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lnlroduction

In Francc, !s in lhc othcr Europcan countrics. thc Black rnd Wbitc DoDulation nas
bccn crossbrcd wilh thc North Amcrican Holstcin strain sincc lhc bcrinnins of thc ?0.s.
Imponations of livc fcmalct rcmaincd limitcd ro scvcral thousand ani;als ai'd thc oan of
inrportcd_ scnEn ha3 always bcan quarc low on rhc frcnch or,t'tcr (2-5'% according ro
ycars) Conscrlucntly. thrs raji,r cvolufio,r wnr schicvcd rhrouch inroorrcd llolsicirr
bullt. rs livc calvcs until lrltl or &s cnrbryos sincc t984 fottowitlgihc iniplcrrcntarion of
n€w san ary rcgula0ons_

Thc cmssbrccding paranElcrs (h€r€rosis and rcconlbi atiotl loslrs] havc ofrcn bccn
n(tlitc/ in dairy dara analysrs .nd tcn€ric cvaluarion_ ln 1989. Van dcr Wcrf & dc Bocr
publishcd cstimarcs of hcrcrosis and rccombinarion losscs in rhc dulch Dlack and Whitc
populrtion. Accordint ro rhcsc authors. thc hctcrosis cffcct rcachcd 2-2.5 % of thc nrcan
fot milk. f.t and prorcin yiclds, aod was zcro for prorcin contcnt rnd vrry low for fat
contcnt. Fol yiclds, r.combin.tion losscs sccmcd io bc e(|itc irnDonant sincc lhc ?5%
llolrtcin fcmalcs showcd rlrnost no supcrioriry duc to ciossbrciding. Alrhough rhcsc
cllccls .r! qurtc lo\r, thcy mry cvcnlually gcncratc significant bias in gcnctic cvaluation,
and Inc conscqucnccs ol lhcr rnctusion in thc m{xlcl of analysis should bc invcsligatcd.

As thc Hol3tcin absorption is going ro bc complctcd. rhis study proporcs !n
ovarvrcw ot Inc.prcscnt sttuation In fiancc, proyidcs othcr cSlimltcs of crosibrccdint
par.nrctcrs obrrincd in ]|tc Frcnch popularion lnd nrcasurcs thc biss tcncJltcd in th;
cvalurtron whcn licsa ctlccts arc omitt.d, paniculxly on thc cstimilcd gcnctic trcnd snd
on (hc gcnctic diffcrcnccs bctwccn stmins.

I. Evolution ot llolsl.in gcn€s proporaion in the Dlsct rnd Whitc
DOpUlAtion

Thc Holstcin tcDc proponion hiofcach animal war obtaincd from thosc of iIs sirc
s (hJ lnd damd (hd:

hi=(hr+hd/2
Whcn rn enimal wifiour lnown p.digr.. o;tin;tcd from USA. Canad., lr.ly or lsra.l, ir
wat consadcrcd rs purc Holstcin. On thc othcr hrnd, whcn ir oririnatcs from Francc o.
anothcr Eu.opcan countay, it was considcrcd cirhcr as purc Euiopcan Fricsian,50 %
llolrtcin or 75 % llolstcin. whcrhcr it was trorn bcforc l9i I, from lg8 l ro 1986, or afrcr
1986 rcspcctivcly. 'l.}tis choicc wrs motivatcd by thc nrost frtqucnt gc otypc obscrvcd in
thc populalion with lnown pcdigrcc.

Thc cvolurion by birh ycar of rhc llolstcin lcnc Dcrccnragc in lhc rnlc Dooulation
is prcscntci in Iigurc l. For Al malcs, thc ttolsrcin scni Dafl. w-hich was vcry io'i, bcfo.c
1970, incrclscd strongly up to 1973. During rhar forioi, a significanr nuribcr of purc
rtorsrcrn outts wcrc rmpo ad and progcny tcstcd in ordcr lo cstimalc thc tcnctic lcvcl of
rhc Holsrcin strain. From 1973 to 1975, thc Holsrcin lcvcl rcmaincd srabli around 40 %.
Aftcr 1976, it incrcas.d srrongly again. In somc AI sttds, Fl bulls wcrc procrcatcd and

progcny lcslcd, bccruic of b.cf obi.crrvc.s. but rhis chorcc wr1 quictty dittcgrr<t.d.Sincc 198l. rhc I lolsrcin gcnc pcrccniagc o, ^r ou[s nrs urnosr rca(hcd lm.h.

