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AR'3TRACT 

Gene t ic and environme ntal parame ters f o r  calf growth t ra it s  were 

determined from data colle cted over a 5-year period at t he Wha tawha.t a 

Hill Country Res earch Station, Hami l t on, us j_ng leas t s quares mixed 

mod e l  pro cedures . From a t ota l of 497 female and 460 male calves sired 
b y  29 Friesian bulls and from Fries ian, Fries ian-Jersey, Angus and 

Fries ian-Angus dams , paterna l  half-s ib herisability es tima tes were close 

il 

t o  zero f or b oth sexes of calf . Highe r  heritabilities were calculated 

by the s ame m e t hod us ing re c ords from 179 f emale and 161 mal e  straightbr<::ci 
Angus calves, the pro geny of 17 b ulls ,  and giving females first and males 

s econd we re : birth weight, -0.14 and 0.44; pre -weaning gro wth rate, 0.19 
and 0.29; and we an'ing weight ,  0.25 and 0.40. Be ca us e  of large stm"cittrd 
e rrors, the d:i_fferen ces be tween calf sexes ·11ere not conclusive . 

Gene t ic correla tio ns b e twee n  b ir th we ight an d pre-weaning grow-tl1 ru i.v 
and b irth weight and weaning we ight cal cula t e d  f o r  the Ant:,rus male�} w<�re 
1.06 and 1.(}J, res pective ly, and the gen eti c  corre lations be tvre e n  pn·-Vk<-tllLll, 
growth rat e  a nd wean ing weight cal cula ted for all in divi duals excE::lJt tltu 
Friesian-s i-re d female calve s  ra nged f rom 0.88 t o  1.06. Ot her gunet.ic 
correla tions were not obtained be cause ne ga t ive s ire components oi' va1·.i:lJ, _ .  

pre clud ed t ne i r  e s timation. 

The ranges of the pheno typic corre la t ions were: birth weigh t u.nd 

pre-weaning growth rate, O. 07 t o  0.43; b irth we ight and wean ing weight; 

0.25 t o  0.61, and pre�weaning growth rat e  and we aning weigh t ,  0.85 to O.�.kl. 

An inves tigation of cow- calf weight relationships usi ng  340 AL ''i'; �1,; 

404 :B,riesian cCM - calf pairs s howed that heavier Friesian cows gave l.Jirlh 
t o  s i gnificantly heavi e r  calves, such t ha t  e very 10 kg increas e  in cow 

liveweight was as s o ciated with an approxima te 0.40 kg incre ase in call' 
birth wei ght. 

Regres si ons of we ani ng wei ght on darn livewe ight s showed that heavier 

Angus cows we aned s i gnifi cantl y  heavier mal e  calves by approx i mat ely 0.45 k�: 
per 10 kg increase i n  cow wei ght. The o ther ass ociati ons f or the remu.iniu,_, 

animals were cons iderabl y smaller and non-si gnifica nt . 

The findi ngs o f  thi s  s tud y s uggest that where Fries i an sires �re used, 

genet i c  improvement in calf gro w th charact e rs would be s low and less 
ef fe ctive t.han in Angus cat t le . The geneti c parame t ers f or the AnL� 
bre ed compere favo urably wi t h  the majority of published e s t imates whi le 

comparable findings for dairy bre eds and dau·y x beef cros s breds are few 

in number. 
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C u A P T E R 0 N 3 

I NTRODUCTION 

. ·.-� f'J:C'!\" l1'-;ion of selection plans in livestock production systems 

. ·-.quires K' '· ·:.1.edge of the genetic parameters of productive traits • 

. 5e.::ause gene':i::: par:J..meters apply only to the population from which they 

:!..!."B 9Stimatt=d, the practice of using parameters from one location in 

;-, ·.ot�1e:r can be questioned despite the fact that estimates of genetic 

. L•.ra.meters fo:. the same traits in different popula tions at different 

T.i�es often show a similarity. Existing plans for the improvement of 

J,·ew Zealand beef ea ttle are essentially based on genetic parameters 

reported in American literature. While there is co nsiderable need for 

better integration of genetic improvement s chemes with farming systems, 
V' 

�here is also a need for further estimation of genetic parameters for 

productive traits of cattle used for beef pro duction under local pastoral 

management if better selection programmes are to be adopted. 

In beef cattle, measurable pro ductive traits incJ.ude those 

c.ssociated with repro ductive efficiency, growth capac.ty and effic�_ency, 

carcass quality and meat quality. The increasing d0 �u�d for beef of 

high quality, the current emphasis on the efficiency Jf production and 

-;he availability of additional breeds of cattle have .·'),ltributed tt' the 

need to evaluate and compare numerous breeds and ere.' ses between 

established breeds for performance characteris tics, d.S well as to assess 

the potential for selection within the more _promising recently i mp orted 

breeds. 

1 • 

In New Zealand a considerable amount of research interest has centred 

on the production of beef from what have been traditional ly regarded as 

dairy breeds and from beef x dairy crossbreds. The main objective o:t' 

this present study was to estimate genetic and environmental ( and 

phenotypic) parameterS for birth weight, pre-weaning growth rate and 

weaning weight of straightbred Angus and Friesian-sired calves und r hill 

country management at the Whatawhata Hill Country Research Stati on of the 

Ministry of Agriculture and Fisheries, Hamilton. 

In a beef production system, gai ns in efficiency through using small 

cows tend to be offset by the lower growth rates of their offspring. 

A second objective in this work was to assess the likely effects of cow 

size on calf bi rth and weaAing weights in straightbred Angus and 

straightbred F::-iesian cattle through investigations of cow- Calf weight 

relationships. 



CHAPTER TWO 

REVIEW OF LITERATURE 

I. The Application of Genetic Principles 

2. 

Genetic differences between ind�viduals within and among the populations 

provide a basis for genetic improvemento The concept of heritability in 
both the narrow sense and the broad sense was defined by Lush (1940) and 

has more recently been discussed by Touchberry (1973)o Heritability in the 

r.arrow sense includes as heredity only the average effects of genes; in 
:;he broad sense heritability refers to the functioning of the whole genotype. 

Heritability in the narrow sense can be used for predicting the response to 

a single generation of selection. 

Selection or restriction of population size may cause heritability to 

cha11ge. It has been noted that gene effects have to be very large in relation 
to the phenotypic standard deviation before genetic variances are likely to 

chm1ge substantially in the first few generations of selection ( Hill, 1974 ). 

The relative eff'iciencies of some heritability estimators for s 8.IJ'l.ple 

populations have been given by Hill (1974). Heritabilities for beef 

traits are commonly obtained using the paternal half-sib method. Often 

suitable records are not available to enable the application of other methods. 

l'aternal half-sib estimates lie between heritabiJ ity in the narrow sense and 

heritability in the broad sense as the estimates oLtained contain the 

additively genetic variance and a fraction of the epistatic variance. These 

estimates are usually regarded as approximating heritability in the narrow 

sense rather than in the broad senseo Lush (1940) ru1d Koch ( 1972 ) have 

discuosed the possible biases that may arise from environmental correlations. 

For long-term improvement, multi-trait selection is most efficiently 

carried out by the selection index approach, the genetic basis for which has 

been given by Hazel ( 1943). Such an index requires knowledge of the genetic 
and phenotypic correlations Jetween traits and the heritability, standard 

deviation and relative economic value for each trait. Examples of selection 
indexes of various forms for beef cattle include those of L.L. 'tlilson et al. 

(1962; 1963), Armstrong et al. (1965), Petty et al. (1965), Swiger et al. 

(1965), Vesely and Robison (1972), Dickerson e t  al. ( 1974), Koch et al. ( 1974a; 

1974b) and McClintock end Cunningham (1974). 

The problem of defining selection objectives for beef cattle is indeed 

complex. Notably, the bull, the cow, and the slaughter animal are each 

expected to perform different functions. Furthermore, the beef processing 



�. usJ,ry is :fLLc ..:. ·wi ih Llte J · 'icul ty of ..;atering for a wide ranr;e of 
ct;�·sumer prefrr�n.ces (Burton 1970a; 1974). Many authors have discussed 

select ion crit-:;ria for tc;ef , ..  1ttle ( CLLrte r, 1966; Cartwright, 1970; Dickerson, 

1970; Ra.e and Earton , 1970; t�..·�-·�r.;o n  dt ul., 1974; Lindhe , 1974; Pre s t o n  

rutd \hllis, 1 �·:-4; Bishop et · l., 19'(5; LUt.ong o th ers ). 

Birth weigL·c and pre-\Jeauint; zro•;th rate ( and therefore weaning height) 

are influenced ;Jy tl1e direct .. JLLten.ul effects of the dam. In a rev iew of 
fc..c t o rs assoc:!.c.::ed with milk ,JroJuction of beef cows, Bar t on ( 1970b) has 

ecphasized the imp ortance of tni s  factor in affecting e arly growth of beef 

c alves . The c orrelat ions he repo rted bei.ween dams' milk product ion and the 

C,Towth rates of calves ;.,.re genei·:Jlly high, but t end to decre ase later in 

lactation. Kovh ( 1 972) pointed out that to tal maternally-related variation 

hc:.d been showrl to account for 15 to 2Cf); of the variation in birth we i.c.;ht, 

and 29 t o  3fffo of the variat i o n in liveueic:ht gain from birth t o  we an ing ( i . e. ,  

rre-\.,reaning grov:i:h rate ). The studies r<:veiwed by that author indicate that 

maternal effects on birth weig·ht and pre->rean ing growth rate are of low -to -
medium heritability. 

'rhe compos:i t-i.on of g enoty•.ic relation::;ltips beh;een relat ives for a maternally 

influenced t rai L are given in 'r  able 2. 1 . The components bet we en relatives 

shown , o t her than among pat ernal half-sib:: will, fo1· maternally influenced 

traits , be affected by the si._;n and Jnagnj tude of the ccvarianc: e between the 
genet ic c omponents for mate rnal effects uud the genetic components for growth 

rate. Dickerson ( 1 94 7) discussed th<-; a ppurent antagonism be tween direct 

maternal and trd.Ilsmi t ted influenc os whil!lt 111ay slow c:enetic }lrouress in swine. 
The wa"t in which tna ternnl efi'�cts inLLUCll''n heri tabj lity est.l.ma tes  obt�\ined 

by different methods wus also diucu:Jsutl. l!:vidence pres.mted lab:3r sugge::sts 
thut similar an t 3gonisms may l!e iq>OrL:m L Ln beef cat tle. 



Table 2. 1  Genetic components of relationships between relatives for a 

maternally influenced trait 

4. 

( Additive and dominance deviations. Adapted from Wil lham, 1963) 

Variances and 
2 2 2 2 

covariances 0 A 0 D 0A A 0D D 0 A 0 D 0 0 o m o m m m 

Genotypic v ariance 

of P 1 0 1 
X 

Dam-offspring t 0 1t 1 1 0 2 

Sire - offspring 1 0 1 0 0 0 2 4 

Paternal half-sib t 0 0 0 0 0 

Maternal half-sib 1 0 0 4 

A = additive genetic effects for growth rate 
0 

A = additive genetic 
m 

effects for maternal ability. 

D = dominance effects for growth rate. 0 
D = dominance effects for maternal ability. 

m 
p = phenotypic expression for a trait. 

X 



5 .  

II. Birth Hci ;ht, Previearnng Growth Rate m1d \ofeaning ifaig·ht as Productive 

Traits a� t�uf Cattle 

A. Bi rth weip;ht 

Birth 
. .L welt_;.'�o iD of rCOflOmic itnpor·tmlc'� us it is related to .,oth calving 

difficulty Mu ...;ui.,.Jt·quvrd, pt...rt'O.L'l!lillJCe 01· LhE:: calf and the cow. 

It is well estau.ti:...:ltud the..-\. dystocia is an i1aportant factor contributing 

to c alf losses ·1L or· l18i!I· 1irtll (�hltuank et al., 1 �61; Anderson and Bellows, 

1 �67; l1onteir o , 1�o�; l.usLer and Gregory, 19'()). Ji'urther rnore, the SlJbsequent 

n:prod< :ctive J,Jed'or·J�:ance of cov<s experiencing dystocia is impaired ( Brinks 

et al., 197:5; l�aster t'L al. 1 973; La:.:>ter and Cretory, 1 973). 

In studies Lu duL0, calvi11g difficuJ ty has gt:nerally becm s c ored according 

to the kind or ��xteul. ut' assi::>Lmco c.iven t.o c:o1i,; ut c:..�lving, tlvt is by hand 

us:...:istance, thE· 1. 8<-= ol i'o<:!L1l e x tr cc tors or· Slll'i_.-:ery. Factors .,holm to be 

related to calvir1,� dilTicull.y according Lo l:lr·ir�l s <:t <tl. (1973) are \�·e of 

duw, sex of c·tlJ., 11<' it�l, L ·Lnd 0i1:q �.; or' calf, l'·'"....;t:Ltion L.:n,�th, breed , n:uting 

·y;_;tew, sire uf c ·tll', j!<dvic ' .LI't� a  of d:.ttu and IJcoigllL ui' J:.tu;. Of th< sE-, 
a�re of darn and c;tlL' I.Jirtlt wejg-ht have Ul;J·ll �;hown by LJ�·ter ( 1974) to bt.. the 

A.uatowical rrlt�uJ'I!rali.Lit:::i of ! Le calf conh·ilJUted 

little to the llll;j_Julll:U ol' dystuciu (Tl;I'J·i•t.�·L..Jll .:_:�.i._�. 1 './�0; h.'dPJ',30:- and 

_l).;llows, 195'/), 

Last.er· et ul. (1 S'l'j) l'c..Wld that calvc:::: \ILCJS() Giree were Ch<..rolai , Sin11nental, 

Limousin and ..... ov Lh Devor.. were t<s:::ociutE.d \vi t.l1 sit:l,ificantly more calving 

diffict.:lty (30 i.o )j%) tL:m those sired b;y llerd'o1·d, Ang;t.ts ar1d Jersey bulls 

(6 to 16�b) fn ll ow ir..g· mc..tings hith Hereford and Ant.;us cows. Other st udies 

in e:eneral 13£reemenl. include tbose cf Sat.;ebiel et DL ( 1969) aud the large-scale 

breed evaluation procra.mruo��- pre::>ently in proeref.s in Nevr Zealand ( Ce..rter 

et al., 1975) and EJt the UnHed States Meut Animal Rese arch Center (U.S.MARC) 

in Nebraska ( Smil.h et al. 9 1 976), which !Jil'H:' ehovm a markedly high incidence 

cf dystocia i:1 2-year-old de.ms. It is no L worthy ibat in comparing the 

incidence of dystocia amongst 2-year-old dnms between the study of SJI•ith et al. 

( 1976) and Carter et al. ( 1975), the ranking d iff8rs for the performance of 

exotic sirE-) breeds ( i.e., Silll!Il8n La.l, Charolnis, Limousin ar1d South Devon ) in 
the two countries. 
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There is relatively little information on comparisons of straightbred 

cattle of different breeds for this characteristic. Smith et al.(1976) found 

the incidence of dystocia to be 18% and 12% for the Hereford and Angus breeds, 

respectively. In the study of Carter �t al.(1975) the percentage incidence of 

dystocia among Hereford dams less the percentage incidence of dystocia among 

Angus dams amountP-d to 22';1o for the 2-year-olds and h% for the older dams. 

Dystocia has generally been a::>sociated with higher birth weights. From 

survey data in Britain, Kilkenny and StollarC. (1976) reported that on 

average, calves born at assisted cal vings vfeighed 3. 5 kg more than calves born 

•t�ithout assistance and calvet; born dead \vere 4.1 kg heavier than live-born 

calves. Smith ;:,t al.( 1 976) found that the regression of calving difficulty 

cm birth weight was homogt-mous over all the breed groups studies. An 

overall 1.6% increase in the incidence of dystocia for each kilogram 

increase in birthweight was reported, although the regression 

expressed as th3 percentage increase in dystocia per killogram increase in 

birth ;veight, \vere 3.3, 1.5, 0.9 and 0.5 for the 2-year, 3-year, 4-year 

and 5-year and over age-of-dam classes, respectively. In a previous study 

involving some of the same data, but wit::. a Jarger proportion of young cows, 

Laster et al.(1973) obtained an overall regression of a 2.3% increase in 

dystocia per kilogram increase in birth weig(Jt. Sn1ith et al. ( 1976) noted 

that in cows experiencing difficult births, calves 1vere 2.2 kg heavier than 

calves born wj thout difficulty, and that this difference appeared to be 

consistent among sire breeds. Several otl1er studies have found that heavier 

birth w-eights were associated with a higher incidenl' e of dystocia (Rice and 
Wiltbank, 1970; Hellows d al., 1971; l�el::mn B.nd Hu'oLer, 1971; Crowl�y, 1965; 

Monteir·o, 1969). 

Several studies have ind.icated that birth weight is correlated with other 

factors affecting dystocia. In a statistical model excluding the influence 

of birth weight, Laster et al. �19?3) found that sex of caJf, age of dam, 

sire breed and dam breed were all significant sources of variation affecting 

dystocia . On the inclusion of birth vJeight in the statistical model.,. all 

these sources of variation, apart from age cf dam, were no longer significant 

suggesting that they were linearly related to birth weight . In an analysis 

of survey data using the same approach, A. Wilson � (1976) found that 

country of birth, season of birth, sire of calf, sex of calf and birth rank 

remained significant factors affecting dystocia of Chianina-sired calves when 

hirth w-eight was accounted for in the mod 1. Large management differences 

and errors associated with estimating rather than accurately weighing were 

suggested as being possible factors contributing to these results. These 
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aut hors consiC.ered that the disappearance of breed-of-dam effects on the 

inclusion of birth w eigh t in the model may have been a reflect ion of differences 

in c alf birth w eigr.ts and/ or corre lated d:::_fferenc es in mature size . 

Smith et al . ( 1 976 ) found that aft e r  ave rage within-breed differences in 
birth we ie;ht ,,· E re re mcved , b e hreen-s ire v2.riabil ity in dystocia level remained 

highly s ign i f i c :::nt . These authors noted that the nat� re of the remaining 

var iation 1vas n o t  kno•�-l� , but sugge st ed thut c a l f  shape may account for  part 

of it . 

In t he s tudy of  . illhmJ et al . l 1  S70 ) , multi ple linE:· ar regre ssions of 

c alv ing d iff i cu l ty on birth weight , cow we ight , b i rth weight/cow we ight , 

pe lvic meastx!'emtn: t s , ge s t at i on ler.gth , birth dat e  and h i p  wid th were found 
t o  be of lin,ited v alue f or pred ic ting calv ing d i fficulty . Coefficients of 

determinat ion for these f ac t ors were C . 33 ,  0 . 2 9 , 0 . 26 and 0 . 1 6  for Angus , 

Hereford , Hols t e in and B rowr. Swiss dams in s tra ight-breed and rec i proc al

cross mat ings . 

A nurrb e r  of o Ll1e r  '-'' C rkt- r·s h ave also  j_nves tiga t ed the r e l at ionships between 

v ar i ous cov. ur.d c alf l!lc e.suren. c-nt s end dy st ocia . In the study of Laster  

( 1 974 ) , mea s urerh.: n t s of  calf s}wpe ( shoulde r width ,  hip width , chest d epth, 

\vi ther height ar.d Lack le1:..cth ) ind eper: d ent of b i r t h  we ight were not related 

t o  dystocia. Pol l uk et al . ( 1 974 ) fO tmd a pheno typic c orrelation between 

calf size and c ulv i 1 t g  d iffic dty of 0 . 33 in a s tudy in which dairymen 

s cored calf size in Holsten cattle , also i.nd icative of no close rel a t i onship .. 

Seve ral s tud ies hav e p rov ided evidenc e L o  st<ggest that foeto-pelvic dis pro

po rt i on i s  m1 i mpo d an t cause of calving t.l ifficulty in heifers (Bellows , 
1 96 8 ;  Sl os s , 1 9'7 0 ;  C rov1 l e y , 1 96 5 ;  Ami r  u l. al. 1 967 ; Be llows , 1 968 ; Monteiro , 

1 96 9 ) . Als o , it w a s  c ons idered by Laster \ 1 9'/4 ) that pelvic size and o ther 

cow measurements are of li ttle value in predicting dys tocia. 

A higher inc id enc e 0f dys toc i a has been o 'c se rv ed w i t h  bull calves compared 

with heifer calves ( Arlderson md Be ll ows , 1 967 ; Bell ows et al . 1 96 9 ;  Bellows 

et al . 1 97 1 ; Brinks .§t al . 1 973 ; Carter e t  al . , 1 975 ; Smith et al. , 1 976 ; 
T ong et al . , 1 976 ) . Smi th et al . , ( 1 976 ) have noted int eract ions of s ex 

of calf with Ege of dam and with sire breed f or this characteristic .  

Hale calves tended t o  b e  associated with  more calving difficulty in young 
c ows and for sire breeds associated with higher mean dystocia levels . 

Simi l ar  interactions were show·en by Carter et al. ., ( 1 975 ) .  The superiority 
o f  birth weights for � al e  over female calv es was 2 . 7  1� . amd 2. 0 Rg .  ih the 

Ameriaan and New Zealru1d s tudies , respec t ively .  
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Es t imat e s  of the heritability o f  c alv ing d ifficulty 

all est imat es being less  than 0 . 25 (Brinks et al . 1 973 ; 

et al . , 1 974 ; Cundiff et al , , 1 975 ; T one e t  al . , 1 976 ) . 

have b een low H i  t h  

Hansen , 1 974 ; Pollak 

Tong e t  al . , ( 1 976 ) 
f ound \vi th Charolais-sired calves that he ri t ab ility e s t imates for this trait  

r anged from 0 . 064 t o  0 . 1 depending o n  the d e f in i t i ou ol' ease o f  c e.lving . 

The finding:::: of some s tudies sugcest that the heri t ability of dyst o c i a  t ends 

Lo in c re a s e l'l i i h  the l evel of inc :i.d er1 c e (Hans en , 1 974 ; 'l' ong et al. , 1 976 ) . 

Sagebi e l  et  al . ( 1 969 ) found that c ro G sbreed ing in c r e e.s ed dyst o c i a  at the 

birth of f emal� c alves . The high er in c id enc e of dys to c ia w �s ass o c i a t ed 

w ith a sign .if icnn t amoun t  o f  he t er o s i s  f o 1· b ir th w e ie;ht . 

A moder'ltely-sized ne g-at ive {.!,'ene t ic correl ation b e h1een d aw effe c t s  c-md ciilf 
effects  was d etermined by Dar-An an et a l .  ( 1 S76 ) in I s r ae l i -l•'ros ian h e i f e rs .  

'rhe e ffe c t  did n ot o c c u r in o lder c o ws . I t  w as no t ed thun t h i s o ccu rrence 

c ould b e e x ul ained if a s ire produ c in �  l arge c a l ves caused c al v inc d i ff i cu lty 

in h i s  ll e i f n r  ma.tes bu t t l1<:- sires ' he ifer <:md c ow d iJugh t ers v1 o u ld be 1 rge 
gi v i ng rise to a. l ov: e r  i n c .i d  .. mce of c ul v inr; d i ff i cu l ty than \v o u ld uc o thenv iSL' 

expe c t ed f rom the cene t i c r e l a t ionshi p b 0 t ween L he cal v es of the � i re and the 

calves of l1 is d <:�ugh Le r·s . 

The c o rT P. l at i on s  be tween g e s  t u  L i on l L'n gL l1 ;..;.nd b i 1· t h  ·.e ie;h t relJOI' t ed by 

And8l'S OTl WJ.d Plum ( 1 SG5 ) and Pres t on aud '.V i l l i s  ( 1 S1'(4 ) r:J..nc;e from 0 . 1 5  t o  

0 . 52 , generally t si1.g higher 1' or 1nale c :.t lv � s  th.:nl for femul e calves . Smi t h  
et nl . ( 1 976 ) no t ed t h a t  ureed of s ir e  s ignii'i c nnt ly influen c ed the reL.;re s s i or; 

of bi1·th viC iE;:ht on gest at i on leng th , whi c h  t ended t o  be t he gre ate r  f or the 

larger G ire breed s "  I t  w us also ind i c a t ed that Huch regre ss ions stould not 

t u  in t e rpre t cd nu un uccurnLe es t imat e ol' IJl'O\·T th rute l a t e  in the g e s  U.t L ion 
peri od . Diff e renc e s  in g e s t at ion length often appear t o  be a.s s o c .i u t e d  \'l i t h  

d i ff e rences in birth we i gh t s  betwe en breeds and s e xes ( e . g . , Cart e r  et  al . ,  

1975 ; f or review s e e  Pre s t on a nd W i l l i s ,  1 974 ) . 

Burfening �. ( 1 973 ) found thnt from a s tudy o f  1 , 546 field re c o rd s from 

the American S immental As s oc i at ion , t he s t and ard p ar t i al regress ion o f  

c alv ing e ase o n  birth � ight and ges t at i on l ength were 0 . 1 9 an d  0 . 04 , 

respec t iv e ly . The c orr e l ations among v ar i ab l e s  were 0. 1 8 for c alving ease 

and b ir t h  we ight , 0. 24 for gestat ion l ength and b i rth w e ight and 0 . 05 f or 

c alving e as e  and ges t at i on l ength . 

Bar-Ana.n (197 1) e s t im at e d  a phenotypic co rrelat i on of 0 . 29 b etween the growth 

rate of bull s  and the fre quency of c alv ing d i ff icul ty in t heir female half-sibs . 
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This relat i onship w as fur t h e r  inv e s t i g ated by Hansen ( 1 974 ) in the Red 

D an i s h  and Black F i ed Da , i sh Lreed s , and in c ontras t t o  the above study,  

gen e t i c and pheno t y p i c  c o rre l a t ions ob t ain E:- d ind i c a t ed t hat gr owt h  r a t e  and 

ease of c alving w e re favourably ass oc i a t ed . Correlat i ons w e re small and did 

n ot d iffer sign i f i c an t ly frorr. z e ro . I t  was c onc luded that there d id not 

e.ppe ar to b e  <... r i s k  for incre as in �;  c al v 1ng C. i ff i c ul t i e s  t hrough t=:rowth-rat e 

selection in thesG L w o bre ed s . Lin d st ro m ( 1 974 ) , analys ed dat a from 

Ayrshire and ri nll c at L l e : .. L .d found s e l ec t i on for high l iv ewe ight at the e nd 

of a pe rfo rmar .. c e  t e s t resul t s  in h igh er b i r t h  we igh t s . This aut hor sugge sted 

t he use of a � el ec t i on ind e x  t hrcugh w h i c h  b i 1·th w e ight c ould be maint ained 

at a cons t ant l eve l . 

We ight ed ave re1ge e s t imat e s of the gene t i c and pheno ty p ic correlat i ons of 

b i rt h  w e ight 11i H po s t-we an ing gai n  ar1d ll' i th final s l aught er weight giv en 

by P e t t y  and C 2rt1'ir ivllt ( 1 966 ) slJ Ow fav our able associati ons ( 0 . 30 - 0 . 64 ) 

>'li th t he g ene t i c  c u rre l at i ons b e ing l arge r  than the r:h eno typi c  co rr e l a t i ons . 

C o rre l a t i ons of L ir t h  �/e ight l'ii t h  pre-l'i e all i ng grow t h  ra t e  and with v1 e aning 

H e i ght wh i c h  i.il'l' · tl s o  pos i t iv e  are ou t l ined i n  Sec t i on 4 . 

B . Pre ->'ie aJ t ill,, ,;·t'O \I t h  ro. L e  �tlld iJeo.n in • ·  H e ight 

G ene t i c  ' r ll d  tJl l eH o t y  )Ji c  c o n·e l<it i ons bet ween pre-w uan ing crowth rat e  and 

'tl e an ing Vle i ,:·l ! L · ] ' (: c l o s e  to u n i ty . 'l' h l• i r  �ene t i c a n d  ph eno typ ic as s o c i at i ons 

1v ith birth \H: i cr . t. iH.�.v e l> e e n  s .owr; t o  d i r' f' t:> r ,  a� b i rt l , v.e i ght , b e ing a c ompon en t 

o f  w e igh t s r t:(' ( n u e<.l l · · L er iu tlte aniwu l ' s  l if e ,  i s  m o re c lose ly re l a t ed t o  
w e D.lling wei.:_· : t l L ! wn i t  i s  t o  pre -w e au i n ;_. g1· ovr t l l  r & L e . 

Pre -w e an in,'; crm� t. h  ra L e  is ur1 iru:po ::.' L u n t  t r a it pe1· se be ing a s i z ab le 

compo nent of f ' i n u l  s J : t uc;· I J t 8 r  we i c;h t .  J t i s  o fL en ildV ar1 t ageous i n  t he 

sele c t i on or' l· u l l s  L o  l,red i c t  fu ture growt l :  from ear ly livewe ight gains o r  
we ights . . l t; ·_ming w e i ght is c ommonly I't.'t_,;arded e_s a p redi c tor of future 

mat ernlil pe rfo rman c e , hav ing a suf f i c i<.·n L l_y h igh rep eat ab i li ty when e xpr e s s ed 

as a t r a i t  of the d am ( s e e  Pe t t y  and C ar h lr ight , 1 96 6 ) . 

Seve ral stud ies h av e  ind ic at ed that in rearing f emal e replac ement s tock , 
calves should be grown d; o pt imal rathe r thnn maximal rat e s . The findings 

reviewed by Koch ( 1 97 2 )  and more rec ent ly the work of Cundiff et a1 . ( 1 974b ) 
provide ev idence that mat e rnal environmer.t  for gain from birth t o  weaning 

is negat ively influenced by favourable m l:l.ternal effect s  in the previous 

generat i on .  Burfening and Kres s  ( 1 973 ) found that cows 1 own 1 80-day weights 

and yearling weight s were lowes t  wh en ccvrs were reared as calves on immature 

d ams , but their subsequm.t mos t probl:l.ble ab ilit ies for 1 80-day c alf we ight s 
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ware abov e e.v"' rage . 

Howeve r , sc- 1e conf l i c t il�, e .  i dence has b e en re ported o For example , Koger 
and Crane ( 1 974 ) found , f�·or· 'm invest ig.'J t i on o f  536 female s  in four breeding 
systems , that c. ven though · ,y  of t he he if e rs w e re fat and heavy a t  weaning 

there was no evidenc e i. o  0u�_�c;e s t  t hc.t th ei r s · bse quent perform.anc e  was 

adversely affe c t e d �  

The suggestion o f  ur..f av o u .r� b l e  gene t i c assoc i ationn between indiv i duals� 

growth and mate rnLJ.l c o m pon en t s  und the a pp arent ne�:,at ive assoc iation be twe en 

d ams ' and d augh t e rs ' rrn lkln a bili ty make t he pr ac t ic e of scree ning he ifer 

rep l ac emen t s t o c k  on t lw l:: as is  o f  t h e i r  o 1�11 w e aning \v e i gh L s  questionab le .  

Koch ( 1 972 ) r e p o r· t c:d t k.ti t l 1 u·u w e re modu r a t e -t o - l ar;_re n egative gene tic corre

lations in m os t s i.. u l i es bc. C W 0 CJ1 u1 ;: t e rnal en v i ron rr 1 ent �.nd c2lf effec t s  for 

�Jre-we aning gain , al t l l o u�;-h ir1 llll: s t udy o t' 4 ,  06 0 Heref ord c alv es in N e braska , 

he estima t e d  t 1 , i s  ,. ·, · n e i  ic C v l 're l a L ion t o  b e  c l o s e  to Y- ero . Fo l l ow ing the 
f in d ings o f  ar, e ar b e r  s tud v ,  Koc11 J:lc!. C Jr 1rk ( 1 955 ) su5ge s t ed that s e l e c t ing 

c al v e s  on t he lJ ;,.s is of i' lle i L· pru - w e :J.n int; �_,a ins w o uld be s el ec t ing : or 

be tter genotyr. e s l' o t· c;rO\� L h  re 0 p uns e c O H' b ineC. w i t h a s l ight ov e ral l adverse 

' .. ffect on mat t nL l : t L i J. i  c�. t ut.: to l l 1<- l · t.c(se rwga t iv e  ";enetic corr e l ation 

determine d b e ii-Ieeu L I I L· �-;c· i.. \ /o  L r ai L s ,  I L w �L .:;  udu ud L i,,"t s e lec t ing c o \� s  for 
we an ing w e  igl" t o l· c :  tl l' '" o u lcl [. l :.lc 1= .::r e  TL c· emplws is ou mat e rn al ef .t' ec ts on 
E'rowth re S :tJOilC<'  \·t i L J J r v e;:u·d to Lh<J �·e1w t i c v a l ue of c vu· "  Desse and Koger 

( 1 967 ) not e d  l l  . .  ed d ifl 't..: r lm c l s  fo r this �t.m e t i c a:::;soc j �tion in Brahman and 

A t.:ene t i c  c o v ur i : JJ J c e  c l o s e  to z e ro w as o b t ained in 

a Brahman herd ' uut i::l nega L iv e  es t imut e  \V <lS d e termi ned in a Br ahmau -c ross herd o 

Unlike t.ht: g•me t i c  1'< · , c L  i ons l ti ps des er i. bed aLov t� , !,oc h tmd Cl ark ( 1 955 ) 

re port ed h igh po s i t iv e  gen� i ic � o rre l at i ons be t we en mat e rnal effec t s of 
c. ams and post-w e an ing gr o w th ranging from 0 .  7 to 0 " 8. A negat ive genetic 

ass ociation of Jn[• t e rna::.. ub i l i  ty wi th pre-we u:n ing gr ow th , but a posi t ive 

gen e t i c  associat,ion between mat ern al a b i l i t y  and post-weaning growth hav e also 

been report ed in Roruney s heep ( Ch ' ang and Rae , 1 972 ) .  

Average he .L'i t abili ty e s t  i. m u.Les f o r  pn:-we an ing growth rate and weaning 

weight (see Sec t ion 4 )  ind icat e  that th su t raits shc u.ld res pond to se lec t i on .  

1·: e ighted ave rage e s t imEi t e s  of gen e t i c and pheno t y pic c orrelat ions for pre

weaning grow t h  :r- a t e  and. wean i ng we ight w it h  post -w ean ing gains given by 

Pet ty and Cart '! · ,;,ght ( 1 966 ) are mostly low ,  but pos itive . Several authors 

have , however , re ported sowe negat ivE: gene t i c  c o rrt: l ations between weights 

recorded at or c l ose t o  the t ime of wean ing w ith c arcass traits , but findings 
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are often inconsisten t  (Dunn et  al . , 1 970 ; Stout e t  al . , 1 970 ; Cundiff e t  al . ,  

1 97 1 ; Dickerson e t  al . , 1 974 ; 1 . 1 .  W ilson et  al . , 1 976 ) . 

