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ABSTRACT

Genetic and environmental parameters for calf growth traits were
determined f'rom data collected over a 5-year period at the Whatawhata
Hill Country Research Station, Hamilton, using least squares mixed
model procedwres. From a total of 497 female and 460 male calves sired
by 29 Friesian bulls and from Friesian, Friesian-Jersey, Angus and
Friesian-Angus dams, paternal half-sib heri:ability estimates were close
to zero for both sexes of calf. Higher heritabilities were calculated
by the same method using records from 179 female and 161 male straightored
Angus calves, the progeny of 17 bulls, and giving females first and males
second were: birth weight, -0.14 and 0.44; pre-weaning growth rate, 0.1Y
and 0.29; and weaning weight, 0.25 and 0.40. Because of large standurd

errors, the differences between calf sexes were not conclusive.

Genetic correlations between birth weight and pre-~weaning growth ratc
and birth weight and weaning weight calculated for the Angus malcs were
1.06 and 1.97, respectively, and the genetic correlations between pirc—weanin,
growth rate and weaning weight calculated tfor all individuals except the
friesian-sived female calves ranged from 0.88 to 1.06. Other gcnetic
correlations were not obtained because negative sire components of variun

precluded tneir estimation.

The ranges of the phenotypic correlations were: birth weight and
pre-weaning growth rate, 0.07 to 0.43; birth weight and weaning weight;

0.25 to 0.61, and pre-weaning growth rate and weaning weight, 0.89 to 0.Yis.

An investigation of cow - calf weight relationships using %40 Ay us are
404 Friesian cow —ealf pairs showed that heavier Friesian cows gave birth
to significantly heavier calves, such that every 10 kg increase in cow
liveweight was associated with an approximate 0.40 kg increase in calr

birth weight.

Regressions of weaning weight on dam liveweights showed that lleavier
Angus cows weaned significantly heavier male calves by approximately 0.45H k¢
per 10 kg increase in cow weight. The other associations for the remainin,,

animals were considerably smaller and non-significant.

The findings of this study suggest that where Friesian sires are used,
genetic improvement in calf growth characters would be slow and leas
effective than in Angus cattle. The genetic parameters for the Angus
breed compere favourably with the majority of published estimates while
comparable findings for dairy breeds and dairy x beef crossbreds are few

in number.
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S EZARTER 0N

INTRODUCTION

Zom foxrmelition of selection plans in livestock production systems
csgurres oo vaedge of the genetic parameters of productive traits.
forause gene”l: parameters apply only to the population from which they
Loz estimated, the practice of using parameters from one location in
¢other can be yuestioned despite the fact that estimates of genetic
rarameters for the same traits in different populations at different
wimes often show a similarity. Existing plans for the improvement of
Wew Zealand beef cattle are essentially based on genetic parameters
reported in American literature. While there is considerable need for
petter integration qf genetic improvement schemes with farming systems,
there is also a need for further estimation of genetic parameters for

rreoductive traits of cattle used for beef production under local pastoral

management if better selection programmes are to be adopted.

In beef cattle, measurable productive traits include those
&ssociated with reproductive efficiency, growth capac. .ty and efficiency,
carcass quality and meat quality. The increasing de awwiud for beef of
nigh quality, the current emphasis on the efficiency o production and
~ne availability of additional breeds of cattle have .2atributed to the
need to evaluate and compare numerous breeds and crc<ses between
established breeds for performance characteristics, as well as to assess
the potential for selection within the more »nromising recently imported

breeds.

In New Zealand a considerable amount of rese&rch interest has centred
on the production of beef from what have been traditionally regarded as
dairy breeds and from beef x dairy crossbreds. The main objective of
this present study was to estimate genetic and environmental (and
phenotypic) varameters for birth weight, pre-weaning growth rate and
weaning weight of straightbred Angus and Friesian~sired calves under hill
country management at the Whatawhata Hill Country Research Station of the

Ministry of Agriculture and Fisheries, Hamilton.

In a »eef production system, gains 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 birth and weaning weights in straightbred Angus and
straightbred Friesian cattle through investigations of cow - calf weight

relatioaships.



