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Summanry

This thesis emrhasizes the need to use a8 sustems
arrroach when examining the effects of manadement on the
efficiencwy of animal sroduction from dgrazed rastures. The
three exreriments Lthat are described were desidned to
increagse the understanding and srecisiorn of some of the
relationshirs that are wused in the simulation df grazing

sustems.

Conventional tests of farm manadgement swystems are
usually of small scale and involve considerable handling of
stock, Extrarolation of results to mormal farm rractice is
therefore uncertain. AN exrFeriment carried out over 12
months with sheer in flocks of various sizes and manaded
under various dgrazing swstems was snaslused by estimstion of
the variance comronents of a8 non—orthodornal linear model.
No effect on liveweiﬁh£ gains or wool sroduction was
detected in weaner sheer whelher thew were in flocks of 3
Py 27 or 135 or whether thew were set—-stockeds rotated
around three subdivisiorns of 8 rotationally dgrazed rastures
or rotated around three subdivisions of a rasture which was
continuously drazed,. These resultls indicate that within
these limits meither flock size rnor movement of animals has
arg imrortant effect on arnimal sroduction and thus can be
dgnored when establishing relstionshirs between varisbles of

bhasic biological imrortance Lo drazing systems.



Increased rrecision in the relationshirs describing
the interaction between the drazing animal and the rasture
is limited im rart by the techrnical difficulties in
measuring food intaske amd in intersreting liveweidght chandes
in terms of tissue enerdgdgs retemntion. A review of the
literature suddgests that estimates of intake obtairned by
current techrnicues maw be subdect to bisses that are at
rresent undefined., Althoudgh these technicues maw be useful
in ?omparative studies of amnimal sroductionsy thew are
unlikely to be sufficiently rrecise for estimating the

growlth of rastures under dgrazing,

A substasntial imrrovement to the technicue for
sredicting chemical comrosition in the live sheer was
achieved in Lhe second exreriment. New and sublished data
From sheer of widelw different adges were used to derive
regressions of body comronents on Farameters measured in the
live srnimal. ﬁllometrié models including bodwe weidhty
tritiated water srace and maturity as rredictors
substantislle reduced the residusl standard deviation for
all comronents arnd lardgely eliminated bias from the
rredicted valuesy wvielding ecuations of dgeneral rather than

local armlicatiorn.

These redressions and the best available methods for

measuring intake were wused in the third exreriment to
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examine the effect of bodw condition (enerdgy status) on
intake by mature sheer. Enerdy status within the randge
220-389MJ had no effect on the intake of herbade bw drazing
animals or of 8 standard feed offered to animals in rens.
Sheer which were moved from 38 searse rsasture (low ernerdy
status) to am sbundant rasture dgained at least as much
liveweidghts but onlw 20% a8 much enerdy as sheer in better
conditiorn (hidgh enerdws status) because more of their dgain

was water.

The results indicate that feed intslke is likelw to
he unaffected by body condition under 3 variety of
marnadement redgimensy bult that chandes in efficiency of feed

conversion maw have imrorvtant imelicatiorms in the field.
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Fart 1

Gerneral Introduction

Increasing the rroductivity of grazindg systems by
linking animal recquirements more effectively with seasonal
ratterns of herbade rroduction is a mador obdective of
grazing manadement. The conventiomal arrroach to research
in this field has concentrated on emrirical tests of
management sustems over a rande of stocking rates. Howevers
the extrarolation of the resulls of such exreriments to farm
rractice maw bhe cri£icized on at least two counts. Firstlyy
the scale of exreriments is smaller and the degree of
fandling the stock denerally dreater tham on 8 commercial
farms This maw contribute to the discrerancsg that Davidson
(1965) has observed betweern exrerimental and farm gieldsd
the @xpérim@nt described i Fart 2 of this thesis was
desidgned to test the effects of flock size and movemenﬁ of
flocks on snimal Produétioﬁ. The second imrortant criticism
of conventional dgrazing exreriments is thalt the small number
of sustems and restricted range of envirormentsl conditions
that can be sameled i anw onme trial i1mrose serious
limitations om Lthe value of the information gsined.

Althoudgh these exreriments clearlwy show that imeroved
rastures maw carry more animals than was rreviously thoudght
rossibles Lthew have failed to showy with few excertions
(e.ete Bernnett et al. 1970)s that masnadgement leads to

consistent or worthwhile increases in arnimal sroductior.

It is rossible thaiitgeréuaré_%eﬁ éainéugd bé—ogia{ﬁeﬁ ?rba\

management, a3lthough the regsative results are more likelwy to;



arise rartly because the madority of trisls have relied on
'~3851 rroduction of dry sheer 3s the criterion for
comearisony and rartly because thé few trials with animals
more sensitive to manadementy such as weaners or breeding
ewesy have used exdrerimental desidgns which are inadecuate to

core with the increased varisbility which is a8 feature of

these forms of sroduction.

Althousgh stocking rate exreriments wield data that
allow broad generalisstions wuseful to farmers in decision
makingy stocking rate is scarcely 8 quantitative variable
Tor use in research and needs to be qualified in terms of
climate and soil fertilitwesy or rerhars pasture eroduction or
grazinsg intake. Im lardge scale dgrazing trials resources

usally limit the orrortunity to malke these observations.

An slternative arrroach using comruter simulation to
overcome these wroblemé was Tirst suddested bw Arcus (1963).
Erieflwy this involves constructing and linking todether
mathematical equations which describe the biological
rrocesses of dgrazindg swstems. External faclors such as
weather can be incorrorated in the model from historical
data or denerated ss stochastic or deterministic variables.,
The model is then wused to studwy the cornsequences of

manadgement decisions.

The level of comelexitws in the model will derend on
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the ture of decisions that rneed to be made. Thus Morlew and
Graham (1971) exasmined fodder conservation 3s 3 drousght
stratedy without iﬁcluding a detsiled biological model. In
contrast &8 model to examine the effect of surrlementary
feeding on animal rroduction would require a3 comrlex series
of eauations to describesr for examsrles the consecquences of
feeding the surrlement on the intaske of any rasture that
might be available. The models referred to in this thesis

are of the latter ture.

Morlew (19683) has discussed Lhe imract that the
simdlation areroach should have on thé deéign arid e
arrlication of adgricultural researchy and althoudgh
simulation rrocedures as arrlied to this field have become
well established (Morlew 1972% Hutchinsom and Vickery 1973)y
it_is cuestionable whelher lthe technicue has uwelt made a
worthwhile contribution towards increasing the efficiency of
grazind manadgement. The diversity of the functions used to
describte similar relationshirs in the numerous models which
thave been rroduced (e.d. Freer et al. 19705 Vickerw and
Heddes 19725 Smith and Williams 1973) emrhasizes that our
knowledsge of the biological srocesses involved in dgrazing
sustems is imrrecise. If models are to guide the sunthesis
of new and more efficient manasdement sustemsys research must
be goncentrated on imrroving the srecision of relationshiss

which describe biolodgical srocesses.
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The mador difficultwy with the simulation areroasch
lies in the fact that it reauires that the sustem be srlit
into its comronent srocesses. In the grazing sustem the two
rinciral srocesses are the dgrowth of the rasture and the
intéke of rasture by the animalsy and whereas each may be
measured when the other is excludeds the comrlexitw of their
interaction renders direct measurement imrossible. Recause
of thisy numerous indirect technicues have been develored to
estimate the intske of drazing amimals. These technicues
are evalusted in FPart 3. The asssocisted sroblem of

estimating the drowth of rasture under drazing is also

briefly discussed.

The rrediction of intske isy howevers only the
Tirst ster in 8 model simulating the sroduction of animals
grazing on sastures. Recent work by Keenan (1967) with
rarnmned sheer suddests that standard nutritionsl factors
cannot be used to convert food enerdgy to body tissue in
animals difTfering in nutritionsl history. Similar studies
in drazing animals have been hamrered by 8 lack of simrle
and relisble technicues to s8llow serial estimstes of body
comrosition to be made in the same animals. The estimation
of tody comrositiorn by the dilultion of hudrogen isotoress
porecially tritiumy is sufficiently simerle for use in field
studies with sheerd but the eauastions rublished so far (e.d.
Keenan 1967% Searle 19708) do not dgive consistent

rredictions of comrosition. It arrears that the two
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sredicting variables that have been usedsy liveweidht and
tritiated water srace are insufficient as rredictors of =all
body comronents. fhe develorment of deneral egquations to
rredict body comrosition of live sheer which include &
function of Lhe adge of the animal a3s an additional rredictor
is described in Fart 4., The arrlication of these
technicues to rredict the effect of bodg condition om intake

is described in Part 5.
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Fart 2
The effect of flock size and drazing mansdement

on sheer sroduction

2.1 Introduction

Most exreriments with dgrazing sheer necessarily
involve small flockss but there is little informastion to
Justifye extrarolation of the results to flocks of larder
sizes,. At low stocking rates on native rastures Southcotts
Roe and Turner (19462) found that liveweight dgain and wool
rroduction were lower in flocks of 2 than i Tlocks of 4y 8y
16 or 30 sheer, 0On imeroved rasturesy Suckling (1962)
rerorted tLhat ewes stocked a3t five rer acre in 9y 10y and 50
asore raddocks had similar liveweidght chandes and wool
rroduction. Elliott (1966) also rerorted that liveweight
chandes and wool sroduction were similar for wethers stocked
at four rer acre in a raddock of 107 scres snd in raddocks

[

of 3 sores.

) Exreriments comraring drazing sustems may confound
two consecuences of rotstional grazing. Firstlyy rotation
maw affect esasture sroduction (Morlew 1968b) and thereforer
in o some circumstancessy animal rerformance. Secondlyy
movement of Lthe animals mas affecl Lheir behasviour and

therefore their rerformance indererndently of sasture

rroduction (e.sd. Suckling 1956).
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In this exreriment the rerformances of three breeds
of goung sheer in flocks of 3y 99 27 and 135y drazing under
three sustems of manadement are comrared. The effects of
various manasdements on weidght dgain of woundg sheer il this
exreriment and the direct effect of rotation on weight dzin
of old ewes in a8 surrlementary exreriment are also examined.
2.2 Exrerimental treatments

The exrerimental area had been subdivided using
Imererial units of measurement. Hemnce for convenience I have
used these measurements i the discussion of ‘exrerimental

units’ in this sart of this thesis.

Mixed flocks - Eacual numbers of Merino (Mo)s
Cometiack (CBK)Yy arnd Border Leicester i Merimo (XE) weaners

were stocked at mine rer acre om FPhalaris tuberosa-

Trifolium subterraneum rasturesy under three suystems of

manadement as follows ¢
CC - Three flocks of 3 sheer and three flocks of 9 shees
were set stockedsy wsastures and flocks corntinuously

grazed.

RR - Flocks of 9 27y and 135 sheer were each rotated
around three subdivisions of a8 rastured rastures andg

flocks rotstiornally drared,
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CR ~ Three flocks of 3 sheer and three flocks of 9 sheer
were each rotated asround three subdivisions of a
corntirously drared rastures rsastures continuously

dgrared but flocks rotated.

Fure flocks - Serarate flocks of rmime weaners of
each breed were rotated around three subdivisions of a

rasturey rastures and Flocks rotationzslly dgrazed.

All the weaner flocks were rerlicsted twicer excert
the 135 RR treatment which included aresas of both
relications in each subdivision of five secres, Inm all
flocksy two-thirds of the sheer were ewes and the remsinder

wethers.,

A schemaltic rerresentation of these treatments is
shown 1 Figure 2.1y and the actusl field lawout of the

rlots is shown in Figure 2.2,

Aded ewes -~ Five flocks of aded Merino ewes were
set stoclkedr and five flocks were rotated around five

subdivisions of a8 FPhalaris tuberosa-Trifolium sublerrarneum

rasture. The mlots were stocked at 12 sheer rer acre and

each Tlock contained 4 ewes.



Figure 2.1
Schematic diagram showing experimental treatments.
Single headed arrows indicate rotatioms.

The subdivisions were not contiguous in the field layout.

Pastures and flocks - Pastures grazed Pastures and flocks
continuously grazed. continuously but rotationally grazed.
Set-stocking flocks rotated.
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Mo ol CR 3 CR
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Figure 2.2 - Fileld layout of experimental trestments




2.3 Exrerimental rrocedure

Young sheer were allocated to flocks by stratified
random samrlingy so that imitial total liveweight rer ascre
was similar for 3l1 flocks., Within each rerlicate the
allocation of saddochks to the comtinuously dgrazed flocks andg
of subdivisions to the rotationslly drazed flocks was at

random.

The exreriment started om March 23v-3fter the sheer
were shorn. The Comebacks were then six to eigsht months
olds and Merinos and Rorder Leicester x Merinos were five to
six months old. Retween March 23 and August 30 (Feriod 1)
the sheer were weidghed each month and those flocks under
rotational grszing were moved at the same time. Momthlw
movements were initially chosen becsuse Morlew (1968b)s in
theoretical argumentsy suddested that in winter maximum
Pasture sroduction is likelw to be arrroached if each
subdivision in &8 three-raddock sustem is dgrazed for one
mornth and srelled for Ltwo monthsy rrovided moisture and

rutrients do not limit slant drowth,

Since monthnly movements had rno rnoticeable effects on
liveweidght dgaimns in Period 1y the effect of more frecuent
movement was examined between Audust 30 and December 20
(Feriod 2) by rotating the flocks each weel and weidghindg
them every two weeks, As bthis was doneg during sering it was

unlikelw that the charmde in manadement would incresse animal
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dgrowth throudgh increased rasture growths since dgrowth of the .
latter would denerally exceed consumrtion. Howevers even
this increased sreed of rotation had little effect on

liveweighty so monthly movements were resumed orm December

20y for the start of Feriod 3.

From February 14 to March 11y during the fimal three
weeks of Feriod 3y the following chandes were made Lo some
flocks to examine rossible effects onm livewelidght of a8 sudden

change in manadgements:

(1) One of the 27 RR flocks was divided into three
grours comsrising two ewes and one wether from each of the
three breeds. Ormne of these drours was interchandged with a3 9

CC flock and arnother with a 9 CR flock.

(2) One of the 9 KRR flocks was interchanded with a3

?® CC flock.
(3) These changes were made within orne rerlicaste
and flocks in this rerlicate under rotstional treastments

were moved everwy bthree days and welighed every nine davs.

4) A 9 RR‘flock from the second rerlicate was

moved every three daus and weidhed at nine-day intervals.,

The erxreriment finished om March 11y whern the shees
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were shorr. Iuring the exreriment rmo surrlementary feed was
given. 0Only severn deaths were recordeds and sheer that died
were rerlaced by animals of corresronding breedr sexs and

weidghty whose messurements were not included in the results.,

Fasture availability was estimated in July by
cutting three auadrats rer one third scre unit to dground
level with 8 modified sheasrind handrieces sand obtainming dry

weldghts of dgreen and dead matter.

The investigation with old ewes commerced omn Oclober
21 and finished on December 16, Initial totasl liveweightl
rer acre was similar for a8ll flocks. Ewes under the
rotational treatment were moved weelly and 3ll ewes were
weidhed weriodicallw.  Throughout ihe exreriment the amount

of sasture was in excess of 1000 kg rer ha on 3ll rlots.

