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Introduction

since l99l' the vlaamsexundveet€:ef t vereniging is in charge of the type classification ofheifers in theNonhern Part ofB€lgium' Evcry_ 7 
-or-E 

."",rr, 
""r".L"tir'i ioni"ipating rurm, are visited by ofiicial classiliersand all unclassified firsGlactaring heifers are scored according to tire slanoard European linea, scorins modcl.Tvpe rraits for difierenr Beleian 

^Iai,o' 
ca. t*.!r:;dr6;l-il"i.",'vnv, n*"in Friesian, Black and-whire, Redand w'te, "') arc classifieiaccording to t*o main conformation sbndards: dairy and duar-purpose.In Belgium, selection for t)?e traits may be considered secondary to production traits. ln April 1995, thefirst genedc oaluation of tv'e traits lvas sbneo. aecause esii*rt.s org.n.ti. n.lues rvere not avail;ble inBelgium, Dutch genedc paramerers pubrished in rsgr KoniJiii.-ir.o.arna. nundvee syndicaat, NRsHandboek) were uscd foi rhe waruation. H;';";: ;;ttr;;;;il;r: if rhose parameters *.ere adequare to rheBclgian dairy industry.

The purpose of this DaDer is a description ofthe procedure used to obtain nerv estimates ofherirabilityrcquircd for rhe neyr geneticevaluation oi i1,p.;t,;;; filil- '

Materids atrd Mcthods

Data

Records on 15 b?e traits and 5 composite traits rvere collected betrveen January l99l and Aoril 1995 on56,144 firsr rachrion corvs. Tl'oe.rai.' rverc measurcd (srarure) or scored li;;ry;;;;;;ifi;.1'il*",n. roanother' composite uais ofthe corvs in retation to the conrornliLn stanoaras nere scored from 65 .o 99. corvsin lactation for at least 2 weeks rvcre scored by t2 clasiili"ir. 
'6"ry 

J"to o" .olrs classified at most 12 month aftercalving were kept in the anatyses.- At calving, all corvs rver. r"quiiJ ro u" rt teast 22 monrhs old, and at most 38months old' Three corvs or more had rote iored in ,tt" rr.. i-J, o, m" same date, by the same classi.fier. A.Eerediting, data on 5l'445 heifers in r,352 herds *'ere anarF;.- il;i;r.g., 7.8 co,,s ryere crassified per sire.

;tT?uTJrt* "t',he 
rrai6 are Siven in Tabre r. r* ,,,6Jrr"ir.,'rrr" means were srightlv greater rhan rhe median

Model
Preliminary analyses shorved that standard deviations of scores gi\€n to corvs from the same herd, rviththe same shndard of conformation, and at the same date of ctassilicaion n"ere oi.fferent. Each score was thereforedivided by rhe standard deviarion of observarions in rhc co".rpo"iing r,.ra";d-a;;,.;ri: ;il: ftvariability ofthe standardized scoru in one herd-standard-a"ri 

"eiiii:rs 
.orparable to variabiliry ofrhestandardized scores in another herd-standard-date cell.

The distribution ofall standardized scores rvas skerved to the right, the neans for the standardized linearscores were similar lo the variances, and lhe !"riances of the nandardi; gen*"t ,.or.i 
"J oi,n"l"iLa*asize increased with the means. Thereforc, u rquur" t*t t..*iorrniiJn ,rr, 

"ppti"d,o "ll 
standardized lincarscores and a logarithmic transformauon rvas applied to rhe smndardized size and rhe standardized general scores.Tesr of kurrosis and skewness indicared 

-aau 
,i& *or" norrn"iri. oi.i"uut.o on"r-iii_-u"ilr.-',rilr?".,#ti"r.

For starisricar anarvses. vears of carving rvere classified'as beiore 1992, rc% lrri,l"#;Ji iir3Sevenclasses.fora^geatscoringiveredefined:lc-ssthan2iro*rtr,lo-2s,30-3i,34-37,3B4r,4244,andmore
rhan 44 monrhs. scores obtained afrer the 6th month in Ia.t"tion ii'," group€d inro r caregory.