III . Some Ge�etic Fac t ors affect ing Birth W e ight , Pre-Weaning Growth 

Rate and Weaning Weight in Beef Calv es 

Fac t ors affect ing pe rformanc e in animals can be regarded as naving an · 

additive or non-addit ive influence n  The addit ive effects dis cus sed in t hi s  

section are mainly add i t ive genet�c effects whil e  discuss i on o f  non-additive 

effects will cover interactions among genotypes and those interac t ions 

c ommonly referred t o  as genotype - environment interact ions . Addi t iv e  

genetic differenc es arise  between breeds , sexes , herds and b etween individuals 

w ithin theoe categori e s .  

I.a disc'�ss ing breeds o f  cattle , D aly ( 1 97 4 ) has defined breed as a group 

o:t animals of common origin pods s s ing well f ixed and distinc t �ve charact erist ic-:; 

n o t  common to other members of the same species . From this definit i on it 

c ould be e xpec ted that s izable bre ed d iffe renc es for produc tive trai t s  should 

exist . Over the ye ars t here have been many reports of breed performance 

� . t  few d irec t comparisons between breed s in t he same environment . Mas on 

' ' 97 1 ) reviewed the pe rf ormance of many cattle b reeds and indicat ed t hat there 

''':'e important differences between breeds in many product ive characters . 

Recent ly there has been an abundance of cross-breeding s tudie s ,  s ome of which 

will be dis cussed in cons ide ring both add itive and non-additive effec t s .  

Breed c omparison studies  in New Zealand have been rev iewed by Carter ( 1 97 5 ) . 

Breed differenc es may be ut ilized through cros sbroeding , the poss i ole 

benefitS be ing through creatine hybrid vigour to increase produc t ivi ty ove r 

that of the mean of the p arent al breeds ( a no�-addit ive gain ) , by combin ing 

desir able at tr::.. ·:JUt es not available in any one breed ( an additive effect ) or 

with the obj ective of producing found at ion stock for developing new breeds 

(W arwick , 1 968;  Cartwright , 1 970 ) n The latt er involves both mditive and non

add itive advantages al though the l eve l of het erosis should d ecline foll owing 

int erbreedingo In more recent times new b:re.eds whioh have been developed 

inc luqe the Santa Getrudis , Charbray , Droughtmast e r ,  Bonsmara , Brangus and 

Bradfo+d from crosses of animals of the Boa· t aurus and B. indicus s pe c i e s o  
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A. Additive effects 

Sex-of-calf d ifferenc es for birth and weaning w e ight s  are well est ab lished 

(Petty and Cartwright , 1 966 , Pleas ants , 1 974,  Pre s t on and Willis , 1 974 and 

Nic oll , 1 975 ) and will not  be discussed in detai l  here other than t o  s t at e  

that bull calv es have he avier birth md we aning weight s than heifer c alves 

while at weaning , steer calves are heavier than heifer calves , but light e r  

than bull c alves . 

There is an accumulat ing body of evidence fro� New Zealand studies o f  breed 

d ifferenc es in which animals were managed in t he s ame environment . Carter 

( 1 974 ) reported some prov i s i onal results on the performance of 1 , 03 1 Angus , 

Hereford and A ngus-Hereford rec iprocal cross c alv es .  Hereford calves we re 

b orn later owing t o  longe r gest at ion pe riods and had highe r birth l'€ ight s  

than Angu s c alves . Ave rage b irt h we ights for the two bre eds we re 29.4  kg 
and 25 . 4  kg , res pect ively. Calves out of Angus d ams had higher pre -weaning 

gains and 1-1e aning weight s c ompared t o  c alves out o f  Hereford dams , perhaps 

indicat ing t he superior milking abil ity of the Angus c ow "  Birth we ight s 

for t he rec i procal cross c alves were intermed iat e between the two parental 

breeds and we aning weights were supe rior t o  eithe r parental breed . 

In an improved tussock environment at the T ara H ills High Country Res earch 

Station,  Davis \ 1 97 3 ,  1 974 ) and Stevenson ( 1 975 ) have shown that Angus c alves 

were lighter at birth , but gained more rapidly to we aning than Hereford c alves . 

In c ontrast t o  the study of Carter ( 1 974 ) ,  Hereford calves were slightly 

heavier than Angus calves a t  we aning . Friesian c alves had higher birth veights 

and grew cons iderably more rapid ly to weaning than either Angus or Hureford 

c �lves . O ros�bred an imals gene rally ranked be tween the performanc e  of t he 

parental breeds for birth we ight and pre-we aning growth rat e .  

In a study o f  7 , 771 s t r aightbred Hereford and 1 6 , 666 s traightbred Angus 

c alves rec ord ed in the New Ze �land Beef Cat t le W eight Gain Performanc e 

Recording S cheme, Nic oll � 1 975 ) found that Hereford calves were on average 

3 . 1 kg he avier at weaning t han Angus c alves even though they we re weaned on 

average 2 . 2  d ays younge r.  

The supe ri ority of the Friesian in b irth we ight and pre -weaning growth rat e  

relative t o  t he Angus an d  Friesian-Angus re ciproc al crosses was evident in 

an experiment in the years 1 968 t o  1 970 at t he What awhat a Hill Country 

Research Stat i on \Right et al . , 1 973 ) . Progeny results for the individual 
c alf breeds are summarized in T able 2 . ? and are of particula� relevano e t o  



Table 2 . 2  Cow and calf perfo1·mance in reciproc al c r o s s breeding studies 

with Friesian and Angus cattle  at  the VfhatawhRt a Hill Country 

Res earch Station \from Right et  al . , 1 973) 

S ire breed 

Dam breed 

No . calves weaned 

% calves  dying 

to wea11ing 

Mean b irth weight (kg )  

Me an weaning weight \kg ) 

Friesian 

Fries ian 

96 

7 

35 

1 81 

Angus 

Fries ian 

79 

3 

33 

1 76 

Fries ian 

Angus 

96 

9 

30 

1 5 5 

Angus 

Angus 

1 03 

1 0  

26 

1 43 

1 3 .  
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the present study . The d at a  ind icate the superiority of t h e  Frie s i an  dam,  

and the Fries i an s i re foJ." birt h  and wean i nt; weights "  I t  i s  also noteworthy 

that c a lf losses to w e an i ng �! ere highest for the s traigh t bred Angus a'ld 

F riesian x Angus1 c alve s ,  intermedi at e  for t he s traightbred Fries ian c '3.lves 

and l owe s t for Angus x Fr·ie siau calves . 

Pre l i minary resu l t s  from 1:: trial in w hi ch Angus , Hereford and Friesian 

bulls we re mat ed to  490 Angus c ows reported by C ar t er ( 1 975 ) have shown that 

Hereford x Angus calves were h eavier at b i rt h  than Fri esian x Angus and 

Angus c alves by 0 . 4 kg and 2 . 1 kg resp e c t ively . He reford x Angus c alves 

had a 5-d ay longer me&L ges t :J.t i on peri od t h an the othe r c alf bre eds . 

Fries i an  x Angus c alv es we re he ·l\- i es t :.1 nd H e reford x Angus calves the lightest  

at w eaning . Eve r i t t  e t  n1. ( 1 975 ) report ed that Simment al x Fries i an calves 

grew a t  a similar rat e (0 . 62 kg/ d ay )  to Fries i an calv e s  (. 0 . 6 1  kg/day )  to 

1 6  weeks o f  age ( approx . )  wl�ile H e reford x Friesian calv e s  grew more sl owly 

( 0 . 57 kg/ d ay ) .  At 2 1 5 d &y s  of a g e  the average c alf we igh t s  were 1 5 1 . 7  kg , 

1 48 . 6  kg and 1 4 1 . 2  kg for i. he S immen t al - , F r i e s i an- , and He reford-s ired c a lv e s , 

respe c t iv e l y .  

Eve r i  t t  and Jury ( 1 972 ) as s e s sed the c omparat ive perforrJC:Jl c e  following 

matinf:s of ChG.rolai s , Hereford and Fr i es i an s ires to Jersey d ams and from 

re cord s of s traie:;h t bred Angus and s trnight bred Friesian c at t l e  in t he s ame 

d airy he rd s f c• r  b i r t h  trai t s . In ord e r  of superiority , me an birth \..e igh t s  

f o r  the v ar ious bre e d s  o f  C i.il f  H e r e  Fr i es i an \ 38 . 2 kg ) , C haro lais x Je rsey 

( 32 . 7 kg ) , Friesian x Jersey ( 30 . 3 kg ) , Hereford x Jers ey ( 27 . 9 kg) , Angus 

( 27 . 4  ltg ) aHd Jersey ( 23 . 4  kg ) . Char o lais x Jers ey calves had the longes t  

mean gi;.! S t at i or.:. l ength ( 286 days ) f oll ow ed l1y Hereford x Jers ey (. 284 day s )  
followed by t Lt.· E'ries i an  x Jursey , Fries i ar, and Je rsey calves ( 261 days ) .  

In a s t udy of 2 , 1 34 Chian ina-si red c alves in Brit ain Ao 'Wilson et a L  

( 1 976 ) presem.ed least s quares means for the effect of breed of dam on birth 

weight .  In order of superiority the ranking was Friesian (+2 . 92 ) , Ayrshire-

Friesian c rosses and Hereford-Friesian crosses �+1 .44 ) ,  Ayrshire (-0 . 6 1 ) 

and Jersey (.-5 . 5 9 ) i n  terms of  birth weight in kilograms . 

The breed evaluati on studies currently in progTess in New Zealand previously 

noted ( Cart er et a l . , 1 975 ) have involved the mating of s ires of several 
breeds to Hereford and Angus cows at three research locations . Bulls of 
each of the Angus , Hereford , Fries ian , Jersey, South Devon , Charolais , L1mousin , 
Blond d ' Aquitaine , Simment al , Maine Anj ou and Charolais breeds were mated 
art ificially .  Cow and calf performance reported by Carter et al .  ( 1 975 ) 

1 Crosses are of the fo rm A x 3 where A is  the sire breed and B is the dam breed 
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inc lude d  result s  for some 3 , 000 c alves b orn in years 1 972 t o  1 974 by a total 

of 1 2 1 sires end are in part shown in T ab le 2 . 3 .  In general the figures in 

T a b le 2 .  3 show -that the exo t i c  b reeds offer more rapid pre- and pos t-nat al 

growth at the expense of an inc reased inc id enc e of c alvj.ng d ifficul t y ,  

part icular ly i n  younger d ams . The dat a pr e s en t ed by t h o s e  authors 

als o  ind i c at e  that losses t o  w e aning , mos t l y  of c alves out of 2 -year-old d ams , 

are gre a t er f o l l owing t he us e o f  the large e x o t i c  s ires over Angus and 

Hereford d ams . Calves ou t o f  Angus d aos w e re on average 2 . 0 kg . lighter 

at b i rt h ,  were assoc iated 1v i th 4�b fewer c alving difficult i e s  and w e re born 

fol l ow ing g e s t at i on pe riod s  3 d ays shorter t hru1 c alve s  out of Hereford d ams . 

C alve s  of Angus d ams grew fas t e r ,  b eing on av e r age 6 kg . he avier than calves 

of H e re ford dams at 6 montl-..s of age . The h igh 6-month we igh t s  of Fries i an-

sired c alves f o l l ow ing relat ively low er b i r t h  we ight s c ompared t o  the o ther 

breed s  suppor t s  o ther findings previously d i s cussed whi c h  have shown high 

growth rat es of Fries ian or Friesian-sir·ed calve s "  

Sim i l ar dat a  were repo r t ed o n  2 , 368 c alves born out o f  Hereford and 

Angus druns at U . S . MARC ( Smith e t  al . ,  1 97 6 ) sired t hrough artificial 

inseminat ion by 32 Hereford , 35 Angus , 33 Jersey , 27 South Devon , 20 Limous in , 

26 Charo lais and 27 Simment al bulls o Birth and weaning d a t a  are presented 

in T ab le 2 . 4 .  One notable f eature i s  the higher birth v.e ight s  and longe r 

ges t at i on per i ods reported in t he Amer i c an s tudy compared w i t h  those re1Jor t e d  

i n  N e w  Zealand by Carter et a l .  ( 1 975 ) . The supe rior pre -we an ing �;·I·ow th rat es 

and 2 00-d ay weight s of t ho Charolais- and S immen t al - s ired calv e s  are il'l 
agre ement with t he New Zealr�nd l ri als . S L raigh t bro d Angus c alves grew more 

rapid l y  t han s traight bred Ht· ceford calv e s ·md a t t rJ.in ed higher 200-d ay W1: lghts .  

S imilar ly , c alve s  of Angus d ams were he av i e r  at w ean ing f o l l owing more rapid 

pre -we aning gro•..rth than c al v e s  of Hereford d ams . 

Pahnish e t  al . ( 1 9 6 9 ) show ed in their c ros sbree ding s tudies in whi ch t he 

Char o l a i s , Hereford and Angus breeds we re represen ted , that the Hereford 

ranked s econd to t he Charolai s  in c al f  b i r th weight by both breed of sire 

and breed of dam .  The Angus howeve r ,  ranked sec ond t o  the Charolais for 

pre-w e an ing grow t h  r ate and we aning w e ight , also by both breed of sire and 

breed o f  d am .  

Mos t  s tudies indic at e  that H ereford and Angus c alves att ain similar 

weaning w eight s "  There appear t o  be no c onsistent ranking for thes e two 
breeds f or this trai t  in American lit erature as s everal studies have shown the 
superiority of the Angus (Meade et al n ,  ( 1 959 ) ;  Gaines et al . , ( 1 966 ) ;  Gregory 



T ab le 2 . 3  S ome cow and c al f  perform1w.ce characters in New �eal and 

1 6 .  

breed evaluation trials 1 (adapted from Carter et al . 1 975) 

D ys t oc i a 

(%) 
Sire Breed 

Angus 5 (31 ) 

Hereford 3 (47) 

Friesian 5 ( 38 )  

Jersey ( 0 )  

South Devon 9 ( 56 ) 

Charolais 1 8  ( 5 0 )  

Limousin 9 ( 3 1  ) 

Blond d ' Aquit aine 1 2 ( 2 5 ) 

S imme ntal 1 3  ( 77 )  
Naine .Anjou 1 2 ( 75 ) 

Average 9 (45 ) 

Gest at i on Birth weight 

length ( days ) (kg)  

278 28n 1 

280 29n 5  

278 30 . 6  

280 25 .4  

283 32 .4  

283 33. 5 

285 30 . 8  

2R7 32 . 8  

284 32 . 8  

283 33 . 7  

282 30 . 8  

6-month w eight 

(kg) 

1 57 

1 64 

1 75 

1 56 

1 71 

1 78 

1 68 

1 74 

1 77 

1 75 

1 69 

1 Gestation ler1gths , birth veigh t s  and 6-month weight s are pooled over all dam 

ages - The percentage dys to L:ia for d ams 3 years of  age are prtlsented 

followed by those  for 2 year old dams in parentheses . 
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1' e. :  le 2 . 4  SomE; c ow and c alf 12e rf ormar.. c e  charac t ers i n  breed evalu at ion 

t:rials at the United S t at e s  Me at Animal Res e ar c h  Center . 

� ad a12te d  from Smi t h  e t  al . z 1 976 � 

Dys t o c i a  Ge s t at i on Birth Pre-we aning 200-day 

�%) l engt h  weight av erage weight 

\ d ays ) ( kg )  daily gain \kg ) 

\ kg/ day )  

Breed Group 

S t raight bre d c alves 

Hereford 1 8  \ 5 1  ) 285 . 5 34 . 7 0 . 74 1 82 

Angus 1 2 ( 37 ) 281 . 6 3 1. 0 0 . 7 9  1 90 

C alve s o f  Hereford 

an d  Angus d ams 

He re fo:rd -Angus 1 1  \ 4 1  ) 282 . 9  33 . 7 0 . 80 1 94 

c ros s e s  

.Tersey-s i r c!d 5 ( 1 5 ) 281 . 8 2 9 . 4  0 . 77 1 83 

S o u t h  Devon-sired 27 \ 6 8 )  285 . 6 35 . 8  0 . 79 1 94 

1imous in-s ire.l 2 4  � 72 ) 288 . 1 36 . 2  0 . 80 1 97 

Char o l ai s -sir2d 34 ( 74 ) 285 . 9  38 . 6  0 . 84 207 

S imment al -sire:d 2 9  ( 66 ) 286 . 2 38 . 0  0 . 83 204 

All c ulve s of 2 4  \ 5 9 ) 286 . 4  35 . 9 0 . 77 1 90 

He re f o l'd dams 
All c alve s  of 1 7  \ 50 ) 283 . 3 33 . 9 0 . 83 1 99 
Angus d am s  

D at a  are pooled ove r all ag e  o f  d am  groups . ..  Ad ditional figures are shown 
for dy stoc i a  2ercent ages for 2-year-old dams in parent heses 
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'-'! ·::, al . ,  \ 1 966 . •  1 966b ) ) l"l' h i l f' others ind i r: at e U1.e s u p e r i o rity of t he Ife refo�·d 

::rh. H  •" t uL ') 9 :  . . t: .i. .ske ,. t, al . ,  1 964 ) . Bir-'.;b w e i.g>· · "' of Shorthor'l c at t l e  ----- . ------

t . •  tr e o  be.> . -. ·. e rm eJ. i <- t e  ;,•' ci'JCen t hos e of !illgus m:d 1 ' •: • ·eford c at t l e  und 

r ::,1g v:e ic :  ; ,· are of s i m i  . ar orde r t o  "" he o th e e t wc t re�ds l s e e  P:re s t on 
.c . .  ; i ll is q· t �  ) .  

.1i L hin-b.cc�o d. i l't' e nmc e s  b e t w e e n  l in t: s  ur�..: \/ tj l l  L D  ::.·, n . Brinks L: L hl . 

. ';'J 1 )  re.por .d · s i .srl i l' i c.: u.n t  l inc- oi'-d wu i n i' l uu u c.: es on we ave 1·age cl <:.t "i. ly 
1 o.ir• s J l  lm::. c a lv e s , uu L ....: J.re l ine had no e i'f cc i . l•· <tilg"1L 3 und Dr.Lnk s 

'-{( 1 ) foun o  �� � rw o .r .c; ire s ignii' i c un L l y  :.U'.t'e c.: L ed mos t �ro ba1 l e  prod c inc a b i l i t  

;:· 0!_. \Jt:J < •ninr; " ; ;· t i  IJ.h i lt' llu rf en inc; and Kre s :.>  \ 1  9' 7 ) ) 1··: [;Or l e d  t h a t  bruod inc 

.Li.ne of c.: 0 11 ' .i.  -:n.i f j -.: �.u n l y  a ffec t e d  m o s t  l;ro buule prccl �· · i ng ub i l i t y  1 'u1' uuth 
b :; r t u  .t' i{2;ht fl'J 1 eY)-u ·1y \ l t  · i;�ht . 

-•·· : ·-d ,'JlL 

. - :  · · . - r .J i· · · r � 

• ,1 ' '_, ' ' 1 1  \v � 

" · - ol'- ::: .l.ro d i ffe ru1 (; . ...; · u u J. u  :., . 

. : . .  : ·� w ·  .:.. e : ·  L l t u  e ff e c t  o .L : 1 '  v: .' s o1 ' · • 

�. . iJ - I 1 ;  t l ·_: n L 

.lH I . , f' .._ L ( !• . ..! -

n·�� L ';_ d  t i.n I i l k-Of-

. · .i .. 0.! ' [ , •  

tl · · c; 

tj 4 l.J u l l  s 1 Olit I Cl 
I . '  A . c . 

1. or '5 . CJ;u �mi S -' of l.he t o ':; nl vari at i on ir:. : � ar. h t r L.· '· , r e s pe c t ive l y . 

', 1 )  C .cossbrP.eding· .  Exis t ing breed s lHUY be !'ec;arded as being m i ldJ. y - i nu reti 

lines dif'fe r · �g in gE:ne f r0 quenc i e s , in t he average le vel of h e t ero � ygo si t y , 

� .. d in epi s t a.t. i c com b inati "n effec t s  of gene s on performanc \::l \D i ck• · 1·u on , 

C r o so::J breeding i.s t�. rue[ms by 'tlh _ :J h  l J L h adcl iJ� . v e  and non-1..uJ u i t ive 

'"':HJ.E.: tic d tf::. ';l.  _;nc es may be explo i t ed . If both add i t �ve and non-add it ive 

,<"l'r.-tic t... .-. ,' :., :; are impol't <- 1t then improverr· e:r.t \'fill L '� maximi z ed by c omb in ing 

.:-os nbl'eedir.u:_::· dth select ion among and hi+hin brel:lds ' D i ckerson , 1 97 0 ) . 

Non-addlb.ve gains from cro s sbreeding' c an  be mea:nred in terms o: realized 
h•rt droc i s n  }. e t e rosis is usually d e t e rm ined. a the " : rc entage sup o ri o ri ty 
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of F1 r e c i proc al c r o s s e s ove r the ave rage pe rformanc e o f  parent al bre eds . 

A h ighe r  percent age of het e ro s i s  i s  usu a lly asso c i at ed wi t h  reproduc t iv e  and 

mat e rnal traits wh i ch , in most animal spec i es , are cons idered t o  b e  of l ow 

he r i t ab i l i ty .  

1v1as on \ 1 966 ) in rev i e wing the l it e rat ure cons id ered the maj or h e t e r o t i c  

gain i n  beef c at t l e would b e  in improved c al f  v i ab il i t y . �lore re c ent 

s tud i(-S have shown t h a t  w o :r· t hwh i l e  het ero t i c  gains in b e e f  cattle are 

o b t ain ab l e  f •)r grow t h  t r ai t s .  

Ro l l  ins e t  al . ( 1 96 9 )  and _ .oger ( 1 97 3 )  have noted the impo r t an c e  o f  d e t e rm

ining e s t ima� es o f  he t e ro s i s  in c a t t l e  c ove ring the kinds of var i a t ion in 

env ironmen ts tyrJ i c a l  of beef c at t l e  o pe r a t i ons wh ere such e s t ima tes are 

appl i ed . The re is now an e xt en s iv e  li t e r �!.ture on hete ros is from cro s s ing , 

r;mch of wh i ch has been rev ie1v ed by K og er e t  al . ( 1 973 ) and Pre s t o n  and 

\l i l l i s  ( 1 974 ) .  

Koger ( 1 973 )  po in ted o ..tt t n a L  t ?; e c-e is c. t er1dency [ 'o.r es t ima t e s o f  lk tt.. t·o::; , s  

t c.  be b i as ed up1; a.cd s in eav ironw:::1 t s  · lrd uv our a u l e  t o  one or moee o _ t l1e  
It w as S llgge s t e d  ti1 at u n �le r tnese 

c vnd i t i ons , l:Y_owled�;;e of the y.,erfo rrEarl c e  o i'  crossbred s rel a t iv e t o  other 

r; 1.. o ck vwuld provid e the beef c at t l e indus t ry with m ore u s e ful j.nfo1·mat i on 

r a t h e r  than knowledge o f  the amount of r.eterosi :::; o b t ained n That aut hor 

has als o  n o t od that i t  i� n o t  alw ay s c l e ar wh ethe r a h e t ero t i c  re spon se 

to c r o s s breedir�ts is dw:: t o  c orn lerr.e1�t ari ty of t r c::.i l; s , he t erozyg-o sis at 

t he cene l eve l ,  or i nbr eed l n e  d e pre ss i on ;i n the s t.ruight bred parent s . 

Fo :l l owine a I·t�view of w W1y s tud i e s , Koe·er ( 1 973 ) sh ov1ed that for 

l ' c pr c d c.c t iv e  and gr O\v t h  trai t s , t h e me an lcwt'l of h tc terosi s for B .  i nd i cu s  -
B .  taurt<.s c rosses w a s  approx imat e ly 2 .  5 t i me s  that f o 1· c rosses a.mon[; t he 

B .  t aurns breeds . T h i s  a.dvRn t ag e  was c onsia e red t o  be at t r ibut abl e t o  both 

the relat ive supe ri ority of P .  in d i ct.l.S - B. t aurus c ros s e s  as w e ll as the poor 

pe rf o:crranc e c f  one or m ore of the purebred s in t r ials invo lving B. ind i cus 

c ros se s .  Overall h e t ero t i c  edv ant ages t h:ruugh c ros sbr e e d ing were sho-vm t o  

be 1 0  t o  2 r:f/o  for cros s e s  among B .  t aurus breeds in favourab l e  environment s 

and 30 t o  5o% for B .  ind i cus - B .  t aurus c rosses bred and raised in 

u nfavourable ::: l i m at i c  c ond i t i ons . 

E s t imate s  of het er o s is from c ro s s e s  of t he tradit ior. al Brit ish beef breeds 

(He reford , Angus , Shorthorn ) for b i rt h  weieht are of the order of 0 t o  4% 
(Gregory et al . , 1 965 ; G aines et al . , 1 966 ; Sagebiel et al . ,  1 967 ; Pahnish et al . , 



; 96 9 ;  Ro ll ins et al . ,  1 96 9 ;  Long and G re gory , 1 974 ;  Smi t h  e t  a l . , 1 976 ) .  

=-- -�' �'Je w  Z e a l ar:c_, the d at a  of C e.r· t e r  ( 1 S74 ) ind i c at ed. there t o be 4 - 7�b 

h ?terosi.s foi this trait from c r o s s breed ing e xper iment s with Angus and 

Herefox·d c at t le . A h ighe r h e t er o s is for t he s e  br eeds has been re port ed 

f o r  r re-'i•!e aning gr owth rat e and \-leaning "W elght . Some s tudi e s  have 

ind ic ated t h at h etero s is f o r  t hese trai t s  is of the order of 3 t o  6% 

2 0 . 

(Gregory e t  a l . , 1 S6 5 ;  G aines et al . ,  1 966 ; S agebicl e t  al . ,  1 967 ; Car ter , 1 974 ; 

Smith et a l . ,  1 97 6 )  o Higher es t imat e s  o f  t h e  orde r of 6 t o  1 1 % have been 

re }:ort ed ty o t her workers ( Roll ins e t  al . ,  1 96 9 ; Long and Gregory , 1 974 ) . 

Palmish e t  al . ( 1 96 9 ) suge:;e s t ed t hat d ifferenc e s  in env ironment s ma::l hav e  

c ontribut ed t o  t he incons is t enc i e s  repo rt ed be t w een �ud ies -

Roll ins et al . ( 1 96 9 )  fcunu m ore :h ybrid v i gour �� as e xpre s s ed from cr o s s i ng 

Hereford and Shorthorn c at t l e  t han from the o ther 2-breed c ro s s e s  amongst 

the Sh orthorr! , Hereford and Angus bree d s . The av erage s uperiority of the 

Hereford -S h or t horn , Hereford-Angus and Sho L  thorn-Angus r e c i proc al c ro s s e s  

vHJ.s 2 . 2 kg , 0 . 1 kg , and (1 . 2 k g  for r i 1·th v1 0 ight und 1 C . 2 kg , 7 . 0 kg , and 

6 . 5  kg f o r  w e aning w e i gh t , res p ec t ively . Pahn i sh et a l . ( 1 96 9 )  and Sage b i e l 

e L al . ( 1 974 ) inc lud ed t he Charo lais bre ed in rec iprocal c r o s s e s l·l i th Angu s 

and Here f01 d cat tle . In thes e s tud ies 11 e t eros is w as 3:re a t er in c ro s s e s of 
t he hro Bri t ish bre e d s  than of the Cllar o l a.i s - Er i t i sh c ro s s e s . 

There d oe s  n o 1;  appeur t o  be any c ons i s t ent t rend s n ovl i n g  higher leve l s  of 
het ero s i s  f rcm breed cross ing for e i the r s e x  of cal� as c o nf l i c t ing r e s u l t s  

h&ve been re ported (Gregory et al . ,  1 96 5 ; Pahnish _t_t al . , 1 96 9 ; Lone; and G regory , 

1 �74 ) f 

Mo.1•tin l 1 97 1 ) noted t h ;.;t several s t ud i e u  h a v e  shown l it t l� het e 1·o t i c  
advant <.tge in cros sing beef \� i  th  dairy breeds compared t o r e sul t s  obt ained 

from crosses of beef b reeds or crosses of d airy breed s . Hight et al . ( 1 973 ) 

re:r;orted 3 o 5% hetero si s for birth weight after crossing Friesian with Ar..gus 

cattle at the Whatawhata Hill Cotmtry Research Station. Percentage heteros is 

was s l ight ly lower for weenj_ng weight ( 2  . 2% ) and "Was considered to be small 

c ompared t o  tne large maternal differences ob serv ed ., 

Several s tadies have shovm that crossing inbred line s of the same breed 

results in h e t erosis f or calf weight s . In a comparison of line-cross 

performan c e  with the mean performance of 3 Hereford l in e s , F l owe r e t  al . ( 1 963 ) 

found an ave rage hybrid advantage of 0 . 1 %  in birth �ight and 4 . 6% in weaning 

we ight . 
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Stonaker ( 1 963 ) suggested the presence of horccgamet i c  heterosis following 

a study of 1 , 229 Hereford c&lves born in 9 years in which 1 5:o heterosis 

w os detec ted in weaning we ight of female calves and 8-/� in male calve s .  In 

ger:eral agreerr:ent , is the study o f  Er inks et al . \ 1  967 ) ; from cross ing 

five Herefor-d lines , het eros is in tir·th weight , pre-weaning growth rote and 
;1 6°1 " 3 0 � 5 6r ' wee.ning weight was 3 . 8;o , 1 C . ;u and S . 4;.? in heifer calves  and • ,o , . ,u 

and 5 . 1 % in bull calves , respec tively . Urick et al . \ 1 968)  als o found 

thnt female calves showed a gree.ter heterot ic  respons e than male ce.l'l8S . 

They reported the differer1ce was small for birt:t -vreight ( 3 . 77b versus 3 . (J}h) ,  

but qui t e  large for v1eaning vle ie,;ht ( 9 . 0 versus 4 . 9%) . Conflicting evidence 

\ve.s given by Humes et al . ( 1 973 )  who found that from crossing three inbred 

lines in vlhich the aver;:;ge level of inbreed ing was 1 4%, heterosis f o:;.� birth 

weight and pr e-wee.ning growth rate was -8. 2% BJ:ld -3 .. 2}{> in heifer cal'les and 
2 . 6% and 8 . 2"fo in bull cB.lves ,  respectively. 

�ving t o  the large maternal influenc e on c alf growth ,  heterosis for maternal 

perforwn.nce of cros s  bred or line-cross replace·ment females c ould be 

expected to be more import ant to the commerc ial ce.ttleman than the heterot ic  

effect for  growth in F 1 calves . Cund1ff et  al . ( 1 974b ) est imat ed maternal 

heteros is  from t he d ifferenc e b e tweer: progeny of British cros s bred and 

Brit ish straigb tbred dai1S sired by the same bulls  of another breed . l<'rom 

a total of 975 calf records, effe c t s  of materTial heterosis were 1 - 7� for 

birth w eight , 3 . 6% for � 55-day weight and 4 .  7% for 200-day weight . The 

effects of hete:r-osis we;:oe slw\m to  reflect  greater and more }Jersistent milk 

produc tion from cro s sbred darns . Linear regre ssi�n studi es indicated there 

to  be t1 ter1de�JCY fo:c !I' at e rl l a l  het eros is e ffe cts  0 11 P.t:'e-weaning growth ratEJ 

to  d ecline wi L h  inc reas :'.ng ue;e of dam .  Thi s effec t app�:ared t o  be J. arge ly 
due to the Angus -Shorthorn rec iprocal cross  d &ms . In their study the effect 

of matern al heterosis on 20C-day weight was great er under a management system 

in which c o\\'S first calved as 2-ye ar olds \ 5 . 8%) than under a management sys t em 

v1here females  had their first c alf a s  3-year-olds (3. o%) . 

Cundiff et  al . \ 1 974a) indic at e d  that the cumul ative effect of individual 
ru1d mat ernal heterosis from breed cross ing amounted to  23% for weight of 

c alf weaned per cow in the breeding herd o 

Similar effects have been report ed in line crossing experiments o Brinks 

et aln (1972 ) reported heterosis estimates for maternal effects on bir th weight 

ru1d weaning weight in Herefords of 1 . 5% and 4 - 7%, respectively . Burfening 
and Kress t 1973) also found some positive heterosis from line crossing , the 
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m o s t  heterosia b eing observed in c rosses between l in es which were t he 

m o s t  d ive rgen t in the t:rc..i t s  s t ud i e d . Ave rage he t eros is for the c o �; ' s  

c >m b i rtb weic;llt and 1 80-d i:.!y 1-reie;h t were re l at iv e ly S!i1all ; -0 . 1�i(; and 2 . 6%, 

r·e s pe c t ively . f1 a t e rn""'l ne t e ros l s e ffects or. the c ow ' s  most p ro b ab le 

produ c ing ab i l it y  for b irth \t ight and f or we e.ning weig·ht w e re b o t h  e s t imated 

as 1 . 6%. 

Far gre a t e r  mat ern a] hcteros i �: c en be expected f r om Brahman x Bri t ish 

breed cr oss e s � e . g . Koger et al . ,  1 97 5 b ) ,  but su ch f ind ings are of l imited 

re l evanc e t o  the pr& s en t  � t�dy . 

rrhe perf ur·mc-.n c e  of breed - o r l i ne -c ross e s is of t en par t i t ioned int o those 

c omponents at t r i bu t ab le t o  genE-rcl and SlJec i fi c  comt ining abi l i t ies � see 

�'alc oner , 1 96C ) .  The re is l i t t l& ev id enc e  to sugge s t that d ifferences of 

s p e c i f i c  c om b in ing ab i l i t y  c w1. b e  1.: s ed t o  uny large extent in b e e f  c at t l e , 

a l t hough there are v er-y few re :t-o rt s in the lit erature . 

