| THESES CANADIENNES SUR MICROFICHE -

Naﬁonaiutxaryofcm
CONocﬂmsDavdommBrmch
CuudianThesesm
Microfiche Service :

I*

K1A.ON4

o - NOTICE,
The quality of this microfiche is heavily depsndent upon the
quality of the original thesis submitted for microfiiming. Every
eﬁmtnsbomnndammemwmam
tionposaible

: n'mnm.mmmmmmd\mtedm

Somepaqes?nayhavemdsﬁnctpmtespoddynmeaw
v mmwmmamwm«dmm
,sitysentusminferiorpmtocopy :

h i

Previoudyoopyﬂohtednnteﬂds(iom\dm pwumd
tests\etc)uenotflmed ,

Reproducuonmmlormpmmwsﬁumsgovemedbyme
Canadian Copyright-Act, R.S.C. 1970, ¢.-C-30: Please read
_ mewthodzationformswhichacoompmywsm
{

b

 THIS DISSERTATION
. " HAS BEEN MICROFILMED
' EXACTLY AS RECEIVED

N 330 (. 8800) .

. CANADIAN THESES ON SICR@E.‘CHE L

Somcedesﬁmm

AVIS

uwummmmmhm
mhmmmm Nwsavonsmmpou

Sit dospaoes veuilezoommmiquetaveclmivef'

oontérélegrade

: umdtéd'h\prewmdem;ngospunmwﬁ

désirer, surtout si les pages originales ont #té dactylographiées

& l'aide d'un ruban usé ou i l'université nous a fait parvenic

unephotooopiadequdtékﬂéﬁeure

Ludoummqlfundthlobjetdmmdwmﬂuﬁdes
derevuo emonspub“s etc)nesontpssnﬂcroﬁlmés

» Laroproducﬂon mémepanble decemicroﬁnestaomnbe

4 la Loi canadienne sur le droit d’auteur, SRC1970 c.C-30.
VWMMUTWGMW
aocompagnontcetteﬂ%ae /5 :

e

. LATHESE A ETE |
MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE

‘Canadd



Ottawa, Canada
K1A ON4 o

[T
)

CANADIAN THESES ON MICROF!CHE SERVICE . SERVICE DES THESES CANADOENNES SUR MICROFICHE

O ole-

67505
SN § - 35 2A8q7-S

's
PERMISION TO MICROFILM - AUTORISATION DE MICROFlLMER
OPieasepmtortype Ecnreenlettresmdéesoudactyloqmphser A ) !
R T IAUTHOR — m
mmocmm—uanooim{deraym N
RENTAMIN KWADTs AND rq 0. . )
Date of Birth oo naissance - Canadian Citizen - Citayen canadien - B
SUFE-MSER 12"/}‘q 50 D Yes / Oui @0 /'Non
Country of Bcrlh - Lieu de naissa_r:ce Permanent Address — Résidence fixe -
| DECARTMENT oF T AN IMAL SC‘MCF—
GHAN A o ONIVELSITY of GQHANA '
o > t-ecnw C’:%AUA
r.ueofmésas—mre'dehmése K T B

PRE i f:f,ﬁ/vifu 6 PELFIEM ANCE

oF M}Ssg perr

 CARVES Anp

FACTo R ANALYSIS 0F PREBREEDING TEAITS OF Coul AND QFFSPRIIG,

S
; 4 ) w : B L
@ - . .///"
= ! /»//"/( i
e B e .
\ -
Degreefotwhuchtheshas presented . Year this degree confer;ed . -
Gradepo&.(lequelcette thése fut présentée » P‘,\ D Année d'obtentiqnde ce grade : |18\J
University — Umversnté . o » - ‘| Name of-Supervisor —Nom du directeur de these k
UN\UG_LSW\{ of _AL&EKTF\ M. MAXARECH AN

Bermssnon is heryby qranted to the NATIONAL LIBRARY OF CANADA to
: micrdiunmastt\estsandtolmdorsdlcoploaolﬂnﬂlm )

The author reserves other publication rights, and nelther the t?'\‘esus nor exten-
sive extracts from lt may be printed or otherwise reproduced without the

author's written

L'autorisation est, par la présente, accordée a la BIBUOTHEQUE NATIONALE
bu CANADA de microflimer cette thése et de préter ou de vendre des ex-
omplalm dy ﬂlm : : A

L'auteur Se réserve les autres droits de publ»sahon ni la thése ni de longs ex-
« traits de: celle-ci ne doivent 8tre imprimés ou autrement reproduuts sans

4

Y [\ ATTACH FORM TO THESIS — VEUILLEZ JOINDRE CE FORMULNRE A LA THESE

l'autonisation’ écnte de Fauteur.

Signature

{Date

JP‘N\)«-“M 30, \aA 55

NL-91 (r 84/03)

Canada-



|

THE UNIVERSITY OF ALBERTA B

' PREWEANING PERFORMANCE OF RANGE BEEF CALVES AND FACTOR

 ANALYSIS OF PREBREEDING TRAITS OF COW AND OFFSPRING
| by

(j§:> ~ BENJAMIN KWADJO AHUNU ~

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF. THE REQUIREMENTS FOR THE DEGREE

7 OF DOCTOR OF PHILOSOPHY

' L ~ IN
, f ANIMAL BREEDING
L [ v - }\, -

- DEPARTMENT OF ANIMAL SCIENCE
/ |
TN Wl - ALBERTA
SPRING, - 1985 .



THE UNIVERSITY OF ALBERTA
ce RELEASE FORK

NAME OF AUTHOR  BENJAMIN 'KWADJO AHUNU |
.TITLE'OF THESIS PREWEANING PERFORMANCE OF RANGE BEEF
' CALVES AND FKCTOR ANALYSIS OF
» | » - PREBREEDING TRAITS OF COW »ND OFFSPRING
fDEGREE FOR WHICH-&HESIS WAS PRESENTED DOCTOR OF PHILOSOPHY
o YEAR THIS DEGREE GRANTED 'SPRING, 1985 . \
| ' Permission is hereby granted to THE UNIVERSITY OF
‘.,ALBERTA LIBRARY to reproduce s1ngle cop1es of thls
'>§hes1s and to lend or sell such cop1es for pr1vate,
scholarly or sc1ent1:1c 5eseatcﬁ purposes only.‘

The author reserves other publ1catxon rzghts, and .

nelther the thesis nor extensive extradts from it may

be prlnted or otherw1se reproduced w1thout the author' s

1§

wrltten perm1551on = f; .

(SIGNED) “one

) PERMANENT annnnss--

Department of Animal SciesCe .

Un1vers1ty of Ghana

-

' Legon, Ghana.

-

DA?ED......Januarylzz , 1985



3

9

SR THE Unxvznsxrz OF ALBERTA
o
\racunrv OF GRADUATE swbnxzs AND azsmancﬂ

| The uhderéignéh certify tﬁit they havé’reaé,‘ana
recommend to the Faculty of Graduate Studxes and Research
for acceptance, a the31s entitled pnmwaan:us Pznronnmncz OF

RAN&E BEEF CALVES AND FACTOR ANALYSIS OF PREBRBEDING TRAITS

OF COW AND OFFSPRING submltted by BENJAMIN Kﬂ%DJO AHUNU 1n

partial £u1£11ment of the requxrements for the degree of

" DOCTOR OF PHILOSOPHY f% ANIMAL BREEDING.

.

C L Fde

I.....D.........’..l....

‘ ' . . . 14
S : - visor
. | ) - 3 &‘ N .

, S ' d/’g P A

‘,\ . - . . .
‘; ) ! KG.........-.-.-.-... -
y S

R EEERE A YRR N A I

b

,Gz,/ﬁv’

...O."....O.Q..'.IO..

External Examiner




‘Dedication

” -
A
, - . ; S S
| _rinally brothren, :
| whatevcr is true, whatevcr is noble.u fﬁﬁli
vhatever is~right,Athatever is pure, -
f' “ vhatever isvlovély,'whateveé is ndmiédble,f ) -
& * T o . o
) * it»anything is. excellent‘br praiseworthy
cssesenes thinu about such things.
Phlllppians 4:8 ( NIV translation)
°
s \ \
‘o
! | :
| N
@ v

L S S N



%

date of calvxng d1d not follow any regular pattern.

A namcr

Prewenning weights of. 3pring born Calves at the

University of Alberta cattle ranch at Kinsella during a-

14-year period were used 1n this study. The calves wvere from

' ‘;hree different breedxng populat1ons, Hereford (HE), Beef

'"hetzc (SY) and Beef Croslbred (XB). In additon to birth

‘ﬁt;and wehning weight, the calveS‘were vexghed three

"'.mes during the preweaning perlod Prelxmxnary

xnvestxgatxon o£ calving dates revealed that the he1fers

calved 31gn1f1cantly earlier in the year than -older. dams

>wh1le the three and four year old dams calved later than the

others. After fxve years of age, the effect of age ‘of. dam on

_K;_ Covarzance analysxs of birth’ vezght (BRWT), weanxng

Vexght (WNWT) and prewean1ng average dally gain. (ADG) v1th
b1rth date as a covariate showed year of birth, sex of calf
and ‘age of dam as s1gn1f1cant sources’ of var1at1on. BRWT,

WNWT and ADG 1ncreased over the years and bull calves were
sxgn1f1cant1y heavier” than he1r?r calves (px. 65) WNWT and

ADG perfgrmance 1ncreased in calves from he1fers to a peak

in five year old dams in the HE and XB populatxons while

peak performance was observed in calves“from'six year old

dams in the~SY_polea£ion. The linear effect of birth date

 on birth weight yas positive in all breeding populations but

Vas‘sigqificant only “in the HE and SY while the QUadratic

effect of weaning age was rjegative on WNWT and ADG.

!
1
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In a separate analysis where calves were classified

into early, mid-season’and late born calves according to
“their birth dates, ADG between twofcqnsecutive weighings and
reiative growth rate (RGR) at each interval were analyzed by
the least squares method and the adjusted means plotted '
aga1nst the mean age of the calves classxfled at 2-veek
1;1ntervals. SY calves had the hxghest ADG and RGR followed by
XB and HE. Except for the very- garly stages of growth, |
growth rates in ear@y and mxd—season calves were higher than

Howeve: a sharp decline was noticed in

1n'late summer when

Factor\enalys1s was carrled out on 12 def1ned p;é- and
post- breed1ng weight changes in the dam and prewean1ng
traits of the calves. The analys1s was carried out accord1ng
to the "eigenvalue 1.0 cr1ter10n and resulted in the
extraction ;} four pr1nc1pal components for the HE
vpopulation and five principal components for the SY and XB
populations and also for the pooléd data. Dam growth |
comgonent exerted the greatest influence in the covariance
~.structure accounting for over 20% of the wariation in each
set of analfses. It was observed that'thdugh differences in
the nomenclature oi‘éﬁrrespbnding components were evident
after the first major component, the set of components
extracted was the same, except for HE having no winter body
condition component. That is, similar compohents‘of

variability underlined the sets of data in the three

v

vi



.
populations thus showing that the three pepulatipns vere not

~different so far as nijor tactors of the breeding condition

of the dams were concerned.

- vii
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‘ 1. GENERAL INTRODUCTION

' Most drowth studies have been confined to fixed ages,
fixed time periods or, occasionally, fixed weight periods
(Nelms and Bogart, 1956; swigger et al. 1962; Thrift et al.
',1970 Goonewardene et al. 1981) ‘Such studxes have. utllzzed
welghts of animals recorded at w1de 1ntervals between bxrth
and . maturxty. However as Brown et al. (1972) have po1nted
out, many aspects of developmental patterns ‘and
interperiodic relationships may have been overlooked as a
consequence of using only a few selected measurements to
evaluate‘growth. | ' "' / |

| Brown et ai - (1972) noted that[even though certain
characterlstxcs of growth such as rate of maturing and
mature size cannot be measured d1rect1y on 1mmature an1mals,
related measures are necessary to -give perspectlve to single
measurements made on animals. Est1mates of such growth |
characters should be useful in estab11sh1ng breed parameters
and to prov1de a means of, measur1ng patterns of genetxc

variation ‘in develop1ng an1mals.

In cattle a cr1t1cal analy51s of the growth pattern for

early calfhood, which necess1tates several measurements
before'weaning'time,:has received limited cOnsideration.

\ Preweaning growth rates have usually been-evaIUated with
measurements at birth and at weanlng Perhaps cr1t1cal
studies of preweanlng growth rates have been overlooked due
to the fact that,mult1p1e_prewean1ng welght recordlngs are -

‘usually not routinely taken in most'cattlevmanagement

\‘\



operations,

. Fitzhugh (1976) moted that one important approach to

‘the improvement of beef production efficilency is the

.‘exploitgtion of genetic variq}ion'in rate lof g:oﬁth by

iqcreaséhg'enrly growth and efficiency rel tively more than -

subsequent mature size. A moreygiitical analysis of early

growth of_the'Calf and a_féasible method of

- calfhood growth,}ates may therefore enable a

ppraising

Jiméi bfeedcrs,
|- .

to expleit genetic variation in groéih rates ‘and thereby

~

" obtain highei weanihg veights.

At the University of Alberta beef cattle ranch at

Kinsella, Alberta,'sévetal preweanind'weighté of calves are

recorded routinely. In addition to the calf

. records of the dams at the time of calving,

weights, weight

breeding and,

veaning of their calvés are available. The accumulated data

‘present an Opportunity'tor investigating the

inter-relationships among thegpoSt_partum,maternal

conditions of the dams and the preweanihg(performénce of the

calves. Principal compbnénté“analysis,of‘these data may

provide objective definitions and qdntrésts
pre-breeding condi?ion:of the dams and such
'exiranequs to the data which may‘aia in the
of obse:bed‘éifferences in calving détes‘ofb

cattle;a

of the
other components -
interpretation

range beef



2. LITERATURE REVIEW.
, : A
2.1 Description and measures of érowth ”

Growth rate has élways Seen of interest to animal
scientists andfﬁn many Qeiection programmes it has occupied
a place of considefable importance. Thg rate at which an
animal grows is generglly determined by two sets of féctors,
The' potential limits are set by hormohal relatibnships which :
are baSiéally under genetic control while the realizaﬁion‘gf
this potent1a1 depends upon the environment, pafticulary |
nutrition, and its interaction with genotype (Preston and
Willis, 1974).

Growth rate is one,of the most importahfvfactors for
the.économy of meat productibn'because feed cost aﬁd‘mosﬁ of
the fixed expénditures.dectease per unit of ptoduction yith
increasing‘growth rate. However, as weight increases storage
of fat must be kept to a minimum otherwise the fat will- |
negat1vely 1nf1ugnce the eff1c1ency of growth and the cost
per unit of prodﬁét -Barlow (1978) reviewed the available
evidence of the consequences of selection foﬁ early growth
and concluded that selection for either weaning we1ght or
average daiiy gain will increase liveweight at all stages
| from birth to maturity. Bichard (1967); Dickerson (1970) and
-Morfis and Wilton (1976) have pointed out some of thé
consequences of increased mature si%eu}In brief, increased

mature size results in an increase in the maintenance cost

of’the breeding stock_and a delayed sexual maturity; This
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means an increase in the costs per animal. )l
' As pointed out by Bakker (1974), the increase in costs

may restrict the advantage -of increased growth rate. The

.early growth rate must therefore be 1ncreased thhout or

)
with a restricted change of mature wezght. However as Brody

(1945), Bichard (1967) and Taylor (1968) pointed out, the
genetic'flexibility of the mean growth curve and mean body
proportions is not very greét except, perhapég'ih poultry
where Abplanalp et al. (1963) have demonstrated genetic

differences in growth curves of selected lines of turkeys

,Laird and .Howard (1967) also showed some genetic variation

in the shape of the growth curve of miceg

According'to Webster et al. (1982), if animals are
selected for growth rate or feed conversioh efficiency to a
fixed weight or agé, the'process will inevitably tend to

favour the less mature individuals resulting in the

selection of bigger animals without necessarily affecting

the overall efficiency-of ‘growth in the individual or the

whole production enterprise. Fitzhugh (1976) revieved

strategies for altering the shape of the growth curve and

reasons for wanting to do so. He tabulated expected

responses in body weight and degree of maturity following

selection for bodyweight at birth, 6, 12, and 18 hqnths, and
T . ' H
at maturity; the results indicated an increase in all other

weights following selection for any bodyweight. Smith et al.

- (1976a) concluded>th§t selection for'preweaning relative

growth rate would be better than selection for absolute



growth rate if it was desired to improve growth from birth
to 550 days. Seffert and Rudder (1976) however contended "
that selection for growth rate in cattle may not lead to
increased mature size in sub-optimal envirppments.

Selection for geaning veight will result in a slight
increase in feed utiiization efficiency during the
-postweaning period when feeding is over a weight-constant or
time-constant period but a slight decrease in feed
kutilization'may actuelly result when feeding is from aotual
weaning'weight (fixed age) to a fixed slaughter weight -)
(Barlow, 1978). It has also been inferred that differences
in magnitudes of eorrelations;between ﬁeight at earlier ages
and mature weignt.in different breeas mayein fact suggest
differences in physiological age betﬁeen-the bréeds. Brown
et al. (1972) working on Hereford end Angus‘deta recorded
correlations greater than 0.53 between ear11er weights and
mature welght in Herefora ‘however “in Angus cattle the
correlations were near zero for we1ghts up to 16 months and
were still low up to 36 months.v

To properly compare the eff1c1ency of animals, it 1s
'1mportant to have a knowledge of the patterns of growth from
the time of b1rth to maturity. Accordlng to Bakker (1974),
| the growth curve can be represented 1ther as cumulative
.we1ght (WEIGHT), average daily galn iAﬁG) or relative growth
'rate (RGR) versus time or age. Cumulative growth curves are

often described by mathemat1ca1 growth functlons. The growth

functlons proposed notably by'W1nsor (1932), Brody (1945),



von Bertalagzjy (1957) and Richards (1959)‘h§ve been widely
used. None of these has been completely sat;sfactory; some
fit adjusted data and pért of the growth phase well, others
are not flexible enough to éccommodate exceptional cases °
(Aguilar et al. 1983) |

For instance, the allometrlc equation used by Brody
- (1945), though very easy to compute, only fits parts of the
growth curve, and different pa;ameters are required to fit
early as compafed with later p%aées‘of growth. von
Bertalanffy, Gompertz and loglstlc equations consistently
overestimate weight at an early age.‘In addition Iog1st1c
equations underestimate mature weight. Richards’ ﬁunctlon
fits data more accurately but has a variable point of
inflection Wthh 'is laborious to compute. Also the four:
parameter est1mates of the Richards' equation have l1ttle
biological meanxng These points have been dlscussed
recently by Aguilar et al. (1983).

