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"ABSTRACT

“ Four exponential ,growth functions: Richards; ~ Brody,
Bertalanfff and Logistic vere fitted to ynad justed data fronm
six breed popqlatioﬁs and to dqta adjusged fdr year and afe
of dam'effects for two pOpu;diions. Growth curves and
parameters characteristic of each function were déri;ed for

s
each set of data.

Data for each breed population consisted of weignt/age

‘\a,fecords over a period of 10 years from 1962-1971 obta 1ed

*

from the Universitf of Alberta experimental breeding ranch
in Kinsella.
. 'b
The fit of the functions derived for each set of data

were examined at birth, ueanindﬁ yearling, 20 months, 32
A . _

months; 44 ponths, 56 months (adult) and over all ages using
R2 values, mnean prediction error estimatesLazd residual

variances. The degree of fit of the models in thé two major

populations the Hybrid (HY) and Hereford (HE) breed ‘groups
vere studied in detail. o - | ' o

l ,
The Richards and ~ Brody nodels described growth well

over the entire trajécto:y as the RZ values were high .while
mean predicfion errorséstiﬁates and residual variances wvere
'ibw. Adjusting the data fog,year and age of dam reduqéd the
residual variances in all dﬁdels and mean prediqtion errot

estimates in all but the Richards model.
' iv
\ o



The Richd}ds model provided an accurate prediction of

birth weight . all of the data set while the Brody nmodel

‘provided a variable fit. The Bertalanffy and espedially the

\

Logistic function were poor in predictidg birth weight in
all data sets. Weaning weight was almost always predicted

well by the Brody and Richards models. Durihg the

intermediate ages fronm yearling to 44 months all funetions

predicted weight with relatively ‘small errors uithlthe
éxception of weight at 32 months of‘acé at which fimé no
function could adjust for a temporary weight loss ‘due to
wvinter stress >characteristic at that.’age group. The
functions‘ltepeatedly underestimated adult weight and only
the Richards and Brody functiqns predicted adult weights

with Some- accuracy.
€

Adjusting the data for year and age of dan
significantl§ improved the fit of the Brody, Bertalanffy and

Logistic functions at birth and the Richards at weaning in

both HY and HE breed grogg§, whileﬁpggfﬁ;g_gi_;gg_ﬁrgdy‘xaq

improved at wveaning in the HY breed group. The impréved fit
of the functions by'adjusting the data were confined to ages
prior to yearling and responses were not identical among

breeds.

The Richards and- Brody functions were consistent in

predictfing small and similar mean prediction erLror estimates

- - -

v



at each agqge, compared' to the Bertalanffy aﬂd/‘Logistic
functions. The ovefalll mean prediction erroﬂ/eStimates
based on the Richards functioﬁ were small agd udiform
between breeds thys éemonstrating an overall consistency of
fit and was therefore _éonsidered as being ideal' f&t

comparing estimapgs/of fitted parameters.
{ .

The 4asymptotes :(A) fitted by the Richards and Brody
functious were always’ higher than those filted 'by the
Bertalanf“y and Logistic. The Eertélanffy and Logistic
fpnctions were characterised as converging rapidly at the
asymptote és predicted adult #e;ghts énd asymptotes were
similar. Adjusting data reduced the asymptotes in both
breed groups, the effects being marked in the fitted

asymptotes of the Richards fﬁnétion applied to the Hybrids.

Based on the estimates of the maturing rate parametet
(k) the Herefords matured faster than the Hybrids. The
maturing rates of the other breed - groups appeared to be

pfe?ortionalr to the amount of British beef blood in the

T

-

populations.

Correlations between the parameters .(4) and (k) were
alway; negative. Selection for increased growth rate at
early ages (6 months and 12 months) should result in
increased maturihg rates. Early maturing animalks with Eapid
growth rates ‘prior to 1:X§ar of age grew to sm;ll mature

i \\\\\\\\\_
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weights, and late maturing animals *with relativelf higher
grdwth rates a£ 18 months grew to larger mature weights.

'Animars heavier at inflection showed higher growth rates at
early ages and iouer growth"rates at 18 months. Selectioq
fo;;higher absolute grow?h rates at some age would dimprove
gain more ‘at immediately adjaCeht ages as a cbrrelate&

response and less when the ages were widely separated..

- The four growth models could not accurately predict

. ' . Y
absolute growth rate over 4 periods as the observed gains
"fvere of a fluctuating type and the functiops were of an

exponential decay type.

The Richérds and the simpler Brody models were
partiéularly good in describing growfh in all popdiations
and are recommended as being useful and a.knowledge of their
Jpredictive ané descriptive properties promotes a better

understanding of the growth procéss.
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1. INTRODUCTION
~

Growth in animals is in general the increase in body
mass with time, and is influenced by a number of factors
such as the genetic potential of the animal, its nﬁtrition

a. .
and env1ronment. -

An animal basically grows in two ways, eitheg by cell
Proliferation in -the tissues (hyperplasia) or by cell
enlargement (hypértrophy). The former process assumes much
"impértance duripg the pre-natal growth. phase while the

- latter process along with intercéllular ac¢retion are
regarded as major determinants of growth. during the: post-

natal growth phase (Robinson, 1971) .

Growth cur;es are weight-age‘curves which are usually
pldtted from bifth to maturity on individuals Or populations
and are useful for describing growth patterns characteristic
of biological types. A gross growth curﬁe can reveal Stages
at which animals make rapid gains in weight as against
periods whén growth is slow or constant, (as_showp by Brody,
1945) depending on the slqpé of the growth curve between two

points on a time scale.

°

Growth curves can also be expressed in other forms such
as cumulative, absolute or relative and "reflect lifetime
inter—relationships'between_an animals'. impulse to grow with

age in all +tissues and the environment in which these



impulses are expressed" (Fitzhuﬁh, 1976) . 1 The 1dea of
'growth ie. change in biomass with respect to time, was
given a mathematical aéscription by Brody (1945) in his
book, "Bioenergetics and Growth." According to Brbdyb a
cumulative growth curve followed a strict sigmoid shape with
age and althoﬁgh variations océurred within ages due, to the
effect of the environment, 'the general shape was
characteristically sigmoid. Brody divided the weight-age
curve into three sectioﬁs, 1) pre-natal, 2) post-natal self
accelerating, and 3) post-natal self inhibiting phases; the
latter two being described by two different equations.

During the post-natal self accelerating phase, growth,
measured by an increase in body weight, sﬁowed an
exponential relationship ~ with time, increasing at an
accelerated rate. During the self inhibiting phase‘ the
grouth’ prccess was slower and gains were made at a
decreasing rate. The ©point, or period, where the self
accelerating curve joined the self inhibiting curve Qas
recognised by Brody as the pqint of-. inflection -(POI) and
considered as tae point or stage of sexual maturity
(pubérty). In subsequent studies this point at which the
velocity'~ of growth “hanges was computed as being
approximaéely the-time ar reaches one third of it's

mature body weight (Fabe- ~=.

Following Brody's st. - :ay other =~ nations have



been used and de?elopeq among which the more . important are
the Gompertz, Logiétic, Bertalanffy and the Richards. These
functions have been applied to study pattefns of growth in
animal formns. Each _growth equation - has  its own

characteristics and therefore may give a better fit on

. certain types of data. Most feports that have used a growth

curve approach concentrate on the overall fit of the
functions and correlations between fitted parameters, but a
careful analysis of the fit of a growth ' curve at ‘various

ages has not been reported.

‘Therefore the  present study was designed to evaluate
the degree of fit of the growtﬁ equations - Bertalanffy,
Brody: Logistif and Richards —:to beef cattle growth data
obtained frdm breed populations maintained at the University
of Albertairanch in Kinsella, with emphasis on\their'ability
to describe growth and prédict weights during éertain pre-
determined ages, some éf which are of econohical importance.
The raw -data as well as data adjustgd'to remove certain

within age variation were used in the analyses.

The fitted parameters. from each function were compared
between populations and . within functions to arrive at
estimates of the  asymptotes and maturing rates.

Correlations between parameters both fitted and derive re

calculated on the fu ctions of best fit to study expect §§

e average daily gains based

responses to selection.



the predicted weights from each growth function were
compared with observed average daily gains to determine the

efficiency of growth curves in predicting this trait.

X



2. LITERATURE REVIEW

A review of literature on growth curves reveal

-basically two ‘types of equations. The first type of.

equation, which is actﬁally a part whole relationship
(allometry), was used by Huxley (1932) where (Y) was. equal
to bxk in which (b) anad (k) were constants and {Y) the

. weight of some organ (part) and (X) +he body welght (whole).

Huxley (Cheek, 1968) considered grouth as a process of self.-

multiplication and the rate of growth of an organlsm growlng
equally in all parts wvas at .any moment proportlonal to the

size of the organisn. -

A igcond type of growth curve was demonstratéd by Brody
in 1932 (Weinbach, 1941)7to be of an exponential nature ™and
applied to human growth fromvbirth to puberty. S&nce the
pﬁblication of Broﬁy's book "Bioenergetics and Growth" ,iﬁ
1945 many other expouentlal equations descrlblng weight-age
relatlonshlp S’uere developed, four of whlch were  the

ﬂBertalanffy (Bertalanffy, 1957), Richards (Richards, 1959),

Logistic (Nelder, 1961) and the &ompertz '1Laird, 1965) .

These functions have been commonly used to describe grow}&“*}

of many animal species.

-,

2.1 Brody function

The first exponential equation to be developed, given a

/



mathematical description and applied to various animal
species was by Brody (1945). Two equations wvere derived, 1.
the self accelerating and 2. self inhibiting. The self
inhibiting equation of the Brody function is a 3 parameter
model with (4), (B) 'and (k) as the fitted parameters,
referred to as growth constants (Brody, 1945). The self
inhibiting equation is correctiy appliéd posf inflection and
has wide applicability in describing growth of different

N

'species (Brody, 1945).

The two equ&tions are:

ae~kt

—
o
1

[3®)
.
)

1

A(1 - Be~kt
uhefe,
Y = weight in relation to time, t.
a = Y intercept L
e = log base e
B = integration constant established by the vglues-oﬁ
Y and t and adjusté for the siﬁuafion when
Y#0; |

A = asymptote as t » «
N o

'k = instantaneous relative growth rate (Brody, 1945)

In equation 1 the growth rate (k) was coﬁputed in relation

to the gains already made hence (k) was positive, and in

K4



equation 2 growth rate was computed in relation to the gains

yet to be made ‘(A-Y) and (k) vas negative (Brody, 1945).

#

2.2 Bertalanffy function

-

The Bertalanffy function is another 3 parameter
exponential function wused to describé‘growth_(Bertalanffy,
1957) .

C =1 skt

where, Y, B, A, k and e are as -described in 2.1, The

function _1s similar to the Brody function and has a fixed

LY
point of inflection at 8/27 A (Bertalanffy, 1967); Fabens .

(1965) described the Bertalanffy curve as being of a
decaying ékponéntial\type‘agd considered it to have a wide

Y
application in biology.

2.3 Richards_ function

The Richards ‘function was originally an extension of
the Bertaldhfﬁy function and was first applied to describe

- plant growth ¢Richards, 1959).

(( v
- The function is given as follows:
Y = A(1 - Be~kfy M
where, Y, B, A, k and e are as described in 2.1 and M'= the

variable shape parameter. Like the other grovth functions

the Rithards contains the three parameters (4), (B) and (k)



and in addition a fourth Parameter (h) which is referred td
as a variable shape parameter. The value of (M) can vary,
and determines the point of inflection in relation to the
asymptotic weight (A) (Richards, 1959) . The Richards model
is a generalized fﬁnction énd the Brody, Bertalanffy and

~Logistic function have been considered as special cases of

the Richards (Fitzhugh, 1976).

2.4 Logistic function

The Logistic- function is a 3 parameter 'exponential
function and the procedure of fittigg it is described by
Nelder '(1961), The function is similar ta the Brody
function and haslthe following format.. |

Y = A1 + Be*kt)‘l
where, Y,.B, A,?4?and € are as described in 2.1 The Logistic
function contains the parameters (A), (B) and (k) ahd its
péintwgf inflection is fixed at 0.5 a, Its wuse "is been

demonsfrated on mice data by Rutledge et al. (1972).

2.5 Gompertz function

" ‘Laird (1966)-hasﬁshown that the post-natal growth for a
variety of animals"such as birds and mammals undergoes an
exponential decay in specific growth rafes vith time. The
Gompertz function has been used tovdescribé grovth’éf mice

(Laird and Howard, 1967; 'Lairgq, Tyler ‘and Barton, 1965;



Laird, 1965)} and reported to fit better than the Logistic
function vﬁen.applied te growth of -dairy cattle {Vieira and

(94

Hoffman, 1977).

2.6 General

Growth functionsy can, be fi{ted to many types of data
classified as static; cross‘sectionél, longitudinal, mixed
cross sectional or mixed longitudinal kCock, 1966;'Tanner,
1951). Data of a Iongitudinal type'\provided' a relevant
description of the pafterns of growth as weight for age
data is recorded throughout an animal's life and a éomplete
set of experimental measuremen*s is m;de available for every
1nd1v1dual at each stage or age. 1In addition to providing
Fhe data yielded in a static Oor cross $ectional type, it
frovides information on individual variations in growth_
(Coék, 1961; Fitzhugh, 1976). » Thisu type of data was

recognised as being most appropriate for describing growth

in a gfoutb curve analysis (Fitzhugh, 1976)

In,éumﬁary, the basic fitted parameters derived byv the
3 parameter models, Brody, Bertélanffy and Logistic
-functions are (a), (B) and (k). The Richards ”function a
“four 'pafaheter model also computes a value for (M) which

determines the point of ipflectidn.



2.7 Application of growth_ functions
/ .

/
/

f The Brody function has been wused to describe and

/
prédict veights, and compare growth parameters of many

sdeqies of animals and its wide application in biology has
/

been documented {(Brody, 1945).

Brown et al. (1972ab, 1973) fitted the Brody equation
&o female Héreford andA Angus growth data and obtained
ﬁestimates of mature weight and maturing rates. The authors
stated that although the growth curve smoothed out the
fluctuating data points, the function was adequate in
(describing~growth. Their results vere not difficult to
interpret althoughl the genetic and phenotypic correlations

in relation to the parameter (k) differed considerably

betwveen breeds.

The pre- anq ppst—%hflection equations of the Brody
function were used to sfuﬁy growth patterns in Black tailed
deer . (Bandy et al., 1970). They also determined the point
of inflection in races of Black tailed deer as the pre-
inflection function followed a straight line up to the point
of'«iuflectioﬂ. The authors questioned the adequacy of the
srou, ~ tction in describing érouth'rates in absolute teras

wiie satisfied that it was efficient for inter-racial
comparisohs. Lerner (1939) stated that "the pre-iﬂflection

growth -curve although widely used with "many excellent
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results is limited in its value to small areas of a growth
curven (Baker, 1944). Brown (1970) described the Brody
function as one which provided an excellent fit to the .data
points in beef cattle but dld not permit. an in depth study’

of growth properties.

Parks (1970ab) developed and used anp extension orf the
Brody function: a) relating the biomass of an anlmal to feed
consumption, b) cumnulative feed consumption to age and Cc) a

combination of the first two e€quations, biomass to age.

Taylor (1968) used the Brody and Goméertz gtouth
equations on data described-by Brody (1945) and Lairgd (1966)
to demonstrate the proportionality between the time a
species takes to mature and its mature weight. The time. a
species takes to mature was computed as the 0.27th power of
its mature weight; the two growth equations and data giving
similar ﬁalues (Tayior, 1968) . Comparing different species
in relation to their maturing rates Taylor (1968) found
birés ,hatgred faster than mammals, which tends to Support
his statemente in an earlier paper relating species size and

1

,7
time taken to mature.

The Richards function plus the Bertalanffy, Logistic
and Gompertz (Fox, 1970) have been applied to study growth.
patterns of ewes. The Richards function was considered best

in  describing growth although the parameter (M) which

-
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determines the point of inflection ¥as negative, thereby
limiting the study of the inflection parameters. Brown et
al. (1976) and Brown (1970} found the Richards was better
than the ‘Brody, Gompertz, Bertalanffy ang Logistic functions

in providing a good fit to beef cattle data.

