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HomSrocity of gpactic md caviroomtd vrriences is rssunod ufu pr:diaing BV in tbc H-Fricsira
nrtiood wdrutious ia Spdn. Howovcr, sevcnl enrdies (Hill * d. l9t3; De Vs rnd Vrn Vloct, l9E7; Vrn
&r Wcrf rod d. Bo.r, l9t9) hrve cbo*! hclcrqcocity of vrriracoe rt difftcat plodrrtio lwels. Thir brs dso
ba obsvd i! tho Sprnlct poputrtim (Ibr6oz Ga .1. f99l). h rdditic, aiortce of hcritrbility obrrinod with
&rr fton tbc N-NE regioo of tho country yioldod hrgcr hcribbilitics tf,." lhc ccs obt incd with rbc oiiod
drlr s.t (Bca G|'l ot d. 1991). Rondts of both eodic rrc rhourt il Trblc l.

Tborcticrl sodies (Hill, f9t4; Vim, f9t7) lbow ttrt Drc eirls .l! s.bcrd froE ttc hrg!(
v.rLc cavironq'rts. Birs rpporrs in bulls EBV wi.h r lrrgcr proportio of du3htcrs ia ooo caviroomt nd
in co*t EBV (8oldflD rnd Frcnra, 1990).

BLIrP n thodoloSy trtcs rccount of bclerogcity of vrince if thc (co)v|'hrco stnrctnr is kDo*r
(Ghoob, f 986). Unforuudy, thrt cnrcrrc ir g€ocnly unfno*n. Amroing thrr bdc,rogcacity of vrrirre
dcrivos ftrom dificrcot cavironmtd cooditior rad geocric pncticcs i! diftrEat coatcqorrry gor+s (CE),
defimd rg bctds, hcrdlcer or hcrd-yeuasm chss, ecns ryeatlng. Hororrcr, cstinrtioa of gcoaic
p|ndrrs would bo inrccur.rc due !o thc sEdl rDoult of iofrrDrlio !o cctirDrtc wilhin CG vrdrnccs rnd
comprtetioorlly unfersible itr most crs.6. A coryutrrionelly oecy p,loccdur urd in rovcnl conotics (WigSrns
rnd Vea Fcdca, l99fl Brgrrto ud Jcasoo, 1992, pcnorl connudcrtio) is io obtd! c*ito|rcs of tbe
pbcoorypic st[d.rd dcvirtioo withi'. CG Ed to strd.dizt ltc &lr !o bc usod rftcrwrrdr in thc niimd
wdurrio folloudng crrrrcnt Foccdur€s. In ord6 to inpdovo tbc rcqncy of c*iutim of pbcaotypic vrrirnco
wirhin CG, thc individul cstinrte of C13 vrrirocs ir combinod wilh u octinre of rhc verirocc of obccrvrtions
obtrinod in CG rsaurcd lo bc in e siEihr vrriEcc chss (Wig€Es rnd Vu Rrdca, l99l; Brgrro rnd Jcasca,
1994 Weigcl rld Girroh, 1993).

A difierot rppruch thrt could bo usod !o rccoonodetc hctcro$$ity of vtrirDce is io invcstigrtc
murccs of botcrogcoeity in tcrns of fiaors arch ls prodnctim levcl, ycrr of cdving, nra gmt pnciccs,
F ity, rc8im, ac. This would dlow clulcria3 of CG wi|hil rimilr vrrire clgrc, uttich wuld brgoty
derors thc nudcr of gcaaic pnmtas b bc cstiEfGd. A proc.duG to tc.a goodmrs of fit for r lq-linr
mdol do*ribing hoacroswi3y of vrrirrc rmng CG in tcrms of nrin offoctr od intarctimc hrs b6
prt]Poccd by Foulloy a rl. (1990). This proccdurc dso rrguiror bqe rountr of co,qutrtio, prrrioilrdy wtca
ilErrctims .mg frciors rrc cosidcrcd. An rppliclio of lbc gocodnrt by Wrigd ct d. (f93) !o r erb.cl
of thc US Hoktcia popuLrtion could Dot dcad rigrificeor diftm in wio'i. hcrd rirc vnrim u,tro .*i"g
r no&l cosidcrilg rcttcnl mmgcrFat hctcs.