Taylor (1965,-1968).deve§oped the concept of metabolic
age when he'explorethhe»relationship between maﬁure weight
and time taken to méture; In effect the concept states that
at any given stége of maturity, the age in days (t) from.
shortly after conception is constant yhén divided By A®-27,
where A is thé‘mature weight. Finney (1978) has remarked
that any continuous curve, however irregular, can be -
represented by a mathematical function;,However, with most
biological phenomena, one is not likely to have exaét

mathematical formulations and must Ehereforé use



approximations that are plausible in respect of particular
applications. Taylor (1978) advised that a simple and
conceptﬁally robust model, even though with relatively poor
fit, is to be preferred to a more complex model that
extrapolates to absurdity.

As a measure of growth, absolute growth rate (AG%) is
defined as the weight increment per unit of time:

W/t = (W-W,)/(t,-t,)

where (W;-W,) is the weight increment in the interval

(t2-t,). This formula repfesents the average rate and is a

good approximation of the real instantaneous growth. rate

'when estimated at short@1ntervals. A mathematical

representation of the 1nstantaneous growth rate at age t is
dW/9t. When t is in days, AGR is synonymous with average
daily galn (ADG) .

Relative Growth Rate (RGR) is anothefimeasure of growth
and is defined as weight gain during a given time intervél
divided by the average bodyweight in this interval. RGR is
an estimate of the rate of ggighf change and‘as pointed out
by Bakker (1974), selection for RGR does not necessarily
fesult in a highly correlated change in mature weight.
Moreove:,'RGR may be considered as a patémeter for maturity.
Brody (1945) defined RGR separateiy for the |

self-accelerating and self—inhibiting phases of growth,

" Before the inflection point is reached, RGR is defined as

the absolute growth rate divided by the actual weiéht:

RGR = (aw/at)/w. . ¥



The value of RGR may be found from

RGR = ADG/(W,+W,)/2
1f the change in RGR is not linear between t, and t,, this
estimate gives a poor representation of the real values of
RGR between t, and t;.

After the inflection point, RGR is defined as the
absolute rate divided by the weight 1ncrement (A - W) in
which A is mature we1ght Thus

RGR =(3wW/at)/(A-W).
RGR may be calculated as

RGR = -ADG/(A-(W,+W)/2).
Thus the values of RGR before and after ghe inflection point
are different and of opposite Signs.

The precision with which matufé size can be defined
varies with the trait being tested. A simple definition of
mature size as the final size actually reached may be
adequate for traitsFWhich rarely display negative growth.
However, for others like bodyweight which are more affected
by-agvironment, mature weight may be defined as the mean
value over many years after positive growth of skeletal and
muscular tissues have become insignificant (Brinks et al.
1962; F1tzhugh et al. 1967). In some situatioﬂs this mean
value may be est1mated by the asymptote of a fltted growth
curve (Joandetland Cartwright, 1969; Goonewardene et al.
1981).

Fitzhugh-aﬁd Taylor.(1971) developed § method of

analyzing genetic and ppenotypic relationshipS“among



maturing rates in terms of degree of maturity. They defined
degree of maturity (u) of a trait y as that part of mature
size A attained at a given stage Or age t:

M 'Y/A”

Inherent in the concept of degree of maturity is the
ide® of A;turing rate or change in u over time which
Fitzhugh and Taylor (1971) defined as absolute maturing rate
(AMR). Another important parameter usually defined in growth
studies is relative maturing rate (RMR) which is maturing
rate relative to current degree of maturity.

Thus

RMR = 1/u .3u/0t
However Fitzhugh and Taylor(1971) demonstrated that RGR and
RMR were equal.

smith et al. (1976b) evaluated AGR, AMR and RGR over
several intervals including birth to 200 days, 200 to 396
days and at puberty in straightbred and reciprocally crossed
Hereford, Angus and Shorthorn cgws and confirmed previous
reports by Reynolds et al.(1963) and Laster et al. (1972)
that differences in physiological maturing rates were more
striking as breeds became more diverse in origin., Smith et
al. (1976b) concluded that the possibility of increasing
early rates of maturing and growth without a corresponding
increase in subsequent'growth and mature size seemed toO
offer the greatest returns from changing maturing patterns

by crossbreeding,



2.2 Factors affecting growth rate

Growth fate andfweight for agé)are parameters that are
often estlmated in anlmal productlon research. These -
parameters are 1nfluenced by numerous env1ronmental factors.
Therefore to obtain more accurate estimates of growth rate’
or production potential,.adjustmentsrfor identifiable '
enVironmentaleactors are necessary. If this is not done,
genetic effects may be concealed by environmental factors
which could“bonfound the}breeder and hinder the-aocuracy of
selecting anlmals with superlor breedlng value A knonledge
of how these factors 1nf1uence performano; and- the1r
relatlve magnltude will enable the animal breeder to measure -
'genetic differences more.accurately (Brown, 1960 Nev1lle,
.1962; Bovard et al. 1963 ﬁerg; 1967) . Among the many.
factors whlch influence growth 1n beef cattle, breeggﬂsex,

‘season of birth or birth date, age and size of dam and birth

weight predominate. -

| 2.2.1 Birth date and cow and calf product1v1ty

The date of blrth may be a major factor to consider in
ranqe beef production because of the marked effect of season
on pasture growth and product1v1ty Gra21ng cattle ‘which are
not provided with supplemental fFedlng during periods of
sub- optimal pasture growth may‘lose weight and depending on
the severlty of this welght loss, the product1v1ty of the

cow may be 1mpa1red Also 1f welght losses are exce551ve,

the dam may fail to conceive during a limited breeding
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period and 1ohg.calving intervals may be experienced.

' In most studies the calving period is very short so.
thatvthe‘effects of season are minimized. However,‘balv§ng
periods of six months or 1bnger are not uncommon in somé
beef cattle operétions and.in'the Southern USA many ranches
calve for at least QOidays (Wiltbank, 1950). Long breeding
and'calving seasons may perpetuate lowered prdduction in
beef calves. Since beef calves are usuaily weaned at-a
particular time rather than. on aIQeight constant or ége
consfant basis, calves born late following the noﬁmal

breeding season are usually lighter in weight at weaning .

‘than e born early. Lighter calves result in a decrease

in -the total lifetime production of their dams (Burris and

Priode, 1958; Roberts et al. 1970; Lesmeister et al. 1973).

Alexander et al.(1960) studied many factors influencing
birth weight in ﬁereford caives; The effect of time of birth
was studied by thé»regression of birth weight on age at
weaning. The regression coefficient waé negative and
significant, indiéating that calves born toward the end of
the calving period were heavier than those bbrn earlier.
Koch-and Clark (1955) and Holland et al. (1977) also found
this effect to be significanfiat the 1% probability level.
Pooled estimates by Holland et é]. (1977) showed an increase
of 1.0 kg per month or 0.033 kg/ééy in calf birth weight
from mid?autumn to mid-winter. In the studies by Alexander
et al. (1960), calf birth weight was found to increase by

0.43 kg for each ten*déys’during=the spring calving season. -

K

J
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However, the small (r 0.18) but s1gn1f1cant (p< 01)
correlat1on coeff1c1ent showed that only about three percent
of the variation in calf birth weight was related to time of
calv1ng. | | |
Franke,and Turner (1983) deflned elght calv1ng perlods
,over a 75-day calving season and found that birth weight
increased 11nearly over the ca1v1ng perlods at an average-
rate of 0.605 kg/ca1v1ng period or approx1mately 4.81 kg
over the ca1v1ng season. However, calving perlod d1d not
s1gn1f1cant1y 1nf1uence varlatlon or the trend in average
daily gain. The results suggested that calf birth weight was
positively associated w1th calving date* calves born later
in the ca1v1n; season being heavier. The findings are rn
‘general agreement with the results of earlierhworkers
(seifert et al. 1974; Winks et al. 1978; Low and Wood,
1979). - o T
| ‘Accordingsto Plasse et al. (1968) the number of days
'required by the cow to conceive after parturition is one of
the best criteria for determiningrreproductive ability under
rangeuconditions. When active and fertile bulls are present,
the aVerage 1nterval from parturition to conception of a
v1able embryo reflects the. post partum interval of ovulatory
estrus and the fertilization and embryonlc survival rate.
Thus the post partum interval to ovulatory estrus determines

the length of the breeding season necessary for a

satlsfactorykcalf crop.
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A number of factors may contribute to earliness or .
‘lateness of £he dam showing estrus in thevbreediné seasont
_wiltbahk (1970) lists four major reasons: |
‘1. The length of time from calving to start of the
> bréeding season
bii. The interval ffom calving to first estrus
iii. Age of the cow and
iv. The level of nutrition before and after calving.
Late calving cows may not have enough time to return'tq
estrus during the Breedin§ seéson. ‘ 4 R
Two studies point out the effect of feproductive
_performance in the previous year on“reproductive performance

in the following year. Reynolds et al. (1963) showed that

cows which became preghant early in the bfeeding season of

i

‘one year had a better opportunity to become,pregnént the
following ygar.‘Their resuits indicated that f5% of the'145
ydung cows which’wefe pregnant within 42 days of the
'beginnipg o§ the breeding season_during_the previous year
also became pregnant the folibwing breeding season. By
contrast only 40% of those whichmbecame‘pregnant between 43
and 75 days of the first breeding 5eason were pregnant

. during the ‘second year. Similar trends were observed for the
| older cows. Burris and Priode (1958) repd@ted a regréssion
of 0.3°o£ a day for calving date‘on the previous calving

o

date.,

0

= ,
Young cows have been observed to have longer intervals:

from first calving to first oestrus than older cous.
) -
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Wiltbank (1970) reported that the average.interval_froh
_calving to first estrue wa$.53.4 days in cows which were
five years and older, 60 2 days in four year old cows, 66.8
days in three year old cows and 91 6 days in helfer dams.—
,Lesmelster et al. (1973) determlned five calv1ng groups |
based'on'the‘three or four successive 21-day intervals thaE
calves weredborn. They fouhd thatiheifers calvfng in the
early groups tended to calve earlier'throughout the
remainder of their productive lives than heifers calv{ng
initially in later groups. However repeatabllltles for
calving groups ranged only from 0.09 to 0. 11 indicating that
oqu moderate improvement might be made by,cull1ng cows that
calved late during the normal calving season.

Lesmeister et al.»(1973) also found that calues born in
earlier ealvfng group; grew;faster from‘birth to'weaning and
weighed more at weaning than_calves born in later groups.
-Early calviog heifers also had higher average-annual
llfetlme productlon than late calving. helfers. These
findings 1nd1cate that a heifer ehould conceive early during
the first breeding season to achieve good reproductive
performance throughout her life.

Feed supplementatlon has had a variable effect on
calving date. Bellldo et al. (1981) worked with productiOn’
data from a fléé -year study with Hereford and Angus X
Hereford cows, They defined two breeding seasons, early and'

late, and found that in the early breeding group, calves

from cows supplemented during the previous year were born 14
v a _ _

I . ’ .
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days later than those from unsupplemented cows. No

difference (p>.05) due to supplementation was ﬁoted in the
late breed1ng group S1m11ary Furr and Nelson (1964) and
" Harms et al. (1974; reported no effdct of supplementation on
calving date. Hoyever, Parker et aV. (1974) indicated that
cottoneeed euppiementation of 0.45 kg/day ledvto éarly
calving of about 24 and 18 days.in'seoond andethird calvings
respectively."Supplementation had no effect on date of
calving in heifers. |

Relatiyely‘high feedingalevels:were given»by Burris and
- Priode (1958) invan'erperiment with cows calving in eardy
spring They eetimated a regression of second calving date
on first calv1ng date to be 0.37 days per day of d1fference
(r= 0.32). Doornbos et al. (1977), howeyer, reported no
's1gn1f1cant effect of calv1ng prev1ous date on pregnancy
after 21 or after 45 days of jo1n1ng with the bull,.although
there was a h1gh1y 51gn1f1cant relat10nsh1p w1th post partum
anoestrus 1nterva1 | ' o v . )

-Differences in date of oalving lead to‘differences in
‘age at the time that heifer calves were ready ‘to be bred &
ﬁ Mrlagres‘et al (1979) reported that the age of the helfers
-at the beginning of the f1rst_breed1ng'season s1gn1f1cant1y'
affected their calving'rate._dnly_szi of heifers aged 12
months or less at the beginning of'the.breeding season.
vcalved‘as'two,year olds whereas_72% of those aged between 13

and 15 months at the start of the breeding season calved as

two year olds. The number of services per conception was not

il
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o
associated with the age at the start of the breeding.eeason.
Ellis (1974) also reported that in f1ve out of the 13

herd years 1nvest19ated he1fers subsequently becoming
pregnant vere s1gn1f1cantly older at first mating than
“heifers remaining non- pregnant

Chapman et ‘al. (1978) began a comparlson in 1965 of

kHerefords bred to calve first at tvo and three years of age.
iCulhng was only exerc1sed on\fows non- pregnant in two'

‘ consecutlve years. The herd was sprlng calv1ng and the

‘compar1son vas followed for ten years. There was no
" significant difference in calving percentage, ca1v1ng date,'
birth weight, weaning weight and cow survival, although the
tendency was for calves from the two year oid calving group
to be born later and vere lighter at weaning than calves
from the three year-old calving‘group. ‘

Other factors correlated with Calving date vere shown
by Pattulo (1973) in the form of 51gn1f1cant positive
regressions of blrth weight on calv1ng date. On the other ¢
hand the effect of breed on calf blrth date was not observed
‘to be s1gn1f1cant by Rankin and Holland (1974) and Bellldo
et al, (1981). |

2.2.2‘Age of calf

Sin;e birth dates vary, it woﬁld.be necessary-to secure
welghts daily over a perlod of time to obtaln actual we1ghts
at a constant age. In pract1ce, especially under farm

conditions, this procedure is not feas1ble and_usually the
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whole group is weighed once at weaning. The weights thus
ob?ained'vary in age at hhich they were taken and in making
coméarisons it is frequently desirable to adjust weigbts for
diffégences in age. | ' |
Age»ét‘ﬁeaning has been included by many workers in the
analysis of weaning weights but to a lesser extent in
preweaning average daily gain. One reason for the latter
observation may be thét average daily gain is perhabs
ihtrinsically adjusted for age¢§£ calf effect (Kennedy and
Henderson, 1975b). In most‘sguéaés, blder ca1ves have been
found to grow more- slowly. M;son et al. (1970) found a
significant neéative regression of average daily gain on
weaning age for Heifers but not for bulls. Barlow et al.
(?974) also found non-significant negative quadratic
regression\of average daily gain on weaning age. It was.
evident,in'iheir analysis“that much of the variation between
hefds and years within herds was accounted fof by weaning
age. . | ; . _
‘Barlow et al. (1974) reported that of the 72
regtes;}ons of weight‘géined from birth to weanihg and
average daily gain on weaning age in sevefal breeds,Athe
majority were positi&e and significant. However the small
number of animals used in ghé study precluded the estimation

of meaningful values in some years. Among the regressions of

. average daily gain on weanirgy , they found a little less
-than half to be .significant. “mong the heifers and steers

there were more significan: neg regressions while among -
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‘bulls there were.more significant pos1t1ve regre551ons.“
These observations indicate that there was a tendency for
younger he1fers and steers to grow faster to veaning than
older contemporarles wh11e the reverse was true for the
bulls.

Pell and-Thayne (1978)vnorking with Angus andeereford
data established that both linear and quadratic effects of
age at weanlng on weaning weight were hlghly 51gn1£1cant in
both breeds. The s1gn1f1cant quadratlc components were
negative in each case indicating that the éhange 1n weanlng
welght for each additional 1ncrement of age was not llnear
but rather decreased in magnltude with 1ncrea51ng age. Thus
a curvilinear relatlonshlp described the growth pattern of
calves from birth to 300 days of age more- accurately than a
rectilinear one. The results agreed with trends in growth \
 rates observed by Mar lowe and Gaines (1958) and Warren ét

al. (1965). Kock and Clark (1955) found the regression of
gga1n on weaning age to be -0.02 kg/day which was considered
to be too small for practical purposes. Therefore among
'range beef calves, these workers concluded: that the
'difference in growth rates of early and late born calves was'
notfaé important as many Qorkers had thought. However, the

majority of the studies indicate otherwise.

2.2.3 Sex of calf
Although it is generally recognized that males in most

domestic species are heavier than females at birth, the sex

-
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effect is confounded with differences in gestation length
since bull calves are usually carried a day or two longer
than heifer calves. Male calves also grow more Fapidly and
reach greater yeaning weights than feﬁales. Howevér, on a
low nutritional plane, superiprty of male calves over

females may not be significant at time of weaning (Creek and

Nestel, 1964). Preston and Willis (1974) indicated that when =~

calves vere weaned at 90 days which was earlier than the
conventional weanihg age ofiapproximately 210 days, sex
effect was not significant presumably because weaning might
have been done before sex hérmone influences had begun.