I n  a study o f  7 5 1 c alve s  or' t h e  H ereford , Angus and Shorthorn b reeds and 

all s i x  re c ipr oc al cross c ow b in at ion s Gr ego ry et a l .  ( 1 965 ) found thot 
e s t imat es of he t e ro si s in b j  r t h  lie ic:ht , pre-we an i ng gr ol\"th rate ar .. d 'd eaning 

-vre if;h t for He ref o rd -Sho:cthorn and I-l c re f ord- 1\nt,"US c crc11inations v1e re almost 

h1i c e  those for the Angus-Sh o rthorn animals , although these d iffe renc e s  were 

mostly non-s ign ifi cant . Non-s ign if i cEmt sire x breed-of-d e..m i nt e rac t ions 

for botb sexes of c a.lf v1 ere repo1·t ed for ull traits s t udied ind i c at int; no 

ir: p o rt ant diffe renc es of spec i f i c c om b in int': ab i l i t y  for sires w i t hin a breed . 

D am on et al . ( 1 96 1 ) re po r t ed s ignifi c 2n t  sp ec if i a c ombinint�: a b i l ity f o r  

1 l0-d t•Y we ic;ht by t e s t ine fur  t h 8  sign i f i u �n c e  o f  b r ood-of-s i re x breed-of-

d am effec t s among c ros s br ed s . 'l'he resul t e  e r' he ir e x periment s showed that 

the mor·e widely d iv e rgent ln·eeds such as the Here ford and Brahman breeds 

c omb ined with a superi or l e v e l  of s pec i f i c  c c·mbin ing a b i l i ty tr.an d id 

c rosses of more s i mi l ar breeds such as the Angus and Hereford . K oger e t  al . 
l 1 97 5 a ) found r; on- s ignifi c ant s ire x breed -o f-dam interac t ion eff e c t s  f or 

birt h  weight and 2 05-do.y \€igb t from Brahmru1-Bri t ish and Brit ish crossbreds 

w i t h  intere s t  in appl ic at i on s t o  progeny t es t ing . G enetic c o rrelations 

b e t ween pat e rn al h alf-s ib f ami l i es fr om d ifferent d am breed c l asses were 

est imated .  An average value of 0 . 96 was obt ained sugees t ing that s ires 

would be ranked s im ilarly in t e rms of the pe rformanc e of their offspring, 

1vhen mated t o  the various b reed s  of dam s tudied . In their reciprocal 

cros sb:r·eeding s tudies , usine Fries ian and Angus pt.l.r'ental breeds , Hight et al .  

\ 1 973 ) reported non-sign i fi c an t  s i.re-wi thin-breed x d am  breed effecta on 



all calf trai t; s  s t ud :.ed . Differ enc es c·i' spec if ic combining abi l ity  for 

b i rt h  -weight vlere sllovm by Brmm e t  al . ( 1 967 ) bu t it  was no t st at ed whether 

the differenc es w e r e  s it n i f i c c.llt . 

Cundiff et al " ( 1 974b ) at t h e  Fort R ob inson Beef  Cat tle Research �tat ion  

in N ebr aska found that s p e c i fic e ffe c t s o f  materr .. &l h e t e ro s is were significantly 

gre a t e r  (Pt.: . 01 ) in H e re f o rd-:::iiJ or t ho rn r e c i pro c al c rosses than in Angus-Shorthorn 

reciprocal  c ro s s es . 

( 2 )  G enotype - env i ro nu: ,� r: "l int e r ac t i on . A pro b l e m  in s e l e c t ing animal s 

ari s es i f  the tr eed i nt·: v s.l LiL' .J o f  i n d i v i d c:: .:::.l s d o  n e t  rank in the s ame order 

o f  superiority or t h e  re l ::d . i  v e  rnu.gni t ud cs of t h e  d i fferen c e s  in perfo rm ance 

b e t w e e n  groups d iffe rs mclrL edly from onE en v i ronrr, e n t  to ano ther . Id e &l ly 

s e l E c t i on shou ld be c arr i ed out i n  e n v i ronn.en t s  wll i c lJ a l l ow t h e  mo s t  ac curacy 

in pre d i c t in g  ad ap t a b i l i t y to e n v i ro nlfle n t . If i n t e rac t i om b e t w e e n  h e r ed i ty 

a1:d env iromn ent al in f l u en c E�� ��re impo rt ant then animal s shou l d  be evaluate d  

i n  t h e  envi r onn_on1.  i n  w h i ct·  they w i l l l�<" u;:; ed . Alt ernat ively it m ay t .e 

HC C E: S c< c.l ry to  d e t e rm ine hov; H: u c h  0 1· tlw in1p rovement made i n  o n e  er.vi ronm en t  

\J i l l  be c arried ov e r  i f  :m imuls e1re t r< .JllSl "t:: rred t o  a n e w  l o c a t i o n .  

VJ here gen o t y }J e - env i roru!J L ! d; i n i  c · r:1c t i u n c.;  h :c.ve b e en c on s id ered in beef c at t l e , 

most s tud ies h :...ve s ir:q>ly iud i c Cl L • ·d L l t <: p'cc:Jen c e  or absence of s ign i f i c an t  
int erac t i on e ff ec t s . Th..; 1·v i �  �·L: u cn·��lly l i t t l t  e v id t. n c e  t o  sue,:e s t  Uwt 

i n t e rac t i ons a::..; s o c i a "l l:'d 11i L JJ ;.,. c l 1 u.n, , e  O .L, l'U.l1k m1d e r  d i fferent env i ronmen t al 

c ond i t ions are of i rul,o rt w1 C C  in l>e L f  c <.�t. L le (W L:rH i ck , 1 972 ; Pre s t on and 

W ill is , 1 974 ) .  

Much interes i. hus c E:·nt o r<Jd on t he poss i h i l i t y of' t h e re being maj or inter

ac t i oml of bru( : d s  vr e. l 1·e o 11 i th i n  b r eed::; v1 .1. th l o c a t i on s . Signif i c ant s ire 

x region effects  on b i 1·tlnv G i .;:ht ( Edw ards .£.i....£1.. ,  1 966 ) and significa:1t sire 

x s t a t i on effec t s  on pre -weaning growth rat e ( Cur.ninghEUD. and Henderson , 1 965 ) 

have been re ported . O t h e r  aut h c r s  h ave four�d non-significant s ire x s tation 

effects for these t rai t s � VJ oodvlard 8lld Clark . 1 950 ) .  

Aken et al . ( 1 976 )  s tud i ed the rec ord s  cf 228 bull calves sired by 1 7  
Fleckvieh and 3 G e lbvi er. ::-li i'E: s . Off s prj ng -vrere bom i n  Wes t  Germany \ 1 44 

c alves ) and in Texas ( C34 c ctlv e s ) . A s i gn j fi c ant breed-of-sire x locat ion 

interaction was reported for ad j us t ed 364 -d ay weight . No change in the ranking 

f or the breeds w as noted , but t h e  b reed differences were smal ler in Texas . 

vlhen the sire-within-breed x l oca t i on int urac t i on was subs t i tu t ed f o r  the breed 

x location inte:rac tio!J ,  t l JE:'  effe c t  was non-signific an t . 

Nunn et al . ( 1 S74) re !Jo : ·ted a s ignj ficant s i re x reg.�. on �nteract ion effec t 

on weaning weight . The interact ion variance however acc ounted for less than 
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2% of the t ot al variance , alth ot<gh sire rankings were seen t o  change from 

region to region . 

Breed x year effec ts were shown to  be s ignificant  for birth we ight in 

the s tudies of Ellis et al . ( 1 96 5 )  and Turner and McD onald ( 1 S69 ) .  'I'he 

lat t e r  authors ·1.ls o  found this int eract ion t o  have a s ignificant effect on 

pre-we aning grm1th rat e and w e aning weight . Gregory et al . ( 1 S65 ) observed 

no s ignificant interactions of breed cf sire with year and of breed of darn 

with year on prc-weaning trai t s . 

Many studies have slwwn a non-significant sire x sex  interaction for 

c alf gro1vth traits  ( Bradley et al . , 1 966 ; T anner et al . , 1 96 9 ;  Thrift et al . , 
1 970) vrhile others (i . L .  \V ilson et al . 1 96 9 )  found this kind of  int eraction 

t o  be  s ignifisant . Alsu indicat ive of within-breed genotype x sex  int eract ions 

are those studies in 1vhich higher heri t abili ties have been reported for eithe r 

sex of calf ( see  sect ion 4 ) .  

In a study of Hereford and Brahman c2,t tle, Ell is  et al . ( 1 965 ) found a 
S lgnificant breed x sex  interact ion effect on birth weight . Smith et  al . 

( 1 S76 ) reported sicnificwlL s ire breed x s ex effec t s  on birth weight , but not 

on pre-weaning grov1 th  rate or 1·reaning weight in their breed comparison s tudies . 

The significant int eraction in the bir·th v.eight analysis however ,  accounted 

for less than 1 "' ;o of t he variunce . 

Age of dam is  known to be an important fac tor affecting weani ng weight . 

Non-s ignific ant s ire breed x age-of -dam effec ts on weaning weight we re 

report ed by Cund iff .s!_ aL , ( 1 S66 ) am1 by Seller·s et al . ( 1 969 ) . Smit h 

e t  a l .  ( 1 976 ) re pv:·ted a. s i r;n ificant effe (' t foJ ·  t h i i:: in teract ion on pre-weanJ ng 
e-ains and 2 00-d ay w e i ght . I L  was sugges ted L h a t  the int erac t ion m ay have 

oc curred because the breeds with greater growth potent ial responded more t o  

the increasing milk produc t ion with incre as ing age o f  dam .  

Warwick e t  al . ( 1 S64 ) noted there were s ignificant genotype x nutriti onal 

plane effects on pre-weaning gro;'lth rate using ident ical twin pairs . ln 

a study of both ident ical and frat ernal twin HerefOl'd cattle , Kres s et al.  

( 1 971 ) found t hat set x diet interac t ions were seldom a signific ant source  

of  variation affecting 1 0  live animal body measurements including body weight . 

Burnside �. (1972 ) and Batra et al . ( 1 973 ) studied Holstein fraternal twin 

c alves and found no evidence for signific ant feed ration x twin pair interaction 

effe c t s  for any of the live animal measurements considered o Macleod et al . 

( 1 970 ) noted 3D absence of interact ions between breeds and rations for weight 

gains of Holstein and Jersey calves fed t wo quantities of whole milk and two 
feed supplements . 



Findings related t o  genotype-environment int eract ions for beef trait s  

are inc onclusive as experiment al result s are not always in agre ement . Few 

studies have determined whether interac ti ons are attributable to  changes 

in the ranking of animals or ari se  from changes in the magnitudes of 

d ifferenc es between individuals .  Preston and \hllis l 1  974 ) reviewed the 
evidenc e for phys iologic al explanati ons for breed adaptability. 'rhese 

authors point out that while it has been accepted by somo that t here are 

real differe.r.c es between 13 . t aurus aud B .  ind icus cat t le in -r;helr 

adap t i bil i-r;y -r,o ain·erer;.t clim:. t ic condit ions , there i::; little evidence 

suggest ing that this view shov.ld always be adopted . 

IV Es timates of the Heri t abili t ies of and Genetic  and Phenotypic Corre lat ions 

among Birth \:J eight, Pre-\ieaning Growth Rate and Weaning '<'leight 

When the haritability of a maternally influenc ed trait is the regress ion 

of the sum of the add itive genetic  values on phenotypic value as defined 

by Dickers on ( 1 947 ) ,  then : 

Heritability (h2 ) 
o2 .A + 1 . 5 oA 

A · o  o m 
0 2 p 

+ 0 . 5 

v1here the t er.ns are defined as in Table 2 " 1  (Willharn , 1 963 ) . 

The mos t common method used to determine heritability est imates  of birth 

\iei{';ht , pre-waaning growth rate and weaning we ight in cat tle has been the 

pE\ternal half- sib method followed by parent-offspring regression . Estiml:ites 

calculated by the paternal half-si b method contain only the additive genetic  

var i un c e  f or s·rowth l and e. small port ion of the  e]Jistatic variance ) and 

therefore , d o  no t account for maternal eff8cts  l \V i l lh amm 1 963 ) .  The method 

als o involv es the m ul t i pl i c a t i o n  of the s ir e  varian c e  com ponent by four . 

Thus , s ampling errors and environmental biases may be l arge . It haE< been 

suggested that selec t ion of s ir es may cause bias in the heritability 

est imates (Neville , 1 962 ;  Carter ,  1 97 1 ) altho'.lgh lit tle is known of the 

magnitude or direct ion of such b i as . 

There is an extens ive literature on est imates of genetic parameter·s for 

beef calf traits in the British beef breeds \Angus , Hereford and �horthorn ) , 

but relatively little  informat ion on other beaf breeds , d airy breeds or 

beef x dairy crosses . A maj ority of estimates is from American sources 

and there have been very few estimates based on New Zealand data.  



Some publisbed est imates  of  the herit abilities of birth weight , pre

weaning grovrth r a t e  :md weaning we ight among the t raditional Brit ish 

beef breeds 8lld alsu fo1· the F ries i an  breed and vari ous crossbreds ,  

are present ed in T a blus 2 . ) , 2 . 6 and 2 . 7 , re spe c t ively . Est imates 

obtained befcre 1 9G 9  w e  repre sen t e d  by the summar·y v alues given by 

Pet ty  and Carhrright ( 1 966 ) a.rtd by Prestun and 'tl i l l i s  ( 1 974 ) . The 

St:.IIllll ary v alues hav e b e dl doate rmlned from wide-ranging estimat es . 

However , heritab ility est imutes for thes e traits, most of' which have 

be en obtained ·for  gra :::: i ng management , are predominat ely moderately 

high , with those for b ir t h  Height t end ing t o  be higher than those for 

pre-weaning �rowth rat e: and Heaning w e ic;ht . 

The higher herit ullil i ty es t imat e s  for pre-He an ing gain and w e aning 

we ight from t he recro�s ion of offs pring on s ire th<.m for the regression 

of offspring on d am  :J � , mm in Pet ty and C arhrright ( 1 966 ) ,  appear to 

b o  cons ist ent with t u u  m ... J,;es tion that t h e mt.it ernal performance o f  

d wns in m i l kint; a b i J i L y j c.J  n�c;at ively nss oc i �-� t ed w i th the inf luenc e o f  

the  nu .. t e rnal en v i rv n lllt� r : l. i n  v1 h i ch t h e  d ::tms were re ared . 

'l'he e s t i mu t e:s o l1 L l i  ltcd. i n  llev1 Zeal und ( C art e r , 1 97 1 ; Baker et al . ,  

1 .:;7 5 ) are in good u, ' J 't:!;H IL'rd . w i th L he SUJHH! ury values presented , with 

L h e  <: x c e p t i on of  lJL i 1 1c; l o w <:: r f or bi rth w e ight . 

He ri t ab i l i ty c d i. ut u. l. (� 3  i' o r  t he r' r·i es i an breed vary . The findings 

of Afifi and Soliu; �.ll \ 1  j' ( 1 ) and filuson e t  u l .  \ 1  S72 ) are general ly in 

r;ood agreement l'ii th t h<.: u s t i m a t e s  for tho beef b re eds .  Vial l 1 962 ) 
re r �o r t od near z u ro < lild t H;t •; l l L iv e  est imatu �1 t'or bit· th weit"ht and pro

w e aning c;nin , re S lJt'c L i V 1 'lY and Hodc;es olltuint:d u low ost ima.te \ 0 . 1 2 )  

for average d aily c;uin t o  u i n e  mouths o f  age . 

The findings of S t out et al . ( 1 970 ) and 1 . 1 .  Wilson e t  al . ( 1 976 ) 
(see Table 2 . 7 )  sugge s t  th aJ,, differences be tween individuals in weaning 

weight that are attri butal.Jle  to genetic  differences between sires are 

o f  s imilar importance whe re calves are from high milk-produc ing beef 

x d airy d arns as whe re calves are from beef-bred d ams .  

2 6 . 
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T able 2 . 5  S ome pub 1 LH t Hl e s tim&tes o f  the herit ability of b i rth weigh t 

i n  c at i l t ·  

Lo c ation 
1 

BreeJ l·w l. l t  od 0 f2 
· · .; L i n. ·..t L .ion 

No . c al f  Heritab i lity Authors 

� . S . A  A , d , :.:i 

b . , ,  j l; • .:> . A  A , ! , ,j 

c
.-i orld .lide Many 

Br1 t ain BF 

N e braska A , H  

Arl:w1sas A 

Uni i ed Arab F 

H e  pub lic 

Nev 
6e a 1 Wld 

.IU'l::c.msas 

JV!on t ana 

G e o.reia 

N e br�:,ska 

N o rth 
l.'<ir o l ina 

A , H  

H 

A 

H 

H 

H 

rec ord s  estimate 

Summurv v a lues 

I J.H.dl t - o f f S  _tJrlng 
L' t:J . �·r u ;J s i o n  
V�LL i O U S  

d 

O t hE: r e s t i rr:a t e s  

1 58 

995 

932 

7 83 

J�lS e 

cl 789 

l ' l l : ;  2 1  1 j 

i r· --u , '  f ' . , pl· i ng 1 E30 
t ·, ._ · 1 · , .; , ; i on 

, .  ' r .. , )  
3462 

'1 6 92 

0 . 44 

0 . 44 

0 . 38 

0 . 0 1  

0 . 1 0 

0 . 1 7  

0 . 28 

0 . 36 

0 . 39 

0 . 53 
0 . 67 

Pe t t y  and C artwright 
( 1 96 6 )  

Petty and C artwright 
( 1 S66 ) 

Pre s t on and IH l l is 

( 1 S7 4 )  

Vial \ 1 962 ) 

C undiff e t  n l . l 1 975 ) 

Brow n and G alvez 
\ 1  96 9 )  

Afifi and S oliman 
\ 1  97 1 ) 

Bake r e t al . ( 1 97� ) 

Brovm and G alv ez 
( 1 96 9 )  

N e l s en and Kres s 
l 1  976 ) 

Ch upm nn e t  al. \ 1 97 2 ) 

Koch et al . ( 1 97 3 ) 

Vesely and R ob ison 
\ 1  97 1 ) 

Angus , H = H e r·e f o f·J ,  � �  .::>hor· t horn ,  F ;::: Friesian , BF = Bri t i s h  Fri e s i an 

= pate rnal h alf - :.; _;_  IJ wu illoci 

�ve ight ed average of ? 1 es L i u::....t es 
b

We ighted average of 4 L' S L inw.tes 
c

Preferred value from 54 �J L iwat es 

d = CX>mb ined e s t imate i'I' CJJ•t m: .. turnul and non m&t ernal c otnponent s  

9 =13 1 sire s  
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'l'able 2 . 6  Some published estimates of the heritability of pre-weaning 

growth rate in cat t le 

Locat ion 1 Breed  Method of2 

estimation 
No . calf 
records 

Summary values 
� . S . A . A , H , S  PHS 

b U . S . A. A , H , S  Parer1t-offspring 
regression 

cW crldwide M any Various 

d . 
Britaln 

Nebraska 

Nebraska 

eBri t ain 

Nebraska 

Britain 

JV1ontana 

Canada 

2 

a 

b 

BF 

H 

A , H  

HF 

H 

BF 

A 

A, H 

Other est imates 

PHS 

Parer1t 
offspring 
regression 

PHS 

PHS 

PHS 

PHS 

PHS 

PHS 

1 48 

2 956 

9 1 5 

986 

3462 

66 9 

2 1 1 3  

8402 1 

A =  Angus , H = Hereford , S = Shorthorn , 

PHS = paternal half-sib method 

Weighted average of 20 est imates 

W e ightad average o f  4 estimates  

c }' r eferre d value from 35 estimates 
d 
e 

Daily gain from 7 t o  84 days of age 

Daily gain to 9 months of age . 

Heritability Reference 
est imate 

0 . 34 

0 . 07 

0 . 27 

< 0 

0 . 1 0  

0 . 1 0  

0 .  1 2  

0 . 1 7  

0 . 20 

0 . 2 9  

0 . 32 

Petty  ru1d Cartwright 
\ .1 966 ) 

Pet ty and Cartwright 
\ 1  966 ) 

Preston and Willis 
\ 1 S74 )  

Vial \ 1 96 2 ) 

Koch et al . ( 1 974b )  

Cundii"f et  al . 
\ 1  975 ) 

Hodges et al . 
\ 1  96 1 ) 

Koch et al . \ 1 973 ) 

Mason et  al ( 1 972 )  

Nels en and Kres s  
( 1 976 ) 

Kennedy and Henderson 
( 1 975 a )  

BF = British Friesian 
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T able 2 .  7 S ome pub l i::;l tc d es timates of· the herit abil ity of weaning 

we ight
1

in c u L t l e  

Lo ca t ion Breed
2 l•ietlwd or' No . c alf Heritability Reference 

e � tiuw .t i on3 rec ord s estimat e  

� . S . A . A , H , S  PHS 

Summary v alues 

0 . 3 2  

b U . S . A A , H , S  Pu.rcltt - o i'f spr ing 
regress ion 

cWorldwide Many Various 

0 . 1 2  

0. 30 

Other est imates  

Nebraska 

Ne braska 

A , H  

H 

PHS 
Parent 
ol'f.:J l;r ing 
ru�1·e ss i on 

9 1 5 

2956 
0 . 05 

0 . 1 2 

Nebraska A , H  ;:; il-c- o ffs p1·ing 
r,\ , l'c) ss i on 

0 . 1 4  

d B ' t  . r1. ·a1.n 

Nebraska 

BF 

H 
8

l• e1v Zealand A , H  
111ont ana H 

l ' " • ,.) 

l • •  ! ._.: 

J 1 :  .J 

1 4 9 
3462 

5 999 

0 . 1 8  

0 . 20 

0 . 2 0  

0 . 23 
f

New Zealand A :J i t·, -o1' f ::.; 1Jring 
.l'L.i..:.T'-J .J i on 0 . 25 

JV!ont ana 

Nebraska 
Canada 

Ge orgia 

A l 't l:...: 
A , fi , A-H l ! l !...; 
A , H  J'l l ::J 
H S j n -

u l'L: ! I' in,:· 
l'O gl'c' :::: uion 

Pennsylvannia 
Hx: A-Ho PHS 

South Dakota H Pfl ::.i  
North Carolina H PllS 
United Arab 
Republic F 
Hawaii A 

Hawaii H 

PUS 

PHS 

PHS 

2 1 1 3  

1 C36 
U4021 

1 uo 

646 

679 

1 692 

0 . '?7 

0 . 30 

0 . 32 

o . ''S4 

0 . 35 

0 .4 0  

0 . 50  

783 0 . 55 
25 50 1 0 .72 

0 . 82 

Pet ty and Cartwright ( 1 966 ) 

Petty and Cm·twright ( 1 S66 ) 

Preston and Will is ( 1 974 ) 

Cund iff et al. ( 1 975 ) 

Koch et al . ( 1 974 b ) 

Cund iff et al. ( 1 975 ) 

V i al ( 1 962 ) 

Koch e t  al . ( 1 S73 ) 
Baker e t  al . ( 1 975 ) 

Ne lsen and Kress ( 1 976 ) 

Carter ( 1 971 ) 
N e lsen and Kress ( 1 �76 ) 
Dickers on e t  al. ( 1 974 ) 

Kennedy and Hend ers on ( 1 97'A )' 

Chapman et al . ( 1 972 )  

L.L .Wilson e t  al. ( 1 976 ) 

Dinkel and Busch ( 1 973)  

Vesel y and Robison ( 1 971 ) 

Afifi and Soliman ( 1 971 ) 

Francoise e t  al . ( 1 973 ) 

Francoise et  al. ( 1 973 ) 

1 
2 
3 

Weaning we ight or weight rec orded close to  the time of weaning 
A �  Angus , H = Hereford , F = Friesian , BF = British Friesian , Ho PHS = paternal half-s Jb method 

:.: Holstein 

a Weighted average of 30 eet::.mates d 

b Weighted average of 8 eutimates e 
c Preferred value frow 35 estimates 

f 
84 - day weight 
1 31 sires 
84 s ir e s  
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Table 2 . 8 Some publish.:;d u 3 t imat es of gene tic and phenotypic correlat i ons 

among b i r t � I  >� t.:..i0.!..t2..._£re-weaning <;rm1th rate and weaning •·m igh t  

Location 

U . S . A  

Nebraska 

Nebraska 

1 Breed 

Bi rb1 
A. , H , S 

H 

H 

N o .  c ulf 
r<J c or·ds 

,/ l � i.·;il.t and 

·1 , 6 9) 

1 ' ' /6 9 

Genet ic Phenotypic Referenc e 
corre lation correlat ion 

12re -we o.ning growth r a t e  
0 . 3tla 0 . 23b Petty and Cartwright 

( 1 966 )  

0. 28 e 0 . 27e 
Koch et al . ( 1 973) 

0. 1 of 
0 . 1 8

f Koch et al .  ( 1 973) 

Bi rth \{r-, i ;h t Cllld we aning wei;5l 1t 

U . S . A  A ,H , S  O o 5 8b 

North H 1 , G 92 0 . 49 
Carolina 

Nebraska H 1 ' l;9j 0 . 53e 
Nebr::J.ska H 1 , ' tu ') 0 . 4 1 1'  
Nebraska A ,H , S  I GC 0 . 84 e 

Nebraska A , ri , S  1 ·J-1 0 . 9 1 f 

Pre -w t · · 1, , i n ,. ' I' O \\ L h  r :1 t e  
U . S . A . A , H , S  0 .98d 

l\olontana A , H  .., ' I 'J.! 0.  94 
0 . 97 

Nebraska H 1 , L; l/') 0 .  95 e 

Nebraska H 1 , ' ( G C)  0 .961' 

Canada A , II G 1  ' LJ 08 1 . 00 

1 A = Angus ,  H = Herefo t'd , S =- Sho.cthorn 
a 

W e ight ed average of 8 e:::: L imat es 
b 

Weighted average of 9 estimates 
cWaighted average of 1 0  estim�te s 
d 

We ighted average of G estimates 
e 

Female c alves 
f 

M al e  c alves 

O o 39C ?etty and C ar twright 
( 1 966 ) 

0 . 42 Vesely and Robison 
( 1 971 ) 

0 . 43e Koch e t  al . ( 1 973) 

0 . 35f Koch et  al . ( 1 973 )  

o . 6 4 
e 

Dunn et  al . ( 1 970 ) 
o . 5 1 f Dunn e t  al. ( 1 970 )  

un:i wea.uing \�eight 
o . 9' 7d Pet ty and Cartwr.ight 

( 1 966 ) 
to Nelsen and Kress 

( 1 976 ) 
0 . 98

e Koch o t  al . ( 1 97) )  
0 . 98f Koch d al . ( 1 973 ) 
0 .98 Kennedy and Renders on 

( 1 9'75b ) 



S omt: allthors hove re port ed higher herit abi lity estimat es for female 
c alves th<ill for male c alve s  ( Carter e.nd K inc aid , 1 95 9 ;  Pahnish et n.l . , 

1 96 1 ; Blackw t:ll et al . , 1 9G 2 ; Robertson e t  11:.:. . , 1 96 3 ; Pre.nc o ise et £:1 . ,  

3 1  • 

1 973 ; Koch et c<l . , 1 973 ; U elsen and Kre s s , 1 9r/6 )  al th ough the d iffe r enc e s , 

o f t en qui t e  large , have mo s t ly b e en report ed to be non-s ignifi c ant . 

Publ i s hed e s t imates of genet ic and pheno typ:Lc c or re l at i ons among the 

three c alf t r ai t s  are give n  in Taule 2 .8. The high c orre lat ions be t viE:en 

pre-weaning gr owth rat e and v.· e anj ng weight sugge s t  th�tt s el ec t ion for 

ei the :r tl·ait v; ould hav e the s ame ef:' e c t o  'l'he rel at ionships between b i r t h  

weicht ru1d w eaniLg w e ight cJ.re charac t eri �; ed by t h e  genet i c c orrelab.o� 
gener all.v L1eing higher than the phc::wty pic c orre l at ion . Both kind s of 

correlet i on howeve r ,  show s i z a�le po s i t i v e  as s o c i at i ons . Gene t ic ru1d 
phenotypi c c orre l ati uns of b i rth weight w i t h  pre-we aning grow th r a t e  cu·e 

s l ight ly lowe r than t hose behreen b ir·th 1-..eigl 1 t and we CIIJ ing v1e ight . 

V .  Re l at i onships Be hrecn C ow and C alf Livmveights 

The rel at i ons hips b e t w e e n  c ow and calf l iv ewe ight s are of ec onomic 

import anc e  to the beef c 9.t t l e indust ry . In the gen e t ic improv ement of 

beef c at t l e ,  emphas is h us b 0 e n  placed l a.rge l y  on a t t ain ing high growth 

rates by ei the r choos ing l arger and more rnpid ly-g-rolv inz bree ds or .:;e l ec inf5 

fas t e r-gro vring animal s w:;. thin ':l breed . Hmvever , while fas t grow th in t ile 
young animal would appear t o  be desir ab le , the ove rall out put/input rati c 

from a beef produ c t ion sys t em is of prime concern . Cons equent ly it is 

of int e rcls t �o  investigat e re lat i onsJli p3 be tween mat ure c o�l s i z e  a."ld c al f  

gro\vth perf o:man c e . I t  is t o  be expe c t ed hmvever , trtat er.cors will ari se 

in using cow livewe ight as WL indicator of cow size o In purticul1:a· , the 

weight of a mature cow is known to fluctuate w idely . Als o , errors in 

recording cow liveweight s  are often difficul t  t o avo id (Hughes , 1 976 ) . 

C ow livew<3ight may be c ons idered as ha:v .i.ng both a transmitted genetic 

effect ru1d an environmental maternal eff ec t on c alf birth and weaning 

weights .  Positive associations between cow liveweights and calf weights 

have been reported in most studies o Correlation estimates between cow 

livewe ights and calf birth weights and between cow liveweights and calf 
weaning weights are shown in Tables 2 . 9 and 2 . 1 0 , respectively. The 
correlations show no close relationships , although c alf birth weights 
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Table 2 .9  Published estimates of the c orrelation between dam liveweight 

and c alf birth weignt 

Breed 

He ref ord 

Beel' Shorthorn 

Hereford 

Angus x Milking 
Sho1· i; twrn 

Hereford 
He reford 
a 

Ang us 

Herefo rd 

Angus 

b 

a 

Beef Shorthorn 

Holstein 

a 
Not spec ified . 

No . c ow-c alf 
pairs 

248 

98 

502 

�63 

6 1 9 

74 
230 

95 

6<3 

�9 

78) 

9) 

1 03 

1 73 

230 

402 

536 

b Various breeds and cros s es . 
c Acros s  breed and age of d am . 

Corre lation 
coeffic ient 

Comment Reference 

0 . 21 

0 . 2 2  

Oo 24 

0 . 24 

0 . 26 

0 . 32 

0 . 32 

0 . 32 

0 . 34 

0 . 36 

0 . 40 

0 . 4 1  

0 . 4 1 

0 . 42 

O o 43 

0 .44 

O u 49 

O o 56 

1 8-�nonth 
wei;Jht 

H igh 
nu Lrit ion.:J.l 
pl�ue 

Gregory et al . ( 1 950)  

Knapp e t  al . ( 1 940 )  

Ale xander et  nl o ( 1 960 ) 

Drewry e t  al . ( 1 972 ) 

Singh et .:11 .  ( 1 970 ) 

Grego ry et al . ( 1 950 )  

Smqer e t  al . ( 1 963 ) 

Vacc ar o und Dill urd 
( 1 966 ) 

0 ' IV!ary and fvlille l'rs 
( 1 976 ) 

0 ' Mu.ry and l'l i l lers 
( 1 976 ) 

Tudor ( 1 972 ) 

Af ifi and Sul imctn 
( 1 97 1 ) 

l•'ir;o; t-c alving Bellows et �' l .  ( 1 97 1 ) 
2-ye.:..tr-olds 

First-calvin� Be llows et ul . ( 1 97 1 ) 
2 -yeu.c-olds 

c 

5t-year dam 
weight 

Jeffery and Berg ( 1 972 ) 

Sawyer et al . ( 1 96 3 ) 

Dawson et al . ( 1 947 ) 

Foot e  et al . ( 1 95 9 )  



il<!T�' f o.rd 

·, :L�r. 1' ord 
ll• · r.:cford 

'·' t...' .''<: f Ol'd 
•o � 

lle;: r'< 'fol·d 

1 J u r8fo:l'd 

C • · c. ·� · ; l 1 1·vd 
.J. 

I •  

' J •  r'l .l· (J I'Ll 

Ar. l� .-i l �.J 

3 3  • 

.?ut � ished e s t imat es of the c o r:::-e l at i on be tween dam livewc,ight 

anc! c alf lve a.r.lin,'! 1veight 

p:=u. s 

G9 
. ' ) -

9' ( ' .  

(_) '  ( 'j/ 

�j 34 
�· ) ' (  

9'f 'If  

�;)!) 
., ' I , U  

_;' / . !  
! ' 

;'J I 
'0 

C o rre l at ion C cu.ment 
c u t;ffic ient 

Reference 

-0 . 1 1  
0. 03 
0 . 0� 

0. 1 2  

0 . 1 6  
u . �)o 
0 . 2 1 

0 . ,)2 

0 . 2(_)  
o . j .j  
CJ . )L) 
0 . )5 
0 . 5 1 

C re�ory et  a l .  ( 1 950 ) 
S ingh et �1 . ( 1 970) 

L• ' · , ll  vwL;ht of Brinks et :11 . ( 1 962 ) 
d :.�w 
Previ ous i' :tl l 
11 0igh t ot U. :..tw 

::J p·.i.n, ;  IH:i__s f d .  
o!' d :lfl• 

U 1·ick e t  al . ( 1 97 1 )  
J rec;ory d ul . ( 1 950 )  
lJ1· inks e t  < d . . ( 1 962 ) 

S impson .£L� . ( 1 9?.? ) 
.].:; fl\J ry _, _1 _·..:...!::. . ( i 97 1 ) 

H izht L"t d .  ( 1 0'73 ) 
'l' annc; c eL .:tl . 1, 1 j6) ) 
Jcfi'ery u T. : • ( 1 97 !  ) 
0 ' Ma.ry et <lJ_ . ( ·1 :J') <..· )  

----------------------------------------------------------------------------------

Lt v � ri ous breeds � cl c r o � � os 
b 

l"'·i o.; i ::m , Angu : ,  Lt.J H] Fr- i e s i 'ltt-Angus c ro:J .Jl: ' 
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3.pp e ar to be ··,ore c l os ely rel.:1ted t o  d 3ill w e ie-ht s tha11 do weaning we ight s . 

