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IDtroaluctioD

For many years, international genetic conparisons have relied
on regression-based conversion fornulae using data from buLls usedas service sires in_ both an inporting and an exporting country
(Goddard, 1985; Wilnink et aL., 198G). Analyses uling conversioir
formul-ae suffer from several lirnitations, including: t the numberof sires used jointly by both an importing and an export,ing counEry
nay-be sneu-; 2) biases in conversion fornuLae nay occur clue topreferential treatnent of. offspring from highly-proven foreignbu]]s; 3) converted breeding value estimates of e-xtrene foreilnbulls (which are the bulls of greatest interest) rnay be of lowaccuracy and stability, because breeding varue estima€es of thesebull,E often fall outside of the range of data used to calculate theconversion f orrnulae, and 4) a genetic correlation of one betneentraits measured in the inrporting and exporting countries must beassumed, so differences in definition and neisurenent of traitsacross countries cannot be taken into account properry. Full-sibcomparisons (ltattalia and Bonaiti, 1993) can redule b-iases due topreferenti-ar treatnent, but the nunber of bull-s availabre forconparison lay be snall. schaeffer (1985) introduced a linearnodel .conparison (LMC) procedure, which takes into account art naregenetic rerationships anong sires across countries. This methodaIlows a greater number of sires to be used in developinginternational comparisons, but the assurnption or unii'leneticcorrelation is stirr necessary. schaeffer and zhang (1993i raterextended the LMc procedure such that evaruationi within eacncountry could be considered as separate traits with qeneticcorrelations ress than one; this nethod is referred to 1s tnenulti-trait across country evaluation (I"IACE) procedure.

.For production traits, neasurernent prbcedures are quiteconsistent across countries, and genetic correrations betweenobservations taken in different couitries are generarly crose toone. For conformation (type) traits, hohrever, trait a-efinitions
1l:_-L^"_=nr"I:lt_ procedures can ciie ter sutstantiaiiy ---.ro.,g
counrrles. For exanple, irstaturerr is neasured sinirarlf by boththe usA and the Netherrands, but 'rfoot angle' in the unitla 'st.t".
is.. neasured quite differently from ,iclaw aiagonai" -in theNetherlands. -Thus, an assunption of unit genetlc -correiation
between countries nay not be var.id for sorne confornation traits.



The objective of this study was to aPply l,[AcE procedures for
sirnuftaneous genetic evaluation of Dutch (NLD) and UsA Holstein
bulls for total score (final type score). several restrictions on
types of sires incl-uded in the l,[AcE analysis were considered. IttAcE
breeding value estinates for Dutch bulls were compared with
converted estinates (obtained using the Wilnj.nk procedure) and
actuat UsA estimates, rthen available. Factors which nere
associated with changes in sire rankings using }IACE instead of
traditional conversion fornulae were assessed.

Data aDd lt6thoat3

In the USA, final score is a subj ective neasure of a cow's
resenblance to an ideal standard; scores range fron ranging from 50
to 97 points. Final score is based on five najor classification
categories: frane, dairy character, body capacity, feet and 1egs,
and udder. The classifier nurnerically scores each category within
a range of 1 to 100 points. Final score is a weighted average of
score for the five rnajor categories, calculated as: .25 x FRAtilE +
.20 x DAIRY CHARACTER + .10 x BODY CAPACITY + .15 X FEET AND LEGS
+ .40 x I'DDER. Phenotypic final score records are used directly in
cal.culation of predicted transnitting abilities (PTAS) and daughter
type deviations (DTDS) for type in the UsA.

In the Netherland, total acore is a subjective rneasurement of
the overall appearance of the cow refative to an ideal standard,
with scores ranging fron 65 to 99. Primary emphasis is on udder
and feet and 1eg traits. Total score data is anal,yzed rrith an
aninal nodel, and daughter tlpe deviations used i.n the current
project were caLculated in this roanner. Genetic evaluations are
also calculated for the general characteristics of size, dairy
character, udder, and feet and legs. Estimated Breeding Values
(EBvs) for total score which are reported to the dairy industry are
calculated indirectly as the followinq weighted average of genetic
evaluations for the aforernentioned qeneral characteristics: .20 x
EBVszE + .20 x EBVD Ry CHARACTER + .40 x EBVUDDER + .2O x EBVFEET 

^nD 
Ilos.