The Gompertz function was cited as being adequate ip
describing growth of beef Cattle (Cartwright ang Joandet,
1969) . The authors stated that the parameters derived hnd
biological meaning and could be related to other traits.
Laird et’al-\ {1966) and Laird»énd Howard (1967) used the

fGompertZ‘ function to describe growth data- for mice and
analyse straln differences. The authors state that the

Gompertz function described growth adequately.

Growth curves of the Logistic and Gompertz type have

~ been appiled to human height data and a close correspondence
between observed and predicted values found (Marubini et
al., 1971). The Logistic function was applied to study the
growth among mice selected for low -ang “high body weights
(Eisen et al., 1969). The authors reported that the
Logistic function provided the 5est fit and descrintion of

growth among lines of mice although the other equations that

were tried could héve detected differences between lines.

Rutledge et al. 1972) compared the Logistic anqd Richards

functions as applied to mice angd concluded -that the former

- offered a better fit to the data. A growth function of the
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-

LogiSt;p;ftype has been applied to broiler chickens and
appears to be efficient in describing growth characteristics
of birds on three commercial farms (Liljedahl, 1970). The

use 'of growth equations in describing growth of birds was

shown by Ricklefs (1968).

fhe basic biological parameters that growth curves can
deduce are size and rate parameters (Fitzhugh, 1976). He
stated that the first parameter. (A) establishes tpe pésition
of the individual or group in the general size space 'at a
given reference age, usually maturity. The second parameter
(k) concerns growth rate to body size. When the size
parameter reﬁefs to wmature  size this ©parameter defines
average matur{ﬁgtirate, (Fitzhugh, 1976). 2 third group of
parameters reférréd to as the inflection parameters are
often determined in studies. The point of inflection, or
the inflection parameter as it is sometinmes called, is that
_pbint at which grovwth rate is maximum {Brody, 1945; Brown et
al., 1976) - Weight at inflection (¥*) and., time at
inflection (t*) have been determined in ‘several studies

(Timon and .Eisén, 1969; Bandy et al., 1970; Brown et al.,

1976) .

" In addition other parameters such as the predicted
absolute ‘and relative growth rates and weighted absolute
growth rates can be computed from the functions when the

~ values for (3)’y (B), (k) and (M) are known (Richérds, 1959;
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Fitzhugh, 1976). On this basis in addition to comparing .
fitted ‘grouth constants already included in the function,
derived growth rates.can be compared between breed groups or -

populations (Eisen e al., 1969; Rutledge et al., 1972).

\ Brown et al., (1972a) stressed the importance of
prpviding a true adult weight in the data as the value of
(&) 1is underestimated whenever Héights are not available up
to full pmaturity. Thus, the fit of the model and derived
parameters will be determined by the last weight obsefved\ﬁn
the data (Brown, 1970; Fitzhugh, 1976) . Furthermore, when a
growth curve approach is used to study the efficiency .oﬁ
selection for 'growth traits the entire growth curve should

be considered rather than small“segments (Brown, 1970);

All growtﬂ curves when apélied to any - fornm of
fluctuating data tend to Smooth . out the irregularities
{(Brown et al.( 1972a; Fitzhugh; 1976; Brown et al., 1976)-
Brown (1972a) repotts that és fluctu;tions occur when field
data are used a correction can be made for factors such as
weight 1loss during parturition‘or lactation but difficulty
arises iniadjusting for the corrections when ‘trying to

interpret the data. Fitzhugh (1976) reported that

adjustments for weight losses of cows after parturition
overestimated the mature weight. Fitzhugh (1976) therefore
suggested other !alternatimes such as skipping the

overfluctuating data and using uei§hts wvhich conformed
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closely to the prior weight in relation to ,a curve. This

A

procedure however will lead to some subjectivity in the
data. Brewn (1970) as reported by: Pitzhugh (1976) stated
tha? si::::%geous adjustment of data while fitting non
linear models was computation;lly intractable and fitting

models to unadjusted data seemed most appropriate.

\

The reports appearing in the literature utilizing a

growth curve approach and/the typeé of study reported .are
summarised in Table 1. Most authors cited have‘uorked with
growth functions that are of particular interest in this
report, sone restricting' themselves to single functions
while Brown et al. (1976) wvworked with all five functions of

interest to beef production.



Table 1. A listing ot grovth function studies froms the literature

Author/year Species Punctions) Type of Study
Brody (1945) nany Brody General application and
derivation
taird ot al (1965) Aice Gomrertz Perivation, fitting and
. application
_____________ e e e e e e e et e e e e e e e m i — . m e m e —m m——— e —————————————————————————————
Laird. (1965) dan/mice ‘ Gompertz Application of specific growth
. rate to vhole and part of body
Laird (1966) Birds/maamrals Gompertz Application to asbryonic
growvth
Laird (1967) san Gosfpertz Application and discussion of
the human grovth curve
Ricklefs(1967) Birds Brody Application and evaluaation of
Logistic grovth rates in migratory
) Gompertz ' birds
Kidwell et al (1969} Hice Goapertz Analysis of bybridity between
crosses of inbred lines
Timon et al, (1969) Hice Richards Pitving, hZ,
Logistic correlations betveen and
vithin parameters and functions
Eisen et al nice Bertalanffy Pittirng and coaparison of
(1969) Richards the fit of each function
Logistic
Gompertz ‘
Rutledge et 2al. (1972 nice Richards Application, fitting and
Logistic correlations between paraneters
and functions in a cross
fostering study
Eisen (1976) Hice Al General review
Joandet et al Beef cattle Goapertz Application,‘tltting, eccnomics
(1969)
rox (1971) Eves Bertalanfrfy Application, titting, b2, and
Richards correlations between parameters
Logistic
Goapertz
FPitzhugh (1976) sany but vith All " A reviev of growth curve analysis
special reference and an alternative approach to
to beef cattle study growth
Brown (1970) Beef cattle Broay . Fitting,
Bertalanffy application to cattle grovth,
Richards correlation betveen pararpeter
Logistic estimates
Gozpertz
Brown et al (1972) Beef cattle Brody Application, fitting,
il discussion on maturing rates
‘ betveen breeds and sexes
Brown et al (1976) Beef cattle Brody Application, fitting, discussion
Bertalanffy of parameter estimates.
Rickards Correlations between paraseters
Logistic and betwveen functions
Gompertz
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A

2.7.1 Heritabilities _and _correlations_between

pbarameters and_functions

The heritability estimates of the fitted parameters (A)
and (k) are shown in Table 2, listed by author, species and

function.

The heritability of the asymptotic weight appears to be
high 1in the.studies.reported~by Timon and Eisen (1969) and
Fox (1970) with the exception of an estimate based on the
Richards function in the latter‘study. Lower heritabilities
were reported by Brown ét alf (1972a) . Also Brinks et al. |
(1964) . and Calo et al. (1973) have reported hidher

heritability values for matur weight with actual data.

fhe parameter (k) which is the maturing rate showed a
raﬁge in the .heritability values from 0.30-0.76. There
appears to be a difference between the heritability values
computed from thé Richards and Logistic functions (Timon and
Eisen, 1969) . This difference was attributed to the
incfeased individual variation in the parameters bfv the

[ ]
Richards function (Timon and Eisen, 1969). In the same
study genetic and phenbtypic correlations between functions,
in relation to the same parameter were éomputed -and the
genetic correlation between the (k) values.estimated by the

Richards and LogiStic functions was 0.0, while the

correlation with respect to (A) was 0.98. Timon and Eisen
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(1969) suggest that the two functions may be estimating

diffepgnt traits.

The inflection point in céttle has been estimated as
between 6-18 months of age (Fitzhugh, 1976) . Timon and
Eisen (1969 reported heritability values approximating 1.0
for the age at the point of inflection (t*) and suggest that
mnost of the variation is thus of an additive type. Rufledge
et al. (1972).reported,heritabilities Qf 0.08 and 0.05 for-
(t*) based on the Logistic and Richards functions. The
authors attributed the iou values largely to post-natal
‘maternal influences. Heritability estiﬁates of 0.86 for the
weight at the point of inflection (Y*) have been Oobserved in

mice based on the Richards function {Timon and Eisen, 1969} .

The heritability value of the parameter (B), an
integration constant, is high and Brown et al. (1972a)
suggested that early weight 'changes weére thus highly

heritable.

Two forms of correlation Studies are reported in ‘the
literature, one restricted to correlatioﬂs between parameter
estimates based opn the éaﬁe function (Eisen et al., 1969),
and the other involving correlations between functions with
respect to the same parameter (Brown et al., 1976; Timon and

Eisen, 1969; Rutledge et al., 1972).

Correlations between (A) and (k) are shown in Table 3.

v
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All correlations, genetic, phenotyplc and residual between
(A) and (k; wvere negative, ranglng fron -0.20 to -~0.95
indicating that animals with higher maturing rates (k)
reached lower mature weights (a) (asymptotes).b This
biological‘ Phenomenon is cdaracteristic among species and
growrh functions. Fitzhugh and’ Taylor (1971)  1in an
alternate‘ approach to the study of growth have arrived at

similar conclusions about the relationship between maturinpg

rates and mature weight in beef cattle.

In the studies reported beBrovn et al. {1972a) and

Eisen et al. (1969) there‘appearsato be a difference in the
relationsAip between (A) and tk) with respect to breeds or
‘lines. In the stucy reported by Eisen et al. (1969) three
lines of mice were sgudied and the genetic correlations
between_ (A) and ,(k)z were low in the first, medium in the
seécond and high in the third line. Brown et al. (197q¢f
recognised some degree of independence of the Parameters (a)
and (k) within breeds and suggests that rhls genetic
antagonism can be partlally overcome by crocss breedlng. - In
the report by Brown et al. (1976) six breed groups were
studled and although the Richards (k) value was 87% greater
in one breed group compared to the other, there was only a
2% decrease in the asymptotlc weights. Brown et al. - (d976)
suggested thatmdue to the variation in the relationship

between breeds, the rate of maturing (k) mayfbe'amenable to

%,
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genetic chaunge.

Correlations between parameters other than (A) with (k)

from four studies are presen*ed in Table 4, classified by

species and function.

Cérrelations Between the inflection parameters (Y*) and
(t*) and size parameter (A) were reported in several studies
(Timon and Eisen, 1969; Rutlédge, 1972; Brown et al., 1976).
The phenotypic correlations betueen’(Af and (t*)} bassed on
the Logis;ic functions (Eisen et al., 1969: Timon and Eisen,
1969; Rutledge/et al., 1972)  were positive ranging from
approximately * 0.3-0.6. Phenotypic correlétions between the
same two traits based on the Richards function were negative
. With values of -0.10 (Timop and Eisen, 1969) on mice and -
0.6{; (Brown et al., 1976) on beef eattle_ However, in the
fifst study (Timon and Eisen, 1969) a positive genetic
correlation of 0.49 was (;eported. Positive phenotypic
correiations'betueen (A) and (Y¥) were observed by both
Brown et al. (1976L and Timon and Eisen (1969) suggesting
that animéls heavier at inflection are also heavier at
maturity. Furthermore, strong positive correlations between
body weiéhts: at different ages are shown 5y Fitzhugh énd

: a

Taylor (1971), Brinks et al. (1964) and sSmith et al.

(1976) .

Based on the Logistic function, both genetic and
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phenotypic correla;ions between the maturing rate parameters
(k) and the time of inflection (tx) were negative, the
values ranging froh -0.46 to -0.8 (Timon and Eiseh, 1969;
Eisen et al., {969; Rutledge et al., 1972) ; however,
correlations (rqg and rp) between the same two functions
based on the Richards wefe positive, the values ranging fronm
0.23-0.77 (Timon and Eisen, 1969). Converselx negative
correlations bétween the two traits observed by Brown et al.
(1976) among beef cattle, suggested that early maturing
animals reached ?heir inflection age early. Positive
correlations between (k) and (Y*) were observed by Timon and
Eisen (1969) whereas there was no apparent correlation
between the same two barameters’in the study by Brown et ai.

(1976) .

Although among mice there ,appears. to be a " strong
phenotypic correlationa between the time of 1uflection (t*)
and ;eight at inflection (Yx*) (rp=0.85) (Timon and Eisen,
1969) . Brown et al;v (1976) reporte% that in beef cattle
the weight at inflection showed no relationship to, the age

at inflection.

In summary, correlations between the size parameter (A}
and_ rate parameter (k) andvthe inflection parameters (tx*)
and (Y*) appear to be spécific to -each function as each
equétion rdétermines a different inflection point. Within
each function the point of inflection is determined by the

3

.



function itself rather than the genotype of the animal

(Fitzhugh, 1976) .

Genetic and Phenotypic correlations between (A) and
absolute growth rate (AGR) in Table 4 were positive, based
on the Richards function tPé’values ranged from 0.31-0.42.
(Timoq and Eisen, 1969). Similar positive correlations were
observed by Eisen ef al. {1969) and Rutledge et al.
(1972) . Negative correlations were reéorted by Brown et al.
(1976) be;ween mature weight (A) and absolute growth rate
(AGR) at the point of maximum growth ie. inflec;ion.
Positive phenotypic correlations betweeq {k) and (AGR)
suggested that animals uith iowér maturing rates (ie. late
maturing) showed slower growth rates (Brown et al., .197¢;
Rutledge cet al., 1972). 'Brown et al. i1976) suggested
that, based on the Richatrds function a negative associatién
between (A) and (AGR) and a positive association between (k)
and (AGR) indicated early maturing animals had largéf gains
at inflecfibn but grew to smaller adult weights., In all
studies the «correlations between (a) and (Mj vere negative
suggesting that heavier animals at inflection Eeathed

T -

heavier adult weights (Brown et al., 1976) .

-

The second type of correlation observed in growth curve
studies are those between functions within a parameter
(Timon and Eisen, 1969; Brown et al., 1976) . The genefal_

/\/41 .
conclusions are that parameter estimates of functions with



28

similar biological interpretations : are positively
correlated,‘ especially the asymptotes but these estimates
are often smaller than expected (Fithugh, 1976). Fitzhugh
(1976) further - 1ds that similar parameters from two models
may not measure the same biological‘phenoména.‘

- ¢ \

2.7.2 Alternate growth analysis

Fitzhugh (1974, 1976) stated that most dgrowth models
assumed growth is a uniform monotonic increasing function
with time. Furthermore, he adds that all growth funcﬁions
are insénsitive to irregular spacing of size or weight-age
pointé and this deﬁermines not only their fit but also the
accuracy; even ‘vuhen an;mals are weighed at regular
intervals, the intervals are irrégular Wwith respect to
physiological age and prodﬁctiog status. Fitghqgh (1976)V
stated that when working wifh‘ larger animals under field
conditions, fitting an appropriate growth eéuation smooths
out the irreqularities in the aétual 'curve and thereby

overides the variation due to factors such as climate, level

’

of feeding and fnutrition, " condition or production level,
thereby po;siblj. obscuring some of the wmore important
genetic and environmental phenomena. With some of these
concepts in mind, Fitzhugh and Tdylor (1971) and Fitzhugh
(1974, 1976) proposed an alternativeAtwo component model,

referred to as an "equation-free analysis of growth curves"®,
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;for irreqular data which preserves the wvariation in the
original observations. Taylof (1965) stated that it has
long been recognised there is a strong tendency for animals
with larger mature veights to take a long time to ﬁature.