2. Statistical asnaluysis

Morlew (1951) rerorted heterodgeneitws of variance for
fleece weidhl and body weight in Merimo sheer where means
differed greatlyy and uséﬁ logarithmic transfbrmation to
remove Lhe correlation between mearn and variamce in such
data. Since means for sex and breed differed in the rFrresent
exrerimenty 38ll analuses and results are ekpressed as
natuyral losarithms (1oﬁe) of variablesy. unless otherwise

stated,



2.4.,1 The model
The dgeneral linear model fitted to the data is
YiijZ,m = uoFH o+ P + G + By + (HG)ik + (HB)M + (GB)kQ’
+ (HGB)ikQ + Sijklm

where Y.. is the value fTor the mth
ijk2m

sheer of the
¢t bhreed of the kth sex on the jth #addock in the ith flockh
size and pu is the mean of amn infinite concestusl rorulstion
of such sheer. Hy Gy B and their interactions represeﬁt
effTects due to flock sizer dgender snd breed and are
considered to be fixed., The p. and s, rerresent

j ijkm ,
attributes of the rarticular raddock and sheer which are
assumed to be random sameles from #orulations with zero
means and variasnces 0; and 0; resrectively. The P5
includes 8 flock comronent and rossibly a8 comrorment due to
changes in the rastures in time., Althoudgh these three
comronents are comrletelw confoundeds it is srobable that
the raddock comronent is the mador contributor to variances
the flock comronent is almost certasinlg very small since the
mearn liveweidght of esach flock was similar at the start of

the exreriment.

Analyses of variance are comrlicated for the

following reasonss

(1) Variasnces of different flock . means are likelw



to bhe heterodgernous becasuse differences caused by raddochk
effects will be averaged for flocks under rotational

dgrazings but not for flocks set-stocked on sindle raddocks.

: (2 The numbers of animasls in each flock varieds
and the flock of 135 sheers which was unrerlicstedr drazed
over movtions of both rerlicates. In addition comrarisons
for sex and breed are rnot orthodonsl in flocks with only
three sheer, Table 2.1 shows the number of sheer in each
cell in the CC and CR sustems of manadement. The
non—orthodgonal comerarison. for sex and breed in flocks of

three sheer is clearly evident.

Conseauently seraratle analsées are calculated for
eaéh manasdgement swstem Lo obtain estimates of the variance
Comﬁonents 0; anic 02 defined in the derneral model.
Arsrorriate error terms canm then be constructed from
functions of 0; arid 0; for testing differences between

treatment means,

The analuses of variance are based on a srlit-rlot
desidgn with flock size a8s 3 main #lot effect and breed and
se as sub-rlot effects, Table 2.2 shows the skeleton

analysis of variance used in the exreriment for the CC and

CR  managemenlt systems.

The rnature of the fixed effects model (Eisenhart



TABLE 2.1
The number of sheep in each cell in the

CC and CR systems of management

Flock Size

Flocks . Flocks

1 2 3 4 5 6| T* 1 2 3 4 5 6 T GT#%*

#

1 1 1 1 4 2 2 2 2 2 2 12 16
W 1 1 2 1 1 1 1 1 1 6 8
1 1 1 1 4 2 2 2 2 2 2 12 16
W 1 1 2 1 1 1 1 1 1 6 8
E 1 1 1 1 4 2 2 2 2 2 2 12 16
W 1 1 2 1 1 1 1 1 1 6 8

Total; ** GT = Grand Total.
Merino; C = Comeback; X = Crossbred;

Ewe; W = Wether.



TABLE 2.2

The quantities to be estimated in the analysis of variance

Source af ‘Quantity to be estimated as’ crude Sum of Squares
Total 72 LELEL y. .., 2
A 1 kam ijk&m
CF 1 1/72 (y )2
H 1 1/18 (y, )2+ 1/54 (y, )2
Flocks (in size) 10 z (1/3 (y1j )2 + 1/9 (y2j )2)
; e e
G 1 1/u8 (y )+ /24 (y )2
B 2 L(1/24 (y )%)
. e R
2 ' 2 2 2
Hx G 1 1/12 (yy 4 D2+ 1/6 (v, , )P +1/36 (y, , )* +1/18 (y, , )
H x B 2 L (1/6 (v, )2+ 1/2u (y, . >2)
. C2. ..
G x B 2 L (1/16 (y 1 )2 + 1/8 (y 20 )%)
2 L] L] .. .
2 2 2 2
HxGxB 2 T (1/4 (Y1.12.) + 1/2 (y1‘22.) +1/12 (y2.12.) + 1/6 (y2_22.) )

2
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1947) imelies that the mean sauare for each fixed effect in
the srnalusis of variance has for its exrectation a8 linear
sum of a auadratiélterm irn the fixed effects and the
variance comsonents o; and 0; + The error terms
*flocks(within sizes)® and "residusl® or "between sheer®
consist solelwy of 8 sum of 0; arid 0; + Therefore unbiasssed
estimates of O; and 0; can be oblained by equatindg
observed and exrected mean seuares for these error terms and

solving the resulting simultarneous ecuations for 0; ard 0; .

2:4.2 The asssumstions involved in the comronernts of variance

énalysis

The comronent snalysis to estimate the comrosition

of the error mean seuares imrlies the following sssumertions.
Firstlgy raddock effects are considered £0 be rrorortional
to the time sheer srernd dgrazing on each raddock. Secorciluy
the exrerimental srea is considered Lo consist of units of
one-third ascres wilth saddock effecls inderendent of those of
other units. Where these basic units are contiduousy such
as in one acre rlolblsy each unit is assumed to contribute the
ﬁamé amount to the total raddock effect, While this
assumrtion maw mnot be entirelw valid it seems reasonsble at

the high stocking rate of nine sheer rer acre.

Althoush the most obvious heterodeneities were
associated with small gullies and roclkws outcrorsy which

dgenerally occuried less tharm ome-third acresy dgradients over
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T larder areas could increase the covariance between
contidguous units. The most obvious examrle of increased
covariance was in ane of the subdivisions drazed by one
flock of 27 sheerr where the three one-third acre units
coﬁtrihuting to the subdivision a8lwaus had an sbundance of
feed relative to other units in the exreriment.
Consecuentlyy an alternative unit based om individusl #lots
redardless of size was also considered. The most suitable
urnit was taken to be that which dgave best assreement between
rredicted and observed mean sauares for flocks of esch size

within each swustem of mamnagement.

2:4.3 The estimation of the comronents of variance

The rrocedure for estimating the exrected
comeosition of mean seuares for sources of variation such a8s
those in Table 2.2 is similar to Method 1 described bu
Heﬁderson (1953). From the denerasl model for each
management swstems and taking account of the assumertions
made in Section 2.4.2y the comrosition of mean seuares for
each sodrce can bé derived fairly simerley althoush the
aldebra is tedious. For the surroses of the analusis onlw
Oéand 0; need to estimated. Hence the quadratic terms in
the fixed effects have not been calculated. This is &8 valid
srocedure since the exrectation of 3 cross rroduct between a

fived effect amd a8 random effect is =zero.

Considering the CC swstem firsty amd assuming whole
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#lots as the basic exrerimental units the cuantities that
must be estimated are shown in Table 2.2, For claritue the
relevant euantities for the flocks of three arnd nine are
shiowrn serarately since thew must bhe calculated individuslly
duue to the uneeual numbers involved. The notstion used is
gsimilar to thalt of Henderson where 8 dot in rlace of a

gubscrist i1melies summation over that subscrirt.

The calculations to derive exrected comrosition of
the uncorrected sums of the seuasres for the flock size

effect are shown in the following examsle.

From Table 2.2y

B(H} = B{1/18 (v, )+ 1/54 (v, D)}

where E denotes "exrected® or "averade" value,

Substituting the random effects pj and s, i the

ijk&m

general modely

6 3 6 9
- ¢ 2 2
E{H} = 1/18'E{Z £ (pj + Slj..m) } + 1/54 E{Z ¢ (pj + s )4}

5 m 5 m 2j..m
Since the P effects are commorn to a8l1 shees

graxing on Lhe same rsaddocl the last exrression can be

rewrittern ag

6 3 6 9
) _ 2 2
E{H} = 1/18 ? E{spj + i Slj..m} + 1/54 ? E{gpj + i st‘.m}



Exrandingy

6 3
E{H} = 1718 ¢ E{9p§ +.Z S45 m2 + cross products}
j - ..

6 9
+ 1/54 L E{81p§ + Z st mz + cross products}
3 . .. , »

From the defimnition of random effects in the lirnear

model the Tollowing arslul
E{‘%} = 0®> for i it
P; » J£EI

E{ 2} = 0; for j # j' and m # m';

Sijkam

1
(&

and B{of any cross product}

. 6 3 6 9
Thus E{H} = 1/18 £ (902 + % o;) + 1/54 ¥ (8102 + T 02)
i P j m
= 1/18 (5402 + 1802) + 1/54 (u8602 + 5ug?) =
P s P s

= 1202 + 20%
P S

The exrected comrosition for other auantities in

Tabhle 2.2 can be derived similarly and are shown in Table 2.3.

The comrosition of the corrected sums of seuares is
caleulated bw subtracting the arprroerriate correction factors
and the exrected comrosition of mean squares in terms of 0;
arict cﬁ is obtained as uwsual by dividing through by the
arerrorriate dedgrees of freedom. The results of these
calculations for the CC sustem of manadement are shown in



TABLE 2.3

The expected composition of sources of variation within

the CC systems of management using experimental units

equivalent to subdivision size (random parameters only)

'E[ngge] E (ssq) E (MsQ)
Source df :

a2+ '0175 o2 + cx; o + 012)
Total 71 72 72 71 64.5
CF 11 7.5
Size (H) 12 12 1 4.5 1 4.5
Flocks (in size) 10 12 72 10 ' 60. 1 6.0
Sex (G) 1 2 7.5 1 0 1 0
Breed (B) 2 3 7.5 2 4] H C
HxG 1 4. 12 1 0 1 0
Hx B 2 6 12 2 0 1 0
GxB 2 6 8.25 2 751 0.375
HxGxB 2 12 15 2 2.25 1. 1.125
Residual 50 50 -3 1 -0.06




The estimation of o; in the CR and RR suystems of
manadementy and in the CC system when the exrerimental units
are considered as one-third acres is more comrlex. For
exam~ley in the CR system of manadgemert the assumrtions in
Section 2.4.2 imrly that each sheer in the flocks of three
swént one-third of its time on each of the three one-third
acre units over which it dgraczedy snd each sheer in the
floecks of nine srenlt one-ninth of its time om each of the
niﬁe one-third acre units over which it drazed, That iss
1/3(p1+p2+p3) ar 1/9(p1 tp, + + pg) are the raddock effects
for each sheer in flocks of three asnd nine resrectivelwus
where pl,p2',....p9 refer to each of the one-third ascre
uridbs over which the sheer drazed,. The examrle below shows
the derivation of Lhe exrected comrosition of the
uncorrected sum of seuasres for the flock size effect (H) in
the CR swstem sssuming basic exrerimental units of ome-third

ST,

Again Trom Table 2.2y

E{H} = E{1/18 (y, 2y + 1/54 (y, 2y}

6 3 6 9
=1/18 E{Z 2y, . 2 2
/ {. yl]..m b+ 1/sy E{g L y2j..m }
Jm jm

Subgtituting the random effects in the deneral
modely heeding the assumertions above and recodgnising that

the design involved two sels of three flocks for each size



(see Fidure 2.1)9

E{H}

3 3
1/18 E{2Z ¥ (1/3 (p1 +p

+py) +s )2}
jmo '

2 1j..m

3 9
2
+1/54 E{2§ z (1/9 (p1 tpy, ... pg) + S2j..m) }
]jm
3
1/9 E{(1/3 (9p1 + 9p, + 9p3) + X
j 3 9 2
+1/27 E{(1/9 (27p, + 27p, + ... 27pg) + ? i S?j..m) }

)2}

Sij..m

3 Mw

3
1/9 E{(3p, + 3p, + 3p, + L L Slj..m)z}
m

e Mw

)%}

39
+ 1/27 E{(3p1 *3p, t ... 3pg + ; z S33..m

jm

Esrarndins

E{H} = 1/9 E{9pi + 9p; + 9p; + 9slj..m2 + cross products}l

+ 1/27 E{9pi + 9p; + ... +9pg + 2732j.. 2 + cross products}
Thus
E{H} = 1/3 (2703 + 902) + 1/27 (810; + 2702)

602 + 202
P s
Other exrectations are derived similarly and sre

showrr i Table 2.4.

The exrected comrosition of each mean sauare and
Lhe intermediate results using exrerimental units of
one-third scres for the CC suystem are shown in Table 2.55
those for the CR system using whole ®lots as the

exrerimental umit are showrn in Table 2.6,

The observed mesan seuares for liveweight chande in



TABLE 2.4
-4~Exbected,composition of sources of variation within the-CR
system of management using experimental units of one-third

acres (random parameters only)

Source _ df E(CESSeJ . E (FSQ) - E.(MSQ)
IR ‘og gi + cg | o + o;
Total : f71 72 12 | 71 9
CF S 1 3
Size (H) 1 2 6 1 .3 1 3
Flocks (in size) 10 12 - 12 ,}0' 6 1‘ 0.6 *
sex (6) 1 2 3 1 0. 1 0
Breed (B) 2 3 3 2 0 1 0
HxG 1 4.6 1 0 1 0
Hx B 2 6 6 2 0 1 0
GxB | 2 6 3 2 0 1 0
HxGxB 2 12 6 2 o . 1. 0

Residual 50 - 50 0 1 0




TABLE 2.5

Expected composition of sources of variation within the CC

system of manatement using experimental units of one-third

acres (random parameters only)

Source df E{ngge} e (S SQ) E (MSQ)

' og f ‘og oz U; + cg
Total 71 72 36 71 33
CF 1 I 3
Size (H) 1 2 6 1 3 3
Flocks (in size) 10 12 36 10 30 3
Sex (G) 1 2 3 1 0 0
Breed (B) 2 3 3 2 0 0
HxG 1 4 . 6 1 0 0
H x B 2 6 6 2 0 0
GxB 2 6 3.75 2 0.75 0.375
HxGxB 2 12 9 2 2.25 . 1,125
Residual 50 | 50 -3.0 -0.06




TABLE 2.6
The expected composition of sources of variafion within
the CR system of management using experimentél units
equivalent to subdivision size (random parameters only)

v

‘ é(cggge} E (ssqQ) E (uSQ)

Source df . :

' qg + 'og og + oé og + og
Total : 71 72 26 . 71 16.5"
CF ' 1 I 7.5
Size (H) ,  1 2 12 1 4.5 1 4.5
Flocks (in size) 10 12 24 10 12 - | 1 1.2
Sex (G) 1 2 7.5 1 0 1 0
Breed (B) ' 2 3 7.5 2 0 1 0
Hx G 1 4. 12 1 0 1 0
HxB 2 6 12 2 0 1 0
G x B 2 6 7.5 2 0 ol 0
HxGxB 2 V12 12 2 0 1 0

Residual 50 50 0 1 0
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Feriods 1 and 2 are shown in Tables 2.7y 2.8y 2.9 and 2,10
for the CC amd CR sustems of manadement resrectivelus
obhserved values fof fleece weidht are shown in Table 2.11
and 2,12 Tor the CC and CR sustems resrectivelu, The

random ravameters that are estimated by each mearn scuare
are based on exrerimental units of whole rlots for wool and
liveweight imn Feriod 1y and on exrerimental units of orne-
third scres for liveweidght in Feriod 2. Reasons for

the choice of exrerimental unit in each instance are
discussed below in Section 2.9, For conveniernce Table 2.13
sthiows Lhe mean sauares and exrected comrositions for the
t@rpﬁ ‘flocks (within sizes)’ and ‘residusl’ or ‘between
sheer (withim Tlocks)’. Unbiassed estimates of 0; antd 0;
were oblained by ecuating observed and exrected mean sauasres
for the terms "flocks (within sizes)® and "residusl® or
"hetween sheer” for the CC and CR systemsy and solving the

resulting simultaneous eauations Tor g2 and g2 .
p s

Esreocted mean sauares for the RR sustem were not
used to estimate 0; arid 0; for two reassons. Firstluy each
subdivision grazed by the 135 ﬁR flock extended over five
aseresy and rossible gradients over such larde rortions of
the exrerimental sres could introduce imrortant biases.
Secondlyy the term “"flocks (within sizes)® is besed on onlwy
2 dedgrees of freedoms comrared with 10 each in the CC and CR

swstemsy andg it is wnlikelw this would agllow accurate

estimation of 0; .



