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"..... and surely we are all out of the computation of our age,

and every man is some months older than he bethinks him. For we
‘live, move, have a being and are subject to the actions of the
elements and the malice of diseases in that other world, the

truest microcosm, the womb of our mother ....."

(Browne, 1642)
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L. Prenstel growth snd developmsnt of shesp wes studiaed lo twe
expevinents.
z. Mature Harino ewes, mated to Merino rams, were kept under fleld

64

eonditions durisg the summer drought pervicds of 1962-03 and 1963

in the Meditervanssn-itype envivomment of Adelalde, South Austezalis,

3. Bwes were fed individuslly after mating vn 2 conirvellad susstity
of a palleted ration to achleve deelrved rates of body welght gain or
iose. HRepressntative swes were slaughtered at mating, #nd after 90-

end 140~daye of pregneseoy.

&, Strong svidence was adduced that the growth of simgle foctusss

in the first ¥-dave of gestation is dependent upon the lavel of
maternsl nutyition., Undemnutrition in late gestation lsd to a wmarked

reduction in the growth of single fostuses.

5, Mele foetuses were hesvier than femsles after 90-days of
gestation, while the larger of two sives left hesvier progeny alter

140-dave sud at birth,
5. Body tissue reserves of the ewe partially protected the foatus

from wndernutrition (= early gestation. Fat ewes offeved feed ad

1ibitus throughout pregnaney produced relatively light single Icstusas
after 140~days; this was assovisted with & steady decline in fesd
consunmption from sarly pregnency onwarda.

7. Foetal body conformation, compogition and skeletal sssification

was very closely related o body waight. Undernutritisn wvstazded fostal

development in & geversl and mot differential manner, with no gbvious

disturbanse of allometyie growth patierns.

B, Wool follicle and musele fibre development weve retarded by

maternal uwndernutrition, with evidence of differvences due to sex and the

size of the sirs.




zvill,

P Toetal welght and plocental welight were closely velated »
the varissee dus o 2oz and alve was ellminsted. Plassatal develop

ment was greatly affscted by undernutrition.

i0. Uterine flulds were Iinevessed ip welght, and other components of

the gravid uterue reduced, by undernutvitieon. HWutritional effscts on

sty body were largely propoviionszl fo

=

other eomponents of the o oe
the effects on bodywsight.

11, Less greasy wool of lower vield was produced by undernourished
ewes. Clesn flesce production deciimed im late as comparad with ecarly

prageansy, lending support Lo the proposal of ap sdresc-covticsl effeck

dus it stress. Efficiensy of w preduction tended Lo desyensze

eurvilinearly as feed intake increased.

iz. The nett bedy welight vesponss 9f the ewes Lo feed intake led to

tes for malntenavce than those given in the llteveturs for

higher est
housed sheep but less than those for grazing animals. Hutrient requizes
mente for welight galv were lese than othey sstimates,

13, The litézature ls reviewed and the results discussed ln rvelatiom

to growth and development theories: to the grazing menagement of

=

breeding ewss; and alse to the retavded performance in postpstal 1ife

of sheep severely undernourished duving thely prenstel existence.




gi &

This thesie coutsing no waterial whieh has been accepted
for the award of any other degree or diplome in say University and,
to the best of mwy knovledge and belief, containg mo material

previcusly published or written by suother person, sucept when due

reference is made in the tewr of the thesis,

2. €. Bverin:




1. GENERAL INTRODUCTION

Animal production, as s scienes, is basically one of
integration relying heavily upon other sclentifie disciplines for
information, ‘T&a latter, soupled with practical agricultural
experience, ig collated into a complex programme of saimal wsnsge~
ment, Productive efficlency of domesticated animals is thus gov-
ernad by the astion and interaction of biologleal, physical and
soclologleal factors,

The study of aﬁimai‘gtﬁﬁth iz of pavamount interest in
the blological context, for growth itself is the product of diverse
and powerful foreces, blending with produection on the one hand and
E@@x&ﬁuaﬁi@ﬂ on the other.

Hueh of the knowledge about mammalian growth origlastss

from studies in postnatal life, for here cause and effect can veadily
be observed. The antiguity and variety of these investigations ils
symptomatic of the complex and dynamic sature of growth. The domin-
ating nutricional influence on postmatal growth im relation to sther
factors recelves general recognition.

Prenatal growth, on the other hand, Farticuzafiy of domestl-
cated animales, has received relatively secant attention. It is im@mrt«‘

ant that thie should be rectified. An increasing proportion of the




life-span of meat-producing animals, for exsmple, is being spent
in uytero, due to a geuneral policy of reducing slaughter age. Less
obvious 1s the fact that the potential for later production of wool
and milk, a8 wzll as meat, may be defined during gestation. Gells,
tissues, organs and systems ave all initiated here in & sequeantial
developmental pattern, events of later 1ife permitting or restvict-
ing their productive possibilities., The extent to whi@h the lattey
may be modified by factors operating durinmg the intra-uterine
formative stages appears inadequately appreclated.

This thesis sesks s better understanding of facters affect-
ing growth and development of the shesp in utere. A genetic compon-
ent of varlation and the effects of foetal sex on the growth of the
offspring bave been investigated. Maternal nutritiomn, however,
was the principal facter studied. Nutritional influences in prenatal
1ife are medisted through the maternal orsanism so eonsiderable
attention has been directed to the remction of the mother; to the way
in which she strives to protect her developing offspring from the
stresses of an unfavoursble egvironment.

Undernutrition bordering upon starvation threatens a large
proportion of the world human population and it is upon the reproduc-
ing femsle that the burden rests most heavily. In this connezion,
Bareroft (1946}, the eminent physiologist, stated, "The prospeet

of semi-stavvation which bangs over much of the world at the present
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time suggests the possibility of other ressarches on the sffeet
of waternzl smainetrition on foeksl development”, A modesi coniri-
bution towsrds an ilmproved aspprecistion of this universal problem
represents apn underlying philosophy of the present research progrvamme.
Huch dissension exists at present, howsver, &8 to the
manner in which nutritional effects on developmentel propssess ars
manifested. This conflict of views is of great interest to studsnts
of animal growth, but is of partieular importance in the production

of domesticated animals. The opportunity o exswine the sffscts of

ture {(fostus) and maturs

undernutrition on the development of the fvms
{ewe) sheep has been accepted in these present studiss.

In the agricultursl context, eritieal periods of under-~
nutrition im the 1ife cyele of animsls at pasture may be sssociated
with ﬂ%ﬁﬁﬁﬁ&i food shortage of matural origin or with deliberate
managerial procedures lmposed by man. The greater part of southern
Australia, for exawmple, is chsrscterised by a Mediterranesa-type
environment with wild wet winters and hot dry swmevs. Mutritional
requivements of grazing snimals may be satisfled during the influen-
tial reinfall periocd of aubtwsp-winter-spring from the svailable
herbage of sown pasture. The dry mature herbage offering during the

4-6 months of susmer drought, however, is deficient in both enevgy

and protein and is fregquently unable to support even maintenance
requirements of grazing stock. Woresver, & delay in the onset of the

autumn vainfall sesson may result in a quantitative deficit of pasture,




Fig. l:1.~ Semsonal changes in the growth of Merino wethers maintained on sown

pasture in the Mediterranean - type enviromment of Adelaide, South Aestralia

{Fros

Domald & Allden - wnpublished data;

reproduced by permission of the suthors).

i
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50 that it 12 not ususual for the grazing asnimal to be subjscted
to prolonged periods of undernutyitivn,

Without the intervention of man the grszing enimal thus
suffere spasmodic food deprivation of varyisg severity. The animsl
strives to maintain itself, eatabolising body tissue reserves
aceusulated during periods of plemty. Triuwph over this enviren~
mental bazerd leads the graging animal subseguently to faee velative
feed sbundance. By these mesns the growth curve of the pastoral
animal assuvmes & biphasie form, with troughs and peaks associsated
with pasture productivity; an example is shown in Fig. 1:1., From
the outritional polnt of visw the summer drought perisd {g souiva-
lent to the temperste winter; the undernutrition probles is commom
in principle 1f not im detail.

Man attempts to buffer these sovirommentsl rigours through

hevding hies flocks and hewds; by adopting methods of food conserva-
tion during times of plenty; and by offering the conserved fodder
in times of natural shortage. However, man demande more of his
beasts than mere survival. Domesticated animals are the converters
6f forepe inte milk, meat and fibre of wse to men, and sconomlc
production iz essential to the continuvation of the animal iadustries.
Reproduetion is particularly semsitive to envirommental
influences. This is unfortunate for bresding animals form a keystone

in any animal production enterprise. A cowpromise between their
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nutritionsl and physiological demsnds with other mansgerial
requivensnts peculiar to the lecal enviromnment is freguently
necessary. The time selected for mating breeding eves fs a good
case ia point.

in seeking vet further improvement of enimal production
from pasture wan loads additional, perhaps unrecognised, stressas
Hpon hig animales. Production per unit avea of land replasces produe-
tion per animal ag the criterion of economic suecess., Hesvier stock-
ing vates, within limite, increass output per ascrs but theve way also
be & concomitant increase of seasonal deficiencies, of drought risks,.
of wulnersbility to dissase and parasites, and of incressed stress on
animais and plants. Inereasing the stoeking rate genervslly necessi-
tates vestricting the feed intake of the grazing enimal to a level
below that of eppetite leading, Iin tura, to isproved utilization of

available foddar,

in the strategical plamming of breeding ewe mansgement,

early @%@yu?ﬁﬁﬁ bas come to be regavded as a pevied of feed comserva-

tion with elther maintenance or lose of maternal body welght. The
degree Lo which welght loss may be enforced after mating without risk
of damage to the maternal organism or her developlng im utero off-
spring is aot ¥mown. for is it koowm if the foetus possecsses

recuperative or compensatory powers of growth and development follow-

ing 2 period of restriction, such es that commonly observed In poste-
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natal life, These points recsive attention in this thesis,
Succass of the anlmal enterprise comes therefors to depend
more and wmore vnithe extent te which map van ewert affsctive contrel

ent. Aziomatieslly, be must possess & comprazhensive

over the envirom
appreciation of the physiclesizal limitations of his grszing animels.
Thase studles attempt to define some of these limitatlions in the
Herino breeding ewae.

The litersture review commences by placing the experiments,

and thelr wnderlving hypotheses, into the eontext of the saviromment
with gollation of general informetion sbout reproductlon sad the

grazing management of bresdlug ewee. HNHotes on the definition, messure-

ment and anglysis of growth phenomens follow with an appraisal of
nornal prenatsl prowth and development of ovines. In ovder %o place
the role of naternal nutrition in proper perspective 1t is necessary
o appreciate, in the broadest possible tevms, all the fectors known
to affeet oviae foetal growth, end 8 discussiondong these lines is

nrapented .

&n sccount of the progrevms of investigation expressing the
philosophy of the work undertsken follows the litersture review. The

e imvolved two experiments and the wveport of mach of these

progras
has been divided into seetions dealing with the nethods, results and
their discussion; fellowsd by a general discussion and comelusions.

A bibliography and eppendices conclude the thesls,




Australia, & lund mass of sppromimstely 3 willion sguare
miles, lies between 10% and 43° south of the sguater. A hot dey
sontinent, 1t corresponds in laticude with Greece, southewn Zpain
and Mexieo of the northern hemisphere, The wide variations in
physicsl geopgrvaphy, soils, climate snd vegetation have bsen described
in detail by several suthoritiss (£.2.1.%.90. 1%@%}@ Land rossuroes

of Australias are summarised in Table 2:1, tshen from Carter (1982},

and in Fig. 211, after Tramble (1948). Less than one-thivd of the
total area recsives an adequate precipitation. In general tevms,
the high ralnfall coastal sreas recaive an average of 20 in,/year,
the fringe wheat-sheep zome 10-10 in,./vear, and the wast inland pas-
tozal zone 5-20 in./year. Sessonsl asd annusal ralafall varies mavked«
iy however, aad drought, potentially of catastrophie proportions,
represents 4 eonstant problen %ﬁra&gﬁw&t most of Auetralia (Franklin
1562).

The total sheep population of Australis wwbers approni-
mately 153 millions, with 30 per gemt, in the high rainfall aveas,
40 per gent. in the whest-sheep zome and 30 per gent. comfined to the

inlend arid pastoral country (Comm. Bur. Census Stats. 1953). Thyse~




CES OF AUSTHALIA (after Carter 1962)
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Figa 21l .»

1.

Agro-¢limatie regions of South Australia

{after Trusble 1946).
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guarters of the national Ileck are Merinos, 15 per gent, crossbreds
or comehacks, 8 per gent. Polwarths aud Corriedales and 2 per cent.
Bricish breeds. Mevinoe predeminate in all States except Vietoria
and Tasmania.

Beproduckive vates of the national flock are nstably poor

(Behinckel 1963), ennval lamb markings percentages seldom excesding

70 per cent. Watsom (1901) stresses that in the world survey of
gheep reproductive perforssuce conducted by Thomson & Aitken (1959),
marking percentages of between 20 and 30 for HMerino sheep is the
Australisn inland pastoral zones were the lowest of any recerded. In
& vider context, Moule {1962a) commente that, "The main essentials
for high reproduction rates ave & genetle predisposition towards high
fercvility, a high propozriion of saﬂ@égwﬁai watinge followed by &
normal gestation, and 8 high rate of survival of mew born Lambs.”

and later scknowledges that freguently uﬁﬁ& of thess peguirsments

is fulfilled in Australia. i@aﬁ&é weouy 8t all the three main stages
considered by Robinson (1951, 1957) of importance in the repreductive
process; (1) in the number of ova zh@é, {2} in the number of these
ova that becoms fertilised: aud (1) in the nmumber of fertilised ova
that develop naréaliy by the time of birth, Adverse elimats, nutri-
%ﬁan and disease all exert their voll, spart from influencess of bread,
strain and age of the aniwal (Thomson & Althen 193%9; Watson 1957,

1962, 1984; Schinckel 1963). Reproductive failure ls, in fact, a
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major problem of the Austwslian sheep ludustyy., Provision of
sufficient sheep to imcrease the national fleock for the higher
stociing intensitiss Jdemanded by pasture lwprovement will probably

repressnt & major problem of the fubure.

iX. 4nm Outline of the Enviromsent of southers smd South

Australis with particulsr reference to the Waite

Agricultural Regearch Institute, Adelaide

The State of South Australis, with 2 land avea of sppromi-
mately 380 thonsgand squave milas (Table 2:1), vepresents 13 per gemt.
of the Anstralisn ¢omtinent. Only 11 par cent. of the State territory
receives a sgatisfactory rainfall.