Taylor (1968) deduced a relationship equating the time taken
to achieve‘a certéin proportion of the matureh weight to a
maturing interval; and a degree of maturity. Hhen'ueight
(Y) ét some point in time is expressed as sone proportion
(P) of its mature weight, then the proportion Y/A where (R)
is the mature weight, 1is referred to as . the degree of
maturity (U) (Taylor, 1965). According to Fitzhugh (1576)
the degree of maturity parameter (U) and the pParameter (k)
from non linear models are alternate ways of characterisiné
animals for being eafly Or late maturing. The parameter }U)
in addition does‘not have the disadvantdqg of (k) as it éan
be applied to small areas of. the ggbyth, curve, or to
economically important stages during qrowth ang need not bhe
computed from birth to maturity' (Fitzhugh,\\3976); The
method of analysis has been used by Smith et al:\\\f1976a,

. 1976b) to study growth traits.

i
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3. GROWTH FUNCTIONS

Table 5 1lists the Richards, Brodj, Bertlanaffy and
Logistic growth equations and some of ‘their properties
considered in this report.. The four functions were-similar
in - their computational forﬁulae and had been used to
describe beéf cattle growth. The parameters or traits and

thelappropriate codes are presented in Table 6.

3.1 Intg;preta;iontofrg;outh curve parameters

The fitted parameters obtained from a growth curve
analysis are (1), (B), (k) and (Mf; Other derived
parémeters Such as the weight at point of  inflection (Yx),
age at éoint.of‘inflection {t*) degree of maturity (u) and
absolute growth rate (AGR) are of intergst and can be

interpreted biologically.

A major parameter each growth function describes is (4)
the asymptotic welight which is con51dered to be a meagzre of'
mature weight; the value of (4) largely depends on the value
chosen as‘thé adult or mature body weight in the data. The
value of (4) 1is éomputed as time (t) approaches infinity.'
Brown et al. (1976) Stated that "the asymptote more nearly
‘represents mature weight at a constant condltlon relatlve to
the individuals norm for body composition under a given

pfoduction environment rather than would a single weightn,
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Table 6. Explanation of sjmbols

Parameter, Trait or

Effect : Code Units
Asymptote A 5y kg
Maturing rate k " %/day
Integration Constant B o=
Shape Parameter M -
Exponent e -
Time ' t days
Absolute Growth rate dys/dt AGR kg/day
Weight at Inflection Y * kg
Time of Inflection t* days
Weight . Y kg
‘Weight Predicted Y kg
Degree of Maturity U %

Year YR -
Age of dam AD months
Birth weight of calf BW kg

Mean prediction error MEE %
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Oor a characterization of the mature body weight of a breed

group or population.

The value (k) is the instantaneous relative growth fate
compﬁted from birth to weaning (Brody, 1945). It was also
considered as growth rate relative to mature size and was
referred to as the maturing rate (Taylor, 1965; Brown et
al., 197%?b; Brown et al., 1976). 1In the present analysis
the matufing rate was expressed as percent per day, as the
time intervals were presented on a daily basis in the data.
The values of (k) based on the sanme function are 'comp;rable
fetween breeds althougﬁ comparisons of the&parameter between
éunctions have been gﬁestioned (Timon and Eisen, 1969). &
higher value of (k) <computed 6ver equivalent weight;age
points would indicate a rapid maturing type whlereas a lower
value would indicate a.slower maturing type. The parameter
tk) has been used by Brody (1945) to compare growth paﬁterns
of different species. The uée df it in the study of
maturing patterns among cattle has been demonstrated by
Brown et al. (1972a,b). ’

(B)  is an integration constant adjusting for age and

weight at birth and is used in the computation of other

parameters such as absolute growth rate but in itself is not

biologically interpretable. .
Absolute growth rate (AGR) which is/gg; slop of the
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growth curve at a point (t) is the first derivative of .each
function. It can also be calculated using the derived
parameters (A), (8), (k) and (M) . Unlike in a usual
analysis of daily gains, in a growth curve study absolute
growth rate caﬁ be mathematically calculéted at a point or
stage in contrast to a period, or interval. Absolute growth
rate 1in the pfesent analysis was calculated as gain in
kg/day. Derived life tinpe gains such ds absolute growth
rates, maturing /ratés and relative growth rates could be

Obtained once the values of the fitted parameters are -known.

The wéight at point of inflection {(Y*) and the age at
the point of inflection (t*) can also be calculated on the
Richards, Logistic and Bertalanffy functions once the values

of (a), (B), tk) and (M) are known.

./ The ratio of (Y) to (a) in relation to time measures
the degree of matarity which «can be expressed as a
percentage. Thus if,

Y =a(1

I+

Be‘k§ is a generalized growth curve

then Y /A= (1 Be‘]°9 =Degreé of maturity ()

I+

From the preceeding discussion it beconmes evident that
a correct value representing the adult weight is exceedingly
important :s the maturing rate parameter (k) and the

inflection parameters, are computed .in relation to (A).
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Y. MATERIALS AND METHODS

[ %)

4.1 Breed_Groups

The 6 breed groups, 'codes and approximate breed
/

composition of each breed group are shown in Table 7.

The Hybrid population was developed from three
foundation breeds, namely Angus,‘ Galloway and Charolais.
This Hybrid 1line was started \in 1961 and has been bred
essentiaily as a closed line althéugh?some introduction of
outside breeding continued up .to 1970. At present the
apprdxihate breed composition-of the Hybrid herd is ‘1/3
Angus, 1/3 Charolais, 1/4 Galloway and the remainder divided
among kéeveral other breeds such as Herefo~d, Holstein,’
Jeréey and Brahman introducegd through foundation animals

that were not pure (Berg, 1971, 1975).

. The Hereford line was established in 1960 and. has been
maintained as a purebred line from its initiation with

limited continued introduction fronm outside herds.

The four populatibns 100% BR, 75% BR, 50% BR 50%LD and
75% LB were derivéd from a 1ine qeferred; to‘vas the
Crossbreds, in which the suitability of various combinétions
of 7 type x Beef type or Beef X Dairy types are beihg
investigated. Thesel populations ‘will be collectively

referred to as the XB groups.
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.
v

. o '
The data for the Hybrid and Hereford female populations

were collected over a period of 10 years from 1962-1971 and

for the four XB groups data was collected over a 6 year

period from 1965-71 excluding 1969.
N\

4.2 &reedingrand selection_ program

_ : %
Dams chosen to produce the subsequent generations are

selected according‘to‘ their reproductive ability, growth
performance and generél,soundness. Selection on the basis
of reproductive performance is strict. Cows are bred in the
summer during a two month period, pregnancy; tested ‘durihg
the winter and those that are not in calf at this time“are

culled. cCalving usually occurs during spring the following

Year and is spread over a

2 month period.- calves are
ly 6 /months ‘and placed °’n’" a 140 day
feed test over the winter. The feéd test period is %sually
from November to mid March during which time .411 male calves

are on full feed and feﬁales restricted feed.

S Sl

Breeding.bﬂlls for pppulafions are selected according
to their pre-uggping~“and feedlot gain and about 5-7 bulls
afe us;duuithin‘each of the Hybrid and Hefeford population§
each year, one quarter of those selected béing from the
preyious year and three qua. .ers being Yearling bull%. ~A1l

heifers are exposed to the bulls for the firstftimé:gﬁen

they are 15-17 months of age. L N 4

Pl

s

i
:
1
H
e
J
1
]
i
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4.3 Fetding, and management

The feeding and magaéenept practices of the breeding
herds conform to that of cammercial operations and the type
of feed used during the exﬁerimental period depended on the
availability of feed and cost. The vinter feeding schedule
is'tabulated in Table 8 (Berg, 1971, 1973). During spring, .

summer and fall all ,dams were allowed access to free
k]
X

N

All cows at Kinsella are weighed at intervals of

grazing.

4.4 Chgice ofidata

approximately 2 months while heifers are wveighed monthly.

In a préliminary study of the data 19 weight age points
were plotted on a dgraph ﬁo observe the shapes of the growth
curves and the general variation between weight age points.
it was ndted that the data was of a fluctuating type with
much of the variation being observed between summer and
winter weights. Based én visual examination, 9 of \ the 19°
points were selected for growth curve analysis..'7 The aées
iselected,;ere: birth (0 days), weaning (6 months), yearliﬁg:*
15 ngnth,ueight, 1@ Bonth weight, 20 month Heidht, 32 aonth

veight, 44 wmonth {weight and 56 month weight (adult). The

last four weights were vinter veights taken during the month



Prior to 1963

1963-1965

19 €4-65

1965 to 1968

1968-1969

1970 on

Age apnd Type of
Animal

Cows and hbeifers

Covs and heifers
|

Heifers and 2 year olds

Heifers and 2 year olds

Cows and heifers

Vet Covs
Eeifers

Covs and beifers

Heifers

Heifers

Winter grazing only

¥inter grazing

Barley soybean pellet containing 15%
CP and 20,000 IV VIT A/LB, fed at

7 lbs/head twice a week

Additional bay 640 lb/heifer over
vintering period standard

Hay ration increased to 1300 lb/head
over wvintering period due to
severity of winter

72 1b hay per week/head on Bonday,
Vednesday and rriday and a barley
soybean pellet containing 29% CP
and 70,000 IU vit A/lb, Additional
27 1b rolled oats at 9 lb/day
offered on alternate days Tuesday,
Thursday and Saturday

In addition to above 5 1b strawv on
grain days and Sundays or whea
temperature was below 0°F

5% Stravlrepfuced hay due to cost of bhay.

Supplecental barley soybean fed as ussal.
Grain sixture containing 1 part barley
and 3 parts rolled oats fed at 30 '
1lb/bead per week. Hay at & lb/day

fed on grain days or wvhen the
teaperature was below 0°rp .- .

Beifars given 4 lb/hay/day regardless of
veather conditions in addition to
strav and grain as above

= - - - - - —— —— e —a= e maccvn .y ——-—
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of January of each year.

-

The number of animals used in each data set aloﬂg with
the number of observations at each age are shown in Table 9
for the six lines with unadjusted data and the Hybrid and

Hereford lines with the adjusfed data.

As the animéls used each year were born over a 2-2 1/2
month period this variation existed at each age. Due to an
overlap of weights at yeérling a weight recorded at 11
months of age and a 15 month weight were regarded as the
yeérling veight in all populations. Thus, all breed groups
had more observations recorded at yearlingt than %% the
preceeding weaning ueight, In the adjusted Hybrid and
Hereford data sets,‘some animalsihad an 18 month weight,
while others had a 20 month weight vhereas in the unadjusted.
data only a single animal weight represented 20 months.
Consequently, more animals were analysed in the ad justed
data ‘sets. In the'XB populations and the adjusted data two
vwéights at 18 and 20 months of age were regarded as weight
representing 20 months; The data analysed was of a
1ongitudina; type where a set of observations was available
on each animal depending on the length of t;me it remained
in the herd.

-

4.5 Analysis of data
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4.5.1 Upnadjusted

e o e

Growth curves were fitted to a Sample set unadjusted
weight data fronm of 203 Hybrid and 144 Hereford dams.
Similarly, growth curves were fitted to wunadjusted weight

age data the four XB groups using all available records.

4.5.2 Adjusted

Growth curves. were fitted to adjusted data from the
Hybrid and Hereford ‘lines, the data adjusted for - year
effects and age of dam. All available records compfising

; , , :

454 Hybrid and 319 Hereford fenales were used for the

analysis.

Weights of the HY and HE breed groups from birth to 56
months were adjusted for year (YR). Weights from birth to
‘18 months were® in addition adjusted for age of dam . (AD)

Classified as 2, 3, 4, 5, 6-8 and >9.years. The model used | *

was: Q"} _
: A N K
Wijk = Wijk -~ Ci w Cj
where,
TOA
Wijk = adjusted weight
Wijk = the unadjusted weight of the ith year,
Jth age of dam and kth observation
Ci = least squares constants for years

Cj. = léast Squares constants for age of danm

¢
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(Birth to 18 months)
wvhere i = 1,2.......10 N

J = 1,200ucu0e.b

k 1,20 cee.-onij .

The fit of the Richards, Brody, Bertalanffy ‘and
Logistic equations, over all ages and at 7 véights which
included birth, weaning, yearling, 20 months( 32 months, 44

months and 56 months (adult) were studied in detail using

unadjusted and adjusted data.

4.6 Statistical procedures

4.6.1 Construction of growth curves

-

The four growth functions - the Rfchards, Brody,
Bertélanffy/and Logistic were fitted independently to each
data‘ set; A non-llnear least squares programme BnDO7R (BMD
Health Serv1ces Computing Faculty UCLA) which used the Gauss
Newton iterative procedure fitted the models to the data.
The ‘prpgramme allowed a nmaximum of 100'iterations‘in-the
computation of each set of parameter estimates and was run

vith no constraints.

/

4.6.2 Estimation of overall fit

The acEﬁracy of overall fitting was determined using
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,\ N

the square of the multiple correlation coefficient (R%2).

Because in non 1linear regression the deviation of
observed minus predicted do not necessarily equal zero and
because it was‘expected that at a particular age an equation
may over or under fit, 4a measure of average relative
deviation called mean prediction error (MPE) was developed.

n
% MPE = r(vi-$i/vi x 100)/n
: i=1"

A lover MPE indicdted a lower non svmmetrical error or //

a symmetrical error of any size and a better relative

prediction of weight.

Overall fit was also compared'bf\calculating MPE over
all 7 ages and by use of residual variance from a one wvay

analysis of variance where differences between ages were

removed.

4.6.3 Ccomparison of fit within_age_and

between functions

The criterion used to determine the degree of fit of
each function at each of the 7 ages was the mean prediction

error estimate.

The MPE estimates computed from each growth function
within an age class and breed group were compared by a *'t¢

test to establish significant differences (Snedecor, 1962).
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4.6.4 Comparison of fit between

unadjusted and_adjusted data

The vmean prediction error estimates and residual
variance; were used to compare the fit of each grqwth
function between the unadjusted and adjusted data over all
ages from birth to 56 months and at 7 ages in the Hybfid and
Hereford 1lines. The MPE based on each function were

compared by a 't! tel (Snédecor, 1962)~‘

4.6.5 Analysis of the consistency of fit

The overall consistency of fit between breeds was
determined by comparing thg mean prediction error estimates
wWithin the same function. HEE estimates thaf wvere small and
not significantly different between breeds providéd a more
consistent overall fit. A .'t' test (Snedecor, 1962) was

used to establish significance between means.

.A Duncan's range test was applied to | the mean
prediction error estimates within each func .on for all séts
of data to determine the uniformity of fit. The test was
made to determine the significant differences among the

estimated mean prediction errors over the 7 age periods.
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4.6.6 Correlations among barameters

A random samplé consisting of 50 Hybrids and Herefords
each having a complete set of adjusted weights were used to
calculate the cprrélationshbetween (4), (B), (k), (4), (Y*),
absolute growth rate at 6 (AGR6), 12 (AGR12) and 18 months
(AGR18) based on the Richard§ function and parameters (),
(B) . (k), (ABRG) , (AGR12) and (AGRjB) based on the Brody

function. In alculating the correlations between the

weight at point pbf inflection (¥Y*): and all other parameters

~both fitted and derived 25 observations per set of data was

used.

4.6.7 Analysis_of absolute qrowth rates

The Richards, Brody, Bertalanffy ahd»Logistic functions
were fitted to the adjusted weight data from the Hybrid amnd
Hereford limgs. Heightéswere predicted at birth, weaning,
Yearling, 18 months aﬁd 56 months.  Absolute growth
rates/day (average daily gain) " were calculated for the
periodé frogi_ﬁirth;weaning, weaning-yearling, yearling-18
months andv18 months-56 months as a difference in weights
divided by the fime interval.

AGR/day = Y2-Y1/t2-t1

The observed gain per day and predicted gain/day based

on each function were next compared within period. using a
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procedure by Gill (1977) designed to make a number of
independent comparisons {Dunnett type) between means taking

into account the heterogeneity of the variances.

SED = V/SZ/ni + S2/ni
1 2

t 0.01(SED)

It

MSD

where,

SED was the standard error of a difference
MSD was the minimum significant difference

S2 and S2 the variance of the observed and predicted
1 ’ 2 ‘

ni the number of observations
The MSD was compared with the difference between the
+

. . A
observed and predicted means (Y-Yy) ° to establish

significance.