. Fo. naturll fisrint bulls. thc rrcnd is compl.tcly diffarcnl. lt is much slowcr And
loo&S lrkC lO lhll ol lcmrl.s_

. For fcmrlcs, thc cvolulion is-prcscnt?d rlso in figurc I Thc llolstcin pcrccntttc
Incrca^scd slowly in rhc bcginoing of 70's (by l-2% pcr yc!r) snd rnuch f.src.itfrcr l97j,
up to E% pcr yca_r. This trcnd slowcd down trrdualiy ri rhc avcragc llolitcin pcrc.ntatc
bccamc hiSbcr. For fcmalcs bo.n in 1990, rhc Holsrain pcrccnragc-rcrchtd E3'%. i.c. 3-%
nrorc lhan in 1989. This lcvcl i! much hjghc, rhrrr ircdicrcd by Coltcnu & T.n8uy
( 1984), cvcn undcr rhc highcsr hyporhcsis rh;y havc srrdicd.

Tbis rcnd h.s bccn rlhcr rimilrr in wholc Frrncc, with sonrc diffcrcnccs bctwccn
rcSions. Thc llolstcin crossbrccdint bctan sooncr in thc Sourh East, bccaugc of r wcll-
lnown hc.d wilh t00 Durc Holstcin cows. In thc hsr 7O's thc Nonh N^'m'r.i! rnnknown hc.d with 800 purc cows. In lhc hst 70's. thc Norrh. Norma dy and
l.oirc Vallcyl.oirc Vallcy prcscnr.d thc high€sr Holstcin pcrccntlRc, whilc [tntitny arrl Sourh'Wcsr
lcl,t a rrKxc I:uropcan fricsian catllc. Sincc 1980. diffcr€occs bcrwcdr rcgions havc hccn
vcry srull rod arc lrrcscndy lcss rha 2%.

.. 'lhc figurc 2 prc$cnrs thc cvolution of rlch fcmslc gc otypc by binh ycar.
Iiutrrpcun typc cows rcnlairrcd prcdonrinanr unril l97E bui dccrcascrl- rooidly' rnrl
disappcarcd,in 1984. I:l cows rlrcady cxisrcd in srgnificanr proporrron durin! rhi 70.s,disappcarcddrsappcarcdrn-19E4. [:l cows rlrcady cxistcd in significant proporrion dltrin8 rhc 70.s,
pcatcd In ryUt and havc rcccntty disappc.rcd. 3/4 tlolsrcin cows appcarcd in l9?7_
1979, pcakcd in 198? and arc rcCrcssing p.cscnrty. Thcy srrlt rcprcsinrcd 30 *, of rrrc
lcrnalcs born in 1990. Z8 llolstcu cows appcaEd in 1982 and arc prcscntlv ocdominanrfcmalcs born in t990. 7/8 tlohrcrn cows ip'pcard arc prcscndy pcdominant

adually. l5l16 cowt arc(40%) in thc(4o%) in rhc t9p.!!i9n bur rhcy arc going ro dcctinc gradui y. 157i6 cows arc
rrcrcasrnt rapidly (30% in 1990). Bcrwccn 1975 end t984.25% liolstcin cowr *crc
born from crotsbtcd bllls but rhcv ellrrvs raor.(.nr..l lc(r tlr.d tO.t5!t 6f rh.thcy ale.ys rcprcscnrcd lcis than 10.15% of thc

dcscription of thc population. il rhould bc norcd thar .population. Fin.lly, fo. r conrplcrc dcicriprioir of rlic popularion. ir rhould bc norcd thar .
lartc nunrbcr ol tcnotypcs mithr bc found, cvcn thc most unlilcly. nt snull frcqucrcics.

ll. Estirnatlon of crossbr.eding p.rrmete6.

Crossbrc.dint pa'rmcrcrs includc hctcrosis, rccombinlrion losscs .nd ditfcrEncc iD
gcncric rdditivc lcvcls bctwccn soainr, which will bc prcscntcd in pan lll.

Hctcrosis rnd rccombination lossci wcrc cslimlrcd from t2.4i5.716 rccords in
pariry I to 3 pcrforn d sincc 1975 by 5,661,106 Bt.ck lnd Whhc fcmaics wirh known
pcorSrcc,

. Milk,_frt_lnd protcio yiclds. snd fat snd protcin contcnts, wcrc analyrcd with an
!nimal nrodcl including crtvi.onmcntal lixcd cjfccrs, rhc brccdine valuc. i Dcrmlncnt
cnvironmcntal cffccl and n non-idditivc cffc4t duc to thc ccnotyDc. All rclationihios wcrc
accoDntcd for. C,roups wcrc dcfincd fo. unknown prrcn-rs, ricbrding ro scx. biih ycar
and tcnotypc of.progcny, lnd lhcrcforc rccountad for rddirivc gcncric diffcrcirccs
batwccn both streins-

Environrncntal cffccts wcrc thc sr.nc !r in thc FEnch cvrluhtion systcm (Bonrili &
lloichard, J990) : hcrd-yctr. prriry wirhin ycar and rcgion, utolth oi citlving, lgc st
carvr|lt ano catvtnt Intcrval, wlhin pnnty, yar] snd rcgion.