Jeffery et B.l . ( 1 97 1 ) c omp<lred d am 'tl" e ight at c alf we an ing 1o1i th d ·un 

t-lo s t - c .:....l T ing e igh t f or t�il:iil' o.s 3 oc i at ions 1vi th pro -\J L- ' l!ling grovrth rate 

of c alve s . .�;imp l u  c o r:c o l l t i on:..; b e t w e o a  d am w eight ut v1 e · m ing and IJre 
.rean i ng grm1th rJ t G  \·le r·o,:; 0 . 29 <.md. 0 . 35 in years 1 96G ·md 1 96 9 ,  resp.2c t ively . 

11e1·e s l igh t ly u i1� l1e 1· l.Je i n0 0 . )3 i:i!'l'l 0 . ,1 4  for the t w o  y e ars , re :.;pec t i v e ly . 

U tho ugll tll r_ ts �oc i at .i.. ons ·H· Llw t w o  c 0\1 li v c vJC� igh t s  \H th pre-we aning 

,-,�,;n·t'u r!.ll :...rh · e  l'kl'e ...; w �tll i L w :..:t:..: ::>U'SG'e s t ed tiw'L the highe r c o rre lat ions 

u t h  iJ03 t -c :.J.lving dum livuvl0 ic';ht way have ari s en due t o  a negat iv e 

rel :J.t i onsnip .;c'Lv; e e n  SU!I!J!,(! · 1veizht gain a.ud milk y i u1d . 

Je1'1'e ry and B<�J '(j ( 1 972 )  rcp01·ted a p o s i  'L ive as ::; o c _, a 'L ion o f  d ::un 

u ei;_;h t wi th lnr L ' t  '.I <..: i,_ l l l  ·md vr i 'L h  :iVCr:J.G8 d aily guil! 01' c alf \�l lC!l 

c ons itlered l'it·.J'L ·.tcrv�.; or ._,c]S aud c> ec ondly ucro ss Llt� es o f  d :.:tlll . Cor · .: l a  t i on� 
:re re 0 . 4 ::!  a: td 0 . )4 , 1''-" s l,e::c tively u \J hen d a t a  were c onsid ere d  witJ-' i "l  

Lil•:: breed , �n;i Ut.;' - o l'-duJII c at ecori e s , �m. Ll l e r  p o s i t i v e;  <llld s ome nec·.J_ t _i_ v c; 

• ::> s o c i :.t'L ious 11erc: I'<; J' O:!': t E:.:d foT' Ll :ese relat ionships . 

1fL· UJ1i11,5 [jt'Oii'L i c  r:..tte:s of c uri e ..:.: and c o 1r 1 : ain...; from c a� v ing to \vec•ning • 

• 1 Ch as s o c i �-:1. ;  �um; rl • ' l iJ L o  I: Xp lalu tlw luw o1· negat ive c o rre lati on�� 0 f  
. ' 011 IH; ..L r,l.tt s -,1 ' U t  r ; : d i '  \I C :.l.l1lll('; w o i,�llt s . 

1 · .� · · L i v e  c o 1· n .. la t i (l w:; u (• t vr\.) cn pre-\Je uninc ;_;rovrth r •1 L e  and c o11 f:ain:J 

· ·r o rn  c · tlv ;.nc; \. o il l: a n i rt; of -l- . 1 2  nnd -0 . )4 at the bi v l oc at i ons s t uJ i 0d . 
l)n t.r1 i s  f im.L _ ! ' i :  tllt..: :.:;e  au t h ors sut;ges ted U1L1t thiu c ot, ld pos :3i bly t . .; 
. : x rd :1 i th!d i. f' • o ti :J w• t;( i l\c: V L,! �.;u : • '--l l e s L  l J v e 1� • · i ,- �; t 1t , ··ai n.:  h ud woru of t l t e -LJ '  

uut r i t.;Ht s cli rl:c L ed L ow m·d s rnilk produc 'L j_on .:� iving r i :,;e t o  more rapid 
t' alf g r o wth , w hi l e  the cowG making large r w e ight gnins were put t i nb' rnorc 
of the i r  enu rgy i n t  . .:1.1-..e in t o body flesh . 

S ingh et al . ( 1 970 ) -:1oted that when CO\fS l os t  we ight during s ucKl ing , 

the i r  c al ves .srew more rap idly, and when c o \>fS gained weight , calves 

t end ed to gro�1 more s l owly . These au thors showed t h .:1t c alve s grew 

0 . 03 kg fast er pe r d ny for every 1 0}b reci.u c t ion in dams ' l ivewe ight . 

In gener al agreemen L are the s t udies of England e'L al . ( 1 961 ) , Brinks 

et al . ( 1 962 )  9 Vac c ar o  and Dilla rd ( 1 96G )  and Carpent er et al . ( 1 973 ) . 



Hawkins et al. ( 1 965 ) noted that in .:1 s tudy of 91 9 cal'Jes by 2 1 4 Hereford 

c ows , cows that we i ghed l es s  at weaning time weaned more calves and more 

t o t al pounds of c alf . 

Sawyer e t  al . ( 1 963 ) presented p o si t ive c o rre l at i o ns of s uckl inc; dai ly 

gain with dam 1 8-month vwigh t and d am  5-t-year weighJ.:: of 0 . 20 and 0 . 26 , 

rcspectivelyo Singh e t  al . ( 1 970 )  rep ort ed no significant effec t o f  

c o 1v weight at pm'turi t i •)n on pl'e-vreaning average dai ly g ai ns or weaning 

Hei, ;ht even though c o li liveweigh t s  ranged frcm 385 t o  725 kg . In the 

: ' t UdJ of Singh et ul. ( 1 970 ) ,  it was fo und. tllat c al ve s  from cows 1w ic;hing 
rrorn 45 2 t o  542 kf.!: at p.:l·c t urit ioll �::;rc'iv f as ter from b i rth to vTea.ninc than 

d id c alves from heavier or l ight er c oi>S , being i ndi c at ive of a non- l in e ar  

1·e Lt t ionship . N e l s on md C <.t..l"tli ri01l-L ( 1 067 ) found. that calf growth from 

u i rt h  t o  \'iC;W:lillC ',J ;L:> h:i.,>;{ t e ::.; t  <UtOrltS Angu3 C :llVeS for d ams aver ._:;i ng )70 kg 
l iv e we ight , lviw rl: a:.; J k rd' o rrl  C CLl'1 8 S  ,_•;revJ mo::;-L  rap id l y  �Ilten dams D.V8l'ac_;·ed 

A rno re c Ul"J i l ine ar relat i oDs n i p  Ha::J de t e .clll ir, cd among t h e  

35 . 

Ac c u rJ. .iug L u  C · tq.'cn t tJr  e t  · tl . ( 1 9'(j ) ,  Jllat urtJ s i :::; � ui· c ows fed ind i vid u. a l l y  

l v !!J;J.:i.Il-L ·1 i r, ey u al 1' :itLk .J �; o i. u.  n o t  l ta'J L " :� ign ii' i c <.l!l.t efi'ec t on wei. ;ltts 

U1 ·ick t: L al . ( 1 ')( 1 ) : u n:J i : L J l'ed tht� l'e L 1t i o rw h i 1J of :.tc t ual c ow w:.:i...jh t s  
- t I l .  

. , ( 1 . . ' + 0 . ' ( ) ) . .  h ' ll ld C Oli  :tll"' a J U  l < " ';l clc.:;tt C 1 V C I/ C: l0tl ., W:.u; J!le ilS Ul'.JS oi c alf 

l'': r1' o errkuJ.r: v .  Con·ela t:i.ons vwre found L o  u �  :c: ssen t L  .. tlly the s ::unc for 
ac L u : > l  and m..; t a b o lic c o ;; \'lu i�hts  and tLo� w  authors consequen t ly cho.Je t o  

w n :-·¥. vl:i. -L h  ac; L u ;  t l  �H..:i., ··J 1 t J . 

Some uu t l tor::; h av e  expresued c o>J-cal f  \J ui,')�t rel u t ionships as .:1 
rc:�_;ression o.t' c ul f  -.. w i15· h t  on d arn  l i v ewe ich t o  Regressions of calf birth 

weiGht on dam l iveweight are presented in Table 2 . 1 1  o Noticeably all 

e:..;t imat e s  are positive rm1�ing from 0 . 1 6  t o O o  37 kg increases in birth 

l'iei6ht per 1 0 kg increases in dam w e ight . The higher correlation of 

b irth �-.e ight with 1 8-month v1e ight of dam than u ith 5-t-year weight of dam 

reported by Sawyer et al . ( 1 963 ) is in agreement with the finding of 
Vaccnro and Dillard ( 1 966 ) that t h e  ':l.s soc iat ion between dams ' weight 90 

days before calving and calf bir th He ight was high est for the youngest 

c lass of cow . 
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Table 2 . 1 1  Pu blished estimates of the regression of calf birth we ight 

;). 

do re ford 

lle rr · ford 

11 
b 

t•'rie s i i.lfl 
b 

on dam li veweight 

N o .  cow-c :_-tlf  
_pairs 

1 73 
37 

90 

)77 
230 

b 

?30 

a 'f·H:i ou:..; breed � · mu c J ·o:..: :; cs 
L. ,·i o t  J t t:J.tcd 

Regress ion 
(kg/ 1 0 kg) 

0 .  •J 6 

0 . 2:.5 

0 . 25 

0 . 26 

0. 30 

0 . 34 
0 . 37 

C omment 

rb c;h uutrit-
ionul pl u.ne 

5t-ye ar dCUJJ. 
vmicht 

1 8-month d am  
H ei ght 

Reference 

Jeffery t:J.wlBerg ( 1 �r/2 ) 
•rudor ( 1 S'7 2 )  

Vac c; t:J.ro ::llld DilLlrcl 
( 1 966)  

Jeffery ('"!:; al. ( 1 971 ) 

Sawyer et al . ( 1 963 )  

O ' C omter et : tl . ( 1 968 ) ---

Sawyer ,, t al . ( 1 963 )  



tf.h ile Tu.d '- :  ( 1 972 ) report ed s:i.gr.j fic c,nt p o s i t iv e  relat i onships 

d u·1 ':; elt_;! .v ith b h·th wc· ight on a high r1ut r i t i or: al plan e ,  no 
-t'Liif::.cc.�. t �·v c i u t ioi� w a s  f01md en a ::.oH r•utrit iom::.l pl ane o 

'J 'h c: .cecre s .  i 011s o f  \cc:enir:g w e i&ht (or· c: a lf v1 G i�ht c lose t o  t he U.me 
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, t >·: L' ·�: : i!JC ) etc d < urt liv or c i ch t s  p:c e c ur:: t 8d in T able 2 . 1 :Z sho\, a c orc: ; j  st er::t 

f, .J..mi lnri i .y , rY\.•.t u·'-' :._:m< · ll iLl r·E. l u.t i on 1 . o  tlw mu.gni tuclu::; of t he J ive�·re i[)l L : : . 
N' <o:UC d iffen ::.c:-:' :::' \-fen no l c-d by G o d l e:y a1,d 'l' er.Lu:.nt , ( 1 96 9 )  Vih o fo1'nd 

weaning wei �t 

but not f or He reford dams . 

1.. L c i r  c · tlv e s . ll 0\\L' v e r ,  IT en. : i' o r·d c o ws t h u  t ga.int-'d. o.:::· b L t le  li  ve1.  t. .i.g1rL 

!h, l at i on�: L l r•...: 

. . t.:··n. f v t 1 L cl L u  Lr u howog<..:l: o u.� o v e r  t 110 c .gc, o l· ci �LJIJ cL .. ..: � ,:::> ( 2 , 3 , 4  l o  � .  
1 l. O ':) , 1 0+ ) .  

L . .  1L e  Cll d :.tl!r J .i_ -,· c. v: c icL ' .  ! 1 l' t.: · ,11  1 oc i i i v <o . -�11 i..J. ..; tud:, of 1 , 0 1 1 lie ! :l e n d 
..; 0 1! (JlHJ. (; �'..1 f  .: •.· .Lt._;l : t._:; , f'l:·r.ll:y :Jll L k  i..<.lld J.lL.Li'l v\lt; ( 1 (::/ 7) ) i'<.. l - lJd a l .i.l l V i . .C 

ru_,T(:s:...• iOL u-l. i' f .ic ie1•t e;f t .n· . .td JUS t m(:nt i'o r  ._, r.v i rulJJJ,uitDl ei'f 8 C  t :� ·�f 
0 . 004G kg irrc.;r·eust: .i.r.r l ·I· e -vJ to· LUlin c; av& n.:.,: �J J.:.�ily t '' : 1 in Jeer 1 0  kg ir H . .: re <! � 0  

..:.. n ' 0\1 \'Jc· :;,{);l_. , S a>.yc1· e t  < t l . ( 1 96:5 ) !'·. pur'!:: cd ru� re:. ... � j ons of :::: Lc:. l inc 
<LLi l y  l ., ll�  ( ) ! :  I :  ·-mo n th \'I L'ichi. i.llU �,}-yt.:<. : ·  \'JU . . q ;L L :.: ,_,1' U / Ull of c . oo�- �'; :.i . .llU 
0 . 004 0 kL; pe r cJ : ty pt: l · 1 0 kc cLLill["e in v c 'l 11 ei[;Lt , l't;; :....pec t iv uly .  
J ofi' e ry and Bor�', ( 1 S172 ) d : t e rm j_ned a O . U0?9 kg inc rea::: €· in '-!V e rot:,e 
da.ily gLtin f:J�n · 1 0 kc- in cre as e in pos t -c c,lv in c we i&ht �f d em o.nd Ncl) on<lld 

und 'rurn o r  ( 1 96 9 )  ind i c a t e d  tha t there r as a 0 . 004 ¥.r_; j_n c r e a s e  in pre
\'f e an i ng grovr th rate per 1 0  ke; inc re as e in d am  we ight ac ross s ever.::. l breed 

groups . 'l'hes e lat t er re s 1.:l t s  w ere c ons i d e :'ed to reflect  b o t h  parent al 

breed eff e c t s  and c0\·1 we igh t eff e c t s  on proceny pe rfcrm anc e . 



T-'u.b l i s!, ed c� :::: t im a t e s  of t h e  r egre ss i on of c a.l f  w eaning w e igh-:: 
1 

on d t:n l ivewl;irht 
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--------------- -------------------------------------------------------------------------
:_:,_ ; ;0 

1 1e1·L:f . .; :�tJ 
!. Le r·t;r· ·..., ::-·,1 

-�-(; ·r·t;±- \ ,...: �-' 

b 

r£e r d·o ::cd 

Ar�i_. tt2 

H t • r•_;f oo:r.!. 
iic .t·,:;l'ol·d 
, ,  

( •  

Jl o .  c .; .  - <.: r!.l.t n '-'.;re ,o;s i on C OH1ment 
l''l :i. r ; ·. 1 k�::.:/ 1 0  :Y� ) 

:l 
C . 4 4  

.:5d5 0 . 4 9 
1 35 0 . '( 0  

Yn 0. '(0 

I T 5 0 . 7 0  
�� !. Oo 82 
:.; 1  � 0 . 85 

1 , ·q i O u '70 - 1 • 1 0 

20 0 . 97 

r.77 1 • I C:3 

1 . 5 5  

'rhrce he:ru s 

T w o  h e rd s  

A c r o s s  �- l ro 
breeds 

R E fer ence 

Edvi: .rd :.: . .  CJ.t<.l bai lc=y ( 1 c.J75 ) 
'l':.umer · L .!.l . ( 1 SL·5 ) 
N evillc  ( 1 962 ) 

JL:i'r c ry e t  u l .  ( 1 9'1 1 ) 
Jefferj Wtd Be r-�· ( 1 �, -, � : ) 
Ed V1 urd c: i.Jld Ilailcy ( 1 '-375 ) 

'l' anne r  d al . ( 1 9G) ) 
Ben1ysl ,  :k a nd r·l<.n ·l ovt -:: ( 1 97) )  
EH i nt; .!__:_21. ( 1 9G7 ) 
JVIcD or: : .1. l t..rtd 'l' U..i'Ih : r  ' 1 '-j(> 9 )  

--- ·---- - - ---- - -- - - -- · -------------------------

IJ 
1 I .-. U L 

i/ . .  � c i o� ... \� L� rt:�d �� · .ac .. c: r o!J � L·U 



C H A P T E R  T H R E E 

SO�JRCE OF' DA TA AND METHODS OF ANALYSI S  

I .  Source o f  D3ta 
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The data ar;.alyzed in  thi s s tudy were the records f r om various breeds 

and crosses o f  beef ca t t l e  at the Whatawhata Hill Count ry Research S ta t ion 

of the Min:i ::: try of Agricul tu:!:"·e and Fi sheries , Hami l ton. The peri od 

covered was from the 1 970 calving to the weaning i n  1 975 . 

The breeds of sire used were Angus and Fri esian. Angus sires were 

ma t ed only to Angus darns . 

fiv e  breeds of darn : 

Friesian sires \-rere mated t o  the foll owi ng 

( i ) 
( i i ) 
( i i i ) 
( iv)  

(v )  

Friesian 

Friesian x Jersey ( F1 ) 

Fri esian x ( Fries ian x Jersey )  ( Backcros s )  

Angus 

Friesian x Angus ( F 1 ) 

Si res were chosen as being reason&ble rqn·cs entc ti  ves of the Angus 

and Friesian breeds . A few sires were used i n  mor� t han one year . Cows 

at spring calving were aged from 2 to 1 0  years . The culling of C O\•I S  vras 
on the basis of f e r ti l i ty s ta tus , vTeaniYJG weigh t of c a l f ,  s tru c tural 

faults , temperament , age and disease . 

All bull calves were cas trated at  birth . Liveweights record ed 

w ere calf b i r th weight (wi thi n 4 8  hours of birth ) , cnlf weaning weigh t ,  

dam pos t-ca lving liveweight ,  dam pre-mating liveweight ,  and dam live

we ight at we ani ng . 

Pre->-reaning growth rate was cal culated as : 

P · th t (k /d ) weaning weight (kg) - birth vmigh t (L�.::· � re-weanlng grow ra e g ay = ----------------------------------------

age £ t  weaning ( days )  

The year-r ound nu tri ti onal management prac tis ed over the peri od that 

the data were c o l l ec t ed fol low ed the principles s e t  out by Right ( 1 968) . 
From weaning , c ows were run in two groups ; the rising 3-year-o lds and th os e 

over 3-years-of-age (mixe d  age ) . Late calving cows and thos e  in poor 

c ondi t i on from the mixed age group were later s hi f t ed t o  the p�eferentially 

fed rising 3-year-old group. The mixed age group was fed hay and 

roughage wi th a res tri c t ed amount of pas ture in early autumn. A rising 

nu triti onal plane l a te in pregnancy and a higher l evel of feed ing from 



·:e. lving to weaning "I'Iere provid ed t o  th e ex t en t that feed suppli e s 

ma i i  l\g , 1n l a t e  O c tob e r or early N ovemb er , cows wi th calves 

.J. t  foo t w e 1· e  rcm cl olltly as s i gned to  s ingl e- s i re mating groups . Randomi za

tion was wi tnin :tge of  clam and , for the cows to be mu ted t o  Fri e s ian 

s i re s , w i t h i n  c ow b r� ed . f1ating groups were shi f ted from paddock t o  

11:_ddu ck in o nle r  t o  provicle a pl en ti ful f e e d  supply t o  the l ac tating 

C OVlS • The p e r i o d s  ovv 1· �d1i ch c ows w e re run in thei r  ma t i ng groups and 

calf weani ng dates aro given in Tab l e  3 . 1 . 

In y ears 1 972 �nd 1 973 pos t-calving nu tri ti ona l t r e a tmen t s  w e r e  

impo s e d  on  c ovn .. ; to inves t iga t e  the effec ts of di ffering l evels of pos t

calving supplem e n t a ry feed ing on cow rcp:::'od uc tive chur·ac teriE ti cs . 
Tr eatmen t c lbs s i fi c � t l o n s  in 1 972 we re : 

( i ) Suppl eru v n tary meal f e e u ing f or· 1 4  days pos t-c a lv i ng 

( i i ) 3upplc;m'-- n t a ry llleu l fe eding for 2 1  days pos t-c alvi ng 

( i i  i ) C o n t r· o l  anilltals fed :pc.s ture only 

( iv )  'l'ho :c < '  U I1imu l s  e x c luded f rom the e x 1 , er i ment 

In 1 97) , L r·e�1 tm<'l t 'L \,, e re cl3.f:�' ified si rui l<..:.rly , the only diffurence 

b c in(.': i.hat the sup p l emen tary nH:::a l  fL·eding in trea trn cn'.: ( i i ) was f rom 1 4  

to 28 days pos t- c u lv�n� . Those  animu ls e x c luded from the expe rj.me nt 

i n  1 972 ar..<.i 1 973 i..tn J.  n l l  ar,imals in 1 970 , 1 97 1 ancl 1 974 v1 e re rand omly 

:.w s i cn ed to pu u d c <..:l�s from c a l v ing to n1u t i ng . 

'l'al 1 le  ;. 1 P c r.L ods OV (.; r- 1vl1 j e ll c o ws \Vero c.: : .m ignc d  t o  tUa ting 

vrours : t llcl weani ng dn les  

Date c ows and calvea Da t e c m·JS and ca lves 
entered ma ting groups lef t ma ting groups Date of weaning 

1 0  Nov . 1 970 2 9  Jan . 1 97 1 22 Feb . 1 97 1  

1 0  Nov . 1 97 1  2 5 Jan. 1 972 1 3  March 1 972 

30 Oc t .  1 972 1 9  Jan . 1 973 1 5 March 1 972 

26 Oc t .  1 973 2 Feb . 1 974 28 Feb . 1 974 

27 Oc t . 1 974 6 Feb . 1 975 1 9  Feb . 1 975 

40 . 

Calf birth w eights were c l as s ified according to year of rec ord , sex 

of calf , sire bre e d , siro identifi cation number, dam breed and age of dam . 

In addi tion to the above class j ficati on , pre-weaning grow th rate and 



' !Cc.mi>Jg �oru i --<· � w e r e  c la S S l  tied ac c ording t o  t h e  po s t- c alving influenc e  of 

Ago o r  da� was r e c l a s s i f i e� in the present s tudy on the 
·, _  . ..c '..J.f':J ti,•."l ,. , ' .:.J. u v;_u·:i. c. L. ort 1-ha 'L c o ul d  be nt t ribu t ed to t h i s  effe c t v1 oulcl 

� . < ul · <ua h·-� . · , e  'Nil t-:;u t'o .r  using the � l L..s s i f  i c u  ti on:o. fo:r 1vh.i c h  c c _Y·rc c ti o n  

L'<. c s o n;  h·, •,. ' <·' 011 r leveJ.. OU:C1 in the: NutJ onu.l Beef Re e; o rcli.ng S c rv:i_,  _ _  ( see 

( i ) : · --y .  '.tl'-G l ll Ui ti'l:J 

( i.. ·i.) > -.y-�·n · ·- v.ccl J.ams 
( i i. i )  , -·_y t:: u·- •..) J u d<w• -:' 
( i V )  ']'l tll ��C u:l!IJ.J l)-yc:t.rS of il{jC U1U o l d  o r . 

1}1;:· f o rrr:< r 

. ' . 1 , J. t \._ ... r ... t! 

. ' l;J { : .{'(;' l..! c t ! l !  � � i  I ;  i.1  LL; , 

'.: ,' ; l f!j J L • �! c • i ,• -;lt L  LL · t , l J ' o1 ·  J:.j r tJt  w e i gh t  ;J. : '  :1 ta·o po r ' t i o 'L c l  cal v e s �' t '-· L 

!r• t<.l I.H.:cm matl'd Lo d i fferen t bul l s  from the o ld u r  b reeding fema l e s .  

Cons equently .1 L l·I : L u  w ; c u s ::;a1·y to e.na ly :;, e  tho r(� c o nl s  o f  F r i c s ian-s i red 

calves out of 2-yeur- o l d  dams s e para t e ly . The pro � edures of We eks and 

\ofilliams ( 1 S64) and Schaefi'er ( 1 975 ) were us ed to det ermine thu t the data 

w o re d i s c onne c t ed . Fo l l owine pre liminary analyses des c ri b e d  in Chapter 

Four , p o pula t ion parame ters for t he s traightbred Angus anim&ls were 

obtained for only those records of c a lves ou t of dams aged 3-yea�s and 

older . Es timatE.::; o:· huri tab i l i  ty and gene t i c , envi ronmen tal and 

pheno ty pi c  c o rrelu ti 0ns \v ere ob tained f or the fol lowing six s e para t e  

gro u ps : 



Table 3 . 2 Identif i c a t i on nUJlJbers of s ires s.nd the numb er of offspring 

vvee.n ed per s i re 

for:ula Li on 
Sire Doll! age YE:ar of birth 

42 . 

-bree:d (y0ars ) o f  thu calf Sire identifi cation n o . /No . offsprine-

Ane,Lu.-; )+ 1 970 
1 97 1  
1 972 
1 973 
1 9?4 

l<'rie:::: ian 2 1 9/0 
1 971 
1 972 
1 9/3 
1 Sr/� 

}<,riosi � m  )+ 1 c_no 
1 971  
1 972 
1 973 
1 �n4 

.. 4.nc)·us 3+ 1 970 
1 97 1 
1 �!'72 
1 973 
1 <J(tj 

l"ri es .i.an £: 1 970 
1 S/( 1  
1 9' (2 
1 973 
1 974 

Friesian 3+ 1 970 
1 97 1 
1 972 
1 973 
1 974 

Feru:::.le Ccth:.§� 
23/4 , 
33/5 ,  
45/1 1 ' 
47/9 , 
62/9 , 

31 / 1 0 ,  
4 1 /8 , 
48/1 5 ,  
5 3/ 1 2 , 
60/6 , 

27/1 3 , 
37/1 5 ,  
4 1 /20 , 
42/2 3 . 
37/ 1 7 '  

24-/3 ,  
34/4 , 
:53/ 1 0 ,  
57/7 , 
Gt1r/9 , 

32/7 
42/2 
50/ 1 4 
54/1 3 
6 1 /9 

28/1  5 '  
''811 2 :J . ' 
42 /20 
IJ-9/2 1 ' 
66 / 1 1 '  

JVIaJ c  c a lve s 
rj? ) � .  
33/5 , 
4 5/ 1 0 , 
4 7/ 1 1 ' 
62/8 ,  

3 1 /4 , 
4 1 /5 , 
48/1 2 ,  
53/9 
6C/ 3 ,  

27/ 1 3 , 
37/ 1 2 ,  
4 1 /1 9 ,  
42/20 , 
37/ 1 3 , 

24/3 , 
34/1 2 , 
•7:5/ 0 :J .- '  
57/5 , 
64-/1 0 ,  

32/2 
;1 2/4 
5CJ/G 
5L/1 1 
6 1 /5 

2E3/1 4 ,  
38/1 5 ,  
4��/ 1 9 ,  
49/24 ,  
66/22 ,  

2 5/2 , 
35/5,  
46/ 1 1 
58/6 , 
6 5/1 3 

29/1 3 ,  
39/'2) , 
49/2 1 ,  
55/1 2 ,  
67/ 1 5 ,  

2 5/5 ,  
3)/6 , 
46/1 " ) , 
5b/7 ,  
65/8 

29/8 , 
39/ 1 1 ' 
49/ 1 1 ,  
55/1 6 ,  
67/1 0 ,  

26/4 
36/6 
47/ 1 2 
59/8 

30/ 1 1 
40/ 1 8 
5 1 /1 3 ,  52/ 1 4 
56/27 
GB/ 1 9 ,  69/ 1 4 

26/4 
36/7 
47/ 1 2 
59/ 1 2 

30/1 3 
40/1 3 
5 1 /20 , 
56/23 

52/1 9 

68/20, 6 9/ 1 8 



Table 3 • .2. 

Dam br·oed 

Prj csian 
Frie:.:: ia.n X 
}'ri e:�; i un X 
Anc;ns 

Friesian X 

F'1 ·i csi an 
FJ'iL� t� iun X 

!i'ri t..; CJ :i. :..n X 

All[;l�S 
F ri e s i.L:.n Y.. 

Arl[US 

Angus 

43 . 

Numbers of calves c lassifi ed ac cord ing to sire br·eed, 

dam breed, calf sex, age o f  � am and calf rec ord 

Funul c  cal v cs 

No . b o rn No . weane d No . bo r·n No . w e aned 

Friesian-sir·ed cal v C.'S from 2-year-ol d d c• ms 

45 42 42 3 5  
J c r s e:y 3 

( Fri e:si.:.· I •  X Jersey) 3 1  28 1 6  1 2  

8 e. 7 _; 

An.r_.:un 30 2<L 1 9  1 )  

F'r·ic c io n-:::: i rnd ca. J.ves from _;.- to 9-yt: al·- o l d  dams 

1 28 1 2 1  1 4 1 1 )5 
) l.. l, · ;�L':J 77 75 83 8 1  

(Fl·ie�;i ; J fl X Jcr�cy) 26 26 32 2 9  
1 20 1 1 4 1 00 [11 

Ar,cus 32 3 1  2 1  2 1  

Angu:::--�.i.n d c alves f J  .. orn 2-year-o l<l dams 

1 8  1 7  25 1 6  

J\ngus-si red ca.lv 0 s  f r om .'J- to 1 0-yetl.r-o -,_d d ams 

1 43 1 38 1 59 : 49 



Table 3. 4 Means and s tc..c:.card d.evi :::. ti o�.� ( S I· ' �er  t�e trai tc and c cvaria t e s  in the ponulati ons 

Population 

Sire 

Breed 

Angus 

Friesian 

Fries::.an 

Angus 

Friesian 

Friesian 

Dam age 
(years ) 

3+ 

2 

3+ 

3+ 

2 

3+ 

from -v;!_i c:-" e :c -':: i �_s -':: o:=;C' o"" ;- c� e t i c .  e �:- ··i l ·c ;x-•3!'". ��al e.r. ::l.  -cheno tvri c p&rar:c ters 1-. e: ·e obtained 

No . anir1als 

No . born No . wee.nei 

1 43 1 7 ;:. _, ..... 

1 1 4 1 02 

383 367 

1 59 g9 

83 6 1  

377 353  

---------------

:=.i� t �- ��,:e ig·�� -r 
( . \ l. ?' J 

!-: es.;: .::, .0 

c c . � -z; ;::::-../ • . J 

3 1 . 0  .-� . 3 

3 1 . 7  5 . 0 

28 . 3 4 . 0 

33 . 9 5 . 2 

34 . 9 5 . 3 

r::.·e- -.. .-sc.r:.ir,g 
(;T OH th ra t e  

( kg/dcy) 
- · c c.:r.. S D 

? c-:..:e.l e .�: 21ve s 

C· . 72 0 . 09 

0 . 7S o . c9 

0 . 83 o . 1 1  

I�Ial e  Ca lves 

0 . 77 o . 1 1  

0 . 83 0 . 1 2  

0 . 89 o . 1 1  

V.'ean i ng i·:eight 
(kg )  

I-:ean S D 

1 50 . 6 2 5 . 3 

1 8 1 . 0 26 . 2 

1 75 . 4 28 . 5  

1 63 . 5 2 9 . 2 

1 92 . 3 34 . 7 

1 86 . 7 33 . 8 

- - · - -.. � .  ·-----· ---- ---

Day of hrt:h 
( O.e.y o f  tl�c 

;-{ear) 
IV:ean S D 

2 5 6 . 8 

2 )6 . 1 

2 54 . 7 

2 54 . 9 

2 38 . 6 

2 57 . 6 

2 1  • 1 

24 . 1 

22 . 0  

2 1 . 5  

26 . 8 

23 . 7 

Age at 
ueani ng 

( days ) 
['�G8n s D 

1 7 1 . 3 

1 9 1 . 9 

1 72 . 7  

1 74 . 9 

1 91 • 3 

1 69 . 3 

2 1 . 2  

2'3 . 3 

2 2 .  1 

2 1 . 4  

2 5 . 5 

24 . 1 

...,. ...,. 
• 



Neum. u �l ' i  s t andard deyi u t i ons (S D )  of c ow 

1 i v u m j_q;hts recorded nost calving �lpd at calf 

>l 0il_Eing time (k,u;) a c c v rd i :-tg  t o  c o 1rr b reed and 

,;c·z of c D J  f 

------- - -- -- --- -- - -

Calf :: ex 

�'id t:: 

· ' c  Ul�L1e 

hctJ.c 

1•\.'LW l C  

No . cov!s 
c.:.,l v ine; 

1 [:,;? 

1 5c3 

2 1 � 

1 9 1 

No . c m"s 
'i'! E nni ng c a l -v es 

Dam pos t-eal vir! t::, 
l i v e we ight 

H .-� 

'1 5 3 

i 62 

1 5 SJ 

Mt:an 8 D 

An '�'U t"1 c o w s  _ ...., _ __ _ _ _  

362 . 6 50 . G 

3G 1 . 1  1)) . 3 

}'rj C;S :i .:.tr, ( . 0\�t :  

3 �(.? . c 67 . 7 

)')0. 7 6C . '/ 

Dam livcwci�:_·ht 
e t  calf weaning 
Mean S D 

4 1 7 . 3 4 8 . 2 

4 1 4 . 0 49 . :5 

1;;0 . 1 613 . 0 

t;- ::5!� . 0 6 1  • (_\ 
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r Mal e calves from 3- to  1 0-year-old dams 

I 
- "S · uL:.... l c  calves from 3- to  1 0-year-old dams 

2-year-old dam� 

r l�l:::.l (.  ·..; alvt:.'s 
{ From 

I From 3- to 9-year-o l d  dams 

{ From 2-ye�r-o l d  daws 

c alves 

From 3- t o  9-year-olJ dams 

4 6 . 

( i )  

( ii )  

( ii i )  

( iv )  

(v ) 

(vi ) 

[nc luded i n  'l'L.. b l e  ) . 2 are the iden t i f i cu t i on numbe rs of s i r e s  and the 
.nuJHbo r  o-'.' o LL ��Jil .i n e; uue1ned r;er s ire wlti ch show thut no more than :'ive 

Ji'.d e 3 i o.r.� ::> i l" · -· · ' nu L' otn· Auc;us s i res \1 81'\? used in att.: one year, and tha t 

'l'ht. numbe r  of c:ul ves 

,_, J :  . .  ,:. :_ ;_ f :L et.l : . c: .· u r •l i_ n, ·: to s i.  r e  bree d ,  dmr, l n·�· eJ. ,  cali' · o x , a.c;e o f  , :�u anti. 
..; :_, 1 ' 'v C O Hl  '.l f' t ;  . ; J l•)\nJ in 'J'a1 lle 3 . 3 . 