This weighted averagTe is standardized to a Dean of 100 and SD of 4.
Daughter type deviations for total confornation score, Lvhich

correspond to average deviation of daughters from contenporaries
after adjustnent for nerit of nates and non-genetic factors
(VanRaden and wiggans, 1991), were used as input data for the }[ACE
procedure. Daughter type deviations frou Holstein bulls evaluated
in the United states in January, 1994 and in tbe Netherlands in
April, 1994 were included. These bulls originated from the USA,
the Netherlands, Germany, canada, czechosLovakia, France, and
Belgiun.

Three methods lrere used to seLect sires for inclusion in the
uAcE analysis:



Data set UACE-I :
BulLs \rith genetic evaluations in the USA uere required to meet the
following criteria:

1) birth date of bull within the past 15 years
2) birth date of oldest USA progeny within past 10 years
3) at least 10 daughters in 10 herds
4) National Association of Aninal Breeders (NAAB) sanpling
code other than rrorr (e.9., bulls nhich nere not AI or nulti-
herd sanpled were excluded) ;
5) oldest USA progeny born Irhen the bu1l was 5 years old or
younger (e.9., bulls without rrf irst-croprr evaluations in the
USA rrere excluded) .

Bul1s with genetic evaluations in the NetherLands were required to
meet ttre foJ.lowing criteria:

1) birth date of the bull within the past 15 years.
2) at least 15 daughters in 10 herds;
3) proof type other than rrsecond-crop onlyrr, rrpedigree indexrr,
or 'rconvertedrr (e.9., bulls tthich were kno!'rn not to have
first-crop daughters in the Netherlands nere excluded);

Data set IIACE-2:
Infornation fron rtsecond-croprr daughters of inported bu1ls which
did not have a |tf irst-cropir evaluation in the inporting country
hrere al-so included in the MACE analysis (i.e., restrictions (USA #
5) and (NLD # 3l above nere relaxed). Relaxation of this
restriction allowed inclusion of proven USA bull.s with daughters in
the Netherlands and proven canadian bulls with daughters in the UsA
and/or the Netherlands.

Data set MACE-2-B:
Bulls which were not proven in an AI or nulti-herd sanpling progran
(e.9. r breeder or syndicate-proven bulls) were included (i.e.,
restriction (UsA # 4) for U.S.A. bulls was elininated). This
allowed inclusion of proven USA bulls whose initial genetic
evaLuations did not come fron AI progeny testing programs.

Genetic aroups were defined by country of origin and year of
birth, wj.th separate groups for nissing sires and rnissing maternalgrandsires. The following table sho$/s the number of bu]Is included
in the I,IACE analysis for each of the three data sets:



Table 1,. Number of bulls included in each llAcE analysis by country
of evaluation.

countrv
NLD onLy
USA only

NLD and USA
Bulls in analysis

Daughters per bull
Bulls in pedigree file

MACE-1
3069
659I

51
9,7!8

95 .44

10, 453

uAcE-2
3r7 0
6937

118
L0,225

LrI.92

IO ,92L

MACE-2-B
3151
7 LA3

L37
LO,47O

113.55

LL, ]-az

There were 51 bulls in the MACE-I analysis which had first-crop
progeny in both the U.S. and the Netherlands. These bu11s were
prirnariJ.y a result of tno actions: 1) occasional importation of
semen fron young Red and White USA Holstein sires into the
Netherlands over the past 10 years, and 2) sales of young sire
semen froD one najor USA AI cornpany into the Netherlands over thepast 4-5 years. The additional bulLs with both USA and Dutch
evaluations in the IIACE-2 and ![ACE-2-B analyses were prinarilyj.nported USA bulls with only second-crop progeny in the ttetherlandl
without a first crop evaluation in €tre 

- Usa. The importantdifference between I{ACE-2 and MACE-1 is that l,rAcE-2 util.izesinforrnation from all, of a bullrs daughters in both countries.
l,lACE-2 and I4ACE-2-B analyses included an average of 15t more
daughters per bull than the MACE-1 analysis.