CHAPTER TWO

REVIEW OF LITERATURE

I. The Application of Genetic Principles

Genetic differences between ind:ividuals within and among the populations
provide a basis for genetic improvement, The concept of heritability in
both the narrow sense and the troad sense was defined by Lush (1940) and
has more recently been discussed by Touchberry (1973). Heritability in the
rarrow sense includes as heredity only the average effects of genes; in
tne broad sense heritability refers to the functioning of the whole genotype.
Heritability in the narrow sense can be used for predicting the response to

& single generation of selection.

Selection or restriction of population size may cause heritability to
change. 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

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

The relative efficiencies of some heritability estimators for sample
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.
Paternal half-sib estimates lie between heritability in the narrow sense and
heritability in the broad sense as the estimates obtained 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 sense. Lush (1940) and Koch (1972) have

discuased 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 uvetween 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. Wilson et al,
(1962; 1963), Armstrong et al. (1965), Petty et al. (1965), Swiger et al.
(1965), Vesely and Robison (1972), Dickerson et 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. Purthermore, the beef processing



iroustry is fuced with the ¢ o dculty of catering for a wide range of

cuosumer prefoercaces (Borton 1970a; 1974 ;. Many authors have discussed
sclection criteria for beef «attle (Carter, 1966; Cartwright, 1970; Dickerson,
1970; Ree and Barton, 1970; ickerson et al., 1974; Lindhé, 1¢74; TFreston

and Willis, 1974; Bishep et 1., 19/5; anong others).

Birth weight and pre-wcauning growth rate (and therefore weaning weight)
ar= influenced by the direct material elfects of the dam. In a review of
tectors associeted with milk production of beef cows, Barton (1970b) has
e: phasized the importance of tnis factor in affecting early growth of beef
calves. The correlations he reported belween dams' milk production amd the
growth rates or calves are generally high, but tend to decrease later in
lactation. Koch (1972) pointed out thual total maternally-related variation
hed been showr to account for 15 to 204 of the variation in birth weight,
and 29 to 38% of the variation in liveweight gain from birth to weaning (i.e.,
pre-weaning growth rate). The studies reveiwed by that author indicate that
maternal effects on birth weight and pre-weaning growth rate are of low -to -

medium heritability.

The composition of genotywnic relationshiips between relatives for a maternally
inTluenced trait are given in Table 2.1. The components between relatives
shown, other than anong paternal half-sibs: will, for- maternally ini'luenced
traits, be affected by the sign and magnitude of the ccvariance between the
genetic comporents for maternal effects and the genetic cowmponents for growth
rate. Dickerson (1947) discussed the apparent antagenism between direct
maternal and transmitted influences which nmay slow ¢renetic progress in swine.
The way in whicin maternal efrects intfiluencce heritability estlmates obtained
by different methods was also diucusscd, kvidence prescuted later suggestis

that similar antagoniswms may be icportanl in beef cattle.



Table 2.1 Genetic components of relationships between relatives for a

maternally influenced trait

(Additive and dominance deviations. Adapted from Willham, 1963)

Variances and

2 2 2 2
covariances Sa 9p %% %D °a 99D
o o om om m m
Genotypic variance
of Px 1 1 1 0 1 1
Dam~offspring ¥ 0 1% 1 % 0
Sire - offspring * 0 ¥ 0 0 0
Paternal half-sib + 0 0 0 0 0
Maternal half-sib s 0 1 0 1 1
A = additive genetic effects for growth rate .
o
Am = additive genetic effects for maternal ability.
DO = dominance effects for growth rate.
Dm = dominance effects for maternal ability.
P = phenotypic expression for a trait.

o



I, Birth Weisht, Preweaning Growth Rate and Wesming Weight as Productive

Traits of Beef Cattle

A. Birth weight

Birth weigat is ol economic importance as it is related to .oth calving

difficulty and ocubsegquenl perfoirmance ol the calf and the cow.

It is well estaviished that dystocia is an iwportant factor contributing
to calf losses =l or near birth (Wiltbauk et al., 1961; Anderson and Bellows,
1967; Monteiro, 1909; Lastler and Gregory, 191%). Furthermore, the subsequent
reprodi:ctive periorwance of cowsg experiencing dystocia is impaired (Brinks

ct al., 197%; Laster et _al. 1973 ; Laster and Cregory, 1973).