Bolls of the g%&@@‘aw@‘@aw%@ﬁ {ﬂquiyzﬁﬁﬁ 194%) Bur Ypade
brown earths’ with a losm-textured topsoil, clay subsoll and calcar-
sous deep subsoll sre raspresented at the Walte Imstitute (Lifehfield
1851).

A grasing stock population of sowe 15 million sheep and 300
@%%ﬁ@@m& besf cattle iz supported, Herinos sccount for nearly 13
miliions, end "wool-type" {(Merino, Corrviedale, Polwarth) snimals

neariy nine-tenths, of the totsl sheep population (Comm. Bupr. Congus

g%a&@@ w 1%%3} %
The Waite Agricultural Research Institute, Adelaide, is
located in an aves with a climate vrepresentative of & large part of

southern Australia. This Meditervanessn-type snvironment has been
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been described in genersl terme by several suthorities (ecollated

by Best 1938); ia relation to agricultural production by Trusble
(193731 end in the context of animal production by Donald & Allden
(1959) and Willoughby (1959).

Hild wet winters and hot dry summers charscterise the
climsie. a&vﬁhe Institute the mean asnual reinfall is aporoximately
25 dn, Vinter rains of high reliability commence la the Maveh-June
peried concluding in Ssptember - Uctober. The cool rainfall period,
of 6«7 months,is followed by a summer éraugﬁt'éaﬂiaﬁ of 5-6 months,
For 3 sonths ai kb iafiaamti@i rainfall period the mean monthly
tempersture Lies betweem 50-55"C. Pasture growth, altbough retavded
by the lower winter temperatures, is not inhibited, some growth cecur-
ring during every month of the seven to sight wmonths 2f influential
rainfall.

Pastures of southern Australia bave been desevibed by Chris-
tian & Donald (194%) and those of South Australia by bomald (19358).
| The latter authority notes that South Asstraelis, ¥.., has little
grageland: most of the ares veceiving over 10 in. amnusl rainfsil
carries a elimax vegetation of sclervophyll forest, mslles or heath
of negligible value for grezing purposes.” Cleared, uncwltivaged
ground will cerzy a sparse stand of peresnial grasses of such geoera

as Danthonla, Stipa, Exagrostis, Chloris and Aristids, Mediterranean

aanuals commonly comprise sown pastuve; Wismers ryegrass (Lolium
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rigidum Geud,), Fhalsris tuberosa L., barvel medic (Medicage

trunculata GCaertn.) and subterranean clover (Trifolium subterraneum

L.} baing the principal sown species. The last epecles, Domald (1960)
states, has been sown on 25-30 million acres in southers Australia,
for it is remarksbly successful as s fodder plant and in zaising

the fertility of vast avess of poor golls. The main effect of pasture
improvesent has been to incresse forage production and congervaiiom
in the spriag, with little comtribution to "fillimg-in" the troughe

between autumn and spring peaks (Moule 1982B). Each sdditionsl acre

of improved pasture lsid down 1s regarded by Kinsman & Mclenausn (1961)

as responsible for sn additlensl 1.3 shesep or equivalent In beef cattle.
Pasturs improvement, resulting from the use of legumes and

phosphatic feartilieser, has led to neteworthy incresses in the pumber,

and altevations in the sﬁza@&mz&, of the State stock population (Kineman

& MeLennan 1961; Everitt 196Ja). Fertilised pasture im South

Austrslia incressed in avrea from approwimately 1.5 millien acres in

the 3J-year period 1947-30 to 3.7 wmillion egres in 1957-60, The

$tate sheep flock inereased over this time from 10 to 15 millions.

Breeding ewes mated to “meat-type" rvams (Longwools + Shortwools) have

R . g%ﬁt:ﬂ ﬂﬁiﬁk@&i& ﬁ%ﬁﬁmg

alsp incressed markedly in the past decade (€
1963), indicating the trend towards meat production im an luproved

enviropment (Everitt 1962a).
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111, Apimal Production from Fasturs in southern Australia

and the Nutrition of the Breeding Fwe

Dlimatic factors determining the rate of pasture production
grve sush that the amount of meterisl presented to the grazing snimal
in southern Australis varies profousdly both sessonally and znmusily.
Sown pastures are more variable than the less ?reéuétﬁva native pastures.

Engese pasture growth garyied over from the spring flush
into the sumser vapldly dries and matures, becoming inadequate in
terme of snergy and protein suppliece (Domald & Allden 1959). The
herbage cusntitatively dwindles as the susmer drought comtimues wntil
‘&ffaﬁaiv¢ sutunn valns reinitiste plant growth. 1f early and sustained
raing oceur pasture growth may exceed current demands of the animals.
Any exgess green feed is carvied over lntoe the wintey, but ravely in
suificlont ousptity to satisfy ;ivaaaaek demands throughout this
pericd of slow or even negligible pasture growth, The latev the
oteurrence of fagﬁﬁﬁﬁﬁgiﬁg rains in sutum pud wiater, the less likely
is the pasture to grow rapidly enocugh to meet the lmwediste demands
of the animals. The pasture is subjected o continued defoliation
to Llow l@waié from growth initistion onwarde and the Livestosk emper-
isnce 8 prolonged dietary deficit. The rapid pasture growth in spring
novmally excesds animal ré@airam@uta? permitting some fodder conserve-
tiom, With the approach of swwer the @yeéi@ﬁ matures, dry out and
digestibility falls to low levels (Willouphby 1959),

Bespite recognised adventages derived Ivom winter and spriang
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lasbing in southern Austyalla (Lang, Tulloh & Fenmnessy 1932; Allden
19856; Wateon 1958, 1964; Dun, Almed & Morrant 19460, MHeGarry &
Stott 1980; Lleyd Devies 1962) breeding swes are commonly mated at
the start of the swmer period. This practice attempis to ¢oiscide
lambing with the onset of sutwm rains snd renewed pasture growth,

g that the offspring ave well-grown by the time of

ae well s8 mﬁwi

the succeeding swmer drought peried (Weatherly 1958). Weaner 111-

thrift during their first supmer is 2 majﬁt problem of animal produe-
tion in the environment (reviewsed by Donegld & Allden 195%), The

- guperior owulation rate of Merino swes mated in sutwm (Wateon 1958,
1964), with Improved lewbing perceanteges (Allden 1936; Dun et sl.
1960 MeGaryry & Stott 1960) is thus compromised by the ebility of
thelr offspring o survive the rigours of swmer drought,

Ef&a@i&g swee mmted in the spring are thereforve pregnant
throughout the hot drought season under graduslly deterierating pasture
conditions. Ineressed putritional demands of the ewes due to
pregnaney éan ﬁﬁi&am'b@ satisfied from pasture alone and undernutyition

me wore the

of varying severity, particulariy in late gxagaam@yﬂ‘b@@%ﬁ
rule than the exception. Exsmples of these seasopal affects om the
bodywelght of swes, and of aoousl differences, way be seen in Fig. 2:2,
taken from Neal Smith (1942).

Vital statistics of the Australisn flock (Comm,. Bur. Cansus

State. 1983) indicate that sbout 55 million ewes are mated annuslly




Pig. 2:2.« Mean llve weights of Lelcester x Herino pomeback cross ewes malntained

on nstursl snd improved sown pastures in the South-East of South

Amstralia @ from Heal Smith (1942)., The marked fluctuations in body
welght within seasomns, especially in the latter part of progomnty,
and slso from veasr to year, are sssociated with vavistiou im pastuwe

productivity.
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but spproximetely 15 millien ewes fall to produce a viable lamb
sutviving to independence. When commentliag wpon the Austealisn
problem of uadernutrition of ewes in late pragnancy, Baid (1981)
stateg, "In a good sesson, some 600,000 ewes die sach vear in late
pr%@ﬁ&ﬂﬁyé at lesst 7 wmilldon lawbe die in the fivst few days of
iife. Ye believe that the causes of these lossss are largsly nutri-

tional M

B. THE DEFINITION, MEASUREMENT AND ANALXSIS OF GROWTH

322 4

I, Genersl
(a) Definition
Growth 1z 5 complicated and highly integrated
progess. It is hawdly surprising to flnd 2 near numerical equality
of definitions with ﬁtﬁéiﬁﬁrm&é@ of the subject; = state of sffairs
which Richarde (1935) justifiebly laments. For the purposes of

formulating this present thesls, two Jdefinitions appear adsguate.

In their ¢lassical treatise on human exbryology Hamiltion,
Boyd & Mossman (1943) deflae growth as: ... ineresss in spatial
dimensions and In weight, (8nd) ie the resultant of thvee different

pPEOCEsses!:

{a) Hultiplicative, ineresse in the number of cells;

(b) Auzetle, inevease in the size of the celle; and,

{£)} Aecretionary, increase in the smount of non~livisg inter~

eallular naterial .V




19,

somd. {1940), in specific velation te farm animals,
states lueidly:

Phm an animal grvowe wp btwo things happen:
(1) It isereases in weight until mature size is vesched; this we
ghall eall @rg@tﬁs and () it changes in ites body conformation and
ite various functions and faculties come into full being; this we

shall call Development”.

The variety of techeniques used in the mengurement

mond 1940;

of snimal growth has been reviewed on several occasions (Ham
Brody 1945; Zuckerman 1950; Palsson 1935; Poweroy i%ﬁﬁg Brozak
1963), 1In byief, the snlmal growth surve 1s commonly ewxpressed as
either the sgtusl weight of the snimal over a speeified btime, or the
weight gained per unit of time, or inecrementa of welght expressed as
perceatages of previous weights. HEach method has & number of advant-
ages and digadvantages and, as Palsson (1955) comments, "The method
used depends mainly on the polat of view from which growth bas been
studied" |

Developmental changes present grester difficultiss of
appraizal becsuse of thelr spatisl nature. Body snd earcass linearx
measurements, together with carcass disssction (Butterfiald 1963a),
are ﬁge%ﬁﬁntiy employed but photogrammetry and in vive physio-chemical

techniques (reviewed by Brozek 1963: Psnavetio 1963; EKirton 19563,
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1964) are novw recelving great attention. The classical Bammond or
Cambridge school eveluated developmental changes by, fov exzample,
expressing & measurement vecovded at one age 48 a percentage of

the same meagurement st another age. Vheu veviewing these estebilshed
methods, Tulloh (1963) critieised their value snd eoncluded, .. ..

it sppzars best to base caleulatiens on the sriginal dats vather than
to transform them into ratioce or percentages.”; and sdvocated greatey

use of Huxley's (1924) allometvic equation (v = Eﬂﬁ)q Bichards (193%3)

o0, stages, ... vhes the allometyic squation ls adequate it should
be used.™

Hove ecemplex mathematical representations of linear body
weasursments bave been forwsrded from time Lo time (e.g. Medawar 1945,
Brody 1945). Tayior (1958), for instance, atieapted an lntegrated

degeription of the smergence and permenence of size differencesn, His

proposed medel of the lisear growth process wast
¥z o= p¥k - 1 + ¥ {1 - 3) + Eg,

wheve, ¥t = gize at age tj ¥ = mature size; p * & constant growth
potential; BE = growth ﬁrrér {the deviation from expected growih

due te illness, malnutzition). The impractieability of this medel
supports Pomeroy's (1955) stetement that, "The chief purpose of apply~
ing wathemsticel formulation to growth data 1s to fagilitate the
handling and loterpretation of what is usually zn uwnwieldy mess of

observations., Consevuently elsboration of matbematical frsatment is




only justifiable if it simplifies the interprvetation of the
cbservations, snd any tendenscy towards mathemetical sisboration
without a corvesponding gain in biolpgical significance i best
gwoided,®

Berrill (1935) agrees, believing that the mathemstical
sophletication and formidable terminology ¥ .., have dome much to

obhaeurs the igzsus®,

ii. JTHE SIGNIFICANCE OF THE ALLOMETRIC ECUATION IN GROWTH STUDIES

Huxzley (1924) first demonstrated the simple but significant
relation between the magnitude (weight or linear %&ﬁsarém@%tﬁ of a
differentially growing organ or part (y) and the magnitude of an

animal %), He showsd than:

y = %xk

where b and k are constants. The constent b {fractional eoefficlent),
‘Huxliey (1932) stresses, has no particular bislegical significance
since it mewely denotes the value of y whem z equals unity i.2., the
fraction of x which y occupies when x equale 1 it is, ia fact, as
Hersh (1953) points out, the intercept value.

The constant k, on the other hend, sssumes grest importance
for it implles that the ratio of the specific or relative growmth rate

of the organ te the relative growth rate of the body remains gonptant,




the ratis iteelf belng decoted by the walue of &k, Relative growth

rate in this comtext i{s the rate of growth per unilt weight l.e.,

the actual sbsolute growth rate st sny instant divided by the actual
eize at that instant.

Huxley's (1932) sexposition on allometry, or heterogoay as
he then termed it, is of specisl significence in anthropometry (Hersh
1955) and pavticularly inm the interpretation of the emperimental
results presented in this thesis and it is worth dwelling further upon
some of Huxley's proposals. He points out, for ewasmple, that in
biological problems frequently little is kaown of the actual rates of
growth but, since the organ and bedy have both existed for the game
iength of tisme when measured, the time factor cancels out. The actual
| rates will alter continuously but the ratio of the relative growth
rates will remain comstant.