The same statistical procedure was used to compare the
Observed and predicted'mean gain over period based on the
- four growth functions for the adjusted data from the Hybrid

and Herefo;d,breed-groups.
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5. OBJECTIVES OF THE STUDY
The objectives of the study were to:

(1) evaluate the accuracy and consistency with which
the Richards, Brody, Bertalanffy and Logistic functions
predicted weight (degree of fit) over all ages and at seven

ages from birth to maturity for several breed groups and

-

\ . - “ .
PN ¢
[ S

{2) determine the eﬂiecf .jjfit_bverall ages

-

and at each age when daté&ue’A“éé, -for fpar and age of
- T e . R N

dam effects in the HY -and HE breed grdiips.

(3) compare asymptotes (A), waturing pattetns tk) and

inflection parameters (Y*) and (t¥) among the breed yroups.

(4) evaluate the correlations between fitted and

derived growth parameters using information from the two

functions of best fit to estimate responses to selection.

{5) evaluate how accurately each growth function

approximates absolute growth rates or average daily gains.



6. RESULTS AND DISCUSSION

6.1 Least squares estimates for adjusted data

The least squares constants lused for adjusting the
Hybrid and Hereford weight data for Year and age of danm
effects are shown in Tables 10 and 11. The year effects
were variable and weights were 'adjusted accordingly.
Adjusting for year removed part of the genetic and
eﬁvironmental trenf‘. The results showed a gradual incréase

in the age effect as the age Qf dam increased..

6.2 Growth curves

Cumulétive '*sigmoid! gro;th curves characteristic of
each function fitted to the 8 sets of data are shéwn in
Figures 1-8. The letters U and A refer to unadjusted and
adjusted data respectively. The shapes of the Richard's and
Brody curves were similar in all of the data éets.
Furthermore, the  two ‘individual curves could, not be
separately identified in the 100% BR, 50% BRASO%LD, 754 LB

and Hybrid A sets due to considerable overlarp.

The. Logistic function Ooverestimated birth wveight and
underestimated adult weight and  this feature was
charac£eristic across all sets of data. The Bertalanffy and’
Logistic functions also showedie rapid convergence pattern

‘ N »
to adult weight starting at approxibately 750 days of age.

. {H@
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6.3 Analysis.of overall £it "

6-.3.1 Parameter fit

' The proportions. of the total variance accounted for by
- Tegression. in each function and residual variances are shown
in Table 12 by breed group. The values reported are
therefore estimates of the accuracy of the iterative fit of "
the parameters .and reflect the overall comparative fit of
the models, In all data sets the Richards and Brody
: funcfions provided better fits than the Bertalanffy and
Logistic functions. The Richards, being a four parameter
model] should account for more of the variation than the
three.parameter Rodels. Houevef comparisons of "“the Richards
with the Brody model show no improvement in fit in data

sets. ", e . ) ' ’

6.3.2 Apalysis _of the_overall fit Within breed groups

The mean ‘predictidn éstimates, Lesidudl mean squares,
gﬁquard deyiaiions, over all ages are shown in Table 13 fo;
the unadjusted and adjusted data from the Hybrid and
Hereford linés and the four KB groupg (100% BR, 75% BR,
50% BR 50% LD and 75% LB). The growth functions appliéd to
all of the dJdata sets tended to overestimate weight from

bif?h to 56 months of age as all mean prediction error



I

Y

Table 12,

Hybrid

Hybria =

Hereford 1

Hereford =

100% BR

75% BR.

50% BR S0% LD

Richards
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

Richarads
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

Richards
Brody
Bertalanffy
Logistic

‘UnadjustedAueight data
*idjusted vaeight data

Values of R? and residual

91.6

92.2

94.1

92.8

92.0

92.1

variances by function and breed

4013916.0
4179393,0
4851124,0
6186205.0

4096481.¢C
4096726.0
4355497, 0
5272419.0

2030715.0
2045383.0
2319372.0
3046321.0

2178768.0

2209446, 0

2238985.0

2706326.C
t

499724, 0
499927.0
534475.0
682313, 0

946571.0
950031.0
984083, 0
1191425, 0

509425.0
509454.0
R42974.0
674866.C

338389.0
338826.0

61
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Table 13. Mean prediction error estimates, residual mean squares, and standard
deviations by function and breed group

Standard
Hean Prediction Residual Deviatioy
Breed Groap Punction ‘ error (%) Nean Square
_________________ B L L LT TP P A
Hybrid : " Richards -1.287a 145.083
Brody -3.208b . 150.950
Bertalanffy -5.484c 161.832
Logistic -17.3334 214,117 °
Hereford t Richards =1.224a 158.532 12.845
Brody*\ =1.940a 159. 385 12.832
Bertalazffy -4.125b : 165.564 16.965
Logistic =15.670c 237.675 : 42,499
Hybrid = Richards, © =1.287a . 144,091 12,341
Brody =1.2Y1a 143.958 12,342
Bertalanffy -3.817p 150.991 15.915
Logistic ~14.320c 205.126 40.312
Hereford = Richards -1.382b 141,418 12.121
Brody -0.149a - 140,263 " 13.027
Bertalanffy -2.658¢ 145,077 13.501
Logistic =12.0454 193.612 34,051
100% BR Richards - =0.762a 106.436 10.655
Brody -0.618a 106.088 10.727
Bertalanffy =~2.784b T 112,596 12.840
Logistic ~13.086c 159.686 35.343
75% BR . . Richards =1.427ab 189.946 13,946
- Brody =0.917a 186,394 144137
Bertalanffy ~3.209b 204,796 15.765°
. Logistic ~13.2¢5¢ 308.801 36.513
50% BR 50% LD  Richards -1.143a 146.621 12.173
Brody ~1.179a 146,732 12.199 -
Bertalanffy -3.298p 144,585 14,232
Logistic =13.706¢ 165.610 36.178 .
75% LB Richards -0.800a 106.057 10.469
: Brody -1.058a 106.713 10.397
Bertalanffy -3.306a 113.706 13.446
Logistic -“.112b 163.091 37.906

e e crc e anccm———— b et e o aa N - — e ——— e s T P, - m——— -

n

'Unadjusted veight data
fAdjusted weight data.
Bean prediction error estimates with the different alphabetic latters within a

breed are significant P<0.05



estimates were negative. The results based on the R2 values
are similar to the results using a mean prediction error

estimate when the 3 parameter models were compared.

Based on the magnltude of the residual mean squares the

Ay

Richards growth function provided the best fit to the
unadjusted weignt data from theyﬁybrid and Herefqrg lines,
50% BR 50% LD and 75% LB breed igroups" while the Brody
function offered the best overall flt to the adjusted wveight
data from the Hybrid and Hereford llnes, the 100% BR and T %
BR breed groups. The Bertalanffy and the Logistic func

were consistently poor in predicting weights over the entire

growth curve.

Browr et al. (1976) used ‘a similar approach to

evaluate the fit of five growth models to beef cattle data

from two locations. Accordiné to their results the Brody
function showed a low residual variance and hence a better
flt to one set of data while the Richards. prov1ded a better
fit to the other set of data. The LOngth function showed
'the hlghest residual mean square and hence the poorest fit
.1n both locations. The results of the present analysis show
that the Richa?dsuand Brody functions had avbetter fit than

the Bertalanffy and Logistic functioms.

Comparing the overall fit between functions within

breed groups, a lover residual mean Square was always

L
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associated with a lower mean prediction error. The Richards
function had the lowest mean prediction error when applied
to the wunadjusted data from §pe Hybrid and Hereford lines
and this value was significantly different for the Hybrids
but dbt‘ for the Herefords. The Bertalanffy and Logistic

functions gave poorer fits.

In the adjusted data froam the Hybrid 1line 1low nmean

prediction error estlmates wvére obtained for welghts based .

N

on the Brody functlon followed by the Richarids, fBertalanffy
and Logistic functions. Thus, in the adjusted data the
Brody‘functioanrovided the best fit over the entire growth
curve althougi the mean predlctlon error estlmates were not
'51gn1f1cantly dlfferent from the npean prediction error
estimates based on the Richardéifunction. In the adjusted
wéight data from:)the Hereford 1line, the Bnody function
provided the lowest predlctlon error which was 51gn1f1cantly
different from the prediction error estimate based on the
Richards function. The Bertalanffyland Logistic»functions
provided a poqrer fit and the error estimates  were
:significant1y  highef compgred to “the Richafds'and Brody

functions,

ahe 100% BR breed group the Brody functlon provided
a good fit having a small mean prediction error although the
error estimates based on the Rlchards was not significantly

" different. Similar trends vere established, in the other
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O

breed“fgroups. In general the fit of the Brody and Richards

functlons were 51m11ar and always 51gn1f1cantly dlfferent

“from ' the Logistic. The mean prediction error based on the

Bertalanfﬁy vas similar to the Richards in the 75% BR group

End similar  to the Richards and Brody in the 75% LB breed
group.

Tne value of an empirical technique in describing
. : _’ -

growth data depends on the accuracy with, which each data

point is prédicted. Broﬁn_et al (197e6) s;atedethat the

o R .
— . ! 1

usual &est of the goodness of fit may be inaccurate because

» of the correlated errors among longtitudinal data pointsa

Tﬁhs, - the authors claim that in thelr study the evaluatgon
of fit uas.subjectlve, in which the observed and predlcted
welghts at each velght-age point. were conpared. The
51mllat1ty betueen the methods u51nglre51dual mean squares .
and 'standardlsed mean preda;t;on &rrors in  evaluating the
-fit'ofwgfoqph fqufidns'justifies.the latter as a suitable
procedure. | The technigue of . using predlctlon error
estl;ates in growth curve analy51s has not been previously
reported in the literature.
6.3.3 Gomparison of overall fit between inadjusted
apd_adjusted dgta‘u;tgin ggéggigg_ggg_ggggg

Table 14 shows the oyerall mean prediction error
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.. ‘«‘ . /'
B LT I

h .
estimates ‘vﬂased on each grouth function ‘\% the unadjusted

u\;-,;and . ad,‘justd veight data, and the difference betueen &

'\\Q,,' \
.estlmates ﬂ’i hin function and breed group. The overall mean

S~

4 predlctlox ;or estimates based on the Rlchards - function
were nat significantly different ‘betveen the unadjusted and

adjusted data in the Hybrld and Hereford breed groups.  The

L

Rlchards funCtlon L\&rther fltted the unad_')usted and adjusted

e

S : r-

)

data with the sake mean prei@gn (eLLOr.
. L < ) '

.The fit “¥of +the 'Brody, Bertalanffy and Logistic
functions was 51gn1f1cant1.y improved by fitting adjusted. .
welghts in both breed grﬁ‘@ ' R

. P

~ The re31dua1 mean squares 5rom a one \iay anova\@ora the

unadjusted and adjdsted weight data'-are shown in Table 3‘5 bymﬂ

”"W‘~-'ﬁu
function and breed group. %xanﬁlnatlonhpf the residudl® ;g'éan SR ,
square"s -in - both" lbreed ‘groups sugges'ts-«that ad stlng fogf‘“
X( year andlage of dam effects reduced ) the res.ildual“';' variance {Hfi "M,J .
1th1n eachxf ction;" - S '. ‘ S ‘ oy

oy 3
R < . !
o .

RO In flttl%g grovth models to ad;usted uelght 'é. o‘ne of .. -
B .
g iy - o

t I

ijation in :

e
tuo thlngs couLd happen. F;.rstly, the meéan pre,dlc n error

- & ’& - ] .L
es}imates could be reduced and secondly, the v

the data sets coﬁi’d be. reduced In all but ‘the Richargds L
P %unctlon fltted to the Hybrld and Hereford data adjusted for;

year and age of dan, the mean predlctlon error estimates and ,

t

the résidual variance were reduced suggest;ng an improved .
_ S .

.

o = - Lot
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fit of the models. . Although the overall fit of thé\ four
models was improved by adjusting the data the overall mean

Ny,

predlctlon error estimates based on the Logistic function

¥

belng hlgh adjustlng the data had its greatest practical

*1mpllcat10ns in improving -he git of the*Broay and possibly

.,m

the Bertalanffy functions
o

v

6.3.4 Apalysis o: :he overall con51stency of fit =

betueen breed g;oups‘

Tabfev 16 shows the overall ‘mean prediction error

estimates based on ~the _four growth functions and the

T -

differences between estihates- compared between breeds and

o ne L DR . . S . "
' : o > . ;flgl

4

R : o9
The Rlchards function provided the  wmost con51stent

~—.

none
vy 5 \ . !_j’
predlctlon error - estlmates being small and similar. The

Brody, Bertalanffy ~ and ) Logistic‘ fanctions uereg,leé§

s
consistent as mean predlctlon error estlmates between breed

=Y

'groups ﬁere dlfferent. Al+hough the difference between the

v
mean prediction error estlnate%lbased on the Bertalanffy and

Logistic functlons fltted to- the unadjusted Hybrid and
Herefdrd daka 'VeiE cqpé&Stenb betuean breeds, they were
\ ‘ T ‘ A
large. - o, o . . C S

] B - 1

overalzgilg to the two breed groupssulthln each data ‘type as

the breed dlﬁferences were 51gn1?‘Cant, the mean
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Table 17. ean ptediction error estmates by function
n the XB groups K
“n,\-'
Mean Prediction Error (%)
‘Preed Grou Richards Brody Bertalanffy Logistic
......... e e e m— e — e m G mE—— - - ————r - B ——————————-—
100% BR -0.762a -0.618a -2.,784a -13 086a
75% BR -1.427a -0.917a -3.209a -13, 265a
50% -BR 50% LD ~1.143a -1.179a  -3.298a {);-13 706a L
/ . ’ o Y 14
75% LB / =0..800a iy, -1, os&%’ -3.306a -111 112a -
- - - - ----------——\L‘A---o—‘—-—-o———o—-&-—-a--—q—-o---—q’d—-—-
. a-None of the mean prediction errors i‘fn_col'uq_n”s were significantly
~ different P<0.05 : o
”-'\':, . R N %
. I I
> ~ - ) Jy-- 1A
{v -
. ) . ‘
@B
W - N
¥ ! - ;
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Table 17 shows the overall nmean prediction error
estimated by each function in ‘the XB groups. All mean
prediction error estimates wvere 51m11ar within function and

between breeds. However, only the « st _uates based on the

Ricbafds“and Brody were small ag well a= ¢ _.istent.

-
[ W
“

. -+
, ] - o
ﬁﬁ . . W

e

6.3.5 Conclusions L e
The Richards afid Brody functionsg fprovided the best
overall fit to allu“of the data ‘sets. Bertalanffy and”
LOngth functions in general d1d not prov1de a good flt.:
'30; ' ’ . R R » ’ ‘- : 4- . t.,..
- Adjug dvﬁg for year and age of dam reduced the :

. Y 'M.

residnalA _ 1n4the tud breed,grougg vhlle 519n1f1cant

~ . 3

mean-’predlctlon. error estlmates ~were

observed in the estimatesdbaeedmbn”tbe Bnody; Bertalanffy

) L . L3

: -7
and Logistic functioens.

U . «
3

The Richards function providedf tbe‘ most consistent

< T

e

estimate " of re;rbr between breeds and was thus best ®uited
S 3

. ‘. '{ . \ a
‘6.4 Parameter estimates_of g:owtb functions B

.