In studies to dale, calving difficulty has generally becn scored according
to the kind or extent ol ascistance given to covws al calving, thet is by hand
assistance, the use ol loetul extractiors or surgery. Factors shown to be
related to calving diiticulty accordiug to Brinks ¢t al, (1973) are e of
damw, sex of cull, weighl and shope ot calt, gestuation length, breed, mating
system, sire oi call, pelvic areua of dum and welght ol daw. Of the se,
age of dam and call birth weight have been shown by Luster (1974) to be the
wost important fuctors. Anatomical #lLuormalities ol the calf contributed
little to the incidence ot uystocia (Terrington of £i,1650; Avlersor and

Dellows, 1957).

CU,lViﬂg_'; difficulty hes become ¢f incrotoin. concern with the receut use
of large sire bLrecds iu watings with swaller doam brecds, Turton (1964)
noted that in britain, where Charolais Lulls were used, breed cf dam was

an inmportant factor affceting the incidence of calving difficulty.

Laster et al. (197%) rownd that calves whose sires were Churclais, Simmental,
Linmousin and South levor were associated with significantly more calving
difficulty (30 to %5%) than those sired by Hereford, Angus and Jersey bulls
(6 to 16%) followirg matiangs with Hereford and Angus cows. Otlexr studies

in general agreeumenl include those cf Sagebiel et _al. (1969) and the large-scale

breed eveluation programmes presently in progress in New Zealand (Carter

et al., 1975) and &t the United States Meot Animal Research Center (U.S.MARC)
in Nebraska (Smith ¢t al., 1976), which have shown a markedly high incidence
cf dystocia in 2-year-old dems. It is noleworthy ilhat in comparing the
incidence of dystocia amongst 2-yeur-old duams betweern the study of Snith et al.
(1976) and Carter et al. (1975),tLe ranking differs for the performance cf
exotic sire breeds (i.e., Simmentel, Charolais, Limousin and South Devon) in

the two countries.



There is relatively little information on comparisons of straightbred
cattle of different breeds for this characteristic. Smith EE.E&'(1976) found
the incidence of dystocia tc be 18% and 12% for the Hereford and Angus breeds,
respectively. In the study of Carter 33_2;.(19?5) the percentage incidence of
dystocia among Hereford dams less the percentage incidence of dystocia among

Angus dams amounted to 22% for the 2-year-olds and 4% for the older dams.

Dystocia has generally been associated with higher birth weights. From
survey data in Britain, Kilkenny and Stollarc (1976) reported that on
average, calves born at assisted calvings weighed 3.5 kg more than calves born
without assistancc and calves born dead were 4.1 kg heavier than live-born
calves. Smith gt al,(1976) found that the regression of calving difficulty
on birth weight was homogenous 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 thz percentages increase in dystocia per killogram increase in
birth weight, were 3.3, 1.5, 0.9 and 0.5 for the Z-year, 3-year, L-year
and 5-year and over zge-of-dam classes, respectively. In a previous study
involving some of the same date, but wit: a larger proportion of young cows,
Laster et al.(1973) cbtained an ovcrall regression of a 2.3% increase in
dystocia per kilogram increase in birth weignt. Smith 22_313(1976) noted
that in cows experiencing difficult births, calves were 2.2 kg heavier than
calves born without difficulty, and that this difference appeared to be
consistent among sire breeds. Several other studies have found that heavier
birth weights were associated wilh a higher incidence of dystocia (Rice and
Wiltbark, 1570; Bellows et_al., 1971; Nelson and Hublber, 1971; Crowlsy,1965;
Monteiro, 1969).

Several studies have indicated that birth weight is correlated with other
factors affecting dystocia. In a statistical model excluding the influence
of birth weight, Laster et al. f1973) found that sex of calf, age of dam,
sire breed and dam breed were all significant sources of variation affecting
dystocia. On the inclusion of birth weight 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 et al (1976) found that
country of birth, season of birth, sire of calf, sex of calf and birth rank
remained significant factors affecting dystccia of Chianina-sired calves when
birth weight was accounted for in the mod&él, ILarge management differences
and errors associated with estimating rather than accurately weighlng were

suggested as being possible factors contributing to these results. These




authors consicdered that the disappearance of breed-of-dam effects on the
inclusion of birth weight in the model may have been a reflection of differences

in calf birth weights snd/or correlated differences in mature size.

Smith et al.(1976) found that after average within-breed differences in
birth weight were remcved, between-sire variability in dystocia level remained
highly significant. These authores noted that the nature of the remaining
variation was not known, but suggested thut calf sihape may account for part
ot dt.