Buxley termed k a8 the Constant Differential Growth Ratio
or the Growth Ceefficient of an ovgen. An organ may thus show pogitive
or negative allometry if it is growing faster ov slower respectlvely
than the body as & whole; 4f it is growing at the same rate it is
isometrie. Large results stem from comparatively pmall deviations in
k, provided that growth contlnues over a considerable range in size.

Another valusble gopect of the allometrle souation is that

the expression vy = bﬁ%'eaﬁ be trensformed into:

log v = log b+ k log =,
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to give, generally, & straight lime from the slope of which k can
be ascertained, Logarithmic pletting esphasises, too, the
muliiplicative nature of the growih process, equal spaces é@ the
graph&é logarithmic scale denoting squal amounts of multiplicatiom.
Om the ordinary absolute scale equal spaces denots squal additionms.
Sriticism of Huzley's attempt to derive s theoretical basis for his

allomestrie eguation bave been forwarded (Medawar 1945; Richsrds &

Kavanagh 1945; Heedhan 1950). The gensral consensus appsars to de

that it is a wseful amgixia&l formula for studying growih gvedients.

II1. GROWTH GRADIENTS

Differential development of body parts bas been known for
centuries, Xenophon (400 B.C.), for imstamce, kuew that, "The eolt
that is largest im the shanks at the time he is foszled makes the
biggest horse. ¥For in all guadrupeds the shanke inevesse but little

“in size as time goes on, whereas the rest of the body grows Lo them,
80 88 to be in the wight proportion.” (Harvchant 19258 .

Thompson (1917) showed that by employing Cartesiasn co-
ﬁréingzéé the dpe of one species could bae derived frem the shape
of 2 clogely related species by controlled distortions of the grid.
This geometrical transformetion of an organism or vrgan provided
svidence of the existence of orderly growth changes within the body.

These changes in form were comsideved Lo vesult frem alterstions in
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the velative growth gradients of the parts of the body during the

growth phase.
Subgeguently, Huxley (1932) szsmined growth gradients in

& wide variety of species thyrough sppliestion of the aliometyie
souation. BStephenson (1962a) comments that the equation can only
relate the growth of 2 single part of the body or organ to thes whole
in any individual comparisen, although it is possible to fir the
curve o several measurements taken on different parts of the body
and compare the vesults. Huxley {1932) vecognised, and Stephanpon
{1962a) re-aifirmed, that the validity of application of the
sguation depended upon, firetly, zrowth belng multiplicative in
nature and, secomdly, the pert snd the whole commeneing growth at
© the gssme age with comstant growth reletionshipe theresftey. The
former of these two premises was veviewed by Stephenson (1%462b) while
bﬁuxlﬁy {1932} himself devotes wueh discussion to the fepliestions
of the lattar. Schmalhausen (cited by Huxley 1932) developed an
gquation to corvreet for differences in the pommencement of develope
ment of the part and the whole. Az the time at which organs start

factor is ignoved,

devalopment ig not aceurstely known this corveetiom
meaning that the valuss of k In some ceszes muy be slightly ingorreet,
As Stephenson (1959) points out, "The foetal life in shesp i
relatively long, however, and provided the development of the parts

that were measured ogcurs rvelatively sarly in foetal 1ife, the svror
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in ignoving this complication should not be great". At this present
time theve appears insuflficlent factual svidence to do wmors than
reeoznise thess voseible limizations.

The gtudiss of Begmmon & Calkins (1929} on the prenatasl
growth of hwans provided the firet masjor contyibution to the descrip-
tiom of foetal growth gradients. Thelr existence in the prenatsl life

smale has singe been demomstrated. In the shesp,

of a wide variety of m

sond (1937), Wallace (1948),

major emiributions are those of Ha

Palpson & Verges (1932), Joubert (1956a), SBtephenson & Lambourne (1960)
and Stephenson (1939, 196la, 1964). These studies reveal gradients
procseding satero-posteriorly along the main axis and centripetally
along the liwb axes, with simllar gradients for internal orzan systems
(vertebral eolumn, gut; for exsmple) as well as for the external form.
A few exceptions have been noted (the ssecral veglon of the vertebral
column, for emample), apperently comcerned with spesial adaptive growth
of particular orgens or parts.

At birth the head, limbs and fore-guarters of the lamb are

relatively well-developed, the sheleton velatively better developed

than the shelatal musculature. *Waves of growth” ( wimd L940) begin
a2t the head and extremities of the limbs and spread down the trunk
snd up the limbs. The cranlum of the axisl skeleton is the eariisst
devaloping bone, waves of Ineveasing growth intensity psssiag poster-

iorly towards the lumbar region and downwards to the nose and lower
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jaw, OGrowth in length of the long bones takes place earller then

b iz thickoess., Little iz known of the relative ovder of

growt
maturity of individual skeletal museleg in prenatal 1ife but, in
postnatal life, the sbdominal muscles develop latest (Butterfield
19630) and not the loin muscles as defined by the Cambridge sehool
(Palsson 1955). Fat ls scowmulasted in the vavious fat depots at
diffevent vates in the order of ¢ mesenteric fat, perivensl fag,
intemsuscular and subcutanesus fst. A simllar patterm cecurs in the
major tisgues and ovpans which attsin thelr maxinmum vats of growth

in & definite ovder with age: broadly, nervous tissue, bone, wmusele
and fat, Allemetric growth of individual ovgsns appears primarily
funetional; brain, eyes, hidoevs and heart, for example, being early
maturing orgens. Those organs of most physlologicsl zignificence to
the animal ave rvelatively well developed at birth, sz distinet from
those orgens which have an unimportent function until soms time after
birveh (rumen, gonads; for example). when the voung bhegln to eat
fibrous food and reproduce., |

Studies of the postnatal growth and development of fam

animals {(veviewed by Palsson 1953}, in partieular, have clearly shown
not only thae continuation of these gradisnts but how they wax and
wane in the different reglons of the body as time progresses,

Hammond {1921) first theorised that wvme of the chisf sdvances

made by man in eveating improved breeds of sheep, and other mest
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animals, has been elmply to stespen snd sxtend growth gradients
which already operate during the life of sucestral forms. His
explanation lmplies that st the start of the growth perisd the
dimensions of the parts snd the whole are similar is buth lwpyoved
and wnimproved types, but that as subsecusnl growth rates of the
parts differ, differeaces In conformation soovm appear. Thus, the
body proportisns of the adult Mouflen shesp develop enly te about
the ssme extent a3 sxists in the improved Suffolk bresd at approzi-
mataly I momthe old,

Hany of the eoncepts developed by the Canbridge school
mond 1940, 1961;

undey Hemmond, and since strongly advocsted (He
Palason 1935), vest upoa this propossd sbility of man to emaert
genetical and nutritional goptrol over the growth gvadients. Wallace

{1948}, bowever, from his studies of nutritionsl Influenges on

prenatal sad postnatal growth snd development of sheep, oppossd the
wiew preszented by his eolleagues Hewsmond (1932, 1240) and Pslseem
& Verges (1952) working with shesp, and of MeMeokan (194041} and
Pomexoy (19%41) with pigs, Even severs nutritionsl stvess, Wallace
{1948) contendad, €id not alter in great degres the sllopetyice
relationships of different parts of 4 tissue or body pavt. Thie
suggested sither that the effect of such stress was a gensyal one

on the part concerned and not differential in natuwe, or that o

eontrsl meshanles within the individusl malntained the noveal allee




metrie pelaticashipes undey such stvess condlilong. Controversy
impinged upon the valldity of including fatty tissue in the cum-
parigons.

Wilson {1958} comcluded from work on goats that sutritien-
al treatwent effects should be ervanined on & fat-free begls, aud
challsnged many of the signifiecant results claimed by McMeshan (1940-
41} . Racent re-analyses of the sriginal Casbridge data on sheep and
pigs (Tulloh 1963; Elsley, MeDonald & Fowler 1984) support Wallace's
{1248) eontention that striking nutritional effects on the growth
zradiente weve vecorded in the fivst plsce beecsuze differences in
body welsht, and sspecisily body fabness, had baen neglected in Uhe
comparisong. Body conformetion diffarsnces in besf producilon aasuns
no great lmportsnce when cousldered on a fab-fres basis {(Butterfield
1%63b; Everitt 1963s). Profound 4ifferences in the anstomical and
chemical composition of entive and castrated rams, entire sod ova-
risevonised swes beecoe naglizible when cmmaideved on 5 fat-free
weight basis (Everict & Jury 1963 a,b).

Gunn (1964g,b) disvegarded bedy weight differences in his

recent sxeminstion of the effsct of levele of first winter fseding

on performance of Cheviet hill ewes; he found cuibe larpe differential
effects on live animal measuyements, which were sseribad to nueri-
tionel and sessonal treatments. Tapliin & Everitt (1964) oo the other

hand, qould Tind littls evidenge of a differvential autvitiosnal
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effect on the linear dimensions of Merine lasbe at birth, or later
ages, after differences in body weight had been taken into acoount.
For thess animsls differences in body fatness would bs aeglizible
in such a ¢omparieson, and the authors comncluded that prenatel under-
nutrition manifested itself ap an oversll reduction in body msss ~
2 conclesion in line with the allosetric cencept.

felentific opinion is therefore sharply divided inte twe

schools about the influence of nutvition on growth gradients. On

the one hend, the Hesmsond gchool suggests that s perled of restricted
nutrition during prenstal and postunatel life differentially affects
the various tissues or parts of the body depending on the stags of
development at the time of restriction, On the other band, ezpun~
ents of Huxley's (1932) allometyic concept propose that the fowm of
an animal depends aimost golely on ite sbeolute size and vestvicted
nutrition causes a more or less wniform vetavdation of develupment,
except insofar as fatty tissue 1z concerned, Palsson (1935) high-
lights the @@mtﬁﬁtiﬁn by stating, ... since the plane of nuirition
affscts the various parts snd tissues of the bodv as well as different
parts of the same tissue differentially, the theory of & constant
speciflis growth ratie betwesn the growth of any two parte of the
animal, formulated by Huxley (1924, 1%3?3‘iﬁ higs heterogonic or
glicmetric equation y = bzk and widely used by students of growth,

cannot safely be applied o growth in animals of determinate growth




30,

{(Palsson & Verges 1952)7,

dpplication of sllowetry o the uffeets of wndernutvition
in foetal life may nevertheless bave to take cognizance of the
difference between size and physiclogiesal maguging To a lazge
extent the gize of 20 snimal st birth determines ite functional
maturity snd ablliey te survive {(Alexander 1964¢). Although s high
plane of nutrition may pramote repid growth and development, and a

small animal of the same asge is always less mature than 2 blgger

one, if one snimal sttains a given size more slovly than another

it will 4o some rvespecis be move mature by the time 1t does so.

Appleton (1929), for example, showed how this spplied in skelstal

davelopment of the vabbit foetus. Poseroy (1960 found that ihe

lavgest foetus within & littay of pige was wmore advaveed in ossifi-
cation then the smaliest but the sppearanse of cpsification centres
was nob delaved iu the latter. Wallaee (1948) found thet fostuses
from 1ll-fad ewes were in & less advanced state of vssification

than foetuses of the same age from well-fed ewes. A newbern animal
of small bivth weizght after & normal gestatlon peyiod will be more
mature than one of the sems welight born prematurely. In other words,
a distinction between size, developumenital and physiolegizal waturity

with age may need Lo be mads,

Oppusivion te Hewemond’s (1921) proposal that wman exevis
control ovar evelutlonsry genstical growth gradients has alse recent-

iy been forwavded by Btephenson (196Za)., He compared prenatal growth
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and development of the Avstvalian Merino snd Rommey % Southdowm

cross sheep foetuses st several ages. Bresd differences in
povaral dﬁ%&m@i@%s were clearly shown, for vhiech twp enplapstions
were offered. Virstly, that the allometric grewth gﬁaﬁianza éiffer~
ed between the two breed gr@n%s in those pessurements showing most
variation. The gradients, Stephensen contends, were altered only
for certain specific types of messurements and the altered rate must
take sffect for almest the whole growth period. Secomdly, morpho-
genesis way produce different dimensiocus of the parts at the ptart of
the growth period, with similar subseguent growih rates lesdinp e
the conformetion differences characteristic of the two types.

The sscond of these two premises appears a priori the most
plausible. Castle & Sregory (1929) found a marked positive relation-

ship batwesn blastocyst diameter and rscial size of pavents. Bresd

differsnces in the sise of the rabbilc foebus are distinguishable

as eavly as 41 hvs. after conception by differemces in the nuwber

of blastomaves formed (Bregory & Castle 1931). Thesé size differences
may vesult from different smounts of glutathione (Gregery & Goss
1933a,b,2)~ 8 coenzyme important in cell division, endoevine and
metabolic setivity (Crook 1958). The results of Beatty (1938} would
alsn indicate genetical control over blastogcyst sise but variation in
the latter may be due to differences between eggs in the time of
ovulation, or the time of fertilisation, or maternal sffects, as well

as genstical faetors (Hafez & Bajsboski 1964). In this connexion




32.

Berpill (1935) stetes that, "Final size in these animals is accord-
ingly 8 %@%é%@i@% of early or even ipmitial condlitiens’. On the other
nand, shesp and cattle embryos develop at the same vate during the
firsr wesk after fertilisation {Creen & Winters 1945), but with sub-
sequent divergence in the rate of development. Clark (1934) found

that ove fros the same swe corvesponded moxe elosely in thelr nessure~

ments than those from other imdividuals of the same breed. It is not

yet koown whether ovim sisze bsars any velation to the gubgenugnt

growth of the fostus.
The finding of Tulleh & Romwberg (1963) of s marked gravity
2ffact on the shape of the long bones in sheep, overvbelming nutpition-

gl effects, also negates tha‘@%auﬁa%iiiay of Hommend's (1940, 1981)

views on genetical and autritional coutrol of growth gradients.