Thc non-rdditivc cffcct lvas cstimatci by r fsctor which catcgorics wcJc dcfincd
arcording to rhc pcrcrnngc of fic pEdominant 

-brtcd 
in thc gcnotypcifcach fcmrlc with

oala. Scvcn c!rcgoncs w€rc dclincd :

-- - I - pur. anim.li (24.8% of rhc dlr), mosrly Europcao F icsirn, somctim€s
tlolstcin



2 . aninrals wirh I - l()% or m.99% llolstcin gcncs (2.4%), incl'rding mainly | 5/16
Ilolstcin rninr3ls

3-animaf with Il-2lr% or 80-89% llolstcin gcncs (9.6%), i cluding n)aioly ?/lt
llolstcin animals.

4 - animals wirh 2l'10% or ?0.?9% llolslcin tcncs (26.0%), including mainly 3/4
llolstcin aninuls and. in to & lcsrd cxknl. l/4 llolstairr fcrnalcs.

5 - aninrals wirh 3l-40% or d)-69% Holstcin gcocs (6.5%)
6 - rnimalr wirh 4l -49% or 5l'59% Holstcin gcnes (0.9%)
7 - 50% tfolsrcin .ninrlls (29.8%), mainly Fl 197.5%r, rucly F2.

Rcsults arc prcscntcd in tablc l. Thcy showcd a supcriority of Fl animals ovcr purc
aninrals of atxrut Il5 kg t|i|k,5.6 lg frt.4.4 kg protcin. whilc lhc supcriority for f:tt
conrcdt wis vcry slrall ( t0.ll &/kg) and slnrust zclo for prot€irr coltcrtt (r{)-02$Ag).
'llc supcrioriry of backcrosscd slimals (rypc 4) ovcr purc ! inuls tcachcd only ooc t\ird
of lhc supcrioriry of l:l fo. yicld$: 44 lg nlilk, l.? kg tat, 1.8 kg protcin. 'llrir clfcct
w&s cqual for far contcnt (+0.12 &ft9) and latScr for protcin co'rtfnl (i0.05 9/k8), but
rcmaincd vcry low. lntcrmcdiatc cslimaGs wcrc obtaincd for gcnolypcs 5 and 6 with ll
ro 69 % Holstcin (Fl cxcludcd). For anirrals of gcnotypc 2 and 3, snd parlicularly for
?/8 arrd l5ll6 llolsrcirr aninuls, $c ron-ldditivc cffcets wcrc vcry srttall.

Thasc rcsults can bc cornbincd to cstirnatc hctcrosis and rccombinltion losscs.
undcr thc 0ss||nrlniofl car:h c:rtegory inclorlc orrly (nrc ,rrr(k,rrrirt.rol gcnotypc : llrrirrrl|lr of
actrotytlc ? rrc l l nl cxtn€5r l(x)% ol thc I'ctEroris i a'rirruls ol Scnorypc 4 arc illl
backcrossad !nd cxprcss lalf of hctcrosis and a quilrtcr of thc rccombination losscs ;

aninr&fs of genotypc 3 arc'l18 aod crptcs$ a quarlcr of thc hctcrosis and l/16 of thc
rccorrrbinalion loss€s. [:stimarcs obtaincd from B€notyp€s 4 .od 7 only arc in tabl€ 2.

llctcrosis cstirnatcr arc vcry srablc according to thc nunrbcr of Scnolypcs co sidcrcd arrd
arc vcry simifar to rcsults of Van dc( Wcrf snd dc Docr. l hcy rcprcscolcd2-2.5 of thc
yicld trsit mcan obvcrvcd in 1982-1985 whcn Fl fcnralcs wcrc prcdominant in thc
lactalint populalion. For rccombination losscs, cslinutcs wcrc ,athcl diffcrcnt, whcthcr
tcnotypcs 3 or 2 wcrc considcrcd in oddition to Scnolypcs ? and 4, lnd wcrc irl
!Srccrrcnt only for tt|ilk yickl with tlrcsc rullrors lkrwcvcr. lhc, rctruirlcd of s trll
n|ag||rlu{lc,

lIl. Conscqucnces for genctic cvoluation

Unril now, non-addirivc.ff..ts havc bccn omiltcd in thc Frcnch cvalulion systcrn
and hivc gcncratcd somc bins.'lhc diffc,cncc bctwcan ldditivc t.nctic lcvcls of both
strains. cstimatcd nrainly by thc supcriority of Fl daughlcrs of Holstcin bulls ovcr lhcir
Europcan Fricsian contclrporarics. was ovatcslimatcd by I l5 kt nlilk. Aftcr accountinB
for non additivc cffccts, lhc Holsrcin minus Europcan Fricsian diffcrcncc, bascd on
brcciing vrluc cstimalcs of Holstcin and Fricsian contcmpota.y bulls, .cachcd 943 kB
nilk (i.c. substsntially morc than cstimatcd by Van dcr Wcrf & dc Bocr), 25 kg fat, 20.5
kg protcin, - 1.8 g&.g fat contcnt. and - 1.25 gAg protci0 contcnt-