The superiority of male calves at birth has been
reported. At birth fem;les calves have been reported to bé
four to six percent lighﬁer than bull calves (Tudor, 1972;
Harricharian et al. 1976; Pabst et al. 1977) but the
difference génerallyiincreased with incfeasing age and
increasing size of the_bfeed. Sex differences are generally
larger and growth rates faster among calves from older dﬁms
(Rollins and Guilbert, 1954;'Pahnish et al. 1958; Barlow et
al. 1974). Among calves which are creep fed, Marlowe and
Gaines (1958), Marlowe et al. (1965), Cundiff et al.'(1966),‘
and Harwin et al..(1966).reported‘that sex differences in
weaning weight of calves from young dams were smaller than
sex~E§3ferences from mature cows and that, because of their
greater growth potential, male calves may have been more

severely limited by the lower nutritional environment

provided by the young dams,
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Pabst et al. (1977) studied seven breeds of pedigree
beef cattle in Britain and reported that sex effect as a

source of variation in weaning weight increased with age of

" bull calves, at zoo—day and 400-day we1ghts, the heifer

calves weighed about 18% and 30% lesﬁ respectively, than.the
bull calves. The authors also indicated in their results o
that sex of calf effect tended to increase with the size of
the breed.

In another study the relatiéﬁshib between sex
differences and environment was simply expressed as an
interaction of sex with herd of&;ears (Sellers et al. 1970)
and where herd and year means were givén, larger sex

differences were generally shown to be associated with a

more favourable environment.

2.2.4 Age and size of dam

| Dams influence the preweaning growth of their calves
both by the genes they transmit to fhe calf and by the
maternal environment which they prdvide for their calves up
to weanlng Presumably changes in 51ze,'we1ght and
physiological function Wthh accompany ageing 1nfluence the
environment gnd consequently have a direct effect on birth
and weaning weight of the calf. |

A vast body of informatiop has been published on

factors affecting weaning performance. Most studies
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dndicated an increase in weaning weight with an increase in
age of dam‘up to five or six years of age and a gradual i
decline'thefeafter. The age at which the decline occurred
varied considerably between studies. The largest increase '
usually occurred between three and four jear old dams
(Minyard and Dinkel, 1965; Baflow et al. 1974; Schaeffer and
Wilton, 1974a,b; Kennedy and Henderson, 1975a,b; .Winks ét

al. 1978) |

Age of dam effect appears to be more important during

the early post—calving period than the later stages of the
preweaning period (Neville, 1962; Lammond et al. 1969;

Barlow et al. 1978). This is consiatent with the shape of

the lactation curve. Some workers (Barlow et al. 1978) have
suggested that creep feeding could be expected to limit the
. importance of maternal effect over the prewean1ng period.
However, the need for a high degree of accuracy in
determining the age of dam effect in younger aams appeared

of little 1mportance from studies by Cundiff et al (1966)

~

and Schaeffer and W11ton, (1974a). ‘ o
The majority of studies on age of dam effect indicate
that calves from two and three year old dams averaged 6.8 to

27.3 kg less at weaning than those from five to six year old

" dams (Brown, 1960; Swiger et al. 1965; Warren et al. 1965;
Sellers et al. 1970; Hohenboken and Brinks, M971).,Pell and
Thayne (1978) classified age of dams at six month intervals
between 23 and 47 months, and 12 month intervals beyond 47

months and reported that weaning weight in Angus increased
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by 23 kg as the age of dam increésed from 23 months to about
nine years, with peak productién occuring in the eight to
nine yeér age groups. There was a slight decrease in weaning
weight after nine yeafs. Inlthe Hereford calves, weaning
weight was observed\to increase by 23 kg from 23 months to
eight years with.pe k production 1in the seven to eight year
group, remaining the same through 12 years of age. A slight
decrease in production was observed in céws which were 12
years and older.

Some studies have not been able to establish
significant differences in performance of calves from
different age of dam groups. Butéon et al. (1980) observed
that although differences in adjusted weaning weight between
four Year old damé and mature dams wére small and not
éignificant, increases were noted for two to four year old
dams similar to the‘genéral trend of other published ——

reports. Bair et al. at the difference

between weights of calves from two and.threevyeag old
‘Angus-Hélstéin cows was not significant at either 120 or 205
days, thus indicating that milk production of heifers was
comparable to three yearrolds when measured over a seven
month lactatioﬁ'period. However, at 305 days the difference
in calf weights wag significant (p<.01) indicating lesser
lactation persistency in the heifers. Thus the heifers may
not have been able to continue high milk produétion
ﬁhroughout a-305-day lactation. Bair et af. (1972)valso'did

T T .

not record any significant differences between Qeights of
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calves produced by five through nine year old dams tor 120,
205 and 305 day weights, thus indicating that maximum
production was achieved at tive to nine years ot age,

There are additional sources of bias which could be
involved in estimating age of dam effects in field data.
Lush and Shrode (19505, Koch and Clark (1955), Marlowe et
al. (1965) and Kennedy and Henderson (1976) have considered
age of dam effects resulting frcm.contiguous culling of
dams. As records accumulate and éveraées of all records made
each year are compared, the less productive individuals are
usually culled and the more productive ones therefore would
have more opportunity to have records in each ensulng year.
This means that improved performance in each older age group
is not due to age alone but also to inherent genetic
superiority.

Although ghe potential for considerable bias exists 1if
culling is baséd entirely on measured performance, Kennedy
and Henderson (1976) have indféated that the actual bias was
less than 1 kg between consecutive age groups of young cows
in Canada. On the other hand Hopkins and James (1977) have
observed that there is the opportunity for higher breeding
values among youhger females. Besides, Barlow\gt al. (1974)
have also mentioned that the practice of mating young
females to smaller bulls with the intention of reducing

rd

difficult calvings can also contribute significantly toward

Al

biases in estimating age of dam effects in field data.

&
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2.3 Growth mediated effects on breeding performance
- SelgEtlon for growth rate results in advancement of CN
puberty and early maturation. Comparisons of the rate of
growth and the relative sexual maturity of different breeds
fw1th1n a spec1es, and of 1nd1v1duals within a breed suggest
that hlgh growth rates are not only assoc1ated with early
puberty but also with heavier bodyweights,kat puberty.
Studies supporting this conclusion in cattle and other-
species were réviewed by Barlow (1978).
! Preweanlng average daily gain has been related to»age
. at puberty with a correlation of r=.-0.24 and bodyweight at
puberty with a correlation of r= 0.54 (Arijie and Wiltbenk,
1971; Laster et al. 1972). Such effects.of pre&eaning growth
rate‘appear to be cohsistent among a number of studies, ~
whereas the relationship‘betweentpost-weaning growth rate
and the onset of puberty is more vériabie. Post-weaning
growth rates are freguently affected not only by available
nﬁtrition followinngeaning but also by preweaning
pe:formence. Therefb?e, a. knowledge of the overall
éharacteristics of the growth curve 1s of great impqrtance.
In cattle, genetic differences 1in gfowth rate potential are
reflected in differehces;in the rate of sexual maturity,
with high early growth rates in particular, agvancing sexual
matugity.
Work by Wiltbahk et al. (1969) suggests that

considerable interaction exists between genotype and the

level of nutrition which Foxcroft (1980) contends is

|
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'suggestlve that the ‘effects of growth on reproduct1ve
function may depend on the exact pattern of growth
.established. Thus in late maturing breeds the advancement of
puberty due to high plane ®f nutrition may be associated
with lower bodyweight at puberty as observed by Gardner .
(1968) in Holstein- Fr1e51ans On the other hand an 1ncrease
in nutrition in the faster maturing breeds ‘'would, in
general, result in heavier bodyweights at first estrus.
Blaho©(1976) and Khozei (1978) indicated that fertility

is in fact enhanced in heifgrs bred at lighter weights and

younger ages, aitheugh milkihfield dqring'the first:lactation
may be redpced. foxcroft (1980) suggested that the prOblem‘
for the future would behto‘optimize the effect of |
intermediate levels*of‘growthwsinqe there'is no evidence in
the literaturé to suggest that early breeding of heifers, as

a result of enhanced growth rates, is associated with any

long term deletericus effects on breeding per formance.

2.4 L1vewelght change and breedlng cond1t10n of the dam
Lowered fertility wh1ch can be so 1mportant is taken as
a failure to breed°as often or as regularly as required.
Lowered bovine fertility is recegnized ae a serious economic
problem reSulting in loes'of milk, reduced calf crop and
early qplling of potentially ueefui cows. Low conception
rates to first service in‘dairy herds,-where estrous cycles
appear to be‘occhrriné normally, can be associated vith a

slew recovery-of body weight during early lactation.
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Observation by McClure (1970) on Jersey herds in New Zealand
in which this syndrome was observed‘showed that the
"infertile’cows were those which lost most weight between
calving and mating and/or were still losihg weight at the
time of mating, thle‘ghe ﬁeaa bodyweight of the fertile
cows Qas rising at the time of mating. o

Klng (1968) showed that cows whlch galned in body
weight had a h1gher conception rate than those which lost
weight. Trimberger et al. (1954), Sallsbury and VanDemark
(1961) and Duward '(1969) have shown that conception rates
averaged about 35% for. cows bred at 20 days post partum and

increased until aQout 80 days post partum.

2.5 Overview of principal -components analysis

Although studies involving two or more variables
(whether independent or dependent) are multivariate by a lay
“definition, the term multivariate iﬁ statistical jargon has
come't; meah‘two or more dependent variables analyzed |
simultaneously (Gill, 1981a). Multivariare statistics refers
to an-assortment of descriptive and inferential techniques
that may be used to analyze multlple measurements that have
been made jointly on one or mdre samples of 1nd1v1duals It
is concerned with the jointness of the-measurements of each
individual 'and the relationships among the deasurements
across individuals. ’

According to Brown et al. (1973), path coefficient,

multiple regression and multiple correlation procedures are
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the multivariate techniques which have had the greatest
application in large animal research. Although the concept
of principal components has‘of late been receiving more
consideration by beef and dairy-cattle and swine reséarch
"groups (Young et al. i977, 1978; Carpenter et al. 1978;
McCurley‘and McLaren, 1981), earlier use of the technique in
appllcatlon to livestock research was largely confined to
‘guant1fy1ng breed differences in shape and size (erght
“1932; TouCﬁberry, 1951:; Tanner and Burt, 1954; Brown et al.
1973). |

while principal components analysis (PéA) may improve
the interpretation of data, Gill (1981a,b) has p01nted out
that the real meaning can easily be obscured behind a fa@ade
of sophisticated manipulations poorly chosen and
‘inte:preted. Thé analysis involves the regrouping of
" voluminuous data into patterns that one hopés to be able to
1nterprete meanlngfully, whether meaning is achleved often
depends ‘nmghts of the 1nvest1gator that are extraneous
to the sample of data.
| | The basic. assumptlon of prlnC1pa1 components analysis
.is that a battery of intercorrelated- varlables:has common

factors running through it and that the scores of

3

individuals can be represented more economically in terms of

these reference factors. The technique makes linear
combinations of the available variables into factors or
components. The procedure reduces a correlation matrix into

a set of orthogonal components with each component

ol
o
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}explaining some of the variation in the correlation matrix.
The major component expla1ns the largest amount of var1atlon
in tne variance- covarlance structure and minimizes the
re51dua1 correlation among the varlables. Each succe551ve
component explalns the largest portion of the remalnlng
var;atlon while sat;sfy1ng the requirement. that eaeh,'
component be independent of the others (MCCurleyrand.d
McLaren, j1981).* . a |

A useful property ‘of the technlque is a.more
par51mon10us descrlptlon of the system. The number of
components estimated usually depends on the adequacy of each
successive component to explaln the varlatlon 1n the
dependency structure apd upon the'arbltrary dec151on as to
Xthe fraction of the total variation in the n-dimensional
structure'it is desired to explain. A more detailed and
technical discussion of prinoipal components analysis has

'been given by Morrison (1976) and Green (1978).



3. SOURCE OF DATA a

.3.1 The Ranch .

The Unlver51ty of Alberta Beef Cattle Ranch at K1nsella
was started in 1960 with a goal of developing cattle adapted
to and productive under conditions imposed by the natural
environment. The ranch is atlthe edde of the boreal forest’
where native short grass predom1nates with a recent 1nva51on
_of aspen poplar spreadlng from moist pockets of. the roll1ng
topography. About 800 hectares of 'the total land area of
2800 hectares consists of 1mproved pasture of brome, alfalfa.
and creeping fescue. The native grass is mainly fescue and
porcupine grase. The precipitation at Kinsella is about 500

mm annually (Berg, 1975; Arthur, 1982)

3.2 The Breed1ng Populatxons
| The breeding plan and general management of the herd at
Kinsella have been per;odlcally‘descr1bed in the Un1vers1ty
of Alberta, Department of Animal Science Annual Feeders' DaYt
Reports. (Berg, 1975, Berg and Peebles; 1985)._In brief,
.beginning in 1960, a start was‘made with two lines of
cattle; a Hereford control and a composite pt Angus, |
éharolais, and Galloway breeds called Beef Synthetic.
According to Berg (1975), the Hereford was chosen
because of its dominant position in the beef cattle industry
in Alberta. The Hereford line has been maintained as a

purebred line from its initiation with limited continued
i

29
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introduction from outside. The breeds for the Synthetic were
~chosen to complement each other in their gooa |
characterlstlcs. Thus Charolais was chosen for growth and
leanness, Angus for mothering ab111ty and Galloway for
~hardiness.

The breed composition of the Synthet1c populatlon has
varied somewhat over the years but has been fa1rly stable
since 1970 at about 37% Angus, 34% Charolals, 21% Galloway,
5% Brown Swiss and 3% from other breeds 11ke Jersey,
Shorthorn and Brahman, wh1ch came from the foundatlon

;animals which were not always purebreds. A Da1ry Synthetlc
population was started in 1967~68"with Holstein and Holstein
crossbreds with later additions of Brﬁﬁh Swiss and Simmental
breeds. The Dairy Synthetic has stabilized since about 1978
with very minor fluctuatlons. ;

There is also the ‘Beef Crossbred populatlon which is
'e1ther progeny of crossbreeding among Hereford and Beef
Synthetlc or progeny which have been derived from a line in

- which thevsuitabilityvof variouspcombinations of Beef type x
Beef type or Beef type x Dairy type yere'being’inyestigated
(Goonewardene, 1978). The crossbreds-therefore have a varied

composition of the above mentioned breeds.

3.3 Management and selection procedure
The management pract1ce of the breedlng herds has been
descrlbed as a practical low cost commerc1al operatlon'

‘

(Berg, 1975). The breeding herds were on the range
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year-round and depended on the natural grazing except for
about four months in the winter when supplementary feed was

provided. During this t1me the two and three year olds were

N

separated from the older cows and were given more grain than
‘the,older cows. A summary of the winter feedipg plan has
been reported by Berg- (1978). During breeding, females in
single sire groups were pastured separatelyvexcept for the
Dairy Synthetic which was bred in multiple sire group in one
pasture.

Breeding season was limited topJuly and August for
calving in.April_and May. Calves and their dams were weighed
as soon after birth as possiblef\After the end of the
calving season calves were weighed during the months of
June, July and August. Calves‘were weighed and weaned in -
October when they were slightly over five months old. The
male calves were placed on a 140-day feed test over the
winter during which they were'fed a high concentrate ration
while the heifers were limited to about 2.3 kg of
concentrate and 2.3 kg of hay/day. Straw, wh1ch was provided
. as bedding to both groups, was ‘partially consumed The dams
‘were again weighed in June before breeding and again at the
t1me of weaning of their. calves in October.

Selection of bulls was made when the§ completed the
performance test at about one year of age, the major'
criteria being preweaning and postweaning gain. Attempts
were made to limit the number of bulls selected from a

f

particular sire each year. Bull calves were mostly used as

as



yearlings and only about‘25% were held overAfcr an
additional year (Beré, 1975) .

\\ngi\physically sound heifers were bred as yearlings to
talve as two,year olds; tﬁcse failing to become pregnant
were fed out for slaughter. Breeding cows were required to
calve each year; those failing to do so were culled. In the
early years however, when herd'ekpansion was taking place,
some COowSs were allowed one dry year and were culled on a’
second dry year. Other criteria for culllng cows included
unsoundness or defects such as eversion of the reprcductlve
tract, lameness, temperament, cancer eye end.crippling.
After cows had weaned three calves, cows surplus to needs
might be culled on the basis of weaning weight of their

¥

ucalves‘(Berg and Peebles, 1983). _ <

3.4 Data Editing

For the purposes of the study, 1n1t1al ed1t1ng of the
" records was neccessary. Calves were selected if they had
complete birth, weaning and yeagling records. All cases
involving twins, foster dams og;any other abncfmal mothering
%éonditions, or calves from mcléiple sire metings in which
specific sires could not be be identified, Qere eliminated.
ThlS excluded all the Dairy Synthetics. The three

populations used in the analyses were the Hereford (HE),

Beef Synthetics (SY) and the Beef Crossbreds (XB).



4. FACTORS AFFECTING PREWEANING PERFORMANCE

4.1 INTRODUCTION‘

Performance testing to measure growth rate in beef
cattle has proven to be important in identifying superior
Pnimals and hag gained broad acceptance by the beef industry
(Pell and Thayne, 1978). Faster growth rate increases the
'proportion of feed intake used for tissue synthesis and
reduces total inputs per unit of weight gain. The main
premi;e of selecting for weight gain is that weight is an
easily measured trait closely related to‘éfficiency.and.
economy of production. The major limitation as noted by
Barlow (1979) is that the measures of efficiency used have
been mostiy related to growing animals during the
postweaning period when they are being finished on high
grain rations. When animéls are finished on pasture, sugh as
in Austfalf%, management practiceé and markg;Qrequiremenis
may differ greatly, making different select;g; objectives
more desirable.

For selection aims to be realized through controlled
breeding programmes, gehetic differences among animals need
to be identified by removing variation due to environmental
factors. In the anaiyées of preweaning‘growth.traits,
several environmenpai factors including the effects of sex-
of the calf, age of the dam, herd and yearahave been

documented for many purebred cattle. However, only limited

information is available on such estimates for multi-breed

33
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populatlons. Willms (1981) and Sharma et al. (1982) have
provided some adjustment factors for the Hereford and Beef
Synthetic¢ populations but the comparisons excluded the Beef
Crossbred population.

The effect of season of b1rth has not been studied
extensively in beef cattle. Perhaps this is because in most
beef operations, the calving period does not traverse the
seasons of the year. Nevertheless, Franke and Turner (1983)
have indicated a potential bias in the adjustment of
preweaning traits when seasonal or periodic classificatione
are oveflo&ked in conventional analyses of field data. Birth
- date may therefore be a significant source of variétioﬁ in

preweaning g%owth traits in range beef cattle.