In the study of Uillhaw et al.(1970) , wultiple linear regressions of
calving difficully on birth weight, cow weight, birth weight/cow weight,
pelvic measurements, gestation length, birth date and hip width were found
to ke of limited value for predicting calving difficulty. Coefficients of
determinaticn for these f{actors were C.%%, 0.29, 0.26 and 0.16 for Angus,
Hereford, Holstein and Browr: Swiss dams in straight-breed and reciprocal-

cross matings.

A nurber of olher workers have also investigated the relutionships between
various cow and calf measurenents end dystocia. In the study of Laster
(1974), measurenents of calf shape (shoulder width, hip width, chest depth,
wither height and back length) indeperdent of birth weight were not related
to dystocia. Polluk ct al. (1974) fourd a phenotypic correlation between
calf size and calving difficulty of 0.35 in a study in which dairyuen
scored calf size in Holsten cattle, also indicative of ro close relationshipa
Several studies have provided evidence Lo suggest that foeto-pelvic dispro-
portion is an important cause oi calving diificulty in heifers (Bellows,
19€8; Sloss, 1970; Crowley, 196¢5; Amir ¢l _al. 19673 Bellows, 1968; Monteiro,
1969). Also,it was considered by Laster (1974) that pelvic size and other

cow measurements are of' little velue in predicting dystocia.

A higher incidence of dystocia has beer oktserved with bull calves compared
with heifer calves (Anderson axd Bellows, 1967; Bellows et al.199; Bellows
et al.1971; Brinks et al.1973; Carter et al.,1975; Smith et al., 19763
Tong gﬁ_&l.,1976). Smith Eﬁ_él-’(1976) have noted interactions of sex
of calf with ge of dam and with sire breed for this characteristic.
Male calves tended to be associated with more calving difficulty in young
cows and for sire breeds associated with higher mean dystocia levels.
Similar interactions were showen by Carter et al., (1975). The superiority
of birth weights for nale over female calves was 2.7 kg. amd 2.0 Kg. ih the

American and New Zealand studies, respectively.




Estimatles of the heritability of calving difficulty have teen low with
all estimates being less than 0.25 (Brinks_ggggl.1973; Hansen, 1974; Pollak
et al.,1974; Cundiff et al., 1975; Tong et al.,1976). Tong et al.,(1976)
found with Charolais-sired celves that heritability estimates for this trait
ranged {'rom C.064 to 0.1 depending on the definitiou oi' ease of calving.

The findingz of some studies suggest that the heritability of dystocia tends

to increese with the level of inciderce (Hansen, 1974; Tong et al., 1976).

Sagebiel et al.(1969) found that crossbreeding increesed dystocia at the
birth of female calves. The higher incidence of dystocia was associated

with a significant amount of heterocis for birth weight.

A moderately-sized negative genetic correlation between d aw el fects and calf
effects was determined by Bar-Anan et ul.(1976) in Israeli-kresian heifers.
The effect did not occur in older cows. ft was noted than tnic occurrence
could be explained if a sire producing large calves caused calving ditficulty
in his heifer mates but the sires' heirer and cow daughters would be 1 1ye
giving rise to a lower incidence of calving diff'iculty than would wve ctherwise

expected trom the genetic relationship between the calves cof the sire and the

calves of his daughters.

The correlations betlwecen gestation length wnd birth .eight reported by
Anderson and Plum (1965) and Preston and Willis (1¢/4) range frow 0.15 to
0.2, generally being hisher ror mule culves than ror female culves. Swith
gimg;.(1976) noted that breed of sire signiiicantly influenced the regression
of birth weight on gestation length,which terded to be the greater for the
larger sire breeds. It wus also indicuated that such regressions should rnot
Le interpreted as an uccurale estimale ol growth rate late in the gestution
period . Differences in gestation length often appear to be associuled with
diff'erences in birth weights between breeds and sexes (e.g., Carter et al.,

1975; for review see Preston and Willis, 1974).

Burfening 23_3;.(1973) found that from a study of 1,546 field records from
the Americar. Simmental Association, the standard partial regression of
calving ease on birthweight and gestation length were 0.19 and 0.04 ,
respectively. The correlations among variables were 0.18 for calving ease

and birth weight, 0.24 for gestation length and birth weight and 0.05 for

calvirg ease and gestation length.