Tbo objetivo of this strdy *rs, fird, to invcetigrtc courcce of hacro3cncity of vrrirm ia thc Spd:h



Fricsirn poPuhtion et r phcootlpic la,cl by rrgi.g cory diodly siryle urfti-vrrirrc *rriaicd rndyscs. Thic
wrs dooc to csbblish vrriracc CG cbrE !o hefp il inproving.srin 1€6 of CG pb€notypic
slrodrrd devirtion rnd in dofiaing e log-linr nodel !o bc furtcr ucod in eadying h€tctrogcacity of vrriracre
rt 8coctic |Dd rcsidud lcvcl. Sc6d, th3 iEFct of drnrl.nli'-ri6 of d.tr by ro c.riEb of tbc CG rtrndld
&virrioa m gcoctic cvdurtios rrrs dco svdurrld.

Dlelrrht ed ltc6oe

D.t fi.. tf,c 1992 H-Frici[ ovr,lurrio *w gwkbd by 6c spoirh Fricciro Asecirtio
(CONAFE). Tbc drtr d cosicod of r(XD89 nilt prodrrctioa rcodc nd 3coaic crrdudioos fior Dilk yi6ld
obtdDcd by CONAFE fi,om no-rtrndgdizcd &b. CG .tod in rbc rortys rcrc of rnimrtg
p'odrcing ia tbc ru hcd rnd pcriod of tl*. Tirc poriodc wcre difr3rrat fur erch CO to rllo'w r "rini'nr.rof 4 obccnT tios. Suonrry srdsdcs rbort rvcngc yicld, slrndud &virtioo, correfilio bchla a1n 1ad
dud.rd d.vLtion rd size of CG rc prcecotod in Trblo 2.

A lys rinad rt, first, ccrblirhing covir,on.'.oirl rourcce crurilg hc{dog€o€ity of vrrinces in ordcr
to &finc homogmru CG clessos, rad, reond, invcctigrtilg ch.lgg in 3coetic pmofo rftcr stradrrdizetioo
by Gctinrtcs of CG gtradrd dcvirnoo,

l. ECrblishilg sourccs of botcrogro€ity rnd Gi grup chs.
Thrce hclon' rlgiotr, ri''' pctriod .od g6 n"nrgs'',!t lwc.l rvqr inc*igrtad. prrity .od cG

prodrtion lovel, which could bc thought !o brvc r cffoo o dacroinia3 racrog.scity, wcro not considcr
bquca of rndl CG cizc rad bccusa of rbc high corrclrtio 5"i*6 nm-grrart ad prodrtim lcrrclr (0.94),
rcspetivcly.

Sirtr.a rc8ioos, four tim pcriods (l98Gei; l9&i-8?; lgtt-t9 rnd l.99[-m\ rd 1tr1p nre''rgcmcnr
la'ole (high' cdium rnd lorl,, dcfrcd frou Bl.ttp cgti.Ercs of cG cftct) ryc!! cmridc,rod. clrircriog
t€crhriqucs (Hienrchicd clusicr Arrtysis rd Multplc colrlspodoco ADdris) *rro ucd to &fro
homgmus ClG ^lrrcc in tcros of combinrtirns of rcgim, tioc pcriod rad mrug;cot twcl.