'1'h8 r : u u • ; < ,l'  u f  .ct: c c nJ. s ,  weans and s tatlliurcl J. evi . 1..i ons 'or the � - �- .:; e  

· •.c· • · o nl .i ne V )  ti t<:: �; i x  s tq;u r:; t e  grou ps l':i von above• , '-� · ' prcs<mted :i n  'l'a u l e  j . 6 . 

C ovJ - r: · · l '' 'I L .i , �\ I l ru l : t t i on�; l t i ps W f' r· G  d v i < · r·nri. n L·r l  :.�· i ng n•cords d '  Uw 
� L t ·a i.g i !lr; c(:d J\n,. �u :; mill s L t·a igh tbred F1·i c s i un an i lllul:c. po o l od ovc.· r all age:� 

of J.am . In 'l'u. u l u  3 . 5 ure means and s tandcn·d d e v i a t i ons of cow liveweigh ts 

recorded po s L  c a lving uncl at lveaning , according to  sex of calf fr.r the 
An8'us and Fri u fJ .i :..m breeds . 

I I . Me thous of t�alysis 

A .  Es timation of genE: tic, environmental and pheno typic parameters 

( 1 ) Solution tc the leas t  squares equati ons . A general linear 

model can be wri t ten in matrix notati on as : 

Y = Xb + e 

where : Y a known n x 1 obse rvation vector ( n  is  the 

to tal number of observati ons ) , 

• • •  (3. 1 )  



X a known n x p incidenc e  matrix of 0 '  s and 1 .  1 s 

and continuous independent variabl es ( p i s  the 

num be-r of equations in th e model ) . 
o an unknown p x 1 vec tor of  parame ters to be 

es ti wated 
an unkno vm n x 1 ve c t or o f  norrr.a l ly and 

i nd epe nden tly di!: tributed random errors wi th an 

exv�c ted value of z e ro and a variance of o 2 I 
Hh t.·:r.·e I i s  an n x n i denti ty ma trix 

Leas t � quares es timation of b invo l v es the finding of tho s e  value s 

.rhi cl': mlnit•!i 8e the s um o1 the s quared devi a t i ons of tlw obse rved values 

l·L·om thoi.c ' K pe c  tu d value s . 

i.lil<i : 
tlt..;n : 

E ( ,_, )  - 0 
'.; ( i ) - Xb 

(; I {.! \ Y-lu  i ' [Y-Xb ] • • •  ( 3 . 2 ) 

By <1 i f ' 1 \_,r·en t i ; J i i. ng c; ' e vli l:h respe c t to b ,  equa ting to zero and 
:J ubs ti �Lu linc t h ,; C' [.l t .Lll!�t t c:  b for the puralliett_;r b ,  the resul tan t e(1ua tions 
:�novrn c.t3 tJi,, nc·rllu l t:Ci u:1 t i ons ure : 

:X. ' Y  
• . .  ( 3. 3 ) 

-:: o l u t i �m of tJ I L' normal equa ti ons r equi res that n·atrix X ' .l. i s  of 

r·u l l  J'ank . Tl1t. m, Utods u s e d  in this analyoi �· for reduc ine the no rn;:; l 
OrJU�, U ons to full r·ant \n: r·c the two o u t l inE:d by lla r-vE.'Y ( 1 960) . 'Ehey are : 

( i )  Tha t fo 1· c.:ach f ·1c t or i n  a m od e l .  the :Jltm of thE· cons tant 

< J .3 L i wa tuo L' q ua L . >  ze ro , 

and ( i i )  'J'ha t for t'ach fuc t o r  in a mod e l ,  one of t l te effects e quals 

2 01'0 . 
l\h� thod.s ( i )  un<l ( i i ) above may be wri t Len in gen�ral terms as � ai = 0 1. 
and a = 0 ,  respectively. 

l' 
Solution for the estimable func ti ons of the unknown pc..rame ters 

involves the inv( rsion of the X ' X matrix . A computer routine was 

available which was sui table for inverting square matrices of l imit ed 

dimen8ions (up to  35 x 35 approximately) . Larger inverse matrices were 

obtained through the use of matrix partiti oning procedures . Inversion 

wi th a single parti ti oning was carried out by parti tioning the normal 

equations ( 3 . 3 ) as : 

47 . 



I B I A I' X:":' rxs 

I 
l!l�x l r• 

V sxs 

'1: 1 '.:11 : 

J'.b .  + 1 'b 
I 

_) 2 
:.tnd b ' b . T Cb2 I 

b1 rx 1 -
b2 sx 1 

y1 
:= y2 

y1 rx1 

L) 

L '- sx 1  

-, 
i 

• • •  ( 3 . 4 ) 

. . .  u .  5 )  

• • •  ( 3 . 6 )  

l·;y fJ O J_v_: t:; I' o 1· b 1  i n  e qua t i ons ( 3 . 5 ) , :.mbs t i tu ting into equati or.s  
f . r ) d · • t  b l h t 1 :; . o u.n rc-arrang1ng, l can c s lOlt'r. t a : 

I Y .J- B ' A- 1 Y,  
• '- I • • •  ( ) . ? )  

4o . 

r eam �rhi c l l  the t o tal 1.·edu c ti o n  i n  :3 UlU>... o i  :..:quaros m.Jy be ob tainer.:: tllrou.gh 

.' ,  .:; L _ o n .i T .  I . ( �' ) ) , in tonus u f.'  • : , !u a tio:ls � "· . rJ ) : 

... � ,_  f .L11ln� G 

- 1 uud G 

·Lr, el -
1' ' cj 

== [ D 
' '  

Lhe watrix i nve1·::; c r: - 1  m:t y  1J e  computv...�. s to pwi : :w as : 

I<' C-B ' A- 1 13 I - 1 

-A-1 BF 
• 

� := 

and D - 1 [ 
I 1 BF ' j A -

tihere T an identity matrix of the so.me dimens ions J.. 1 

• • •  ( 3 . U ) 

• • •  ( 3 . 9 )  
• • •  ( 3 . 1 0 ) 
• • •  ( ) . 1 1 ) 

as A. 

A second ma trix partitioning was included for some larger interac tion 

models , vlhE·reby if  in equati ons ( 3 . 7 ) .  or al -;:;ernatively in equations ( 3 . 9) 

the inverse of the [ C-B ' A -1 B J matrix was obtained fol lowing the same 

computa tional s t eps used to  calculate the inverse matrix c-1 ( 3 . 9 tG 3 . 1. 1  ) .  



( 2 )  Es tima ti on o f  mean sguares, varianc e and covariance 

co:!l :Jonen to n n <l  gene tic, environmental and pheno typic 

49 . 

The d�_r s c  t LJ.lld �.ndi r-e c t  me thods o f  H a.cvey ( 1 960) Here us ed in c omput-

illG' Gums o:C' �; quare.;; from which mean s quares were calculated. In t e sting 

for the si,;nifi can c e  of interactions inv u J vi ng nes ted fac tors , the use of 

the indire::t method of o btaining sums of s quares vrwJ preferred as these 

int ernc t i ons were as3 o ciated wi th a la1·ge number ol' d egre es of frE-edom , 
the reby making the use of t he dire c t method unsui table . Fur thermore , 

i n  t e �; ti nc for the; s i ;:;nifi cc nee of i ntere. c t i ons involv ing nested 

fac tors , e x t ens i ve use was made of compound lJa rame ters . 'l'he use of 

tho s e  nri !" es a s  a ..:; i mplifi c a t i on ,  since ,  f o T  example in the 2-way 

c l a s s i f i cuti on \li i; ] ,  .L ni c 1·u c t i o n ,  the same to tal sum of s quares m:1y b e  

at tained duv t o  fi t t in1; the interacti on .::tl onc a s  car1 be cal cula t...:ci from 

f i. L t i nt� the :nuin l: l' l'c: c t s and the i n t e 1·a c t i o n .  In o ther mo del s , in whi ch 

i n t erac ti on:� i11Vu l vi ng ne: s ted eff e c t s  \verc e x clud - :c! . the dire c t  proc edure 
Hus nppl i t;·J r•· q u i r·i n, " tln cal cu l ati on cJf c ompl e te :'. r:lrt:..' r-se rna t ri c c s . 

An ab t.:Jr·cvi�_,_ t e t i  .l' u nn of the di :r'ec t me t h o d  of c o m pu t i ng sums '.�f 
�J t 1 U�i..!'l: �) 1. ;3 : 

and 

A. ) 1  - a l'Ovl vec t o r  of l ea· : L ::.> < l LWl'CS u s tima t e s  for a ; _·i ven se t 

-1  
Z L l ! tl i nvors c o f  the � �qu a r (� s e gruun t o f  i.hc i nve rse of 

the variance-covari ;mce mu trix c o r-res ponding ,  by row 
�md co lumn to thi o tlot  of e �1 tlmates 

u column vec tor of the l eas t ::>quare s es tima t e s for 

the gi v en set of equati ons . 

Us ing the genera l linear model ( 3 . 1 )  and tho normal equa tions (3 . 3 ) ,  
the to tal rudu c t i o n  in s um of squares i s : 

R ( b ) = 

and the error sum of squares i s : 

Error S . S . = Y ' Y - R (b ) 

Two me thods of variance component e s timati on sui table for use in 

mixed models with unbalanced data are Metl.od Two and Method Three of 



Henderson ( 1 Q53 ) . !11e tho d Two , a short-cut m e th o d ,  is a well-defined 

_,Jr o c edure w�i -:::� may be u s ed i n  mix ed mod e l s  in w hi ch the :rf; are no �-n ter

: � t i u, s bc·-t .� - er! f l xed and random fac t o r s  and no nes ting of fixed 2nd 

random f• ·. c  C..:: cs vl l i .t,.!.n each o ther (Hende r s o E  et al . ,  1 974 ) . As a 

c on s e qL�C!lCe , " thc·u'- J_imi ta ti ons , Me thod Two could n o 1;  be us ed in the 

lvJ u U o d  Thr � e ,  bnsed on taking ex pec tati ons o f  l ea s t  
S < lU.:J.l'e3 .!'<'duc ti ons , yi e lds unbiased e s t ima t e s  o f  variance c omponents �!'. 

.. ncl i s  not sub j e c t  t o  the l imitations of Me tho d 'l'\vo .  

I n  mai!l ·.;: .ffo c t u;odel s ,  J'II e t hod Three can be a pplied us i ng the dire c t  
�i ppr-oach t o  COlliputc tJJ,, c ooff i cients f o r  the variarc : c component s  in the 

expe c t a t i or.s oi. IDO<.,n · tuares ( Harvey, 1 970 ) .  Thi s approach i s  an 

ex tensi on 01 · t l!u t .Li. ro c t  rnc thod for compu t i ng sums o1 squares and cJ3.S 
�dop ted here i n  c onj u nc ti on wi th the u� e of the r-es t rj c t i on )' 0 ,  

al. :.::. 
to r�duce t1 , norw:t l cqu:1 t i ons t o  ful l L·: mk . 

CorL;; i (i . Llt . ·  !!!:i xed wo J e l : 

y i_ j � � _ I_ + a .  � b . .  + f + 1 :J. l J  k i , -l k  

i 

�� [ i.i._; ' .. Ll ti-: a .  and tht: fk a:r·o f i x e d.  a nd ,h·  � .  . :·<�rl •l c., . 
I _ ) l J 

< l' CG r  llh ,:ll! · ' I Llitr'c·  IJ'. L �� t r-, ,  C:XiJC C t:l t i on c ·  the L' lTO l' v : n·j anc e . 

Li !lC C· : 

rl'hL 

where : 

_1_ 
r- p 

L l tt.. lft" : ut �Htw.n·o f or Uw b: .  i::; :  l J  

'J�: inc t l tu :: ;nnula : 

:.: ( �· ·; ·:' J �.- >. >. z ci ,J ) 
.1.• 

• .  '-' u - - . ' j i l[ _j_ j  j· r ' \ 
the n umber of AB subclass es , 
tlw number o f  

the numbers o f  

a class es , i 
b .  . sub-c lass es l J  w i thin the a .  c l asses , l. 

b .  r0 fcrs t o  the reduced s e t  
l 

of pa rameter e s timu t e s  . th . th l 1.n e 1. a c ass 

and L: lJ the po r t i on o i '  the' inverse of t!w variancu-covariance 

c o rres�onding by row and column to the set  of bi estimates . 

matrix 

SamplinG erro 1·s oi' the sire-wi thin-year and residual v ariance 

c omponen i :s vrere c;ulcula ted using the me thod given by Kempthorne ( 1 957 ) . 
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Har·vey ( 1 970 ) indi ca t ed that cov�:c.riar.ce componen ts can b e  estimated 

simultaneously wi th the ·.rariance components by computing reduc tions in  

s ums of  cross-produc ts and uti li zing the same variance-covariance ma trices 

and the same c oefficients for the covariance components as are used for 

the variance c o mponents in equating least squares reduc tions t o  their 

expectations . 



In the .?���2sent s tudy , common variance-covariance matrices were 

uti li zed fo� the trai ts pre-weaning growth rate ( GR )  and weaning 

we i eh t  ( W1tl) .:tnC:. -l;h :; .r"3duc ti ons in sums of c ro s::: pro du c ts due to f j_ t t ing 

the b . .  vler(- c o mpu teo us _:_ :1g the di rec t me thod . l J  
.i . e .  

For tk; c o r-re:: l i::!.i .i om; w i th b i r th w eigh t  ( BW) a d if ferent va rc . ..... nce
covuriance u:�c t rix was u s e d ,  the birth He ight mo d e l  was refi t ted , but 

only those ·:::alves weuned w e re i nc lud ed . Also , a s econd model for thE: 

o th �r trai t s  was f i tted di ffer i ng in tha t  th e regre s s i on on age a t  

-.w ailing vra�� fi t o; o d  ra thor than t he reGr e s s i on o n  day o f  bi rth . 'J'he 

leas t s qm.th�· ::; � :..; timt•. t o s  w e re then o b t a i ned f rom the c orresponding 

mo d e l s  :J O  �-' ' ·:d; t l't c;  f o rmul <:.'.e : 

". I  ' - 1 ""' 
,J :_.. ,�/- ? r : E 

c ould 1<:: '-' J · i ' '. i ccl , fo.r the b . . classes . l J  
To tal · · - d u cL i on�:; i n  sullls o f  c r o :_; : • - l l 'Jduc ts IV8l'0 o b tained by 

m1.1. l t i plyint : c:lw !'O\� VL� c t o r  of param e t e 1· <..:�> L ima tes L1 r one trai t ,1y the 

r·_ :_; '... J ·i c t :c d.  ··. "{ c o Lun_n ve c t o r  of e qua t:i_ ons ( 3 . 3 )  f o l' ano ther t rai :: . 

j' · • ·I '" · " ' J. x ··, l 1 , , . , , � .  · l  ( J' .,, ? ) .. ... _. j � ' � - ' _ ... , � ' � ' ' • � ' i f  th e b . .  Ll l'G G i l'l�' l , J 

on U 1 r '  e o  1 · : · ·-· : :  r , <. ,  rHU 111� si 1· 1 · wi t L i n  year . md er1·o J '  . • oir· vmcn t :J  of vuriance 
u nt.l c u v: t rJ . J rh: •: 1n: ty bu o1 L :..tincd from tl t .. ; r::xpl; c t a t i or<8 g i v en in '1':..t u ;_ o  3 . 5 ,  
ussuminc; t i_. :_.  t ir1 ln·ee:l.i ne , epi s tas i s  and onv i ro nme11 t a l  c o rrel a ti ons among 
half s ibs are negliGi b l e . 

The pa t e rnal half-si b es timate o f  heri tabi li ty is then four times 

the i ntra- c l as s  c o rre lation based on s i res wi thin year . 

i . e . = 4 l J 

Approxima t e  s tandard errors for the heri tability es timates were 

c alculated usi ng the formula of Falconer ( 1 960 ) . 
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Error 

vur x 
c 

varEx 

..:�xpe c "t a tions of siJ·e wi thin year and error variaiJ c e  and 
�_;Q_v<l:rj_ .:mc:e c o mponen t s in terms of gene E c  and envi ronmen tal 

� 1 la��PS and c o varianc es 

Ex pe c; tu t i ons 

Va:r·iance c omponen 1;::; 

0 . 2 5  cove (xy ) 

52 • 

0 . 7 ; c ove ( xy ) + covE (xy ) 

.J.t.i.Ji t:i. vu [:enc- t i c  vari u n c e  f o 1· t ru.it x 
cmvi ro nllie: r : f,al v�a·i anc e f o 1· t ra i t x 

c ov, ( :·., / -- e·c..;[l<..- 1 i ._· c o vuri a r. c e  b e t ·;�oer. trui ts :· and y 
V 

C ·---v I t \ \ 
v E v ·-Y 

xy 

e n  vi :r·o 1Hac-:r. tal covariar; e: e 0 e  tw e on t r-·. i ts x uwJ y 

c · nv · 1cy) .. . . \ . 

_. , ,  \d1i ch t} - · .- ·· uw .. t i c . e uv _i. rol1lllo ntal and [.Jh <c:·notypi c c-:rva ri�tl l C G S  < J L , .l vu ri;.::.nc .. -s 
',J t · r<-; i r1 s � r t '  •i  to oL t::t i £! U 1 e  gene t i c , e�vi r·omnen tc.' L �· o.cl ph cn o typi c -:: o rre l-
... '· i o n s , re: :..: � 'l 'C L i  v r: ly .  ,' ' .] formula o f  1\ u . l i s  ( 1 'f/J J wa:.; ndop t,,d t o  
·� � - L:i : 1  t'" up : • t' l •X  i.mu t,  · ; ; w r  .' .i. ne e rror-s f c J ·  c! tP [;e!lL ti c co rre l C:t t i uL..J . 

( 3 )  .fJ 1. t i ne:  wodels t o  datu 

Models fi t ted in tes t i ng for the s i gnifi canc e of the pos t- ca lvi ng 

nu t r i  ti onaJ. ei'fe c ts on pre-weani ng grow th rate and iJGaning we igh t in years 
1 972 and 1 97) w e re : 

( i ) An{:,"US c alv t:-.:; from dams of all ages . The model f i t ted was : 

where : 

= L s 1. + gJ. + a + t1 
+ b -

) 
-:- e k x .  'kl -x i jklm 

l. J m • • •  ( 3 . 1 3 ) 

Y .  ' kl l. J  m 
th 

the observat 1. on on the m calf of x days of age 

a t  weaning , wi thin the t
th 

poe t-calving nu tri t i onal 

treatment clas s ,  reared in the j th 
mat ing group, by 

th ' th • 
d n d • th kth l e 1. s1.re an I rom a am 1.n e age c ass 

� = the populat i on mean wi th equal subc lass numbers and 

wi th age at weaning equal to the average 



'3 

= 
.3 . 

b 

the e:ffe c t 

the eff ec t 

thE:· effect 

the effec t  

tre<., tmer1 i 

o f  

o f  

o f  

o f  

the l. th . 
s 1. re , 

the j 
tn

. mating group, 
the k th 

age-of-dam group, 

t h e  l
tY 

pos t-c a lving nu t r i t i onal 

the par i  ial regres si on of the Y .  " kl 
on x . 

"kl l J  m l J  m 

5 3 .  

xi jklm and c �jklm 
= the c..c:;e o f  weaning and random en·or,  res pectively , 

ass ociated w i th the m
th 

calf, '"i thin the t 
th post-calving 

nu t r i t i o nal t reatmen t class , reared. in the j th ma ting 
b th 

. th . 
d t f d . 

th kth t;roup , y e l s 1. re an ou o a am 1.n e age 

c lass 

x the mean age of weanine 

( i i ) .:• 'ri c s i an- s i red c a lv es from dams aged 3 y ears and o l d e r .  

�:ho mod e l  e; Lo s en f o r  the tvJO t rai t s was : 

y .  " l l .L J C Illf!. i.l + ;:; _  . ..l. er . I' a + t + . l J . l k l 
+ b ( - ) x -x + e 

i J k lrnn i jklrnn 

anrl xijklwn 

• • •  ( 3 . 1 4 ) 

' J  . t 
. t' tb 1 . d £ ·c 10 0 c:> ·- rva 1. on on HE· 1 1  co. t O '. x ays o · age .:1 t 

I·IO<.tning , Hi thi n  the l th 
po s t -ca1v :;.11g nut ri ti on<.tl 

. th +}> t:cc�:l tmt:J�l t c l ass , reared ln the J wa ting , by t!lc· i � .j. 

th tb 
::; i r e  and from a dam :i.n the k a�:; _. class and m · darn 

s1 , .:r,j , ak , t
1 

and b are Q ;J S .lJ' ! C ifiei.l in rno•it-l ( 3 . 1  j )  
t h  

tl tc efl"uct of t he 1n d:un brood 
c . . · . a re the age a t  we ani ne an1 i the l'andorn err o r ,  l'es pe c ti vely , .L J hlrnn 

th th a s s o c i a t e d  w i th the n calf, wi t h i n  the 1 pos t-calving 

nu '... r·i ti onal treatment c l ass reared in the j 
th 

mating ' 
th th 

group , by the i s :i re and f rom a darn in the k age 
th c l a ss and of the m dam bre ed 

x = the mean age of weaning 

( iii ) Fri es ian-s i red calves f rom 2-year-old dams . 

The 1 -way analysis of variance model  was chosen as the numbers involved 

in these ana�.yse s  we re s mall . Jus tificati on for the model arises as 

treatments '·H.· :re rand omi zed wi th respect  to sil·e , mating group, dam breed 

and age of woaning. 

The model employed was : 



V 
� i �' 

>V:here : Y . . l J  

l 

= 1-1 + t .  + e . .  • • •  ( 3 . 1 5 )  l l J  
the observa tion o n  the j

th 
calf wi thi n the i

th 
post-

c aJ_ving nu triti on treatment c lass 

-<_;reo po pulo. v i on mean w i th equal subclass numbers 

";he effe c t of the i 
t h  pos t-calving n u tri ti on trea tmen t 

" J 1 · t th . th calf · �h ·  th 
. th -cne l'8.l1 om error pecu 1ar o e J Wl � _l n e 1 

pos t-c alvi ng nu tri ti ona l treatment c las s 

J:.i'o}.lm; i ng t h e  e x c l u s i o n  of the pos t-c alving nu tri t i onal treatment 
effe c t  ( s e e  Ch&pter ? o ur ) proc edures were appl i e d  to derive sui table 
mo dels for ::;s t imu.t ing popu l a t i on parame t ers . In s traigh tbred Angus 
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an.·_lJ. ys e s , m�i n effe c ts wero f i t t e d  bef o r e  interacti ons . I n  Fri e s i an-s i red 

una lyse s ,  i n te rac ti ons were f i t ted simul taneou s ly wi th mai n effe c ts . All 

C:_ -•-my nes t e u  ::.tnd non-nes ted i n teracti o ns could no t u-2 tes t ed in any one 

wc:dul as f i l·s t , the c om pu t e r  language p l a c e d  l i mi t::t t _L ons on the s i z..:;s of 
nmtric(;S and s e cowlly , c onfolmdi ng amongs t in t erac ti ons wi th l ow s ub c l ass 
m;_mbers woulu bave b e en uEavo i dabl e . 

lE terac l- l o u� o f  s i re ;,·1i thin year und I.:l;J l. i nc; gr·oup Hi l :h in y e<- · .v:! Pi 

o :;li v r  fuc to�·-i .J c .L·<> only t l: s t "'d fo r tho s e  o ther fac t o rs f ound to r' . v e  a 

;:, _;_ ,��·n i fi can t .! i'fc-� c t ( P  < 0 . 05)  on the t rai t conce rner� .  

,·� rrJOnl �  the S'J ·_� ·Js i an-s i recl popul a t i ons •,J c ' l ' t' o nly t o ..:; ' : d.  fen· tho ::: e c;.�Ives 
f �·()J r\ •lamS Li; "' - )-yt.-�LY'S anu older . 

l. " .  
� -

y .  ' 1 1 L J  <:: Jrl!• 

vrhG re : Y . .  1 _1 .-:: l ,J .i:-lll!l 

+ Y. � s . . + u; . _1 + c 1 -:- nm 1 (r: ' ) _ .1 + (yn ) . -:-
l l J  l ( - . J.. lL'l 

( c.:..t) lm ' ( :J.:� \ jk + ( �:J c) i ; 1 + ( ::.Ja) i j ::!. + ( c·c) ikl ' 

c �l'n.) j km I· i.J (x . ' kl _;c ) -j. ' ' oijklw:n • • •  ( 3 . 1 G )  l J  mn 

th 
f th th the obs<H'va t i on on the n cal_ b0 rn on o x day 

( or vreaned n t x days of age )  re are<'. i n  the k 
th :na ting 

b th . th . . th . th f d 
. 

group, y e J s 1 r e  1n e 1 year rom a am 1n 
th th the m age c lass and of the l dam breed 

= the: I•opula tion mean w i th equul subclass numb ers and 

= 

= 

= 

= 

day of b i r th (o r  age a t  weaning ) equal to the 

average 
the eff e c t  o f  the . th l 
the effe c t of the 

. th 
J 

the effect o f  the k
th 

( excluded for facto rs 

year 

s i re . th
. 

' h  
. th 

Wl 1n -G e 1 

mating group within 

year 

the 

affec ting bir th weight ) 

. th l year 

the effec t  of the l th dam breed ( excluded for fac tors 

affec ti ng Angus calf re c o rds ) 



a m 

(J'C 
\ , -· 

�Y·c: \ 
I :..\ .. 

(CF. ) , -
{ '-' t:.' ("J' I \ >-..J t..l ! 

L :  .... 

j_ :! "' 

(se ) . _ ,  
]_ .� ..!-

(oa ) . . . l J lr: 

( ere ) 
G ikl 

(ga ) ikm 

b 

= 

= 

--=-

-

= 

= 

th the effect of the m age-of-dam class ( excluded 

for analyses of calve s  from 2-yea:r-o l d  dams ) 
_i_nt::rac tion effec ts f o r  year and dam breed 

intcre r: tion effec ts fo r year and age of dam 
int '.H'E,c t i on effec ts for dam breed and age o f  dam 

int erac tion effe c t s  f o :: s i re wi th.d1 year and ma ting 

,sroup wi tl' i n  year 

interaction effe c t s  for s ir e wi �hin year and dam breed 

i�t c rac t i on effe c ts for s ire w i thin year and age of 

dam 
i nterac tion effe c t s  f o r  ma ting group 1-1 i thin year and 

dam t reed 

i nt .::rac t i on effe c t s  for ma ting g.coup wi thin yea r  and 

ac;c of Jam 

th �  par t ial regres si o n  o f  Y . 'kl  
o n  X .  

' kl l J  mn l J  mn 
·�· . . , - = the cov aria t e  a.r>d random erro r ,  

l l "  llllll respe c tiv e l y  
. -

�ts . , t.. < : i <J ted wi th the ;l th c a l f  J 'uLlr :u . tl 
- th ' -ln 1e l ma ClTJ.g' 
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gruUIJ , lly the . tll  . t}1 J s i re in the l year f rom a dam in the 
tlJ 

m ;J.ge c la s s  and 01 th 
the l d�m creed 

X the mean c o vuri a t 8  

'l' l u  : : (: >u: .. l lilv Ll e l :J  f i t t ed <J.re irtd c  c CJ. t L d  in terms o f  the notation 

l : ,; e d  i n  lt!O :._. j ) . I t J  in thL 'l'ables pn: ::> u1 t e d  in Chap Ler .2' ou r . 

1 .  An :i. n t , � ·.- (: i :.t : > :..; 1' ·-· -T e� ; s i on model for c o vi - calf ·-reight relationships 

'I'l1o r L- L t i i on .s L i. ps eX<:i!ninud w i t l :l ;l  s ox of ualf and wi thin the s traigh t

bred Ar1, :u:-J awl b"1·i e s i u.n l)Opula tions u�; .i.ng the .in tru.-c lass regre s si on 

model of S 0arlc ( 1 97 1 ) were : 

( i )  l'hn reg-res s i on o f  calf b i rth we igh t on dam pos t-calving 

live we igh t . 

( i i )  T!t<:l regres sion o f  calf weaning weight o n  dam pos t-calving 

li ve1--.reigh+ . 

( iii)  ·rrlC r egression of calf weaning weight on dam liveweight a t  

veani ng . 

Bi�th � ei gh t s  and weaning weights were adj us ted t o  mean birth dates 

and ages at weaning . respe c tively , usi ng the regression coeffi cients 

obtained from the model s from which genet i c ,  environmental and phenotype 

parameters were ob tained as adjus tmen t fac tors . 

Hence : 



Ac tual wei gh t  - d (Ac tual weigh t x deviati on frr,ru 

t:(le mean) 
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v�J! (.  r-e .:..r.. -- ·-:: -:>i r tl'. 1r1 2igh t  s tudy, d vms the regress:i. o n  of b i r th :t� s-igh ":: � "-
�uy - : i' b ;_:;: - . , . .  _,_n t he : eaning vrei gl'. t s tudy ,  d. \W S t h e  regre s :=: 

· 
�.n of 

The ;�,o ..:1.<: ·� -:..uJ t.:: d f or· the intra- c l a::; s r egres s i o n  of a calf wei �_:h t on a 

daJ.n ;;eic;h c c :m b•-" rn·.i t ";en as : 

= � + u .  T b .  X . .  + e . .  • • •  ( 3 . 1 7 ) Y . . 
.L J  

;-vh e1·c Y . .  
l ,J 

h l l J  l J  th the j 1 .; alf weigh t in th12 i - age- of-dam-year c l as s  wh o s e  

dum l i v e w eign t rec o rd was X . .  l ,J 
the w ean 11hen equa l sub c l a s s  numb ers exi s t  and darr L.vcvle� g�!t 

a .i 
b .  l 

X . :L J 
1'1:c-

i :; c ! q twl tu the av e rage 
th f. . t ' th 

. th f - 1 · 8 rJ 1 e c or e l age- e> · - cta!ll-y eur < .• u.s s  

-'" i !: n· t ic·. l , ·et;res s i on of t!w Y .  . o n  tJ c X . . •ri thi n  l J  l J  

c u e f -f' i c i. en t p o o l e r1 uv c; r  the a .  
.l 

c l c.ss 

. th 
l 

·: o r· c •  L cul: ' 

,. , c : ' :L ( r ·; .1 : . •. r , � s  c! uc to f i t t i ng th<J poo J  ' .r' l'C[>;re s s i on ( l I •••. t8 : t .!. S ..)  

l . e .  � ·  0 G ar� e qual 
' I 1J · · · · 1 . , 1 • I ) ' ( 1t · 

) - � ,_ ::: . : : J_ , • e: , L'Ih.: C :J UJ.!l o :o :� qctares ::..: h \ O;: : , >� - • l . b ' 1-'- , o.  
: " 1 '. :.  t. J i ,  -L•  :: 'i , f' J : c.>!u·Ji ·.:n • . J  Ly i nv o lves L r w  c a L ::u Lu. tL· l t  o f  �he F r . t t .:.. o :  

:: - 1  
Di t' J 'e J ·en c e  S . !::l . 

S S E  
J 

t u tul n J m b c r  of observations 
c ·chL- numi_H:;; r of '..t.ge-of-dam-y ear clas s e s  

3SE er.�.·or sum of E". quares 

1 The "; r:;rw i no l oc;y for reduc tions in s ums of squares given by Searle 

( 1 97 1 ) will  be used through out the tes t . e . g . R ( � , a, b : a ) i s  

the r�duc t i on due t o  fi t ting the nes t ed model : 

Y .  'k  = 
lJ. + a .  + b .  . + e . . 1 

l J  l l J  J. J ( 

and R ( a/ �  , b : a ) is the reduc t i on d�e t o  f i t ting the a .  af ter having l 
already fi t Jced ll and the b . . • l J  
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HESULTS AND DISCUSS ION 

The �- 8 l} b � S  oi v�� �ance for t he e f t ec t s  of post -calving nutri t i o�al 
, ·:; •;rrH_,n i: s  �1·  � ;:;� �nd 1 9'7;, on pre -weaniPt., grm·Jth rat e and weaning ;,;e ight 

: · :;;.:c c at e d  L L ::l. t  .'.r, all i!1S t an t: s  the e f fec :._ s  were non- 5 .i..,_;ni f i c an t  

•, .;' > 0 .  0� , "->H.· ... ppen.dix I ) . �'his finding is not s urprising a s  t he t rea t ment s 
\'l d'e only i!!l JYJs e ct fo.:.' short per i ods w i thin one mont h of c alving . Owing L o  

·>' . non-.sign i f icu.nce o l"  the.:sL e f t e c  t::; and as t he nutri +; i onal t reatmen t s  w e re 
r<.ndornly all o cc:;;,t e d  c..c c ordinc; o the o t he r  c lass i f i c at ions , all further 

an alysu:; \Jere c onuuc t e d  w i t l �  t his e f i' e c t  exclude d l'"om t he mode ls . 

Aualy ,_;e.:.; o .i'  v <:.�. :·.ian c e  for o t lHH' ma.1. n effects CJ..Ild int erac t .i. o us i' ollow , 

.:-.u .. J. :.u·f:  pres • n t  'j d a c c o  . .  ·ding · o :.:.;ire bre e d <llld sex o f  c a l f  for b i r t h  '"C i g.i1t , 

1 · ·, . _, -\/eu.n.i.ng 2:1 J t i�  J ·a L ,._ and tJcan.l.l"tG w e i gh t . The ways in whi c h t he .:.. ;-as L 
L c,·,;_u.�es re: due'" ·.:.{ s vJc t·rJ t akeu al"C; also shown , based on model 3 . 1 6 . 

Anal,J L •.:-3 0 1. · ·. u · .L::tn c · �  fo1· rna.Lll e f .:." e c t s  models ::tnd var i t  - 3  "- ··· ;:; .''J.c t i o n  
' ' !'-"_;_,� is l'vr fac" v.!·:::: ::t J. f ,-:: c L .l. !lg lJ .i. r L h  vJe it;l t t  are pres e n L e :.:. it1 Table 4 .  · ,  dllu 

· ·  J C::..c t- on:: ' " :' f\.: C �. '-El_; J:.'l'C: -·t; e .: �niJiG gr· ow t l l rat e and wean�ng vJ e igh ;-_ i1. •· . ' , "J . .:c· i, , :  

( eut· == '  : -.:c ; : :...; .:.; J. (;rJ i. ' · c a.H L ly u. f f c c -< .� J  u .ir·i. h vJ C:: .L _;n L , b u L r . .  _ .  .,, ,_ , · 
, ·, " ':JW . 1 ;  I"i.I L C  < •• u ·  .... >1\::: U.lliH[!; \J e: .i. . : · ·. t . Age o f  (i :..ta t  'tl aS s i Gt t i f  .. ';ant for al L L • ; . . ,, . . 

t • ·a i < . :;  .'.J.l l d  rlla l. i.t • 1 ·: l_ ' ' ' ' l ' l lJ \"'.i. L h •. u  ;; car wa<:: u l t i gl:ly s i f ·:ni .t'j .cant J 'ac (.. O l  u t' .t'e c t inc; 
l1 L , 1 :  p l ' v - \vt;wt� , , f '  · �1. · ' "I L l t  cu. L c  uw.l \JcaniH(.'; W to .i.ght . O L h�J G i gu i. J " .i. c <.lilt n<.J LI J.  