BEVELOPMENT OF THE

Prenatal growth and development of the ovine has been thor-
osughly investigated by few workers. The studies of Green & Winters
(1845) with the Sheepshire, of Wallace (1948) with crossas betwsen
Border Lelcester, Cheviot and Suffolk breeds, of Joubert (1958g) with
unspecified breads, and of Stephenson & Lawbourne (1960) and
Btephanson {1959, 1@%2§, 1984y with the Australisn Merine vepressnt
significant contributions. Age changes in foetal body weight, and
of a very limited mumber of externsl body messuremente (mainly crown~

rump length) have been recorded by others (Winters & Feufifel 1934




Flg. 213.~

33.

Prematal growth of Merine sheep. Constructed
from the ﬁaé& of Malan & Curson (1936a), Cloete
{193%) and Stepbenson & Lawmbourse (1960). Males
gnd fomales are shown where the sexes ware
recorded in the oviginal data. The curve relates

enly to the data of Closte (1939},
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Barevoft 19456; Eaton 1952; El-Zheikh, Hulet, FPope & Casida 1955,
Alesandey 1964b). Galpin (1933) gave 1ll-defined crown-vump
neasurements, but pot weights, for Hew Zealand Bompey foetuses.
Fostal weight and crowm-runp measuremente for the Austrellan Mevino
were yecorded by Dun (1955) and for the South ﬁfri%@avﬁﬁﬁim@ by
Curson & Malan (1935) and Hslan & Curesn (1936a). For the lattex
strain of the Merine, Cloete (1939) made a falrly comprebensive
snzlysis of the welght and length changer of different parte of the
body. The crown-yump age curves constructed by Cleste (1937) and
Dun (1983) ave sometimes used in determining the age of foetuses.
Such estimstes may be misleading {Alexsnder 1964b) due Lo vetarda-
tion of feetal growth o welght but not in linsar éi%&ﬁ%i@ﬁé»

svailable dats about the weight-age relationship ln Merins

foetunes heve been assewbled in Fig. 2:3. The lawb makes sbout JO
per cent. of lte growth in weight during the last 30 per cent. of
gestation, incressing by aspprozimately 200 g./day just prior to
partudtion (Wallscs 1948).

The @?iﬁ@ embrye grows from a single ecell of about 140
mierons in dismeter (Clark 1934} to & full-term foetus composed
of meny millicos of celle of differsnt types over & perled of
approsimstely 150 daye {(Asdell 1948), A convenient division of the
prenatal existence, employed by seversl workers (Hammond 1340;
Green & Winters 1945; Hamilton et al. 1943; Barcreft 1946; Falsson

195%; Bebinsgon 1951, 19%7) ia into ovun, embryonie and foetal

pheses.




35.

General principles of clsavage, early development and

implantation of the sgg ave dealt with in detail by Boyd & Hamilton

(1952) and Hawvey (195%). 1In the sheep, the ovum phase 4is of 10-11

days duration (Winters & Peuffel 19386} and is one of eell ¢lesvage,
eell szize decveasing progressively with little change from an approx-
imately spherieal shape, Nutritional reguirements are drawn from
the deutoplasm of the ovum while the many celled blastocyet absorbs
fluids and metabolites from the utevine luminal f£fluld ~ tha "utacrise
milk™ « a time of substantial esbryonic wertality (Hamwmond 183%),
During the teath to the thivty~-fourth day of gestation, the

embryonic phase, growth proceeds by lagrease in pell number with

comparatively little change in ¢ell size or body welght (Joubsri
1956a) but with diffeventiatien of tissues, organs and thelr majow
systens and establishuent of the mein festures of the external body.
Ristotrophic mutrition of this phese is alded by the viteliine sireus
istion in the yelk sac (& trensitery aad minor voute in the sheep),
and the phagocvtic tropheblast cells, the latter ingesting both
vellulay and fluld elenente. FHammeond (1959) compares The astion of
the phagoevtic cells with cancer gells, with their uncontrellable
metabolism, The first attack upon the uterine nmucoss seours baiwesn
the seventsenkh and slghbeenth day sftey conpepilon dn Ehe sheesp
¥,.s 8t thie time there fs8 a wery loose attaclment of membrave to

caruncle, the former being held in position by the azcumulation of
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figld in the gentral portion exo® (Amores 1952). The syndeswochorial-
type placentation of the sheep continues to increass in size and
wedight untll asprowimetely 90 daye of gestation; regressing %i@wiy
thereafter to term (Closte 1939; Bareroft 1946; Wallace 1948),

From approximstely 35 days to ters (the foetal phase)
zhporptlon of sutrients takes place by the gllantole girculation of
the plascenta. The nature of the blosd-borne nutrients coasists of
antino-apids, plucose, & limited smount of protelnm but spparsatly no
fat (Popjsk 1954}, ¥Fat may be taken uwp by the placenta but if so it
i8 then broken dowm to smaller molecules which pass on to the foetal

me for synthesis iu the sppropristsz way. Amine-scids and wany

uinerals appear te veach the foetel blood stream by active Cranspert

gmond 1952: HeCance & Widdewson 1961)

acyosg the placsnts (Hugsett & H
but it is not vet known how the foetus asequirse ssseptial fatty acids,
The various foetal orpans grow at markedly different rates
(Mallace 1948) with great increase of cell size but not number (Joubert
1956a; for skeletal muscular tissue), and with change ln sxtewxusl
body form (Cloete 193%; Joubert 1956a; Stephenson & Lambourns 1960
Etephensen 1959, 196Za) resultiog ia pontinucus changes in gomfozma-
tion, Late gestaetion, especially from 90-daye onwards in the sheep,
is a stage of ... rapid sbsclute increment rather than of striking
differentiation, and the changes in external body form take place

guite slewly Ibrough differences in the yelative growth rates of the
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?%%i@ﬁ% segments and parts of the bedy”. (Scawmon & Calking
%&i# and skeletal muscle are two tissues of direct intevest
in snimal preduction) the former priserily becavse of iis glose
sssociation with wool preduction, the latter nmot ouly for its obvious
importence in meat production but also becsuse of &@%%ﬁi&%ﬁ@@% with
body size, metabolism, locometion and general efficiency of production.
Presstel %&v&l@%&@ﬁz of shesr skin with 1ty consbituent
wool follicles has besn the subject of wuch research sffort. The uass
of literature ig reviewed by Fraser & Short (1980) and Hchincksl (1963).
For the present purpese it is sufficlent to note certain salisut
featuresg., %ﬁimafy and pecondery folilicles afa the m@?@%@la@i%gé unite
from which wool fibres ave produced. Primery follicles ave all
initisted prier o 30-days of foetal age; secondary folligles are
imitisted from then wntil the time of birth. In the %@fﬁ&@ygﬁiy a
small proportion of the total secondayy follicle populstion is actually
producing Fibre at birth (Bhort 1955}, Folligle éﬁm@iﬁ? is wstinated

from biovpey samples., The formuls of Malan & Curson (1936b):

Burince avea = 3,543 Fostal body %&igh@g‘iyz

iz frecuently used to estimate totsl folliele populstion, despite
recognised limitations (Schineksl & Short 1961).

Horphologleal and hi@zﬁiﬁgiﬁﬁi(aﬁuéiﬁﬁ of the prenatsl
development of shkeletal muscle are sadly lseking. Wallace (1943)
obgerved the development of the musculaturs 25 & whole, but the present

state of knowledge is largely bassed on the studies of Joubart (1936g).
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He inferrved that the number of skeletal muscie cells is 2 genetie
charactervistis ﬁ%ﬁér@i&%ﬁ by S0-days of fostal age ln the szheep.
Subsequent growth of musculayr tissue cccurs by increase in the
tismeter and length of this constant nuwber of fibres (Joubert 1956p).

Literature on the velationship between cell nwber, gell

gize and ultimate body size has been rveviewsd (Joubert 1556g;
Everitt 1963b). Berrill (1953), vwhen reviewing the determination
of slee, states that, “... body size is primarily a veflexion of

esil punber rathey Thew cell sise”. A positive sspociavion bebtvesn

ber of nuclel in stristed muscle and growth rate in beaf
cattle (Herold & Helms 1964) end the pig (Btaun 1963) has been
raportad,

The necnatal lenb thus results from a series of opderly

m into 2 westlv complex

prougeses that tvansform the single-celled
¢rzanism typleal of the species. At bivth the lamb is bors with a
relatively lsrge head and long well-developed legs and neck, while
the trunk is short, shallow and narrew. In 2 metrical sense the
potential for later production of wool and mest is largely determined
by the time of bivth.

Hanimum growth takes place after the formation of the enirva~
smbryonic wmexbranss, differeatistion of tissues and organogenssis.
ibsolute prenstal growth continues throughout gestation but relative

growth {(percentage increment change) declines from about mid-zsstetion




{Clpete 1939; Bareroft 1946; Brody 1945: Wallasce 1%48: Joubert
1%5%a). Time opsrates in all pregnencies however. The foetus san
spend enly 8 limited period 1n utere and foetal growth, even of

1 tine theve

singletons, may falter toward the end of ite unorms
(GicZeown & Becopd 19333, the postusturs foetus showlng sisme of weder-
nutrition and sgtually losing welight OeCance & Widdowson 19813,

probably bessune of plecental dvefunciion (Gevsbhon & Strawesz 1981},

D. FACTORS AFPECTING OVINE FOETAL GRUWTH AND DEVELOFMENT

Fostoatal growth of asimals is divectly affected by environ-
mental influesces, spart from genotype. For the animal in wtere
these same factors may operate directly or, together with others,
indivectly, mwedisted through the matewnsl organism (Millils 1933).

Several reviews of facters affecting the birth weight of
lembe have been published (Wallsee 1248: Ald1 19%3; GCuyer & Dyer
1854; Paleseson 195%; Hunter 1956; Robluoson 1957; Starke, Smith
& Joubert 1958; Schimckel 1963). As Schinckel (1963) points out,
birth welght per se may have little intrinsic value; its praciical
impurtance vests upon its relativmship to lamb survival, to posg-
natal growth and to adult perforwance, Hirth weight is alse, however,
&n 2asily measured parametsr of the intense physiclogieal setivicy
expendad in utevo during the preceeding 5 months in the case of lambs.

Hajor factors koown to infiluence gvine preustal growth azvs

marised in Fig. 2:4. Although not shown in detail, several of the
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A SUMMARY OF FACTORS AFFECTING FOETAL GROWTH AND DEVELOPMENT

FOETAL SEX FOETAL HORMONES

(@) GENETIC
(b) HORMONAL

FOETAL GENOTYPE AMBIENT TEMPERATURE

{a) BREED
(b) SIZE OF SIRE (WITHIN-BREED)

FOETAL GROWTH

|

UTERINE ENVIRONMENT

SYSTEMIC EFFECTS LOCAL EFFECTS

v

(a) MATERNAL HORMONES

(b) EMBRYO x ENDOMETRIAL INTERACTION
(c) SIZE OF DAM

(d) AGE OF DAM

(¢) LITTER SIZE

(f) LENGTH OF GESTATION

(39) PLACENTAL EFFICIENCY

(hy MATERNAL NUTRITION
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factors are intey-related i thely sffeets, with elrecuitous routes
of influence on foetal growth., Availabie literature aboul zach of

the fzetors ig now peviewad.

I. Fostal Genotype

Breed diffevences in lagh %iwﬁh‘w@igﬁz gre gall
establighed (reviewed by Starke et al. 1958). Genotypie variatiea
may account for 25-30 gggxgggiﬂ af ¢the warlstion iz birth welght
within 2 fleozk Chepewn & Tush 19323,

Differsnces in linear dimensions of lambe dus Lo the breed
of sire were found by Jamison et gl.(1961) to be highly corvelated
with birth weight. This proportionelity of dimensions with body
weight may well apply to other studies reporting striking breed
differences in the conioveation of offepring.

Bonsma (1939) found no significant difference in birth
welsht betwssn firvst-cyoge lambe out of Merino svee by Dorset Hora,
Bamney Marsh and Border leigester sirves; in conkrast to earlier
work of Colebateh & Seott {1931). Both Bonema {(1939) and Starke
et s1. {1958) coneluded that the Ryaland is inherently larger at
bizth than most other breeds but this wse due, in part, to 3 longer
gestation period. This chavacteristic ls transmitited to ite off-
spring by the Bveland sire whether mated to ewes of its own bresd

ur progsed,

Colubia cwes provided a better maternal envivonme
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foetal growth than Hampshire ewes lm the study of Foote, Pops,
Chapman & Caslda (1959); the forser byeed was shkeletally larger
g&s judged by the length of the sghin bone and the carcass. Bellows,
Pope, Chapmen & Casida (19863}, however, reported the comverse

pltuztion for these two brsede.

Metacarpus length, an sarly maturing charvacter (Hummend
18323 Palsson & Verges 19352) was found by Melean {1948) teo be highly
heritable, Breed of the ranm gignificently affected birth weights of
lambs, and metsecarpal length, in the reciproeal crossing experviments
of Hunter (1%306) working with the large Border Leicester and s=sll
Welsh Mountain breeds. In the cross-breeding experiment of Poote
et al. (1959) thers was evidence that the additive genetie contribu~
tiom of the g@m@ahix@ parents produced lavger foetuses than that of
the Columbla,

- Btarke st gl. (19858) studied bivth weights of lawbs sut of
Merino, Blsckhead Persien and verious first and second cross ewes
by sives of seversl breade. They comsluded, V... the sire exeris
& decided influence on the prenatal growth of the foetus and its
weight st full temm".

The Hew Zealand Bomney foetus grows at a faster rate than

the Bouth Africen Merino {Stephenson 1959%. Breed affscied growih
in fpetal body length in the study of Stephenson & Lasbourne (1980),

but st the same sge and body length the Romney x Southdown crogs
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produced a heavier foetus than the Australian Merimo. A genetic

effect {either primary or thyough maternal influences) on muscls

we visceral weight, but

=
o
oy
i
el
5

nd welight, bens thickness and perh
not ou lsorsase ln skalebael length, was gusgestad.