TABLE 2.7
Analysis of variance on change in loge liveweight for

CC management system, Period 1

Source df SSQ MSQ Random parameters

estimated
Size (K) 1 0.0507  0.0507  of 4 4.502
Flocks (in size) 10 0.7698 0.0770 o2 + 6.00;
Sex (G) 1 0.0028 0.0028 o§
Breed (B) 2 0.0329 0.0164 og
HxG 1 0.0029 0.0029 02
HxB 2 0.0064 0.0032 ol
G xB r 0.0450  0.0225" log + 0.37505
HxGzxB 2 3 0.0086 0.0043 og + 1.12505

Residual 50 0.3756  0.0075 og - o.oeog




TABLE 2.8
.Analysis of variance for change in loge‘liveweight for

CR management syétem, Period 1

i

Random parameters

Source _ éf - 88Q MSQ estimated
éize (H) 1 0.1712, 6.17121 0§.+ u.sc;
Flocks (in size) 10 0.1166: 0.01;7 o; + 1.202
Sex (G) P 0.0018 0.0018 og

Breed (B) 2 0.0388 0.6194 02

Hx G | 1 0.0075 10.0075 o2 -

Hx B 2 0.0005 0.0002 o2

G xB 2 0.0136 0.0067 'og

HxGxB 2 0.0135 0.0067 gg

Residual 50 0.3577 10.0072 02

-



TABLE 2.9
Analysis of variance on change in loge liveweight for

CC management syétem, Period 2

Random parameters

Source éf . 55¢ MéQ | estimated

Size (H) 1 0.0333.  0.0333  ©] . 302

Flocks (in size) 10 0.3537  0.0354 o2 4 302 .

Sex (G) 1 0.0142 0.0142 95

Breed (B) 2 0.0819  0.0409 92

HxG 1 0.0037  0.0037 52

Hx B 2 0.0370  0.0185 9%

G x B 2 0.0297 0.0148 95+ 0.37502
0.0164 0

HxGxB 2 .0082  Og + 1.12502

Residual 49 0.2410 10.0049 cg - o.oeog




TABLE 2.10
Analysis of variance on change in loge liveweight for

CR management syétem, Period 2

1

Random parameters

Source at ~ ssQ MSQ on parame
éize (H) | 1 0.0118, 0.0118 og ; 3c§
Fiocks (in size) 10 0.0840 0.0084 o; + 0.60;
Sex (G) 1 0.0301 0.0301 og

Breed (B) 2 0.0260 0.0;30 o2

HxG 1 ' Ao.0000' Ao.oooo o2 -

Hx B o2 0.0019 0.0069 ,Og

GxB 2 0.0005 0.0002 o2

HxGxB 2 0.0144 0.0072 gg

Residual ‘ 50 0.2875 10.0058 02




TABLE 2.11

Analysis of variance on 1oge fleece weight for CC managément

systgm
Source d o ssQ  MsQ Randgztz:::zzters
éize (H) 1 0.0026, o.oozél o; ; 4.50;
Flocks (in size) 10 0.3973 0.0397 o’ ' e.oo;
Sex (G) 1 - 0.033 0.0336 02
Breed (ﬁ) o 2 0.2267 0.1135 | o2
HxG 1 0.0085 0.0085 02
HxB 2 0.0066  0.0033 o2
G x B 2 0.0112 . 0.0056 0%+ 0.37502
HxGxB 2 i 0.0148 0.0074 q§-+ 1.12502

Residual 49 0.5740 1 0.0117 og - o.oscg




TABLE 2.12

Analysis of variance on loge fleece weight for CR management

sys&e@
Source af $SQ MSQ . Random parameters
: estimated

éize (H) 1 0.0011, 0.0011 0;.+ 4.50;
Flocks (in size) 10 0.2492 0.0249 ol + 1.2&;
Sex (G) 1 0.0399 0.0399 02

Breed (i) | 2 0.2401 .0.1296 | og

HxG 1 '0.0008' o.opos ug

HxB 2 0.0692  0.0346 o2

GxB 2 0.0390 0.0195 ‘og

HxGxB 2 0.0046 0.0023 o2

Residual 50 1.1816 10.0236 o2




TABLE 2.13

Mean squares and their expected composition for loge (kg) fleece weight>and change in loge (kg) liveweight for Periods I and II

Treatment and source dft Wool MS Period I MS Expécted Period II MS Expected
x10 * x¥10 * values x10 * values
CC Flocks (within sizes) 10 397 770 OZ + 60; 354 0; + 302
Between sheep (within flocks) 50 117 75 c; - 0.060; 49 o: - o.oso;
CR Flocks (within sizes) 10 249 117 ol + 1.20; 8l 02 + 0.602
Between sheep (within flocks) 50 236 72 o; 58 o;

t Adjusted for missing values where appropriate



2.4.4 The comrarison of treastment means,

The variance of a8 treatment mean if 3 total of Sn sheer

graze a3 totasl of ﬁ] units is o?
+
n
The corressondind standard error is o? 0;
P, S .
P S
n n

Differences of mean liveweidght change and mean
fleece welidghl between flocks of various sizes and manasdement
sustems were tested by the t distribution with 20 dedgdrees of
freedomy since 20 is the number of dedrees of freedom
asssocisted with the estimation of O; which is the source of
most of the variasnce of each mean. Althoudh 20 is only an
arrrodimation of the actusl dedrees of freedom sssociated
with the measnsy 8 more exact estimaste using a8 formula of

Satterthwaite (1946) dHave almost the same value.

2.5 The analwsis of variance

The arrroach to the analuysis of variation in this
exxreriment derended on the choice of a8 suitable exrerimentsl
unit to obtsin relisble estimates of naddﬁck effects. FHroad
gradients across the exrerimentsl site amd locsl derartures
from these maw have contributed to betweer-s=lot variations
but their relative imrortance was by no means clear. ir
co~varisnce between addascent one-third acre units was
imFortanty then the estimate of 2 obtasined from the 9 CC

j2
flocks would be larder tham that from 3 CC flocks for



exrerimental units based on slots of one-third ascres.
Reference to Table 2.14 shows this was so for fleece weidght
ard for liveweighf chande in FPeriod 1. The sltermative unit
hased on whole »lolsy howeversy dgave dood sdgreement between
th@‘estimates of G; in Feriod 1 and reduced the difference
between estimates of 0; for fleece weight. This was also
true for 3 CR and 92 CR flocks (Table 2,14)., In Feriod 2 the
esltimstes were more consistent if units were of one-third
acres, While agreement between observations and sredictions
does nolt srove the accuracw of a modely it does indicste
reliability within the randge of observations under
consideration. Hence the most consistent messure of =lot
variation was choseny although there was little differerce
between the models. This areroach must tend slightls to
underestimate the standsrd errors of differences between
meansy hecasuse the estimates used for .0; have been
generally lower than the estimasltes divern by the slternative

model .

In Feriod 3 8 relistble estimate of 0; could not be
calculated due to chendges in manadgement of certain flocks in

the final three weeks of thal reriod.

Table 2.13 shows ortions of the snaluses of
variancey and bthe varisnce and the variance comronents
(hased on the arrrorriate unit)s for each manasdement sustem,

The exrected residual mean sauare in the CC trestment



TABLE 2.14

Estimates of variance components from flocks 3 and 9

sheep in CC and CR systems, assuming independent basic

units of one-third acres, or of whole units

Basic unit

Fleece weight

ngaﬁgé”in léé;

(kg) liveweight

and (loge kgz), ‘Period 1 Period 2
Flock size o§+ ogf ogf 0§+ cgf ogf
CC System
1/3 acres
'3 o 31 2 108 104 91 87

9 CC 129 210 79 347 42 94
Whole plots
3cc 31 2 108 104 91 87
9 CC 129 70 79 116 42 31
CR System
1/3Eacfes
3 CR | 363 0 131 0 67 122
9 CR 216 23 92 - 27 56 0
Whole plots
3 CR 363 0 131 0 67 131
9 CR 216 8 92 9- 56 0

/
+ x 10 * in all columns.
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includes the term -0.06 G; » due to the nmon—-orthogonsl
desidgn and conseauent confounding of breed and sex wilh
rlots in flochks of;three Sheep.' Flots sre rnot confounded
with breed and sex in the CR  treatment because a3ll flocks

in each rerlicate dgrazed over the same three subdivisiors.

Usimg Rarlett’s test (Sriedecor 1956y #a3de 287) the
estimates of 0; obtained for fleece weidht in each
manadgement swstem were fournd to be heteroderneous while

estimates of o were homodeneous for liveweidght chandge in

2
s
Feriods 1 and 2. A more detailed analusis (Table 2.15)
sthiowed that the lower between-sheer variance for fleece
weidght in CC flocks was entirely due to 8 drestly reduced

variance amongst the Comebachks.

2.6 The effeclt of flock size on sroduction

No imrortant effect of flock size on animal
rroduction was evident (Table 2.16). Total liveweidght dains
ove; the wear were remarkably similarsy anwy differences in
one reriod seem to have been comrenssted by orrosite
differences in another reriod, The surerior rerformance of
sheear in Tlocks of 27 in Feriod 1 was related to the dgreater
amourt of sreen rasture which harrened to be on the

gubdivision dgrazed by one of these flochks (Figure 2.3).

These results maw not be wholly . arrlicable to larde

commercial flocksy esrecially on rastures with lower



TABLE 2.15
Residual variance among sheep within breeds for fleece weight
and change in liveweight over periods 1 and 2 under each system

of management

Resid ,
Attribute and System esidual variance for

Merino Comeback X-bred

Fleece weight (logg kgz)

cC 0.0128 0.0116 0.0171

CR#** 0.0042 0.0476 0.0224

RR** 0.0159 0.0307 0.0148
Cﬁéﬁge in log, (kg) liveweight J

Period 1

ccC 0.0055 0.0132 0.0110

CR 0.0046 0.0100 0.0048
RR 0.0100 0.0096 0.0141
Period 2

cC 0.0035 0.0074 0.0039

CR 0.0032 0.0090 0.0033
RR* 0.0048 0.0050 0.0088l

*% P<0.0l; * P<0.05



TABLE 2.16

Means and S.E. of means for fleece weight and change in liveweight for flocks of various sizes. Figures
in parenthesis show mean fleece weight (kg) and percentage change in liveweight
Flock Fleece weight Period I Period II Period IIT Total
size ‘loge (kg) Change in log, (kg) liveweigh#

(ke) %) (€3) €3} (%)
3 1.18 + 0.029  (3.26) 0.01 + 0.033a | () 0.55 .+ 0.030 (73) 0.01 (1) 0.57 (75)
9 1.19 £ 0.019  (3.26) 0.08 t 0.025 )] 0.52 * 0.016b  (68) -0.02 (-2) 0.58 (75)
27 1.19 £ 0.032  (3.26) 0.13 * 0.043a  (14) 0.49 * 0.025¢  (63) -0.06  (=6) 0.56 (71)
135 "1.13 + 0.024 k3.08) 0.04 * 0.034 (4) 0.60 * 0.032bc (82) -0.10 (-10) 0.54 (76)

Means folioweg by the same letter differ (P<0.05).



July liveweight (kg)
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Figure 2.3 - The relationship between availability of green pasture
and July liveweight for sheep rotationally grazing three
subdivisions of a pasture. The availability of green pasture has
been averaged over the three subhdivisions on which each flock
grazed.
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carrwving caracities. Distances between watery shelter and
feed could thern be amn imrortant determinant of behaviour:
with rerhars conseauent chandes in rlant sroduction.
Nevertheless the levels of rerformance of exrerimental
flocks on small raddocks seem likelw to indicate rerformance
of larder flocksy since there were no suddgestions of 3

consistent redressiorn on flock size.

2.7 The effect of drazing management on rroduction

Stock movementsy either around continuousls grazed
or rotationally drazed sastures had little or no effect on
liveweidghl chandes or wool sroduction in goung sheer or old
ewes (Table 2.17» Fidures 2.4 ared 2.3), The rainfall snd
temrerature in Arril and Maw were relativelus low (Morlews
Bennett and McKinnew 1969)y so that rasture growth was
inadeauate to surrort normal animel dgrowth during Feriod 15
hence rotational Sraziﬁﬂ was unlikelw to have been
beneficial, The slightls better rerformance by RR sheer in
Feriod 2 srobably resulted from some comrensatory growthy as
the weight of these dgrours fell considerably below that of
the others during the winter. In no reriod did rotation rer
se arrear to affect asnimal rerformance. In the comrarison
hetweern CC and CR flocks the effect of management on sasture
growth was virtuslly eliminastedy and anwg difference in
animal eroduction between treatments would be due to

movement of the animals. The comrarison with KRR trestments



TABLE 2.17

Means and S.E. of means for fleece weight and change in liveweight for sheep under three systems of management

" Fleece weight Period I Period II Period IIT ~ Total
Management '
system L__lOge (kg) Change in loge (kg) liveweight
) (Ks) ) (%) (%) (%) (%)
CC 1.19 + 0.024  (3.26) 0.09 * 0.031 (10) 0.51 + 0.021 (67) -0.03 (-3) 0.57 (74)
CR 1.20 * 0.024. (3.31) 0.05 + 0.031 (5) 0.53 * 0.021 (70) 0.02 “(2) 0.60 (77)
RR 1.15 + 0.017 (7.0) 0.06 * 0.023 (6) 0.56 *

0.017 (75) -0.09 (-9) 0.53 (72)
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Figure 2.4 - Liveweight change of old ewes under two systems of management - CC and CR.
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Figure 2.5 - Average liveweight (kg) fcr each management system
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measuress in additions the effect of rasture growth due to
management on animal sroduction. As exrected CR flocks were
less variable thaﬁ'CC flocls for fleece weight and
liyewejght change in Feriod 1 ( 0; in Tables 2.13 and 2.,14).,
It was not woggible to make 8 similar observation in the RR
Tlocks since only two dedrees of freedom were available for
obhtaining the estimate of 0; y hardle sufficient to give a

reliable estimate of variance.

Rotation rer se had no detectable effect orn weight
chandges of old ewes (Figure 2.4). Fresumably because feed
was alwaws stbhundant there was o reduction in variance amonsg

flocks that were rotated comrared with those set-stocked.

Althoudh sreed of rotalion was confounded with
rasture drowbth and availasbility in this exrerimenty more
rarid rotation than that used in Feriod 1 for &
three-raddock sustem would be unlilkelwy to increase rasture
growlh (Morlew 1968b)é during Periods 2 and 3 so much feed
was sresenlt that the sustem of rotation used was unlilkelwy to

affect animal Performance!or variation smonsist flocks. !