For each transformcd scorc i, thc modcl rvas, in matrix notation:

!,=Xi b,+2, Q, g,+2,:ri + c,

where yi is the vector of transformed scores for trait i, b1 is a veclor of fixed etrects including effects for
herd.siandardidate ofclassification (5514 classcs), for month in lactation (7 classes), for caMng year (4

classes), and for interaction benveen age at classification and classilier (94 claises), gi is a l'ector offixed group

of unknorvn parents effects, Qi is a mairix relating animals to the group of unknorvn ancestors.(Quaas), ai is a

vector of raniom additive genetic values for rait i, e; is a vector of residuals, Xi and 4 are incidence matrices

relating elements of bi and ai to etements of y,, resPectively. Assume ai is N(0, o2.), ci is N(0, o2.),- and a1 and e;

atc lna""penOenf. All kaorvn relationships rvere coniidered and unknolrn parents were grouped together according

to breed and birth year.
A DF-REiv{L algorithm (Boldman, 1995) $as used to estimate }'ariance components. Heritability }vas

estimated as the ratio of additive genctic variance to total genetic variance.

Results !nd Discussion

Means and standard deviations of transformed scores are shown on Table 2. Missing scores for

muscularity represented 49% ofall data b€cause this trait is not economically important for the dairy farmer'

Transformed scores for udder traits lvere highest rclati!'e to other traits.

To obtain accurate additive genetiJvdues. it is imponant to determine n'hich environmental effects

inlluenced obsewed phenogpic laluJs. When sludying variation in tyPe traits. $e considercd effects of
herd.standardtdate ofclassilication ofyear ofcalving, of month in lactation, and ofage at

classificationrclassifier. All thc results ire shorvn on['for the transformed, prc-standardized scores becausc our

p;maty goat rras to obtain unitless cstimatcs of herihLility. The efrecr of herdrstandardtdate ofclassification on

fut ttaititas very imponant, as shown in previous studies (Foster et al., lgEE; Klei et al., 1988, NRs tlandboch

1991, Zuchtrverschatzung Bullen, 1995).
General teast-sqirares solutions for effecrs of month in lactation on scores givcn to corvs calving the same

year and ctassilied at the same age by the same classifter are shorYn on Table 3. The solutions rvere highest for

;dder traits. scores givcn to crrvs the first 2 months of lactation rvere increased by l0 and 17 compated to scorcs

ii*. o -* ,n"r ti'e 6rh month in lactation, for rear udder $idth and fore udder attachment, rcsp€ctivcly.

Ecores increascd li nanly by 2.4,2-3, and 1-3 per month in m.ilk for suspensory ligament, teat placement' and teat

tngh, rcspectively. ttris indicates ihat cows in late lactation had lider, morc looscly sttached uddersr,vith less

"iriit. 
tig"."nt, and lvith longer and closer teats than corvs in srly lactation. It indicaEs also these physiological

;hd;;fi;d"; .haracteristi-cs rvere not accounted for by classiliers. Cows in middle lactation had lowcr scores

io, fo-retrana, middlehand, rump rvidth, and muscularity than colrs in early or.late lactation- Corvs in late

laclation tvere scored lolver for rump angle, thus traving higher pins. These changes in body confurmation could

Ue ttri resutr of pregnancf, or the re;ir if incrcaseo Ugf,y ti'cigh-t in l"t" lo.t"tior! or the result of the negtivc

encrey and protein batance oUserved early in lactation, or all ftree. Finally, solutions for rear udder hcight uddcr

;;;ifr,';1kil;;, -ar" diagonat, and iomposite traits *'ere less than lllfor the *'hole lactation. TNs.

observation may indicate U,gt scores didn't cirange during lacbtion or classifi€rs adjusted for month in lactation

rYhen giving scores.' '- " Cirerat teast-squarcs solutions for effects of calving 1-ear on rcores, after adjustment to a colunon age at

classification, a common classilier, and a comrnon month in lictatio-n, are sholvn in Table 4. Scores of cows

""winJ"n"r 
jss: o"t" in"reas"a li o.o and 5.4 relativ_e to scores of corvs calving beforc l99l for claw diagonal