] ]
The Rowney % Southdown cross fostus has & shovrter meck

of greater sircumference and width than the Merine from an early ags

g«m&

(stephenson 1962g), with a wider head, longer nose and relatively
longer snd deeper trumk, Fostuses of this cross also differ from
the Mezrino iu the rate of incresse with age of components dn the
growth of bome and muscular ¢issue, and in the conformatien of the body
at smy particulsr welght (Stephensom 1964). Wom~additive gene sction

was found by Bellows gt al. (1963) ia Columbia x Hampshire cross
fostuses. The genstic contributien of the Columbia bresd appearved
domingnt to the Hempshive in its effect on shin bone length in single
foetuses.

Genetio differences betwesn btwo breeds of ons species
depend, in the main, presumsbly on the sccumulation of small genetic
differences ainilar to those that lead to the formation of two

separate epecies, If these small differsmces of genotype are o be

es then maeh mors will sesd

usefully employed in lumprovement progra

to be konown asbout the extent, 4f sny, that the growth and development
of one tissue or part exerts an influesce on another. Htephenson

(1964} comments in this conmexien, YIf it is possible to deline




these growih gradlents acouratsly then ooe gould alter csrtain
deterninants and sredict the effect of such alterations on the

shape and composition of the body at any particular sge ...,.".

(b} Size of 8ire (Within-Brsed)

Few workers have shown within-breed veriastions
in birth welght to be dus to the effecte of diffevent vame., Yumford

(1901 and Humphrey & Kleinheinz (1907) concluded that the size of

ram Bee little influspge on the zize of the lah nd {19323,
howevey, found that mean birth welght of lachs differed between rans,
Limited gvidence of & size of sive {within-breed) effect was present-
ed by Starke et gl. (1958) but they recognised that thelr pams ware

mature and V... lacked suffielent waristlon in terms of slze for a

more eritiesl analysis”.

Ia view of the esteblished importance of an loherited
capacity for rapld growth vate in besf production, it is surprising
that se little work has been undevtaken to determine, in the first
plasge, the influence of the sire of the sire on the glze, and
@g@@@ﬁglzy growth vate, of the offspring in shesp, Evidence is
availeble (Dun & Havward 1962; Tallis, Turner & Brownm 1964) indics-
ting that wool production is not antagesistic in requirements to
meat produstion, rapld growth rats %iﬁ%‘iarga uitimate body size
being & dasirable feature of both. When discussing the relatienship

between live weight and the efficiency of sheep production Ceop (1964)
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found that for every 4.54 kg. lncrsase in live weight the feed
requivenment inereased by approximastsely 7 per gept., at about the
same rate as did fleece weight &ﬁﬁ wwinnlng percentage. This neans
thet ila terms of efflelency of feed copversiom or production per

A B

aere the large &0 kg. sheep 1ls as efficlent se the emall 45 ka.

gheed.

ez has 2 twolold sffect on live weight growth
(Pomeroy 1935); a direct effegt due to gensetic differences baiwesn

wales and femsles and sn indivect endeerinolegiesl influence.

Stephenson (196Za), in cosmenting upon the chromosome balance of X

and XY within cells, cites a supporting example from Drusephills

melanogsster. Sex affects on postnatal growth and body composition

of sheep bave recently besn veviewed (Everitt & Jury 1965g.b).

Ram lambe ave generally heavier at birth, by 200-500z.,
than ewe lambe (reviewed by Starke st al. 1958; Donald 1962),
plthough Hammond (1932), working with small nuwbers, reported the
converse. Bonsma (1939) found that vem lambs were heavier than
ewes at birth by 6.7 per cent., compared with estimates of 5.1 per
cent. by Phillips & Dawsen (1937) and Starke st gl. (19358). Hale
plyg foetusss were heavisy then femsles st 2ll the stagss of gesta-
tion studied by Pomeroy (1960).

Ho sex differences in the birth weight of either Merino

or Romney ® Southdown groess gheep were recorded by Btephenson &




Laembourns (1960). They did find, however, that cross-bred males
were heavier than femsles between 50-80 davs of fostal age which
they aseribed to a chance effect. Stephenson (194Za) reversed his
oploion in furthey analysis of the same data; - he concluded that
vam fostuses of beth breed groups were larger than females im the
size of the hesd and neck, but only ig early (30-80 dave) fostal
iife. Dipappearance of the sex effect with age was atiributed to
increased variation of the linear surface messurements in larger
foetuses arising fvom putvitional and other envirommentel inifluences.

S8ex effects on postnatal live welght growth arve dependent
for their expression on adecuate nutrition (Palsson & Verges z%ﬁﬁ}f
Hekeown & Record (1933) reached a similar comclusion im relation te
#ex effscts on human foetal growth. Stavke gt sl. (1958) found that
& dam of swall body size inhibited full expression of the growih
potantialities of the wale lawh.

Placental develovment is yelated to fostal sex snd thus
to foetal growth vate (McKeown & Recowd 1953). At ecusl placental

weight {gaﬁﬁlaéans only), Alexander (1964a,b) found that ram

fostuses were heavier than EYRE,
Zeiler (1920) and Beer {1923) dmampstrated somatic sez
differences in the bovine foetus as eavly as the second month of

prenatal 1ife. The mals was plumper and better muscled than the

female in the cewvical and shoulder regions - 3 result substanti-

ated by more recent work with sheep in the studies of Stephenson
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&é?i

(19622}, using linear body messurements, and from carcass

nond 1932; Palsspon & Verges 19%52)., ¥Yhen reviewing

digsention (¥
ga% éiffaxﬁaﬁi@@i@% in prenatal life, Amoross (1956) conciuded that
g&%ﬁr%ti@a of males has gresteyr @ff@ﬁts pn growth &ﬁ@ﬁ ovarieg-

tomy of females.

Further definition of sex effects on growth is claasrly
desirsble from both scademie and practical points of view. Sex
effects a powerful influenee on postnatal growth, feed comversion
gfficiency and body composition in pa&gﬁézai Life i@uﬁtﬁ@ 1963
Prescott & Lamming 1964; Everitt & Jury 1965s,b) but little is koown
of the underlying physiological m@aﬁaﬂiﬁ%a, or of perieds when growth

ie mopt sensgitive Lo the sen influsnce.

121, Tosiel Hormones

: ﬁ@x effects on growth arve, as wentionad esrlier,
intimately concerned with the endocrine system as g whole. The endo-
zrine esnvizomment of the fostus hae heen reviewsd in detail by
Amoroso (1956) snd Raynaud (1963) and, to a lesser extent by
Macfarlane (1961) and Helm (1964}, It is clear thet thie i a Field
of active endeavour with labovstery, but not farm, animals.

The fres-martin condition, well-knowm in @%&@%@ but rezenke
ly reported in sheep [(Alszander & Willlams 1964), indicates the
sxistence of clveulating sex hormonses of foetal orizgin.

unpublished work with

Stephensen (1962a), eciting his owm
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gheep, found no evidence of hismtsliegical function of th
pltultary and thyrold glands prior to 80-days of sge. He points

psut, however, that early differentistion of the gonads may lead o

establighment of the hypophysis., Amnison & Lewis (1959) found that
¥

the fostal thyroid of lawbs was Functional only in the last &l
of gestation,

Stress caused by vestrictlon of the whilisal blood flow

o

in the foetal lasbe alicited & response of the denervated hessrt in

3

the study of Beynolds (1953) which, he concluded, V.., could only be
due to epinephrine or 2 related substance.” Hollasnd (1958) found
that the adrenals of the foetal rat were reduced in weizht when
their mothers were stressed by low stwospheric pressurs, He suggest-
2d that incressed concentrations of maternal gortical hormone eircu-
isting on both sides of the placeanta inhibit foetal adreno-cortico-

trophle hormone snd hence normal development of the foetal cortex.

&

n the

With regard to hypophyvseal and thyrold funciiens

¢

festus, Macfarlane (1961) states that, "The foetus appears to have
sufficient impetus from genetic and embrvological procssses teo grow

%

without 8 piteltary gland ,.." and later, "On the other hand thyrold
} v 2 ‘ 5

deficisncy leads, even in the newborn, to stunting sad defective
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I¥. jmblent Temparature

Temparature effecis upon postunstal performance and
reproduction have been studied for some time. CUlegg & Banomg (1959)

and Wincheater (1964) provide reviews of the topiec with emphasis

on temperate reglons, while the reviews of Masecfarlane, nyeuil,

Heates & Thrify (1959, Hecfavlane 11961) and Yeates & Parer {1%81)
devote greater acitentiopn to arid aress. It is, however, only in
comparatively regent times thet eifects of ewbient temperaturs on
foetal growth per se have come $o be apprecisted.

Calves born after a bhot susser gestation were observed by
Bonsma (194%), in South Africa, o be ssaller than those devaloping
in utere in cooler seasone. Merime lasbs born in tropicsl Australia
ware veported by Morley (1954) and Moule (1934) to also suifer
retardation of birth weight,

In & contrelled experiment with s emall musber of pregusnt

ey ewes fed om lucerme hay, Yeates (1953) sxposed the snimals
to tempevaturss of 40,5C. Hest-stressed ewes sttained 2 dally
teetal temperature of 41% aesmpared with 39.5°C for unhested comtral
#wes. Under hot conditions lamb mortalities im uterp were vecorded
while the lawbs born were vetarded in size. Higher suwbient
temperalures (&é.ﬁmﬁ for 7 bours sach day over 3-4 monthe of late
pregnancy) wers needed to reduce bivth weights, by 20 per cent.,
of single Merino lambs in & later study by Yestes (1958). Heat

stress and maternal undernuirition during pregnancy way axsrt an
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sdditive effect oo lawb birvth welght (Yeates 1958).

Shelton (1964) found that vearling ewes wers affected by

heat stress more adversely than mature ewes, as judged by lawb
birth weights. This could, in fact, be a further demomstration
of an additive effect of heat and poor nutrition, for the matermal

tissues in young growing ewes may couwpste seversly for a limited

supply of nutrients (Hawmond 1944),

It is elaimed (Yeates 1953, 1956, 1938; Yestes & Parer
1962) that lembs born to hest stressed ewss differ in zonformation
from laxbs bovn after maternal undernutrition. These workerg
guggest that the former ave well-proportioned miniatures of normal

ighwent in

laxbs, The propogal rests upen the balisef thet undsrunour
prenatal life causes & differential sifect on developlng tissues

mond school in this

and pavte of the body; sod conformz with the Haw
connexion. Contrary evidence has recently been forwarded (Taplis
& Everitt 1964) suggesting that prenstal undernutrition causes an
overall reducticn ip body mass and that, at the same body weight,
ill~fed lambe have much the same %@ﬁﬁ@@ﬁ@ti@a a8 well-fed lawbs.
ftudises on the tissues of lanbs dwarfed by high temperve~
tures (Ryle & Morris 1951) nevertheless puggest affects of heat.
Anterior pituitary and adrenal gland weights, corrected for differ-
ences in bedy welpht, weve grester in duwerf fhan eontrel lismhe.
Dwerf lambs had a reduced cell size in the pltultary gland, with

legs cortex end smaller cells in the sdremal cortex, and 3 veduction
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in the nusber and size of cells 4n the urinary bladder., ¥Ho effects
on the foetal thyroid were chesrved. It would be of intevest to
exsmine these parameters in undernourished lawbe of compsrable hody
waight.

Macfariane gt al. (1959) suggest that foetal dwarfing way
be due £, V... placental defect, reduced bloed supply, pltuitazy
insufficiency or adrenal sterclid exeess... ” HMacfarlame (1501 later
inelines o the view that the fostsl pituitary 1s in some way

inhibited by the effect of heat per se on the wother for, he points

eut, lasbs dwarfed at birth cen grow to normal size on good foud.

He gomcluded that the output of wost of the endocrine glands appears
o be reduced by amblent temperaturss above 27°¢. Meither cortiscme
por covticotrophin given to the ewe influences foetal growth

(Robinson & Morris 1960).

Hozre vecently, Shelton {i%%&) has concluded that the effect
of heat in pregnancy is specific for the developing embryo as ne
significant effects were observed on the weight or body condition
of the ewe. He proposes f@ﬂf pogeible physlologiecsl bases for the
adverse sffects. Fivstly, that the high axbient tempevature reduces
thyroxine output and thus basal wetabolic rate » a view im lime with

general observations (Macfarlane 1961). Seeondly, & direct sffect

of body Lempersture on the vate of fostal cell division - a pessibility

rezelving some support fram the studies of Ryle & Morris (1961).

Thirdly, that the developing embryo suffers a mutritionsl defleleney
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%%@m reduced uterine blond %ﬁgyiy; this might sceur due to incressed
peripheral cireulation as & means of dissipating incrsased heat

icad, Lastly, Sheltonm (1364) proposed a reduction in maternsl feed
intaks through reduced foraging sbility under field conditioms,
and/or voluntery veduction of intake im sn attempt to reduce bapal

' heat production. OGrabem (1964a) hme found that the hest productiom

of pregnant Merino ewes inereases two-fold st suberiticsl temperstures
{below E@mzﬁﬁﬁé and is slse elevated st high tempevaturesn.

With the exception of Shelton's (1964) studies, meost of
the sxpeviments conducted so far have lovolved small nunbers of
animals, with dilsproportimnate sub-class mumbers and confounding
effects of sex on lemd birth weights, Evidence of 2 comeonitant
- peduction in feed intake of hsat-stressed ewess vemaina equiveeal,
Macfariens (1961) states in this comnexion, "It 1s not sasy is
distinguiseh the effects of nutrition znd heat, however. Probably
there are multiple interactione ... batween food supply, thyrold,
adrenal and pitultary functions.” There iz need for experiments,

' using large oumbers of animals, with strict control of inteke, and

walid comperisons of cherecteviztiss of hoth hest-stvessed and

undernourished lambs in prenatal, peonatal and postaatal 1life,

V. Qterine Envirenment

Suveral fsctors sonbvibute te the uterine sovirounwent)
these are mummarised in Fig. 2:4 and Lhe evidence relating to each

is exsmined in followlng sections of this veview. OGuite clasarly,
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howsver, the partition of the uterine microcoss inte components
must be to some estent artificial for the action of one factor

ig generslly dependent upon, and pevhaps wedlated through others.
Bome phyﬁi@i@gi&%l‘msggaﬁa af pregnaney bhas recently been reviswed

by Holm (19564).