A conversion formula for caLcuLation of USA final score pTA
frorn Dutch total score EBV was developed using the Wilninkprocedure. A total of 191 buLl,s^ (165 USA and 26 Canadian) wereincluded; this analysis gave an R2 of .64. converted pTATs on all
Dutch bulls were calculated and compared to ltAcE. The Wilnink
formula was: Converted pTA = -17.728 + .174 x Dutch EBV for total
score.

Results aDd DiscussioD

Estination of the genetic variance-covariance matrj_x amongtotal conformation score in the UsA and Netherlands utilized the
REUL Eu-type estination procedure of Schaeffer (1994). Genetic
variance estinates within each country converged after g-10 roundsof iteration, but the genetic covariance between total conforrnation
score in the USA and in the Nethertands did not converge after 110iterations. For this reason, the genetic correlation between totalscore i.n the USA and the Netherlands was fixed at .gO, which
represents the correlation obtained frou wilnink conversion formulaanalysis of USA predicted transnj.tting abilities and Dutch



estinated breeding values for o1der, proven bul'ls with evaluations
in both the usA lnd the Nether1andJ. After fixing the genetic
correl-ation at .80, several more rounds of iteration Itere applied
to all-ow within-country genetic variances to stabilize. Further
work on procedures for estirnation of genetic covariances betrteen
countries is needed. The estimated qenetj-c variance-covariance
rnatrix used in the MACE analysis is shown below:

Table 2. Estirnated genetic variance-covariance matrix betlteen
total conforrnation score in the USA and €he Netherlands.

USA
NLD

USA NLD
.70094 .17900
.17900 . o7142

Each of the bulls included in the analysis obtaj'ned a MACE

breeding value estirnate for Dutch total score EBv and for UsA finaf
score PTA. MACE PTAS for USA finaL score for the Dutch bull-s rrere
compared with converted PTAS obtained using the Wihnink procedure.
In the foJ-loving graphs, averaqJe UsA final score PTA and
reliability (REL) is shown by year of birth for alI Dutch bulls
included in the !'IACE anal,Ysis.

Figure 1. Average f inal, score PTA for bulls evaluated in the
Netherlands, expressed on a UsA basis, usinq IIACE analyses and
Wihnink conversion procedures.
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As sholrn in Figure L, I|LACE pTAs for Dutch bulls wereconsistently higher than converted prAs. Because all exchange ofgenetic rnaterial in the past has been from the UsA to theNether_lands, one may hypothesize that daughters of highly proven
usA bulls have received pref erentiaL treatrnent i-n trre llettr-erianas.such preferential treatnent, if it exists, would bias converted
PTAS of Dutch buIls down\,/ard. ti{AcE anarysis nay ue able to accounEfof such preferential treatnent through usage of greneticrerationships amonq bu1ls; thi.s wourd exptlin the- differerices inaverage PTA shown in Figure 1 and in table f.

Figure 2. Average converted and MACEevaluations, expressed on a USA basis,
Netherl-ands.
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Average reliability of I,IACE evaluations was about t5* lower
than Dutch repeatability values for these bulls. This decrease
reflects the loss in infonnation due to differences in trait
definition, neasurenent procedures, and genetic evaluation systems
between the USA and the Netherlands. Such differences result in a
genetic correlation between Dutch totaL score and USA final score
which is less than one . Holrever, I'!.ACE reliability values were
nearly 15& Iarger than converted reliability values, which were
calculated as (Dutch repeatability * genetic correlation2l , due to
a substantial gain in infornation through inclusion of genetic
reLationships among buIIs.

Of the 3120 total bulls with evaluations in the Netherlands in
data set MACE-1, 601 bulls had sire, dan, and naternal grandsire
(ucs) with genetic evaluations in the USA. For these bulls, MACE
and converted evalutions vrere conpared with USA parent average.
Results are shown in Table 3:

Table 3. Irleans of genetic infornation for all Dutch buLls and for
501 Dutch bulls with USA parents.

Means for Bulls Evaluated in the Netherlands
Bulls with USA parents

103.6
.29
.55
.35
. t2
.27
. JI
.40
.36
.35

Dutch EBv
Dutch DTD
USA Parent Average
USA Sire PTA
USA Dan PTA
USA UGS PTA
converted PTA
I,IACE-I PTA
MACE-2 PTA
I,IACE-2-B PTA

All buIls
LlJL.Z

11

-.L2
.15

1,1

.lo

Data set MACE-I led to slightly higher average MACE pTA of
Dutch bulls than data set MACE-2, which included data from secondcrop daughters of proven buLls with iarported senen. However,differences amonlt MACE analyses were rnuch smaller than thedifference between ItAcE and conversion fornula analyses. rt should
be noted that within the USA, there is ,rpedigree slippager of about
-.11 points in final score. pedigree slippage ii iire averageanount that the parent average overpredicts the eventual pTA.
Therefore, it appears that very little bias exists in IIIACE pTAs.