4.1.1 Objectives of the study

The purpose of this study was to estimate and compare
the effects of sex of the calf, age of the dam, year of
calving, age of calf or date of birth, on birth weight,
weaning weight and preweaning average daily‘gain in‘three
range beef populations.

4

4.2 EXPERIMENTAL

4.2.1 Preliminary investigatioﬁ of calving dates
In the preliminary analysis, nine age of dam categories
were defined starting from two years through 10+ years.

Dates of birth of the calves were analyzed using a fixed
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model least squares procedure as outlined by Harvey (1976).
The analyses were carried out within populations. Attempts
were made to fit all possible 2-way interactions except
where, by the inclusion of such terms, programme limitations
were encountered due to degrees of freedom that can be
handled.

| The following fixed model (model 1) was assumed to

describe the birth date under obéervation:

Yijei =M +* Ay ¥+ D; + S, + AS; * DS * €k
/ MODEL 1
where
| " Y,,;«1 = the observed birth date
n = the overall mean ‘ . y
A, = the effé}t of the ithvage of dam
D; - the effect of the jth year of calving
St =>the~effect of the kth sex of calf
AS,., = the ith age of dam by kth sex of calf
interaction .
DS, = the jth year of calving by kth sex of calf
interaction
€i;x1 = the ;andom error term.

Using the procedure for mean separation for unequal
numbers as outlined by Harvey‘(1979), the
Student—Newman—Keuls test was used to test differénces
between means when significant differgnces were establishea

by the least squares analyses of variance.
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4.2.2 Covariance analysis of preweaning traits

In analyzing birth Yeight and preweaning data it was
deemed important to remove the effects of thé differences in
date of birth. The data were therefore re-analyzed with
birth date aé a covariate. All calves without comélete
preweaning records were excluded from further analyses. The
age of dam categories were also reduced from nine to seven
by combining age classes seven and eight into one category
and by coding all dam ages nine years or greater as 9+. This
reduction was necessary because of the progressively fewer
numbers observed with increasing age levels of the dams due
to culling. /

Furthermore since the crossbreds were so heterogeneous
because of the introduction éf several breeds, a mofe
homogeneocus definition was deemed to be necessary. Therefore
a selected group of crossbreds was defined as those animals
which had at least 50% British beéf breeding in them, the
British breed in guestion being any combination of Angus,
Hereford and Galloway. By this definition a few animals
which had very high components of the large beef types (for
example Charolais and Limousin) or those with high -
components of dairy type (for example Holstein, Brown Swiss
‘and Simmental) were eliminated from the records in further
analyses.

The attempt was to select animals from the crossbreds
which would be of comparable weight and genetic composition

and therefore to have approximately similar growth potential
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so as to be conveniently classified as one breeding group.
In addition, since records were not available for the
crossbreds before 1965, all records collected prior to 1965
in the HE and SY were excluded from further analysis.

The analyses of the data were first carried out on a
within population basis for each of the three populations
and thereafter for the combined data of all three
populations. The combined data analysis was necessary for
the investigation of the bréed (or population) effect and
its interactions with other main effects in the model. Date
of birth was used as a covariate in the analysis of birth
weight (BRWT) whilé.aégg%f the calf at weaning was used as
the covariate in the analysis of weaning weight (WNWT) and
preweaning average daily gain (ADG). An attempt was made to
fit both linear and guadratic terms of the ggvar1ate For
the quadratic term to be included, it was required to be
51gn1f1cant in at least one of the three populations. Thus
in the within population analysis of the blrtgﬁbelghts thegau?
quadratic effect of birth date was not significant in all
three populations so the following fixed model (subseguently
referred té as model 2) was assumed to describe the
observations:

Y,.., =4 +D, +S, + A +DS,, * Sh;, *+ B(X,-X) +

€ ikt
MODEL 2

where

Y,;«: = the observed birthweight
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‘'w’ - = the errall meén birthweight of the
population

D, - =.the effect of ith year of birthv

s; = the effect of the jth.gék of calf

A, = the effect of the kth age of the dam

DS;,; = fhe effect of the ith year of birth and

jth sex of the calf interaction ’
SA . = the effect of Ehe jth sex of the calf and
kth age of the @%m interaction
B = the linear regression of birth’weight on
~he date of birth ’
X = the overall meaﬁ date of -calving of the
| populat ions )
X, © = tre individual date of birth
€ijx1 = the random error term.
The following model (model 3) was assumed to describe

the analysis of the weaning weights (WNWT) afid the

preweaning average daily géin.(ADG) on a within pdpulation

basis.
= Yijk1 =U~+Di +Sj + Ap E@Sij +SAjk +B'1(X{“X) +
. 2 ; |
Bz(xiz_xz) o€k i .
. MODEL 3
) Y

o

Y,;x1 = the observed trait being WNWT or ADG.

u, Di, S;, Ay, DS;, and SAjk~h§ye similar definitions
, i
as in model wg. '

%
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X - the overall weaning age of the calves

(pooled for all years)

X, - the observed weaning age of the individual
calf |

X%, = weaning age squared

B = the linear regression of WNWT or ADG on

(Y

age of the calf at weaning
B2 = the quadratic regression of WNWT or ADG on

age of the calf at weaning

€;jx1 = the random error term. ‘ 1 |

The combined data analyses for birth weights and |
" |

weaning weights were carried out with models analogous to
!
|

models 2 and 3, except that breed effect and breed \

|

x !
interactions with year of birth, sex of calf and age°ofkdam

were also investigated.

;n all the models, the attempt was made to fit,all
2-way interaction terms except where the inglusion of such
inte;action terms %eéulted in exceeding the programme
limitation of deéreés of freedom. Therefore year of calving
by age of dam interaction could not be fitted in the models.
Second order interactidns were not envisaged to be of

biological importance. Significant differences were tested

by the Student-Newman-Keuls test.

e

k ‘ (O - o
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4.2.3 Analysis of the Traced Data: within population
analysis

Since theumanagement practice on the ranch was'such
that, to stay in the breeding herd, cows were required to
calve each year, it can be appreciated that, in comparison
Qith younger dams, older dams were a group highly selected
for calving regularity. Therefore, observed differences
between performance of different aged dam groups would not
only be attributable to-age of dam- effects but also to
truncated selection. It was therefore deemed important to
investigate the preweaning performance of calves for each of
”the calvings in six year old dams and to compare theee
results ﬁith those of their respective populations.,

To achieve this comparison involving six year old dams,
the data were sorted within dams and the calving berformance

traced back in years. Since the classification of br ?

populations was originally based on the geﬁotype o
calves, some cows cguld not necessarily be cleé%“
the same breeding population each year. Therefore;;:,f
sufficient data for each breedﬂng population, the criterion
for selection in the Traced Data was to include the record

of all six year old dams which had produced at least fhree

calves in the same breeding prulatioh. The data obtained‘

F(Traced Data) were analyzed using statistical models 2 and 3
(previouely described) invthe analyses of birth weight,

weaning weight and average daily gain.

y e
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4.3 RESULTS AND DISCUSSION

4.3;1 Analysis of calviné dates

Table 4.1 shows the mean dates of calving for‘age of
dam classes and sex wof calf in the three populations. In all
three populations, the heifer dams calved significantly
earlier. (p<.05) than the three and four year old dams. The.
earlinéss of calving in the heifers relative to the three .

year old dams ranged from about one week (7 days) in the SY

‘population to about tﬁo weeks (13.7 days) in the XB

population, with the HE population being intermediate at 9.4
days.

After five years of age, the effect\of age of dam ‘on
date of calving did not follow a.regular pattern. Within the
Beef Crossbreds (XB), there was no significant difference

v

between the dates of calving 4

®dams which were three years
or older even though the two year old dams calved

significantly earlier than the rest of the group. Within the

- HE and §Y populations however, the situation was somewhat

irreqular, with significant differences existing among some
older age groups. This irreqularity may have atisen as a

result of sampling error with progressively fewer numbers of

observations in the older age groups.

The earliness of calving observed in the two year old
dams and the lateness of calving in the Qhree and four year
old dams suggest a relation between ;gé and body condition
at the time of breeding. Puberty in heifers has been

§



42

(S0 >d) US4 1P ALjued|iubls Bde SJ48318| IUBUSIP AQ PBMO||0J SuUEBW SSEBLIAGNS |

LS50 ¥ 6G°0Z+ B8S8 6E°0 F LS LIV 8L9 LS°0 F vO'BL+ 098 wviol
e 18°0 ¥ L9 0T} [4e14 q 8§50 F wm.mm— 6v8 q v8’ F LLOTH ocy S8 enw
t 2 GL'0 F ¢5°0¢CH oGV € 96°0 F ST 9t} 6C8 e 9L’ F 60 LLY Ovyp so|ewsay
r . ) 47v0 40 X3S
a 95z ¥ Gl €TV LT 2qe 1871 F 2O BHE 49 2 GE°C ¥ OE'STH t¥ +0}
q 86+ F ETTTH LS Qe LE'z F O8°EHL  9F oge 68°C F LS 12 ET 6
q 90T % vO“NN— oL oqe L6 L F Wv.m«— o8 oqge 94 F oy oLL) LS 8
. g Ly F PTCTH 68 20 0S°) ¥ v8 ' 8Hi .wO— qe 6’ F BE'GI}L - 09 L
’ g +v8't ¥ 68 0T} 98 qe Om.—\« Omuw—— 14°1 oqe 18" ¥ wm.hre C6 9
q E6'} F OE"PZTH GO ge vO'L F-OV° LLb OVZ 298 TE'+ F T 6hL 61} - g
ac9) ¥ a8 szt Obb 5 ZO'} ¥ pT°ZTTH BST 2q TH L F 9L 1T 8%} v -
qgez't ¥ [ =Y A EVL 2 88°0 ¥ 06°641 pCE 2.9 F 9c°€CH LT} €
€ GOy F 6V Lt tie e GL'0O F v6'ChI LOY AN F G6°ELY zot 14
WVa 40 39V
3S F NVIN N 3S F NVIW N 3S F NVIW N
03¥8SS0dD 4338 JOIL3HINAS 3338 QY0438 3H
\ NOILVINdOd ONFa33u8 o

1

2

-3|e0 3O Xxas ncu wep jo abe ay3
J03 suojjeindod ay3 u} BujlAles jo @iep JO SJOUJS pJdepuels pue sueaw saJenbs i1seal | ‘¢ aiqel



43

reported to occur as early as eight months of age though a
"more realistic average range is 10 to 15 months of age
'(Beardon and Fuquay 1980). Therefore the heifers had been.
cycling for some time prior to being put with the bulls at
the beginning of the breeding season. Hence the heifers were
likely to be impregnated in their first ovulation, that is,
wi;hin 21 days of the start of breeding. All other females
had‘recentiy had a calf and had not yet returned to regular
cycles so they would not necessarily be impregnated for some
time after the start of breeding;,Therefogg the results
indicated thatw;he heifers conceived readily when bred.

On the other hand the.three énd four yéar old dams
having been bred the previous year, when they were just two
and three years old, were at the time of breeding still
nursing their calves and were themselves growing animals.
These particdlar age groups were under the greatest stress
during the breeding season. This is because they did?ggt
only‘need to meet their own growth requirements but%%gey
also had to lactate to nurse their calves. They were )
therefore the gréup most Jikély to be under greater stfess'
at the time of breeding, more so than in other age groups in
which either the additional demands of individuél growth was
minimized, such as in mature éows (five years and older), or
when the demand of lactation wés not pertinent, such as in

the heifers.

[

The ¢umulative effect of this stress may be exhibited

by the heifers in such manner that they may not show estrus

[



early in their second breeding season. Wiltbank (1970)
reported an average interval from calving to first estrus to
be 91.6 days 1n two year old cows, 66.8 days for three year
~old cows ‘and 60.2 days for five year old cows. The results
‘of the present study suggest}th@t the late calving dates
observed for the three a;d four year old dams was due to a
éelay in return to first estrus during the breeding season.
. The relationship betweenlpartu:ikion and conception has
_beep studied By‘Ahderson, (3966); Flores, .(1972); and De
Kruif, (1975): All these authors reported that théﬁinterval
betweén éalvfng and conception was longer in those animals
which had‘caIVed for the first time ,that is in primiparous
con, than itfwas for older cows. However, some
investigatofs did not attribute reduced COnception‘rates in
primiparous cows to their age but to the fact that it was
preciéely_in thése animals that more problems arose at the
time of calving. |
Table 4.1 also showé that male calves were usually born
latér than the female calves. This was a direct conseguence
of a slightly longer gestation iéngth of hale calves thaﬁ
- female calves. Some workers (Singh et al. 1958; Lasley et
al. 1961; Sagebiel et al. T967) did not find significant -
dlfferences between the gestation lengths of male and female
¥ calves, while others have reported heifer calves to be
carried longer than bull calves (Burris and Blunn, 1952;
Foote et al. 1960).,Howevef, the majority have reported

«:les to be carried longer in utero than females (Herman et

@
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al. 1953; Ahmed and Tantawy, 1956; De Fries et al. 1959; -

Preston and Willis, 1974). In the present study both HE and’

- SY female calves were born significantly earlier (p<.05)

thaﬁhthe male calves, the difference being 3.6 and 2.7 days
in the HE and SY.populations respectively. The difference of
0.2 days observed between the mean calving dates of the
sexes in XB population was not significant (p>.05).

A summary of the wiﬁhin population analyses of variance
tables for birth weight (model 2) andyfor weaning weight and
average daily gain (model 3) are presented in Tables 4.2,
4.3 and 4.4 respéctively‘for the three populations. The

Pe

various main éffects, interactions and the covariates in the

equations will now be discussed.

4.3.2 Year effect

Year  of birth was a highly significant source of
variation in all the thfee preweaning traits analysed for»
all three populations.‘The least équares constants éf years
for birth weight, weaning weight ahd avefage daily gain
(ADG) are indicated for the populations in Appendix Tablé 1.
A regression of least squares constants for birth weight,
weaning weight and ADG on years of birth, gave indications of
trendsAtowara heavier birth weight and weaning weight and
higher ADG in.calves born in later years of the proéramme.
The regression coefficients along with correlations between
year of ‘birth énd the least squares constants for each trait

within the breeding populations are ‘shown in Table 4.5. The

)

o
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linear increases in birth weights were 0.30, 0.36, and 0.18
kg/year for HE, SY and XB respectively. The linear increases
in weaning weights were 1.91, 2.54 and 2.88 kg/year with
corresponding linear increments of 9.8, 12.7 and 34.2 g/day
in ADG for the HE, SY and XB respectively.

These posktive regression coefficients cannot be
attributed to genetic improvement per se durihg the years
because the present analysis does not lend itself to this
‘kind of interpretation. As noted by Thrift (1964), year
effects generally resulting from year‘to year fluctuations
in temperature, precipitation and other climatic factors
markedly affect the availability of forage and forage
guality. Such year effects are therefore highly confounded
with those originating from changes in management practices.
Also, with the addition of new animalé to the programme and
the introduction of fresh genetic material by crossbreeding

there would be a change in the average genetic merit of

those animals included in the programme.

in Tables 4. 6 4.7 and 6.8, Méle\calves exceeded (p< 01)

13

female calve3a1n blrth welght and wean

ng welght in all
three breedlﬁh."

pulatlons. Kt blrth the males weighed 2.

and 3. 2 (9 0%) kg heav1er than the
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approx1mate1y 160 days, the males averaged 4.9 .(3.1%), 13.7
(7.2%) and 9.21 (4. 9%) kg heavier than the females in HE, SY
w” . .
and XB respectlvely.
fThe superiority of male calves over female calves in
growtﬁwrate is well documented in the the literature

(Cundiff et al. 1966; Tudor, 1972; Bair et al. 1972; Fahmy:

and Lalande, 1973; Seifert et al. 1974; Harricharan et al.

1976; Holland et al. 1977; Pell and Thayne, 1978; Knapp .et

al. 1980). The actual differences in magnitude have differed

a q‘

among stedies depeﬁding on the size of the breeds and the
level of nutrition. Generally} not only do the larger breeds
exhibit larger differences between the sexes Bet alsg the

differenees betweeen the sexe$ have been observed tod ; |

increase with increasing level of milk proauction and

increasing ages of the calves at which comparisons were made

- (Pabst et al. 1977). . . &

!

In this study, it was observed tﬁat the superiorityeof
the‘malee ever'the females (expressed in percentage units)
declined f?om birth to weaning in HE and XB, ‘while éhere was
a. sllght 1ncrease in SY This suggeste& a strong sex by
brgg} interaction due to the three populations not belng
able tp provide enough milk to satisfy the growth potential

of their male galves.

|

/
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4.3.4 Age of dam

The mean birth weights, weaning weights and ADG for the
age of dam categories of the three breeding populations are
shown.in Tables 4.6, 4.7 and 4.8. Significant diﬁferences
(P<.05) existed among calves from differentlage of dam
categeries in all the three traits analyzed. In general, B
older dams which were heavier, calved and weaned heavier
calves which maintained higher ADG values than calves from
younger dams. Definitions in the literature of mature and
aged dams differ among studies, and this sohetimes makes
comparisons of results difficult. Hewever, the general trend
in this study was for the birth weight to increase
significanﬁly with the age of the dam up to about four years
in the XB and up to about five years in the HE and SY. Peak
birth welghts were however recorded in five year old dams of
the XB population and in six year old dams in the HE and SY
populations. The absolute differences between birth weights
of calveé from two year old dams and those from peak aged
dams were 5.52, 5.50 and 6.22 kg in the HE, SY and XB
populations respectively.