A, GEMERAL CONSIDERATIONS

Studies of a maternal effect on foetal and postnatsl
growth, ewerted through the uterine enviromment, with mice (Bateman
19%4; Com, Legates & Cockevham 1959; Bruxby 1200), rabblits (Venge
1950; Adams 1953), pigs (Bing & Young 19858; Joubert 1941), sheep
(Lopyrin, Loginove & Karpov 1950; Hunter 1956; Focte et al. 1959;
Dickinson, Hencoek, Rovell, Taylor & Welner 196Z; Bellows st al.
1963), cattle (Eing & Donald 19535 Joubert & Hammond 1958;
Dickinson 1960), horses (Walton & Hapmond 1938; Flade 1957) znd man
(reviewaed by Drillien 1984) all provide evidence that the maternal
contribution to variebilicy of birth welght is greater than the
paternal contribution. Large maternal size appears positivaly
correlated with faster prematal growth.

The classleal experiment, deseribed by Brody (1943) az 2,
#ees dramatic 1liustration of spatial effect om growth ...", was
ﬁh&t of Yalton & Hawmond (1938). Thev made reciproecal crosses between
the large 8hire horse and the small Bhetland pony. Crossbred offspring

were compared with foals of both pure brseds. At birth the evossbred
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foal frem the Shire wave approxissted three times the size of the
crossbred foal from the Bhetlsand meve. ' 48 postnatal 1ife proceeded
the size difference batween the reciprocal crosses diminished,but
was 88il) wmarked at four y@ar%.ﬁf age, at which time the welght of
ths foszl fxg% the Shire mave was still searly twice that of the foal

from the ﬁkaziéaﬁ WALE .

In zattle {ﬁ@uﬁ&@t & Boomond 1?%3; Dichinsm 1960} the
maternal sffect on size at birth and subsequent ages is less striking
ghan in the hovse but éﬁﬁ@ﬁéﬁ that 4o sbesp (Huster 1996 Dishinson
8t gl. 1962) while the lstter is grester than in ewime (Jowbert 1962),
fﬁ%%ﬁﬁﬁ\i?ﬁﬁ%& 1950; Adama 1%33) or wmice (Bateman 19543 Brusby 1960).
Bateman (1934) found that the presatal influsnce secounted for 41

per gent. of the total variance in body welght of wige at 12-days

of age; the postnatal Influence sccounted for less, 32 per cent.

The magnitude of the maternal effect sppears proportionsl
to the length of gestation or the time ip which the uterine envivon-
wmentsl fagtors can operate. When maternsl tissues cowpete with the
fostus for svailsble sutvients avarfaklﬁﬁgﬁr period theve is & greater
effect upon yltimate foetal size.

For sheep, ﬁﬁﬂt@rlﬁlﬁﬁﬁ} made y@ﬁ%@i@@&i crosses babwesn the
large Bovder Leicester apd the small Welsh Mountain. Comparisen of
the c¢rossbred and purbred lawbs out of the large snd small mothevs,
respectively, showed that the swall rem had lees influence on the

size of the lamb from the large dam then the large raw had on the

lamb from the small dam. A4 small ewe way depress the weight of 2
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relatively lerge foetus more then 2 large ewe would inervsese ip, 4if
the genetic difference in size i3 large enough (Denald, Russell &
Taylor 1962). Lepyrin st al. (1930) also found that birth weights
of both "transferred” and novmsliy-bors lambs depended chisfly upon
the byreed and body waight of the swe i# whieh they devalop.

Purther studins of waﬁﬁragi gnd pemetic factovs on the size

lamba at bivth employing ovum trensfer technloues wers cuvried out
by Dickinson gt al. (1962). Reciprocal crosses were made bhetwsen ewes
| of the large Linceln breed and the small Welsh Hountaln. Lasb pence
type was the most lmportent factor influencing body weight (coneidered
a5 & late meturing character) and cannocn bone length (early masturing).

Although waternal » foetel intevactions

were vYecorded, the vesulis

largely agreed with those of Hunter (1956). As the meternal enviroame
becane smaller, and thus poover in s geneval sense, pgenotvype differ-

encas deevessed in magnitude but nevertheless vemained distiner. It

wae goncluded that s ewe was able Lo vespond to progressively greater

lembs of progressively larvger (combined)

demands by the lasb or
potsatial ﬁis@ = but in aecordance with the law of diminishing veturns.
Bvidence of an "enhancement effect” on foetrl growth in
vabblts was offered by Beatty (19%3). When genetically large and
genetically small offspring are born in the gsame litter after hetero-
epermic insemination, the sverage differenmce in birth waight between
them was greater than when they were congelved in diffevent litiers

after homospermic imsemination. This zccentuation of the difference
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in birth welght has besn noted in twins of humans (Beaty

and ovines (Donald & Parser 1958),

Thres possible mechanisms whereby the maternal organism
may be able to influence the vate @f foetal growth and the size
abtained %y*th@ young &t birth were suggested by Walton & Hsmmond
{1938). ?h@ﬁﬁ ware;

{1} maternal vegulation of foetal nutrition:

(2} meternal hormonal eontrol; and

{3} eytoplasmic influsnces,
The evidence for each of these factors was reviewed by Hunter {19583
end there can be no doubt that the fivst, fectal nutrition, predom-
inates in importance. Both Venge (1950} and Hunter (1936} concluded
that a eytoplasmic influence on birth weight was negiigible; this
factor rsceives no further wention in this review.

Control of foetal growth was proposed by Hammond (1944)
to be solely a systemic or genersl effect, He envisaged 2 limited
pool of nutrients in the maternsl blood for which the fosbuses

compete, As each draws lte ration, 0 mueh the less rowains for the

Tl

others. Following on from the cbservations of Child ¢1928) »
gradients of metabolie sctivity in the tissues and ﬁﬁgﬁﬁ% pf the
body, Hammond (1944) forwavded his "Theory of the Partition of
Hutrients According to Metabolic Bate"., The basis of his proposel
is shown in Pig. 215, while Fig. 716 shows a disgram, published by

Bavereft (1946), lending some support from a2 phyvsiologicel point
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Diagram to illustrate "The Theory of Partitiom of Hutrients
According to Metsbolie Rate", proposed by Hammond (1944).

The nuebey of avrows denctes the matabolic valse
of the tissues, placenta and foetus.

“hen the nutritive supply is plentiful 21l tissues
vegelve sufficient vutrients for normal growth as well ae
maintensnce, Beduction of nutrients in the blood stream
results in the deduction of one arrow from each tissus;
deposition of fat etops, while growth of other earlier
maturing tissues ig¢ retarded., Further reduction in
sutritive supply reverses the arvow for fat, with dedue~
tion of a further arvow from othey tissues. At a very low
level of nutrition growth of bone csases; fat snd muscle
are catabolised to provide for malntenance, the growth of
the fostus and functioning of the zemtral nervous system.
Further reduction of nutrient supply results in foetsl
desth end finally the animal itself.

The metsboiie rate of Ffoestel and maternal tissues; from
Bavevofy {1946).

In most cases foetal tissues have s highey
metsbolic rate than their maternsl counter-parts, with
the exceptions of muscle and lung. Between 99-days and
term 2ll foetal tissues, except cartilage and muscls,
show an increase in metabolic rate.
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of visw. Paiseen (1953) and Bobinson (1957) have reviswsd the

evidence relating to the theory. It is, in fact, this propossl

which forms a basis of the Hameond or Cembridge sebovl of thought

et in domssticsted suinels.

on the control of growth and devels
Evidence suggesting the need for medificetion of the

sole setion of gensval effects on foetal growth has wesently besn

forvarded. Eckstein, McKoown & ord (1955) studied pregnancy in
the gulnea~pig snd found thaet the nuwbsy of smbeyos in the sane

uterine horn was morve important then the number in the oppesite hora

in determining both placsntal and foetal welghts. They proposed
that ln addition to general affects there were important locsl
elliscis opevating, especially in multiple litters, The primeiple
underiying the locel sifect is ons of hydrodynamics of blowd flow

to the placentas. Thelr proposal is & vised below in the disgraw

taken from Melaven & Michie (196050~

—

Logal E8fsete Bize o : &
\\\\\\“‘--—%> Size of Foetus

Beketeln st al. (1953) pointed out thet since resistance 1o bisod flow

vatenle Effecte

through the placents is low, the pressure at which hlood is suppliied

to each placenta way be luversely velatsd to the nusber of placentas
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Fig. 2:7.~ Control of prematsl growth, after MelLaren & Hichie
(1%260). The diagram shows the retardation of growth
saugad byt-

{a) more foetuses in the uterine horni

(b) position of the top foetus in the horn; and

{z) increasing distanece from the ends of the horn.
The correlation betwsen plscental apd fostal glzes

i3 aleo iandicatad.
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supplisd by &hﬁAméeriaa griery on the same side. Blosd supply,
with its dissolved nutyiente, may conditien the rate of foetal
growth, both dizeetly, and alsgo indireetly by determining placental
gize in early pregnency. To aceomvodate vesidual, systemie %ff@gta'

Eckstein pt al.(1935) postulated that changes of blood pressurs on

onsz gide may be transmitied Lo some extent to the comtraleteral
utering aresyy.

Melaven & Michie (1950) developed thiszs haemodynemic theme
of contrel of prenatal growth from experimental work with wmiece.
Thelr summary of the vavious factovs controlling foetal gwawﬁh iz
shoun in Fig. 2:7. The last sentence of their veport is of intsrest)
they state, "It remaine to be seen whether such differsnces in
weight at birth g5 that between the Bhive-Shetlands and Shetland-
Ehiras of Hemmond and Walton can be accounted for in terms of vasculsy
architecturs and the wechanice of fluld flow,”

Finally, the attractive hypothesis of Dickinson (1950)

relating to waternal affects on mammalisn growth may be noted., 4
model ls proposed, 1llustrated in ¥ig. 2:8, wﬁimh attempts to
integrate nutritional asd genetical contrel of growth. Two basic
termi are suggested: (1) Juvenile Crowth Potential, snd (2) Cepetie

Crow

th Competence. The latter, in velstlion to an animsl, tissue,
erzan or body dimension controls the level of autritional reaquivements
needed for maintenance and growth. Vhen nutrients are in ghort supply

the genetic growth competence veprssents the compatitive status of




Pig. 2:8.

The mamsslisn growth model proposed by Dickinson (1960},
adapted by ﬁ@kinﬁk&l {19463 .

The relationship is between body welpht sed conception
age for a hypothetical sheep waturing st about 110 weeks
{conception age) and at 553 kg. body weight.

Schinckel (1963) added the pavameter of "sensltivity te

peymanent stunting (arbiivary scale)” s en approximation

fror remulte in the litezatuwre.

*19
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ef the character under veviewy. Purthermors, growih competance,
Pickinson proposes, controls mature size, since growth of &
character will cesse when the wmetabolic potential of the charsciey
is only adequate to maintain the mase of tissue alveady formed. Un
the other hand, juvenile growth potemtial represents the ability of
the young snimal to grow when nutritional and general enviremsental
eonditions ave favoursble.

The modal, V... envisages a family of "normal’ growih gurves
bounded by twe extreme growth paths - a maximum path detemmined by
the ‘iuvenile growth potentianl’ and s ninimum peth cenforming teo the
"genetic growth competence’” (Schinmckel 1963). Certainly this growth
model is helpful im wnifying the biclogical concepts of maternal

effects, permanent stunting, compensatory growth and genotype.

B. SPECIFIC FACTORS OF THE UTERINE ENVIRO)

1. Haternsl Hormomes

Walton & Hemmond (1938) suggested that growth hormone
from the wmaternal pitait&%y‘giﬁaﬁ may be a wmechanism of eo-ordina-
tion of foetal and maternal size. Preparations of anterior pituitary
entract (Snyder 1934; Watts 1935) and purified growth hormone
(Bernes & Sayer 19527 Coles 1254) injected during preguancy incresse
the welight of the young st birth. Masslve doses of progesterons

f2il #o prolong pregusney in the ewe (Bengtssom & Schofield 1963).

Hasmond {1944) suzgested that an internsl sscretion, o
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production of 4 metsbolie substance By the %@%%@fﬁ may 1imit foebtal
growth sinee the supply of wnlimited food to s doe carrying a laxge
iitter does not inersase the welght of iIndividual young to the
axtent that they approach the welght of vyoung 1n swmall litters,

Bregory & Coss ii%@ﬁg,@ég} propogad éh&t the awount of
glutathione in the ewbryo may bs a cause of breed differences in
rabbit foetuses. Hawwond & Marshall (1952) suggested that the smount
of glutathione or ite precursors supplied by the mother may be &
limiting factor retavding growth of the young,

Thyroxine may slse be 2 limiting factor {ﬂyi@ 1943} for
the developing e2gg may require an incrsesed oxygen supply. (reviewsd,

Holm 1964).

11. Esmbrye x Endometrial Iuntersctiom

The end~product of the comples phepomenon of
reproduciion, offgpring, represents the culmination of sn integrated
sequential pattern of physiologleal processes. The timing of one
progess in relation to snother sey be alwost as important to final
success ae the process itseli. Little is kuown about the isportance
of this integration in the prenstal growth of farm animals, bug it
ie interesting that the stage of development of the embrye in rela-
tlon teo that of the sndometrivm ean affsct fostal growth and
development in the vat (Hoyes, Doyle & Bentley 1961). Feriilised

ova ware transferxrsd into the uterine horns of recipiest rats in
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different stages of pseudopregnaney. OUne additional day of develop~
ment before implantstion gave ova 8 selective advantage over nommally
developed controls in tewms of fostal welight at texm, Werking with
the rabbit, Hefez (1982) found that foetal growth may be retarded
if the rete of embryonle development was asyachronous with that of
gndometrical progestation.

These vesults have considezable bearing upon the techaique
of ovam transplsotation in the sheep (HMoore, Rowson & Bhowrt 1960),

where synchronisation of physiclogicsl states of donor and veciplent

plays en important vole in success (Moore & Shelten 1964).