;J;;, bg *t' *rp."ti""ly. Scorl for udder deprh decreased by.l.4 and scores for suspensory lig,ament

il;ffy.ti;; iiruing !*t. The smatt magniiude of the lariition in all scores observed rvith our modcl

suggests that correcting for calving year is rclatively unimponant'---" - 
scores adiustid to a com-moo calving yeai and a iommon month in lactation, vaded witl age at

"f"s.incarion 
aif"i*tfy p", ctassinet. On atitage, s"ot"s for rear udder rvidth' rump widft' forhand'

middlehand and muscularity incrcascd by -la,t{,i-z,.g, and-g per month ofage at classilicatioq rcspcctivcly.

i;fiilf,ff;t ri,or,itnt A".teas"i by .5 per month. Older colvs had thus deeper forehand and

^iJA"f,"na, 
Uao udde-r rvith rveaker suspensory ligamenl and rvider and coarser rumps than yolnger cows' as

"i*-ia 
pii"i""Sy Goste, et at., JSSA, K.tei et at., iStS). Depe-nding uoon the classifier, the differcnce between

scores for rear udder r"idth orcorvs oider than 44 months and of corvi younger than 25 months ranged.from +2'6

ro +57.1 (mean = 19.2) (Figue rl liiir"rry crrg"* 2), the difierencr berween scores for suspensory ligamcnt of

ofao, 
"ni 

young.", 
"or*,ing"aito. 

-i+ fid +il. f (mean = -14.6). This is because classifiers adju$ed morc or

less correctly for age at classifrcatLnivnen rtt.,' assignea rcores to these traits. For the other lineat raits and for

composite trais, crranges in scores across age it clasiilication $ere small for all classifters axcept one'



. . ...Hcritability estimatcs for thc linear traib obtaincd rvith our modcl arc sholvn in Table 5, along rvith
heritability estimates used in German (Zuchtrvcrschatzung Bullen. l99i) and Dutch (NRS Handboek, l99l)genetic evaluations. In Nonhcrn Belgium, hcritability cstimarcs ranged from .l I foriemper to .59 fo; shturc.Linear traits and composite traits related to fcet (rear ieg sct. clarv diigonal, and legs and feet), temper, andmilk'ing ease had heritability estimatcs less than or eqrn-l to 20%. Traits relarcd toitature and musiularity had
cstimates greater than 40%. Heritability estinrates foi body and rump conformation ranged from 2 z yo (loin &chine) to 3570 (rump angle). within udder traits that arc modcratell: heritablc (30yo), h;ritability estimates fortsrt placement and teat length $€re greatest (>35%) and estimatcs for suspensory ligament rvere lorv est (22yo).

Except for traits related to body conformation (sbture, bodl depti, and ruri'p width a,'d angie), our
estimales rvere greater than German estimates and lolver than estimates used in The Netherlands. The grcares
differences- rvere among heritability estimates for udder trails even if esumates rvere of similar ranl. Thcse
discrepancies could be exPtained by the different statistical methodologies used in the 3 counrries. ior exampte,score are Prestandardized rvithin classifierayear in Germany and *ithin standard*round*classifier in TheNethgrlands. The Dutch statistical model (l-991) inctuaca rixeJ ereas ror herd*round*classiJier*standard andage at classilication and the moder considered in German evaluation (r995) incruoea rxea erecr iorregioniclassificriyear, herd*year, age at first calving, and rt"g. or i""tution. Notic€ aslo a recenr evalgtion ofgeneuc parametcrs for type uaits by the NRS (personal comminication) indicatea rreritau ity estirnaies ctoser toour estimates.

Conclusions

. . - ...To improve the efficiencf of the lst genetic evaluation of linear type rraits in Belgium, new estirnates ofhcritability wcrc oblaincd. Firstly, scor"s t".tl diuided by their rcspectrve standard deviation withinherdistandardrdate of classificadon. Nex, a logarithm ot 
" 
rl*rJ i*t to*formation was applied to thestandardizcd scores. An unitrait animal rnodel including nsed effecl ror nerd.srandard*date'Jiciassir,"ation, roryear ofcalving, for month in lactation and for age at claisificationiciassiner rvas applied to the scores. Althoughage at classiJication and year of calving inlluenid scores in Bel;ia; dairy cattle, they r*rrc rctativety uni*porr"ntsourc€s ofvariation for most scorcs. on the other hand. stage of-lacration inlluenced araits related to both udderand body conformatioru.