The chandges in manadement exrerienced by some flocks
at the end of Feriod 3 had only small effects on liveweisht.
Over a8 nine-daw reriod those sheer that moved from CC flochks
to RR  Fflocks lost 1% liveweisht .« Also sheer moved from KRR

flocks to CC flocks dgained sbout 1% liveweidghty while sheer
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remaining in CC flocks dgained 2%Z. As beforesr 8 reliable
estimate of slotl varisbhilitwy is not asvailable so tests of
significance are nét rossible. Howevers the results suddgest
the RR sustem did rnot enhance liveweidht dain when rasture

growth cessed and feed was mnot #=lentiful,

2.8 Comrarison of breed effects

Merinos in rure flocks dgained more weidght during
Feriod 1 (F<0.01) and less weidght durindg Feriod 2 (F<0.03)
than Merinos in mixed flocks (Table 2,18)y but there was no
difference in fleece welidght. Comeback snd Border Leicester
¥ Merino sheer did rnot differ i liveweidght chandge or fleece
weidght whelther in sure or mixed flocks. Since the latter
breeds were heavier than Merino sheer thew rrobably ale
more, Thereforey the comrarison of the breeds running as
serarate Tlocks maw be confounded by different drazing
Fressures.  Thus the dgreater liveweidht dgain of the Meriros
whern run 8s 8 rure Tlock during Feriod 1 could have beer due
to lower effective dgrazing rressurer with reduced
comretition for forade. During Period 2 when feed was
atwndanty the Merinos in mixed flocks dgsined more weight
then those in sure flocks. This mawy hsave been comrensatory

da31.

Althoush all data were trarnsformed to ensure

indererndence of mearn and varisncey Rartlett’s test showed



TABLE 2.18

Mean fleece weight and mean change in liveweight during periods 13 2 and 3 for each breed in mixed and pure flocks

Fleece weight Change in loge liveweight

Breed P Mized Period 1 Period 2 Period 3 Total

ure 1xe Pure Mixed Pure = Mixed Pure Mixed Pure Mixed
MO 1.96 1.90 0.14%% 0.04 0.43% 0.53 -0.03 -0.08 0.54 - 0.49
CBK 2.03 2.02 0.08 0.11 . 0.57 0.58 -0.07 -0.11 0.58 0.58

XB 1.94 1.90 0.08 0.03 0.55 0.59 -0.06 -0.08 0.57 0.56

*% P<0.01l; * P<0.05
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Comebacks were more variable in fleece weight @han either
Merino or Border Leicester % Merino sheer in CR and RR
flocks (F<0.01) bu£ not in CC flocks (Table 2.,15), It 1is
rossibhle that the dgreater variasbility in fleece weight
amangst Comebacks was due to a8 sharr sedredation in dgenoture
since thew were a backcross deneration. If this is soy then
derending wron the randge in wool cualityy rarid srodgress
could be achieved throudgh selection for fleece weisht.
Howevery there was a3 slightly dgreater randge in the adge of

the Comebhasclks comrared with the other two breeds.

Variances amongst the breeds inm live weidht were
homosieneous for each manadgement swustem in Period 1y but in
Feriod 2 the Border Leicester ¢ Merino sheer were more
variable thamn Merinos or Comebacks (P{0.0S) in RR  flocks
thoudgh mot in CC or CR flocks (Fx0.,03). At the start of
the exreriment the Merinos were significantly less variable
i liveweisht thamn Border Leicester x Merinos (F<0.001)5
which were significantly less variable than the Comebacks

(F=0.03) .

The higher variability amondgst Border Leicester
Merino sheer comrared with Merinos and Comebacks in Feriod 2
seems surerrisingy since  McLarern and Michie (1934) have
rerorted that F1 hubrid laboratorwy animals used for bioassaw
are less variable in resronse tham inbred strains.

Arrarently homepstatic mechanisms buffer hybrid animals
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adgainst enviromental variation. Althoush neither Merirnos
rnor Comebschks used in this exreriment can be considered
inbredy there is nmo asrarent exrlanation for the incressed

variabilitwy in the Border Leicester « Merinos.

Interactions between breedy sex and treatment were
dernerally small and not significant. Merino ewés (17 7k )
were sidnificantls lighter a8t the start of the exreriment
than the Merino wethers (20.4kg) (FL0.001)F Comeback ewes
were significently lidghter (192.1kg)than  Comebsck welhers
(20+4kg) (F<0.03)5F howeversy bolh Border Leicester x Merino
ewes and wethers weidghed arrroximstelw 22.7kg. There was no
difference in liveweight change over Feriods 1 and 2 between
ewes and weltherss excert that Comebaschk wethers in RR  flochks
gained significantly more weight than ewes during Feriod 2,

Fleece weighls of ewes and welthers within breeds and
manasgement swstems were generallw similary a8lthoudgh in CR
Tlocks Merino wethers‘cut significantly more wool (0.41ks)
than did Merino ewes (F<0.01), Howevery the test is based
ort only 10 dedrees of freedom for error andy since there was
no difference in other flockssy this result is rFrobablw a

sam~ling variation.
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Fart 3

*

The estimation of feed intske by drazing sheer ! 3 review

3.1 Introduction
Whetlthner the overall aim of a3 dgrazing model is to

Prédict the effect of manademenlt on the drowth of dHrazed
rasture (e.d, by measuring nelt srimary #roduction (Weidert
and Evans 1964% Hutchimson 1971)) or on the Productivitw of
grazing animslsy the model must contain functions to Prediet
their intalke of rasture, The develorment of relationshirs
betweer herbage availasbility and rasture intske has been
hamrered bhw the difficulties of measuring intaske and bw the

laclk of understanding of other Tactors that may affect intake.

Altnousgh the rutritional recuirements of ren—Tfed
arnimals are reasonably well defined (AJR.Co 12863)» those for
grazing animals remain wncertain. This is lardely due to
the lack of direct methods of estimating rutrient inlake by
grazing animals asnd the larde errors associated with
indirect methods. Im the main these stem from the difficultw
i obtairning an adecuate samerle of the diet eaten in order
Lo estimate its euality or didgestibilitw., MclDonasld (1968)
fas listed 12 mador feastures randing from rhysical asrectlts
of the rasture grazed (e.d, herbadge availabilite) to ssrects
of arnimal behasviour and internsl rarasitism which render
estimates obltained from red-Ted animals_inawwrowriate for

dgraxing animals. Nevertheless estimates are essentisl if
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comruter modelling is to rlaw a useful role in the swunthesis .

+

arnd understanding of manadement svystems.

Nutrient intaske bw grazind animals can bhe estimated
from the rroduct of faecal outrut and the function (1/¢(1-1)
where I is the didestibility coefficient of the diet
consumed., Alternatively nutrient intake can be deduced by
using feeding standards to calculsate the food reauired for
the levels of animal sroduction observed. Fasture sameling
technicues to estimate herbade removed durindg drazing are
generally very imerecise (Corbelt asnd Greemhaldgh 1960), The
chandge in available food must be measured over verw short
time intervalsy oltherwise drowth of the rasture and
reduction of rasture from other causes such a8s Lramelings
senescence and decaw could introduce larde biases.
Furthermore rasture samrling ltechnicues are unsuitable Lo
estimate the intake of individusl animals or grours of
animals underdgoing different treatments whern grazing in a
common flock. Another method described bw Allden (1969)
estimates the herbade removed by weidhing amimals before and
after a8 restricted dgrazing reriodé this method is laborious
and not suitsble where the dry matter comternt or botanical
comrosition of the diet can chandge., In view of these
restrictions this method and the rasture samrling techrniues

are not considered further,
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3.2 The estimation of food intake from faecal asnalusis and
diet didestibilits

(8) The estimation of faecal oulrut

Faecal outrut bw the dracing énimal can be measured
directly by the use of a2 harness (Arnold 1960) and
collection bag. Howevery the harness maw affect drazing
bhehaviour and hence nutrient intales Hutchinson (1936) found
8 ﬁarked decline in faecal oulrut by wethers over a8 10 day
collection reriody but Arrnold (1960) found mo difference in
grazing time between harnessed and unharnessed wethers in
thé 240 following harnessing, With goung lambs at
Ginminderras Freery DNernnis and Dommells (ureuablished) found
no effect of baesdgdging on bodwy weidght dgain over 16 dawg
reriods.  Evern so the techmicue is not rarticulsrly suitable
for faecal collection with ewes and very woung lambss also
individual snimals maw resct to wearing the harness andg are
thus unsuitable subdecﬁs for collection rurroses. Fossible
sources of errvor result from loss of faeces Trom the
collection bag and from end-reriod errors (Rlaxter et al.
1956)v derending orn whether an animsl defaecstes immediatelw
rrior to or after the bedgirnming or end of a collection
rariod. The latter errors decrease with vV where n is the
ramber of individusl collections made in a collection
P@riodf Neverthelessy loss of faeces must alwaus be a

rossible and unknown source of bias.
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davlendgth on the drazing rattern of the lambs and the
diurnal rattern of excretion of the marker. Interactions
hetween daglendgth and drazing have been rerorted in cattle
(Hughes and Harker 19507 Waite et 3l. 1951) and are evident
in data rsublished bw Lancashire and RKeodh (1966) for sheer,
The use of chromic oxide rarer to give 8 slower release of
chromiuh (Corbett 1960) maw overcome these rroblemss but
sreraration of the rarer doses is laborious and the rarer is

blky to administer.,

(b)) The estimation of diet didestibility

The in vivo didestibilits of food eaten by animsls
in rens can be estimated by feeding 8 measured amount and
collecting the faseces rroduced., The food and faeces can be
analysed for dry mattery ordganic mstter and other chemical
constituents, The aerrarent didestibilitwe () of the feed is

ther estimated ass F-f where F is the food consumed and f is

the faeces PPOdUC@dﬁ Howeverv Il derends rartly on the
amount of food that is consumed (Blaxter 1964) being
significantly higher when F is close Lo a8 maintensnce ration
than whern F is close to the limit of voluntary intske, The
estimate of I is slso subdect to end-reriod errors in the

collection of faecessy and errors sssociasted with feed

refussls asnd individusl srimsl variastion.

With drazing amimals in vivo didestibility carmnot

be determined directly but can be estimated from in vitro
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digestibility of diet samrles or by the use of faecal index
methods wherebws the concentration of a suitable marker
substance occurring in the feed or faeces or both is
determined. FKoth technicues relate in vitro digestibility
or concentration of the marker substance to in vivo
didestibility in 8 conventional didestibilite trisl., The
difficulty of feeding the seme material to the renned
animals 8s that selected by the dgrazing animals is a8 mador
limitation. The relative merits of the two techrnicues are

discussed critically i the following sectior.

(1) Feaecal index technicues

From observations on a8 larde rnumber of
digestibilite trials with relevant faecal analusess
Lancaster (1947) suddgested it was rossible to rredict the
digestibilite of the diet ealten by a dgrazing amimal from the
nitrodgen concentration in its faeces. Prediction ecquations
for the didgestibilits of herbasdge eaten () or the relasted
function (1/(1-IN)y called the intake factor or feed/fseces
ratioy were develored by Lancaster (1949 1954) armd Rawsmornd
et al. (1954). Basically these ecuations derend on the
gesumetion that the outrut of nitrodgen in the faeces of the
arnimal is largelw derendent on dry matter intasker an
observation initiaslly made in a8 study on rats bw Mitchell

(19245,

It follows from this that the nitroden
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concentration in the faeces is a function of the intake
factor. Howevers Lancaster (1949) also found s significant
effect of the mitroden content in the feedr and Rasmond
(1994) suddested that a3 restricted redression obtained from
a2 limited randge of feeds would imerove the srecision of
rredicting didestibilite of the diet selected be ruminants
grazindg on 8 similar range of feeds. A large number of
"local" redressions have since been rublished., These have
been reviewed by Streeter (1969) and Kobt snd Luckew (1972).
Ch}istian (1972) rointed out that these "local’

regressionsy while emboduing substantial ststistical
refinement (e.g. Arnold and Dudzinski 1963)s have hardly

imeroved the scouracy of srediction.

The stude of mitrodgen wastadge in the ruminasnt is
comelicated bw the larde metsbolic faecal comronent in
agddition to undidested food residues and the difficults of
identifuing these fractions bw chemical analusis. Metabolic
faécalinitrosen contains true endodenous nitrodgen from
intestinal secreltions and gut debris sloughed-off by the
rassadge of Tood materialy but about 70%Z is thought Lo
consist of undigested bacterial srotein from the rumen
(Hodgarn and Weston 1968). In an esrly study with rats
Schreider (1933) rartitioned metasbolic faecal nitroﬁén into
a constant fraction and a8 fraction derendent on food intake,
Hutchimsorn (1958) in examining data from a varietw of

sources where sheer had been fed various levels of
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nitrodgen-free diets found evidence of a constant fraction as
suddested bw Schrneidery but considered it imrossible to
confirm its existénce since observations on nitrodern intashkes
arrroaching zero are imrractical with ruminants. He also
examined the effect of level of nitrogen intake arnd dra
matter intake on total faecal mnitrodgen outruty and concluded
that dry matter intaske was the only significant influence on
nitrodgern outrut in the faeces srovided nitrodgen intake was
beltween 8 and 4534/daw. This observation would Justify the
use of faecal nitrodgern concentration as a rredictor of diet
digestibility but Tor the following, Firstlwys as Hulchinson
roimted oulty the nitrodgen intake of drazing sheer may
frequently he dreater than 434/day and at these levels
nitrogern intake will affect total faecal nitrodens; and
secondlyy the interasction betweern dry matter intake and
nitrogen intake in their effect on nitrodgen outeut maw be
differernt on tures of feed other than the restricted randge
examined by Hutchinson. If such differences exist (e.d.
hetween drasses and ledumes) thew can be exrecled Lo affect
Lhe srecision of redgressions as the botanicsl comrosition of
the diet changes through seasonal variation or by the
selective dgrazing habits of the aﬁimalo It seems unlikelw
therefore that fsecal nitrodgen can be used s a8 reliable
irndex of diet didestibility until there is further
elucidation of the factors determining faecal nitrosen

outegt i ruminants.



Other marker substances such a3s chromodgern and
lignin have been rrorosed but difficulties mainly with
chemical determination have dgenerally made them even less

satisfactory tham faecsl nitrodgern.