The values of the fitted parjameters (&), (B), (k) and

. , i
(M)- "ahd standard .dev;athns.’computed by ‘each functlon in

(8

~each breed gfonb are 'shown in Tahle 18. Bue to the varlable

1 K
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Table 16." Estimates of fitted parameters by function and breed group
: : 4 gt
B
Cimcecmememmme——ae e R e it S, et cenee—- rm————
~ Asymptote Maturing Rate
Breed Group Punction (A) kg (B) (k) % L)
Hybrid ¢ Richards 521.61 [ 0.986%,004 0.126%,009 0.6631.029
Brody 484,00 N 049224.005 0.205%.004 -
Bertalanffy 455,23 1 07535%.009 0.3402.005 -
Logistic 442,39 4.989+,017 0.55‘0:.0\!' - ,
Bybriad = .Richards 481,64 0.927t.001 0.2322.001 1.01912.042
-~ . Brody 482.50 0.932:.003M_ 0,2831.002 -
@ Bertalanffy 456,68 0.5514.006 - -0.368£.003 -
- Logistic 444,33 5.5841.123 ¢ 0.615¢.007 -
Hereford ¢ Pichards 476.16 0.960+.009 0.161:.010 0.8461.049
Brody . 463,77 '0.928£.005 0.191¢.004 -
Bertalanffy 433,03 0.545%.009 0.3221.005 o
Logistic 419.64 5.3401.201 0.546¢.012 -
Bereford =z Richards 444,86 0.857+.002 0.271+.009 ﬁ3591.081
Brody 456.60 0.9362.003 ;-.0.220+.003 - , =
Bertalanffy . 430,41 © 0.561%1.00 (0 359£.003 -
e Logistic 416,65 T 0.0642 418X [ 0.6284.008 - )
. . ‘ . l‘\"h»ﬂ 5 ,;“ .
. 100% BR Richards 463.18 - 0,91947 JHu:.029  1.047£.015
= - Brody 465.09 . v920:.0 L2541, 011 -
Bertalanffy 441,07 0.5521. 028 *MF 4314, 012 -
Logistic 425,81 5 719+.470 0 708: 033 > -
75% BR Richards 452.01 .O 893%.042 0 277:.027 11732, 171
Brody ° “QSB 91 £029321.009 0.24.61.009 ' -
Bertalanffy k32,40 :0.5531.017 0.404¢.001 -
Logistic 415.87- .~ 5.838¢.400 0.7054.,002 - -
SO% BR S0% LD - Richards 494.69 0.923:.043 0.243+,035 1.0191,018
Brody 495.60 0.928+£.013 0.2392.012 -
" Bertalanffy 467,31 0.5474,023.- , 0.391£.014 -
Logistic 452.47 '5.5442,510 " 0.663+.035 -
75% LB Richards 482.79 0.9431.036 0.2174,035 ' 0.9341.160
JBrody 478.66 0.9261.014 0.2331,013 - :
‘Bertalanffy 451,56 0.5452, 026 0.351£.015
Logistic 437.71 5.378t.570 0.6361¢. 039
'Unadjusted veight data A
Zidjusted veight data ' - Fo Y
N\ . A
‘ 4
Y ~

M



number of apimals in the sets of data, the parameter
estimates of  the Hybrid and Hereford breed grodps will be
discussed segérately from the parameter estimates of the

four XB groups.

6.4.7 Asymptotes (A) .

The mean observed and predicted adult weight (56
months) and the asymptétes estimated by each growth function

- for, each data set and breed group ére'shoun in Table 19.

In the Hybrid and Hereford pépulationg with  the
'1unadjusted: uelght data’, the Richards funé%lon estimated the
hlgnest asymptote followed by the Brody, Bertalanffy and
LOngth functions. Houever, 'inl-the adjﬁsted data thei
asymp*otgs fltted by the Brody functlon were slightly hlghery
than thelechaxds. . The ,asymptotes fitted by the " Brody,
Bertalanffy énd LOé}ét;c functions vere similar iq both data
sets Hlthln breed aﬁé function while the asymptotes fitted
by the Rlchards function were hlgher in t unadgusted data
sets of both breed groups. Fdrthermdfé, in the adJusted
weight data, the asymptotes fitted by the Richards function

were vaer than the observed ,adult weights, while the
H B _‘ oy "
reverse "was,true in the unadjusted data sets. .. : b
! %

In thefﬂybrii breea group using unadjustédlvdatak,ddglt

weight was undevestirated by 9,16 kg'and 19.72 kg based on

/
(-
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‘ L e
the Richards 5&@;g£$§§<funcfions respectively whil® adult
. Wweight was underestxmated by 19. 12 kg and 18.66 kg based on
the same functions using the ad justed data. Similarly among
the HerefQrds the dlfﬁerences between the observed and -
predicted, adult weight based on the Richards was greatet in
the“ adjusted Cgaea which reflected ' the . lower fitted

T . ran

asymptotes in th se data.

Although allyuweights wvere adjusted, adjusting the

‘ uelgﬁfs at 32 months, 44 months and 56 months of ageufoF the
Year effects in the Hybrid data was nore criticai “4n
determining the asymptote and decreased the mean welght qt

each of ‘these ages (Table 10). Similarly, 1n the - Heréford

breed group mean 32 month and 44 month wel"t‘uas decnease
..x "f"‘ g\k
and 56 month weight increased (Table ‘11)._ The general S

,\

Vreductﬁon of mean body veights during later ages by
eadjusﬁigg the data would . have aecounieq for the'tipuer 4
asywﬁfbtes and mean predlcted adulﬁ'weights in the ybrid "
breed»group; -Theﬂeffecfs of adjuseing were howeven légs

prondﬁnced in the ~ Hereford breedi)group. In geh ral

predicted’adult weight vas underestlmated to a grea

Adegree by adjustlng the data, which reduced the asymptotic

N

velghtsffltted by "the Rlchards model in partieuiar. u The
N asymptotes based on the Brody, ~Bertalanffy and LOngtL@}

modéls were relatively 1nsen51t1ve to the changes in weight’

-
s »

- due to adjustlng. : b

.
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Brown et”al. (1976) in a study comparlng the relative -
eff1c1ency of 5 non linear models in describing growth of
“Herefords fitted asymptotes of 505 kg, 508 kg, 488 kg and
481 Xxg using the Richards, Brody, Bertalanffy and Logistict
functions respectlvely,/compared with fltted asymptotee of
4%6 kg, 464 kg, 433 kg and 420 kg iu the present analysis
%éing unadjusted weightsv based on. the Fjchards, Brody,
%xbrtalanffy and Logistic functions. The 30-60 kg dlfference
;?etween asymptotes of the two studies could be due to the

""choice of weights 'and the time at which veigﬁts were
- " 4 -~ \

. . {
recorded in relation to season or to time dlfferences 1u\
,;. X

environment. : : W e

RN NN
2P

\

[P

In every set of data unde: study the Bertalanffy and’

,n..‘ -

LOngth functlons fitted. asymptotes that were below the

Observed adult weight and almost equal to the predlcted

RtS

“adult weight, A rapid convergehcef’ pattern agd
' v . ] . ;

of the two functions. When the estinated shépe

s - .

(M) of the Richards function vas close to }\4I\ble 18) the

fit and conseguently the asymptotes computed by the Richards

b4

were almost 1dent1cal to the :Brody, nas the computatloLal
q

formulae of the two functlons were 1dentlcal vhen H—1.‘
‘ e ) _

Y a

12 modlfled form of the™ LOngth functlon with a varijiable
poifit of 1nf1§§t10n wvas used in this study -
P 7] ‘gy .

e
. : S - ¢
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Table 20 shous the mean observedhand predicted adult
welghts and fltted asymptotes by functlon for the four XB
groups. In the four B groups with the exception of the 75%
LB breed group the Brody function fltted the highest

asymptote. The Richards fynction estimated a hlgh asymptote

1

to the 75% LB group. However;, the asymptotes fltted by the
Rlchards and Brody functions were similaﬁ!getween,groups and

dlfferences -never, exceéﬁéd 7 kg. Furthermore, in all XB
groups the fltted asymptotes uere lower than 'the. mean

A 3 T

observed adultgﬁplght and 1n every 1nstancé adult welght Mas

underestlmatefm“'The LOngth was similar to the Bertalanffy 'w& ,

4 -

in fitting 1laow asymptotes uhlch closely approx1mated the

«

,Mjight. Due to’ the fewer number of

56 months of age and the variation
¢i

in the avallable observi&lons"the flttéd asymptotes and o

R o B
ohservatlons available at

preducted adult welghts may not adequately characterlze gach

breed groupp

‘”6...26 atTrlng rates jkl O, -

™ B
hd LT

The parameter (k) 1s a general maturlng rate parameter °

el

calculated over the entire: grovth curve perlod

N
‘.

.Comparing the (ky values from the Rlchards quCtIOD{
(Table 18) us1ng the unadjusted uelght data there was a _28% VY

dlfference in: maturlng rates, Herefords belng earl;er'

LAY w
ek, L
-

L X N , . -
X . » : . . \ ,
. . - " \ . . L N.
LY . - r "
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‘Table 20. Hean observed, predicted adult weights and asymptotes
by function for the XB groups . . T
. ~*%aean' ; Mean
Observed Predicted
Breed Group Function Adult wt (kg) Adult vt (kg) X
56 month 56 month tkg)
100% BR Richards 482.92 458.49 463.18
Brody 459,75 465.09
Bertalanffy 440.46 440,07
Logistic 425.83 425.81
75% BR Richards 486.39 448,05 452,01
Brody 452,76 458.91
Bertalanffy 431.71 432,40
Logistic 415.85 415.87
50% BR 50% LD - Richards 530.81 487.94 494.69
Brody 488.50 495.60
Bertalanffy 466,47 467.31
togistic - 452,46 452.47
75% LB’ Richards 495,71 473.16 482.79
Brody 470,88 478,66
Bertalanffy 450.54 451.56
Logistic 437.68 437.71

- - . P P VS ) > AP - - -~

Ve

'
“e e

I
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’

maturing than Hybrids, while a 17% ‘difference - was observed
witth the adjusted géta.' On the other hand based on the (k)
values‘derived from the Brody function in the unadjustgd
weight ' data the Hereforas showed a 7% lower maturing rate-.
bgown ét al (1976) reported similar results while comparing
the 'maturing rates derived by. the Brody and Richards
functions among Jerseys and Herefords. Based on the
Richards function the Herefords wmatured later than the.
Jersey while based on the Brody funétion the Jerseys matﬁred

later. However ‘no attemﬁt was made to . explain this

difference.

w

Comparisons of maturing rates based on the growth

o

models yere reported between breed groups (Brown et 'ai,
1

1976) and between sexes within breeds (Brown et al, 1972a).

The values of the maturing rate parameter (k) computed on

each model in the present study wvere~ comparable with the

‘results in the literature.

The values of (k) based on the Richards and Legistic

functions differed widely in each set of data and similar

observations vwere reported by Brown et al (1976) and Timon
and Eisen (1969). 1Ir the study.of Timon and Eisea (1969)
heritability estimates for the pérameter (k) based on the

Richards and Logistic functions were 0.30 and 0.76

respecfively. The genetic correlation betwe: . “he parameter

(k) .calculated from the two functions vas 0.0. The authors

4 .
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therefore suggested that the two fufictions hay be estimating
difﬁereng parameters. In contrast, the correlations between
functions of the asymptotes (A) were highly positive and
approached unity (Timon and Eisen, 1969). v

. . ,

The differences = betwueen the (k) values of ‘the
unadjusted and adjusted data'baséd on the Richards was in
part due to the louer‘asymptotes fitted when the data were
adjusted. The difglrences between unadjusted and adjusted
(k) ‘valués bdsed on the Brody function were less pronounced
5etween data sets within a breed group because the

asymptotes were reduced to a lesser degree by adjusting the

data. ' : . » L.

fitting the XB groups with small and uniform mean preaictiou

1

error - estimates and were ' thus ‘ideal for par%meter

combarisons {Table 17). However tne Richards function:

provided a poorer fit\ to the 75% BR group. Comparing the
, . Al
values of (k), among the XB groups (Tahle 18) the lowest

values of (k) wvere observed in the 75% LB breed group,

‘suggesting that the 75% LB dams matured slower than the

other three br=ed groups. British breeds of cattle, namely

Angus and Hereford are early maturing (Berg and Butterfield,
1976) and in thi. analysis an increase in the proportion of
large beef blood wéuld be expected'to reduce maturing rates.

Based on the Brody faunction the values of (k) were lower for

©

The Richards and Brody functions .were consistent in’

A
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the 75% BR group cémpared to the 100% BR groﬁp. It is
therefd:e indicative that the 75% gR'dams matured later than
the 100% BR dams- The maturing rates computed by all growth
functions for the 50% BR 50% LD breed group wé}e lower than
the maturihg rates of the 75% BR group suggesting that the

British/Dairy crosses (50% BR 50% LD) are later maturing.

In general, the '?5% .8 breed group showed. a late
maturing pattern follovgd by the 50% Bﬁ 50% LD, 75% BR and
100% BR groups. The maturing;rates'in the four XB groups
 appeaf9d to be directly proportional to the 'améunt of
nB;it sL beef blood. Howevef,:because of the small size of

sample analysed the - results cannot be considered as being

absolutely conclusive.

6.4.3 Inflection parameters (Y*), {(t*)

The weight at point of inflection (1*) and the age at
which inflection occurs are shown in Table 21 by function
: N

and breed group for the unadjusted and adjusted data. As

the. Logistic and Bertalanfff 'funcfibn5' hdéé: inflection
weights that are fixed (Table 5), .there is‘ very little
variation in the eétimates éf,(Y*) and (t*). The Richards
uhich bhas a variable inflection point allows variat;on in
the_ estimatés. Based on thé Richards fun?tion the mean

wveights at point of inflection (unadjusted and adjusted) -
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A

were 171 kg and 182 kg fér the Hybrid and Hereford groups.:
Fitzhugh (1976) state that as the grovth curve is
essentially Llinear at inflection the - estimated pqinf‘of
inflection is influenced more by the type of function ' used
rather than the animals genotype. 1In cattle.the,time of
infléction occurs at a éoint between 6'to 18'months of. age -

(Fitzhugh, 1976). The time of inflection for the Riéhards

13

. function could not be determined in this stu y.
‘ , N -

6.4.4 Conclusions

a

The Bfody and  Richards ,function.' fitted larger
asymptotes in‘ all breed gfoups compared to the‘Bértalanff{

‘and Logistic functions.

All growth functions fitted higher asymptotes <u> the
Hybrid data compared to the Herefords illustrating that -the

Hybrids achieve highér mature weights.
. >

mhﬁh,,,«‘ﬂ_f;‘Infthefadjnsiedgdgxﬁvggg_LQ_g,general reduction of body
ieight duringﬁthe later ages, the asymptotes fitted Py"'the
Richards function' was markedly lover in both breed groups
~while the Brodf, Bertalaqffy4 and Logistic ;unctions were
relatively insensitivé_ to such changeéfand fitted similacr
asymptotes to the unadjﬁsted and adjusted Hybrid and

Hereford data. -



Ny . CE

The Bertalanfry and Logistic functions converged
sharply, at the asymptote"therefore resulting in lower
asymptotes. fhe predicfed adult wéight and the asymptotes
were markealy similar wiggigﬁ\ggfction. Thg' asymptotes

Vs g \

- ‘ - T
fitted by the four growth functions

comparable with repoiys/in the literature.

Based on the,  Richards function which offered a

L

consistent fit to all of the data the :Herefords were
recognised ass being =arly maturing compéred to tpe'Hybrids,

.The (k) values fitted by the Richards and Logistic fuﬂctidﬁs
within breed and data set were different suggesting that the
.tuo models may be fitting parametérg of different biological

\

"significance. . - R ~ _ ) , o e

\,fThe differences -.in the (k) valpes fitted by the

Richadds and Brody functidns between the unadjusted and
adjusted data within breeds are attributed to the

differences in the fitted asymptotes;

breed group was later maturing':compared to the other XB
groups. The maiuring rates_were proportional to the amount
hY

of British beef blood present-in the four XB groups.

for the Herefords were

Based on a limited number of observations the 75% LB
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6.5 Apnalysis_ of _Hybrid data

6.5:1 Analysis of the goadness_of_ fit_ of  each_qrowth-

function_applied_to each_age

&

Tad&e 22 shows the mean prediction error estlmates,
standard ~errors, and dlfferences betueen unad justed @nd

adjusted mean prediction error estimates'by function at each

n

age for the Hybrid breed group. The minima and maxima for
the % wmean prediction error by function and age for the
: _ - N

Hybrid data sets are shown in Appendix Table 1.

o
~I

a

Birth: In the unadjusted Hybriad weight data  the
n , ght

===

Richards function showed the smalleSt mean prediction error

—~

0.67% for birth weight foiloved by the Brody, Bertalanffy
and Logiétic functlons. . The 3 latter functidns
, oy ’overéstimated blrth welghf; tde Logistié function
:ovépgéiimating weight by 126.6%. Tde mean prediction(érroﬂ\//r

estimates  computed by the Richards ,function 7. was

significantly lfij//éhan from the other three.  The"

Beg}alanffy and. Logistic functions” predicted minima and o

- ’

maxima which were both negative and thus reflected their

poor performance in predicting birth weight (Appendix Table
v 5\ o ' ) ’ — -

1) -‘ ’ \“' ) ‘ 8 !

i
i

( i In the adjusted Hybrld data the Brody function prov1ded.

the best fit to the welght at birth followed by the Richards

model. The mean predlctlon errors calculated on the Brody
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N

and Richards functions were not: significantly different

A :
although they were significantly smaller_than those froa the

w

Bertalanffy and Logistic functions.