1-J l .f e c  L e  \ I C ] ' C  1, 1 1·.: re..;.r··= �:,: .!. un 0 r G i r t h  we ie;l lt on uay u f  O J. rth ::.u t d  the regr u s S l. OllS 
ui' pre -v/\'e:tl tiH,· "  Tow t l t  l'Ett e w�Ll w eaning we · :_;ht on age: at weani ng . D_,_fferenc es 
b ·: L ween :;;.ire.:.; ;;.i. L lt.i.n Jt ...., .. r;_; were non-s ign.�.. 1'.i. can t . In L . !C' case of bi.. i: h  w e igh t , 
tne y ear x agP -o i" - darn int erac t ion was a s ie;nificant so urc e o f  variat i on 

( P  < 0 .  o:) ) .  

B .  A.ng .. t:.:.; 1nah· cal vos from 2.- t o  1 0-year-old dams 

The a m .. lysec of variance shown in Tab le 4. 3 f ·)r birth we ight and 

Tc.wle 4 . 4 for nrc -wear"2.ng growth rat e  and weaning weight indicat e that the 

effect o f  age -:> .t' d.am was a highly s igni f i cant fac t OI' affe ct ing t hesA t raits . 

Yectr and cire w .:. t h.i.n y ear signi ficant ly affe c t e d  bir·th we ight , b ut 1 ot 

pre-weaning grmvth r·ate and weaning weight . 

Of the part ial regressi on$ , that of birth weight on day of birth was 



An.§0::rses of variance .._ ·r fac -tc::? affec t i ng birth 

A, ·:r of Jam 

·. ' ,  �� L 

��; I • :.. -I ..... 

• • ' '  ,_· 

n• o r· 

.!. • ,. �.) _! ! ,_ : 

1 0-vc: , r-o ld i'-'r• ·� 

ll F 

M · , i n e ffe c t � �G � e J 

j 

I Q  

J :..' o  

1 7 

'-'G .- 1 ,__ _/ . �  

1 � • ' ) l )  

Y-l . C ,.. 

�4 ' 
,/ . . , 

1 1 1 L � ... J 'i.1. c , , .1 n li'.C >. � ··� · - - . 
. 'i . � ' . 

) ' . ' . 

. ,  
.._, . ;  

-- - -·----- ---------

\- �i �J�1li t' .  � a n t  a t  the 5�;. level 
·I:: if- � i grL I' . �.nt u. i  t h e  1 �& leve l 

�1et l · od of o b t ai n�_ng
suw o f  s quares 

J\ I -1 .0. 
,3 � ,J 
I\ '  - 1 A 
,3 z rJ ' 
1\ I -1 1'\ 
,3 z ,3 

A t  -- 1 f\ 
j z ,-J 

Y I 'I' r· I . • • . , , • . - l\ \, I-' ' Y , ::; , J ' c!. ' 

j )  ( y - - " . C• • V ._, ,, '\ t et/ 1 � 1 , " __ \...... • .... , o , '·' 1 

I . 
Y Y-Rl �. y , s : y , a , y: . �� : v . � )  
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Table 4 . 2  .kr1al vses o f  ve.ria.nce fer· :'":c. : -_ ::-. r 2  --�-::�:...:...:::_�:.c���-::::�--=.. """:.. _ �- .: · r JT, d 1· . Ylc. t e  t lr �· ' , ·� :..) - : '  ;. , ,") ,� ' t."" Aa�-liJ"Lc· ---· _ _;__;_;:: .. L .1. -... .... , ...... �� __;;.",).,C� ·�....__--,,,, .. �. 

vre i  -�t '· ( · _ \ 6 - " , . � ; ... :� .' 
_,.- � ........ - -... c ;-� :.. .. · · �· --�-:· � o2e � P--u � �  J< ' 

------------ ··-··· -- - ·--- - - - ... - - .  

;ean SJ�ares 
S ource D F Fre-we 2.ir>.E zrowth ra t e  :ea nin� we ifht Method of obtaining s�� oJ s 

Year 4 
Sire : year 1 4 
Mat :!.ng group : yecr 1 5  
Age of dam 3 
Regres s i o n  o n  age 

at weaning 

Error 1 1 7  

Year x age 1 0  

Erro1· 1 o:; 

Sire x mat i ng grou p :  
year 3 1  

Error 64 

Sir e x age o f  dam : ye ar1 7 

Error 70 

Mating group x age of 
dam : ye ar 1 7  

Error 68 

('\ .  ·:__.::,-
o . c· : - 9  
( - - � .,.  . • -> �  0 ( , :.· ·-:;. -:::--

Q ( r r:; r:::-f --
• '" •..) ..., ./ 

O . S J?7 

0 . 0)36 
..  , r· .-.. - "'  u . �·:.- ) �  

0 (\ rYe- 0 . �..o· v _.,� _) 

0 .  -=- �:::) 

0 .  ' ·04:5 

O . OC72 

0 .  OC3tr 

0 .  0()30 

**significant at the 1 %  level 

��:Ll�-�· -:· ��--�-��-12.cL�£'� 
1 ;_:. �· . ::-
"2; '  1.-., l tl\ .,./ - ,. ; r .. . . 

_: :: �·l I> 2 '�7· .. � 
.? ·-=· . �- . '7 �---

2(·:S�) 'I '1 q·1H . ' � 

1 85 . 3 6 

T �.i...!c e ra c l i o r1 1�·1 o d c  1 s 

303 . 5 9  

"! ,.. , 2. , .... ... , < ./ I -

1 � 6 . 82 

2t-7 . 74 

i 3 1 . 44 

2 3 3 . 7 6 

1 q . 2 <1 

2 � '  1 .G .....,.� .  ' -

/'!... I , .. - .. • .. 
� ; . ...) o . ..J -' .J 

� ..... : - � A  'J z j ...... ; ,. -1 '/'. 
'j ·- .· , :i  ;;\. I 7- ' '} ,..J ._1 ,.) 

� · 7- l l'\  
,J l '  ,J 

Y I Y R (  • c:; • ·- � • r r 1::: ) ... - , fj , J , � . \ , ;:, . j , a. , 

R ( ya/ � . y , s : y , g : y , a , b ) 
I ( . \ Y Y- R f1 ,  y ,  s : y ,  g : y ,  e. ,  Y c · :_ J 

R ( sg : y/fj , y , s : y , g : y , a , b ) 

Y 1 Y-R(  fl ·  y ,  s :  y ,  s :  y ,  a ,  S f5" : y ,  b )  

R ( s a : y/ f] , y , s : y , g : y , a , ya , b )  

Y 1 Y- R ( � , y , s : y , g : y , a , ya , b ) 

R( ga : y/ f] , y , s : y , g : y ,8�a , b ) 

Y ' Y-R( � , y , s : y . g : y , a , ya , ga : y , b ) 

d 

Vl 1.0 . 
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Table 4.2 Analyses of vari ance .fo r  fac tors a f fec t i ng_ 

bir�b we ic;b t (lsg;) i n  1\.n",Us rrn l ;)  c .- .t .l v c s ·-� 

2- Lo 1 0-ye n r- o l d  dams 

S ou rc e o f  varia L i o n  f) F' 

T'h L n e f fer; l; s morl e l  

Year 4 3 9 . 1Lj * 

S i re yeA.r 1t1- !2 . ?? '** 
Age o f  dam 3 n? . 05 y .y 

Regre s s i o n  o n  bi r. l; l l  rlo. l. o 1 1) 0 .  1 3  )(- "-

E r  Tor 1 4 �  1 ·1 • 'f) 

I n t e rac t i o n  mn d o l s  
Year x age o f  � �m 1 0 

8 r ror l )tl 

Si re x age o f  cbm ye n r  1 9  

E rror 95 

* signi fisa.nt at l. h o  5% l evel 
* *  . signi f i c a n t  a t  t he 1 %  level 
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hi ghly signific an-t . While the regress ion on age at weaning was hie;hly 
s i gni ficant in tho c ase o f  weaninL_!; wc i c;h 1  , t hi s  factor \'JaG non- G i [';J t .i .  f' .i. c.:m L 

f; •r pre�weaning grow t h  rat e .  

62 . 

Mat inc c;roup wi t hin year was no t. a s igni fican t fac t or a f fe c L i n g  pre 
wcanine; growth ra t e  and weaning we igh t . No sat is fac t o ry explana t io1t c o.n h e  
p;iven t o  indi cat e w l l y  t his e f f e c t  was hi8hly s .L !_';n i f i. c a n t  in female calvel3 
ru1d non-signi ficant in males . Wh ile it c o uld b e  sugl_!;e 3 t e d  L h a t  female c alves 

we re mo.t·�) sensi t i 1ro t o  the e n v .irorunen t al d .i f f er o nc ct; bd:woen ma /. j.n c  r: rot tps , 

t he f inding of s i 1 •;ni f i c ant year x age - o f - dam e f f e c t s  f or all t hr e e  t r a i t s  
( shown .in Tab l e  4 . 3 )  for malo calves , b u t  only for b i r t h  we i gll l in t:emo.le 
calves indicates t hat t he s u c;e;est e d  explanat ion i ::;  n o' c ons is t e n t  for \ J o t h  

k i n ds o f  e f fe c t s . T ll C  sire x ar;e - o C-dam wi t hin- yoar in L e ra c i: .i. on \<r.--u:.; a lE;o 
.round L u  be a s i g n L f .i c an t t:r · t t rce of var.i a L j_on .in prr· -vJca!liiJ [•; r; row U, t ';J i . e  (>1' 
L !Je mall• Angu;.:; ca l . v e s  ( P  < 0. 0) ) . This 1.nt erac t i on �Ja r:.  no t ! ' ound . : t)C 
s igni f i cant l r. a..n ,y u :  t he o t h e r  samples :.3t udie d ,  a n c l  s} t O u l d  t. h o r·e . ·.1 , .  1 : · ' 
recardod as an cx c cp t l onal case t h a t  c o n l. d  pos s i. b J.y l : ; · ·Je b e e n  a L i . J ·  ,, . 1  �! l , J.c ; • i  

unint ent i onal marr acerial b _;_a r; , ra t: hcr t h an t he non-ad1 1 1 1 · '!i i  . .  Y o f  ' ' "('nc l: .�. c 
a n d  env .irornne� tal fac t ors . 

C . Angus calves from 3- t o  1 0-year-old d ams 

An e:x:aminat .i_ on o f  .sub-class means suc;e;e st e d  t .  •1. L L hc S J. ,  · 
int e rac t ions in the Anc;·J.S a�lalyses ( ( A )  and ( B )  ab ove l  may l t o L  :1 : · 
c alves from 2-yenr-o l d dams were exc lude d . Owing t o  U 1 e  pre s r:nc e . : , .  
sire X age -of- dn rn wi t h i n -year int e rac t i on a ffec t in 1 :  r ld:. -WC a t i J  tl.f � � r  ' 1 1 

in t h e  male calv e s , and as separa t e  analyses for 2-year- old d am:·" . .  , .. : 0 · . .  
conduct e d  for the sample s in whi c h  Fri e sian bulls w e r e  u c e d , i c; wc: :J :: ou,, -i_ n , - , · r  

appropriat e t o  de t ermine i f  the int erac t ions were no l on ger s ign i , .  , c an t  o n  -!.: 1 · ·  

exclusion o f  t h e  calves from the 2-year-old Angus dam s .  On L h e  e>. - �  1.: �� i oD c f  

calves from younGer dams , t h e  analyses o f  variance sh owe d t he year x uce - o f 
dam and sire x age- o f- dam within-year int eract ions were no longe r slgnl f l cant . 
Thus , it could b e  post ulat e d that the year x age-of- dam int era c t ion may have 

arisen because the ext ent to which t h e  younger dams , which were rur. as a 

separat e group prior to calving , were pre ferent ially t reat e d  from .,'sa:..�-t o
year t ende d t o  differ . 

Another possible source of this interac t ion , ;..;ould be i f  �) ear-t o-year 
c limat ic differences gave rise t o  great e r  fluctuat ion:::: j�n the \•Ie :!..gc; s of 

calves from 2-year-old dams than in the we ights of cc �ves from older dams . 

In less favourabl e  years t he growing foetus would be J.n more c o!rtr e: -- it ion for 

nut ri ent s with the younger , growing dams than would uc -che case !.'�r ol der 



dams . The diff-=rences c ould be expe c t e d  t o  be less in years more favourable 

-�·c·. · c�q_lf development . S irn i l .:l.rly , d i f ferenc es b e t ween the leve ls o f  milk 

· - �- .:r.cu'; .. io11 frv:· y01mg and mat ure dams may be grea t e r  under unfavourable 

:: · - . - � L ::.. o!ls gi.v �ng r i :: 2  4:. o an int erac t ion e f :t" c c t  on pre-weaning growth rat e .  

:;_•_: , ,� J'C:o.:.." x "'�-'i:".- e:f - da u :  _i_nt erac t :i. on e f f e c t s  on pre-weaning growth rat e and 

• ·rc-, .taing w 0 i  P;i1·:_ _ 1_ C ell vos from 2- t o  1 0-year- old darns vJere however , o1 :.ly s ig
nii":i.cant in ma.l•c ca.lve::.; . Thus , i t  c ould also be post ulat e d  t hat m:i..:._<. produc 
t. J. ·.m in U·'·'-' Ar.,� ·-' . .s bre e d  t c nd-;; d t o  be limit ing cal f gro,.Jth t o  a grea t e r  extent 

.L.,:. tne fast e r- b ,'"OvJ ing male calf . 

S :i.nce t he s j_ru x ag-e-of-dc:un wit hin- year int erac t i on c o uld be e l i rnin

a :: ed if c :.1lves fro1n 2-year-old <la1rls were exc luded in the Angus male cal f 

t..;roup , anc.clyses �twr· e c ond uc t ed where only those c alves from 3- t o  1 0-year

o l d  darns were incl u d c <l .  Conduct ing an:.1ly ses in t h i s  Hay allov1e d c oi;ipCJ..c- i c; ons 

o i' r e s ul t s  b e t � ·een Llle Angw;- aud Friec;ian- s i r e d  populat ions , for c;-. ' v e s  

J:'.r· om da!IJS o f  t h e  saHie uge cate gory . When the rec ords "J f  Angus cal v e' . -. .f r-orn 
2 - J t::ar- old dam;.s w c x: e  c uw:; i dered w i t hin sex of calf , t here were t oo · ,, , -.:- e c o r u ::;  

t ,, ±'ac i l :i. t ut e L he: c otupl e t i on of sat i s fact ory ana ly ses . 'l'hus, Angus ,� ot :'_ •i e o from 

2-y ear-old dar:1:,; 'tJ e J · ..-: c ons i dere d no l'urt her . 

D .  Fri l; ;.s ian-0 i c<:d , · ,; il lale c alves from 3- t o  9-yeal·-olu darns 

Inc :! , _·:ce J. in 'l'<.tble 4 . 5 are t l1e allaly s r;; s  of var-.i.anc e for intE: t·u.c t iv£1E 
"--'- ' l · c c t .i.li 1 '; lJ i .! · :. i  1/\.: i�.::J l i· of Fr-iesiau-c;ir-ed female c al v e::; :!:'rom 3- t o  9 - y •.:: a.r - o 1 <1 

d<c'.l �l.S . 'l'1 1 c  � - L -� ·..tl L ;o;  o 1  t llc: analyGe;.s of varianc u i'or j _ ld . . · cac t i OJlS aff· ·: ' :�11.g 
l'l · c. - w can 1.r.g· :•;ro w t l 1  rat e an d wec.t.n itlg w e i g l 1 t  w i t h i n  � he� ·" popu lat ioll _ aTe given 

i.. : .  1 '<• ' >  l r - LJ- . 6 .  C:1 l V l: 6 from ;� ... y ear- o l d  darw: were e x c  L ud•_' d i n  l . hesP  o. ' l r.t lyses 
( : t ' Ld c ul' li1e :;,u_lv cu.Jv u :c; ) us tlw Jul u  wen.• d.i.;,;c onHe c L od ,  aG n u t e d  .iH C l w.p b ... · L · 
Three . 

'l'he ·) r�ly s i gni f i c ant int eract ion following the calculat ion of mean 
s quares for the three t rai t s  was t h e  highly signi f i cant age- of-dam x dam bre e d  

e f fec t o n  wean ing we i ght . Such an int e ract ion would occur i f  t he magnitude 

o f  t he di f fere nc es between the age - o f- dam cat egories were not c onsist ent across 

dams of the da iry , dairy x b e e f  and b e e f  t ypes . An examinat ion of the sub

class means gi v en in Appendix III for weaning we ight show that for the 

F:· iesian and Friesian x Jersey dams there was no indicat ion that 4-year-old 

and older dams wean heavier c alves than 3-year-old dams , while within the 

3- t o  1 0-year age- of- dam c at egory , t h e  older Friesian x (Friesian x Jersey ) ,  

Angus and Friesi� x Angus dums tended to wean · heav�er calves than 3-year-old 

darns . 



)�alyse� of variance for i n t e rac t i o n s  affec t ing 

i n  F ri c s ian-si re d  fema l e  
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Ye<· r x i:i/!,8 O J  '�- · ·.n: 8 
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S ou rce o f  variation D F 

Year x age of dam 8 
Year x dam breed 1 1 

Age o f  d am x dam bree d  6 

Error 2 9 1  

Na t i ng group z dam bre ed : 
year 56 

Erro r 2 42 

S i re x mating group : year 67 

Error 232 

Sire x age of dam : year 3 3  

Error 2 57 

Sire x dam breed :year 46 

Erro r 2 5 1  
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Ana l_yse;s of va ria n c e  for int eracti ons affec ting 

f"rc.m ') - to 9-yea r ·-o i l t.lltrns 

----- - -· --- -·- ------- ----------------------
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Table 4.8 Analyses of varianc e for i '-- ': ·_o ::_':� c t i o '·:s .S. -�-:· f S �:-; l." .: ,,_ � ... 3_'_:--:_- ·\!,· '� ·:J. �� i DE!. i: ": .  �: ·,., .. � r-- r::_ -:- r� �k��� 
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So'.lrce o� vari ation 

Year x age of dam 
Year x dam breed 
Age of dam x dam breej 

Error 

Sire x mating group : year 

Error 

Mating group x dam breed 

Error 

Sire x dam breed : year 

Error 

D F 

8 
I 1 

7 

27 5 

6 5  

2 1 9 

55  

9 9  

50 

227 
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1 All non-significant at  t!:;.e 5%' leve l  
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The �bsenc e of ott �r int eractions is in agreement with the Angus 

�:: > '.d�.--: .� ·t.�::. -s '· �r; +:he .same age - o f  -dam c at egory . As age of dam did not s i gni f i -

·�; - ·  _ _  t ly ;_; fl.·e c t  _, J..I.;: h ;;eit)tL , t h i s  fac t or 1vas exc luded L:·om subsequent analyses 

o .  t ha.t t rai\: . 

E .  Friesian-'-' . L .�. ·ed  : .1etle c a l v es from 3- t o  9-year-old darns 

Re.s .,.L :� :.o "�::o::1 t he ana.lyses of varianc e for int erac t ions affect ing 

b i et h  wei �::ht l!l '].'able 4u '7 ar..u pre-weaning growth rat e and weaning weight in 

'f::l.ble 4 . 8 sho':J there to b e  no significant int erac t ions . As age of dar:1 was 
non-signi.Li. c ant for all t hree t rait s , t hin fac t or , like the int erac·l� i ons , 

was exclude d .frolil t he mode ls for these animals from which est imat e s  of 
e;c not ic lJ;..u:an1e t ers vJ ero de t ermine d . The finding that age o f  dam was not 

important s uggo::;tc L ha.t in t erms of maternal ab ility , the 3-y ear-old dams 

i·I L:re mo;:; l;ly e yua J. t o  ulucr dams . 

UHlilct: UJC c � s e  for pre-weaning c;rowth rat e and weaning we ight in 
FLie:.siu.u-- �  i. n : ; d  L"·...:Iri:..,lc.: c .:tlve.s , t he males were not infl uenced by the age - o f - J.am 
X ualtt b n: ·. J .i.l! l. t.:.::�c L .i. on . 'l' l :ere fore , for Lhe }'r i e s ian-sired calves , t he c JT..: c \. 

o r  dam br . ..: c: d  vJ:;.t;:; esDcll L j_a lly addit ive o v e r  the 3-year , L�-year and .S· - .! t::ar-;ltld--

o v ,:: r  .:J.L_!;e - o f - daw clu s:..; e s  .i.n tnu.les , b u t  non-addit ive in 1'ernales . The ton-
:..' ._;n.i. L' i c o. : · t  d �·L - v l - J�,. r l  x dali. breed int erac L i on in males was probabl \' largely 

d te L o  L : tc: J · ,� ;;:; l i l i_; :o� ,_;maJ lc1' _IJroport ion of Aagus dams ;)resen t ,  as iu t his 

'-' �; e u , t. r e:: a�::.·(. of dw; •  e L" l"cc L was greal; es L . 

l 1. . }JctrL i c iouini; t hu V ar iat ion in C al f  G row t h  Trai t s  

[u t he t : todelc chosc 11 for t he uu L i.wat ion ol' ge.'1.et .i.c , enviro!lmental 

.::md pheno L y pe parwnu L e1·s t otal var·iat ion w�u part i L i onc:: Ll by c ompu t ing 

variance c ornr ·onoJJ t s  wlwn t emporari ly regarding all fac t ors , except the 

rvgressiorw ( L e . , o r  ll i.cth weight on birth da t e  and of pre-weaning grow th 
rat e and wean ing we ight on age of weaning ), as random variables . The perc en

t age of t h e  v ariat ion a t t ributable to each fac t or was then calculat ed using 

t he formula : 

th 
Percentage variance due to the i fac t or 

where : VC . � 
= 

= 

= 

vc 1 + vc2 + • • • •  vcP + �� 
the i

th variance c ompo�ent , 

X 1 00 
1 

p the number of classified fac t ors fitted in the model 

i . e .  excluding t he c ovariat e , 

and �
e = error mean square 
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_, oef: �· i.en t s  of det erminat i on (R2 values ) were calculat ed i:ndepen-

Tll<.e c'... · ·.u.l:r .;; .o:o oi' var ianc e for t he models from which gene t ic , environ
H t:• J c al and p11E:·- .' ·: n_;J. c lJ'-<J:ame t ers were obtaine d are shown in Append-'-:x: II . 

o ,_· ; - ; !e disc .ce t e variables , t he c oeffic ients o f  det ermina t i or: 

1·c the rec;n;: : r:. _,_ o;::c :Lnd Lhe signi f i c anc e l8vels from the analyses o_( variance 

u.rc ).resent e d  l.'a!Jl:_; i; . l) 1or u i.r: th w e i gh t , 'I'able 4. 1 0 for pre -wearting
-
growth 

. ·,:, t e  cmd 'I'able 1!- . '� 'i tor w e aning wei ght . 

/\ . 13irLh \�e i ght 

Year e f L"c L s  ac c oun t e d  f or 2 . 3% to 8 . 8% o f  the variat ion in birth 
vJt:: i. Gl1t . 'I' he Ang u�- J!ld l' 'J ·iesian- s i1·ed calves appeare d  t o  be similarly 

a :t ' J' c c t e d  b y  ,y car-t o-y ecu· fluc t uat i ons . For b o t h  sire ureeds , y e ar '� i i' e c t s  

CLJ ·  i t o t C;tl V 3.r.�a.t i on wen; gre;1 t er f o r  male c alves . 

In AllL _'US c u.l ve<3 , tlw sire- w i t hin- year v aria.nc e ac c oun t e d f )r 9 - 'J'/cJ 
u · l_ . llc- varicwc c in lll<.tl o:: .s , but WJS uega t i v _  :i.n femal e s .  In t ll e  Fries:Lan IJ:r cc e ,J. , 
..; - .� - ·  · •::' :t' f e c  u :;  :_;_JJjJCUn::d L o  b e  11 tos L ly moall , ult ! l o ugh irrt: pL1ar when c ons i de l·=; J 

O \ er '" he f o ur· t ·ries ian-sired c a l 1  pop ula t iou.:; . 

Da1:1 b .l · •� <:! u  vJi;lt; U11 i�: tp01· t u.nt fac t ur a f f e c t ing u .:.rth we i gh t  j_ , ,  
.'•' : - _ ,,._, �<.t!l-c _n: .' o:;al v L ;.:; . 'l' } Jis fac t or acc o un t e d  for 1 0 . 0�� t o  32 . 9% of Lh;;� 
'J _ _  J ' -'- <"fiC e , ::wcl LS pro !JalJJy rola l c d  t o  b o t 1 •  d i l' fercnces in t hE: c:e ne t j  '- auil·•- t �· 

G - - L l t.o.: roe t ·L,!:O '- (J t_)-'OVJ a11 d ill thl: mat e rnal a b i l i t i es of the dam bret:: ill . Oi 
tu :U t •Jr j _u ,portan::;e w e r e  L l l<:: inl'luenc e s  o f  e;q�e of darn aud regress i on OE day o f  
ll . .  c t  r l .  iA o:.>t u 1  I he v aria t iorJ i n  birth w e igh t was unac :_:ount e J  f o r . 

Tabl e '+ . 1 0 ::;haws that :pre -w e aning growt h rat e of Angus male calves 

waa more variable Ll1an that of  Angus fernale calves . The variab ility of 

pre-weaning grow t h rat e in F1·ies ian calves was similar for males and females . 

Y ear and sire var ianc es were mostly non-signi ficant and t hese two 

fac t ors cornb ir ed could ac c o unt f or no more than 1 1% of t he variance in any 

one populat ion . 

Age of dam was an important fac t or affect ing the pre-weaning growth 

of both male aad female Angus calves . This fac t or accoWlt e d  for 1 3. 3% of the 

variat ion in gains of female calves and 1 ?. 7% of the variat ion f or male c alves 

and was most probably a re flect i on of the superior milking CLb ility of the 

older dams . 



Table 4. 9 Percen�ages of the t o� a:::. ·;ar i a.!�c e ::: : c o e f f i c i e :·· .. · :-: o i  c:_t t e-r:�.ir:.at io!1 a.r.d s i c�n i f i c ru  .. .:.c e ie�\:-els for 
·--- ---- --· ... ---- . . ,.- - .-.-----

Sire 

Breed 

Angus 

Friesian 

Friesian 

Angus 

Friesian 

Friesian 

factors aff e c t ing bir:h \•Jeigl:t ( ]-:5 ) 

Independent va� iables 

Percent age o f  t h e  var i a�c s & � t r i �ut at l e  : c  e ach fac t or 

o '  · u � r "  � '"'  
7o var l anc e = - o. 1_"'".c e c o:-::nonE:nt 1 00 

+ ' l · X � O'C a _  varlan c e  -1-

Age of dam �ot al C o e f f i c i e nt o f  det erminat i on 

( years ) No . animals Year Sire : ye ar Da;n b r e e ci  Age of dam Error varianc e for r e gr e s e:. i on on b i r t h  dat e 

3+ 
2 
3+ 

3+ 
2 

3+ 

1 43 

1 1 4 

383 

159 

83 

377 

3 . 6 
2. 3 
2 . l/ 

7 . 2"' + 

8 . 8 

5 . 7 
... 

-3 . 2 
- 1 . 9  

� "  3 . c:  

a a "' "'  / • 7  

1 1 . 2 "' 
0. 4 

( kg )  (R2 % )  

Fe:!lale c alves 

5 . 7 93 . 91 1 '+ . :j 3 . 7' "  
21 . 7 ,.,.. 7 '7 - 98 1 9 . 5 5 - 3  

"' "' 
·- Jfo �-23 . 0 /(' . ·: ,:. 26 . 0 0 . 5 

t-� ale calves 

3 . 9 79 . 03 1 6 . 5 1 . 3  
1 0 . 8 "' ��9 � 2  3-2 . 1  3 o "' 

. / 

23 . 9 70. 0 29 . 6 5 - 3 "' "'  

• 

. ..  
= significant at the 5% level 

= significant at the 1% level 

.....J 0 . 



Table 4. 1 0  Percent ages of t he t ct a:::_ ':e.2·· j ::< :: � <:: E • . . �:.:) e  f f i c j. e�· -��___7:.f_ d r:; '�r i.n:;,:- i.on an d __ E �LfLj f' i c  r.;_r:c e  J. r-:vc.·.s f o  · 

Sire 

Bree d  

Angus 
Friesian 

Friesian 

Angus 

Friesian 

Friesian 

fac t ors affe c t ing pre-wear_::..ng rrovrth rat e ( l<;:�/cia.y ) 

Age of dam 

( years ) 

3+ 
2 
3+ 

3+ 
2 

3+ 

Independent variables 

Pe r c e ntage c·: . :. e  Vb.-. i.&.2_. C E  at t r:!."c ... :. : e� t��-·s to  ec.cl  ��ac t or 

No . 

animals 

1 38 
1 02 
367 

149 
61 

353 

�-� �v ar 2-a�·"' c e- varia� c e  c o�� c�e�t ! 00 

Year 

1 . 4 
6 . 9 
2 . 6'" 

5 , •  • I 
-0. 8 

Sire :-:at :. �:.[ 
c--rouu 

: -\;ear c -
u ; � ... ., e a:r. 

3 1. 1 -z  6* . , .../ . 

- 1 . 4  
-2 . 7  5 . 0� 

r r :; . o 
1 1 . ()  2_5- . -�-.. 

,. ,.  5 - 7 -0.2 3 . 6"' 

t o t c..J.. ·v e ... I' l an c e  
X -�-� --

: a:�. Ase o f  ).se of 
E r e e ci dar:·: 

darn x dar:1 
treed 

Female calves 

1 3 . 3"' 
1 1 . 6"' 

Tot &.l C o e f f i c :;..ent of det e rr-.inat i on 

E var1ance  for r e C'ression on age at rror c � 

68 . 3 
83 . 1 

( kg/day ) 

o . oo86 
0 . 0078 

weaning ( R2 %)  

9 . 7 """ 35 . 5 0. 01 31 

5 . 4 ... 
0 . 1 
0. 8 

!-�a.le calves 
1 7 . 7 ""' 

'7 . 0 

1 9 . 1 """ 

71 . 6 
57 . 0 
7 1 . 8 

0 . 01 47 
0 . 01 36 
0 . 01 34 

2 . 2  

4. 0 
3 . 0""" 

• 

• •  
= significant at the 5% level 

= signi ficant at the 1% level 

-.J 



Table 4. 1 1  Perc ent ages o :f  the t otal var ia:'l c e :·: �-5�f fi c i�!:'__..'::L..::' e -':: E:or�·:J b c.. t i on anc. sign i i'icc-.:;_;cc e l e- v e:J..s i\.'r 
factors affect ing \'!ear.i�--L�.Sht ( :.-:;;c) 

Sire 

Breed 

Angus 

Friesian 

Friesian 

Angus 

Friesian 

Friesian 

I n d � � � r dent variables 

Perc entage of t �,e var i s.1: c e  at t r i L �; ;- ab l e  t o  e ,;o,cl·, f a c t or 

Age of dam No . 

(years ) animals 

3+ 1 38 

2 1 02 

j+ 367 

3+ 1 49 

2 61 

3+ 353 

Year 

0. 3 

1 0 . 2'" 

5'� va�ia�ce 
•.·s.�- j.a:� c e  c o:·::po!:er� t  / OJ --- �-- )' --t c t &.l varianc e · 'I 

S ire �at ing Dan 

: yea� 
sroup br e e d  
: year 

Age o f  

QS2. 
A f: e  of 

Oa: :·. J: dB.:�. 
b r e e d  

Female calv e s  

4 . 1 1 3 . 0""" 2 1 . 4""" 

-0. 8 1 5 . 0 
"' 

Error 

61 . 2  

75 . 0 
"' '"  

5 - 5  - 1 . 5" 3 . 8"' 1 7 . 8 """ 74. 4 

l'1ale cal v �;; s 

3. 9  8 . 1 "' '1 ·1� . 5 :y;  � 75 - 5 

0. 4 9 . 8 26 . 4'" 1 0 . 1 54. 0 
.,. ,. 

5 . 7 -O. g 2 . 3 22 . 4"'"" 70. 5 

T o t al 

var ian c e  

(kg )  

305 . 6 

346 . 7  
487 . 7 

53'? . 9 
622 . 2 

5 1 6 . 5  

,. 
= significant at the 5% level 

"'"' 
= significant at the 1% level 

C o e f f i c ient o f  det erminat ion 

for r e gre s s i on on age at 

vJeaning ( R2 %)  

42 . 9 """ 

43 . 6 """ 
39 . 5  

"' "'  

34 . ; + "'  
26 . 6 ""' 

49 . 4 """ 

....... 
1\) . 
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T h e  most important fact ors af f ect ing t he pre-weaning gains of 
�riesian-s ire d c alve s  from 3- t o  1 0-year-old dams were t he e ff e c t  o f  dam 

b:�·e e d  in the c ase o f  male calves ( 1 9 . 1% o f  t he variance ) and the age-oi 

c: :J..rn x darn breed  e .f f <.:: c -1:  on female calves ( 9 . 7% of the var ianc e ) . Year 

e ff e c t s  ac c oun c. e d  for 2. 6% t o  5 . 7% o f  the variance in pre-weaning c;r·owth 

:-at e  for Frier;ian-sired calves from 3- to 1 0-year-old dams while s iJ·e c olil

poncnt s of va.r ·_an c e  were nc:�at i ve . 

The only s igni f i cant fac t ors affec t ing t he pre -weaning growti1 rat e 

u.f Friesian-sire d calv<::s from 2-year-old dams were t he effe c t s oi dam breed 

H l  he i fers and mat ing u;r oup w it hin year in st eers , which acc ount e d  for 1 1 . 6% 

:u1d 2:} . 9% of the as:soc ia.t e d  t otal varianc es , respe c t ively . 