2. Strndrrdizrtion rad impcct oo gcactic cvduetioos.

Oncc CG chsscs were dcfincd, caimts of CG etroderd &virtio urc,rc obtrincd folloling thc
proccdwe elggeelod by Woigel rnd Giraoh (1993) rhrr uccs cnpiricd Bryceirn neibods. Si-qd-ndipd 16ods
werr tt?r obtrincd il the follor.ing nrom

vit =ff 'n,v,

y0' - slrd.rdizod jn reod bcloging to ir OG

Ir = origiarl, mdudrrdizcd j'rwd h i. OG

y, - G3tiEra of CG -n

rpholt



8i : aimtc of CG *rnderd dovirtion

q = ncw CG strd|rd dovirtim

Now CG otrnderd &virtion uns fird to bc 1271.34, whi& to the rvango rtrnderd
dovirtio of CG iD hi8[ nr8o@t levol rnd tire pcdd t990-y2.

BLIrP |!i|!d nodol gcoctic cvrluetioo uns nm ruiry *rn&rdird drrr rnd sovcnl rnrlyeoc wcrr
pcrfornoa to irveti8rte diffoatocos wiah 1992 nrtiood ovelurtio, FrforEod oa noo-st rdrrdizod drtr.
lomlrtios rmm8 EBV obtrinod ia both nrns ud individrnl rod rvorryc cbragos i! rukins ulcro ohdnod
for dl rod top bulls rnd corvr. c.oirlrtios b*nra &rryhror yicld dcvntio @yD), obteinod rs &fir€d ir
Vra Rrd:n rnd Wiggnns (1991), Ed Frcot.vcrrgp @A) ww rtco cdoftfcd. Ttc rccuncy of both
io Ptldid frfirr: tstds wrs deo invo*igrrcd. Ttis rccuncy *rc Ernrrod by cdcuhtilg corrclrtioe bawcco
PA of hoifcra cdvilg ir 1992 obteircd from BLIJP cvrturrios ttrt dly ..od &tt u il l99l rnd rcnul rtcords
of thoce hciftrs dju*cd by 1gc ud mtt of cdving. Colllhtios vsc obt|iDld wir$i' CG to rvoid thp efict
of CG rllrn'8"'lrna lcvel Dd rvongod for dl CG eftcrsuds.

It $dts

l. Estrblishing sourccs of hct€rogmity rod CG gmup clrsscs.

A HienrEhicrt cluster .rdysis 8roqod initid 367t1 CG in 5 honogcoeoru clrr8cs rccodilg !o CG

l.!d"'d devirlio. The clusrering dgorithn dcfince homgcaooue clerece by vrriability emong
chescs rnd minirni;ng vrrirbility withia clerscs, ndatriniry torrl initi.l vuLaility. ancc cig*ering, ;duction
in vrrirbility lmng clesses wrs oly 2.2dt.

The Multiple Corn*poodcacc Andys ebonrd e pocitivcrcsoeirtion bar*a rho homgenooru clusters
rnd combinrtioos of lovcls of ragion, tinc poriod rnd mlry!@t lcvcl. This res|dt indicrtes-thr those tbrEfrlon ehould hrvc u effcct in dcfining h.t nosr!.ity rmng CG

A finrl clugacr roelyeis ostrbliebod 3roqe of rcgio-tirnrnegemt clrcsee eccordiog to the
distrihxion of thoso clrsses il thc 5 bomgcoous clusters. 3i $oupc of Fgiontim-rrrnrs@t 

"t 
i* *.13

finrlly obtrined.

2. Strndrrdizetion ead iryrct on gco*ic ovrtrntions.

Aftcr stroderdizetion, evc,nge CG arrdrrd dcvirtim wrs l2oo Kg, corrclrtio bo$,ceo strDd&dizod
CG ua |Dd strodsd dc\thtio dcdr|sd !o O.t? |!d .f,petrd vduoc of i.dividuel CG *uderd &virtims
urcr! rgruq 1274. A graefrliad likelihood ntio tcet pcrfornod !o acst homg€ocity of v.rhocos 1131'
drdudizrtion indicrrcd homgcocity.