. In fie future, both production and t1'pe traits should bc included in Belgian selection index. Indee4genetic corrclations werc shorvn between production traib, herd life,mastitis iniicators, and type t 
"it 

-ls"nou 

",at" 1993; Shon and Taylor, 1992). with the dis"ouery of.ore eFicient atgorittrms ro solve multiple trairs animalmodel, routine evaluations ofall type and production traits could become a reatrty.
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Figure l. General least-squares solutions for ellcct ofagc at classilication (month) on transformed scores for rear

udder rvidth. for classifiers A, B, C, and D.
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Figurc 2. General least-squares solutions for efect of age at classiJication (month) on transf,ormed scores for
srspensory ligarncng for classifiers E,F,G, and H.
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Table l. Dcscription of D?c trairs

Definition of scores Mean Standard deviation
Linear trait
Stature (cm)
Forehand
Middlehand
Loin&Chine
Rump angle
Rump width
Muscu.larity
Rear Leg Set
Clarv Diagonal
Fore udder attachment
Udder depth
Rear udder heighr
Rear udder width
Suspensory ligament
Teat placement
Teat length
Milking ease
Temper
Comoosite traits
Size
Type
Udder
Legs and feet
Muscularity
Final score

shallorv ( l )
shallow (l)
rveak (l)
high pins (l)
narrorv ( I )
shallow (l)
stra.ight ( I )
long (l)
loose ( I )
deep (l)
lorv (l)
(l)
n'eak (|)
rvide ( I )
short ( I )
slolv ( I )
(l)

poor (65)
poor (65)
poor (65)
poor (65)
poor (65)

deep (9)
deep (9)
strong (9)
low pins (9)
rYide (9)
coarse (9)
sickled (9)
short (9)
tighr (9)
shallorv (9)
high (9)

(e)
strong (9)
close (9)
long (9)
fast (5)
rustic (3)

excellent (100)
excellent (100)
a\cellent (100)
exc€llent (100)
excellent (100)

140.38
5.37
5.92
5.36
4.EE
5.21
s.07
5.34

5.56
).) /
5.38
5.65
).) /
5.29
4.92
3.56
2.68

E1.48
E0.38
80.41
80.23
E 1.29

4.t9
l.3l
l.3l
1.35
t.22
1.34
r.32
1.26
1.38
t.42
l.t2
1.27
I.4l
1.44

t.3l
.88
.61

5.01
4.08
4.07
3.98
3.93
3.10

Table 2. Description of transformed scores

n records Mean Standard deviation
iinear tiaii.-_'*
Staturc 51406 382.80 29.83
Forehand 51354 224.65 46.53
Middlehand 51439 Zt9.Z4 46.92
Loin&Chine 5t444 Z3Z.B| 49.10
Rump angle 51431 221.03 4E.55
Rump rvidth 51442 22t.t8 47 .tz
Muscularity 26110 229.t8 SZ.Z5
Rear Leg Set 51425 223.3't 48..17
Claw Diagonal 51396 204.74 4j.9j
Fore udder attachment 51435 215.t6 4i.i8
Udder depth 51438 249.89 50.45
Rearudderheighr 5t436 232.79 51.5E
Rear udder width 51402 224.82 51.01
Suspcrsory ligament 51267 214.37 48.62
Teatplacement 5143t 206.24 41.73
Teat lenglh 51431 209.37 46.19
Milking ease 50870 2t6.62 56.t1
Temper 50905 2tt.65 55.89
Comoosite traits
Size
T1p
Udder
Legs and feet
Muscularity
Final. score

51441 302.09
51443 3t9.54
51435 322.00
51428 3t9.32
2620t 332.85
5t445 350.58

35.78
JO. ))
38.00
41.98
35.EE
3{.0+



Table 3. General least-squares solutions for month in lactation from our nrodel

Linear trait
Statule
Forehand
Middlehand
Loin&Chine
Rump angle
Rump rvidth
MusqrladtY
R€ar Lcg Set
Claw Diagonal
Fore udder
Udd€r d€pth
Rcar uddcr height
Rear udder widtl
Ligament
Tcat placcment
Tcat lcngul
Milking cas€