A larce port ion o f  the variat ion due to  darn breed would have arisen 

r ·om the sl o·:; · � r  .:.:;a. ins o r· t !1e Fr i. csian-sire d calves reo.red by Angus dams 
. ....;e e  least sq uares weanl3 in Appendix III ) and was most l ike ly assoc .:.at e cl 

-TLh b o t h  gen< 1 .i.c <::.:. ttd :uat. ernal e ffec ts � 

']' ! ,e ' l l 1 .lUCf1C "J 0 1' tnCJ. L ing group Wit hin year t ended t o  b e  irr<'- · ·: :J.lar , 

n t  1·1ac pr·(.> L �·. c; ly a dire c t c onse q ue11ce of variat i ons in fee d availa o J_li ty 
· r·o!!' onr; :: li.d .i llc: c;1·o up to another . In t he Angus cat t le this fac t or ·.;as more 
;_ , , lJ:-0 r- � .::w L i F  ! ' lCl.le rat h e r  t h.om in female calves . 

IJ I '  the t o t c-...1 vm· j a tion ln pre-wea.ning grow t h  1'at c in t he Augus 

; :1li . t:,J, ·, ,  a. !J l ' ! ·ox.i.ma l ely ?CP/o of t he variat. ion vias unac co unt ed for . A hi[�hel' 
p.L'O ! J u t · L i vu o J· L i te v ct r · L.ancc iu t:he Fri e s .i.an- .s ire u h e i J'e1·  calves ( ap,roxima L l: l. .J  

' -'· L f1{ L'o 1 ·  a l l  '"':cL; o f  dam ) t'l·) t rlained une:xplo.iue d than i n  s t ee r  calv e .' ;  ( '/?% for 
, . , , J v L c •  l'l'O!II 2 - v r.J ;.u · -old dc:uu;;  anci 7 1 . 8% l 'Or culves frou• oldeJ '  dams ) .  

'I'he :c·es ults f rom par t i t ioning t hE: varianc e in weaning w e i ght were 

lar·gely sim::clar t o  those from part it i on ing the variance in pre-weaning 

growt lJ rat e . C oe ffic i ent s of det e rmina t i on for t he regressi on of weaning 

we igh t on age at weanin� wer-e high ( 26 . 6% t o 49 . 4% ) showing t he important 

effect age of cal f has on weaning we i ght . l'otal variat ion was great er in 

male calves thar1 in female calves . This d i f ference was most not iceable in 

the Angus breed . 
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I I I .  Her itabi�ity Est imat es 

Ee:r·it>-t>:ilit;y e s t imat es were calc ...tlat e d  from the sire-w ithiE -y ear and 

< - -- �iL.al v :.c :· .u:..l.tCC: c ompone nts present e d in Table 4 . 1 2 .  The sire-wit hin-year 

v c.r i;_._l!c e c oti: 0('1 -�n t ::: hu v e  J.arge sampling errors while the sampling errors f o r  

i · > ,c  J" . : o i .:Ju&2 •. ;_rianc e c ompunents are re lat ive ly small . In the Angus breed 

� i JX:-vJ i t l lir.-;y ear vurian c e  c omponents are a l l  pos i t ive exc ept for t. h e  c orn-

oo:J\:•nt _:: or b i r- t h  we i g-l1t in female c alves . 

Pos i t i ve sire-\J i t hin-year variance c omponent s vmre obtained fo:>_' 
b ir t h  weight in t h e  Ji'r i e s ian-sired groups vJi t h  t he exc ept i on of the negative 

c st irn::,t e- for the female c alves from 2-year-ol d darns . Negat ive valu.es for · 
Ll w  rc; ire -w i L h.in-year variances were predorninent for �we -weaning grow t h  rat e 
-·�nd weaninr; \·1e ic;l1t in the Friesian-sire d  populat ions , with t he only pos i t iv e  

Juluec b e in� obt aine d for these t w o  t rai t s  in analyses o f  male ca�ves from 

2-y e m · - old J.aw:.; . 

B.c·1 '0l ·  var i;;u1c c c  in b irth we i ght #ere great es t for t he :B'rie ; ia.:l-E3 l !'•.:tl 

:: u. J  v <.: <c> ,  .::ul u :i , , c ow par i s  o ne; bet1·1 e e n  t he s .Lre b r e e ds , . . l1e b o unds Sf.J :.: i l i e d  b;/ 

! t : t.:  :.ownpli1Jt' e J Tvrs t cLldcd not t o  ove rlap . N o  dist i nc t  bre e d  di i' · t''· ! c � r:; 
vJ e r e  c..ppare1 c t  in l l !O • .· .c r o r  v ar ianc es f o r  t h e  o t her t:�Jo t rai t s  oti , , .  t han 
t:hat L he vo lue:,; o u cai.ned for t he Friesian-s i r e d  c al'.'es t ende d t o  ')€ more 

'J' a b l e  r. 'l j c ont a i. nH the heritab ili ty e s t imat e s  an d t he i r  .:; ·: andard 

c-: r'J 'OJ:u , pn::.; c:H L c cl  l·or each of t he six groups s t u d i e c" . Pool ing of e s t imat es 
ww.: •; arrie d o •1 L  by uG.i.nt>; t he re c i procalG of t he samf'= ing v&rianc e ':3 as 

><e .L t�i d. ing 1'<-tc L un:; . l�.s t irn:J t es poole d ac eoss the ages of dam for t h e  FrietJ .i. ;-, n-
oin:!d aniurv. l.s and e s t ima t t::s obtained i'I'IJ!ll pool ing t he sexes within each sire 
breed, b o t h  w i t h in t he 3- t o  1 0-year age of dam cat egory and for till age s 

of dam for t h e  Friesian b ulls , are shown in Table 4. 1 4. 

A. Birth weight 

The est imat e o f  0. 44 for t he heritab i l i t y  of birth weight us ing Angus 

male calf records is i dent ical t o  the weight e d average est imat e for this 

trait given by Pet t y and Cartwright ( 1 966 ) 'J but higher than the summary 

value from Preston and Willis ( 1 974 ) of 0. 38 and the est imate o� 0. 28 based 

on New Zealand data for beef-bred calves ( Baker et al . ,  1 975 ) .  -

The negat i ve est imate ( -0. 1 4  � 0. 26 )  obtained for Angus female calves 

was t he · only negat ive est imate from Angus data for the th�ee traits studied. 

'I.'he associated standard error for the latter est imate is large , as are the 



Table 4. 1 2 f\ 
Est imat es of si1··e:: -·.-· :  i: •· . .  :. - .=- -: , r J2 . . � 2 . 

1'"· �-::: ,_ .... l'l.lo.l 1 , "-�.: ) va r .L .. -t �lc e c . ..,.. ··)or· ent E� � · o 
.. -- ·--------�.i.����- - . ..  

1 · • Y'e ( -- ·· ·· c. - " ·· " - r •• s amp 1ng er ro_ � , .:..::.. ,. v _ - - � "' - 1 .!.. .. :::. -=- '-'  

Populat ion 

Sire Age of dam 

Breed ( years ) 

Angus 
Friesian 

Friesian 

Angus 
Friesian 

Friesian 

3+ 

2 
3+ 

3+ 
2 

3+ 

'Ira i t  
-------------- ----- -----

Bi rth �e i � .  � ( k� )  

1\ CJ2 .SE s : y 
� -.) 

e 
(' -c  v .L  

-0 . 44 0. 77 1 3 . 1 1  2 . 23 

-0 . 38 0. 7 1  · � . 1 9 3 . 1 0  
o. 82 o. 66 1 t . 43 1 . c1 

1 • 6?. 1 • 3 3 �, 3 "  00 2 .  ·�) 

3 . 60 4. 55 22 . 21  6 . 27 
0. 1 2 0. 49 20. 69 1 . 84 

}re -�e�:iLr growtn rat e ( �g/Jav ) - .._. ....., .. . 

1\ 
o-2 

" 2 er .S L s : :y e 

f e:�:e_:!._e cal \·es 
0. 00030 O . OOOL5 0 . 00588 

- C . 00004 0 . 00032 0 . 00693 

-0. 00036 0. 0001 2 0. 01 1 1 7 

! -:a:J..e � ::.. .'cr.; 
0. 00052 �j . o:-:r::J84 O . C"1 0S2 
0 . 001 50 0. 001 42 0 . 00774 

-0 . 00002 0 . 0001 9 0. 00964 

SE 

0 . 00087 

0 . 001 06 

o . oooS8 

o . o�w;o 

0 . 001 78 

0 . 00078 

---------

\-leaning ·.- ·ci .cht . (.:.::.;}  

� SE. s : y 
" 2  u 

e 
SE 

1 2 . 6 1 5 . 3  1 87 . 1 27 . 8 
- 6 . 0  1 1 . 5 285 . 9 43 . 7 

-7 . 4 u. . 3 362 . 9 25 . 7 

43 . 4 35 . 4 395 - 5  56 . 2 
61 . 2 59 . 9 33b . 3 77 . 4 

' r -'+ . o 6 . 3 363 . 9 29 . 5 

-'I Vl . 



'I'<::tble 4. 1 3  

7 6 .  

Ec t i matea o f  her i t ab i l i ty ( h2 ) and standard errors ( SE )  of t he 

e:.::t itnat es o bt aine d  within sex of calf , w i t hin sire breed and 

vt ithin t h e 2-year and 3- t o  1 0-year age-of-darn catego:�ies 

Populat i o n  Trait 

Sire Au� o f  datn b i rth we igl1t Pre-weaning; growt h rat e Weaning we ip;h t 
bl'C C:d  (ye:.;.rs ) SE SE SE 

Female calves 

Ml �llS _'5+ - 0 .  '1 4 0 . 26 0. 1 ';)  0. �·0 0 . 2�· u . j: I 

Fr.i.·Jsian 2 -0. 1 0 0 . 23 -C. U3 0. 20 -0. 09 o. '1 ',' 
fJ · ·Lt:Slilll _')+ 0. 1 7  0. 1 4 -0. 1 3 0. 04 - 0 . 09 O. OG 

t1ale calve;:; 

JUi(:ll� )+ 0 . Lf4 0. 37 0. 2';) 0. 30 0 . 40 O . j2 

_!:· l ' ..J.. I, ;� j .l(.t,ll o. :; '_, 0 . 77 0. 6� O . ::J2 O . b2 0 . 61 
F'r i.c· i "  t u. n  ') '!- () . ( ), ' 0. 1 0 -0. 01 0. 08 -0 . 0:,-5 0 . 07 
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Pooled e s t itnat es of he;rhc-,bility ( h2 ) and standard errors (SE ) 
uf t he e:::; t itnates 

t�n. S: •l ( yeurs ) 

( '! ) Poo_ ; ; J.  "' i t  l t.in 

.: ! ' L (':;  l <..Li l  ::::+ 

�·r · L�.: r ,_ ;_.J� : +  

c_ ) .'-' (."· , l .� • ' w i t; h j  t t  -

.!\n :_:L1 r )+ 
L' ' l .  j t L ...i.,.! • ./!· 

.F' r i. r:u L ar�. '+ 

'l'rai.t 

birLh v:ei.ght Pr·e -w&aninp; gruw t h  rat e 
11� SE 

nex ol' c al l'  r'or 

Fetlli..t ..L C  

0. 09 0. 1 u  

Male 

0. 0 5  0. 1 1  

S LJ.'t; bre e J.  

0 .  () ' I 0 . 30 
0 . C'/ 0 . 1 'I 
0 . 0 � 0 . 1 3  

l{ SE 

. :-·_r· i e s  i.<..ut- s i r c ,, Eo;eulat i ·-·n.:-� 
C·:.tlVCE 

-0 . 1 3  0 . 05 -0. · ,_., 
/ 

cul. \. t,: ,� 

c . oo 0 . 09 o .  ,)!� 

0 . 24 0. 30 0. -. j 
- 0 .  '1 1 o . o;; 0 .. ,- , - • . )  I 

-0. 1 0  0. 05 - O . Or! 

-
I ' .  . 

'- •  

O. j;:: 
( ) .  ; _), ' 

0. 0'/ 
------ ---- - - - -----------------------------------------------------------------------
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o t her st andar d errors for all heritability est imates in Angus populat ions . 

'�.he ·c wo est ir·. J.t es for the Angus bree d  for birth we ight c omb ine d  to give a 

Birti1 vJe igllt heritabilit ies for Fries ian bulls were variable . The 

·<ol·e; r·elic.tbL est imat e s  for the Fries ian sire bre e d  are those calculat e d  

for L h 0  olde1· dams a s  t he standard e rrors were stnaller . Even i n  t he larger 

·.; c;._!__f po pula.t ::. on:s , where a gr·eat er numb e r  of sires we:r.·e represent e d , the 

. :;i. W1 dc.trd ce rro.r:.:; indic<:tt ud that t he est imat es we1·e not use ful poin c e;,;L i.�nat es . 
:,; _;_!lC e t he c oinpar i.s ons be tween the est imat es for t he tvro sexes of calf show 

c ;  l 'osi t e  t r-:: nus for t he }'ri esian s ir e s  in t he two age-of- darn c at egor i e s , 

!:le; c c  use f u l. ; fl i · o:r-rnc.t t i on c ornes from t h e  IJOoled etit ima tes , whi ch sho 1 b o t 11 

;�,; .co::;s age of darn 1r1i thin sex and across sex of calf t hat the e s t ima t es are 

· -�1 ··:. ,_;  t o  z. e  r· c  .. 

ViaJ. ·: 1 ')62 ) report e d  an est imat<..: of 0 . 01 for the her it abili ty o f  

:_ ·i !'L h. \ I C .i c;l ! t  i11 <J. stnall sawple of Brit ish Fries ian cal t le whi ch a:·;reee w i l· .n 

' ! H:· eu t iJnc.t L <· 'J olJ-t ained in the lJ.r:esent v10rk for t h e  Frie s ian s ire:s . 'I'h() 

· '. t i r:t<t t. � u .:· J\.l i Ll. ::..nd 0 oli raan ( 1 9?1 ) of 0 . 2j s u gges t£.,; t hat gene L ·i ,_ di t'l'e1·-
, ;� c c ..o  ; ,0 1. \oJ <:;t.; .' indi v iduals vJ i t hin t he Fr ies.im1 breed are of s imilo · 

i.ti;JOf' L .:J n C t.O  L C.  thocc; u�ene t ic d i f f e :r-enc e .s  f o u n d  in Bri� ish b e e f  bre•:ds . 

lu t. he 1\.nu;u :..; breed Uw heritab i l i t y  of pre-v..rean.i.ng crov..r t h  r-at e was 
<: 'i L  i. ma l  �d u� tJ . 2<) + O. jC w : u  0. 1 9  .!_ 0. 30 for t he male and t'emale ::o..Lves , 
.r ·c·;, : i '(;! L.: L ively . 'J' i l e [·>e us t i ' ' '1 ' t cs c ombined t o  c;ive a poflled c o t imnt. c o l' 0. 2Lt
\li t i ci l  I ; (J[IIJ:X.H'(:1j i'<� VOlU'Ll ll l y  /Ji. t lt  L hc e s t 'l illat es given uy Pe t t ,y and C:.u't wrie;h l 

, · o! L ll c i>u L t,.r 'nu.L l wlJ'-::.; i u  'ne UtOu ( 0 . 34 ) , P1 ·es L ou am.l W illis ( 1 9'11, ) ( o. zr; )  
and t he lar�:·,?. -osca.Le analyses of Koch et al . ( 1 973 ) ( 0. 1 7 )  and Kenru ; dy awl 
Henderson ( 1 �:ll?a) ( 0 . )2 ) . 

Negat ive heritabil�ty es t imat e s , result ing from the negat i ve sire 
variance c ompone nts rnent .ioned earlier , were obtained for the Friesian-sired 

male culves and the F'riesian-sired female calves from 2-yea.r-old darns . A 

high est imate of 0. 65 .::_ 0. 62 for the male progeny of Friesian bulls that were 

mated to hei fers arose from a non-significant sire effect which accounted 

for 1 1% of the total variat ion . The p_oaled est imates for t he Friesian breed 

approximat ed zero and we1·e associate d  with standard errors of less than 0. 1 .  

Lit erat ure values for the heritability of pre-weaning growth rate 

in Friesians ar·e low. Hodges et al . ( 1 961 ) and Mason et al . ( •1 9/ 2 )  reported 
respect ive estimat es of· 0. 12 and 0 . 20 in quite  large samples of this breed 
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''� nd V ial ( 1 9:::,2 )  repor t e d  a negat ive est imat e from the rec ords o f  1 48 
.:.tl ve :: i.Jy 1 6  ::. i c e s  for dai1 y gain from 7- t o  8l.J--days o f  age . Thus , t he 

� L l erut u1·a v � J ucs for t l1e her i t a b i l i t y  of pre-weanins growt h rat e in 

_ l� r< ti c:lrl brc • J � < ' 1 ·ies ian c:1t t l e  arc high e r  (wi t h  t he exc l: p t ion o f  t hu t  c;i ven 

,y Vial ) thu.J l  " lloce o b t a i11ed in t he pre.s c n t:  ,:; t u dy . All e s t ima t e s  for t h i s  

.c<.ti t 1'o1· FL .:.. .: :..J j_.:.tns , howe ver , do sug;gest t lw t  c;ene t ic iwprov ement :nay b e  

:.;low . 

In t l  , _. Ang us cat t l e  h e r i t ab i l i t y  est ii itat o s  of weaning w e i gl 1t vJ e r e  

11 !. 1-�hc c t ll.::w L l wce for J.!re-weanj_ng growt h , bH t <:J.t;ain , j_ t vms highc1·  for ti!a.le 
.; eo.l v es ( O . i+O ) t h;..;n f 01 · female c alv e s  ( 0. 25 ) . 'l'ltc c: u :.t.ndarJ erron; v:.::;re o i' 

: J] · l, e d. o f  0 . _�;, _:: U . )2 j _; i u  very good agL·e ement vJ i t h  t- he vJe i ghL e d  , , v era1.:;e 
v:-o L ima t e  o l.'  ·J • .32 �::iv er" by l-'e t t y  and Ceo.r L I-J ri t_;ht ( 1 966 ) 1or t lle An�: u:..; ,  

: , lmo:..; i.: i Jc·fl L i l· �l t o  L t ·.J.X: ro1 ·  iJ.L'0 - w e uuin L'· : " 1'0\'ll t l! .:.·�At. c: 1v i t h i 1 1  eacL . ·.JJ:! 1:J.o..: et. 

l �( ! .:.t ! ·  Zc� t ·o c::.; L i ,au t e::..; \·: e .l 'C l o uud i.l.Jli:u · t  l'row l L c: h.i.�o)l  L·:.:.;t ilna t e  ( 0 . (J2 � U . l� 'l ) 
u t · L -J ; • ; li' r .i. _ . .  l '-'. r t- u i r v u. 11ta l c· c;.;;.l v e s  fJ: orn ;� -yl'c.tr- o l d  J:�tlS . 'J' I t e  poo Lr. d 

., ,_; [. i.Hta L •.: c f:,J J . 'r ic;s .i..:m c .i . n ; s  c,J·o o f  t h e:- r;..;n �:y -0. 0:-J t o  O. Oli w i t h  . .; l. un rl:H·��  
>' . " o J: : : .U: ::;:� t ' . : r l l  U . 'l .  'l' l tc'  J J 8ur - L'. <: J :O  t • :..; L i ma t e s  c onr}ll!' <:d h� J · n LOJ' U 1 c  F1· .i • .. · :..; i.: u 1  

i> u J  ! t; · u ·e 1• >\vf; J ·  L l !i-..t l l  u.L l  ! i. L 0.ca L t a·e v aJ. r ; e :..; c i. t e d  i r 1  Cl w. pt c 1 · 'l'vJ O l •.;r· 
:.; L r. , r c; l t l b t · e �t l • 'r i c G i w t  cat t le . V ial ( 'I ')C. ' )  und A f i f .i. und � u l i tOC:Ut ( 'l �;l'l ·t ) 
repol' l o d va l u c;t.; o i' 0 . 1 0 am! 0 • . '/J , respe c t .i. v e: ly . Qui L e  lartSe de v iat i oH.s j_ J J  
wean.i.ng w e 'i. c:h L tJ e t w e en calves grouped acc urdinr; t o  sire we re no t e u. by 
High t e t  ul. ( 1 9'1.) ) in a rec iprocal c ross b r e e ding experime n t  us ing data frorn 

the saure loca t i on as t hose used in this s t u dy . 

lV . Genet ic , Environmental and Phenotypic C orrelat ions 

In Table 4. 1 5 t he est imat es of gene t ic , environmental and phenotypic 

c orre lat ions are given for each of t he six populat ions studi e d .  As several 

negat ive heritability est imat es were inclu�ed in the result s , only one 

gene t ic correlat ion for the Friesian b ulls and four genet ic c orrelat ions 

for t he Angus �nimals were calculat e d . Where e it her or both heritability 

est imat es were negat ive the phenotypic c orrelat ions were s imilar i f  not 

ident ical to the environmental c orrelat i ons . 
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:'able 4. 1 5  Est imat es o f  genet i c ( G ) ,  environmental
a ( E )  and phenctypic

a 
( P )  

sorrela t i ons and s t andard errors for the genet ic c orre lat i o ns 

Pop u la t i ._•n C orrela t ion 

Breed  

Auc;us 

Frieoian 

Friesian 

Age of do.rn 

( y eo.rc ) 

3+ 

2 

j+ 

j+ 

') '-

3+ 

Bir t h  we i ght 
and pl'e -weaning 

u;row t h  rat e 

Female 
( ' J u 
E 0. 1 0 

p 0 . 21 "' 

c b 
E 0 . 06 
p 0 . 1 4 

G b 
E 0 . 24""" 

p 0 . 1 9""" 

Birth vJ e i ght 

and wean ing 

w e i gh t  

calves 
b 

0. 49 """ 

0. 40""" 

b 
0. 1 6 
0. 26 """ 

b 
0. 5 1 

,. ,.  

0. 50 .. .. 

Hale calves 
G 1 . 06 + 0. 20 1 . 07 + 0 . 1 1  

:r� -0. 01 0. 20"' 

0 . 43
""" o . G1 

:,: ;,-
p 

G b b 
.. 0. 1 4 E 0 . 27 

p 0. 07 0. 25 "' 

G b b 

E 0 . 1 8 """ 0. 45 """ 

p 0 . 20""" 0. 47 """ 

a Signi f icance levels t est the hypothesis : r i 0 
b 

Gene t ic c orrelat i ons were not calculat e d  due t o  

.. 
sign i fi cant t h e  5% level = at 

"' "'  
signi f icant at t h e  1% level -

Pre -weaning 
growt h rat e 

and weaning w e i ght 

1 . 06 _: 0. 25 

0. 93
""" 

0 . 95 """ 

0 . 98 + 0 . 29 
0 . )19 

0 . 98 

o . ij8 + 0 . 29 

0. 90""" 

0. 89 """ 

b 

0. 95 """ 

0. 9L�""" 

negat ive sire c omponent 
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The s ·  ��::'.e cene t ic .:; orrelat i on calculated between birth we ight and 

· '·�·.;; -·"''-"''-lllr�e.: .::owtJ1 !''C:..1. e was for t he male Angus c alve s . The est imat e o f  

� . �6 + 0 . 2 0 � �gg� a t s  c hat sele c t i on f o r  e i t h e r  t rait would have a large 

n.: SJJOHSe i.r1 · :.� ;:t:Jdit ;_ v e  c;ene t i c  value of t ne o t he r  ': ra i t . The c orrela t i on 
:_s 1ar la1·b0�· dJcd:  t £ 1 •..: we i_ghted average es t -i mat e of 0 . 38 given by Pet t y  and 

Ce:u· t 1vright ( i 96t. ) and. t he e s t ima t e s  of 0. 1 U for feiWL.:. es and 0 . 28 for males 

' or Hc:re forcl.�: ill J'! c d' 1'cJ.ska Giv en by Koch e t  aJ. . ( 1 973 ) . 

While one s mall non-� i gn i f i can t negat ive environmen tal c orrelat i on 
'"ac f o u.nd Jor the: il. t q;us ntule c a l v e s  ( -0 . 01 ) all o t he c envir onmental c orre-
1 a li on� i' m: L b l!  t \ -1 0  ::> i r 0  breeds were posit ive anJ ee::uge d  from 0 . 06 to 0. 27 . 
Pl!c:notypic c u r -rela t i u ll:..; v1erc also all po�i t i ve ( 0 . 0'/ t o 0 . 43 ) . Phenotypic 
c o rrelcJ. t i o n L  i J e  t.vJt:: 8 tJ r .ir t ! t  w u i gh t  and lJL'<; -Vi l!anins g1·ovJt h rat e  vw r:- high e s  L 
i.n the f\.!l[';ll...' Or'e13 L[ , VtY' C i C l l larly for !lla l e a  Where il ]1 i.gr1 gen� t i C � O rrelat i.O!l 

\Ji:l.S pr �se:nt t- e L w 0 211 ! . n0 b -J O  mode ra t e ly hc.c i t al.Jle t ra i t s . 

'l' h c  �:J e <. u 0 1 • .)' i J L ·.: c ort ·elat i ons b e L vJeen b i r L h  w e: � dl i  .. an d pl·c-·. :  :::tu iug 
,·;.t·mJ L ! I  l'd. L t;  i .H L l : i u  i J LVC0 i. iga t ion are _i_ n a.c c o r J  \·J i t n the e st imat · ; i_'; LV Ed.:. · "  

'..; ' l� f J L e r  '!.'wo t vr J : J ' l. '  ; :: .. : l 1  b e e f  b re e ds . 

l' i t -:: o n lJ (';:.;i; i : r a t e  a .l' t he gurw L i.c COJ' t.'t:lu. t ion �le ': weun t. l w ::;  1. H O  t. un t. ::; 
,Ja�-� c u. l.c u la l " .J f u c  ; : . -; u.J b ull!:� t hat :::; i n; J  Jllale cal v c<o . �'l i r; e � � i! t . "t t e  wu. . ..:> 

n i e;ll � 1 . U'/ _:_ �. J . 'I ' l ) . .  : J LI. v u:,y c l o.s c: L o  L l i t� 1 ·; : ; n e L i. c  c o1 x ·ela l .L u n f o 1 . ,  J be ': \v e <:.: I J  

lH r t l t  w e i t.�Y  t u. n d  J l ; · e -wu<.u1 i _ng grow L h  ra l e  fo1· t ltG s.::.ut e an iw:d .. ::; .  'l iw est 1 -
ll l<..t l, ,) o h l a i u c: �.i i t l: l ' l '  .( . ; c o t J � ; i d c raiJly l.U L't;-.: ; '  t l t;J.tl t ho;_;c o f  V t: :':; l ey a : ; J  Hob i ...; Q i t  
( '1 �71 ) ,  Koch � - ( ' 1 ')'/j ) ru1d t he weiL�ll L e cl  av ertlge o i'  Pe l t y ru l d  C a r tvJ ri. c;J L l; 
( '1 96G ) whi cb u.ll c o ve re d  L he range ol' U . 41 t o  0. 58 . Dunn et al. ( 1 9?0 ) 
report ed h i�l1 es t J. ! Itat. es of 0. 84 for feuale calves ruld 0. 91 for ma l e s . 

The environmental c orrelations between birth weight and weaning 

weigh t ranged from 0 . 1 4 L o  0.50.  The lowest est imat es we!'El for the Friesian

sired calvos from 2-year-old darns and were non-sign i ficant . The larger 

values for the Friesian-sired and Angus calves from older dams ranged 

from 0 . 20 to 0.51 aJld were significantly di fferent from zero . 

Est ima t es of  phenotypic c orrelat ions between birth weight and weaning 

weight for bo th sire breeds where calves were from 3- to 1 0-year-old dams 

were of similMr order ranging from 0.47 to  0. 61 . The highest phenotypic 

correlat ion was for Angus male calves and was associated with the high 
genetic correlati on between these traits. Lower phenotypic c orrelations 
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'" f --:-·e fsu.nd fo:.." Frl esian-s ir-=d calves frcvn 2-year- old dams of 0 . 26 for males 

. .  ·.- ".l.� !._ 'rlt: i e;l:. gi v en by Pe t :� y  and CarbJJ. · .igh L  ( 1 ')\)6 ) :,':d t he est ima :.. e r; o i  
· ---' ..: i. a.L ( � ')'(!J ) , ;f c .:,ley .:.�.nd Rob ison ( 1 9? 1  ) and Kod' 0 t al . ( 1 97))  w e r e  

i:..J..�l \N . [ : i.n '' ll:C raHI_"l: v l' O . j) t o  o . G4 . TL(� o;::;t i :na t L:t: r:-b caine d .in t . •  · . . s preBC.il l: 
:: c . ..t:.jy ,,, <C r e  t h .; r e 1 on: .L t l goot.i at;reement v. i t h  t r• . .  Jal u c. · given by t L -::.;c c.tuth ol·;:; .  

' L'i t �  C:ClJ.t.: t i c.: c on·ulat i ons b e t w e e n Lhcse l ra i t s  'vJ·.: re 1 . 0G .::: U .. 2_:;; and. 
0. 2.9 "c>J · k : .�LtB i'ernales and male s , 1·espec L i  v.� l.J' . A l ower es : :.mat e  v.;a s  

•, J . o>· t 1.1 . 0::. '_; _:, 'l'} n ;  c.; L ! V il'OlliiJ e!ltal and yLe J : o t y p i c  c or ·. ·ela t i o.ns b e t v:r · : J '  �ral •'t 
· ' . P :  �· · , . •  _ . , � • , · · : <c• •  ; 11,� u.nd. v. ean.Lng vJ c; .i.t:l · .  l't.. J. 'l u e t w eeJ:. 0. 85 and 0 .  . : . .u. ·-. 

I , . ,__. � l  }_ ::_; !. ,._ ' r '  

.'. d. < . . 

�..�· .l' !_ t. � d J  I c . 

l�er;u.L t s  i'o.t· �.ltc; rec;re::>sion o f  lJ i r· L 11 w..-:: .L gl i L  O l l  :Jalll pot>t - c alv i r.g li ve

\·Jeigll. L iu st . .  , J..ic;h L lH·u d .l"ricGian and straight bre d Angus cat t l e  are shown in 
Table 4 . 1 6 . �ela'L i onshipe \vere c omp u t e d  first when all c alves bo:-n were 
inc l ude d and sc<.;onu \v!. cn only those c alves that had weaning r e c ord..3 were 
include d . 'I'h<:: .r·egressions were homogeneous over t he age o f  dam - years vJi th 
the exc; ept i or: L hat in the female Friesian calf st udy when only t hose calves 
weaned were c onsi der e d . In this exc ept ional case , an examinat i on of the 

I . 

•<� i l: h i n- c lass r8gress ion coefficients reveale d t hat w::�n ave.t·age d over years 

t he ree;ressions were posit ive in all age of dam classes , but higher for 

2-year·-old dams and highest for 3-year-old dams . Th � regress i on c oeffic ients 

:: ended t o  fluc t uat e from yQar to year . 

The pooled .1·egression c oe f f i c i ents of birth weight on dam post-calving 
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rable 4. 1 6 Res ult s from the r egression of birth weight on dam post

calving livewe igh t 

Poole d  regress ion 

Po uula t: i on Cctlf N o .  Test for Regression 
c o e f f i c ient 

( kg/1 0 kg ) 

Coefl'ic ien L o f  
de;- ermina t ion 

'I 

NS 

A 
B 

Cc: X 

A l"ial<= 

A _r e:n1.:...l e  

Li !vi;; 1--: 

b 1"· ·" •.'! 1 .;  

!\. l'·'i.:J .i .; 

A }'t · ' ' •i.t lt.• 

h H<-t 1 c1  
B .b'uu: . .  L e 

c ow - calf homogene ity 
pairs ( Signi ficance le v e ls

1
) 

Angus c ows and calves 

1 82 NS 

1 �jb N0 

,.- ,· 
N C!  '] eo "-' 

'1 53 NS 

F1· i e s i �n C OltJL :A.lH.l calve:s 

c'i j N�; 

1 ) ' i  I , .  "' 

"! '/0 N0 

1 Vl 

0 . 1 1  

0 . 07 

0. 1 0 

0 . 06 

O . lt•/ " "'  
. ...- 'f 'f'  U . _5o 

0. )8 """ 
0 . 37' . "' 

(R2 %) 

o. G 

0. 3 

0 . 5 

0. 2 

1 3 . 5 
1 2 . 0 

9 - 5 
1 4 . 5 

.S i e;n i Li. c t t i tcc i o J i c u L v.c ;  the regrec;_. 1 . 011 t o  Lie het t:l·o�;eHo.: o us O V 8 I.' t h e  �bt:: 
Of darn- yulrS 

= signiL;_ciJ.rl t  u t  t he �% level 

-= not s igni ficant 
= all calves b orn 
= t h ose calves t hat had both b irth and weaning r e c ords 
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livewe ight we�e seen t o c hange very little when those animals without 

"JE:a..ning recor�. 3 were inc lude d. Marked breed differenc es for this relat ion

� � if were pre�ent as t he po0led regressi ons showed larger , highly 
· i .� .. n �' i c ant assoc iat ions in Friesians and non-s i gnificant smaller assoc ia

. _ · .... .  :.. in the Angus ln·e e d . The se findin�;s indi c at e  that heavier Fr:..esian 

·�
·
.ct,!tS gave b i r '�h e o  heavier ·::alves such that for e very 1 0  kg di f fer<:::nc e in 

h .'fl ro.st - calvi.ng l i vewe i gh L  there viaS abo ut a 0 . 4 kg differen c e  in b irth 

·.·:�' ��.::r� t ,  while l igltt er· .;w d . . . ..:avier Angus darns gave birth to calves of more 

j lm�lar we ight s . �he result s show t hat every 1 0 kg inc reas e in the post 

·; .:J.lving l i ve•� e i gh l  oi' Angus c ows was assoc iat e d with ab out a 0 . 1  kg 
.:.ri<.; rea.s e in t he b i r t h  wcie;llt of st raight bred Angus cal ,re s . 

rrhe C O <;;" U'i<.; ient s of de t er·rninat i on in 'Table 4 . 1 �  show qu i t e  c learly 

\ j a.t darn liv <J �J c .ight di f l' e l'Clt C t�S c o uld ac c o un t  for ler..;.s of t he van.a ::.. lon lH 

.:. irth w e i gh t  i_ , ;_  Ant; u.s cL.t.lvc-s ( < 1%)  tltan in F.c i e s i'-'.n calv es ( 9 . 50 t o  

, L . • :- -. , v } . 