Bar-Anan (1971) estimated a phenotypic correlation of 0.29 between the growth

rate of bulls and the frequency of calving difficulty in their female half-sibs.



This relationship was further investigated by Hansen (1574) in the Red

Danish and Black FPied Da.ish breeds, and in contrast to the above study,
genetic and phenolvpic correlations obtained indicated that growth rate and
ease of calving were favourably associated. Correlations were small and did
not differ significantly from zero. It was concluded that there did not
appear to be « risk for increasing calving c¢ifficulties through growth-rate
selection in these two breeds. Lindstrdém (1974), analysed data from
Ayrshire and linu cattlle a:.d found selection for high liveweight at the end

of a performince test results in higher birtnh weights. This author suggested
the use of & selection index thrcugh which birth weight could be maintained

at a constant level.

Weighted average estimates of the genetic and phenotypic correlations of
birth weight witlh post-weaning gain and with final slaughter weight given
by Petty and Certwright (1966) show favourable associations (0.30-0.64)
with the genetic correlaticns being larger than the rhenotypic correlations.
Correlations oif birth weight with pre-weaning growth rate and with weaning

weight which are also positive are oullined in Section 4.

B. Pre-—-weaning rowth rate and wieanine weight

Genetic nud phenotypic correlations between pre-weaning growth rate and
weaning weight - re close 1o unity. Their genetic and phenotynic associations
with birth weightl have been sown to differ, as birthwight, being a component
of weights recorded 1-ter in the aniwul's lite, is more closely related to |

weaning weip, il than it is to pre-weaning growth rate.

Pre-vweuning growth rale is an importunt trait per se being a sizable
component of tinal siaughter weight. It is otten advantageous in the
gelection or tulls to predict tuture growtl: from early liveweight guins er
weights. Jeanning weight is commonly regarded 2s a predictor of future
maternal pertormance, having a sufficicntly high repeatability when expressed

as a trait of the dam (see Petty and Cartwright, 1966).

Several studies have indicated that in rearing female replacement stock,
calves should be grown & optimal rather than maximal rates. The findings
reviewed by Koch (1972) and more recently the work of Cundiff et al.(1974Db)
provide evidence that maternal environment for gain from birth to weaning
is negatively influenced by favourable maternal effects in the previous
generation. Burfening and Kress (1¢73) found that cows' own 180~day weights
and yearling weights were lowest when ccvis were reared as calves on immature

dams, but their subsequent most probable abilities for 180-day calf weights
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wa2re above average,

However, sc«rie couflictin, e.idence has been reported. For example, Koger
and Crane (19?4) found, fror an investigation of 53%6 females in four breeding
systems, that cven though - -y of the heifers were fat and heavy at weaning
there was no evidence to suggest thet their si:bsequent performance was

adversely affected.

The suggestion of unfavouruble genetic associations between individuals’
growth and maternsl components and the spparent negative association between
dams' and daughters' milkin: ability make the practice of screening heifer
replacement stock oun the tasis of their own weaning weights questiorable.
Koch (1¢972) reported thut thoere were moderate-to-lar;e negative genetic corre-
lations in most stulies bcoween maternal environment «ud calf effects for
wre-weaning gain, although ia sme study ot 4,060 Heretord calves in Nebraska,
he estimated i' iz ;:netic correlation to be close to wero. Following the
findings of &rn earlier studv, Koch z:id Clark (1955) suggested that selecting
calves on the basis of their pre—-weaning gains would be selecting Ior
better genotyjpces Lovr growin respouse cowbined with a slight overall adverse
«ffect on materncd sbisit, lue to the lorge negative genetic correlation
determined between tnewse luo Lraits. It wuas added tnat selecting cows for
weaning weight ol ¢:li would place grextor emplhasis onu maternal effects on
growth responuce witu regard to the genctic value ol cons. Desse and Koger
(1967) noted treed diftcvrences for this genetic associution in Brahman and
BErahman-cross cuttle. A genetic covari:wice close to zero was obtained in

a Brahman herd, but a negalive estimate wias determined in a Brahman-cross herd,

Unlike the genetic 1ve. wLionships described above, Loch and Clark (1955)
reported high positive genetic correlations between maternal effects of
cams and post-weaning growth ranging from 0,7 to 0.8. A negative genetic
association of waternal ability with pre-weaning growth, but a positive
genetic associaiion between maternal ability and post-weaning growth have also

been reported in Romney sheep (Ch'ang and Rae, 1972).