In Table 4, correlations among I4,ACE pTAs, converted pTAs,
Dutch EBVS and Dutch DTDS are shown. As expected, correlations ofDutch EBv and DTD vatues with ltAcE prAs (.91 to .93) lrere small_erthan nith converted prAs (.97 to 1.oo). This oecurs because the



MACE procedure pfaces more emphasis on foreign infornation frorn a
bu1.L's relatives in other countries than does a conversion fornula,
which relies entirely on perfonnance of daughters in the inporting
country. Correlations among MACE PTAS using different data
selection procedures were near one.

TabLe 4.
values for

EBV
DTD
coNv
MACE-1
!,tAcE-2
uAcE-2-B

Correlations among UACE
all 312 0 bul1s evaluated

PTA and converted PTA (CONV)
in the Netherlands.

EBV
1

DTD
.97
I

coNv
1
.97
.L

l,tAcE-1
.93
.95
.93
1

MACE-2
ol

.94

.91

.99
1

MACE-2-B
.91
o2

.91

.98

.99
1

For Dutch-proven bulls whose sire and dan had been evaluatedin the USA, it was possible to examine the effect of relatj.ves,infornation on differences betsreen lrAcE and converted prA varues,IT the, following table, correlations betsreen parent average andsire, dam, and maternal grandsire pTA rrith the qirantity: (MA-CE pTA
- converted PTA) are shown. As expected, changes in pfa observedwhen using uAcE analyses instead of a conversion fornula werehighly related to pTA values of relatives, particularly sires. Thecorreration betneen thi6 change and siie prA in;reased wheninported and breeder-proven bults were incLuded in the I,IACEanalysis. This indicates that the inclusion of rsecond-cropr DTDinfornation fron daughters in ttre Netherlands caused DrAcEevaluations to be more highly correlated with sires, USA pTAs.

Tabre 5. correlations between genetic information from relatives
aTd- the guantity: (MACE pTA - converted pTA) for GOl Dutch bul1snith USA parents using three data selection procedures.

PA
Sire PTA
Dan PTA
I,IGS PTA

l,tAcE-1
.19
.2a

-. 05
-.01

MACE-2
.24
.37

-.o2
.01

MACE-2 -B
,31
.42

-. 03
-. o1



In the following table, average ![ACE and converted PTA values
are shonn by sire of bull. All sires with 15 or more proven sons
in the Netherlands were included; both USA and Canadian sires were
represented.

Tab1e 5. Average I{ACE PTA and converted PTA by sire of buIl.
Averaqe PTA

Sire
ENTIANCER
CHIEF
VAIJIANT
SEXATION
ROTATE
MARK
NED BOY
UERIT
JESSE
SECRET
CLETTUS
I{ELI{OOD
BELL TROY

No. sons
15
22
27
15
2A
32
34

-1f,
34
48
15
4A

Converted
-. 03
-.15

- 51
<1

.19

.60

.83
-.31

.53

.39

.80

.46

t{AcE-1
.51

-.26
.64
.7A
.28

1 .17
.45

-.13
.50
.55
.89
.84
.15

MACE-2
.51

-. za

'7 'l

.29
I. L7

- .26
.29
.44
.98

10

l{AcE-2-B
.38

- .24
.61
.70
. z6

1.19

-.26
.29
.45
.99

L.23
. rtt

Certain sire progeny groups vere eval.uated nore highly when using
a conversion formula, which considers Dutch infornalio; only, tha;
when us_ing a I,IACE analysis, which also considers usA genetic
evaluations of relatives. This suggest that certain sire finilies
perforn rnuch differently under the Dutch classification system than
under the USA systen. The two sires whose sons rank nuch lower inthe Netherlands ( ENnANCER AND UARK) are known for transnitting lowfoot angle.
penalized nore
under the USA
decrease vhen

It appears that low scores for this trait are
severely under the Dutch classification systen thansysten. Sons of CLEITUS experienced the 1argest

conparing MACE resuLts nith converted putctr
evaluations. CLEITUS transnits several attributes which appear tobe favored by the Dutch systen, including snaLler size, shallowerudders, and more slope to the rumps. Average uACE. eval.uation ofsons of one bull (UELWOOD) changed significantly using data set
I{ACE-2-B, because this buLl rras breeder-proven. It appears thatexcluding data of MeLnood,s daughters severely affec€l both the
MACE PTA of MELWOOD and the MACE pTAs of his sons.