Weaning weight signifieantiy increased from calves of
two year old dams to calves;from four year old dams in HE
and XB, with peak weaning weight being for calyes from five
year old dams. In SY however, calf weaning weights |

significantly increased from first calf to a peak in six

“.

o 'year 0ld dams. Sharma et al. (1982) working on data from the

[11

same herd, compared HE and SY and observed that while in HE

[



56

very little increase was evident in preweaning ADG and WNWT
\
in calves from dams five years and older, there was still a
significant increase in the traits when differences were
considered in caives froﬁ five and six year old dams in SY.
‘This difference was explained as a reflection of the latér
matﬁfation of the SY population with milk yield*continuing
to increase ﬁntil the cows were six years old. The
difference could also have arisen as a result of selection
within the SY dams in which increasing population size
allowed some'culling of five year old dams on the basis of
progeny performance. These findings are in general
agreeement with most  published results, in particﬁlar
studies by Cardellino. and Frahm (1971}, Schaeffér and Wilton
(1974a) and Harricharan et al. (1976). "
Results from the literature indicate that once the dams
are over five years, there is no consistent pattern among
breeds for the effect of the age of thebdam on preweaning
performance of their calves. Pabst et al. (1977) observed
that there was a tendency in Hereford, South Devon and
Sussex breeds for the effect of aée of dam to decline after
ten years while in the Aberdeen Angus, Degvon and Lincoln Red
breeds such an observation was not apparent. Several other
studies (Marlowe, 1962; Hamann et al, 1963; Thrift, 1964;
Singh et al. 1970; Schaeffer and Wilton, 1974a) have also
- observed various ages when weaning weight péaked in
'differént-breeds; Nevertheless the general agreement is that

weaning weight usually plateaued in mature (five to eight
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. : A}
year old) dams andsthereafter declined.

Cundiff et al. (1966) have reported that the earliness
of decline in weaning weight with increésing age of the dam
is more marked in arid regions than in areas with moderate
to high rainfall. There was some evidence, egégcially in the
HE and XB populations, that preweaning.perfgimapge was
beginning ﬁo dépline in the 9+ age of dam c;éegory but no

apparent decline was noticeable in the SY,pophlationy“j

4.3.5 Year by sex of calf interaction

Year by sex of calf interaction was not significant for
any of the traits analyzed in the HE population. It was
however significant (p<.05) for_birtﬁ'weight in 8Y and XB
and in weaning weight and ADG for XB; The nonﬁignificant
effect of this interaction term in HE indicates that the
effect of yearly environmental énd climétic-fluctuations ‘
were similar in both sexes. Correlations between the least
sqﬁares constants of years within population and absolute
superiority of males over females are given :in Table 4.9.
All correlations in HE are near zero and nonsignificant. On
the other hand correlations for birth weight in SY and for
vall traits in XB are positive and significant. The positive
coefficients indicate that as yeérly environmental effects
became fovouragle, males expressed greater superiority over

females in birth weight in SY and XB and also in weaning

weight and ADG in the XB population.

g B W
3": &
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The reason for the nonsignificant effect.Pf this interaction
in HE is not clear. However, as XB and Sé are synthetic
populations, it is possible that there is a greater genetic
diversity in these two populations compared to HE. Thus, XB
and SY have a greater genetic potential for growth than HE.
Therefore XB and SY could be more responsive to
environmental fluctuations with the males capitalizing on

improved environmental conditions thereby expressing their

superiority over the females more readily than in HE.

4.3.6 Sex of calf by age of dam interaction

The ndnsignificant interaction between birth'wéight and
age of dam in all three breeding populations indicated that
the effect of age of dam Qas similar in both sexes. At
weanihg however, sex by}age of dam interactions were
significant (p<.05) for weaning weight and ADG in XB but not
in HE or SY. This indicated that the age of dam effects were
similér in tHe sexes at weaning in HE and SY but not
necessarily so in the XB bopulation. This observation may be
related to the milking ability of the dams. Harwin et al.
(1966) reported that the sex difference in weaning weight of
calveé from yéuhg cows was smaller than the sex difference
in weaning weight of calves from mature cows, and that male
calves, because of their greater growtﬁ-potential, may have
been more severely limited by the lower nutritional

environment provided by the young dams.
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The regression of the édditive correction factors for
the sexes on the age of dams within populations for ADG gave
positive though not significant coefficients for the XB
population (8 = 0.0146 + 0.0084) and SY populations (B =
0.000074 % 0.0042).‘In the HE population, a significant
negative regression coefficient was obtained (B = -0.0108 +*
0.0033). This indicated that as the Hereford dams grew
older, the performance of their male calves (in terms of
ADG) relative to the performance of the females declined.
That is, male calves were increasingly disadvantaged with
increasing age of the dam in HE; this is perhaps due to the
fact that despite the increased birth weights which usually
paralleled increasing age in the dams, there may not have
been a commensurate improvement in the milk yields in the
older dams of HE to fully satisfy their growth potential.

Butson and Berg (1984) have shown that dairy crossbreds
exhibited greater persistency and yielded significantly more

'milk constituents, (buttef fat,‘protein and lactose), than
HE and SY. ﬁutson et al. (1980) also reported SY to yield
about 17% more milk than HE. The standardization of XB
population was based on selecting animals which had at least
50% British beef breeding.g@pﬁevég, the level of dairy
breeding in tie selected XB pgéulation was esﬁimated to be
10.3%. The milk yields of XB individuals were not )
determined.. However, they could have benefittéd from their

2
4

dairy ancestry\a%d therefore yielded more milk than HE.
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4.3.7 Effect of calving date

The mean dates of calving were 118.6, 116.9 and 119.2
days for the HE, SY and XB respectively. The least sduares
estimates of the regression coefficients are shown in Table
4.10. The effect of date of birfh on birth weight was a
highly significant source of variation in HE, and SY but not
in XB. The linear regression coefficients of birth weight on
birth date were 0.0294, 0.0289 and 0.0026 kg/day in HE, SY
end XB respectively. The positive regressions established 1in
all three populatlons indicated that birth weight increased
as the calv1ng season progressed Thus in HE and SY
populations, calves born earlier were significantly lighter
\at birth than those born later 15 the calving season while
in XB, the stage of the calving season did not significantly
affect the birth weights of the calves. ‘

The positive regressions may be accounted for in two
ways. Firstly, the preliminary analysis revealed that heifer
dams calved significantly earlier than blder dams. Hence it
would be expected.that as‘tﬁe older dams calved later in the
calving seasoﬁ the overall trend would be one of increasing
calf birth weights from an initial low. Secondly, the
improved birth weights may be explained by the fact that
because the dams received grain supplementation during the
winter, those dams which calved late would have received
grain for a longer period than those which calved early.
‘Therefore the late calving dams might have been advantaged

from a nutritional point of view. The general trends of the
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. »
regression equations agree with reports in the literature.

For example, Holland et al. (1977) reported a pooled
régression estimate of 0.099 kg/day in Angus, Hereford and
Polled Hereford cattle\in Australia. Aléxaqder et al. (1960)
also reported a slightly higher coefficient of 0.044 kg/dqy.
Other.workers (Koch and Clark, 1955; Singh et al. 1970 and
Frénké and Turner, 1983) have observed positive and
significant associations between calving date and birth

welght.

4.3.8 Effect of age of calf

Age of calf at weaning was an obvious source of
variation in weaning weight. The means -of the age of calves
at weaning were 157.4, 160.8 and 162:9 days for the HE, SY
and.XB populations respectively. The least squares estimates
of regression coefficfents for the breeding groups are shown
in Table 4.10. The analyses showea fhat linear.and quadratic
componenté of age :t weaning were highly significant for
weaning weight .and ADG in the XB population but only linear
components of weaning age were highly significant in the HE
and SY populations. The linear component of age was also'
significant 1 SY for ADG, while in HE neither of the
regressions for ADG was significant. This means that in HE
and SY, the increment in weaning weight for each increment
in age seemed to be constant, whereas in the XB, this
increment was not constant but significantly decreased with

increasing age of the calf. The negative coefficients of the
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'ww? s : ' jﬁ
quadratic regr£851gbs evﬁ%“thguqh non51gn1£1cant in HE and by
ey '-‘:ﬂ;:w

SY, indicated thax a CurV1line£ TelatleﬂShlp might well

%

describe the growth patteqn mox:3 accuratﬁly thﬁ% a.straight

O t

v - [ e s 4
line. % ‘ ﬁ : ?

Johnson and Dinkel (1954)° fd\&d%ﬁﬂ%t growth ofM%alves

[

on range was linear from blrth to ]%é days of age and
thereafter progressively decreased. Pell and Thayne (1978)
working in West Virginia with Hereford and Angus calves
observed significant linear and quadratic age effects on
weaning weight. They reported regression coefficients of a
0.85 and -0.5 x 10-* as linear and guadratic components
respectively in Hereford while the corresponding values tor
Angus were 0.95 and -8.3 x 107 ¢

' Marlowe et al. (1965) reported that as calves grew

older, their rates of gain decreased. Swiger et al. 11962)
reported a significant (p<.05) curvilinear regression of
weaning weight on age from 130 to 200 days or more, Thrirtv,
(1964) and Warren et al. (1965) also reported a curvilinear”
association of weaning weight and age. These studies had
considerably older weaning ages, usually 200 days} than the
average weaning age (160 days) for this study. Perhaps at - ﬁi
this younger age the rate of decline in the gains of the HE'” -
and SY calves had not become significant as evidenced by the
nonsignificant negatire guadratic regressions. The linear
coeff1c1ents observed in this study agree with those

reported by Lewson (1976), Barlow et al. (1978), and Butson -
et al. (1980).



In the ADG analy:.:. ., the linear f,, and quadratic fi,,
(regres5io‘&of ADG on aqge) were 1.96 x 10 * and -1.009 x
10 ® tor HE. The corresponding coefficients for SY were
Pa=4.79 x 10 * and B.= -0.104 x 10 *, while for XB the
values were B,=4.65 x 10 * and B,= -2.97 x 10 *. Schaeffer
and Wilton (1974a) reported significant linear and quadratic
regressions of ADG on age in Angus and Hereford calves. In
Angus the regressions were B8,=-0.0010 and B,=-8.0 x 10 *.
The corresponding regressions in Hereford were B,=-0.0006
and B.=-6.0 x10 ‘. However, they stated that although the
coefficients were ﬂighly significant, the observed
regressions were expected to haQe little effect on ADG
considering the range of age usually encountered.

Barlow‘ef al. (1978) computed 72 regressions of ADG on
weaning age within sex, herd and years and found only 33 to

, v,

be significant. Someyof these had negative coefficientsti‘
Awhile others had positive coéfficients. Singh et al. (1970)
did not find significant effects of age of calf on
preweaning ADG. In all the above stydies and also in the
present study, the near zero regression coefficients suggest
thézgthe age of the calf at weéning may not be an important
source of variationnin ADG. This is perhaps due to the fact
that the‘computation of'ADG intrinsically adjusts. for age of
the calf effects (Kennedy and Henderson, 1975b). Schaeffer
and Wilton (1974a), therefore suggested that both the linear

and qguadratic terms of age at weaning as a covariate could

be ignored in. future analysis of preweaning ADG. The results

e

e
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w,1nd1cated in Table 4\12
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from this study lend support to this suggestion.

4.3.9 Main effects in combined data analysis

the main effects of year of birth, sex of calf, age of

.dam and breeding population were highly significant sources

of variation in all the three traits of the combined data.
Table 4. 11 éBpws'the suﬁmiry of .the analyses of variance for
the oombioed data. The overall - annual lineer increases in
birth weight, weaning weight and average daily gain during
the 14-year period were 0.28 % 0.05, 2.56 + 0.42 kg and
0.013 = 0.003.kg/daybrespectively. The least sguares means
ahd standard errors of"the'trairs for the combined data are

o

shown in Table 4.12. Male calves vere significantly heavjer

"at birth than female calves and weaped sighifican@ly heavier °

than femele calves. Male calves also recorded significantly \
higher preweahing average daily gain than female calves.
‘&Overali, birth welght, weaning weight-and average daily
gains increased in caives'from two year old dams to.a peak
in calves from six year old daﬂs. The calves from two year
0ld dams were 51gn1f1cantly lighter at b1rth and weaning, -
and had 51gn1f1cantly lower average daily gain compared w1th

calves from older dams. The 51gn1f1cant differences ex1st1ng

dbetween ‘the traits in the age of dam categorles are

e

Slgnlflcant differences ex1sted among the breeding

\

populatlons in all three tralﬁs analyzed At blrth HE was

the lightest of, the group w1th a mean’ b1rth welght of 34. 43
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+ 0.11 kg. This was followed by SY‘with'a mean birthweight
of 36.72 + 0.13 kg, while XB was gﬁe heaviest at birth with
a mean b?rth weight of 37.43 * 0.23 kg. Thus the largest
difference in ﬁhe mean birth weights was 2.95 kg between HE
and XB while the smallgst difference was 0.71 kg between XB
and SY. Thése differences were determined to be
sgatistically significant (p<.05).

' At the time of weaning, the order. of superiority in
‘weight among the breeding groups was somewhat altered. While
HE rémained the iightest breed and weaned 163.38 * 0.87 kg,
SY‘weaned the heaviest with a mean weanihg weight of 195.17
+ 0.70 kg compared with 190.50 £ 1.19Akg fo: the XB calves.
A£ weaning therefore SY weighed 31.79 and 4.67 kg heavier
phan HE and XB respectively while XB on the average weighed
27.12 kg heavier than HE. This meant that even though at
birth the absolute differencés between the breeds'ﬁere
small, at the time of weaning these differences had
translated into largehdifferences which were due mainly to
the differential AQer;%e'daily gains (ADG) of the breeds.

The--mean ADG for SY and XB were 0.990 + 0.004 and 0.958
+ 0.007 kg/day reséeééiQély”while the mean ADG for HE was
0.805 + 0.005 kg/day. Though the différence between XB and
sy for ADG was not significant, their mean values were.
' significantly higher (p<.05) than that of HE. However, the
cumulative effects of the slightly higher growti rate of S¥
over XB during the preweaning period was enough to offset -

the initial superiority of XB over SY so that S¥Y calves were

L)



‘revéaled that weaning weight and average daily g§1Q peaked

significantly heavier at weaning than XB.

* 4.3.10 Interactions in combined datakanalysis

In the analysis of birth weight, year by breed
interaction was the only significant interaction term
observed. In the analysis of weaﬁing weight and average
daily gain however, the breeding population interaction with
all the other main effects was observed to be significant
while'the year by sex of calf and age of dam by sex of calf
interaétions were not significant. The year by breed
intiggction may have arisen in part because of the
distribution of the breeds among zgars. An examination of
the data revealed that very few crossbreds were represented
in ‘the herd betwéen-1969 and T972. Also the interaction may
be due to the differept?é& résponses:of the breeding‘
popukationé within years. Possibly, in the populations where

n,umber’s were llmltlng, culling rates, were Less rigorous an&

this m have be@n thetscase with the czqsspreds

The 51gn1f1cant breed by age of,dam and breed by sex of

calf>iqteractions in weaning weight%and average daily gain

‘meant that sex of calf effect and agﬁ.ﬁf dam effect were not

the Same in all breeds. The within populatlon analy51s had

in two different age of dam categories in the different
populations. That is, in HE and XB populations the peak | o
weaning weight and average daily gain were observed in

calves from five year old dams whide in SY the peak values
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were observed in six year oldt%ams.

The‘significant.breed by sex of calf‘interacﬁion
'éonfirmed the reéults'of the within populagion analysis

e A

where it was suggested that in some breeds the males may
have beeh disadvanﬂaged fﬁ@mya'nutritional point of view by
inadequate milk prod 'fion in the dams. Butson et -al. (1980)
reportea that SY produqed about 17% more milk than HE;
however, the milking capacity of the XB has not been
determined. Sharma et al: (1982) observéd significant breed
by sex Qf calﬁylnteractlon when working w1th SY and HE data.

»a t‘*\'."l‘

red Gﬁe explanation that, in view of the lower

ez;w#1>y of ﬁg compared w1th Sy, and the fact that

heifer calves, HE males might not have been able to'express.»gh

r]

their full growth potehtial.

Sharma et al. (1982) also determined that
multiplicative correction factors were more appropriate than
additive %actqrs for corrgcting sex of calf effects.

Q'ﬁ&tiplicative‘correction faétors which adjust data to a
#wale basis in effect express the superloruiy of male calves
e relative to female calves. Utilizing the least squares means
for the breeding population bf sex of calf interaction for

comparing the sexes, HE males were found to exceed their
female counterparts by 6.8, 4.6, and 3.6% in birth weight,
weaning weight and average daily gain respectively. «In the
SY population the males were superior to the females by 6.9,

6.9 and 7.0% in birth Q:ight, weaning weight and average
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dhily gain respectively. The corresponding values for the XB

population were 8.8, 5.5 and 5.0%. The fact that the

correction factors decreased from birth weight in HE and XB

populations while they were fairly constant in SY indicated

that male calves in HE and XB were marginally‘disadvantaged.

This may be due to a lower genetic potentiai for milk

o

4.3.11 Traced Data results

year old dams which have been traced back ithears for at .

productidn of HE and XB compared to SY.

! d

%4;
e
-

s

The Traced Data are the calving performgnge of the six-

34

least three calvings. The analyses of variance tabiéq for

the?ﬁfaced Data ar? summarized in Appendix Tables 2,l3 and

4. ¥4 general the results for the main effécts of the Traced

Data ag?éed with the results for tﬁg\genefal population. A

few exceptions were however apparent particularly in the ADG

>

analysis of th‘g%gaced Data. For instance the sexes were not

significantly di ferent for ADG. Year and age of dam effects

were not significant for ADG analysis in SY. None of the

interactions and covariate terms were significant in the ‘

Traced Data

interaction

significant

significance achieved were similar for aliﬁﬁ’p main effects

In the

analy#l's of ADG, although siﬂlf&aw
terms were observed in XB 1in addition to
linear effects of age of calf on ADG.

analysis of birth weight, the 1évels of

iy .

and interaction terms fitted in all three populations. The

year by sex of calf interaction term was however,

~

T B
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significant in SY and XB for the Traced Data analyses but

was not significant in the analyses of their respective

B a
general populations. In the analysis of weaning weight, all

significant levels for the effects were similar except in XB
where the interaction terms were not significant in the
Traced Data analysis but were significant in the fesbective
general pepulation data. » : ;
The ieast squares.means and standard errors for birth
weight, weaning weight and ADG for the Traced Data are shown
in Appeqdix Tables 5, 6 and 7. The least squares estimates
of the‘eevariates in the Traced Data analyses are also shown
in Appendlx Table 8. At both birth and weaning, male calves

et M

were slgnlflcantly heav1er ‘than female calves' howeverw in
all three populations the ADGs were not 51gn1f1cant£y
dlfferent. Significant differences existed among the age of
dam categories for ﬁost of the traits in each population.
Birth weight was ogserved to increase in calves from two
Year old dams to a peak in'six year olds in HE and SY while

K

peak birth weights'wqre observed in calves from five year

-0ld XB dams with a slight decline in birth weights of calves

from six.year old dams. Weaning weights of calves also
increased in calves from two year old dams to a peak in
calves from six year old dams in all three populations for
the Traced Data. In the general population, peak weaning
weights were observed in calves from six year old dams only

in SY while HE and XB had peak weaning weights in five year .