(2) In vitro didestibility technicues

In vitro didestibilty technicues involve 8 more or
less standard srocedure following the 2-stade microbial
incubation with rumen flora and acid-rersin didestiorn method
of Tillew and Terry (1963). This method is essentisllvy an
emrirical test wherebw the different stades mayw contirnue fTor
times delermined bw the closeness of asdreement with in vivo
values Tor Lhe same material. The source of rumern inoculum
arrears imrortant and donor animals should be meintained on
feed of high cuality (Freer rers. comm. s RBarnes (1967)
rerorted lardge differences betweern laboratories for a8 24h
inéubation but noted these were reduced for a 48h

incubation. rew (1966) fournd in vitro fidures verwy close

to in vivo fidgures when the test Toradge was incubated with

rumen fluid for 720 followed by 38 241 acid rersin didestion,
At the CSIRO Canberras Lasboratories similar times to those
used by Drew dgive close adreement with in vivo values on
standard test forasdes (Christisn rers, comm.)§ the standard

error of sredictiorn of an inm vivo didgestibility value is

atoult 22 didgestibililty units.,

The successful arrlication of the technicue derends
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uron efficient samerling of the diet cormsumed by dgrasing
animals. The develorment of imrroved technicues in
oesorhadgeal fistulétion of ruminarmts (McMaruss el al. 1962)
has allowed sameling of the diet actuslly consumed bw a
grazing animal. However thne degree to which the diet samele
collected from fistulated amimals rerresents the true diet
consumed by a8 dHrazing animal is unknown (Van Dune and Torell
1964). These authors concluded that while the technicue maw
not be highlw srecises variation belween samrles collectlted
by different animals is dreater tham variation beltween
samrles for g diven snimal. Langlands (1966 1967ay 19670)
also considers the ltechnicue is imrrecise and "masy be
subdect to biasses atl rresent undefimed® (Landlands 1969).,
However in the latter sarer he slso states bLhat it "seems
unlikelw that the bias in the fistuls technicue would exceed
9 units of didestibility”, Obviowsly estimates of herbade
intake using this technieue Lo measure didestibility of the
diel must be btrested with casultion since at hisgh levels of
didgestibility a biss of 5 units leads to a8 biss of ahout 25%

in the corresronding estimate of intake.,

Clirring or slucking herbadge from & rasture
generally does not dive rerresentative samrles of the diet
where animals can select for the more digestible comrorments
or pff@r. For examsley Leigh srnd Mulham (1966) found the
diet selected by Merino sheer drazing on a bladder saltbush

(Atrirlex vesicaria) - cottonbush (Kochia arhulls) community




—-42—-

contained the drass Srorobolus caroli as the mador diet

comronent (*56%Z)y although it was rresent in the rasture as

only 1%, In contrast on a8 rure sward of Fhalaris tuberosas

Freer (rers. comm.) has found that during sering the diet
selected by sheer fitted with oesorhagesl fistulse was
similar in didestibilitw to material cut from the rasture.
However on lucerne he observed that sheer selected a3 diet
more digestible than the material that could be cut from the
same asture., Thus selecltion by drazing animasls of the more
digestible fractions within a8 sindgle srecies maw bhias the
result of digestibilitw Stﬁdies on Fure swardsy esrecially

where leafistem ratios sre low (Christian'gi §}. 19705 .

»

3.3 The estimastion of nutrient intaske Trom animal
Froduction dats

If the maintensnce requirements of dgrazing animals
and Lthe enersw contentlof changes in body comrosition or
gains or losses in body weidghl can be determimedy it should
be rossible to calculste nutrient intske using feeding
standards (e.sds ARCy  1965).  The heat of combustion of
grass 1s relastivelw coﬁstant at 18.1 to 19.1J/4 of dvrw
matter (Rlaxlter 1964), The main determinant of
metabholizable enerdwy (ME) is the didgestibilite (D) of the
ordganic matter in the drass which doverns enerdy loss in the
Taecess; the emnerdgw loss in melhane and'UEine is relatively

constant arnd smounts to 19% of the didgestible energy of the
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grass. In addition I has a direct inmfluence on the level of
intake of herbage if it is freelw available and 3lso on the
efficiency of wuse 6f ME for maintenance and dgain (Blaxter
1964)., The comrosition of bodse weidght gains can varg widelw
in enerdgy content derending on the amounts of waters» fat and

rotein in the Hains.

Chandes in bodwy comrosition are usually sssumed to
be rero in animals which have beern mainltained st 8 dgiven
liveweidght and fed a standard ratiorn for & rrolonded reriod.
Under these conditioné an estimate of fastinmg metsbolism is
rossible using calorimetric technicues., The additionsl
recuirements for asmimal activities such as standing arnd
walking can aslso be estimasted., Using this arrroach Blaxter
(1964) estimastes the recuirement of ME foé an adult dgrazing
sheer to be aerroximately 360KJ/kaW °"73/24h and Graham
(1964) dives a similar estimate of 377KJ/kaW® 75 /24h. These
estimates rerresent 3 404 incresse in the recuirements of a

grazing animal comrared Lo a renned animasl.,

Using gaseous excnandge ltechnicues on sheer grasing
in the field Youndg and Corbett (1968, 19723) estimated the
recuirement of ME for maintenance at SSQNJ/ka9f75/24h.foﬁ
sheer that had been maintsined in bode conditions ranmsing
from emascisted to fat for a8 rrolonged reriod. Thew susdest
the estimaltes of Rlaxter (1964) and Graham (19264) are

imrrecise since thew do not tske asccount of tihe comrle
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interactions between the drazing snimal and its environment.,
Howevery their own estimates show considerable variation

and Whitelaw (1974) has rsointed out difficulties and likelw
errors associated with the technicues. A more serious
criticism however lies in the rossibility that sheer were
making substantial chandges in body comrosition during the
two edrerimental reriods when body weidght was sssumed Lo be
nearly constant. Estimstes of in vitro didestibility of the
diets selected increased from 62.9 to 70.2 units during this
time (Younsg and Corbett 19272b)s and rercentade fat in the
hodies of Lhe sheer chandged considerably (Yound and Corbett
19728, Hence it seems the recuirement of enersgwy balance
throughout the exreriment was not met and the estimates of
ME for maintenancey at least for the sheer in fat and

moderate bhodws conditiony are srobasbly excessives

Farrell et al. (1972) estimated ME recuirements for

maintensnce from 493 tb BA9KI/ LW’ 75 /241 for drazing shees
A\

ranging in condition from emscisted to fat by messuring
rates of sroductiorn of volastile fattw acids (VFA) in the
rumen and sredicbting chandes in bodwy comrosition bw the
tritiated water techmicue. Howevery thew state that their
techrnicue Tor measuring VFA concentrations in the rumen is
imerecise. Furthermore thew used the srediction ecuations of
Farrell and Reardon (1972) to estimate chandges in bodyg
comrosition. Those eauations arrear to be biasssed (see

Figure 3.13 and b)) since the coefficients in the ecuatlions
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Figure 3.1(b) - Residuals for under-ncurished sheep obtained
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(Farrell and Reardon 1972)



for rredicting fat do mot asrrear to be least sacuare

estimators derived from the dats thew rublished,

Another arrroach to estimating maintensnce
requirements is based on redression analuses relating
estimates of food inmtakes bodw weidht and body weight change
of animals dgrazing at rasture (e.d, Arnold et al., 19655
Donew and Russell 1968). Howevers the estimstes of intake
are very imrrecise and chandes in ererdgwe comrosition of

gains nave not been considered,

In view of these comelications the estimates of
Blayter (1964) and Graham (1964) are likelw to be the most
reliables a3t lesst Lthe additiormsl ererdy reauirements over

and above fastinmg metabolism can be clearly accournted for.

3.4 The Prediction of rasture dgrowth under dgrazing

Whereas the methods discussed sbove for estimsting
the irmtake of dgrazing animals masy be asdecuate for
comrarative studies of animal sroductiorny it is by no measns
clear that such estimates would be useful whern attemeting tb
measure rasture drowth under drazing, There are however
theoretical advantadges in attemerting to messure rasture
growth bw 8 combination of rasture intake and change in
rasture asvailability., The asdvantades arise mainly from tne

difficulty of resroducing the oversll effects of drazirng in
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anyg other waw than by the dgrazing animal. Throusghout
grazing the rasture remains subdect to the effects of
selective defoliationy tramrling end nutrient return. These
latter effecls are excluded if cade technicues are useds and
indeed masture drowth maw s8lso be modified by changes to the

microenvirornmenlt inside the enclosed area (Cowlishaw 1951).

The ltechniaues for estimating intaske are most
reliable where diel selection is limited (e.d. on rure
swards) . Howevers such situations are rare in resl sustems
of sroductiorn or asrly onle Lo rotalional sustems of grazins
with & substantisl level of subdivision (e.d. McKinmew
1974), I the latter situstion the dgrowth of rasture during
grazing is relatively unimrortamt since the drazing reriod
is short,. Hence cutting technicues sre more aserorriate to
measure redrowbh during recovery from dgrazing in manadement

systems involving rasid rotastion.

Where mastures must'be set-stocked for rrolonged
rariods (e@.g, on heavily dgrazed rastures during winter in
spouthern aress)y the diet of the animal is not homodgernous
with resrect to didestibility (see Fart 5) and maw contain
substentisl smounts of dead #lant msterial of very low
didestibilituy, Also the growth of the sasture during
grazing maw roudnly ecual consumetion. Hence the errors in
measuring intake (ur Lo 20%) are directly srrlicable to the

rasture growth estimastes. Other sources of error arise from
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the necessity to serarate the dreen comronent (drowth) from
the dezads and from those associsted with measuring the
chande in rasture availabilitw. Thus it seems unlikely that
these techrnicues are sufficiently rrecise to dive worthwhile

estimates of drowbth urnder drazins.

3.9 Conclusions

The lack of rrecision in existing technicues to
estimate dietl didestibility remsins a8 mador obstacle to the
aecurate meassurement of feed intake by drazing ruminanls.
The roterntisl sdvantaesges of the faecal mitrodgen techrnieue to
account for belween—-animal varisbility in didgestibility
cannot e reaslised while the factors controlling faecal
nitrogern outrul in ruminants remasin unclear. Nevertheless
for many surrFoses satisfactory estimastes of diet
digestibility maw be obtained from extrusa samrles collected
from animels fistulated at the oesorhadusy althoudgh such
estbimates msw bhe %ubd@ét to unbknown biasses. Indeed the
techrniaue is the only suitable means of detting diet sasmeles
where Lhe herbage on offer is in 8 mixed sward or where
selection for more digestible structural comronents in 3
Fure sward is rossible. IF rastures are rure swards and
show little sedredation into leaf and stemy reliable
estimales of diet didestibility maw be obtained from
material cut from the rasture. This rrocedure would avoid
some of the biss that maw be sssocisted with the oesorhageal

Tistule Ltechnigue, It would certasinly reduce the effort
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receuired to collect rerresentative samrles of the diet of
grazing animals. The alternstive arrroach of using feeding
standards to rredict rmtrient intske from animasl sroduction
data is subJdeclt to sreculation on the maintenance needs of
grazing animals. AL sresent the most reliasble estimates of
maintenance needs are those derived from calorimeter studies
on renned animals and while the estimated recuirmernts in
exeess of Tasting metabolism seem reasonabley the actusl

ernerdy exdrenditure of &8 drazing animasl is still umbnowr.



Fart 4

The estimation of the body comrosition of live sheesr

4,1 Introduction

Indirect methods for measuring the chemical
comrosition of living snimls 3re recuired in mutrition
exreriments in order to estimate the effect of trestmermts on
the storage of tissue emnerdw. For field studies the
technicue must be simrle a8s well a8s reliable., The
rossibilitw of eredicting the total bods water (TEW) by
measuring the tritisted water (TOH) spéce of the live sheem
(Till and Downes 1962)y courled with the relative constarncy
of the comrosition of the fat-free body massy has led to the
Hse of multirle redression ecuations with liveweight and TOH
srace as eredictors Tor each of the main chemical comronents
(Fanaretto 19635 Keenan et sl. 19697 Searle 1970a3).
Howevery it is clear on casual insrection that these
ecuationsy which were Berived from Merino snd Merino
crossbred sheer sged from 3 daws to adulty rredict widelw
different values when used orn the same set of data. In
additiony Farrell and Reardon (1972) found that these
earlier ecuations underestimateds to different extentssy the
weight of fat in thin adult sheer and sudgdested the use of
serarate eauations for well-nourished and undermnourished
animals. Howevers as this asrerosch will result in
discontinuities in eredicted values for sheer undergoing

larde changes in rutritiony it would be sreferable to
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increase the rrecision of deneral rrediction ecuatiorns.

The inaedequacies of rublished equations surrort the
suddestion of Seebeck (1968) that liveweight and TOH srace
are imsufficient to srecifw bods comrosition. Howevers it
is nmot at rresent clear what additional sredictorssy
measurable i the live amimaly could be usefully added to
them, It might be exrected that an indey of skeletsl
develosment would merit inclusiornsy as this would
differentiate between a Tat woundg animal and a8 thim adult of
the same liveweiﬁht. Age is one such indexy and Searle
(19708) found that its inclusion as an additionsl sarameter
ircreased the correlation coefficients for 311 comronents.
Howevery he redgarded the imrrovement ss too smalls excerlt in
the case of ashy to warrant the use of ade in rredicltion

eauations.

I have exsmined five grours of rsublished dats and
some dats from two dgrours of sheer covering a wide randge of
asges ard rgtritional statussys in an attemert Lo srnaluse the
reasons for differences betweern existing eauations and to
derive more srecise deneral ecuations. The latter dats were
collected bw Ir. Mse Freer at the Gimninderrs Exreriment
Stetiony ALC.T. Detazils of Lthe killindg rrocedure and the
estimation of TOH srace and the analusis of body tissue are
described bw Dormmellw and Freer (1974). In fitting

regdressions to the svaellable dsatay liveweighty TOH srace and



ade were used as rredictorsy and it was sssumed that their
relationshir to any bodue comeonent is more likelw to be
allometric than linear (Tulloh 1964). These eauations are
comrared with the standard multisle linear redression

ecuations that use liveweidght and TOH srace as sredictors.

4,2 The statistical analusis of the available data

The sources of the seven dgrours of date that were
available for analwsis are shown below. The dsta collected
e Ir. Freer was divided into two grours of Border Leicester

# Merirmo lambs as Tollows?

Grour 1 3 ewes and 31 webther lambs asbhout 11 weelks old,.

Grouw 2 20 wether lambs asboult &6 months old.

The data on the remsining five drours were obtained

from the following sources of sreviously rublished work$

Grous 3 23 adult Merino welhers Keernan (1947)
Grous 4 11 adult Merino welthers and ewes Fanaretto (1968)
Grous 3 46 woung Merino wetﬁerg Searle (1970a)
Grour 6 15 woung Corriedale and crossbred wethers
and ewes Searle (1970a)
Grous 7 23 adult Merino ewes Farrell & Reardon (1972)

Data on four shees from grour 4 were excluded,

These data included two crossbred sheer and two Merimno



wethers that were heavier than 80kg. For each drour the mean
adgey liveweightsy TOH sraces weight of totasl boduy water (TEW)

and weights of faty srotein and ash in the emrty body are

showrn in Table 4.1,

Constants were fitted for lirmear ard rnon-lirnear
functions rredicting bods consituents from 38 number of
variatesy by using the comruter srodrams for redression
analusis srerared by Mclntyre and Ward (1970, These
variates include the liveweidgnlt of the fasted shorn animal
(W) TOH srace (T) and sdge 8% a srorortion of 2 wearsy the
assumed ade at which mature size is reached in sheer (Brodw
12435) ., This last rredictor was desidgnated maturity (M)

with 8 masimum value of 1.0,

In comearing different redgressions mot only was the
residual standard deviation (RSID usedy but slso the mean
difference between the rredicted and actuasl vaiues (hias)
for the seraralte grours of datar exrressed as rercentadges of
the mean actuasl values., The ecualions rresented in Table
4,2 includes Tor each body comstituents the allometric
ecuations that incorrorate the best single sredictory the
best combinastion of two #redictors and the combimation of
all three sredictors. For comrarison the arrrorriaste

multirle linear redressions are also included.