Tcmper
Comoosite traits
Size
Tne
Udder
kgs and feet
MusculatitY

.38
5.17

-5.03
1 '1)

2.9r
4.42

.E3

13.48
.30
.00

9.16
-t4.47
-l l.l4
-10.04

-.89
.83

.87

.ll

1.16
-1.41

.19

.25
4.83
4.36
).UJ
-.t2
.00

-3.7E
.01

I1.5
1.55
l.El

10.99
-10.59

:7 .O3

-)-t5
-2.3E

-.89

.37
-.12
1{
.36

-l.l I
.09

-.04
-2.19
-3.E2
-2.39

-.60
-.tl
.04

6.46
.17

1.73
7 .96

-5.53
4.22
-1.65
-3.96
-1.43

-.t7

.19

.09
-.63
-.16

-rj)
- l.?8
.I.JV
-1.68

r.55
-.69
I.IJ

3.44

.)o
1-Zt
-2.5!
-1.45
-!.0{
-J.J+
-1.35

-.07
.08
.05

-.08
-.16

-.00
-1.40

.00
-.28
.00

-.29

.00

.07

.00

.00

.00
2.53
-.89
.00
.00

-3.21
.50

.00

.00

.00

.00
It

-.15

.0 -.04
-.88 .00

.66 2.09

.00 .43

-t.51 -4.58
.0 .16

4.27 6.01
.26 -.1I
.8? .00

-1.51 -3.91
.65 .48
-.81 -.52
.69 .00
.00 3.01

1.59 5.15
.80 .6'l

-2.00 .00
.45 .00

-.01
.09

-.05
t{

-.47

.05

.03

.0E

.45

.00

.00

Table 4 . Gencral least'squates solutions for year of calving from our model

Linear trait
Suture
Forchand
Middtehand
Loin&Chine
Rump angle
Rump width
MuscularitY
Rcar Leg Set

Clarv Diagonal
Fore udder attachment

Udder dePth
Rear udder hcight
Rear uddcr rvidth
Suspcnsory ligamsnt
Teat plac€mcnt
Teat lenglh
Milking ease

Tempcr
Composite traits
Size
T}?e
Udder
Lcgs and feet
MuscularitY

-.30 -.49 -.65

-1.21 -.29 .00

-2.63 -.22 .00

.96 .00 -.93

-.54 -.35 .00

-2.U -3.79 .26

-.14 -.12 -.91

-4.16 -?.69 .00

-.49 2.01 4.4+

-.03 .91 .00

4.84 2.01 .00

.75 .10 .00

r .0 l | .29 2.12

.00 -.27 -.88

.59 .27 .00

.5E 1.08 .00

.38 .21 .00

-.73 -.98 '.32

.o/

.86

.JJ
-.03
.42
.46

.00

.45
-.54
t.9z

.00

.00
-5.36
-1.55
-.4E
5.83
-1.85
.00
3.01
1.66
.13
L.'L

.00

1.47
r <(

.66
t1

.91

.34 .00

.43 .00

. 18 .00

.04 .00

.42 .00

.21 .00
Final



ble 5. Herirability estimates for b?e traits from our model and uscd in Dutch (t991) and Cerman (1995) genetic

aluation.

Belsium Netherlands Germany
neaf ralt
ature .59 .60 .43
,rehand -23
iddlehand .31 .35 Oody depth) .31 Oody depth)
rin&Chine .22
rmp angle .35 .35 .26
mp width .28 .30 .24
uscularig .41 .35
ar Leg Set .19 .35 .13

aw Diagonal .14 .20 .13 (foot angle)
)re udder attachnent .23 .35 .20
lder depth .38 .45 .31

:ar udder height .29 .35 .18
ar udder width .30
Epensory ligament .22 .25 .20
nt placement .38 .45 .27
5t length .36 .45 .24
ilking easc .20
:mper .l I
,mposite traits
zt .55
rW .42 .30 -.35 .30
ider .36 .35 .20
:gs and fect ,15 .2o
.uscularity .43 .35
nal score .43
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