both young and old (proven) sires. 186 bulls only had 1 daughter, whereas proven 
bulls had up to  450 daughters present. 1740 daughter-dam  pairs w ith  records were present, o f 
which only 6 pairs were not in the same herd. A fter editing 7720 records (from  574 sires) were 
left.
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The assumed linear model, w ith  one random effect besides the residual e ffe c t was: 
y= Xb + Zu + e and:
v(y)= ZAZ'o,2 + lo e2 = ZGZ' + R ; w ith  the usual defin itions:

y.b.u are vectors o f the observations, fixed effects and individual animal e ffects respective ly, 
X,Z are the known incidence m atrices fo r the fixed and random effects, and A is the num erator 
relationship matrix.

HYS were the only fixed e ffects, and age at calving, percentage HF and lacta tion length were 
fitted  as covariables. The (natural) Log-L ike lihood (L) fo r a m odel w ith one o ther random  effect 
besides the residual com ponent is (e g. Harville, 1977; Searle, 1979):

L= -1 /2 {  log|R| + log|A| + log|C| -  loglX'X] + y'Py }

Where C= fu ll rank subm atrix o f the coe ffic ient m atrix and y'Py=- residual Sum o f Squares, w ith  
P a projection matrix. S ign ifican t tests fo r heritab ility  estimates were carried ou t as Likelihood 
ratio tests (see e.g. Mood et al, 1973). Standard errors on parameter estim ates were obtained 
through approxim ating the like lihood curve by a quadratic function, and taking the second 
d ifferentia l w ith  respect to  the param eter o f interest.

Three d ifferent m odels were fitted . In analysis la herds were evaluated separately and, 
assuming independence and equal w e ightings, maximum (log)likelihoods were summed and 
heritab ilities pertaining to  those maxima were averaged over all 26 estim ates. The standard 
error presented fo r la is from  the em pirica l variance of the estimates, lb uses the same 26 
estimates, but now the overa ll m aximum  and likelihood is obtained by w e igh ting  the estim ates 
according to  the am ount o f in fo rm ation  present in each data set. This was investigated by 
summing up all 26 like lihood curves and fittin g  a quadratic to the obtained curve to  obtain the 
maximum likelihood estim ate. In analysis II the same data were used, but all herds were 
combined in one data set to  give the overa ll heritab ility  estim ate and likelihood.

RESULTS

Table 1 gives a summ ary o f the results o f the 3 d iffe ren t analyses. Some sum m ary sta tis tics  
for the individual herd estim ates are presented in table 2.

Table 1: Com parison o f d iffe ren t REML evaluations

la lb II
L -27239.7 -27251.4 -27998.6
h2 0.388 0.387 0.379
s.e.lh2) 0.037 0.033 0.037
f 'fh 5) 731 918 734

s.e.= standard error
4'(h2)= in fo rm ation  fo r h2 estimate= {var(h2)}~'
L= log(Likelihood)
Analyses: la: ind ividual herds

lb: com bined estimates of individual herds 
11= all herds together

The combined analysis II shows a low er like lihood than the summed maximum like lihoods from  
la, which is not surpris ing given tha t II was analysed w ith  few er degrees o f freedom  i.e. the 
separate herd analyses a llow  fo r m ore param eters to  be fitted ; im p lic itly  a sire by herd 
interaction, a herd by genetic variance in te raction  and a herd by residual variance in te raction
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were fitted  in analysis la. The he ritab ility  estimate is hardly d iffe ren t; th is  can be a resu lt o f 
the particular design, or may be due to  a large contribution o f daughte r-dam  comparisons. As 
expected the s.e. is s ligh tly  la rger than in lb, confirm ing that the separate data sets were not 
independent, since there is a positive  covariance among ind ividual herd he ritab ility  estimates.