In genera4, the Richards function was conéistently good
in desc;;bing birth weight in the two sets of Hybrid data
and the Brody was equally goodlfor the adjusted data. The
Bertalanffy ‘and Logistic func%ioné were unsatisfactory‘in

predicting.birth veight as they were associated with large

mean prediction errors..

Weaning: At weaning the Brody function provided a good
fit in both sets of data. The Brody function provided an
error that was sighificantlf‘less than the R;chards_iq the
unadjusted Hybrid dafa but not_'significantly different in
the adjusted data. In the unadjusted Hybrid data the
Richards function tended to overéstimate ‘veaning weight
4while the \Brody, Beftalanffy and Logistic functions
underestimated weaﬁing weight. However, weaning weight was
nnderestiméted by only the Bertélanffy and Logistic
functions in the adjusted data. The ;gertalanffy and
Logistic.growth functions provided poor estimates gf weaning
ueight as the mean prediction errors were significantly

larger than those computed on the Richards and Brody

functions in both sets of data.

Iga:ling: At the yearling weight, all mean prediction
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error estimates computéd by each growth function applied to
the unadjusted Hybrid data set wege small. A comparison of
mean prediction error estimates applied to the ° same

population showed the mean prediction error estimates for

‘ the Richards, Brody and Bertalanffy functions were similar,
and these vere significantly different from the error

estimated by the Logistic function. 1In the adjusted Hybriad

: : Lo
data, the magnitude of error was similar although the.

ean

o

'prediction error computed by the Bertalanffy function'inxihe

»,

adjusted Hybrid data vas significantly higher ghan the
Logistic. Thus; consideri?g both the unadjusted and
adjdsted data the four growth functions gave a satisfactory
prediction of yeariing weight; the Brody function ranking
the best aﬁong the wunadjusted yeariing weights and the
Logistic ranking the _best/ among the- adjusted yearling

wveights.

20 months: The weight at 20 montpsswas best predicted
by the Brody function with less than -0.5% error in the
unadjusted data and by thé Bertalanffy with less than a
0-61%‘ mean prediction-error in the adjusted aata. The mean
prediction error estimated by the Brody function was
significantly lower Lthan t&s mean predic;ion errors
estimated by the other growth funétions in the unaajusted

Hybrid data while the mean prediction errors based on the

Bertalanffy function was significantly lower than the mean

\
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prediction errors based on the other growth functions . in the
adjusted data. The mean prediction errors based on the
Logistic function were conSisfently'larger‘ in  all of the

data .sets.

32 months: At 32 aonths there was a general
overestimation of weight by all " four growth functions \id
both sets of data. The mean prediction error estimates were

also highef in all functions compared to the mean prediction

error estimates at yearling and 20 months. In the

unadjusted data the Richards function provided a better fit
although its .mean prediction error was' not significantly

different from that of the Brody function. Similarly, no

L . : O
"significance was established between the mean prediction

errors estimated by the Brody and Bertalanffy functions fand'
the Bertalanffy and Logistic functions. In the adjusted
Hybrid data the Brody function vprovided a relativel; léw
prediction error althgugh the error estimates computed by
tﬁe other functions were ﬁot significantly different from

the Brody function.

The standard errors of thé mean prediction error
estimates at 32 months were -higher in 11 =ets of Hybrid

data than standard error estimates during all intermediate

ages. During this time, cows usually lost weight due to an

' \\/ﬁjim osed temporary winter stress and were 1in a state .f

egative growth. Furthermore, as animals had passed ‘the
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. \
poimt of.. inflection their growth rates were decreasing. A
combination of these faétqgs can . cause significant

deviations from a normal growth pattern and this effect is
’ : . o

recqgnised wzen growth equations aré fitted to these types
of data. .»As each growth curve assumes a characteristic
growth pattern it is not sensitive in ’rgacting to ‘éudden
fluctuations resulting"in a decrease in weight and thus will
¢verestimate wveight .a;‘ such étéges; as illustrated, at 32
months of age. In general,. all functions gave poor

estimations of weight at this age with mean prediction

errors ranging from 7% to 11.6%."

J

‘44 months: At 44 months of age the Bertalanffj function
; LSRR S L O

provided the best fit to all of the Hybrid data. - The mean

prediction erro; ‘estimates .computed by the Bertalanffx
function were not significantly diffefent from the estimates
of‘ the ;Richar@s,f Brody‘ ap@ Logistié functions .in' the
unadjusted data but ﬁere‘significantly different from- the

N . _
estimates of the Richards and °‘Brody functions in the

adjusted Hybrid data. All mean prediction errors were small

and had low standard errors. 1In general, the weight at 44
LS

months was predicted well by all growth functions  with the

S 46 Do
Bertalanffy function having the smallest mean prediction

errors.

56 _months: Atf 56 months (die. adult) the 'Richards

function provided - the best prediction of weight in the

N
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unadjusted data followed by the Brody, Bertalanffy and

Logistic-.'_The mean prediction error estimated by the

Richards function was significantly lower than those fron

J .
the Bertafanffy and Logistic functions. In the adjusted

Hybrid wefight data sef, the Brody function ranked first

followe by the: Richards, Bertalanffy and ‘Logistic

. function®x~,_ However the difference. between the Brody and

" Richards were not significant. The Bertalanffy and Lo ,istic

functions rovided_a poorer fit in both populations because -

adultf}eigh, was underestimated (Table 19).

A2

6.5.2 Comparison. of f}t bgggeen unadijusted and%adjusted

L]

veight data within function and age-

The d}ffereﬂCstbetueeg the wunadjusted ard adjusted

mean: éreﬂiction error eéiimates by age and fuunction for the

Bybrids are shown.in Table 22.

N o

4 ' “ . o J

The birth weights predig}ed by the Richards function

for the unédjusﬁéd and adjusted data were similar in that
e " .

both mean prediction error est;;ates were of ' the =same

~ BN S

magnitude but different only in sign. Adjusting the data
& R o ’ g -

_significanfly improved?the'fit of the Brody function and 1in

L R N - I .
fact prov1deﬁﬁ a lover mean prediction error estimate than

" the Richard=. The mean prediction error estimates computed

by the Bertalanffy and Logistic growth functions vere ‘also-
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improved by adjusting the data.

The prediction of weaning weight based on the Richards

and Brody functions were significantly impsoved by adjusting

~the data. No significant reduction in the mean prediction

-

error estimates were observed by adjusting weaning ueights,

based on the Bértalanffy and Logistic functions.

The prediction of yearling weight was not improved by

adjusfiné the data. The mean prediction error estimates for

the undadjusted data based on the four growth functions were

B <.
significantly lower than the mean prediction errors based on

the same growth functions with the adjusted data.
P

'At 120. months of ‘age no significant differences were
observed between the mean prediction error estimates based
on the Richarqé function between the unadjﬁgted and édjusted
weights. ‘The , mean prediction error based on the Richards
applied to the édjusted data was very similar to the mean
prediction error cpmputed on the same function 4in the
dnadjugied data.  The mean prediction error estimated on the
Brody function was significaﬁtly lower in tbé unad justed
data. The Bertalanffy and Logistic 1:nctions however

provided a better fit to the adjusted i2ta -t 20 months of

age and the differences were significant
] :

At 32 months of age, no significant differences between

mean prediction errors of the unadjusted and adjusted data

v



were obserﬁed. All error estimates were largé; dﬁring this
agea The mean prediction errors estimated for the ad justed
data based on the %ogistic functioﬁ were lower when compared
to the mean predictioh error estimate in the unadjusted

weight gata, but the differences were not significant.
:d .

N
Mean” prediction error estimates based on the four
functions and applied to the unadjusted and adjusted weight

data were similar at’' 44 manths of age.

§ At 56 months of age mean prediction errors based on the
Richards function were significantly higher for the ad justed
data. ‘However no significance was observed between mean

prediction error estimates based on the Brody, Bertalanffy

and Logistic functions between unadjusted and adjusted data.

6.5.3 Comparison of the variation between unadijusted

and_adjusted_data

The standard deviations of the mean prediction error
estimates within function and breed group for the unadjusted

and adj- . .e¢d data are given in Table 23.

~

Adjusting the data for year and age of dam reduced the
variation in the mean prediction error estiméte,for birth

weight in all growth functions thereby improving the fit.

/

At veaning, variation in the mean prediction error was
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reduced by adjusting the data in all but thegbertalanffy
function but the improved fit was only observed with the

Richards. No reduction in the variance by adjusting was

Observed at yearling age.

The standard‘deviation of the mean prediction error
estimates of_ all functions at 20 months of age were lower
for the unadjusted data compared with the ‘adjusted data.
Hence, the }prédicted 20 month weighté were closer to thé-

observed in the unadjusted data. ‘ .

A reduction in the standard dev1atlon by adjustlﬁg the
data was observed at 32 months for all_gunctlons. However,
weight was pogrly descr;bed at this- age although the
variation in éhe mean .prediction error estimates were

reduced by adjusting the data.

The standard deviations of the ‘mean prediction error
remained almost constant ‘at 44 and 56 months of age in the
unadjusted and adjusted weight data based ~on the 4

functions.

6.5.4 Estimation of the_consistency of fit

?76i; 24 shows the mean prediCtion‘errors at each age
derived from the Richards, Brody, Bertalahffy ahd Logistic

growth functions for the unadjusted and adjusted data froa

D

-
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the Hybrid’breed grdup. )
~ : ' ' N

In the unadjusted data the Richard§ function showed the
l ast significant differences betueén mean prediction error
estimates ranging frcm -6.9 to 2.0 and falling into three
significance classes with much overlap. The mean prediction
errors estimated from the Brody function were séread over a
wider range and showed greater significant differences
between ages; means were gJrouped into four significance
classes. The mean- prediction error estimates of the
Bertalanffy and Logistic functions fell )into six

significance classes, suggesting that the functions provided

a less consistent fit from birth to 56 months.

In the adjusted data the meaﬁ prediction érrors based -
on'the Richards function ranged from -8.4 at 32 months of
age to 3.0 at 56 months of age falling into four
significagce'classes. The mean predictipn error estimatésj
computed by the Brody function in the adjusted data fell
into four significance classes, and therefore the Bfody was
as consistent as the Riéhards function. -The Bertalanffy
function was very inconsisteh£ in predicting small and
similar mean prediction error estimates; the mean prediction
error estimates fell 1into s;x significance classes. The
Logistic function followed the same trend as the Bertalanffy
and in addition, the mean prediction error estimates applied

to the adjusted data were in six significance classes.
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6.5.5 Conclgsions/

The Richards was theroﬁly function that provided a gobd
and uniform fit to all of the birth weight data among
Hybrids; the function predicted birth weight with less than
+ 0.7% mean‘prediction.error in all of thé data sets. The
fgrodY‘ provided a differential fit at birth providing mean
.érediction errors that were -small‘ and éimilar to the

Richards in the adjusted data but significantly different
from the Richardsjain the unédjusted Hybrid daﬁé. The

Bertalanffy and Logistic functions. were very poor in

describing birth weight- in both of the Hybrid data sets.

Weaning weight was bést described by the Brody
function. Significapt differences .in the mean prediction
error estimates were observed between the means'computed on
the Richards and Brody function in the unadjusted data while
the meaﬁ prediction - errors were small and similar in the
adjusted data. Thus, the Richards and ﬁBrody functions

described weaning weigh. adequately. .

Yearling weight was uniformly described by all four

growth functions with mean precin:’sn errors that were

‘'similar in each set of data.

The Bertalanffy function p.-vi ‘e lowest estimate
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of error at 20 hogths of age in the adjustéd, data while the
Brody function- provided a good description of w@ight a£ 20
months in the unadjusted data.. The Richérds, Brody and
Bertalanffy functions all provided an adéguate fit at 20

months of age.

Weight at 32 months was overestimated by all growth

functions as they were insensitive to temporary and sudden

chanqes. in weight. High sta?dard errors were: . also
associated with the mean prediction error estimates during
NG .

this period. N

All growth functions described 44  ‘month” wveight
adequatelye. In ¢general, during the 1intermediate ages

(yeariing toraa mohths) all functions fitted the data well.

Adult weight was best described by the Brody and
Richards functions poorly described by the Bertalanffy and.
N

Logistic functions. b
”~

Adjusting the data for year .;£d age of dam
significantly improved the fit of thé’Brédy, Bertalénffy and
Logistic functions at birth by reducing the mean pred;etion
errors and the vériance. The prediction of weight and f£fit
of the Richards - and Brodv ?unctions were signifiéantly
improved at weaning, by adjusting the Hybrid wveight data.
However, the fit of the functions at the yearling stage was

significantly bétter vith the wunadjusted data. Adjusting
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. the weights after 20 months of age did not significantly
reduce the nmean prediction error estimates with  the

exception of the Logistic function at 32 months..

Thus, the value of adjusting the Hybrid data was
limited to improving the fit of the functions during the

bre-yearling ages. A better fit was often associated with a
A :

‘\\,

reduction in the  variance of the mean prediction error

estimates.

The Richards function provided a very‘ ‘uniform
estimation of wmean prediction ©rLrors in each H}brid data
set. The prediction error estimates ranged within narrow
limits, were small in magnitude and fell into a lower number
of significance classes compared with the other three growth
functlons. The mean prediction errors based on the Brody
function ranked second with respect to the consistency of
fit between ~ages, and the uniformity was pronounced in the

adjusted data. The LOngth and Bertalanffy functlons were

very inconsistent with varlable mean prediction errors at

»

each age. ~



6.6 Analysis_of Hereford;ditg
. . \
6.6.1 Analysis_of the'goodness_of fit of each _growth

function agplied to eachTage

. Table 25 shows the  mean predic¢tion error estimates,.

standard errors and differences between 'unadquted and

adjusted mean prediction error estimates by function at each

age for the Hereford breed group.

The minima and maxima for the % mean prediction error

by function and age for the Hereford data sets are shown in

Appendix Table 2.

Birth

e

The Richards fungtion provided the best
X |

‘ !

prediction of birth w2ig in the unadjusted Hereford data
much like 'the observations in the Hybrid breed group (see
Table 22) and underestimated birth weight slightly while the

other functions overestimated it. ' The Bertalanffy and the

|
o I

"Logistic functions were barticularly poor in predicting

2

birth wveight. The mgan prediction error estimates

calculated on all functions were significanﬁly different
- from each other. - I; the adjusted Hereford weight data a
- similar trend was rgcognised vvithv thé Richards ‘funiFion
providing a good prediction of birth ieight foliowed by the

Brody, Bertalanffy and Logistic functions.

Weaning: The lowest mean predictioa 2Ttror- for Herefords

3

A
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at weaning was obtained for the weights based on the Brody

function followed by the Richards, Bertalanffy and Logistic

in the unadjusted data. The mean prediction error estimates

‘based on the Brody and Richards functions were similar

whefeas, the LogisFic compﬁted an et;or that ugs
significantly higher than the estimates of the Brody and
Richards functions. In +the adjusted Hereford weight data
the mean prediction error for the Richards function was
significantly lower compared to the other:grouth functions,
and was therefore different from the trend in the Hybrid

breed group (Table 22).