T11. BSise of Dam

The maternal contribution to the varisbility of birth
w%ig%t is undoubtedly greater than the paternsl contribution, espeeci-
ally in muleipsrous speeies, Venge (19352} for exsmple, sstimated
that 50-73 per cent. of the varlebility in fostal size of yabbits
could be sccounted for by meternsl fsctors, especially dam size,

Donald & Melesn (1933) found an imcresss of 0.5 kg, in

lamb biveh weight for every 4.5-6.8 kg, incresse in body welght of
Merino dams. The weight of the swe accounted for I4 £§g%g§§gw of
the wariation in birth weight in Bonsms®s (1929) studies; has
estimated, too, #n incrsase of 72 z. in birth welght for esch 1.0 kg.
insresse In body weight of Merino swes. Irvespactive of breed,

Hamada {195%4) estimsted birth weight to incresse by youghly 100 g.
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for sn incresse of 1.0 kg. in ewe body weight. Btarks et al. (1958)

recorded an spprowimate increase of 87 g. in bivth weight for every
1.0 kg. increase in body welght of Merino ewes but less, 49 3. and
26 g. for Blackhesd Perslan firste-crogses and sscond grosses oub of
half-bred ewes vespectively. This positive relationghlp betweesn

ewa body welght and lemb birth welght has besn appreciated for soms

time (humford 1901; Humphrey & Kleimheinz 1907, wd 1932). Om
the ether hand, Hunter (1958) could find no significsat withia-group
aegosistion in his reciprocal crossing experimente; probably because
of small nucbsrs of shesp. Ewes with longer carcassss produced

heavier foetuses 2t léd-daye of age, while ewes with fatter carcasses

produced smaller foetuses, in the study of Feste st al. (1939}

. e of Dam

The saffect of the age of the dam on foetal growth and
birth welght of sheep 18 difficult to dissoelate frem the effect of
gongomitant increase in meternal size.

Toung dams that have not stiained adult size eontinue to

grow during thelr fivst pregnancy. Haternal tissues may therefore

compete geversly with the foetue for gvailable nutrients {
184643 .

Hammond {1932) referred to the inability of yvoung swes
to produse lambs of equal birth weight to offepring from mature ewss.

The influence of the age of the ewe on birth welght is sufflelently




powerful to obscure the effect of foetal sex {(Donald & Mcleas 19335).
At ecual swe body weights, Bonsma (193%9) found that lawb birth
weights iloeressed with successive pregnaneies, which he stiributed
to the @@%iﬁi@ﬁéi autritional reguivesents of the young ewe fov

prowth. Kincaid (1943) cbtained an inerease of approximately 256 g.

Lwo=giu

in birth weight of lasbs with sach successive pregoancy from
vears, while Starke et al., (1958) found a comparable annual increase

of 287 g. up €0 the thizd pregmaney. In the veclprocal cross

experviments of Hunter (1936) mature ewes gave birth Lo heavier laubs
then young ewes. |

Srarke #t al. (1933) elte research indicatimg that the
larger @im@ of pature ewes is indepsadent of previous breeding:
virgin ewes of mature age produced lawbs of egqual bisth welght o
those from ewes of similar age which had been previously bred. The
effect of age of ewe is also velated te en incresse of gestation
iength; Terrill & Hazel (1947} estimaved this at 0.27 days/vear.

Breed and waight of ewe have been wused to speclly the
maternal eovironsent and magonitude of gﬂﬁ&ﬁiﬁ‘éﬁmﬁﬁﬁ. Such evigeria
are probably icadequate. Dickinson st zl. {(1%62), for example,
showed that fcoteh Blackface ewes at thelr first perturition, although
beavier than Welsh Mountain %ﬁéﬁ in their fourth pregnancy, vislded

pomevhet smaller lawbe.
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V. Litter Bize

An inecrssse of litter size im polytocous species
reduces the rate of prenmatal growth because of competition between
individual foetuses in ukero. Venge (1950) concluded that the size
of the litter im sultiparous animals had the greatest influence of
211 non-genetic fectors on birth weight. Foetal size teads to be
inversely proporticnal to the number in a litter of yabbite (Wishart

& Besmond 19335 VYenge 1950) and pigs (Pomeroy 1960), This velatiom-

ghip appesrs determined, for the rabbit at least, by variacion in
plagental functions and ip the duration of ?z&gﬁagéyi Botardation
of foetal weight in large litters becomes wmuch more marked as
pregnsncy proceeds.

smone uniparcus speciss multiple births oceur to 2 greater
extent in sheep and goats than in other mesbars of the ¢lass; and
this has an important bearxing on the scopnomy of shesep production.
Srurhe gg‘ﬁi, {19%8) found that, at egual body weight of ewas, indivi-
dual membere of a twin lamb pair were 16 per cemt. lighter at birth
than singles but the pair was heavier, by ﬁ?,ggg'ggggﬁ, than the
gingles. This wzesult agrees with mest @tharag Singleton lambs may
be some 120 per gsut., and triplets 90 per gemt., of the weight of
twine at birth (Zzpmond 1932). Moreover, the nutritien of the dam
during the latter steges of pregnancy affects the growth of individual
wawbere of 2 ﬁu&ti@l& iitter more than that of singles (reviewsd by

Sehinekel 1963),
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Evidence on the mechanlse of retavdstion of prepatal

growth o large litters iz eonfliecting. mond {1934) found the
birth weight of rabbits to vary from 44 g. in litters of 13 te
98 g. in litters of 1. Smaller litters usually bave the longer
pregnancy but the decresse of birth weight is sbout 7 g. par indivi-
dual for each edditiomel young in the litter, independent of
decresses due to the shortened pregnaney in lavge litters (Wishart
& Hemmond 1933). That sueh dahibition in foetsl growth wes not dus
to the large nusber present in the uterine horn, but te limitation
of some nutritional substance im the matsrnal Maeaé stream was
sostulated hy Hammond (1944},

The latter belief has been modified weeenily by Holaven
& Hiehie (1960), following on from the work of Ecketein et al. (1983).
These workers postulate that the influence of litter sisze on fostal

gize is msnifested as the local effect in additiom to the gepexal

systenic effect (Fig. 2:7) subseribed to by Hmwond & Marshall (1952).
An iperease in the number of foetuses within the game horm eould
have both local gnd general effects on fostal growth; whersas an
ineresse in the mumbsr located ia the gther uterine horn gould heve
only & geneval effect,

The ratio of leocal to general effects varies with the
species, In the ox aad sheep, with small litters, enly a general
affeet is manifested. When the litter becomes numerically large,

ag in the rat, rebblt or plg, s local effect om contiguity of

foetuses within the same hora becomes manifest. Casida (1958) and
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Waldorf, Foote, Self, Chapman & Casida (1957) eite substantisl

evidence to show the existence of genersl and local effects sffecting
foetal growth in the pig. They conclude that general factovs ave
less important in swine than in the guines-plg (Ecksteln & MeKsown
195%), probebly because of 2 “speelng” phenomenon opervating in pigs,
distyibuting embryes somevhat more equally in the twe horms., Heo
effect @f‘yaaﬁ&iﬁn in the uterine horn was apparent with 4-5 piglets
or lese within 2 hovs, but with 6 or sove piglets ﬁ%@ma in the centye
of the hern tended to be lighter than thosze st the cervieal o
ovarisn ends. The finding that the foetal mewbranes were glsg
lightest in the middle of the @éerima’h@rnﬁ snd were more affected
thean the fostal weight, agress with the cbservations of Melaren &
Michie (1950 on the moues ~ pee Fig, 2:7. In the shesp, El-Bheikh
gt a1, (1933) found that the chorion at 40 days of gggtﬁzimﬁ weighed
lese for twing than singles, and less in ill-fed than well-fed ewes,
although in neither case were fostal welghts reduced,

Plagentsl develoms

snt 1s thus affected by factors of the
raternal envircoment (litter size, mutrition) before an effect onm

fpetal growth 18 recorded.

vi. gth of Gestation

Asdall (1946) collated estimates of the length of
gestation of different breeds of sheep. On the aversge, gestatien

in shesp lasts 150 days, but is iafluenced by many factors - veviewed

by Hammond & Marshall (1952), Clegg (1959) and Holw (1964); while
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shon (195%) present & detalled discussion of sex
effects on the lenpth of gestatlon in masmals,

In sose sunlmals, notably the gulnes~plg 4nd wman, lengih of
gestation is progreesively veduced by an Ingvease in litter size
(MeKeown & Regord 1952; Zeksteln & MHeBeown 1955) and this further
Limits the weight which multiple foetuses can attain in utero., A

suall reduction in the total time spent In ukero can make a large

differense to birzth weight, and the extent of the fusctlonal develop-
ment of the young, because the gain in weight is very rapid shortly
before term. In the sheep, for sxasple, foetal weight incressas at
& rate of spproxisately 200 g./dey (Uallsse 1948). Twin lambs are
frequently carried in stere for a shorter time than sinmgles (edell
1946), by 0.6 days (Clegg 1939). Relley (1943), on the other hand,

in Australis, found no difference betwsen the length of pregnancy

preceding siogle ov wuitiple bivehs after elinlastion of the sffects
of foetal gex and aire.

Gestation length im sheep has a heritabilicy of 30-40 pex
eent. (Clegg 1?5?3, aﬁﬂ sarliev-maturing mutton bresds (e.g. Dorset
Horn) have a shorter gestetlon (144-148 davs) than fine-wosl bresds
{147-152 days), such as the Merino (Terrill & Hazel 1347).

Although Clegg (1959) proposes that the gestatien length
of males &ﬁ@&ﬁéa that of femsles, Apdall (1948) concluded that sexn
'af lamb has no detectable effect, in sgreement with the work of

Bonsma (1939) and Stavke et sl. (1958).




Poor outyition im late pregussey way reduce the time
that the fostus spends im uterc. Thomson & Thasson (1949) showed
that maternsl undernutzition during the second half of pregaasey
reduces the length of gestation for twin sheep foetuses. Alsxpnder
{1958} reduced the pestation lemgth of Meriso ewes by applying &

severe nutritional stress late in pregneney; the veduction was

greatar the hesvier the conceptus at the time of lwposition of the
gtress.

In busane, Bishep (1964) sstsblished a covrelstion between

maternal heart volume and premsturity. He proposed that patlents
with 2 ssall heart had & veduced cardise output with decveased
uterine blood flow: the latter gesultisg in 2 relative uterise
hyponla er other physiolopiesl change leading to myometrial irrvita-
bility, ¥Ho similar observations on domesticated animals have been
made. |

The vecent studies of Alexander (1964s,b) on the sheep
placents strongly suggest that this organ plays an important pert
in the determination of geststion lemgth. Biggers, Curmow, Finn
& Melaven (1963) found that gestation length in mice was inversely
related to litter size. This wae balisved te be a systemie sffect

and not dus to local erowding in the uterine hown. They sugsssted

that sestrogen, known to irritate the uterus (Reynolde 1949),

segrated by the placentas might sensitize the uterus to the astiom

of omvtouin., The total mass of the litter appears more lmpoy




then the number of young Q(Melaren & Michie 1963).
Yterine distension may dictate, in part, the duratiom of
pregnsney, for uterine “toleranee” to distension falls towavds

ters and ig lese in firs: then second bumen pregesucies Qelecun &

Regord 1932). Oulnes-pigs bebeve like humans in this rvespsct (re-
viewsd by Ecksteln st al. 19335).

The time of parturition is thevefore determined by the
interplay of a large nuuber of diverse factors (Holm 1964), eand 2
question invarisbly vaised in discussion is that of cause and effect;
does the size of the foetus determine the length of gestetlen or ia
the latter detevsined by the fowmer? Bunter (1958) reviews the

provide probably the besst ¢omprom-

svidense and his owm cbservations
ise suplanation of the phenomenon. He yecorded longer gestation
perieds of Border Lelcester ewes gayrving “transferred” Welsh
HMountain lssbe than Border Lelcester swes carvying elther pure-bred
Border Lelcester or ¢ross-bred lawbs., ¥From this vesult Bunter

i for the

suggested that a foetus ¢onsiderably smuller than is norma
breed ig @az#iaé longer im utere. He also found that lavger lembe
were born after longer gestation periods. He postuleted the operation
of two mechanisms. On the one hand, footal slze may modify gestation
lenszth and, on the other, the length of gestation may wodify the

gige of the lamb at birth., Probably both mechanisms opevate simul-
taneously but the fivst 15 wmore ﬁﬁf@@tﬁ%ﬁ when foetal size iz sxtyens,

Within a narrower range of foetal size length of gestation is the more
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influsntial Ffactor.

The anstomical aud physlologizal complexity of the

malian placenta (Amoress 1232 is

several classifications of
revealed by the extensive litarature on the subjeet (Barzrof:

1946 Amovese 1952; Huggett & Hammond 1952; Villee 1960; for
reviewa).

Apatosmically, the syndesmochorisl-type placenta of the
sheep sexves ag sn arterio-vencus shunt in the maternal cirgulation
(Barcroft 1946) with close juxtaposition of m@%@rﬂazwfwﬁﬁai blosd
in the cobtyledons (Wimsatt 1950; Crawford 1956; Teutsuni 1562).
Growth of the maternal placenta 1s comsidered by Buggett & Hemmond
(1952) to be iz the nature of 2 scar tissue vesction attempiing to
repair damsge done by the encrosgiment of the trophoblast.