TABLE 4,1

MEAN AGE AND BODY COMPOSITION

K

SHEEP IN EACH OF SEVEN GROUPS#

b7

Group
2 3 i 5 6
Age (months) 2.5 6.7 >2l, s2h 7.3 3.7 >2)
: .8D(#) 0.60 0.41 6.42 1.45
Fasted live weight (kg) 14,51 30.30 30.53 37.56 20.90 2L .62 29.18
SD(+) 4.358 2.621 4. ho2 5.112 11.312 5.753 6.633
TOH space (1) 11.12 19.92 20.40 23.95 1h.12 16.09 21.11
SD(z) _3.05h 1.389 2.562 1.978 6.394 2.773 2.4
TBY (kg) 10.24 17.97 19.36 22.14 13.07 14.50 1.8.53
SD(+) 2.794 1.331 2.h16 1.815 5,906 2.696 2.10k
Fat (kg) 1.40 6.73 4. Ls 7.96 3.70 5.75 4, €6
- ' SD{) 0.891 1.712 1.7a1  3.L8%4 3.813  2.485 L.385
Protein (kg) 2.09 L. 07 4.7 k.97 3.07 3.2l .63
SD(#) 0.601  0.356  0.608  0.588  1.k96  0.583  0.772
Ash (kg) 0.52 1.05 1.53 1.54 0.78 0.72 1.26
SD(+) 0 0.103 0.133 0.2L45 0.4256 0 0.2315.

¥ Origin of data shown in text.



REGRESSIONS OF INDIVIDUAL BODY COMPONENTS

TABLE 4.2

ON FASTED LIVE WEIGHT (W), TOH SPACE (T) AND MATURITY (M)

USING ALLOMETRIC AND MULTIPLE LINEAR REGRESSION MODZLS

(These regressions include the data from the 149 sheep in

Groups 1 - 6.)

Component, Constants in regression model
regression model
and equation number a b c a (+)
TBW (kg)
aT® (1)  0.901 1.008 0.4k2
aToM? (2)  1.179 0.926  0.031 0.354
aw eyl (3) 1.180 0.002  0.923 0.031 0.355
a + cT () -0.081 0.928 0.443
Protein (kg) o
an® (5) 0.200 0.897 0.32h
awti (6)  0.408 0.708 0.092  0.26k
aPrCyd (1) 0.333 0.47h  0.333 0.081 10.253
~a + bW+ cT  (8) -0.029 0.072  0.107 0.302
Ash (kg)
an (9)  0.033 1.0L48 0.192
awtmd (10)  0.305 0.460 0.290 1.0.100
a1 Cud (11)  0.260 0.28%  0.252 0.281 0.099
a+ bW+ cT (12) -0.163 0.017  0.043 1 0.185
Fat (kg)
a(i - T)° (13) 0.253 1.3h1 1 0.816
a(w - )% (1) 0.127  1.592 ~0.225 0. hbk
awPrnd (15)  0.006 L.377 -2.772 --0.22k4 0.505
a + bW + cT (16) 0.367 0.898  -1.086

0.746.




4,3 Frediction of bods comrosition
(1) Total BRodws Naier

Since TOH srace overestimates TBWy mainly as a
result of the slow ecuilibration of tritium with the
non—-aaueous huedrodgen sooly TBW is usually rredicted from
equations derived by redression on TOH srace. UWhen these
eauations were calculated for easch dgrour of datss the
regression coefficient for dgrour 7 differed widelw from the
others. In no ecuation did the value of the intercert
differ significantly from zeros andy for drours 1-6sy TRW
rerresented 224 of the TOH sracey whereas in grour 7 it was
87%4. This dgrour was therefore excluded before rooling the

data to fit the redgressions shown in Table 4.2,

Inclusiorn of maturity in the allomeltric model
decreased the RBD (Table 4.2) bw reducing the mean
difference between actﬁal and sredicted values for most of
the dgrours (Fidure 4.1), The form of ecuation (2) indicates
that in woundger animals TBW resrresented 8 smaller srorortion
of the TOH srace, This is in adreement with the suddgestion
of Lewis and Fhillirs (1972) that the rate of exchandge of
tritium with the non-saueous nudrogen rool derends on the
age or dgrowth rate of the animal. The inclusion of
liveweidght as an additional sredictor in any combinstion did

not reduce the RSD.
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Figure 4.1 - The percentage difference betweer the !
mean predicted weight of eech body ceonstituent and
the mean actuval weight for each of the six grevpe
c¢f sheep, on using four different predicticn
equationg. Yor each body constituent o, ®, & and
b indicate the first, secord, third end fourth
egrations respectively in Table 4.2, and the
numeral adjscent to each set indicites the group
purber. The arrow on the line joining each set of
differences for each group points towards :the
equations that include M as a predictor.
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When dgrour 7 was included the RSD of ecuation (2)
was increased by 90%Z to +0.5387F 3s I was unable to exrlain
why these datas differ I have excluded them from the genersl

redressions for 3l1l body comronents.

(2) FProtein and Ash
For both these constituents liveweidght alorne was

almost as dgood 3 sredictor as the combination of W and T in
either the allometric or lirnear form (Table 4.2). Howeversy
the combinastion of maturite and liveweidght (ecuations &6 and
10) substantially reduced the RSD and the mean differences
of individusl dgrours Trom the sredicted values (Fidure 4,1).
The combimnation of 8ll three variates (equations 7 and 11)

gave only a slight further imrrovement.

(3) Fat

The relative constasnce of the rrorortion of water in
the fat-free emsty bodu of Lhe chemically mature animal
(Méulton 1923) erovides & biolodgical basis for the multirle

regdgression model commonly used for sredicting the weidht of fat?

fat = a + bW - ¢T

Eauations of this form were calculated for the individual



TABIE 4.3
REGRESSIONS OF FAT (KG) ON FASTED LIVE WEIGHT (W)
AND TOH SPACE (T) FOR SHEEP IN INDIVIDUAL CROUPS

AND FOR POCLED DATA FROM GROUPS 1-6

Constants in equation of form

Group Fat' = a + bW + ¢T o (1)
a b c

1 -0.4792 0.6169 -0.6357 0.206
2 -0.13h2 0.8525 -0.9520 0.569
3 -0.8560 0.8999 -1.0862 0.386
L -0.6698 0.8688 -1.0024 0.508
5 ~ -0.0365 0.8976 ~1.0629 0.493
6 -+ =0.1383 0.8201 -0.82888 0.30L

Mean 0.3667 0

.8976 -1.0863 . 0.7h6
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grours (Table 4.3)y bt when the common ecuation for a1l
dats was arrlied to the serarate drours the rredicted

weights of fat were clesrly biased (Fidure 4.1).

The reasons for this variasbility can be more clearly
visualized (Fidure 4.2) by edrressing the model in the

simrle linear form

fat = d + f(W - T).

This arrroximation can be Jdustified by the similaritwe of
the redression coefficients for W and T in esch ecuation in
Table 4.3y and in fact it incressed the averadge RSD by onlwy
0.153 kg, Two conclusions are clear from the lines slotted
for individusl grours in Fidure 4.2¢ that the overasll
relationshisr is curvilinearv and that for anwy value of W - T
the weight of fat is drester in wounder animals, These
conclusions are borne out by the relationshirs shown in
Table 4.2, As a3 single sredictors W - T (eaustion 13) was
substantially better tharn W alone (RSH + 1.36) and only
marginally worse than W and T used together as inderendent
variates in either the allometric form (RSH + 0.761) or the
multirle linear redression model (ecustion 146). The
inclusion of maturity in sddition to W - T (ecuation 14)

gave a further reduction in RS and in the mean differernces



(kg)

Fat

16 -

14 -

12

10 1

8 -

Group 1
Group 2

Group 3

Group 4
Sheep in group 5 less than 4 months old

Sheep in group 5 older than 4 months

@)
®
A
A
%4}
0
B

6

1 | T Y T T =T T
6 8 10 12 14 16 18 20

W-T (kg)
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of individual dgrours (Fidure 4.1)., The sureriorits of this
model over the combinationm of Wy T and M a8s serarate
sredictors (ecuation 1%) maw lie in the dgreaster score it

offers for interactiorn betweern the rredictors.,

The relstionshir imrlied by this model is in
agreement with the conclusion of Farrell and Reardon (1972)
that a8 single ecuation of the forms fat = at+bW-cT cannot be
used to eredict the weight of fal in both well-nourished and
undernourished mature sheer. Howevery the constants that
are fitted in ecuation (14) are not suitable for rredicting
fat values in anwy of Farrell and Reardon’s sheer redardless
of their nutritionsl status. It is rossible that this
results from the difference in the relationshir between TOH

srace and TBEBW alresdwy discussed,

By using the general equations calculasted heres the
rredicted weight of fa£ has the highest RSD of any single
comronent. As an alternatives fat could be rFrredicted bw
subtracting from liveweidht the sredicted weights of all
other comronents including drwe gut contents. From the data
for drours 1-6 the weight of dry dgul contents was best

rredicted by the equation
dry gut contents = 0.016W °°58371*700  (Rap +0,0936)

The RSD of a8 fat value estimated by difference would

therefore be +0.45y almost the same as the RSD of ecuation
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(14) for the direct rrediction of fat. Clearly the
estimation of arny other comrornent by differerce would be

less srecise tharn by direct sredictiorn.

4.4 Conclusion

The best ecuations obtsained for the srediction of
bodwe comrosition from the datas available are (2)y (6)y (10)
and (14) in Table 4.2, The standard error of & value
rredicted from an animal or dgvour of amimals not in the
original samrle maw be cslculated more readily if the
arrrorriate ecuation is in the limear form that is obtained

by ‘converting the model

to
logeY = logea + hllogex1 + leOgeXQ

Howevers to derive coefficients for the limear model
by redgression analssiﬁlaft@r the lodgarithmic transformation
of the originasl data will lead to biass in the rrediclted
values (Reauchams and Olson 1973)y so the non—linear
rrecedures already described were used. The linear form of
eacthh of the four selected ecuations with the recessary
statistics for calculating the errors of rredicted values

are shown in Table 4.8,

All of the selected ecquations indicate the

imFortance of including some index of the maturity of



TABLE L.4
MEAN PERCENTAGE DIFFERENCES BETWEEN PREDICTED AND ACTUAL WEICHTS (KG)
» OF EACH BODY COMPONENT IN GROUPS.é AND 6 USING THE BEST GENERAL
REGRESSION EQUATION* AND THE MULTIPLE LINEAR REGRESSION EQUATION

DERIVED FROM THESE GROUPS ALOI\IT.*fr

Component _ Regression 5 Group 6

TBW 1.179TO’926M°'03l -0.22 1 0.32
-0.015 +'0.9207T , -0.69 2.02

Protein o.h08w°:“?8M0‘092 -1.90 1.50
| 0.0060 + 0.049LW + 0.139T S =.27 6.59
Ash 0.30540+ #000+290 2.0 5.6k
-0.085 + 0.0123W + 0.0L00T -6708 19.69
Pat 0.117(w-p)1-?9270-225 0.35 ~1.65
0.01k + 0.898W - 1.053T7 5.1 . | -10.13

% Equations (2), (6), (10) and (1k4) from Table 4.2

1+ Calculated from the data of Searle (1970a).
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skeletal develorment of the animal when rredicting bodwy
comrosition over a8 wide range of adesy liveweight and mlane
of nutrition. Even so it is unlikely that maturity would be
3 suitable rarameter wheres for examrles wound sheer had
been fed ratioms in rens which resulted in very high fat
contents in their bodies (fat in excess of 30X%). Such
conditions;lhowevery are unlikelwy to occur with lambs fed
rnormal diets or at rssture. Breed differences might also be
exrected to influence the role of skeletal size in the
rrediction of bode comrositions. Althoudgh dats were
available from only 8 narrow range of breedsy there are
indications that the dermeral ecuations including masturity as
a rredictor carn account for breed differences in comrosition
not detected bw the standard multisrle linear redression
model incorrorating liveweidght sand TOH srace. For examslers
the general eaquastions dgive 8 more #recise rrediction of
comrosition (Table 4.4) for drours 5 (Merimos) and 6
(Corriedales and Merino crossbred sheer) than does the
multirle linear redression equation derived srecifically
from these data., This maw exrlain the bias that Searle
(1970b) found wﬁen he tested his ecustions with crossbred

sheer.

Im mature sheer (Where M=1) the ability of the
rresent eauations to rredict bodwy comrosition is limited to
an allometric function of the single variate Wor T or (W - T)

i the case of fal. These results show (Figure 4.1) that



TABLE 4.5

STATISTICS OF REGRESSIONS (2)*, (6), (10) AND (1k)

WHEN TRANSFORMED TO'fHE MODEL: 1nY =ha + b,1nX; + b,lnX,
Y TBW PROTEIN ASH FAT
X, T W M (W-T)
X, A M M M M
Mean 1nX t 2.694 3,052 3.052 1.805
Mean 1nX,t ' -1,504 1508 150k ~1.50k
Ina |  0.16k47 -0.8965  -1.187h  -2.1L456
b, , 1 0.9260 - 0.7084 - 0.4596 1.5919
b, ~0.0308 0.0920 0.2898 -0.2253
RSD (%) - 0.0238 0.0778 0.1088  0.1057
Elements of inverse matrix_f |
C1y 0.1608 10.1100 ' 0.1100 0.0L4T2
Cis -0,05262 -0.04186  -0.04186 ~-0.02105
Cy | - 0.02161 0.02033  0.02033  0.01527

¥ See Table 4.2

+ Calculated after logarithmic transformation of the individual values.
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this 1s adecuate for uniform drours of animals within one

breed chandging in comrosition as a8 result of chandes in

rgtrition. But srediction ecuations for mature sheer
covering a8 wider rande of size or breed may need an index of

the mature skeletal size a3s an additional variaste.
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Fart 3
The effect of body corndition onm the intake of food bw

mature sheer

S+1 Introduction

A rreliminarys attemrt by Freer et 3l. (1970) to
construct a8 model of a drazing sustem for comraring
aglternative manadgement stratediesy indicated that the
Preaicted liveweight d4ain of mature sheer was wmarticulasrlwy
sensitive to the relastionshirs used for calculating their
intake of food. The ecuations used in the model were based
onllocal exrerimental results relating food intske to the
amount and auslits of herbade availsble. Howevers obther
determinants of intake maw modify these relationshirs and
their effects must be understood if the model is to bhe

sufficiently accurate for sredictive rurroses.

The srevious mutrition of the asnimsl as reflected
in its body condition or energs statusy maw influence food
intake., KRennedg (1961) suddgested that the level of food
intéke is regulsted bw the smounlt of fal in the bodw and
Graham (1969) observed that mature sheer in rens ate less
food when their fat comtent reasched 30% of live weight. At
lower fat levelsy which are more turical of drazing sheersy
little is krnowrn of the effect of bodw condition on intakes
wet it is under dgrazing that fluctustions in condition are

most likelwy Lo occur.
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In woung ruminants the effect of dietarw
restriction on their subsecuent voluntarw intake of food has
beern widely studied but nmo clear conclusion can be reached,
Fositive or nedgative effects maw be inferred from the
results reviewed by Allden (1970) derending on whether
intakes are comeared in terms of the adey live weidghtly
metabolic size or alimentary caracity of the animals at
rresent there is no unequivocal basis for comraring intakes

by animals st different stadges of develorment.

A exreriment was desidned to measure the intake of
food by mature sheer in soor or dgood condition when dgiven
aceess Lo swarse or abundant rasture or to food in rens.
The oridinal differences were imrosed either by dgrazing
conditions or bw restricted Teeding in rens Lo test the
rossibility that restriclted exdrerience of dgrazing srarse

rasture might reduce food intashke.

G¢2 Emrerimental details
(8) Desidn

From 70 three-gear—old merino wethers that had
grazed togelther for several monthsy 16 were rrerared with
oesorhadgeal fistulse., Nime drours of six were formed from
the remaining sheer by random sllocstion after
stratification on the basis of live weight (mean 33kg).