Yearling: At one year of age all functions descrised
growth adequately with a minimum of error in the unadjusted
data much like tﬁé. results in the | brid breed group.
Furthermore, aé in the Hybrids,‘ thé Richards, Brody and
Bertalanffy functions estimated yearling weight with <1%
error and were significantly lower than the errors c%pputed
by the Logistic function.” In the adjusted Hereford data all
growth functions ovegéstimated Yearling weight with <2%
error with the Logistic function providing fhe, lowest mean

3

prediction error.

20 _months: . At 20 months all functions overestimated
veight with the Richards providing the lowest mean
prediction error and, the Logistic the highest . in the

unadjusted data. /Significant differences ' were observed

{;



between the .nean prediction errors estimated by the
Richards, Bertalanf%y and vLogistic functions whiie no
Significance was onsér;ed between the mean prediction errors
of the Richards and Erody' fnncticns. Similarly, in the
ad justed Hereford aata the the Richards function provided
the smallest mean prediction error but the estimate was not
significantly different from the means based on the Brody
and Bertnlanffy functibns; Thus, the weigl at 20 months

was best described by the Richards function foliowed by the

Brody and Bertalanffyifunctions.

32 _months: Large nmean prediction»errors and standard
deviations were observed at 32 months of nge in the
unadjusted and adjusted Hereford data for all fnncrions much
like the trends observed among the Hybrids; for the same

reasons as breviously discussed.

;g_ggnggg: The weight at 44 nmonths of age was Dbest
‘described by the Brody and Richards functions folloued by
the Bertalanffy and Logistic functions in the unad jus.ed
data. . No significance was established »betueen the me.. .
prediction error estimates based on the Ricnards, Brody and
| Bertalanffy functioné although the mean prediction error
estimate based on thg‘Logistic function was, Significantly
different from the Richards and Brody functions. In the
adjusted Hereford data, the fit of the functions was Similar

B

to the Hybrids (Table 22)~ il
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6_mont S:”For the most advanced ége group (56 months)
the mean prédiction error estimatésvbased on the Richards
and Brody fﬁnctions'uere similar and ranged from 1-2% in the
unadjusted weight data while theA Bertalanfry), and Logistic
functions ‘predictéd 56 - month ‘Weigh€ uith a sigﬁificantly
~higher mean prediction error.  :[Adult wvelight - was
punderestimated by all functions.. In the adjugted data no
significance was established between the errors computed by
the Richérds and Brody functions apnd Richards and
Bertalanffy functions although fhese . values were
significantly different from the @gan prediétion error
éstimates based on.thé Logis{i% function. In ' generai, the
Richards and Brody function proviaed a satisfactory

. description of 56 wmonth weight in the unadjusted and

adjusted data.

6.6.2 Comparison of fit between unadjusted and adjusted

weight data within function_and_age

/” -
- The -differences betwvween the wunadjusted and adjusted

mean prediction error estimates by age and function for the

Herefords are shown in Table 25.

The mean prediction error estimates at birth calculated
on the Brody, Bertalapffy and Logistic functions differed

-:signifiéantlz;ggggeen the unadjusted and adjusted Hereford
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weight data while no significance was established on the
meaniprediction errors based on the Richards function.

Adjusting the data did not improve the fit of‘thé Brody
function at birth although the fit of the Bertalanffy and

Logistic functions was improved.

At weaning the mean prediction errors based on the

Richards function were reduaced significantly by adjusting

the data while the reverse occurred with respect to the

Brody function.

The differences between mean prediction error estimates -
calculated on the Richards, Brody and Bertalanffy functions
for the unadjusted and adjusted data, at yearling were not
significant. The mean prediction error estimates based on
the Logistic function were sighificantly lower in the
adjusted data compared with the unadjusted data. The growth .
func;ions~in general provided a better fit to the unad justed

Yearling weights.

At 20 months of age the mean prediction error esﬁimates
based or “he Richards function between the unadjusted "and
adju ted 2 were not significantly different although the
Brody ‘~*1on prc-ided a better fit to the unadjusted data..
The fit of the.‘Bertalanffy and Logiétic functions was

significantly improved .by adjusting the data.

For all other ages, the mean prediction errqy _estimates
: —
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of the wunadjusted and adjusted data within function were
similar with the exception of the wmean prediction errors

based on the Richards function at 56 months of age where a

N

better fit to the unad justed Hereford data was observed.
|

6.6.3 Comparison of the variation_between unadjusted

and_adjusted_data

|

Table 26 shoes the stand%bd deviations - of mean
prediction errors for the unadjusted ahd;adjusted deta by
function and age for the Hereford breed group. The Brody,
' Bertalanffy and’ Logistic fuhctions fitted to the ad justed
data reduced the variationi in the Rean prediction er:er
estimates at birth and a reduced variation was associated’
vith a closer fit of the nmodels. . The wvariation in the
unadjusted and adjusted data remained unchanged for the

Richards function.

At weaning, although the variation in the mean
prediction efror estimates was reduced by adjusting the data

based on the Richards, Brody and Logistic functions, the

hean prediction err.. was only, improved in the Richards

{(Table 25).

At yearling age adjustment of- the data reduced the
~variation of the mean prediction errors in all functions

significantly improved , the fit of the Logistic functioq
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Table 26, Standard deviations of mean prediction error by
function and age for the unadjusted and adjusted
data from the Hereford breed group

/ Standard deviations (%)
Age Data Richards Brody Bertalanffy Logistic
———————— o--—v--———--—-——-\——-—--———v—-————-————--————-—-—-——-————-
Birth Unadj. 13.184 14,143 17.218 27.940
© Add. 13.285 - 11.909 15, 346 24.732
{
Weaning Unadj. 16,952 - 16.387 14.719 14.662
AdS. 15.351 15.968 14,529 13.331
Yearling Unadj. 12.724 12.653 12.509 : 12.265
Adj. 11,284 11.533 10.922 10.429
20 Months Unadj. 9.402 9.487 9.807 10.130
Adj. 10.667° 10.505 10.866 11.337
32 Months  Unadj. 11.888 11.959 12.105 12.252
Adj. 11,027 " 11.976 11.037 11.029
44 Months. Unadj. 9.688 9.671 9.501 9.371
Adj. ©9.522 9.595 9.364 - 9.119
56 Months Unad. 8.890 . 8.801 8.441 8.223

Adj. 7.974 8.101 1.772 7.511

D R e > A > - - > —— - - - -



(Table 25)._
. ‘ e

At 20 months of age adjusting the data increased the
variation of error in the data while at 32 and 44 months of
age ﬁue variation in the estimate was similar between the
unadjusted and adjusted'data. The variation in the Hereford
data based on all functions uas somevuat redueed by
adjusting the weights at 56 months but the reduced variation

was not associated with a reduction in the mean prediction

errors (Table 25).

6.6.4 Estimatjon of the consistency of fit

. ¢ ,
Table 27 shows the mean prediction errors at each age

based on the Richards, Brody, Bertalanffy and Logistic
giowth functions for the unadjusted and the adjusted data

from the Hereford population.

. The mean ~prediction error estimates based on the
Richards function ranged from -5.9 *o 1.7 in the unadjusted
data, falling into two significance classes‘uhile the nmean
prediction‘ errors based on the Brody function showed a
slightly vider.range frou 5.9 to 1.9 and fell into three
significance classes. The mean prediction error estimates
based on the Bertalanffy function fell into four
significance classes while the Logistic function was least

consistent and the mean prediction errors «classified 1into
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four significance <classes, with a wider range in the error

\

estimates.

I the adjusted data the Richards means ranged
from —79% to 4.3 falling into four_signifiéance classes.
The mean prediction error es£imq§es based on the Brody
.sthed a'still wider range falling into four significance
classes. Thus, the Richards provided a more consistent fit
than the Brody across ages. The meam prediction error
estimates based on the Bertalanffy showed a much, wider range
than the Richards and Brody falling into five significance
classes while means based on %ii§‘togistic fell into six

significance classes.

6.6.5 Conclusions

The -Richards was the only model that provided a
consistently good prediction of birth weight in both sets of
‘the Hereford weight data. The Bertalanffy and Logistic
functions were very unreliable in predicting birth weight

accurately.

The Brody function provided a low mean prediction error
estimate in the unadjusted Hereford data and the Richards
provided a significantly lower mean prediction error in the

ad justed data at weaning.



<

w»

Yearling weight was predicted well by all four . Jrowth
functions‘ in the data sets with the Brody function

estimating it with a consistently low mean prediction error.

The weight at éO months of age was estimated accurately
by the Richards and Brody functions in the unadjusted data'
and 1in addition by the Bertalanffy function in the adjusted
-dat;;' .

Weight at 32 months was overestimated by all functioné
and non%,of the growth models could adjust to the temporary
weight loss. :

. ha d

At 44 months of age, the ‘Richards, | Brody and

Bertalénffy functions predicted weights with a minimum of

error and the Bertalanffy provided the lowest mean

prediction error to the adjusted data.

At 56 nmonths the Richards and Brody models provided a

good fit to the unadjusted Hereford data and the nmean
(prediction error estimates based onlthe same functions were
higher but not significantly different between functions in

S

the adjusted data.

Adjusting the data did not significantly improve the
fit of the Richards function at birth although the mean
prediction error estimates were reduced. However the fit of

the Brody function was significantly decreased by adjusting

-
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the data and 1is contrary to what was observed among the
Hybrids. The fit of the Bertalanffy and Logistic functions
at birth was improved by édjusting tﬁe data. The fit of the
Richards function was improved by adjusting the data at
weaning. Adjusting the data had no effect\in improving the
fit of the four growth functions at any of the subsequent
ages, with the exception of the Bertalanffy and Logistic

functions at 20 months of age.

The consistency'of fit based on a Duncan's comparison
of means showed that +the Richards <function was‘ most
consistent in estimating mean bredic;ion errors which were
small »ahd uniform within each set of Hereford data across

ages.

6.7 Analysis_of data_from_the_ XB groups

6.7.1 Analysis_of the_goodness_of_fit of each growth

function _applied to each age

4The mean prediction error estimates, standard
deviations, standard errors, Qiqima and maxima for the se;en
ages by function for the -100% BR, 75% BR, 50% BR sdx LD and
75% 1B breed groups are shown in Appendix~Tables 3 to 6.
The results show exceptidnal similarity to the two larée
breed groups with the Richards consistently providing a good

prediétion of birth weight, the Brody providing a less



consistent fit at birth and theLBertalanffy and Logistic
functions providing a poor fit at birth. The weaning
welghts werei predicted satisfactorily oy the Richards and
Brody functions while yearling weight was predicted well by
all functions in each breed group. Weight at 56 months was

predicted well by the Richards and Brody functions.

6.7.2 Estimation of the consistency of fit

Mean prediction €rCor estimates arranged in a Duncan's
table derived from the Richards, Brody, Bertaianffy and
Logistic functions for the 100% BR, 75% BR, 50%‘BR 50% LD
and 75% 1B breed groups are shown in Appendix Tables 7 to
10. The Richafds function pfovided a uniform'estimation of
error in the 100% BR, 50% BR 50% LD aad 75% LB breed groups
followed by the Brody which provided an equally consistent'’
fit. ‘In the 75% BR breed group the Brody function followed

by the Richards provided the most consistent fit across

| B

'6.7.3 conclusions

ages.

The Richards function provided a good estimate of birth
weight, weaning ieight ‘and-’aduit weight while the Brody
function showed an 1ncon51stent fit at birth and a good fit

at weaning and 56 months of age. The'fit of the four models
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during the intermediate ages was similar and followed the

Same patterns as in the larger breed groupsa. In general,

/,Eﬁe\\\Richards and Brody functions were consistent in

predicting with small and similar mean prediction error
estimates- across ages which was similar to the observations

in the two lafger breed groups.

t

6.8 Correlatlons betueen barameter estimates _for the

Rlchards and d_Brody functions

The simple correlations betWween parameters (a), (B),
k), M, (AGR6) , {AGR12), (AGR18) and (Yx) ‘rom the
Richards model fitted to the Hybrid angd Hereford 1lines are
shown in Table 28 dnd for the Brody model in Table 29.

Correlatlons vere computed using adjusted data.

Correlations between () and (k) based.on the Richards

and Brody growth functions were similar in both Hybrid and

Hereford breed.groups ranging from -0.53 to -0.66 indicating
early maturing animals grew to smaller adult weights.

Similar Telationships were Teported by Brown et al. (ﬁ976)
in Jersey and Hereford females, and by Pitzhugh and ?aylor
(1971) with Herefords. Thus, selection for early maturing
types should lead to correlated responses in reducing adult
body weight. Iﬂ the present analysis the maximum difference
in correlations between bparameters (A) and (k) in the two

breed groups based on the Richards and Brody functions was

\
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0.05. In a° prelimipary analysis, using ,th? unad justed
weight data, the difference in thé correlations between the
parameters (A) and (k) based on the ©Richards function .
between 1lines was 0.14 (see Appendix Table ' 11).
Furthermore, the % difference bet jeen the maturing rates (k)
of the ﬁybrid and Hereford 1lines based on the Richafds
function ‘was 17.1% for the adjusted weights (Table 18) while
there was an 8.82% difference in their.asymptotes. Brown et
al (1976) -observed a) wider differences between correlations
of . (A) and (k) between breeds and b) a greater percentage
difference 1in the maturing rates compared to the asymptotes
betuéen two breeds and they wvere éf the opinion that the

parameters (A) and (k) -are relatively independent. However

o

) t
from the results of the present analysis there is 1little

evidence to suggest that the two parameters are independent:

In the Hybrid breed group correlations between (A) and

(AGﬁ) bésed on the Richards function changed from negative
to positive (r=0.47) as the age increased from 6 to 18
months. A’ similar trend was observed in the Hereford breed
group although, the correlation of (a) dnd (AGR18) was
slightly less ypositive comparéd‘ to the 'Hybridé; Thus,
animals with lowér than average growth rates during the post
weaning to yearling agés (6 to 12 mohths) grew faster
relative to its mature weight, and animals with higher

' growth rates at 18 months were again heavier at maturity.
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Correlations between (A) and (AGR) based on the Brody
function fitted to the two breeds were significant ”and
positive at 12 and 18 months of age, with the values
increasing with age. Animals with hicnher growth rates at
later ages were therefore more xely to achieve higher
mature weights than animals with higher growth rates at

early ages.

o

Correlations between (A) and (AGR6) " based on the
Richards function vere negative (r = -0.12 and =-0.17) for
the adjusted Hybrié and Hereford data, respectively,
although the values were not significant. However, in both
breed . groups (AGR6) was positively correlated with the
maturing rate parameter (k) (r=0-80Pand r=0.76) suggesting
that early maturing animals with higher gaiﬁs at 6 months of
age grow to smaller mature‘weights; The sane effeét.vas
less prbnouhced in the Hybrid line when gain at 12 months of

age was considered, as the <correlations between (&) and

(AG ) wvere less negative and the correlations between (k).

and (AGR12) less positive. The relationships were reversed
at 18 wmonths of age as the correlations betwveen (AL and
(AGR18) were positive (r=0.47 and r=0.17) in Hybrid and

Hereford lines; vhile the correlations between (AG§18) and

(k) were less positive (r=0.16 and r=0.30) in the same two

lines. The correlations between (A), (AGR18) and (k)

suggested that late maturing types with -higher growth rates
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at 18 ménths of age had higher mature or adult weights.
Brown et al (1976) found early maturing types withy higher
growth rates at the po;nt of inflection grew to smaller
mature weights. N |

Based on the Brody function, animals with a slower
general maturing rate and rapi&xgroutb rates after 1 year of

age were heavier at maturitv.