0ld dams. In general however, trends of increases in weight
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in the Traced Data analyses were similar to those observed
in the general populations. o
Results from the ADG analysis of the Traced Data were
generally\the same as those from the general populations of
HE and XB. In SY however, unusually high ADG values were
,Dobserved for calves from two year old dams. This may
o d*‘a
basically be due to the adjustment forakhe age of the calf
at weanlng. Since the preliminary analysis revealed that N&
heifer dams usually calved earlier than the older dams, |

adjusting the ADG of the calves to a common age may have

biased the results of tHe two year old dams.

4.4 SUMMARY AND CONCLUSIONS fﬁ
Differences in preweaning performance due to calving

ages of dams were obvious. Calf birth welghts increased from
heifers to a peak in four year old dams in XB while peak
birth weilghts were observed in five year old dams in HE and
SY populations. Weaning weight and ADG however peaked in’
five year old dams in HE and XB and in six year eld dams in
the SY population. The results suggested that in the HE. and
Sy populatlons, ¢alf birth weights were p051t1ve1y |
associated with calving dates' calves born later-in the
calving season being heavier. Though age of dam effect was
fitted in the model, the age of dam effect could not have

" been completely controlled because two year old dams were
shown to calve significantly earlier compared with most

other age of dam categories. Therefore the lower birth
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weights observed at the beginning of the calving season
could be partially confounded with age of dams. Calf birth
weights increased linearly at an average rate of about 29
g/day or 2.2 kg over the entire calving season of
approximately 75 days. Birth weight, weaning weight and ADG
also increased in all populations during the 14 year period
of the breeding programme. -

Late calving dates observed in the three and fourkyear
old dams could be explained by stress due to excessive
demands of lactation and growfh. On the other hand . the earl}
calving in the heifers could primarily be due to absence of
the stresses associated with previous pregnancy and
lactation. | .

The mean birth-date of bull calves was sigﬁificantly
later than that of heifer calves in HE.and SY. This delay -
could be attributed to the fact tha£ bull calves have a
slightly lohgef‘gestation length than heifer calves. The
calving dates were not éignificantﬁ%&differeng between the
sexeé'in the "XB population, i

Male calves were heavier at birth and at weaning and
attained higher preweaning ADG than female calves., However,
significant breed x sex of calf interaction suggested that
because of their greater nutritional ﬁgtential, male calves
might have been marginally disad-zntaged by the poor
nutritional environment provided by the HE and XB dams. Male

size superiorify in terms of multiplicative adjustment

factors declined from birth to weaning in HE and XB but
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there was very little change in the 5Y population.

Linear age of calf effect was a significant source of
variation in weaning weight. Quadratic effects were
significant only in,the XB population but the negative
regression coefficients observed for quadratic effects in
all populations although non significant, indicatéd that
linear age of calf adjustments in the analyses of weaning
weights could lead to a bias in mean estimates. In ADG
analysis, linear age of calf effects were significant only

in the XB population. Py
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there was very little change in the SY population} H

.
Linear age of calf effect was a significant source of -

L
variation in weaning weight. Quadratic effec

ts were

significant only in the XB population but the negative

regression coefficients observed for quadrat

ic effects in

all populations although non significant, indicated that

linear age of calf adjustments in the analyses of weaning

weights could lead to a bias in mean estimates. In ADG

analysis, linear age of calf effects were si

in the XB population.

gnificant only
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5. ANALYSIS OF PREWEANING PATTERNS OF GROWTH
| *
5.1 INTRODUCTION
Patterns of growth, body cowposition and efficiency of
growth can all be described with 51mp11c1ty in terms of age.
For example, the growth pg&éﬁhn of beef cattle is usually

characterized by a rapid growth followed by a

progressive deceleration?Qthhe rate of gain from puberty to
maturity at six to eight years of age. If, however, as
Taylor (1982) has indjcated, physiological age is not the
same for different breeds, genetic compqrisons,maée’éf/fhe
same age may be complicated by other growth variables which
affect growth rate (e.g. body fat) and thus require cohplex
biological interpretation.

Singh and Bhat (1979) have noted that differences in
the amount of development or growth‘between fixed ages
xarieé from breed to breed and is primarily due to thé
genetic differences among breeds. For any estimate of
weight-age curve parameters to be useful in selection
progrémmes, McLaren et al}\(1982) have remarked that they
must be derived from young animals and must be indicative of
"the genetic potential of the animals. As beef calves are not
usually weighed at frequent or regular intervals, especially

during the preweaning period, patterns of variation in ,

growth of calves have not been accurately described.

77
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5.1.1 Objectives of the study
It is the purpose of this study to evaluate the season
% of calving and breeding group effects on the preweaningl
growth patterns of beef calves maintained at the Unlversity
: ‘of Alberta cattle ranch at Kinsella. It is hoped that any
differences in the early growth patterns may aid in
developing management. practices to enhance calfhood

productivity.

5.2 EXPERIMENTAL
Na)

The data used in this study were the same as those_usea~
in the previous section. However, some podifications in the
analyses were made; all the data for the three breeding
populations were‘pooled. In thd® combined data, the earliest
date of calving was found to be March 16 (day 75) while~ng}§k
last date of calving was June 15 (day 166) thus giving a
range in calving date of 92 days. The pldt,of the dates of \,\\
calving at daily intervals over all yearg was found'tp be
positively skewed indicating fewer and distant calviqgs
toward the end of the calving season. . / ' . S

_Based on the dates of calving, an attempt was &adg to |
Sclassify_ﬁhe calves into three gfopps; early, mid/énd late |
born calves. This groupihg was necessary to faCiLﬁtate the | . oy

/

analysis of the data with seesonal classification even

\wlﬂ'

though all calvings actually.occurred in' the spring season.

The three groups of calves were therefore defined as

follo&s;



’

- . o ,
early borwlves born before Aprll 20 (day 110 )
_'m1d season: - calves born betweeh April 21 and May 12
(days 110 to 132) 1 | T
late born: calves born after ﬁay 12 (day 132)
The preweaning‘weight;records Which wese taken approximateby
;at-the end-oﬁgthe third'wgek or early parts of the fourthv
week in the months of June, July and August were denoted as
PW1, pwz, and PW3 respectlvely with the f1nal (weanlng)
welght (WNWT) be1ng recorded in pctober. e
Since. all the calves in a given year Wene.weighed on .
approx1mate1y the same day at each welghlng tlme, age
dlfferences among calves at each perlod corresponded to
dlfferences in thelr blrth dates. The average ages of the
calves at the three preweaning perlcds were'denoted AGEI,‘
AGE2, AGE3 with‘the'final age being denoted as WEAN. Average
da11y gain {(ADG) between two consecutive we1gh1ngs was
-calculated by d1v1d1ng the we1gh€§ga1n by the number of days
in that period. Relative Growth Rate (RGR) at each 1nterva1
was ‘calculated by dividing the corresponding ADG by the
average of the 1n1t1a1 and flnal welghts, that 1s, the
average weight (AVGWT) durlng that period. RGR cons1ders the '
~.daily gain relatlve to the average body we1ght (AVGE?)
-during a given perlod and can therefore be considered asla
,measure of the eff1c1ency of gain. However,vADG, RGR.-and _
AVGWT were not computed for ages»le§a than Sé days,éince all

preveaning weighings were done after the calving season when

the early born calves were already older than 58 days.



time pf veighing in two week intervals, seven ége classes
vere defined a;‘follows' |
T~ Age class 1-%59 to 72 days
 Age\gdass 2: 73 to 86 days O
_Age class 3:‘87 to 100 d;ys .’ -
1Age class 4: 101 to 114 days
Age class 5: 115 to 128 days
: ﬂée c}aés 6: 129 ‘to 144 days
Age claéé 7: greater than 144 days.
The computed ADG RGR, AVGWT and tﬁgfmean age for AGE1,
AGEZ AGE3 and WEAN were analyzed across fﬂé bteed1ng ‘
groups, sex of calf, season.of 6/£th year of birth, age
class, and age of dam categorxes by the le&st squares metﬁod .
as outlxned Bf'Harvey (1976). The followlng fixed model was

assumed to descr1be the partlcular observat1on under T

- ) 3 i

Ve

consideration: , . \
.Yaju}mn = u+ W, O+ B,’¥ X, + A, '+ S, .+ Co + BA,; +

,B.Sjm + ng" 4 _XC.(,.' + -'AS“'. + SC,,.,. + ,Eijvk |'m.',,,,,</

" Yijkimn = the'particplar trait unde: observation
M =Athe'overalfﬂgean for the trait.

the effect of the ith year of calving

=
L]

B, = the effecf of théajth breeeding population
. X, = the effect of the kth sex of the calf .
A, = the effect of ¢he Jth age of the dam

7 ) ,
| . Sm = the effect of the mth season of birth



Cn = the effect of the nth age class
BA,,,BS,M, BCjn, xc,,, As,m, scm" are the respectlve
2-wdy 1nterqct1ons
e;,k,m" = the random error term
051ng the procedure for mean sepa;at1on as outl1ned by
Harvey (j979), the Studenthewman-Keuls test was used to
"separate the‘neahs when significant differences were a
establlshed by the analy51s of var1a0ce.
| Individual regresss1ons vere fitted in a stepw;se
manner to the ;east squares means of the 2 way 1nteracticn
terms when these werewchnd-to be significantr-These.
'interaction means’were then plotted against the average ages
of the age classes to determ1ne the pattern of ADG. and RGR

change with the age of the calf.

5.3 RESULTS AND DISCUSSION =
The_anaiyses df'varéancetazles for the traits analyzed
areupresented in'?ab}e 5.;:\in general except fdr the
'nonsignifidant efgect of sex of calf 1n RGR; all the main
effects fitted in the model were h1ghly significant squrces
of variation All the interaction terms“in AVGWT were

s1gn1f1taht. Breed by age claSS and season hy age class

N 1nteract10ns were also 51gn1f1cant for all three parameters.

BrEed\hy sex 1nteract1on was also 51gn1f1cant for ADG Table

5.2 shows the least 'squares meanzfand standard errors of

A —
e

ADG _RGR, and AVGWT for the three breedlng populatlons, sex

- of calf, season of blrth age of dam and age class.

[}

"l
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5.3.1 l!!ect of breedinq pupﬂlatinn '“{ .

The analysis of ghe averaqe veights (Table 5 2), ahovu
rthat SY was tho helvielt uith an ‘average weiqht ot 139 71
kq; This vwas aiqniticantly higher thln th.t of xn vhich ,‘ i
weighed 136. 7G kg. “The 'XB waa in turn signlticantly heavier
than ﬁ! Vhoae avnrtqe uelqht waa 120 37 kg. ?he same

»>

‘sequence of hiqnificant difterencee was observed‘in the
‘analyses of ADG and RGR.«That ia SY had the highéat mean ADG
‘.nd kGR £olloved by XB and ‘then HE. ?heae results show that '’
not only dxd the heavier breeda LSY and XB) gain more weight -
per unit tie as measured‘by ADG, but also in terms of
accelerated qroeth tatea, the heavier_ffeeda'exhibiteé°
v be:fer pefformance as measured By'the telative increment of

éissue deposition.

5.3.2 Sex Kcalt

Males were s1gn1f1cantly heavzer and had hxgher ADG
than females. However there was no dszerence in RGR betﬁeen
‘the sexes, Thxs means . that deap1te the higher absolute s |
vgrowth rates showh by the males, they were not more

~ of body weight over the same per1od."

<



=

5.3.4 Age of dam - _ ' , . J

85

[}

3.3.3 Season

At tne same avereﬁe age of approximately 107 days, the .

‘early born‘celVee vere ligniticentlf lighter than the mid

sealon celves by about 2.26 kg whilo the mid leaaon celves

:Vleason calves (with hlghe; average veights then‘the
eatly season éalves)uaétnally'regorded an overall lower ADG
and RGR than the eirly“seasbn calves. The reason for this
apparen; diecrepancy can be redlized.from.Figvslz vhere the

relationéhips between ADG and ages of the calves for the’

three seasons of birth have been depicted. The sudden drop

in ADé@in thevmid season calves_COntributed greatly to theﬁ

lovering. of the overall mean ADG and RGR of'this,gtoup. Fig.
5.2 is further discussed under éeasonlby'age class’

inferactions. : -

-

i 4

/

ngn1f1cant différences were noted for AVGWT which was
observed to increase 1n calves from two year old dams
through six year old dams with a tendency for AVGWT to

decline thereafterzizven though the ‘average weights analyzed

j'dc'not tepresent a weight recording at a particular age,

/

AVGWT~is'envisaged as the weight at the average age of

appfoxinately 107 days.

=,

£y
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, It is a common observation that the veights of calves
increase vith age of dam, i,e. calves from two. year old ‘dams
are |mnilcr“thqn calves £rom-matur3 (fiye or six ycar‘old)
dams (Minyard and Dinkel, 1965; Jeffery and Berg, 1971;
Cardellino and Frahm, 1971; Schaeffer and Wilton, 1974a;
Barlow et gl. 197Bf. hc;ults from thiivltudy therefore are
._in,agreeﬁent with those reported in'the literature.
Exceptbfor a significant ditt;rcnco in' ADG between

calves from two year old dams versus all other age of dam

ycomparisons,showed gsignificant
obsprvable increases
P”ﬂigfa peak in calves
from six year old dams before a decline was noticed. There
did not appear to be any noticeable pattern in vhich the age
of the dam influenced RGR.
5.3.5 Age class

Older calves were hecessarilyfheaviér'and had a lower
RGR. waever, ADG was seen to inCteas;{from yodnger ages to
a peak around 107 days before decliﬁing in higher dge
levels. From Table 5.1 both breed and age class interaction
and season by age class interaction were‘Significant for ADG
and RGR. In addition breed by season interaction ;as \
A\sigﬁificanp (p€505) fbrﬁApG. No other intekas;ion was
significant. In Table 5.2 it can be seen that ADG |
progressively declined_froﬁ early born calyes throﬁgh late

born calves. The least squares means for the breeds within

k4
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populations vere 0.90, 0.84 and 0.78 kg/day for o;rly,
mid-season and the late born calves ro;pbctivcly in the HE
population. The corresponding values for the SY population
vere 1.06, 1.02 and 0.98 kg/day vhereas in the XB .
population, the means were 1;00, 1.00 and 0.91 kg/day for
sthe early, mid-liason and late born calves respectively.

, The sigpificant interactions arose from the fact that .
while the rate of decline was linear in HE and SY,
mid-season calves of XB appeared to perform equally as well
as their early born counterparts. This may have bgen due to
a sufficient porsisténcy of milk production in XB to have
avoided adverse effects on their calves' growth rate. Butson
and Berg (1984) have reported Hereford milk production to
exhibit the greatest decline over 87 days when compareq to
the Béef Synthetic (SY), Dairy Beef (50% beef and 50%
dairy), and Dairy Synthetic (aproximately 67% daify and 33%
beef). ' |

The level of dairy breeding in the BeerCrossbreds in
this study vas estimated to be 10.3%. The general trend
basgd on published reports is‘that average daily milk yield
incréased as the level 6f dairy breedingaincreased (Notter,
1976; and Gaskins and Anderson, 1580). The decline in growth
rate of late born calves could be explained by deterioration
of the nutritional value of forage on the range resulting in
reduced milk yieldé in the dams. Hence the late born calves
of XB were in no special advantageous position compared to

SY and HE contemporary calves.
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S.S.G’Irocd by age class lutctac;icn in ADG

It can be seen from Pig. 5.1 that in all the'
populatioris, ADG increased to a peak betveen 100 and 120
days of age and thon“dpclincd-thcrouttor. Individual
regresssion equations fitted to the pattern of §DG changes
along with the R® value of each equation are presented in
Table 5.3. The equations indicated significant linear and ’
quadratic components of ADG on age of calf at weaning. By
taking the first derivative of ‘each equation and setting it
to zero, the average ages at which maximum ADG occurred were
derived to be 119.3, 112.5 and 110.8 days for HE, SY and XB
respectively with an overall peak average age of 113.4 days
for the pooled data. The eptimated maximum ADG values were
derived to be 0.940, 1.071 and 1.036 kg/dax for HE, SY and
XB respectively. The combined derived maximum ADG for all
three breeds was 1.071 kg/day from the pooled data. The only
availab}e r!bort in t@e literature depicting a similar kind
9£ study was by Ridlef et al. (1963)‘vho i;dicated that the
géte of gain in calves\from bpirth to three or four months of
age in Shorthorn and Friesians followed a pattern similar to
that described in this study. \ - \

1f all three'populations reached the same maximum ADG
but at different ages, then the populafion which would have
a;tained its maximum ADG earlier wéuld be expected to bé
more éfoductive inAte;ms of total liveweigﬁt at any given
age, If that is true, then SY is"a superior population to

»

either XB or HE in view of the fact that SY attained its (

’ ¢ . \
o v
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maximum ADG on the anruqo 6.8 and 8.5 days narlicr'than b 4]
~and HE respectively. Furthermore since SY did in tact attain
s higher maximum ADG than the other two populations, it is a
clear demonstration of the superiority of this populntion.l'
over XB and HE. ’ . i . ‘

The superiority of SY lay largely in its ability to
maintain superior ADG. It 'can be observed from Fig 5.1 that
during the very early stages XB did in fact exhibit slightly
higher ADG than SY though the differences were not
significant. On the other hand the"xn population which
started with a pirth weight advantage would have been
expected to maintain higher ADG ‘than SY. However, the SY
calves eventually outperformed the XB calves. This may be ‘
explained i; part b? a superior growth potential in SY°
compared to XB. |

«
5.3.7 Season by age class interaction in ADG

Fig. 5.2 depicts the interactions of, season of calving
and age ciass. Except for the early stage of préﬁeaning,
growth rate of early born and mid season calves appeared to
be higher than that of the late born calves. There was a

‘sharp decline 1in gainféﬁong the mid season and late born
calves after they reached 135 and 105 days of age
respectively. This was probably due to the nutritional value
of pasture on the rangé generally detegiorating in late

fall. Therefore at similar ages, the dams of the early born

calves enjoyed better pasture conditions and could therefore

&
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be‘expected to better‘provide milk for their calvés'
requirements.; ' - | 2
' w : . ‘ .' - y
5.3.8 Breed by age class integaébioé in RGR
The preweaning relatiwe‘gfpwth rates of thevCalves in
the thrée pobulafioné’are illustrated in Fig.v5:3. The SY.
calves were generaliy'superior in :elativeﬁqﬁéwth rate:
compared Qith'thélother two B;eed groups.[The XB calves
'gained sligﬁtly faster than thé HE calves; but as the calves
gréw‘oléer thevdiffefence disappeafed.aAd then reversed in

favour of HE calves.