Average hecitability estimates for pre-weaning growth rate and weaning
weight (see Section 4) indicate that thesc traits shcald respond to selection.
veighted average estimates of genetic and phenotypic correlations for pre-
weaning growth rate anc weaning weight with post-weaning gains given by
Petty and Cartvr.ght (1966) are mostly low, but positive. Several authors
have, however, reported some negative genetic correlations between weights

recorded at or close to the time of weaning with carcass traits, but findings
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are often inconsistent (Dunn et al.,197C; Stout et al., 1970; Cundiff et al.,

1971; Dickersorn et al.,1974; L.L. Wilson et al.,1976).

III. Some Genetic Factors affecting Birth Weight, Pre-Weaniuz Growth

Rate and Weaning Weight in Beef Calves

Factors affecting performance in animals can be regarded as naving an
additive or non-additive influence. The additive effects discussed in this
section are mainly additive genetic effects while discussion of non-additive
effects will cover interactions among genotypes and those interactions
commonly referred to as genotype - environment interactions. Additive
genetic differences arise between breeds, sexes, herds and between individuals

within these categories.

Ia discu.ssing breeds of cattle, Daly (1974) has defined breed as a group |
¢t animsls of common origin poss-3sing well fixed and distiactive characteristics
not common to other members of the same species. From this definition it

could be expected that sizable breed differences for productive traits should
exist. Over the years there have been many reports of breed performance

...t few direct comparisons between breeds in the same environment. Mason

+*371) reviewed the performance of many cattle breeds and indicated that there
27e important differences between breeds in many productive characters.

Rhecently there has been an abundance of cross-breeding studies, some of which

will be discussed in considering both additive and non-additive effects.

Breed comparison studies in New Zealand have been reviewed by Carter (1975).

Breed differences may be utilized through crossbreeding, tlie possivle
benefits being through creating hybrid vigour to increase productivity over
tnat of the mean of the parental breeds (a non-additive gain), by combining
desirable attr:outes not available in any one breed (an additive effect) or
with the objective of producing foundation stock for developing new breeds '
(Warwick, 1968; Cartwright, 1970). The latter involves both @ditive and non-
additive advantages although the level of heterosis should decline following
interbreeding. In more recent times new breeds which have been developed
include the Santa Getrudis, Charbray, Droughtmaster, Bonsmara, Brangus and

Bradford from crosses of animals of the Boa taurus and B. indicus species.
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A. Additive effects

Sex-of-cals differences for birth and weaning weights are well established
(Petty and Cartwright, 1966, Pleasants, 1974, Preston and Willis, 1974 and
Nicoll, 1975) and will not be discussed in detail here other than to state
that bull calves have heavier birth aad weaning weights than heifer calves
while at weaning, steer calves are heavier than heifer calves, but lighter

than bull calves.

There is an accumulating body of evidence from New Zealand studies of breed
differences in which animals were managed in the same environment. Carter
(1974) reported some provisional results on the performance of 1,031 Angus,
Hereford and Angus-Hereford reciprocal cross calves. Hereford calves were
born later owing to longer gestation periods and had higher birthweights
than Angus calves. Average birth weights for the two breeds were 29.4 kg
and 25.4 kg, respectively. Calves out of Angus dams had higher pre-weaning
gains and weaning weights compared to calves out of Hereford dams, perhaps
indicating the superior milking ability of the Angus cow. Birth weights
for the reciprocal cross calves were intermediate between the two parental

breeds and weaning weights were superior to either parental breed.

In an improved tussock environment at the Tara Hills High Country Research
Station, Davis (1973, 1974) and Stevenson (1975) have shown that Angus calves
were lighter at birth, but gained more rapidly to weaning than Hereford calves.
In contrast to the study of Carter (1974), Hereford calves were slightly
heavier than Angus calves &t weaning. Friesian calves had higher birthwights
and grew considerably more rapidly to weaning than either Angus or Hereford
culves. Crossbred animals generally ranked between the performance of the

parental breeds for birth weight and pre-weaning growth rate.

In a study of 7,771 straightbred Hereford and 16,666 str