Corrcletions bcCnrcea EBV, dmg6 i! rn&ing , corrddios b.tufa DyD Ed pA for bulls Ed
bcauta PA l|td fittur reords of biftrs for bolh gbdrrdizod ud nm-.bdrrdized drrr rrc shourn i! Trble
3. Cordrrios bcturs Gstitnrrrd btlcding v s undcr bott poccduno rrrs bi3h (0.9t87). Chrngcs in rroking
wcrc hrjor for cow: (20t cou,r urcro oxcludcd firo|D the loq) ba co*r ue rncr st|od.dizrdoa)-tbe ftr hlls
(9tS bulls *tre not in SG lm bcst bi{ts lilr rncr .r.nd'-{i-.ior). Corrclrrim barya DyD Ed pA for buug
did not SrEdy iryrovc rfter stmdrrdizrtim (0.769t vs. 0.7553 for at[d|tdizod rod nodrnderdizod &tr,
rc*etivcly). A siEilrr rcsult n|s obccrvod fcr conctrtion baseco PA od fuurc reords for heiftn (0.2O79
vs, 0,2()33 for stro&rdizd aod noodendrrdized &rr, rccpetively).



Coaduiom

Stenderdizrtion by CG phcootypic strodrrd devietion did not greetly cbaage gcnetic evdurtions.
Houacr, individtul chmges in nnking were deroctod, specidly, for cows. This would be importslt rcgEdirg
MOET tocbniqucs to bo ryplicd within lhis populrtioo rod to produc€ mre frir evelrntions. Fur6er studics
D€Gd io ba doDa to invoctigrfe goodocar of clustcring !*hniques i! lc(Es of cxpleining Orrl verirbility rEoog
CG md to deferminc wtcfher hcrcrogcoeity of veriracos cxists rt grortic |!d GtrviroDmtd level.
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T.ble l. E ideao. of h.i.mS4itt of vrrierc in thc SpicU n*fan populedoo

P9-:l e-"dc rod phoootlpic vuirrc (LO ud h.trihbility for higfi |ld lol prodrrtioa lovcl (bdiez
ct d., l99l).

High (>600 rs)

!etfor11^of reoaic rDd ph€ooq?ic t rrhnccs (kg1 |Dd bcitrbility for rU
ct d., 1991)

rcgions rnd N-NE &te (B€o G.n

Tebh 2. Nrnber_of cootapol:t gmups (CG), rvcrrge milk yid4 rvcrrge strndrd &ii.tio6 rndeverrge siz of cG rnd oorrdrtiotr b.t'rcetr rv€rrge n-crn rna'ruorro devirrion of cG .oed in ttreanrlyses (st.ldrrd devietior in panathesis). -

Avcnge Dilt yicld (kg)' 57el (llst
Avcrrgc *radrrd devietion

Avlfrge sizc

Coneletioo G mnaadrrd &virtim

I Milk icld rr|s Dot djustod to unlt! oquivdcot



Teblc 3. Corrdrtions b.twt o..r'rpt d bneediq vdrs fi-J, chrnfpc in ren}iq , corrdatirm betrrcco
&qhta yidd &virtion .Dd pcrat everrge for bulls (Roro|J rd condrtioo b€aw..o prrcd .v.rrg!
rnd futur€ rur& of brifco (R 

^.') 
for both strnderdized (D rnd mn-strnderdizd (NO drtr.

I D.t 6 bulls with ml,e thrn 2O deught€rs iD rt lc.st 5 hcrds with idcotifiod &n rd sirc.

I Drh oo heifers bonr in 1992-93 producing in CG with 5 or mre obsorvetions with idcotifiod dam rnd sirE.

All &ir

N=302,012

Corrs

N=283519

Bull8

N = 19493
lo(x)ropcs,s 100 top bulls

Rr* 0.9887 0.9871 o-9t77 0.tr84 0.9880

Gmgcs not.

Avoregc

Meximun

Ez{t.7 552.6 242.4

+66t
-2376

I1.4

+:1,6

-72

Sdrtr NS{dg

Rotor
(N-154)'

0.7698 o.7553

Rr^.o
(N=e70),

o.2vt9 o.2033
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