To investigate.the hypothesis that specific linear type traitscan explain the differences betrreen MACE and convertld pTAs,
correrations between the change in evaluation and the sirers linear
tlr;>e trait evaluation nere exanined. Using all bul1s with parents
evaluated in the usA, the correlation between sires' rineai trait
PTAS and sons, change in pTA using MACE instead of a conversion
formuLa was calcul,ated. Results are shown in Table 7.
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Table 7. CorreLation between the deviation: (MACE pTA - converted
PTA) and sires, linear type trait pTA for 601 Dutch buLls with USA
parents .

CorreLation with Deviati-on frorn Converted pTA
Sire,s linear PTA
Stature
strength
Body Depth
Dairy Forn
Rump Angle
Thurl Width
Rear Leg Set
Foot Angle
Fore Udder Attachment
Rear Udder Height
Rear udder width
udder cleft
Udder Depth
Front Teat Placement

I,IACE-1
.22
.39
.38
.15

-.38
22

- .25
.23
.33

-. 08
.02

l.{AcE-2

.42

.41

-.30
.46

- .2t
. JZ
,39
.51

11

-.07

Ir{AcE-2 -B
. J.f,

.27
-.29

.45

-.13
.33
.40
.51
. -LO
.l-o

-. 03

Based on infornation in the above tabte, it appears that the USAclassiri.cation systern favors larger cattle wit-ti stronqer tore anarear udder attachments, whire the Dutch systen favoirs sonewhatsmall-er cattle Irith sloped rumps, straighter rear fegs,- ana a
::::p::_!9"9,asl_"_: rt is clear irrat peaigiee inf ormar:.oi-JtrongryLnrruences MACE prAs and that certain aspects of confornation areneasured and weighted differently in thl usA as cornpared to theNetherlands.

. Fifty-one bulls were rdual-provenr, i.e., these bulls hadgenetic evaruations based on firstlcrop progeny in both ttre use, anathe Netherlands. As these burls hive - ot-ficial uJa- jenetic
evaluations, lt was possible to conpare both convertea aria uncnPTA= to their actual USA pTAs. for the purposes of comparison, the
YAgE analyses were repeated after lxcLusion of tfre U! DTDinfornation for these Uuf1s. Thus, it was possible to conpareconverted and }IACE prAs nhich lrere not influeiced by usA dauglterinfornation, i.e., as if these bulls did not yet fravi daughters inthe USA. Results are presented in Table g.
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Table 8. Bias (average deviation fron UsA PTA) and nean sguared
error (MSE = average squared deviation) for buLls with first-crop
evaluations in both the UsA and the Netherlands (n : 51).

with USA DTD infornation for dual-proven bulls in ITIACE analvsis:

BIAS
I.ISE

BIAS
!{sE

MACE-1
. 044
.37 5

MACE-2
.015
.5t6

Without USA DTD infonnation for dual-proven bu11s in I,IACE analvsis:

Converted
-.188

.382

converted
-.188

. J6Z

Converted
-.252

.4L2

l,tAcE-1
-.os7

.032

},IACE-1
.o44
.375

}IACE-2
-.061

.033

tocE-3
-.059

. o32

I,BCE-3

.Jta

lncE-3
. ot1
.37 5

Without duaL-proven bulls in cal-culation of conversion formulae:

BIAS
MSE

I,TACE-2
. 015
.37 8

As expected, when USA daughter tlrpe deviation inforrnation for these
duaL-proven bulls is used, IIACE evaLuations are nuch closer to
actuaL PTAS than are converted evaluations. This nould indicate a
significant advantage to UACE procedures in situations where many
bul1s are progeny tested in tso or more countries simultaneously.
Such trjointrr progeny testing systems are beconing more connonl for
example, several- young Canadian bulls have recently been enrolled
in USA sire evaluation for type progran. Horrever, most bulls which
are progeny tested uithin a particular country lrill have little or
no progeny test senen distributed to other countries. when USA DTD
infornation for dual-proven bulls was removed fron the MACE
analysis, mean squared error was slightly snaller for l[AcE than for
converted evaluations. However, bias was substantially smaller
using the I'ACE procedure; presunably this procedure is able topartially account for preferential treatment through extensive useof genetic relationships. Many of these dual-proven bul.ls werepart of the data set used to develop the wilnink conversion
fornula, and exclusj-on of these bulls fron calculation of the
conversion fornula resulted in larger neqative bias and larger l,!SE,
because the nelr conversion formula was based entirely on
inforroation frorn proven butls with only second-crop progeny in the
Netherlands .

11



8u[Dary

The IIACE procedure seens to be superior to the Wilnink
procedure in terms of bias and accuracy of international
evaluations. For Dutch bulls witb USA parent averastes, I.{ACE
evaluations had less negative bias than converted evaluations
(Table 3). After accounting for pedj.gree slippage, MACE
evaluations were essentially unbiased. Furthermore, both bias and
MSE of MACE evaLuations were smaller than for converted evaluations
for 51 rrduaL-provenrr bulls (Table 8). Because the I'{ACE procedure
includes nore sires and utilizes genetic relationships anong buLLs,
reliability of MACE evaluations is higher than reliability of
converted evaluations (Figure 1).

Data set MACE-2 included second-crop daughter infornation fronthe inporting country. Usage of this infornation will greatly aidin prorooting MACE as an international evaluation procedure, becauseall daughters of a bulL worldwide can be incLuded. This leads to
a substantially higher nunber of daughters per buI1 (Table 1). The
current study does not show any evidence of 1arger bias or l,tSE when
using data set MACE-2 instead of MACE-I (Tab1es 3 and 8). fnportedbulls with daughters in nultiple countries provide the strbngestdirect ties between countries for internationaL conparisons.Currently, international conparisons using conversion formuLae relyalnost entirely on second-crop daugther infornation from importedproven buLls; results of the current study indicate that exciusionof such information fron future I,IACE analyses does not seeDrtarranted. surprisingly, incrusion of infornation fron second-crop
Dutch daughters of proven usA bulls resuLted in MACE evaruationl
hthich were less correlated with Dutch EBvs for bulrs proven in theNetherlands (Tab1e 4) and more closely related to their usA parent
averages (Table 5).

Results from the present study (Tables 3, 5 and B) wouLdsupport the use of daughter inforrnation frorn high reliability
breeder proven bulls (data set I!{ACE-2-B). In fact, exclusion oithis inforrnation for a popular proven sire will severely affect the
I{ACE evaLuations of his sons (Table G).

Differences between MACE and sinlle country eval-uations wi1lneed to be explained to breeders. Because the Lurrent study usesdata for a cow,s overall final score, changes in evaluations can beexplained by differences in trait def ini.tion and preference betweenthe tno countries. Examination of linear type tra.it inforrnationaids in identifying specific differences (Ta-b1e Z).'

RecoE[aadatioDg

MACE _ procedures for international genetic evaluation ofconformation traits may offer several advantages reLative totraditionaL conversion fornulae. First, changes in sire rankingsalLoired by the lrIAcE procedure can account for differences in traitdefinitions and measurement procedures across countries (i.e., airgenotype x trait definition" interaction). Such differences arelikely to be snall for production traits, but differences in
72



measurernent of certain type traits between countries nay be
substantiaf. second, incorporation of pedigree information using
the MACE procedure can result in substantial increases in
reliability of evaluations for foreign bulls. Third, through
i-ncorporation of both donestic and foreign evaluations of
relatives, the MACE procedure is less susceptible to biases due to
preferentiaL treatment of progeny of hiqhly proven foreign bulfs.
Fina11y, inclusion of all available daughter information in the
![ACE analysis seens to be warranted, because second-crop daughter
infornation for inported bulls is very useful for nakj.nq direct
international cornparisons, and utilization of dornestic daughter
infornation for breeder-proven bul-ls can increase the accuracy of
MACE evaluations for certain sire fanilies.
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