Conscqucnccs on brcaling valuc pr€dictions wclr co|lrplax, but lcss itrponant than
cxpcclcd. Without accountint for non-addirivc cffccts, the first Ilolstcin bulls, protcny
rcsrcd nrainly wirh Fl dauthrcrs, wcrc ovcrcslimatcd by 80 to 100 kg milk, whilc thc
cvaluation of nrorc raccnt bulls rcmaincd rlmost unchangcd. For milk yicld, thc bias,
norcd d. csn bc prcdiclcd by thc propo.tion p of Fl dluthlc.s in thc ptogcny, but thc
rcgEssioo cocfficicnr is rcl.tiv.ly small comparcd to thc helcrosis cffcct :

A (kg nrilk) = 7 + 0.84 P (%) (R2=0?5)

Tbc obscrvcd bias rcachrd only 40 % of thc bias crpcctcd if thc hctcrosis cffcct of
Fl daughtcrs would bc conrplcrcly includcd in thcir llolstcin sirc brccding valuc. Withtn
llolstcin, lhc ycarly gclctic r.cnd, csrimarcd by avcraging by birth ycar thc brceding

valucs of AI sircs born from l9?2 ro 1985. 
,was 

jncrcsscd by 5.5 kg mitk. 0.22 lg frr,
0. | 6 l S p' orcin, 0.Ulr &/kB firr contcor, rnd -0.m I &Ag prolcin conrcnt.

Thc Europcan Fricsian bulh proofs warc llso biascd. Thc youn8c, rhc bull. rnc
rnora unOcrasttmatcd hts prcdrclcd bracdint yrluc. Whilc a bull bom in l9?0 was
uldcrcr marcd by 25 kt mill only, rhc bils rcachcd l0O lg on avcragc fo. I bull h,rn in
ryr6. uonscqucolty. wttntn !.uropcan t-flc$rn srttn. rccoontinB fo, non.sddirivc crfa{ts
rncrcrscd thc cstimarc ot gcnctic r.cnd (obrlincd from brccding valucs of AI bulls born
from^l969 ro_ l9?9) by 9lg nrill.0.37 18 far,0.27 kg prorcin, -0.tt0r4 9419 13161n16n1
ano u.wJ &/x8 prolcrn contcnt.

Ibwcvcr, thc poolcd € irlarc of gcncrrc rrc d i'r rhc wholc pupulltion. whrcr
cdrrrlrr||cs thc gcncric diftcrcncc bcrwccrr srrautt (dccrcarcd) Nr|(l thc wirlirrr rrrain gcrrcrir.
trcn(l (incrcascd). rcnui||€d |lnchtngcd.

Thc rcnraining part of lhc non-tdditivc cffccri wcrc includcd in thc hcrd-yciu
cffcc|5. which.wcrc ovcrcsrint.tcd by 60,1m kg milk frorn ItE2 lo 1987, whc Incti(tnt
cows wcre mlinly Fl anin|als. in ! vcry largc propoflio[ of hcrds

Corcl usion

(\osrbrcc(lirg para||rctcrs csrinrntcd ir rhis study wcrc r!rhcr simihr to rhosc
cstirrll€d lry Varr dcr Wcrl & dc liocr i|| dtc dutch study. paflicul;rrly for hcrcrosrs
Estinrarcs fo. rccontbinarion losscs wcrc lcss i trccrnint bur rernaincd rathcr low.
llctcrosis was found to bc low for fat and protcin conrcnrs and rcuchcd abour 2lb of thc
nKan for yicld trails.

Whcn thcsc cffccrs arc not lccountcd for in thc cvaluatiol modal, bi;ls rra lcss
rmponana lhan cxpcctcd. 'l hc Inain conscqucncc is thc ovcrcstimi[on by l0% of thc
additivc Scnctic diffcrencc bctwccn lhc Blacl and Whitc suains, an{, thc $nilcrc$imali(nl
by l0 % of thc within srrnir gcnctic rrcnd.

Accordant to its casc of inrplcnlcntltion, and In spilc of rhc lt titcd contcqucnccr
cxpcctcd on drc Jcsults, thcsc non.ldditivc cffccts will bc includcd in thc F.cncn
cvalua(ion.
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