Table 2: Summary s ta tis tics  fo r individual herd estimates

PARAMETER MEAN MIN MAX Q1 Q3 STDEV

"Raw" op2 1247.1 625.0 2391.2 967.5 1532.8 411.1
REML results:

V  2 834.5 482.7 1353.4 642.0 943.3 225.3
330.6 17.4 771.1 192.0 513.2 184.4

° °  2 504.0 161.6 839.1 362.5 619.9 186.1
h2 0.388 0.030 0.800 0.2-73 0.504 0.186

The statistics are respective ly: mean, m inimum , maximum, low er 
quartile, upper quartile  and the empirical standard deviation.
Raw op2: phenotypic variance before any corrections.

Testing each herd he ritab ility  from  I against the overall h e ritab ility  from  II showed no 
significant difference at the 1 % level. A single likelihood ra tio  test, com paring the likelihood 
from  la (= sum all maxima) w ith  lb  (» the maximum likelihood fo r com bin ing  the 26 estim ates 
to one estimate) also showed no sign ificant difference between the h e ritab ility  estim ates 
(-2*log(d ifference like lihood)3 23.4 for 25 degrees of freedom). The overa ll h e ritab ility  agrees 
well w ith the m ost recent U K. estim ate for pedigree herds (Meyer, 1987).

In further likelihood ratio tests it  was assumed that the he ritab ility  was the same fo r  ail herds, 
allow ing fo r simple tests fo r the variances. This assumption resu lts in equ iva lent tests fo r 
genetic and environm ental variances. The test fo r variances resulted in 11 ou t o f 26 estim ates 
differing from  an overall variance estimate. A single like lihood ratio  te s t also showed 
significance at the 1 % level (-2*log(d iffe rence)=  44.2 w ith  25 degrees o f freedom ). C learly a 
relatively large heterogeneity o f variance among herds is present fo r th is  data set. The 
estimated phenotypic variances fo r the separate herds showed a nearly th re e -fo ld  difference 
between the lowest and h ighest phenotypic variance.

DISCUSSION

The sample o f the pedigree herds may not be representative fo r all the pedigree herds or fo r 
the non-pedigree herds of the b lack-and -w h ite  breed. Meyer (1987), f itt in g  a sire model, found 
substantia lly higher heritab ilities fo r  fat yield in pedigree herds com pared w ith  non-ped igree 
herds. Furthermore, the am ount o f in form ation per herd may not be su ffic ien t to  detect real 
differences in heritab ilities and variances. More in form ation per herd may also provide 
suffic ient power to  d istingu ish between heterogeneity o f genetic and he terogeneity  of 
environm ental variance. However, despite the large standard errors fo r  h e rita b ility  estimates 
from  individual herds (approxim ate ly 0.19), few  extreme he ritab ility  estim ates were obtained in 
th is  study and the pedigree herds were the largest herds available.

For these data, heritab ilities seemed to be the same fo r all herds. O ther authors also have 
found higher genetic variances in the more variable herds fo r p roduction tra its , som etim es by 
find ing higher heritab ilities in those herds (eg. Hill et al, 1983; Lofgren et a I, 1985; Boldman and 
Freeman, 1988). The observed heterogeneity of variance could not be explained by a scale 
effect, since the corre lation between herd mean and variance was close to  zero. Assum ing 
equal heritabilities across herds makes it re lative ly easy to take he terogeneity  o f variance into
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account in a BLUP-evaluation: e ither the data can be precorrected fo r the w ith in -h e rd  
phenotypic variance, o r the diagonal e lem ents fo r animals and fixed e ffects can be m anipulated 
during the evaluation. Estim ating phenotyp ic variances from  small herds may cause sampling 
problems. Repressing estim ates from  individual herds to  some overa ll estim ate o f the 
phenotypic variance, where the regression coe ffic ient depends on the herd size (degrees of 
freedom), was discussed by Brotherstone and Hill (1986).

If fu rther investigation indicates tha t heritab ilities are not the same fo r all herds, then a 
d ifferent approach should be taken. A m u lti- tra it approach seems theore tica lly  best (see e.g. 
Gianola, 1986), but it may be ted ious to  estim ate genetic and phenotypic param eters fo r all 
herds in order to  group them  accord ing to  some function of the estimated parameters.
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