During Feriod A (Table S5.1)y from Msaw 14 to Juls 2y three



TABLE 5.1

TREATMENTS AFPLIED TO NIME GROUPS OF

SHERD
Treatment - Groums
Period A Period B
Abundant pasture (H) 1, 2, 3 1 (Hi); & (1n); 7 (PH)
Sparse pasture (L) b, 5,6 2 (ML); 5 (LL); 8 (PL)
* .
Pen feeding ) 7, 8, 9 3 (HP); 6 (LP); 9 (¥P)

Pen feeding treatments described in text.
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grours and Tour fistulated sheer drazed todether on abundant
rasture (about 2500kdg/ha dreen herbade dry matter) and three
grours and eidght f;stulated sheer on srarse rasture (sbout
800kg/ha dreen herbade dry matter). The remaining three
grours and four fistulsted sheer were fed individuslly in
indoor rens where thew received 206g4/day didestible ordganic
matter, This was intended to maintain their mean live

welidght close to that of the sheer 0N srarse rasture.

On Julg 2y when Feriod B starteds orne drour and two
fistulated sheer from each of Lthe three imitial treatments
were divided ecualluy between two #lots of asbundasnt rasture.
One drour and the remsining fistulated sheer from esch
treatment in Feriod A were divided between two rlolts of
srarse rasture. The third dgrous from each treatment was
offered food ad libitum in rens. Feriod B ended on Audgusl 4
but the measurement of the voluntarwy intake of food bwy the
renned shees comtinued.for a further four weelks. The nine
dgrours are referred to below by combinations of Hy L and F

as shown in Table 5.1,

(h) Fastures

A rasturey sredominantly Phalaris tubeross and

Trifolium subterraneumy was divided into four rlotsy each of

O0.4ha, During the autumn these were rrerared by mowing and
grazing so that two rlots had over 2000kg/ha dreern herbade

dre matter and the other two atout B800kd/ha.
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(c) Fen feedindg

A sindgle batch of lucerne haw was hammer—milled to
rass through a 3.2mm (1/8") screen and relleted, Serarate
measurements using standard collection rrocedures showed
that the digestibilits of the ordanic matter was 6% at a
daily intake of 8004 dry matter and rose or fell by one
rercentadge unit for each decrease or increase resrectively
of 1204 dry matter. Food was offered once daily at 1000
hours and when offered ad libitum the amount was sbout 15%
in excess of the intske during the rrevious 24h, Samrles of
diet and residues were dried and bulked for ash
determination. Water was freely available and the intake of

mirnerals ard vitaminsg A and D was asdequate.

33 Emrerimental srocedure
(3) Herbadge measurements

On July 6 and Julwy 27 the weight of dgreen herbade
dry matter was estimasted o the four rlots. On each of the
two #lots with abundant sasture 20 readings of an electronic
caracitance meter were taken at sites selected on a
stratified random basis. To calibrate the meter four
additional sites were cult to ground level with an electric
shearing handriece and the remsining herbade was estimated
by taking four coresy each 47.%9cm?2y from each of these sites
and removing 311 s=lant material from the soil surface of

each core. Eacuastions were calculsted by redression anslwsis



to rredict the weight of dreen herbade drv matter rer ha.
On the srarse rasture virtuslly no materisl was accessible
to a8 shearing handriecesy and 40 cores were taken from each
#lot on a stratified random basis on each samrling date.
The herbade from each core was sorted into dgreen and dead

fractionssy dried and weidghed,

The methods used for both rastures dive estimates
of herhade weidht arsreciabls dreater than those obtsined by

the shearing handriece alone.

(b) Diet Selgction

Between July 10 amd Julw 29y samrles of indested
herbade were collected from the fistulated sheer on sin
occasions on the sbhundant rasture and om ten occasions on
the srarse rasture. For each collection the sheer were
removerd from the rasture for 30-60min before being sllowed
to draze for asbout 30min. When the collection bads were
removed a sub-samrle was stored in alcohol and later
serarated into dreen and dead fFractions. The remainder was
freeze-dried and dground for the estimation of digestibility
in vitro. A
(¢) Live weidght and tritisted water (TOH) srace

During Period A the sheer were weidhed each
fortnight after an overnight fast., 0On July 2 and Audgust 4

the TOH srace of each sheer was measured by the method



described by Keenan et al. (1969). Each sheer was weighed
after food and water had been withheld for 24h and its
fléece marked with 3 dueband (Charman and Wheeler 1963). 0On
Sertember 4 each sheer was shorn and a8 starle was cut at the
duebands to estimaste the weight of fleece and hernce the
fleece-free live weidght on each occasion when TOH srace was

meagsured.

The weidght of total bodwy watersy and the weidghlts of
fat and srotein in the emrty body of each sheer st the start
and end of Feriod B were sredicted from the redression
ecauations derived in Fart 4. The energs content of each
body was estimated from its content of fat and errotein

(Faladines et g}. 19645 .

(i) Outrut of faeces and intake of food by drazing sheer
The sheer wore comrlete collection harnesses from
Jurne 29 and faeces weré collected for 3-5 dauws in each week
vetween Julw 6 and Audgust 3, Each day the faeces were
weidghed and 3 10%Z samrle dried, The dry samrles were bulked
weekly for each sheer for ash and nitrodgen anslesis. The
mean daily intaske of ordanic matter by the dgrazing sheer was
calculated from the outrut of faeces and the mesn estimated

digestibility of the diet.

(@) Time srent drazing

Throudghout each of the last three faecsl collection
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reriodsy the time srent drazing by 3ll sheer on one slot of
both shundant and srarse sasture was measured with

vibracorders (Allden 1962).

() Analuwtical methods

The methods have been described by Christiasn et al.

(1970).

(¢) Statistical asnalusis

The measurements of live weidght and faecal outrut
and the calculasted values of herbasde intske for individusl
animals were exsmined by znaluysis of varisnce. After
testing for helerogeneity of variance the standsrd error of
8 mean was calculated for 21l treatment drours, For bodu
comronents rredicted from redression eauations the standard
error of the mean value for each treatment was calculated as
the error of a8 value rredicted from the mean of n animals

(where n = &6 or 18) in each drour (Raumond et al. 1954).

5+4 Resultls
(3) Herbadge rresent and diet selected

Near the start and end of Feriod B the drw weight
of dreen herbadge barelw fell below 2000kg/ha on the rlols of
abundant rasture snd was iess than 1000kg/ha on the srarse
rlots (Table 5.2). The eatchw cover on the latter rlots is

reflected in the hign stendard errors relative to the neans



TAPLE 5.2
WEIGHT OF HERBAGE DRY MATTER (KG/BA) PRESENT ON

EACH OF FCUR PLOTS OM TWO SAMPLING DATES.

Sampling date
Pasture Plot Herbage
~ July 6 July 27
Mean C.V.=% Mean C.V.
Abundant 1 | Green 3670 19.4 2320 12.5
+ 2918 - 3307
Dead
2 Green 2270 27.6 1960 12.8
Dead 2449 2058
Sparse 3 Green 958 44,7 820 46.2
Dead 1499 65.0 . 1446 55.5
4 Green 780 57.8 859 54.6
’ Dead 1601 62.8 1369 59.8

% Coefficient of variation between sampling sites

Estimates from the four sites used to calibrate the capacitance

meter
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(Table S.2).

Althoush a8 larde rprorortion of both rastures
consisted of dead materisly the mean rercentasge of green
material in the diet of the sheer was 9253+3 (S.D. of
sameles) on abundsnt rasture and B017 on srarse rasture.
The corresronding didestibilite of ordganic matter in the
selected material was 73.2+2.5%Z and 53.9+4,.3% resrectivelu.
These measurements did rmot differ between rlolsy were not
affected by trestment in Feriod A and showed no consistent
trend during Feriod B. Clearlg the didgestibilits of dreen
materiasl eatemn from the srarse rasture was considerably

lower than that selected from the shundsnt rasture.

(h) Chandgdes in liveweight and comrosition

At the end of Feriod A sheer that had drazed srarse
rasture were 23% lower in live weidght than those that had
grazed abundant Pasturé (Tabhle 5.3)y but 394 and 43% lower
inrestimated mean dry weight and energs comtent
resrectivels, It was intended that the ren—fed sheer would
lose weight st the same rate ss those on srarse raslure and
measurements after overnight fasts during Feriod A indicated
that the mean weidghts of the two Hrours were the same.
However after a 24h fasst at the end of Feriod A the ren—fed
sheer rroved to be onlw 17%Zy 267 and 3174 lower in live
weights dry weidhts and enerdw content resrectivelw than

those on abundant rsassture,



TABLE 5.3
MEAN ¥LEECE-TFREL LIVEWEIGHT, THE ESTIMATED WEIGHTS
OF BORY COMPOMENTS AND THE ESTIMATED ERERGY CONTENT

"AT THE END OF PERIOD A

Treatment in Period A
Abundant pasture Sparse basture Pen feeding
(1) (L) r)
Mean SE Mean : SE Mean SE
() @ e
Live veight (kg) | 36.7 0.45% | 28.4 ' 30.4
Body water (kg) 22,2 O.IST 19.5 0.15 19.7 0.15
Dry matter (kg) 14.5 0.18+} 8,9 0.15 | 1¢.7 0.15
Fat (kg) 6.9 ' 0.23+) 3.1 0.10 4,2 0.13
Energy (MJ) 389 9,7 t+] 220 4.6 268 5.9

*

.f

SE of a mean, calculated from analysis of variance

SE of the vzlue predicted from the mean of 18 animals
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Of the sheer that drazed srarse rpasture during
Feriod By the LL drour maintained their mean live weight
without chande in comrosition (Table 5.4) whereas the HL
grour lost significant (F<0.03) amounts of 311 comronents
excert water., On sbundant rasture the liveweight dHain bw
the LH sheer was little more (F<0.1) than that bw HH shees,
However as most of the dgain made by the LH sheer consisted
of watery their increase in dry weight was less (F£0.,001)
than that of the HH sheer. 0On Eoth rastures the mean
chandes in dry weidht of shees moved from rens were
intermediate between those of sheer initiallwy on srarse and

abundant rastures.

The sheer from srarse rasture that were offered
food ad libitum in rens during Feriod B (LF) dgained four
times as much dry matter as those in the LH grour althoush
their mean dgains in live weildght were not significantly
different (Fx0.05). 0On the other hand the HF and HH
dgrours did not differ sidnificantlg in dry matter gain. The
HF sheer dained less live weight (F<0.01) amnd dre matter
(F<0.001) than did the LF or FF sheers these last two
grours differed in dgain of live weight (F<0.,001) and water

(F20.001) bt rmot dre matter.

(¢) Outeput of faseces by drazing shees

The mean dailw outrut of fasecsl ordasnic matter



TABLE 5.4

MEAN DAILY GAIN IN THE FLEECE-FREE FASTED LIVE

WEIGHT, BODY COMPONENTS AND ENERGY CONTENT

DURING PERIOD B,

Treatment in period A

Treatment
in Abundant pasture Sparse pasture Pen feeding
period B (H) (L) P)
Mean SE Mean SE Mean SE
Liveweight H 102 151 179
@) L | —66 10 -10
P 130 17-84 194 296
Body water H 17 11-4° 123 10-1 111 10-3
(g) L -9 10-3 -5 9:0 14 95
P 72 11-4 82 10-0 160 10-6
Dry matter H 85 11-4® 28 10-1 69 10-3
® L | =57 10-3 15 9-0 ~24 9-5
P 58 11-4 112 10-0 135 10-6
Fat (g) H 69 14-4° 6 69 37 9-2
L | —46 137 11 7-3 —18 8-6
P 43 19-2 66 7-7 86 11-9
Energy H 2:96 0-598° 0:60 0-315 1-88 0-401
M) L —1:97 0-569 0-44 0-324 ~0-73  0-375
1:98 0-782 3:08 0-344 4-08 0-500

A sg of a mean, calculated from analysis of variance.

® s of the gain calculated from values predicted from the mean of six animals at
the start and end of period B.
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(Table 5.5) by sheer drazind sbundant rasture in Period B
was not affected by their treatment in Feriod A, On srarse
rasture sheer which nad beerm in rens during Feriod A

#roduced less (F<0.01) tharn those which had been drazing.

Throughout Feriod B the mean concentration of
nitroden in the faecal ordganic matter from the sheer on
abundant rasture was more than one rercentadge unit higher
tham that from those on srarse rasture (Table 9.5).
Imitiallysy nitrogen in the faeces of sheer moved from rens
was lower (F<0.05) bw about ome half of 8 rercentsadge unit
tharm in the faeces of 311 other dgrazing sheery but the
difference was not sidnificant after the first week. The
mean concentration of ash in the faecal dry métter was
12.640.,40% o sbundant sasture and 26.,0+1.40%Z on s#arse

rasture.

(d) Intske of food

Orn neither rasture was the estimsted mearn daily
intake of ordganic matter affected by the bods condition of
the sheer (Table 5.6) bult on srarse rasture the rreviouslsu
renned animals aste less (F<0.01) than those that had been

grazing,

Iuring Feriod B there was anm urward trernd in the
intake of ordganic matter by all grours (Fidure S.1). The

amount eaten in the first week was lower tham that in the
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MEAN DATLY OUTPUT OF FAECAL ORGANIC MATTER (G) BY

TABLE 5.5

GRAZING

SLEEY DURING PERIOD B AND THE MEAN PERCENTAGE CONCENTRATION

OF NITROGEN IN ThE ORGANIC MATTER OF THE FALECES

Treatment in Period A

Treatment Standard
in .- error of
Period B Abundant Sparse Pen ‘a mean
pasture pasture feeding +)
) (L) ®) _
Faecal Abundant
organic pasture .
matter (1) 239. 245 240 10.3 -
Sparse '
pasture
(L) 324 297 212 24.7
Nitrogen Abundant
pasture .
an 4,47 4.45 4.09 0.075
Sparse {
pasture ;
(L), 3.27 3.27 3.29 ! 0.122
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fourth week bu 20% for the HH snd LL srours, by 30% for the
HLy LH and FH drours and by 504 for the FL grour. Even sos
in the last week o% Feriod R the intake of food by the FL
sheer remained lower than that of the other sheer on srarse

rasture.

Sheer that were in rens during both reriods ate
more food (F<0.01) throughout Feriod B than did shees
troudght in from grazing. The bodg condition of ihe latter
sheer did not affect their voluntarwy intske of food. The
mean dailw intake of food bw all dgrours in rens increased
for the first three weeks (Figure 5.1). Over the rnext five
weels the mean dasily intske by the HF and LP grours remained
unchanded at asbout 15004 ordgasnicmastter while that of the FF

grour fell to within 6% of this level.

The sheer moved Lo rens ate about twice as much
digestible ordanic matter during Feriod B as those on serarse
rasture (Table 35.6) bt mot sidnificantly more thanm those on

abundant sasture.