'L'ht8\: ,_· J.J Jd.i.nl;s I' ur the Fr iec; i an ureed are in : r_;od agre emen t. w i -c h  

: ,;; < r te.L· �..:.· ( 1 <)6d ) 1vl10 repo1· t e d  a 0 . 34 k g  inc reace i n  b irth VI•. igh t  per 

• ,-, : · . : �Hcr·eC:J., · ·· in c uvl l J. V e\:<::· i t:;l t t  in Ji'.cieG ians and , 1.; t ' i  ru 1 d  S olirnwt ( 1 9'? 1 ) 
.,,] , c ;  calc u.la l: ,  L� a c o.crela t i o rt b e bteen t he tvJO c l tat·;;.t.c b'r·s o f  0 . 41 , nlso in 

'1'11 � L . , . , ; , Lll: . v_· L a. .i.Hed !w 1 · e for t lJu An [j • ts b n� e u  ;_rH.lica l e ,  t h<t l ·Jam 

po: ; L - r · <.<Lv i1q .. t. ve �J <� .i:) t <wd lJir·th vJe .i.gh i vl 0 l " e  tW L as c losely rela t e d  as l: hc;y 

�·J > · .t · ·.: i t • o i. ! J < :  ' ' tA c t i c s  o l"  A rt 1 �uc c at t l e . O ' Mary and H l .lers ( 1 976 ) n�po.c t e d  
a c ,) , J ' t: Lid :: v  < . d: w c.· <;ll J.::;w ' i v e �Je i c;l t l  and bi. � · L h vJ e ig] l , v £  0. 34 in '-'- Gtnull 
a t un l.J , , r  of Au,�<.t.J a.n.i.ntal�> . .l:lel1 ows 0t �:�.1 .  ( 1 9'! 1 ) founc � a c owp<:U'I:l.ble c orre
lat ion of 0 . 42 for firs t - calv ing 2-year-old Angus dams . The c orrelat ion 

and regre s s i o11 es t: i.maL e s  for this relat ionship for the Brit ish bee f  bree ds 

in Chapt er Two in general indicat e  that dam livewe ig� 1 t  and calf b irth 1t�eigh t  

are more frequent ly more c losely relat ed than t hey were in the present s t udy . 

However , it is likely that if c ows are all in s imilar body c ondit ion then 

the relationships between dam liveweight and calf birth weight would be 

smaller thar1 if cows were more variable in body condit ion. This fac t or 

may in part acc ount for some of the variability in the assoo iat ions shown 

in Chapt er Two and the negligible port ion of the variat ion in birth weight 

that c ould be explained by dam livewe ight for the Angus bread in this 

present invest igat ion . 



The regressi ons of weaning weight on dam post -calving liveweight and 

w eaning v. o ight on darn livewe ight at weaning 
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Included in Table 4. 1 7  are the result s from the re gress ions o f  

'�eaning weight o n  darn post - calving l i v e w e i ght an d  of weaning we ight o n  darn 

liv ewe i ght at weaning. The regress ion c oe f f i c ients wer:e all hornoe;ene o us 

over t he ag0 of dam-y ears apart from the re gress i on of weaning weight on dalll 

post - c alv ing l iv ewe ie;ht for Angus male calves . In t he exc ept i onal case the 

resress ion '<IC..S large and pos it iv e for 3-year- old drunc , c onsist ent ly small 
and pos it i vt. ior the older darns and variable from year-t o-year in 2-year

old darns b ut with sn1all n e cat i v e  c o e f f ic i en t s  be ing more fre quen t .  

Tl1e pool e d  regression c oe f f i c ient s for each sex of cal f in both t he 

Fries j_CJ.n and Angus b r e e ds show t hat t he relat i onships \..rere s imi lar for t he 
t w o  J.am l i v ewe i gh t s . For the Angus animals the regressi ons were :;igni f i cant 

for male calves , b u t  not for female c alve s . In t he Angus bree d  darn pos t 

c u l v iltg l i v �iJ e i c;ht aJJ(i darn l i vewe ight at \veaning c ould ac c ount for 6 . 6% and 
� . 1 ,�. •.) f L i te v ar j  .. a l i o u in wc;,aning we i ght o f  fllale caJv e.s , respe c t i v r• ly . 'I'hc 

JovJc:: L '  l 'oole ::J ccc;rt:.ssion for the Angus r ! ID.le calves us ing darn l iv eweight a t  
•.vea.ni.. 1 • 1·; ..; uk._';<= 0t.s t h o1·e \vclG a .small ll e t:;a L iv c  r e l u t iollohip be t we en Lhe we i gh t  

(;i..1 i l i S  o r  L k'  ' ll(;m,; C O \�S atld t he gains ol' :nale co.l ves from calv int; t o  

V..' ·-·aJ J :i..J t . >  J.> u n  .J.. .i.. v e \..J e i t_:;h t s  could ac c o unt for le;s:::; t han 1 %  o .f  t he v ariat i on c �1 

\Je:..; l l  i r tg \J<.-:i 1 ·itl o f  F.t· :i.. e s ian calve s . 

'l'ltc , ·e lc..t i OllSh ips between weaninp; v1e ight and dcun li v e we igb t ill  AH gu . .  

ani.11 1<.d.E-J :..; lw1r.r L ltal e v e1·y 1 0  kc; increase i n  pos t - eal v :i  1 1c; l:i. v e\v- e i ght o f  Angus 

c ovJc v1uuld ue �<m;oc iat e d  w Lth small .iHC I 'E:uses .i n  w e .: .. w i.ng WJ;J igh t o f  rnale 

t.: ul v c t...> or t l t� order of o. i1 t o  0. 5 kg , dl.)pending on vlltich daJn livewe igltt was 

used. 'rhere was also an indicat ion t hat the rela t i onship f or Angus mal e 

calves was c losest for 3-year-old darns . The weaning weight of Angus f emale 

calves was not signi fic ant ly relat ed to darr: li v ewe ight . 

Tanner et al . ( 1 965 ) found a 0. 85 kg increase in weaning weight in 

Angus calves per 1 0  kg increase in dam liveweight . Other published regress

ion est imat es for t his relat ionship in Chapt er Two ; most of which have been 

obtained for Hereford cat tle , show 0. 44 to 1 . 1 8 · kg increases in weaning 

we igh t per 1 0' kg increases in dam liveweight . Therefore , while t here was 

good agreement in t he present st udy for Angus male calves , t he low est imat es 

for Angus female calves were different from the lit erature values .  However , 

as shown in tho review of lit erat ure relat ing t o  Hereford cat tle , ih 

addit ion to the regression relat ionships a number· of workers have calculated 

near zero correlat i ons between calf weaning weight and dam liveweight 

( Gregory �. ,  1 950; Brinks et al . , 1 962 ; Singh �. ,  1 970) while 



�egressi ons of calf weaning vJe ight on dam post -calving live

· re.:_g;ht an d on dam l iveweight at wean1ng 

Pooled regression 
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Bre e d  Calf 
�ex 

N o . 
c ow - calf 

pairs 

'l'est for 

homogene ity 

( signi ficance levels 1 ) 

Regression 
c o e tf i c i ent 

( kb/1 0  kg ) 

Coeffic ient o f  
det erminat ion 

f 1'2 ol ) \ � /0 

.. �:r1gus Female 

Angus Hale 

Y e  i � :::; l.an .G\::rr,:.t.Lt= 

l".c l. e s ian M·- I "' c;.. _ _  ,.,. 

1\ll(::U . .Fe rna.lu 
}\ J ! J •;u.s jv) : I J. l.:  

Y r i e :c.- .i.c.tn :'fC !t1.:..tlt..: 
.i•'r i e;..; ic.tn !Vb.!.. c. 

I .  'l'he .regression of calf weaning weight 
on darn post -calv illg li vewe ight 

'1 :,!3 NS -0. 06 

1 GG 
... 0. 53 

.. 

1 G1 NS 0 . 1 0 
"' 

1 r(Q NS -0 . 06 

I l .  The re�;;;:ce:::;sion or calf lt/ e a n .L D).� we i.p;ht 

O il  darn l i vevJe ip;h L :x L v1ean ing 

i 'J3 NB -0 . 01 

1 l)J N:..: 0. 3G"' 

1 �; SJ N ....: 0 . 1 0  

1 C8 N S  -0 . 04 

0. 2 

6 . 6 

0. 3 

0. 1 

< 0 . 1 

U . 1 

0. 3 
< 0 . 1 

S .i.gni..:.tcanc e inuicates the regres�;.i.on t o  be het e.rogemJous over the 
age-of-dam-years 

NS - not s..Lgn ifican t 

significant at t he 5% level 



others have report e d  this c orrelat ion t o  be low t o  medium ( O ' Mary et al . , 

1 9�9 ; Tann�r et al . , 1 965 ;  Je ffery et al . ,  1 971 ) . 
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The :?indings for the Fri esians t hat post -calving livewe ight was 

�o�lt ively absoc iat e d  w ith calf birth we ight , but not relat ed to calf 

we�nlng we i1�h t  s uggest s t hat there was a negat ive relat i onship b etween cow 

liveweight :1nd pre-w eaning 5rowt h  rat e . In the Angus bre e d  the absenc e o f  a 

c igni f l c an t u.:;.:;;o c i a t i on of dam post - calving l ivewe ight with b irth weight , 
but a s i gnifi cant pos i t iv e asso c iat ion with vreaning weight in male calves 

s uggec t s  that pre -weaning growth rat e in males was posit ively associat e d  

with c ow l i vewe i ght . Despit e t h e  large liveweight changes t hat occur in 

Angus c ows be tween calving and weaning , the relat ionships b et ween \'leaning 

w�ight and dum post -calvi11g livewe ight , and weaning weight and dam live-

wclJt t  at wew tlnc were e ssen t ially the same . 
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CONCLUDING DISCUS S I D N  

T.he gene '-i c parame t e r·c: f o r  product re t rai ts i s  

Wh 1 e then.' 

' .:::mal L :- _ - .-,_·!_. of �.nfo rma t i o n  of t hi s  nature bc....sc on New Zeal. -. :ia tr, 
· ::..r Bri ti::.-.11 ,··c: _· br� bd ...; , 1,tere is a need for furthe::r ·-:s 1 . i ma tes • 

. · Jns i d.u::·a t :_ :;r .�w> t a L: o  be made o f  the gem ti c  pa r &.;ue t e rs 1..rhe re o -� "lO r 

_._, arn l>eine- used as s t ro._;_ :ll t breU.s or .::-1 . ro s s i ng 

'� !�"' etnaly s es repo rted hen:: we re c on d u c  , _,d with t he :Tin .. c 
� - >�i t... c t ·i. ve of -::a 1 G u l a t ing e s ti ma t e s  of the heri t u u ili 'Jl ('?S of and gc1 et i c  

, ! _:>:bPnci·· -:;::> i. co rrc J.D. t i o m. umong b i rth v1r-; :: ·:h t , p r e - eaning grow t' · ra te 

:! jlt .i n s traigh tb red Angus - and l<'r i E: � - ' l i-s i n�d ca lvc• s  uslng 

r · - 8 !. ' ! �  . . - . .  l components ol' va 1· Lancc a nd C ) l'<- r j_ance • 'l'h· ddiO.S 
. r ._ 'J ' .- -o · ·· ·1 ( • : : · • · . • u l ] s  wer,� llli.i t ed . . .  ; _·,_ n rud oruiu t. � .L y .hig!r rn.j_ 

. r:.i. wt :·' · ·  · ian : . .  •.� Fri0s ian- c r o s s  t · r nr.; s  v-rj_ t h  a f:: 11 number o · 

f j_ .{ ·" 

i_. l '  . 1 j t;·  

. .  ; •.....: r •c' .  

. ... _ ..... 

·· :.�·:: · ( r t t • : ' ly P...m eri can ) and 

l : i  1 · Ll t  1 1ei  :L L f o r  Ang!J..S 

· . .; t  i rLu L · : � ·  . · ..:· 1.: tletenHinc 
; ,,. d l  ·, · '  vm .i '-, • 1 '<) f> pe , .  t .i  V (·· J y .  

· J v · · n , the L 

. t !J " Ve rs ea-3 
:_ . .-: � ny lri_ · :· .:!: th:-"tn pub . 31:·-

� · :c s La ndartl •. ' lT Or::J 

· ; t�-<" . '�'!11_ ,r  Li m: t  t c: ::.;  c•f i tEn�i. La b i  li ty ! ' o r  "Lhe A11ru- · ' re ed l'F� port� '.l here 

n··..: ! 1 0 1. .Lll �-.:_,'. l� OlllU!l L l< .i. rh c-l l O :J ()  s t udies w td ch � ) ' '," ' c . .  L b u t  ltC' ri tu.r\i lj  ! . i e'-.l 
for calf grc: Lh t rai i.f:l are hi ghe r for the f e ma le seY . Poo ling c& lf s ex es , 

' Wri ta b i. l i ty e:.Hi ma t. e s  f o r  th e Angus ind i v i d] als we er 0 . 05 , 0 . 24 ' nd 0 . 32 

f o r  bi rth w e i ght , pre-llr-:ar>·t.ng growth raL e  an d  weaning weight , re, pe c tive ly , 

,n"- we r0 asP- o c ia t ed wi th c- L andard e rro r of the urci<- ' of 0 . 3 , the re by 

placing li t t le reli a b i li ty on these es timat es . 

Puuli s rp:, os 'Jim tcs of the he ri ta r " '_ i t ies of ' �f growth rat · s in 

P::: �_ h3i�ms ar·· few ami tend to be highl� , u·i. able . he f i nd ings of s ome 

1-�o rkt.Jl':.:' who r tudied s traightbred Fri eS .!.an Cl:l. t tle (Af ' fi and Soli ma n ,  1 97 1 ;  

•las on Q.:t al . .  1 972), and others w orking w i th ca lves f ·  )TU. Angus-Hol s t e in dams 

and si red by !le refo rd. bulls (S t ou t  et a l . , 1 970 ; Wi lsan e t  al . ,  1 976), 



leave no reas on to s�spect that  heri t abi li ties of calf growth traits are 

any different where calves are from high milk-producing dairy x b eef or 
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dai �J dams tha n  those ob t�ined f rom B ri tis h beef breeds . In di sagre ement 

'1J'e the f indi ngs repo rted by Via l ( 1 962 ) and H o d ges e t  al . ( 1 961 ) .  The 
p o o led e s t ima t8s f o r  the Fri esian-s i red calves in this s tudy were near 

r� c' rO f o r  all three t l-ai ts and s ugges t that ge netic improvement \vOuld be 

v e ry s low . As tile b ulk of evi denc <=; s ugge s t s  t hat ma t erna l  eff ects d o  not 

affe ct the OXlH'essi on of s i re effe c t s  on ca l f  perf o rma nce and as large 

sire: effe c l :.:.; on o f f s p r i ng porfo rmu nc e at various s tages have frequently 

bt) Cll observed. us ing lo' ri es i e:m b u l ls ( Af ifi and S o li man , 1 97 1 ; Mas on e t  a l . , 

1 97 2 ; Higt..t e t  a l. , 1 97 3 ;  Da l t on e t  al . ,  1 97 5 ;  Everi t t  e t a l . , 1 975)  

the n  the es U_nl;l t e s  cal culated here f o r  Fri es ians may have been bi ased 

d mmward b e c au s e  of s .:1wp ling e rro rs , uncl p os s i b ly from intent i onal 

3 e 1 cc t i on f o r  m i B::inc; a ui l i  ty . 

The ge ne 1j c c o r rela t i ons be tween t rai ts wi th pos i tive heri t� Ji E t ies 
were all ·�l v ...; e  to the the ore tical up _t; r limi t of one . 

pr-:::-v1 ean iniS cro1-.r L h  1·a te and \vG<.:<11ing wei �:;h i.  11erc the 1 ·ef o re s irni la:r t o  
l j  t ('rature v · •.l uc : >  f o r  thi s re l a t i o ns h i p .  The gen e ti c  corre lati L .lS 
h,� L w e en bi l' L i t  v1 e.i ._;il  t <mci pre -\Jeaning r.:;-r uvith ra t e  ami birth w e i ch 1 and 

\JC;:J.rung 1vei g i:1 t 1v e ro far hi gher than mo[: t pub l.i :::h od •: 2 +;ima t es . 'l'ne 

· :  L uHl ard u rro rtJ f o r  Llk· gu nr;ti c co rre l: t t i o n. :  w e re la rge . Ne ven .. :1e les s , 

U t l' .ce was Tl'J .3 U •/•; :..: h. cm of gen et i c  an t aconi s ms . I �  s o  fur as bi rth 

of l. l t < �  j_nhe rro, n L  a l >i li ty of the pre- ancl po� L -na tal 1 oung Lo respond to 

f t : eu i n tr, - L l ttm i L  cCJ 1 1 ld 1 , , ,  r-:x pe cted L h : t l, ma ny oi' t !  nwne 13·em:s W' Juld 

� L· , · ,_ · c t  bu l. ! J  dlit .C<.t •. · L c • l';.J . 

'£he non-s i gn i f i can ce of in t {�ra ct i ons of s i re wi thi n  year w i t h  ma ti ng 

group w i thi n year .2nd, in al l but one exceptional cas e whe re bias was 

sus pe cted , the absence of s ire x age of clam w ithin-year i ntera c t i ons 

indi ca te that genotype-envi ronment interacti ons of these kinds we re not 

o c curring . In teractions of s i re within year by d a m  breed we re also non

s ignifi can t , wh i ch is consis tent with a maj ority of o ther reports out lined 
in the review of li terature, which have �ugges ted t ha t  diffe ren ces of 

s pe cifi c combining abili ty in birth weight , pre-weaning growth ra te and 

weaning weight  are small . 



C onclus i-:re inf orma t i on on gene t i c  parame t e rs  f or b e ef cat tle in New 

z,';�_land requ.:. �·::s tha t  fur the r  investigati ons be documented , particularly 

-"' o r  cru.Js brc. uJ.ing sys t ems , as i t  i s  like ly that these w i l l  play an 

_i_rnpor t<:J.n "t r ·�<1 e in the f uture . The heri tab i li ty es timates pres ented i.n 

�hi;.; thes is s h ould be cons idered in conj tm c ti on ••i th the e s tima t e::: of 

o the r l"/Orkers . ThR e-en e t i c  a nd envi romnen ta l paranw t e rs reported he re 

prov:i. de inf u .rma. ti on on only a f ew of the m:1ny pro du ct ive t rai t s  of b e ef 

-:.:a t l e , and w ore :3 pe cifi cally , the he ri tabi li t ie s only ac coun t  f or 

i nd:i. vi <lu:.t l u.nd not ma t e rnal eff e cts on calf gr owth . C onsi dera t i on of 
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!::eme t i c and envi ronmen tal pa rame t ers of a l l  the p r od uctive trai t s  of beef 

ca t t l e  i s  n u ce s s ary bef ore op timal s e le ct i on s che !fles can be deve l oped . 

A s e cond purt of Lhis thes is was c on cerned wi t h  t he relat i onsh i ps 

Lle Lvr0 e 1 t  coH :.md ca ll' li v ewui gh t s . The re s ul t s  s hm·rcu that bi rth Wt�i gh t  
\J.:lS sig-nifi • ;:m t ly re lat ed t o  d am pos t - ca lv in g  l i vewe ight in s t raigh t b reci 

:•, r i es i a a  b u l:  11 o t  in s L :mich t b red .AJJI-';us ca t t l e . The regres s i on 

I•..: lu t i o nsh i;;:J indi ca tL:d th:..L t f o r  every ! 0  k c; i n c rease; in dam po� t-- (:a lvin.� 

JivVI'r o i ,')l t ,  Li:c th w eic-hi .i.n Fr.i.e:..; i an calv e s  W<J.S i n crc.�lsed by a ppr x .i. 1aa te1y 

: ' , '1 kg . L ·  1,1 : · !  .. ,,n·.: u rceJ. , d E.wl li v e w e icht vru :J n o t  r e lated t o  •re;_ · ning 

.e i c;ht . 
;o s imi lar re ati on-

' : • 1. ps \·><: ru /' • , LutJ 1 ' u r  f <511W.l G ca lve s . F. u .J th breeu.J , where po s i  _ ..._ \'e 
re l a L i u ns l J j ; w •.:; rc ca.l c ula t ed , t he re wu.J :; ome e vidence that CO IV - cal f  

As the c ·,ws vte l't.) 
• ' ed a L ii : , -; ,  ; ; in,  , ,ffl; c;t : ·  of <�o w  li vevJeigh l: rt: p o r t cd lw1·e should be : 
�·: ·ut: t..JIW !J l  .. : .i.!H.U • ;u Li ou o r  Ll 1 u ci'f o c t  of J•n tu r·.·: cow ::: L -: c . 
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P opula ti on 1 0' ? I -" I ._ 1 97 3  

Sire 
Breed 

P_ge of dB.L:l 
(years)  

Female calves 
Angus 2+ 
Fri esian 2 
Friesian 3+ 

Male calves 
Angus 2+ 
Fri es ian 2 
Friesian 3+ 

Trea t�s!ltS 
-------· _ __ ....... ---·· · -"···---·-

DY r'�'S&...� ::-· _... ·.: !.""': u� 

';;: ·� '  :!(':::5  c_ c. ./ 

3 c . . 005 :::: 2 5  
2 C . 000G 7 1  

3 C , 0035 2 4  
2 c . 001 1 1 4 
3 O . OC38 7 1  

All non-significant a t  the 5% l e·,el 

Err .. J r 
1·� E:3.L 3 � l,.:-... .:.,2 DF 

O . OC27 3 
C . OG45 
0 . 01 27 3 

0 . 01 7 4 3 
O . C062 
0 . 01 62 3 

Trea trr.1en ts 
v � = r1 " '' "ai'"' 1 l .a t::;::=l _ u � v. c.; 

0 . 0088 

0. 01 87 

0. 0007 

0 . 01 1 1  

Erro J.' 
DF 5 - ._:l .t ' ;  

2 2  0 . 005 0 

6 5  o .  01 91  

28 0 . 007 6 

6 5  0 . 0074 

;; "d 
� t:::;l 
H � 
H 

\.0 ...... 



TABLE I . 2 Analyses cf va.ri.:::!:ce � · ; -. - - , . . . . .. 

treatrr.ent s on 1\EE!Iini?" .. c �i.:� _l::::....�"�-::_�,_ _ ._ · r . .;.·�:_-_:.:_:._,� __ •. :::.1 -J. ..• �� 

Population 

.' .L . .  ::.l::_:_ . - I t . · J_ J "'; 

1 !? ' 13  

• I 

---------- -·-· ----· ·------- ----------- - ---

S ire 
Breed 

Arre of d w 
lyeard 

Female calves 

Angus 2+ 

Fries ian 2 

Friesian 3+ 

Male calves 

Angus 2+ 

Friesian 2 

Friesian 3+ 

Trs . , 'r· i:S  
- IIJJ' K�'Z�1 s·,:-:L�&;·s1 

7. ./ 

3 

3 

3 

2 

3 

·, q . 2  
4 36 . 7 
3C 6 . 2 

96 . 7  

729 . 1  

1 5 5 . 7 

All non-signifi cant at the s% level 

: Jr 

2 2  
2 5  
7 1  

24 

1 4  

7 1  

Er :.· c ·� ... 
1·1 �; hl.:. .-: 1 ·  iiir·_ 

'L'rea tr�e nt s E_r-rr) J.' 
---- · · ·....---· --· - ··- --

-· 

DF ��e a::1 s q·r.J.a L' \0 ' i.)Tr' '> . ,  
------ . - ·-- -----·-

' '  . 
c. ;  • ., 

.C}'.3 . 2 
5 5 1 . 3 

572 . 5 
567 . 3  

596 . 9  

'7: ./ 

3 

3 

3 

27 2 . I  2 2  ,.�03 . 4 

29 3 . 7 65 .:83 . 0 

305 . 4  28 305 . 3  

4 1 0 . 2 65 2 5 4 . 0 

. . .  (1} 

'iB . 
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APPENDIX I I  

I n  this appendi x  1 8  tables are present e d  where the analyses of variance 

are s hown for the model:3 used t o  es tima t e  genetic and environmental 

parameters . The excess number of digits in the mean squares have no t been 

::;uppressed , 

The foll•)wing signi ficanc e levels appear 

NS o. 1 < p 

( NS )  0 . 05 < p < 0 .  1 

* 0 , 01 < p < 0 . 05 

* *  0 . 005 < p < 0 . 01 

* ·lHt· = 0 . 001 < p < 0 . 00? 
*·X· * lt- = p < 0 . 001 
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S l R l � / Y E A K  1 

5 1 R t. S I Y u � t-< '-
S l R t 5./ Y t: A r. 3 
S l R E S / Y C A rt  4 
5 l k ( 5 / Y ( A K  ) 
S I K £ / Y £ .1\ r<  

D A M  A G E  
R E u • u A Y IJ F ti 1 i U  ti 
E R f\ Q R  

� 
j 

J 
.) 

., 
i. 

1 �  
� 
1 

1 2 1  

2 5 . l ·� � J j 2 N �  
l � d u u v u l 

'J • 2 !.; 7 '1 t:. 'J 
,! . { [:, ) 2. 0 1  
4 .1 7 J 3 J v  

1 u • 4 (J 1 1 ll 5 
b .  7 9 6 l u 9  �� � 

3 1.1 t 0 (. C ) J f ( I� � ) 
7 1 · 9 � 5 7 8 2 * 

1 3 d l � ) j (  

l e 9 6 

() . 6 7 
� d 5 
5 · 4 9 

� = 0 t l O J 4  

P = U . 7 9 '1 3  
P = li .t.J Y / 6  
P : U . 0 1 Y 6 

- - - - · - - - - � - - - - - - · - - - - - · - - - - · - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N O •  A N I M A L �  1 4l 3  C u V A R I A T E I 
M (  A N  2 t> · 3 6 �1 [ A N  2 5 o . 7 8  
s . u .  3 . 7 � S • D • 2 1 • 0 b \.0 -+>-
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(1' 0 5 5 9 2 7 * * *  
U e U 0 5 b 7 7  

1 • 4 b 

1 • . .il 

2 .  1 7 
4 t 3 3 
9 • 5 2 

i"' = U . i l b \1 

P = u . � l b b 

P = 0 • 0 1 2 3 
P = 0 . 0 1 !> 4 

P = O a 0 0 3 0  
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N O •  A N l M A L �  1 3 8 
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s .  0 .  

1 7 l e 3 l 
2 1 • 2 3 

1..0 \Jl . 
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1 
I. 
..l 

4 
s 
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E R R O R  

.. � u � d u 6 v 1 u  � � l o () 9  � = U o 3 6 ) 4  
j � .  ( 2 � 4 '} 4  

J ..l 2 .:J o 1 3 d <J o '.l  
..l :> U . S U � f ?  
.) ! � � .  i •) ( j J 1 

� � ..) ) • 'J J j () l ; 
i 4 � (J j t 'f I� ·� 0 t -} � �  1 . ... 1 r' = tJ . l 6 l d  

) •4 j ( , j J � J l t.  
j ;! 5 � .  1 ( j ..,  \J 4 

..l 1 r t • 1 � ) ... � 1 
2 .!. 4 J • V 2. 1t � J v 
2. 1. 6 1-t . 0 1 6 '/ r'J  1 

1 )  -+ l 'J • 4 7 l l o :>  * *  2 · 2 4 P = O . O O 'J 4  

2. 1 3 0 4 . � 13 3 2 5 4  * * *  6 t '1 7 P = 0 . 0 0 1 6  
1 2 4 2 9 6 • 3 u 7 o 3 2 • • • •  1 2 9 • 8 4 tJ = o . o o o o  

1\.ll l :3 f o l l 1 d £ o  
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APPENDIX I II 
1 1 2 . 

'rABLE I I I . 1  Leas t  sguares means 1 for birth we ight (kg) a ccording 
to s i re breed , dam breed, calf s ex and age of dam 

Sire 
breed 

A 

F 

1'' 
F 

F 
F 

A 

F 

F 

F 
F 
F' 

2 

Dam2 Age of dam (years ) 
bre ed. 

2 3 4 

Female c:1lves 
A 24 . 8 j: 0 . 9 ��4 . 9 ± 1 . 0 

F 32 . 3 .±_ 0 . 6  

FxJ 

}<"'x (FxJ) 3 1 . 6 ± 0 . 8  

A 24 . 5 ± 1 . 8 

FxA 2 9 . 2 ± 0 . 9 

Male Cil l  V O S  
A 26 . 2 + 1 . 2 2 9 . 2 ± 0 . 8 

F 3 6 . 5 + 1 . o 

FxJ 2 4 . 2 ± 4 . 5 

Fx (FxJ) 29 . 3 ± 1 . 5 

A 3 1 . 9 ± 3 . 3 

FxA 33 . 5 ± I • 4 

Rega rd i ng the model as a fixed effu cts mode l 

F = Fri es ian; J == Jersey ; A =- An · ;us 

' 5 'l 

26 . 6 ± 0 . 4 

28 . 3 ± 0 . 4  

). 3 

3 3 . 8  ±. 0 . 4 

3 3 .  1 ± 0 . 5 

33 . 3  ± 0 . 9 

2 9 . 0  ± 0 . 5 

2 9 . 8 ± 0 . 9 

36 . 9 ± 0 . 4 
3 5 . 7  ± 0 . 5 

3 5 . 5  .± 0 . 9 

3 1  . 2 ± 0 . 5 

32 . 5 ±. 1 • 1 



TAB LE I I I  . 2  

S i re 

breed 

A 

F 
F 

Dam
2 

b re ed 

A 
F 
FxJ 

Leas t sgua re s means 1 for pre -weaning p;row th rat e (kg/day) 
a ccording t o  s i re bre ed , dam bre ed, calf sex and age of dam 

0 . 78 

') {_ 

+ 0 . 0 1 

Age of daw3 (years ) 

3 4 

.F\mn l e ca l v es 
0 . 67 ± 0. 02 0 . 67 ± 

0 . 85 ± 0 . 02 0 . 84 ± 
0 . 8 5 ± 0 . 03 0 . 8 6 ± 

0 . 03 

0 . 02 

0 . 02 

1- 5 

0 . 7 3  + 0 . 01 

0 . 86 + 0 . 01 

0 . 85 ± 0 . 02 

E' Fx (FxJ ) 0 . 8 1 ± 0 , 02 0 . 8 5 ± 0 . 03 0 . 9� + 0 . 04 
F A O . 'iO ± 0 . 04 0 . 7 2  ± 0 . 03 o . 75 + 0 . 0) 0 . 79 + 0 . 01 
:F' J!'xA G . 1'7 ± 0 . 02 0 . 82 ± 0 . 0 ) 0 . 87 ± 0 . 04 

JV!a le ca l vP..J 

A A 0 . 6 5  + o . o� o . 7 5  + o . o� o . 78 + 0 . 01 

1 1  3 . 

F F o . 0 + 0 . 02 0 . 9:5 ·t- O . G ! 

2 

3 

1•' FxJ O . b5 + 0 . 1 ? 

]!' Fx (FxJ ) 0 .  ()(3 .:L 0 . 04 
p A 
F F x A  Cl • •  ' l  0 t 0 . 0 )  

Rec;a rding L he mo u c· l  u s  a fixecl e ff u c t s  ll!och� L 

b' -= l•' r i  es i an ; J J o rs ey ; A :::: Angus 

Average age a t  w ean.ing of calves f r ow 2 -yeu.r·-o.!.d clwn:1 w e;.:..; 
approxima t e ly 1 90 days 

Average age at wean ing of' cal vc s fr om 3- tu 1 0-year-old dams was 
approxima t e ly 1 70 days 

0 . ) "7, + 0 . ·  
,. ...... '-) 0 ,j · " � j + o . u: 

O . R2 -+ O . L r l  
(j  • �-<,{-\ J . t ' . 



1 1  4 .  

TABLE II I . ':5 Leas t squares means 1 for vman i ng weight (kg) a c cording 
to  s i re b re ed , dam breed, cal f  sex a nd age of dam 

S i 1·e 
b reed 

A 
F 

F 

Ji' 
l<' 

F 

A 

F 
F 
F 

Dan/ 
bre ed. 

A 

F 

Ji'xJ 

Fx (FxJ) 
A 

J<' Y.Jl 

A 
F 
Fx J 

., t:. 

1 8) . 3 ± 2 . 9 

1 85 . 2 ± 3 . 8 

1 6 1 . 0 ± 8 . 6 

1 '78 . ) ± 4 . 3 

1 89 . ) ± 3 . 7 

1 54 . 6 ± 24.5 
�x (FxJ) 206 . 3 ± 8 . 3 

1 8) . 1 + 6 . 6 

Age of dam3 (years ) 

3 4 ) 5 

Feruu l<:· calves 
1 )9 . 3 ± ) . 8 1 4 1  . 5 -! 4 . 6 1 5) . 0 ± 1 . 7 

1 8 1 . 9 ± 4 . 1  1 ' 7 9 . 1  -! 4 . I 1 8 3 . 2 + 2 . 2 

1 87 . 6 ± 4 . 8 1 87 .0 ± j . 9 1 7 9 . 2 ± 3 . 4 

1 7 5 . 8 ± 4 . 6 1 8 9 . 6 ± 6 .  9 

1 52 . 4 ± 5 . 4 1 57 . 9 .:!.. 4 . 7 1 67 .0 ± 2 . 1 

1 6 9 . 5 ± 4 . 3 H�0 . 5 + 6 . 9 

Ma l e  ca lves 

1 4 1 • 5 ± 6 .  9 1 60 . 9 ± 4 • G 1 64 . 0 ± 2 .  1 

RegardinG the m·:,de _L LW u f ix ed d' f e ct:J utod e l  
F :." l<'ri C'S ..i.<JJl ; 

1 94 . 4 -:- 1 • q 

1 �):� . 2 i. 2 . '5 
1t3 5  . 8 ± j . ') 
1 70 . 0 ± 2 . ;, 
1 8'1 . 5 ± 4 . '/ 

A verage aee ut w oun..i.ne; of ca l v es l'r c•ru !-yeu r- u l d  d aDJs was ap pru x ..i. uta. t e J  y 
1 90 days . 

Averaee .'.ig'U a (. \'/C an ing or c:.t l v un frU ! l i  )- to 1 l l-yt ' il r- o l t.l  da!ll:J w u c  
a }Jpro d.UJLL iuly 1 ' ! 0  d :1y � . 
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