5.3.9 Season by age blass.ihteragéibn in RGR

The preweaning relative gréﬁth rates of the ;alves born
early, mid se€ason and late durlng the calv1ng season are
.dep}cted‘lq Fig. 5.4. Calves born early maintained a hlgher
RGR compared with those born later. The relatlonshlp'between'
RGR and‘age was linear in all three breed groups.

®

5.4 SUMMARY AND CONCLUSIONS

The.analYSis ;f bodiwéights and preweaning patterns of
__growéh has serveé to’réach the following cbnclusions:

The influence of date of calving on preweaning gain supports

 the widely held bellef that early born calves do better than

_late born calves in a given season (Selfert et al. 1974
Winks et al. 1978; Low and: wOod 1979). That is, calvés'born

éarly in the calving season grew faster and achieved
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RGR, k’g/day/kg. wt x 10-03
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steadier gains than calves born later in the calving se
The effect of season would however appear to para11e1~f
conditions and indeed this may indicate that forage

conditions are of greater importance in controlling gro

“

96

ason .

orage

wth'

rates“than are the climatic influences associated with
\ o

//‘ -

2 ' )

/ ™

seasons (Low and Wood, 1979).

Perhaps the early born calves were more advanced a
~ better able to utilize the 1mproved milk yxelds from th
dams which coincided with-the flush of pasture growth w
the'breakfin,the season. Deterxoratlon.of pasture quali
‘the fali and early winter period“before'weaning would\@
m1lk yield dur1ng that perxod in range beef cows. Older
calves would therefore be better equxpped to supplement
their diets directly from avallable pasture. The pronou
decline in the we1ght ga1ns of calves in early fall und
range condltlons suggested the need, for\supplementatlon

this stage in all_ three populatxons. Thls w

partlcularly important 1n the late born calves which we
young at the t1me of weanlng Howeuer, there is need't
determine the level of supplementat1on and the prof1tab
of it. -

Absolute differences between the seres were small
though these differences were statistically sxgn1f1cant
hthe males show1ng greater galns than the females. Hoéwev
there.was no d1£ference in relative growth rate between
sexes thus indicating no tendency of one sex to mature

earlier than the aother. \\\\

nd
eir
ith
ty in’

imit

ﬁied

er

at

ity

T~

with
erv

the

<



'~0are relatively smaller at earl1eg ages.,
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Smith et al. (1976a) stated that the alteration‘of
grbwth pattqrns to 1ncrease early growth and efficiency,
more than subsequent 81ze, tends to 1mprove the eff:ciency
of a beef productxon sy&tem. In an ensu1ng study Smith et
al. ‘(1976b) 1nd1cated declinxng correlatxons between weight
‘and degree‘of metur;ty as-age 1ncreaee§,@Negatlve genet;c
correlatiohs&qf age-constant»weights with degree of‘maturityl
‘at puberty suggested that heifers wlthfhigheabsolute growth
rates (or ADG) tended to reach maturxty sooner but they do
so at laghter we;ghts than he1£ers grow1ng to the same -
mature welght at a slower rate.. Smath et aI (1976b) also:

1

1nd1cated that animals whxch reach heavy mature welghts tend

to grow slower and because of thelr slow growth rates, they
e

Absolute matur1ng rate (KMR) has been shown to be equal
to:RGRy(Fxtzhugh‘and Taylor, 1971) and that RGR decreases

.with,increasingqapproach"to maturity, when evaluated over
vsimilar age intervals. Brown et al (1972) have reported

]

that 1t is only when two an1mals are growrng to 51mllar

mature we1ghts can relatlve growth rate (RGR) be 1nterpretediv'

as a measurg:of_dxfferences 1n_growth rater cherwlse RGR
measures differencesain-growth rate rélatlve:to‘mature sizeﬁ
‘It has also been’ establlshed by smith et aI. (1976b) that
correlat1ons betheen preweanlng galns and mature welght are
negat1ve, thereby 1nd1cat1ng that an1mals groW1ng most

rap1dly during the preweanxng perlod would be expected ‘to.

grow more slowly at later stages. There is ev1dence however

De
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'(A;thur,v1982) that‘S¥“m§intaih their superior liveyeights.'

 tho9ghoutVtheir 1i£§timg.‘ohe should howe er be avare of the
phenomenon of compensatory growth wheraby‘individual-animgls
which ekpres§~low'grov£h rates at one‘tihé'may dbhieve o
hxgher llvewexght gains than others which had a hxgh growth

rate throughout lee. Thxs is pprticulary important vhen

S

breed x season 1nteractxons are szgnxfxcant a: they were in
th1s studx._ i. o _ | _ l S
Fxtzhugh and Taylor (1971) and Smith. et i, (19765)
havq noted that in general, select1on for: 1ncreased g:owth
_or maturzng rate would tend to’ inctease growth in the
interval of selectxon more than it wauld increase, mature
weight. Also such selectzon would tend to decrease growth "
and maturxng rates in subsequent age 1ntervals.\Fatzhugh and
Taylor (1971) also found that absolute and relat1ve growth
)rates in the same age 1nterval were genetlcally highly
correlated. However thngenet1q,corrglat1onst1th weight .
4 ;e:e much lower forﬁRGg tﬁhn.fbr AGR;'Hencejan increase in “
AGR, éith little concbmittant inc}ease in weight to be
%%malntaxned could be accompl1shi§ by select1on for ‘RGR. - . f\
' Preweanxng RGR is therefore env1saged as.an effect1ve
| selectmcn crlterlon for alper1ng the maturlng patterns ip -’

beef céftle.



6. FACTORS AFFECTING THE BREEDING CONDITION OF DAMS

6.1 INTRODUCTION / : >

‘ The effect of factors sucp as age of dam, weight of the
'dém, sex of calf} year of pirth and preed effects on calf
birthvweight'havg been studied exte&gively. However, chtoré
influencing the'birth date of the calf have‘rECeivéd little
,Qtténtion..ln'cattle oberatioqg, p:ofitabiliéy is‘largeiy_

 determined by the cow's ability to.éonceive'within a limited

|
|

| bfeéaing season So as.to enable her td’produce aucalf each
year. Even th&ugh calvesdiorn earlier in a calving se;soﬁ
~are often lfghter:at birth, they are usually héavigr.at
Qeaning becéuserthey are older than those bofn’later in the
calving seasoh.,Moqeover if a cow calves'veryllate during‘
- the calving season, she runs a greater risk of being cu;led
from the breeding herd than the early calving ‘cow. Thiswis
becagge the“iﬁtg calving dam may not have adeqguate time to
vreturnrﬁd an.apprgpriate breéding condition, thereby failing
to produce'ah offsb;ing. | |
| ﬁogically, clﬁeéktp the pétential breeding condition of
the cows at the time they are introduced tb the sires in
?éasturg'matihg ére entwined in-andﬁdelimited by both the
prevailing environmental circymstances.and tﬁé fmmediate
fepréductivé or phjsiological’stafus of\fhe'cowf-Browh et
al. (1973)\remarkéd\thatAvisuél apbréisai df'the cow at the
time'éf breéding may be too spbjective and categorical.

Objective definitions of the différenées in body condition

99
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are the;efore necessary. However the problem beco@'p that of
defining the most useful parameters to measure during the
calving interval to enable objective‘definition of breeding
condltzon score. \ . h
 Weight and)reference time measures on both tho dam and
" the calf can be 1dent1£1ed as variables exertxng an
1nf1uence on the breeding condition of the dam. Although
these variables are related,”their attendant
multlcolllnear1ty can be handled by the technique of
pr1nc1pa1 components ana1y51s which reduces the
'd1mens1ona11ty in the varlables structure. Thus a d1f£erent
angle of viewing the original data may disclose the nature
of their variatloﬂ and hence aid in defining objective |
components of the breedind eonditioﬁ_of the dam. Moreover,
when the|defined variables are biologically related such as
in this study, the,likelihood"oﬁ estimating principal
cpmpqnehté‘with biological sigﬁifiéance is high.

Hitherto; principal compohents analysis in livestock.
research has mainly been employed in quant1fy1ng breed
dlfferences in physique and size. Of late however, the
tedhnique_haS‘found useful application.in.other areas of
livestock research; for example, receﬁtly it.has been used
by Young et al. (1977) ad a means of'evaluafing'thé'.d
fela;ionship of prebreeding tralts with %eptoductive;traits_

in swine.
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6.1.1 oﬁjoctiv.l of the study

The purpose of this study was to employ principal
. components analysis as a means of evaluatxng the
relationships of some defined prebreedlng varxables w1th
some reproductive tra1ts of the dam. This was go be achieved
by combxnxng vexght, time and production var1ables of the

dam into- 1ndexes for @ef1n1ng and/or cpntrastlng

productivity and breeding condition of the dam.

6.2 MATERIALS AND METHODS

The source of the data is the ﬁniversi;y.of Alberta
cattle ranch, Kinéella. Twelve vafiables'were defined for
fhe'principal combonent‘analysis (Table 6.1). These
variables were mainly we1ght and wexght changes of the dam
"at different periods of the calving interval. Ca1v1ng date
and time of introduction of the dams»td-the sires were also
’rconsideréd. In éddition‘toathese;_bifthfwgight.and weaning
weight of the calf, age of the calf ét wéaning and
“preweéning_érowthv:ate-of the caif.wet§ c§nsidered. In
'defininglthesé variables, sire aifferénceé'were not |
cons1dered 1mpottant because the ma1n purpose of the study
was to 1nvestlgate the relatlonsth between cow and calf

Aj 

variables.

6.2.1 Statisfical procedure
Principal components analysis (PCA) with varimax

rotation as outlinea by Kim (1975) .was performed on the
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Ay

correlation matrix of ‘the variables. The analysis was
carried out separately for each of the three populations and

then on the pooled data of all three populations. The number

v

of components to retain in the analysis was based on the ’
'eigenvalue 1.0 criterion*\whereby only principal components
with eigenvalues exceeding unity were considered significent

(Kaiser, 1959). The rat1ona1e was that principal components
being a measure of common variance should account for more

variance than any single variable in the standardized score

{ space.

i

6.3 RESULTS AND DISCUSSION
A listihg of the deéined variables, theif'means and.
standard errors is’shown in Table 6.1. The correlations
between the variables in each of the different populations
are also shown inlAppendix Tables 9, 10, 11 and 12 for the\
~HE, SY and XB populations.ané for the Pooled Data
respectively. . o8 /

‘ Four principal components were extracted in the ’
analyses of'the Hereford dat® while the analyses of the Beef
'Synthetlc, Beef Crossbred and the Pooled Data, yielded f1ve
principal components in each analysis accord1ng to the set
criterion of eigenvalue greater than one. The coefficients
of the varimax rotated faqtor matrix, whioh are the '
kcorrelation coefficients between each principal component

and the original variable, are presented in Tables 6.2, 6.3,

6.4'and”6u5. The transformation matrices for the varimax
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rotations are also shown in Appendix Table 13. The resulting
communalities of the variables, for each set of analyses,
have also been indicated in Tables 6.2, 6.3, 6.4 and 6.5.
The communality for each variable indicates the proportion
of variance that is accounted for by the principal
components that -have been extracted. Q

"In interpreting the.derived components, the magnitude
of the coefficient within a'given component determined the,
importance of the variable. Also in the description of the
principal components, effort was‘éirected to seek out a
profile of responses as a realistic appraisalaof the o
strength of the vector rather thaﬁ to ass;gn the names of
dominant variables to the vectors.
§;3.1 Principal components analysis of Hereford data

The coefficients of the varimax ;otated matrix for the

Hereford data are presented in Table 6.2. The first
principal component accounted for 23.2? of the variation in
.the dependency structure and loaded heavily on CW1, DADG1,
DAQGS and DAMﬁfB. This principal component described dams
which gained weight in the interval between ca}ving and
breeding apd which were therefore heavy at khe/time of
breeding./Since the mean DADG2 is negative (TdBle 6.1) it
.méans that most Gams weighed less aftér calving than at the
" time of weaning~their caives. The negative coefficient
observed for DADGZ thergfore would seem to describe dams

which- did not losé much weight or possibly qecorded a net
) A

k3
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|

.weight gain during the interval‘between weaning of the
calves and the next calving date. The first principalc‘
comnonent can therefore'beadescribed as an “index of the
we1ght gain of the dam" .

The second pr1nc1pa1 component loaded heavily on DADGS
DAMWTB AGE1 and BRWTI1 with a moderate loading on BRWT2 and
xaccounted for an additional 19.1% of the total variation.
~The_component indicated.that dams which were heavy at the
time of breeding were.usually 0ld dams which alao nrqduced
1arge calves at birth. The high negative coefficient for
DADGS however.indiéated that’ there was a’tendency for these:
‘old'dams tO‘lose‘weight in the interval between breeding and
the weaning of their calves.-Thia'was because.the calves
'~ were getting bigger in the interval between breedlng and
weanlng and placing great demands on the cow in terms. ﬁ&
‘milk removed ThlS period also coincided with early fall
when the nutrltlonal value of vegetat1on on- the range
usually.deterlorated. The component is seen as an index of
the age of the dam and may therefore be called the "maturity
component". | |

Thevthird principal component centred on the calf
‘ variables, namely; WNWT1 and CLFDGI out only moderately on
'BRWT1. Thls component acconnted for an additional 16.3% of
the'total variatioh»in.the covariance‘atructure and can be’
1nterpreted as the "weanlng 1ndex of the calf". The‘f0urth
component extracted in the,Hereford data loaded heavily on

DATE1, DPREG, and BRWT2 with a moderate load1ng on BRWTI1.
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Thie compdnent accounted far an extra 12.1% of the total
variation and showed that dams which calved late usually

experienced a long interval between breeding and the next

calving date. This meant that such dams would probably calve
‘ ‘ ‘

late again‘in the*next»calving season. The positive
coefficiehts for BRWT1 ‘and BRWT2 indicated that the late
calving dams pfoduced calves with high birth weights. |
However, because the late born calves would be young at the
time of weanltg, the sllghtly negatlve coeff1c1ent observed
for WNWT1 indicated that the late born calves were lighter
at weaning than the average of the population. The component
is therefore an "index of calviﬁg date".

L4

6.3.2 Principal components analysis of Beef Synthetic data
The analysis of the Synthetic data produced. five
principalﬂcomponehts“which‘had an eigenvalue greater than

1.0. The total variance explained by these five components

" was 73.4%. The coefficients of the varimax rotated matrix

are presented in Table 6.3 along with the communalities for
each of the variables involved in the analysis. Except for

BRWT2 and DPREG, moderate to high communalities were

_attained in all the variables which indicated that most of

the variation in each of the variables was accounted for by
the five~principal components.

The first principal component accounted for 22.7% of

‘the variation in the dependency structure and loaded heavily

‘on CW1, DADG1, DADG2 and DAMWTB and moderately.oh AGE1., The

Ki
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component described dams which gained weight in the *

[

immediate post-calving period and were therefore heavy ‘at
C e P ;
the time of breeding. The negative coefficients for AGE1

- suggested that these were mostly young dams which did not

lose“huch weight during the winter period. The first
principal éomponent’in the Synthetic‘data is also seen as an
"index of the weight gain of the dam". |

While accounting for an additional 17.3% of the
variability in_the covariance structure, fhe second'

principél component centréd-mainly'bn the calf variables,

#namely; WNWTf, CLFDG1 and BRWT1 with orily slight loadings on

DATE! and BRWT2. This component showed that calves with

“heavy weaﬁing weights were slightly older than the average.

of the population. The component also indicated that célveg E
which were héavy at weaning were also heav) atAbirth.‘This
is indicated by the high loading of the component on BRWTI,
Thereforz it.can be inferred that the iarg& ;a;ves at birth
also attained high weaning weights., The component can
thereforeibetdescribed as tweaning‘inde; bf the calf".

The third principal component accounted for an

N . ) . .‘} B ' 7 '
additional 13.8% of the total variation and loaded heavily

. on DATE1, DPREG, BRWT2 aﬁdﬁBRWT1 with-only a slight loading

e
“..’f’

‘on WNWT1. Specifically this component showed that late born

[ ]

calves were usuélly heavy at birth but slightly light at
weaning. The component showed further that the interval = -

. > - X
between the breeding sg;sonwénd'the next calving date was

,Eonsiderably longer in the late calving dams. This was

-



because these late calving dams could not have become
pregnant earlier in the breeding segson due to the fact that

‘they would'not have had sufficient time to return to

approprlate breeding cond1t1on at the start of the breedl/g

.season. The third principal component is therefore an "index

of calv1ng date" of the dams.