(e) Time srenl drazing

Sheer on srarse rasture drazed for about 2,.8h
longer rer daw than sheer on abundant rasture (Teble $5.7).
Frevious trestment had rno effect on the total time srent
grazing but on srarse rasture animals that had come from

rerns ate more slowly than the other sheer.,



TABLLE 5.6
MEAN DAILY INTAKE OF ORGAﬁIC MATTER (G) AND DIGEST-

IBLE CRGANIC MATTER (G) DURING PERIOD B

Treatment in Period A

Treatment Standard
%n Abundant Sparse Pen error of
Period B , a mean
pasture pasture feeding .
(1) (L) - (P) (£)

(2)

Organic matter

(b)

Abundant
pasture (H) 893 : - 915 898 37.9

Sparse
pasture (L) 704 645 460 53.6

Pen .
feeding (P) 1255 1209 1502 70.3

Digestible

organic matter

Abundant
pasture (1) 653 669 657 28.1

Sparse '
pasture (L) 379 348 248 28.9

Pen :
feeding (P) 708 687 815 30.4




TABLE 5:7

MEAN DAILY TINME SPENT GRAZING AND RATE OF EATING

DURING PERIOD B

Treatment in Period A

Treatment
in .
Period B Abu§danL Sparse Pe?
pasture p asture feeding
(1) (L) (®)
(a) Total time (h)
Abundant
pasture (1) 7.43 7.61 7.96
Sparse
pasture (L) 10.55 10.65 10.24
(b) Rate of eating
(g OM/h)
Abundant .
pasture (1) . 120 120 113
Sparse
pasture (L) 67 61 45
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3.9 Discussion

The main results of this exreriment show firstly
that the intake of herbade bw mature drazing sheer was
unaffected by bodg condition and secondlwy that rarid chandes
im rlane of rutrition led to marked chandges in the water
content of liveweidght dgsin and in the efficiency with which

enerdgy was retained.

On abundant rasture voluntary intake was not
restricted by the availsbilite of dgreern materisl as this was
well in excess of the limiting value suddested bw
Willoughbyg’'s (1959) data. Under these conditions no
differences were detected in the intaske of food bw shees
that differed by 8kg in live weidght and randed in fat
content from 114 (L) to 19%Z (H) at the start of Feriod B.
When these results are comsidered with those of Graham
(1969) thew suddgest thét the amournt of fat in the bodws of &
mature wether has little effect on its volunmtary intaske of
food until the fal level exceeds a8t least 204 of its fasted
live weight. It seems unlikely that the derletion of fat
below this level causes a further stimulus to intaske. The
Frossibility that socisl facilitstion increassed the intake bw
the HH sheer to that bw the LH sheer drazing with them
arrears to be excluded by the lack of difference between the

HF and LF sheer.
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O0f the sheer that drazed srarse rasture in Period
By those with recent exrerience of similar grazing (LL) ate
no more than those'from abundant rasture (HL) . However
sheép moved from rens (FL) adarted only slowlw to field
conditionss a8s shown bw their intaske of food during
successive weeks and by their slow mesn rate of eating. The
diet thew selected wasy overally s8s hidgh in dreen material
as that of the sheer drazing throudghout. The concentration
of mitrodgern in the faeces.of these sheer (FL) was lower
during the first week than it was subsecuentlus but as this
was evident also in the sheer moved to sbundant rasture (FH)
it maw indicste a3 slow addustment of the gut contents to
field conditions rather themn a lower didgestibility of the

diet.

While the sheer in roor condition failed to eat
more food than those in better condition thew retasined a
smaller srorortion of fheir enerdgy intake. All three dgrours
orn abundant rasture durinﬁ‘Period B gained live weidght but
the dreater the chande in ®lane of rmutrition comrasred with
Feriod Ay the dgreaster was the contribution of water to this
gain - 17962y and 81X resrectively for the HHs FHy andg LH
grours, As 8 result the mean dry matter content of the
sheer that moved from srarse to sbundanlt rasture changed

little.

This conclusion is not affected bw the rartition of
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the water dasin between gut contents and body tissue. But
the rredicted amounts of fatsr and hence enerdgyy in the dry
matter dain of the LH and FH sheer would be inaccurate if
the amounts of water in their gut contents were markedly
dgreater thamn those in the animals from which the rsrediction
equations were derived, From measurements made on similar
sheer killed after a3 24h fast Keenan (1967) found that
water in the gut contents increased from 3.40kg to 3.77kg
when the daily food intake was increased from 600g to 1600«
dry matter. This sugdests that the water in the dgut
contents of the LH and FH sheer would have increased by no
more tharn 0.18kg during Period B comrared with the

estimated total dgairnm of sboult 4kd water (Table H.4).,

A cowmrarison of the estimsted dailw dain in bodys
enerdy bw Lhe drazing drours with the exrected dailw
retention of dieltarwy enerdgy (Table 5.8) shows close
adreement for the three drousrs that remained on 8 similar
#lane of mutrition throudghout the exreriment (HHyLLsFL) o
The other three grours (LHyFHsHL) were much less efficient
andy on the abundant rasturesy the difference between the two
estimates was directls related to the size of the change in
#lane of nultrition. Keenan et al. (1969) observed 8 similar
derression in the efficiency of enerdgg retemtion bw mature
sheer offered food ad libitum in rens after a reriod of
restricted feeding, The losses in live weidght and enerdgw in

their animals were similar Lo those observed in this studg.



TABLE 5.8

EXPECTED AND ACTUAL MEAN DAILY RETENTION OF ENERGY

FROM THE DIET OF THE GRAZING ANIMALS DURING

! PERIOD B (Feeding standards taken from Agricultural

Research Council (1965))

Treatment during period B:

Abundant pasture

Sparse pasture

Treatment duting period A: H L P H L P

Daily intake of Me* (MJ) 10-85 11-11 10-91 6-29 5-78 4-11
Mean liveweight (kg) 38-1 30-7 32-8 35-5 28-9 30-9
Daily liveweight gain (g) 99 146 174 —64 9 -9

ME required for maintenance® (MJ) 5-47 4-66 4-88 5-56 4-76 5-01
ME surplus to maintenance (MJ) 5-38 6-45 6-83 0-73 1:02 -0-9
Expected retention of energy€ (MJ) 2-80 3-35 3-55 0-28 0-40 —0-63
Actual retention of energy (MJ) 2-96 0-60 1-88- -1-97 0-44 —-0-73

A Metabolizable energy (MJ) = (digestible organic matter (kg)) x 16-6.
B Me required for maintenance = W?3/* x 0-26/km,
where kn, = 0-73 for abundant pasture; 0-68 for sparse pasture.
€ Expected retention of energy = ME surplus to maintenance x ky,
where kr = 0-52 for abundant pasture; 0-39 for sparse pasture.
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Henice the bods comrosition changes thew described could be
exrected in this exreriment. Associated with 3 16% loss of
live weighltl was a8 50Z reduction in the weight of the liver.
Differential dgains in the weidhts of different ordams during
the reriod of recovery maw be the cause of the asrrarently
low enerdy retention by Freviousls underriourished animals
since the sunthesis of these tissues maw have ernergy
recuirements different from those ascribed to fat and

rroteirm in these calculations.

There is the additional rossibilite that during the
recovery from undernutrition the relationshir betweern TOH
sreace and total bodwe water is different from the one used
here because of increased incorroration of tritium into
orgamnic comrounds. There was rno evidence of this in the
sheer of RKeenan et al., (1969) but the roint needs further
examination. It is even less likelw that the low estimasted
efficiency ol enerdgy rétention by sheer moved to sbundant
~asture resulted from errors in estimating the didestibility
of their diet since a difference of 14 units would have been
recuired beltween the diets selecled by the LH and HH sheer
to equate the actusl and exrected values of emerdgy retention

(Tatbhle H.8).

The wide fluctustions that occur during the weasr in
the food surple for drazing sheer will result in short-term

chandges in bodwy condition and these may be accentusted by
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some manadement rractices such 3s 38 move from uward feedind
to rasture. These.results suddgest that such chandes can be
ignored when erredicting the intake of rasture by mature
grazing sheer but must be taken into sccount when rredicting
the efficiency with which dietary enerdu is retsined. In
exreriments domne under such conditions larde errors could
result from the use of feeding standards to rredict the
enerdy content of liveweidsht chande in dgrazing sheery or
worse stilly their intake of rasture from measurements of

livewelidght changeys even if these asre made after @ 24h fast.
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Fart 6

General discussion and conclusions

The exreriments described in this thesis have
resolved a number of cuestions comncerning the assrrlication of
exrerimental findinsts Lo rractical farm situstions.

Firstlyy flock size within the range of 3 to 135 sheer has
little or mo effect on animal sroductions and secondluy inm 3
rotational sirazing systemy movemenl of the amimals as
distinct from the rossible effect of rotatiom on rasture
growbhy does rmot influence Lheir sroduction. The results
also indicate that frecuent disturbance of exrerimental
animals as a result of rotationsal dErazing manadement has no

discernible effect on rerformance.

These findinds rerresent a clarificastion of issues
which had been roorlw defined and existed msinly as 8 source
of unease in the mindszof exrFerimental investidators. The
shsence of consistent effects is indeed fortunastes otherwise
intersretation and extrarolation of data from animal
exreriments would be extremelw hazavdous. Most of the sheews
used in this exrerimenl were wesners of various breedé arid
sex and can be comsidered rarticularly sensitive to
management comrared to adult dry sheer. Hence the resultls

are srobably arrlicable Lo many classes of sheer.

The statistical analusgis of the data has been
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rresented in comsiderable detailsy 8s it could be useful in
aiding the desidgn and analusis of other exreriments in
grazing manadgement. The area of land and rumber of animals
available rlaced severe restrictions on the exrerimental
desidgn thalt could be usedy and the likelihood of
heterodgerneity of variance in the different suystems of
manadgement added a further comrlication. These restrictions
rrecluded using standard methods of snalusis and an
alternative arrroach was used Lo derive arrrorriste error
Lterms from an analwsis of the comeronents of variance., While
the arsroach wsed in the analusis is mnovely it does not
cortain any new statistical concert. Althoush the srocedure
is difficult to follow and the aldgebra is tediousy tLhe
alternative areroach involving a8 fully rerlicated
exrerimenty arasrt from absorbing resources bewond those
availabley would still involve the sroblem of heteroderneitwy

of variance in the different sustems of manadement.

The lack of srecisiomn in the currernt methods for

measurement of intake of dgraszing sheer (Fart 3) | sugdgests that
the sroblem remains a mador source of error in the studwe of
grazing swustems. For many surrosesys howevery collection of
nesorhadesl Fistuls samerles and toltal fasecsl outrut may dive
estimates adecquate for comrarative studies in animal
rutritionsys evern thowush these estimates maw bhe biasssed.
Howevers the lack of rrecision sugdgests that current methods

of estimating the intake of dgrarindg animals have little
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value when sttemerting to estimate the drowth of hard grazed
rastures. Where Teed is rlentiful or where rastures are
rotationally dgrazedr cading technicues are more arrrorriaters
~rovided the reriod of grazing is short. 0On hard drazed
rasturesy the use of movesble cadges to emclose areas of the
rasture for varying intervals and cslculasting the redression
of rasture drowth rate adainst exclosure reriod offers most
rromise of dettind true estimates of drowth under drazing,
The main difficultw is that ss exclosure time is reduced the
rroblems of measuring the incressingly small growth

increments are substantislly increased.

For the rresenty rasture growth must be rerresented
imn models by functions that asre lardelwy derived from data in
cutting exreriments. Althoudgh in his review on the dgrowth
of dgrazed rastures lavidson (1968) observed that the
resronse of variows rasture srecies in numerous cutting
trials to the frecuency and internsity of defolistion was not
consistenty drowbth curves such as bLhose obtaimed by Broudgham
(1956) arrear to be broadly consistent with theorws. Indeed
Morlew (1968b) examined numerowus such curves in a8 comruter
analusis of the sarsmeters which determine their share and
concluded that the resronse of sasture dgrowth to drazing
maragement was relatively stable without sharrly defined
conditions for ortimam growth. Such snaluses lend
confidence to existing models of rasture dgrowth and suddest

that gross errors in model resronse are unlikely to arise
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from this source.

The equations derived in Fart 4 to rredict the bodu
comrosition of live sheer from their liveweightsy tritisted
water srace and maturity arrear to have deneral aserlicationy
and indeed are at least as accurate as the "locsl”
redressions derived from the individual sets of data where
maturity i1s excluded as a8 rredictor. 0Obviously more work is
required to chechk whether the equations will arely to
different breeds and srecies and to arnimals in different
rhysiolodicael states. More rarticularls there is a need to
check that tritium ecuilibrates with foetal fluids in
sredgnant amnimals before thew casn be confiderntly used to
examine enerdgw chandges in the rerroductive anmimal. Further
develorment is also reauired to examine the use of
rarameters other than maturity és an index of skeletal size.
OFf the mumerous measurements that can be made in the live
arnimal some comrosite ﬁeasurement obtained rerhars by use of

rrinciral comronents analusis maw be arrrorriste.

The efficiencwe with which food intske is converted
to amnimel tissue is dgreatlys influernced by the enerduy status
of the animasl (Fart 5. Yetlt models of liveweidght chandge in
animal rroduction systems have so far nedlected this
imrortant asrect. Althoush much more work om this toric is
required before enerds storadge in tissues following

re-alimentation is understoodsys models are likely to be in
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error when ernerdgy status of the animal is idgnored. The

following asrrosch mag be 8 useful arrroximation. If adult
animals are assumed to asumrtote towards a8 standard bodu
comrosition 8t a rarticular live weights then the dreater
the dedree of undernutrition the dgreater will be the
imbalance in comrosition of subsecuent liveweidght dainss
with srorortionally more water, Thus liveweight will rise
raridly since the comrosition of the gains is enerdeticallw
lower than the standard, Liveweidght may then decline
slightly while the comrosition ecuilibrates and fat rerlaces

waler,

The work illustrates the waw in which simulstion has
affected the exrerimentsl arrrosch to adgricultural sroblems.
Conventional anslwsis of exreriments usually reauires a more
or less Tormsl desidgny so that standard srocedures such as
analysis of variasnce can be readily arrlied and 8 precise
statement made sboul tfeatment differences. Howevery
sustems anslusis recuires quantitative rather than
descrirtive statements of relationshirs between variabless
and redgression technicues may be more asrrorriate. For
examrles Axelsen et g} (1972) exsmined the effect of calving
time and stocking rate on sroduction of beef cows over four
wears,. Thew concluded that because seasonal conditions
interscted with calving times much larder resources than
those availasble would be required to accuratels estimste the

manadgement effects. Morlew g} g}. (1976) re—examined this
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datar to see whether the effect on fertilite of the
manadement controls arrlied to the various treatment drours
would be related srimarly to nutrition as indicated by
liveweidght rarameters. Thew found that grour averade
liveweight in relation to asde and current rutritionsl status
‘ga§"dstrongls related to rerroductive rerformance and
derived eauations to sredict the srobablity of Pregnancs for
mature Angus cows from liveweidght sarameters. This result
is mot only of immediste rractical user but is exrressed in

a aquantitative form that can be used directly in models.

The change in emrhasis that is imrlied in the
snalusis of exreriments similar to that sbover suddests that
the 150 stocking rate exreriments referred to by Alldern
(1968) contasin much data that would greatly increase the
rracision of models of manadement sustems. While such a
re—arrraisal of results shouwld have 38 high research
rrioritwy the relationﬁhiws 50 obtsined will geﬁerallu e
correlative and not causativer and other factors could
distort them. In new research into drazing manadgement
rroblemsy much more emshassis tham in the rast must rlaced on
consideration of the sustem as a8 whole rather thamn on
isolated asrects., Attention must be directed to the
determination of rarsmeters dealing with basic biolodgical
relationshirs and hence to critical exreriments designed for
this rurrose. Available krowledge must then be ssnthesized

into deneralirzed and consistent ratterrns.
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