According to the formulae of the @models wﬁen (M)
increases (Y;) should increase and th%g is shown by the high
and positive correlations.betveen the two parameters; It
woulg therefére suggest that populations which are
characterised by higher absolute values for (M) are heavier

at inflectgon. : . T

The cprrélations between (A) and (ﬁ)'were negative with
values of =0.45 in : both breed groups. Thus, the
correlations betueéh' (Y*)“anq (A) was variable between
breeds, ranging from —0;21 in the Hegeford breed to 0.36 in
the Hybrid breed. A positive correlation between (Y*) and
(4) inﬁ the Hybrid 1line suggested that heavier animAls at
inflection wére ﬁ%avier at maturity. However, the
corre;ation between ({*) and‘ (A) was not significantly
différent from zero. Tﬂé correlations between (Y*)Jand ()
méy again <be influencegf;} the absofute values of (a), as

(¥*) is a functiom of (A) énd (M) . .Fitzhugh (1976) stated

1

o N
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that it is often difficult to interpfet‘relatidnships based
on algehraic models as characters are not completely
independent, and often relationships contrary to a basic

biological trend are obtained.

The cor£elations betveen (k) ..d  (AGR6) were high,
ranging from 0.76-0.89 in both breed groups based on the
Richards and Brody functions, suggesting that eariy maturing
types grow rapidly to 6 months of age; The correlations
between (k) and (AGR12) based on the Richards fungtion were
less positive in both breed groups. The correlations
between (k) and (AGR12) based on the Brody function and
applied to the two breed groups was negative. Based on the
Richards function, in the Hybrid and Hereford lines the
correlations between (k) and (AGR18) 'were slightly pésitive
with values of 0.17 and 0.30 réspectively. At 18 months the
rcorrelations between - (k) and (AGR) based on‘ the Brody'
functibn applied to the breeds were negative indicating that
at 18 months early maturing types had lower absolute daily
gains. In general, éarly hatqﬁing animals ~ were

characterised by faster growth rates during early ages and

slower growth rates at later ages.

‘Weight at the point of inflection (¥*) was positively
corrclated with (AGR6) in all of the data and negatively
correlated with (AGR18) in the He;eford line suggesting that

Herefords heavier at inflection had higher growth rates at 6
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months of age but lower growth rates at 18 months of age.

The same result was not observed among the Hybrids.

The correla%ions between (Y) and (k) were high and
positive along with the correlations between (M) and (Y*).
This would suggest that early maturity was thus associated

with higher values for (M) and higher inflection weights.

The corfelations petween (4) and (AGR) at 6, 12 and, 18
'months showed the same trend as for the correiationé between
{k) and (AGR) within each breed group. Thus, heévier
animals at inflection showed higher growth rates at 6 months
of age but relétively lower growth rates at 18 months of

age.

Interrelationships between growth rates at different’
ages have often been investigated on actual dJata and
Fitzhugh and Taylor (1971) observed that a higher growth
rafé during one period was accompanied by a lower growth
rate in another. Based on the Richards model, in both the
Hybrid and Hereford daté the correlat!ons between (AGR6) and
(AGR12) wvere high, ranéing from 0.94 to '0.79. The
correlations between (AGR6)‘and (AGR12) based on the Brody
model were lower ranging from 0.72.to 0.39. Similafly the
correlations between ,(AGR12) and (AGR18} vere’ always

positive; the correlations based on the Brody model being

somewhat higher. Thus, selection for growth rate at 6
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months should increase growth rate at 12 months, and
selecﬁion for an increased growth rate at 12 months should
increase growth rate at ‘18 months of age. However, as the
age interval increases the degree of association decreased.

Thus, when ages are widely separa£ed, selection for a high
growth rate at the 1lower age would not be expected to

rapidly improve growth rate at the higher age.

6.8.1 Conclucsions

In all derived biological models the relationship
between the nmaturing rate and mature weight was negative
suggesting that lighter animals at maturity are early

maturing. Farly maturing types had absolute growth rates

that were above average at early ages (6 months) and below

average at later ages (18 months), suggesting that selection

for growth rate at early ages would increase maturing rate.

Based on correlations of the Richards model animals

with higher adult body weights grew more slowly at 6 and 12

months of age and grew faster than average at 18 months *

although growth rates were relative to adult body weight.
Based oﬁ the Brody model, animals with higher growth rates
after 12 months were expected to be heavier at maturity.
Purthermore, early maturing animals with higher gainé at»é

months grew to smaller mature weights and late maturing
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animals witb‘higher gains at 18 mdnthstgrew to larger mature

weights. ‘

Absolute growth rates were positively correlated when
the twWwo ages were. closely adjacent but less positively
correlated when widely separated suggesting that selection
for increased growth rates would not neces%arily Amprove
growth"rage to the same extent at subsequent ageé especially

if the two ages are widely separated.

6.9 Analysis of absolute g;owth rates

Tab;el 30 contains the observed absolute growth rates
(AGR),'the p;edicted absolute growth ‘rates based on eaéh
growth function, '~ and the\differences between £he observed
and predicted growth ratesbgy growth period and breed group

for the adjusted data from the Hybrid and Hereford lines.

Figures 9 and 10 show the observed and predicted
absolute growth rates by function and breed group for the

adjusted data.

The 'highe§£ observed absolute growth rates (average
daily gain) we#e recorded ddring the pre-weaning stage in
both breed groups; post-weaning to yearling gains were
somewhat lower than the pre-weaning gains and the drop was
greater among the Hybrid heifers. The growth rates

increased again during the yearling to 18 month period in
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both groups and dropped to a minimum during the stage from
[ ]

18 months to adult. The cascading effect seen to occur ;p
growth rate between adjacent periods wés also observedkby
Fitzhugh and Taylof {1971) . The absolute growth rates
predicted by the Richards, Brody, Bertalanffy and Logistic
functions were significantly different from the observed
(P<0.01). 1In both breed groups the variations in season and

management accounting for weight changes limited the use of

growth functions in predicting absolute growth rates.

During the period from birth to Qeaqing the Richards
function predicted mean absolute growth rates with a 4.7%
and 2.2% error in relation to the-observed growth rates in
the. Hybrid and Hereford lines respectively while the Brody
,function predicted absolute growth rates with a 4.1% and .
6.6% error in the sd;e lines; The Bertaianffy and Logistic
;funcfions were pbor in predicting gains during the pre-
R .
weaning stage due to an Overestimation of birth weight and
an underestimation of weaning weight. All growth functions,
with the exception of the Brody applied to the- Hereford
line, underestimated pre-weaning absolpte gain. The
overestimation based on the Brody function of gain in the
Hereford linevwas due to an underestimation of birth weight
and an overestimation.of weaning weight which increased the

difference between the observed and predicted weights. -In

the Hereford line the closest approximation of . the mean
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observed pre-weaning gain was seen with the Richards
function when birth weight was slightly wunderestimated and

weaning weight was slightly overestimated.

During the post-weaning to yearling period all
functions applied to the Hybrid data overestimated absolute
growth rates; the Richards by 20.6%, Brody 20.2%,
Bertalanffy 37.2% and the Logistic by ‘36.2%. The grow£h
rate predicted by the Brody function for the Hereford data
fitted very well. . Furthermore, as there appeared a general
overestimation of daily gains during this period, the growth
rates computed by each of the fﬁnctions were closer to the
observed growth rates among the Hereford heifers as they"
showed higher growth‘rates during the feed teét period which

3

followed weaning.

The deviations_pf the predicted gains from the observed
were high during the yearling to 18 month period in both
lines; observed daily gains were also higher comparéd to the
preceeding stage in both lines as the period coincidéd with
summer when the heifers generally showed greater increases
in body Height; Due to this temporary environmental effect
that 'incfeased weight gain over the period, greater-
differences were observed between the predicted and observed
gains, all functions underestimating growth mates in both

breeds. ' -

w
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The predicted daily gains during the last stage were in
‘closer agreement with the observed daily gains as growth

rate was more uniform and the time interval large.
-

A sipilar analysis was done for mean gain over period
comparing the. observed weight gain and the expected weight
gain using each growth function. Appendix Table 12 shows
the mean weight gain over the period and the differences

between observed and predicted weight gains by breed group

and function. The results were similar to the analysis of

absolute growth rates.

/.

As growth functions regress size on age and are of an
exponential decay £ype, they are poor in adjusting for
fluctuations condi;ioned by management practices and
environmént, often seen in biological data. The gains
- predicted on these models assume a progressive decline in
growth rate at each period and thus the two functions that
provided a good fit to the data, i.e. Richards and Brodf'
almost follow a straight line across all periods (Figures 9
ahd 10). & .isplay of \fﬁéﬁyobserved gains by a linear
regression of -growth rate on aée with the seasonal gffects
removéd vould have afforded a worthwhile but more
theoretical appraisal reflecting the genetic trends in

absolute grow" . rates of the population. Furthermore, by

this technique the observed gains at:-each period could have
L3 .
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-been more appropriately compared with-the predicted growth

rates based on the 4 growth models.

6.9.1 Conclusions

/

The Richards and Brbdy functions provided estimates of -

predicted preweaningbabsdlute growth rates. to the adjusted
data from the Hybridvand.ﬂereford lines which limited the
mean,error"to <7%. The Brody function was particularly
efficient in/ predicting mean abgolute gains similar to the
géins observéé in the Héreford'line during fhe weaning to
yearling périod. All growth models were poor‘in predicting
absolute dains during the‘yearling to 18 month period. | The
absolute gains predicted by the four growth functions Qere
quite similar to the observed gains during thglxla : éroqth‘\
period even though, only the predicted absolute gains based

on the Bertalanffy function were not,significan;ly different

from the observed absolute gains in both breed groups.
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7. OVERVIEW

/ The four parameter Richards model as well as the
simpler 3 parameter Brody model fitted all of the data
better than the Bertalanffy and Logistic nmodels. The

-

Bertalanffy and Logistic models provided a poor fit as birth
weight was xalways overestimated and adult weight
underestimated. \\Hgyever, none of the functions could

account for seasonal fluctuations that reduced body weight.

A 'growth curve that provides a goed fit to a set of
longitudinal obgérvatiOns of a single animal or population
reflectsﬂ the genotype of +the animal or population and
- selection for growth traits on a ptedic&ed growth curve may
be carried out if the curve is adjusted for temporary
environmental conditioné. In any animal improvement progran
which is founded on the principles of breeding and “selection
és a basis of improvement, selection for groﬁth traits
reflect changes in: the shape of the basic growth curve.
Selection for pre and post weaning growth rate, which is a
common practice ~in essence‘ acts positively for an
increased maturing rate. \Eurthérmore,*grouth rate and body
weight within a stage of growth is positively correlated
especially a£ early ages (Fitzhugh and Taylor, 1971). BY
selecting for increased gquth.rétes prio; to 1.yearvof agé,

weight at that age and maturing rate are increased while

mature weight méy be - decreased. However the increased
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o
growth rate is only relative to mature size. If the effects
of selecting %of increased growth rates were to be shown on
a cumulative growth curve, the slope of the curve prior to
iqfleétion Qbuld be increased and the slope post inflection
decreased. F£Om this discussion it‘}s very evident that the
time at which beefﬁaniﬁals are marketed becomes important,
- in order to take advantage of these growth characteristics,

as it becomes less economical to kcep animals well ©past

their peak growth periods.

In  the recent past the effect of cow size and
production effiéiency has been emphasized (Long’ et"al-,
1975a; Morris and Wilton, 1576). Selection’ for an increased

maturing rate may be one method of reducing size as it is

négétively correlated with mature weight. However, as . the .

mature body size or adult weight is highly heritable unless
selection is inténse the rate of pngres; would be slow.
Theoretically; ’selection for increased adult body size on
the other hand will have opposite effects and would select
late natufihg-types in which the change of the slope of the
cumulative growth curve would be more gradual. It nmust be,
. _ > _

however, &prn‘ in) mind that the preceeding discussion is

Ny = "
llllted to selectlon v1th1n & breed and should <not' . be

confused with slov\ém fast maturing breeds of cattﬁs.
R

Indirect ' selectiorn for increased maturing rates can

alsoc have an éffect on carcass quality. Ideally, a beef

Loy
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animal at the time of wmarketing should gontain maﬁimum

muscle, + and optimum fat- and minimum bone (Berg and

Butterfield, 1976). Animals at a higher degree of maturity"

would be more likely to put on fat compared +to muscle, as
muscle growth reaches a piateau at a smaller weight and age
while fat growth can incre%sé unt1il ihe animal approaches
its adult body size at which time it will plateéu. Once the
animal reaches adult body size which is wunder genetic

control, the relati@e gain will be small.

A §eriesvof veight-age pointé of a longitudinal type is
often ﬁ{fficult to interpre?; one method of condensing all
of the information into' biologically interpretable
-éarameters is by the use of dgrowth curves. When the values
of the fitted parameters are known, many of the commonly
used’ growth traits » sucﬁ as average daily gainéj
instantaneous growth rates, lifetime growth rates, relati;e
growth rates and maturing rates could be easily obtained.
However, Ehe accufacy"6f/f££ér derived estiwmates such as
grovwth rates using the growth ‘constants' (Brody, 1945) or
fitted parameters depends on how well the function of choice
fits the data‘afreach of the selected dafa points. Once the
function of Ehoice has been identified the data gener;ted by
the function can be‘ used as an alternative to the true

biclogical model as if it was known (Brown et al., 1976).

An appropriate method of estimating the fit of a growth

iay
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model is still under discussion. Fitzhugh {1970} states

that the methods such as the use of residual variances may
be subject to error due to correlations between longitudinal

data points. F’v‘Qérmore, the correlated effects may be

Jh““;:” 1)
stronger if seasohal effects are significant in determining

weight at certain times. Allen i1967) as reported by
Fitzhugh (1976) described a multivariate procedufe
appropriate for non-linear models assuming that observations .

on different animals at thg“\same age were correlated.

. However, in data of the typé\analysed in this study such

assumptions may not hold and in the analysis of biological
- N

~

~data removin@ the correlate’ errors between longitudinal

data points is difficult.

In the present analysis a pooled residual variance and
mean - prediction error estimate were used to calculate the
fit Wt the functiéné assuming that the correlated €rrors
between ages were removed in the weight§ predicted by the
growth functions. The usual test of fit sdéh as the sum of
squares of the deviatiogs (Y-;)Z Oor a mean square depiation
was not used due to the inhergnt bias existing in this
method of analysis which attributed an equal veighting when
the obserfed weight was 50 kg and predicted/ﬁéight 100 kg or
when the observed weight was 500 kg and predicted ieight 550

kg. Thus, a procedure using a relative fit or mean

prediction error est -ate wvas considered appropriate when

¥ S

N
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the fit of the four funcéions was to be-evaluated. Brown et
al. (1976) and Fitzhugh (1976) in addition to using
residual variances, relied on visual comparigons of thé
fitted curves with the actual data at selected ages together

with the biological ~ interpretability of the fitted

parameters as a measure of the accuracy of fit.

In studies comparing fitted parameters derived fronm
;rowth functions applied to two breeds or sets of data the
importance of the consistency in the error estimate has not
been stressed in the literature. Thus, -in an ideal
situation not only must theAfunétion fit the two sets of
data well but errors calculated at each agé or ovefall ages
nust be consistent ;n order to make a reliable comparison of
the fitted parameters such as (A) and tk) especially as they
are negafively correlated. The. present analysis showed the
importance of the consistency 6f error when estimates of the

same parameter based on a biological nmodel is compared

between two breeds or sets of data

A knowledge of growth curves is iﬁportant to scientiéts
interested inv lifetime trends. The application of growth
curves to a Part of the 1lifetime daﬁa‘ does not provide
accurate information aboué the growth patterns of an animal
or population. Weight age data on each §ﬁimal from birth to

an appropriate adult weight should be avéilable for a growth

curve analysis.



138

In conclusion growth wmodels offer a mathematical
description of growth. The generalized Richards or the
simpler Brody model can permit a detailed study of growth

and its properties in beef cattle.
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Appendix Table 1#. Correlations between growth
L parameters from the Richards
model fitted to the unadjusted
 Hybrid data (above diagonal)
and Hereford data (below

= . diagonal) ‘

(A) (B) (k) éh) (AGR12)
(B) 0.56 - -0.85 -0,97 ~-0.56
(k) -0.86 =-0.78 - 0.89 0.66
(M) -0.62 = =-0.97 0.84 - 0.68
(AGR12) ~0.44 ~0.56 0.71 0.67 -

All correlations were significantly different
P<0.01
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