<

The fourth principal component reflected mainly on the

post-breeding rate of gain in the dam (DADG2 and DADGS) and

“explained 10.8% of the total variation. This component

N ) . - . v

showed that dams which had high rate of gain in the interval
. B ‘ ‘ . . .

between breeding and weaning of their calves were low on net

weight loss over the winter‘period The‘component is

therefore an index of the post breedlng rate of galn of the

[

- dam dur1ng the winter season. This component can therefore

be seen as an 1ndex of the w1nter body condltlon of the

pregnant dams” . The fifth and f1nal component in the

~ Synthetic data explained only 8.8% of the total variation

with hlgh loadlngs on AGE1 and DAMWTB 1nd1catqng that the
old dams were necessar11y heavy at the time of breed1ng. The
component is. therefore dan "index of the age or maturlty of
the dam". » | (/. |

‘ | . b | “",,,
6.3.3 Principal components analjsis‘of Beef CrdsSbred.dafgf

- The analys1s of the crossbred. data also rifulted in the

extractlon of five pr1nc1pa1 components which accounted for

74.0% of the total'varlatlon in the dependency structure.

. These five'principalkcomponents are shown in Table 6.4. The

I
I



. ’ @ R . /
first. pr1nc1pa1 component accounted for 23. 0% of the total N
[ \

var1at1on and loaded heav11y on Cwi, DADG1 DAMWTB and
» DADGZ Similar to the analyses of the Hereford .and the Beef

N

Synthet1c data{ the component is an "index-of .the dams
weight gain and it descr1bed cows whxgi ‘gained we1ght in
the 1mmed1ate post- calv1ng per1od and were therefore heavy
at ,the time of breed1ng. The negatlve coeff1c1ent for DADGZ
1nd1cated’that the winter loss of weight in® these dams was .

f;dnimai‘ N | ”

Whlle accountlng for 16.9% of the var1at1on, the second

\
Py 0

pr1nc1pal component centred heav1ly on prewean1ng calf ga1n
" and growth rate, namely, WNWT1 and CLFDG1 The component
lalso reflected moderately on DATE1 and BRWT1 and showed that
heavy weanxng;we1ghts usually resulted-from two prlmary
7reasons.1Firstly} the heavy.calves at weailng were older
than the average of the populatlon as 1nd1cated by the
‘,fnegatlve coeff1c1ent for blrth date (DATE1) The second A
.reason is that calves wh1ch vere heavy at weanlng were alsol.
heavy at blrth However th1s did not 1mply that the earlyﬁy
;born or older calves were necessarlly heavy at birth, o

h.Slm11ar to the SY populatxon, the second pr1nc1pal component
is regarded as a. wean1ng 1ndex of'the calf"
_About 13 7% of the total var1atlon ‘was explaxned by the
third pr1nc1pa1 component which loaded heav1ly on DATE1 and
' BRWT1 and moderately oncBRWTZ and only slightly on. DPREG |
- CLFDG1 and AGE1. The component 1nd1cated ‘that calves ‘born

1ate~an the calv1ng season were usually heavy at b1rth This’



. -
L g
N -
P
_—
¢
- “
. . : A JJ )

zz9'0- 8zT o- 9t1°0 1210 i6s'0- 1E8°0 zoava

L6870 “L00°0- .94} 0- L4470 €61°0- : 6980 soava -
t z9L°0 - 9v9°0-  Z¥E'O - Lz0°0 S10°0- . 19870 933da
SET O I9L°0 90Z°0 - ~ 880°0 960°0- .- 889°0 © 139V
N . To- S10°0 ozy 0 8yl 0 §90°0- . TET'O. _Timyg
-~ 0zZL 0~ 680°0  LZL'O - .  9i1Z'0 290°0- .865°0 11ma8
8€1°0 8v1 " 0- SLL°0 OEE'0-" : &YO‘0 €sL°0 13Lva
~—+01 "0 __E40°0" R . 006°0 Lioco- - 1880 ’ 190410
610°0-" z§0°0 T90°0- - B8E'O ¥90°0- = - 886°0 L LANM
LOO 0~ $08°0 . . LLO'O __wo.o LiLo g vLL O SiMWVG

..m‘ B . © . . . < . - . .v -
. : 890°0- 9¥4-0- SE0°0 tzo°o- LL8°0 s LBL’O0 ., -~ ‘eava
- x%w . X . & : . . rA. - )
+90°0- 080°0- - 8LI O- . £60°0- .  [26°0 ™ .. 01870 ¥ %)
. w;o«om>cwu—w A3+ L eunuwo) - - saiqefJdep
v'6 0t L€} 6 9} 0°€T v  pauje(dxe 8duR}JBA |B1OL Y%
veh©h zze" ) 8v9°L .  OE0'T st o : , EREE en|eAueby3
ww : ) S s b e z P ‘ON 3usuodwo) Led|ou}dd
T 3 CO.—.&I—E. v.-ﬂh. } 1- N be ] &..ﬂ O3 XjJ)ew LO%OI& U.#IOO.,L XeW{JBA ¥Od 30 I%—n—ﬂ.ﬂ e ,Upﬂl..—.
- . _ * .
- . . L8 -~ ¢ ®
A4 “ ||/



113

is 1nd1cated by the positive coef£1c1ents for BRWT1 and
BRWT2. £lso the late C&lVlng dams showed a prolonged per1od
| betveen the onset of the breeding season and their next
‘caIang date. The third coefficient is thus‘an "index of
calvinS»date‘ | |

The foutth component is a maturxty component and
accounted for an add1t1onal 11.0% of the total variation.
This component empha51zed the age of the dam (AGE1), the
wéight of the dam at breeding (DAMWTB) ‘and the interval
between the breeding season'and}@ne next calving date
(DPREG). The implication isftnat the oidvdams were heavy at
the time of breeding‘and_became pregnant‘earlier in the
bteeding'season{ ThiS'resulted in a short interval from the
vweaning of the{r calves to the next calving date.

The fifth component centred on-thefpost breeding,weight
changes in the dam (DADG2 and DADG5) and accounted for an
addirionaI‘Q 4% ofvthe totallvariation. ThiS‘component
showed that dams which ga1ned between the breeding season - *
and the weanlng of thelx caimes dld not lose much welght
over- the winter season. ThlS component shows a’ proflle of

<& \

~weight changes in the dam‘dur1ng the w1nter per;od. It is

& -

-therefo:e a measure of "winter body condition of the dam"

6.3.4’Principa1 components analysis of Pooled Data

The five components extrag in the analysis of the

Pooled Data accounted for 74.8% of the total variation.v

Relatively high communalitﬁgﬁ werd ained for all of the




variables e;cept BRWT2 and DPREG which yielded moderate.
communalltxes (Table 6. 5)”Slnce the Beef Synthetzc
populat1on contributed more observat1ons (N=467) than the’
4Hereford (N=251) and Beef Crossbred (N=157) populations, the
Vresults of the Pooled Data analyses Wwere heavily b1ased
toward that qf'the Beef Synthet1c. In fact, the grouping of
the variables in defining the principal components in the
Beef Synthetic and Pooled Data analyses were the same. To
discuss the results of the Pooled Data analysis would be to
repeat all that has already been sa1d for the Beef Synthetlc
populatlon. The dlfference between the SY and Pooled Data
results was that correspond1ng pr1nc1pal components ‘
"accounted for different amounts of var1atlons (Table 6.3 vs.,

Table 6.5).. - ' o

6 4 SUMHARY AND CONCLUSIONS .

This study has employed pr1nc1pal components analysis
to explain the varlablllty ex1st1ng in some cow and calf
variables which influence the breed1ng performance of the
dam. Moderate to hlgh communal1t1es were observed in most of
the varlables 1nd1cat1ng that the defined variables were
~1mportant in contr1but1ng to ‘the observed variations in the
derlved components. The proportxons of variance explalned by
the derived components. in the different populat1ons and the
Pooled Data ranged from 70.7-to 74.8%. Thus, in‘all the
analyses a few orthogonal varlables (pr1nc1pal components)

contained over 70% of the 1nformatlon %rov1ded by all of the
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original 12 variables. The advantage of parsimony is
therefore obvious and would become increasingly so as the
number of the original independent variables increased.

“

The defined components for the different sets of
analyses are shown in Figs. 6.1 and 6.2:’The study showed
that the major components of variation eXist{ng in the
covariance structure ofythe variableg were similar for the
three populations. Dam growth was the mosfbimportant
component in all cases aécounting for over 20% of the total
var1ab111ty The calf wean1ng index component was observed
- to precede the cdlving d;te component in order of 1mportance
in population analysis.

" In all four sets of‘ahalyseé%ycorresponding components
explained similé; magnitudes of variatibn with différences
ranging from 0.6% in the fifth component to 2.8% in the
third component. A comparison of corresponding components is
dépictéd in Fig. 6.3. Differences among the proportions of\
~variation explaineqrby identically named components were
.greatéf than differences among correspondihg numerical
compqnents.‘These differences.ranged from 1.3% in the dam
growth compqnenfato as large as 10.3% in -the maturity
component (Figs; 6.1%and 6.2)t

The'élmost identical sets of prﬁCipal$éoﬁponents,n
extracted in the SY and XB populatlo\é empha51zed that the
two populatlons were s1m11ar in factors underlylng their
" breeding and prodgctlon chayacterlstxcs. The close

«

similarity of all threeppopulationsvwas indicated by the

<

k‘ .
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fact that in terms of the nomenclature of the components,
thensame set gf princiéal componentS»were extracted except
1n Hereford where there was no component for winter body
condition. leferences were only ev1denced in the order of
_importamce in which particular components accounted forv
variabilities in the covariance structure of theﬁdlfferent
populations. For 1nstance, age of dam or maturlty component

I3

was. more important in‘the HE population than in the SY and
'XB populations.

It is usual for signs and magnituaes-of coefficients to
differ for oorreeponding components in different breeds and
populations. For instance, Carpenter et al. (1978) extracted
,two principal components from a set of four variables in
. Charolais and Hereford data and found that whlle the flrst
prinoipal axes in both breeds were characteristically
similar, the second set of axes differed considerably in
‘contrasting ectomorphic and endomorphic body types. Similar
~‘results vere iodicafed-by Brown et al. (1973) who derived
five principal axesvfrom an initial set of nine,lioear body
measurements in Angus and Hereford populations and showed
that the interpretation of the factors was similar for the
initial sets but notably,different as the number of
components increased. a

Two suggestions‘cao be given for these observations.
First,:the ordering of the nomenciature of the principal
cOmpooents in the different populations means that not only

will -different factors have various degrees of importance in
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different populations but also that similar factors will
have various influence in different populations Secondly,f
the extraction of the same set of components may have
.stemmed from the fact that al%ﬁthree populations-were beefAn
type animals which had been-exposed to the same management
practlces. Perhaps if populatlons of more d1vergent
blologlcal types such as beef, dairy and dual purpose breeds
'»from different farms and locations‘had been utilized, the
components mjght be more dissimilar. |

Tanner and Burt (1954) have remarked that it is

1mportant that cognlzance be tki“n of the ‘fact that factor

analy51s solutlons are summarrslng StatlStICS that cannot a
priori be reified, that is, be equated with a particular
physiological_or geneticai facts It is-prohahly only when
deflnlte explanations have been establlshed and therefore‘
successful relflcatlon achleved that factors have thelr
greatest usefulness. Therefore the appllcatlon of the,
present study may be enhanced by the use of dlfferent\

' biological types from differeht locations. Results from such
1nvestlgat10ns could be correlated w1th the general findings
of the present study to formulate definite and conclu51ve

statements.



“7l‘GENERAL SUMMARY AND CONCLUSIONS

Studies were carried out to examine the effects of
certain env1ronmental factors 1nfluenc1ng preweanlng
performance and growth patterns of Hereford (HE), Beef
Synthetic (SY), and Beef Crossbred (XB) calves. Factor

_analysis was also carried out on some cow and calf varlables
to ascertaln the major components of var1ab111ty 1nithe
’breedlng performance of the dam. | ~
| The flrst study examined the’ effect of age of the dam;
SEX”Of the calf, year of calv1ng, age of calf and date of
~birth on the birth we1ght weaning weight and preweaning
average dally gain (ADG). ‘The results indicated a trend to
heavier birth and‘weaning weights and higher ADG ‘in calves
born fn the later years of thevbreeding,programme. However,
‘as fresh genetic material was‘beingcintroduced via the
breeding programme ln‘the course of time, yearly effects
vere confounded with genetic improvement.

Male'calves‘were heavier at birth and at weanino than
ermale calves. However a decline in the relative
,superlorlty of male calves was noted from b1rth'%o wean1ng

in Hereford and the Beef Crossbred populations. There was
oply a slight increase in male superlorlty from birth to
weaning in the: Beef Synthet1c populatlon, Th1s observation
may be a reflection onnthe poor milk yields in these‘beef
@ngpulatlons.\Therefore, because of their hlgher growth :
potentlal than the females, the male calves may have been

) d1sadvantaged from a nutritional point of view. Thlsvgas

3
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@
further evidenced by a significant breeding group by sex of
calf interaction in the analyses of the weaning weights and
ADG. o |

Birth weight‘increased by 5.5 kg‘in calves from two
year olad dahs to a peak in calves from five year old dams in
the XB population. In the HE and SY populations, increases
in blfth weléhts were 5.5 and 6.2 kg respectlvely from first
calves to a peak in calves from six year old -dams. Weaning
weight and ADG increased in calves from two year old dams to
a peak in calves from five year old dams in the HE and XB

populatlons//whlle peak weanlng welghts were obse

calves from six year old dams in the SY popul=t1-
was some evidence that preweaning performance fas beginn;’(nc_:;:;x
to decline in calves from dams.whiCh_were nine years or
older in‘the HE and XB popqiations. However, there was no
notieeable deciine observed in the SY population.

Sigﬁaficant differences (p<.05) were found among the

breeding gro

‘in all three traits analysed. The Hereford
populatlon was the lightest both at birth and'weaning. At -
blrth the XB calves weighed heav1er than the SY calves, ;
however, supe;ior ADG achleved by the SY calves_enabled them
to outperform the XB calves in weaning weight. Significant
breeddng population by year of calving interactions were in .
part attributed to differential selection pressures that may

have been applied to the breeding populations within and

between years. : o o Q
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Calf birth weights were positively'associated with

calv1ng dates; calves born later be1ng heav1er. Calf birth

- weight increased llnearly at an average rate of 29 g/day or'

2.2 kg . over the calv1ng season. The mean calv1ng date of -
bull calves was significantly (p<>05)(later than thatﬁof"
he1fer calves 1n the Hereford and Beef Synthetlc populat1ons”
but not in the Beef Crossbred populatlon. Llnear effects of

age on weaning welght and ADG were 51gn1f1cant;1n\all.three

“populations although quadratic effects offage”vere."

4
s1gn1f1cant only in the XB populat1on. '

The second study was concerned w1th 1nvest1gat1ng
dlfferences in the prewean1ng pattern of growth in range
beef calves. The calves were cla551f1ed into three groups
accordlng‘to their birth dates. The three groups were called
early, mid-Season and late born. The aﬁalyses involved~the

use of the four preweanrng weight records of the calves. . ADG

between two consecutive weights was calculated by dividing

the weight galn by the number of days in that period.

Correspond1ng relatlve growth rates (RGR} were computed by

leldlng the ADG by the average weight. of the calf during
the interval concerned, For comparison of growth rates on an
equal age ba51s, the ages of the calves at each weighing
were grouped at two week 1ntervals resultlng in seven.age
classes. The least squares means of ADG and RGR were plotted
against the mean age of the defined age classes to obtain

the pattern of ADG and RGR changes in the preweaning period.
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The results showed that ADG 1ncreased to a peak between
100 and 120 days and declined thereafter._SY calves
malntained higher ADG at all times in the prewean1ng period;
while HE oalves,exhibited thellowest,gains. Quadratic
regression eQuationsvaescrihea the pattern of preveaning
ADG. The RGR equations were linear.

Late born calves showed high ADG at very early stages
. but poorer gains as the calvesfgrew.vBoth mid-season and
'“iate born calves shoued decline in ADG in late ‘summer when
pasture conditions had generally deteriorated which
precluded sustainea milk yields in the.dams. The absence of
this decline in the early born calves was attributed to
their advanced age in 1ate fall. The'early.horn calves'were;
perhaps old enough .to be able to supplement the1r d1ets
dlrectly from available pasture rather than relying
completelylon the,dams"milk. The_author‘5uggests[therefore
thatfthe~economics of SUpplementationIOf diets of young
éalves 1n late summer be 1nvestlgated | h

The th1rd study 1nvolved principal component analyses
of some 12 cow. and calf var1ab1es wh1ch 1n£luence the
breedlng performance of the dam. The analyses were carr1ed
out accord1ng to the e1genvalue 1.0 crlterlon and.w1th
varimax rotatlon for orthogonal contrasts. Four principal
components were extraoted in thesHE.data. The analxses of -
the SY and XB data and the Pooled Data for all three
populations resulted in the}extraction of fiye.principal o

components. The derived set of components in each case

o
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E structure in each populat10n.~
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" accounted for over 70% of the variance in the covariance

s . (<)

\ Ao

The derived components were 1dent1f1ed as dam weight
ga1n, weanlng 1ndex of the calf' calving date of the dam; -
age or maturlty of the dam°,and winter body condltlon of the
dam. D1fferences were apparent in the order of the

components and hence the 1mportance of each component in

'each data set. The close similarity of the three populatlons

was however demonstrated”hy.the‘fact-that similar components

underlined-the variabiiity of the data set in all three

populatlons. o
- e

The potent1al and usefulness of such analyses could be

reallzed when. the factor scores coeff1c1ent matr1x for each

factor and varxable comblnatlon are used 1n formulatlng
regre351on equatlons. Th1s would be ach1eved by using the
exact factor scores for-each component to define the
objective.breeding’condition of the dam. As.theser

derivations would be empirical, it would be necessary to
i ) " ! i N .

‘correlate such results with subjective condition scores for

a check on accuracy. ’ >

TN
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