Phyeicloglically, the plecents pleys an sctive role in foetal

putvition (Huggett & Hewmond 1932; Popjak 1954; Rebinson 1957
Dancls 1960; Hagersan & Villee 1960; Widdas 1961; for detailed
reviews). HMoreover, it has an important endocrinclogical pert te

play in pregumancy (Amoveso 1952, 1353, 1960; Holm 1964) with its

sbility to secyete cestyogen (Merkness, Melaren & Roy 1964) and
progesterone, relesse of gonadotrophing and, possibly, adremo-
gortical~like stervids. These latter functions sre strikiagly

illustrated by the abllity of the intsct placenta Lo pysserve preg-
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wancy phenomens in the sbsence of the foestus (Amozvoes 1533; Lehw,
Erukowski & Qolen 1984},

it follows, therefore, that the smount of food vaaching
the fostus depends on the gusntities of availeble nutrisnts in
éhﬁ maternal blood flowing through the placenta, together with the
size, spe and other paramsters of the oygen (Villes 1960) which
formulate ivs efficieney. A gusntitative sssessment of overall
placental efficiency cannot yet be made {Holm 1984)., However,
further progress with an artificisl placents (Lawn & MeoCance 1962)
Shmaié elucidate priseiples ¢f foetal nutwitisn., Most studies teo
date heve gopcentvated upon componente of the plagents sspecially,

in the shesp, on the cotyisdons.

The perioed of maximum exbyyonic growth ls preceded by 2

pariod vhen placental growth is at its pesk. The plagents, in fsct,

growe wore rapidly than the foetue in early preguaney (Huggett &

Hammond 1952) ewxgeeding the weight of the foetal body up te about %0-
dayes of gestation in the sheesp (Cloete 1939; Wallsee 1948). Barereft
{1944) sugmests that vestricted placentsl sise at this tine wmay

of nutrient 44Fffu-

rvatard subseguent foetal growth through limitstion
sion, pevticularly cxygen, while Moustgeard (195%) states, "... the
f%ag@ﬁ limiring the nutrition of the foetus will be mainly the size
af the maternal and feetsl placentasl eentset.” Xﬁ late sragnaney

the sheep placenta loses its priority for growth snd mersly maintaing

or slowly loses welght tovards term (Uloste 1939; Usllaes 1948).
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Bemility of the placenta leads to autelysis with marked macroscopic

and micyoscopie structural ehanges {Amorvoso 1952; Cershon &

Btraugs 1961) in prepsvation for parturiticon (Hawmond & Marshall 1932).
Hot surprisingly, the asssocistion between plesesntal weight
{sither entive or of its compoments) snd fostal welght has repsived

congiderable sttention in & number of specles (reviewsd by Huggett &

Hasmond 1952; Ecketein, st sl. 1953; Robinson 1957). The valuable
tevent studies of Alemander (1964a,b) have done wuch to elarify the
roles of the cotyledonary component of the sheep placenta in ﬁﬂﬁ%ﬁmiﬁiﬁg
fostal welight st, or near, term.

Alexsnder (1964a) found positive relstionships between birth
weight of the lemb and the weight of intaet cotyledoms and of fostal

sier

eotyledons., At squal eotyledon weight, single Foetuses were hea
than twins, meles heavier than females and fostuses of older ewes

tended to be heavier than those of younger oneg, Hear the time of

parturition iscreases in foetsl weight were sssociated with inereasingly
large incyements in cotyledon welight, i1.s. a curvilinesr relationship.
In the sheep, a3 in man (Warkeny, Monvee & Sutherlend 1981) 2 nusber

of very smell fostuses with very small placentse resched full zerm,

At eeomstant placental welght, foetal weight was rveduced by maternal
undernutrition im the study of Alexander (19643)., Thomson & Thomson
{1949) found that undernutrition of the ewe in late pregnsncy veduged
placental weight in twin bearing ewes but not ia ewes carrying a

#ingle lamb. Undernutyition in early preguancy appsared to elevate
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cotyledon waight in the work of FPoote gt al. (1939); Alexander (1964a)
- suggests thers mey bave been @ reductlon of foetel weight at constent
plagental weight in this work.

Foetal weight and the pusber of cotyledons sve only
slightly correlated {Alemander 19643) because of 2 compensateory
incresse in the welght of individusl gotyledons when they are few iun

nunber. The compensation lovolves both foetel and maternal gompoment

per fostus varies

tigsues of the cotyledon. The number of cotyledons
with breed and strain of sheep, with litter size, age {or parity) of

ewe, sex of lawb and with envivonmentsl conditlions end the number of

caruacies (rudlmentary cotyledons - Amoposo 1932) in the utsrus.
The finding that fine and medium wool Herinos possess
fewer cotyledons thea any other breed for whieh data have besn vecorded
is of special doterest. This suggests that the Mevine fostus may
be st 2 yelative disadvantage in terms of intrauterine mutrition.
Birth weight can be markedly vedueed through surgiesl

removal of cazuncles in the non-pregnsnt ewe, but {5 move clesaly

assogiated with the welight of fuseticsal gotyledons then with theix
numbar (Alexander 1964b). It is intevesting that individual eﬁ#ylﬁﬁ@na
incresss in size, especially the fostal component tissues, after
geduction in the number of caruncles. This impliss a degree of

fortal contrel upder adverse @iggnmaﬁaaaéa.

Alensnder (1964b) wveached the important comglusion that,
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Ysoo while very little placentsl tissue is necessary to allow gss-
tation te reach the 100th day, vhen fostal weilght beging to increass
rapidly, subsequent foetal growth 18 limited by the size of the placents”
supportiog the proposal that, ... a factor limiting the size of the
fostus iz the size of the placenta, and move particulazly of its
vagculay bed.” (Bareveft 1946). In the lest connenion the ﬁtﬁéiaai

of Hoverslend, Wetling & Van Hora (1934} on the placentas of

Rambouillee, Targhee and Columbia ewss are of intersst. They pounted
the sotyledoms and messured the diameter of et lsast 10 per ceat. of
them; from vwhich the total cotyledonary aves wes caleulated. 3Bingle
lawmbs with & wean pumber of 77 and & total area of 330 sq. cnw. comparped
with twing having 2 wmean number of 87 and an aves of 462 sq. om. More
totyiedons, with a greater ares, weve found in the pregnant than
vacant uterine horn., Lavge oblong sotyledons in the sres of the body
of the uﬁaxua were noted with grest varistion in the size of cthers.

A valusble extension of this work would be to estimate the ares of

the ghorionie villl as & eomponent of the placental suchenge surfsce
during pregnency (Hilkin & Burszeteln 1937),

The recent rvesearch of Alexander (1904 s,b) has besn sited
in some detail here beecause many of his wesults, derived from lsrge
nunbers of sheep placentas, place in proper perspsciivs the mere
tentative conclusions of other workers, based on wmueh smsller nudbers
{(McEenzis & Bogart 1934; Cloeste 1939 Bavevoft 1946: WVallses 1948

Themson & Thomson 1949; E] Sheikh et al. 1935; Foote et al, 1959




Bellows et al. 1963},

Saveral polnts of intersst devived from studies of other
species arve relevant Lo this general disecussion. Placental size is
inversely related to the number of iadividusis in the litter (Pckstein
gt al, 1935). Hetrition snd growth of individual fostuses In & litter
of mice depsnd upon the location of their placentas both in the uterus
and with reference to thelr naighbours (Mclaren & Michie 1960 ; Pigm.
2:7). Az in mice, swine fostuses and menmbranes located st the
extremes of 2 uterine horn are larper than those toward the contre
(Waldorf, et al. 1957). In mice, if two embyyos implant too close
together, the twe adjacent placentae fuse to a grester or lasser
degree (Mclaren & MHichie 1960), If one mewber of & fused palr dies,
the survivor grows as well as the other (nen-fused) embryes im the horn.
But if‘b@th members of the fused salr survive, theiy sverage waigﬁt’ia
significantly reduced. Blood flow in the uterine artery may, there-
fore, be lower if theve are several placentae in one uterinme horn
than 1f there were only one. A reduction in blood flew would limit
the oxygen supply to at least the wore distally placed plascentas.

Lebr et al. (1964) have vecently veported 2 technique whiech
éﬁ@ui@ prove useful for studving watemrnsl-foetal interrelations and
the placental barrier. They ligated the wbilical cord of rat fostuses
on the 1%9th day of gestation. Afrer foetal emclusion the uteri

exhibited the shape, colour and configuration of normal uterd., The
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foetus disd and although the placenta waﬁ‘amrmai in sime and
ﬁ@ﬂﬁigux@ti@é it was lower in welght.

Thess cbssrvations sve, of course, lotimately concernad
with hypotheses of local end genersl effects om foetsl growth, but
they also smphasise the importance of nutritional competition in utero.
They indicate tos, the velevance and eamplexity of the comcept of
plagenzal 2fficieney in its relationghips to prenatal growth. Holm
{1964} s&ag&ga faoo sn effective placenta is one which sustains
pragnancy and foetal 1ife and measurement iz wsde retrospectively ia
thiz unsatizfactory maaner.”™ Clearly, no one zimple proposal can
gxplain the term and greater sttention meeds to be pald te sush possi-
bilities as thoss suzgested by Houstgsard (1939). He proposes that
foutal susrition ée@a@éﬁ om: (1) the content of nutrients in the
maternal blesd: (2 the ifzvigstion ecefficlent of the wberus;
{3) the weloeity constant of transplacental passage of nutrients and
metabolie products; and (4) the exchange avea of the placental barrier.

Although the shesp is essentislly 2 uniparous animal, the
quest for increesed productivity will demand an incresging degree of
multiparity. Obsarvations on multiparous small animsls may then assume
great significance, Finslly, it may be noted that studies of the sheep
placenta may contribute to & better understanding of one of the nost
serious probleme currvently faeing the Australisn sheep industzry -

eystic glasmdulay hyperplasie of the endometrium, more commonly koown
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az "alover dissage” (reviewsd Wouls, Braden & Lamond 19637 Lloyd
Bavies & Nailrn 1964). Characterisad by a progressive decline in
fevpility, atraining catastrophic preportions, the condition is

parmanent and irrvemedial and appears closely associabted with placentatlon.

VIil. Haternal Hutyition

Abundant evidence exists on the sffects of undernutrition

in postostel life; the sxtensive liteyeture has besy surveved from
time to time (Jockson 1925 Keve, ﬁr@gﬁkg Henschell, Bichelssn &
Tavier 1950; Wilsen & Osbourn 1960; HMeCance & Widdowson 1962, Schinckel
1963). Blaxter (1957) and Reid (1960) provide reviews of the effects
of defective nutrition during pregnency in farm livestoek, while Gilvoud
{198%) deals with esbryonic nutrition in byoader terms.

Developmental sequelae of foetal undermutrition, especislly
in ovines, have veceived little attention. Although numerous studles
on the nutrition of the pregnant ewe have been undertsken (revieved

Themson & Aitken 1959: Schinckel 1963; Reid 1358, 1963) there remsine

the singelar contribution of Wallace (1948 as & clessiesl avalvaie of
mutritional effects on ewe and foetus.

Lamb bizth weight, 82 s comprebensive index of nutritiomal
gtress in gestation, has undevstendably recelved grsatest attention.
it iz elesr that poor feeding of the ewe in late pregnancy can warkedly
raduce Lhis parametar, sspecially where more than & single fostus is

carried in wters (reviewed by Thomson & Adtken (1%39) and Schimckel




The velatively immense inecresase of ovine foztal mase late

in gestation makes striking contrest to the small increment in welight
up to about 90-davs of prematal 1life (ses ¥ig. 2:3). Zchisckel (1363}
points out thet the effects of poor maternsl nutritien will become
progressively more exascting as foetal demands for nubrients lnersuse
gnd a8 the time for birth approsches. The degree of nutritionsl stress
yequired to raduce the birth weight of siogle lambs is substantially
greater than that resulred for twins; this is ¢lsarly gshom by
comparing the results of Schinekel & Bhort (1961) with those of Wallace
{1%48). 1In faek, many of the veports of undernuirition effects on

lamb birth weights, collated by Schimekel (1963), fail to show 4o

appreciable reduction for single lawbe, especlally where the trisl has
besn conducted under field grasimg or fesd-lot @@ﬂéiﬁi@aﬁﬁ

Studies of the nutrition of pregnaut swes fall inte two
broad categorise. Firstly, there are those experimentis conducted in
pens, permitting striest comtrol of fesd lptake snd menagewent of

umbers of aninale bald

individuale, but suffering the defects of small o

in an artificial saviremment (Wallace 1948; Sechineckel & Zhork 1961

for example)., Un the other hand, there ave those studiss in a field
graziog situation invelvisg larger pumbers of experimental animagls,

tion on the

subjected te envivonmental vigours, but lacking Ilnfo

food saten with less attention @Qiﬁ to the fndividual than the floek




Coop 1950, Papadonles & Bobinsom 1957 for ewamnle) ., Helthey gvetem

s

of experimentation iz entively setisfactory and extrapolatien a¥
resulta from one set of conditions &0 the other vather hezardous,

Butrient reguirements, for exzample, of grazing sheep appear
substantially grester for maintensnce, but less for body waight gain,
then those for pen~fed animals. Coop (1961) reviewed the work under-
taken in this fisld and presented additional i{nformetiom from his New
Zealsnd studies. Later, Coop {1961a) collated estimates ln Lhe
1{terature of maintenance requirements (exprepsed as T.D.H./1b./day)
for sheep welghing 100 1b. Table 2:2 records the sawe sstimates in
terms of D.0OM./[g./day for sheep weighing 43.4 kg,; more vegent
estimates ave alse included.

Lambourne (1961) found that the paiutensnce requirempnis of
arazing sheep wers greater than those of pen~fed pheep of similar
hody welght. The increass wss 10-30 Egg{gggg; for %@aﬂy {£ar) sheen
grazing good pasture, vising to 50-100 per gent. for medium and low
waight shesp on poor pasture., The apparest incrssge in malntensnce
requizements could be assoclated with the climapic enviromment of
ﬁﬁﬁ@%%@%%xﬁ,m%iﬁﬁ and rain; walking; hormonal or metabolic factors:
and harvesting the grass (Coop 1951, 1962a; Coop & Hill 1967; Coop
& Drew 19631 L@mbﬁaﬁw@ 1961; Lawbourns & Reardon 1%463). More recent
studies have indicated the relative importsnce of these factors,
Graham (1964b) found that muscular work, maialy standing and sating,

aceounted for nearly 40 pex gent., of the dally energy expenditure of




TABLE 2:7 ESTINATES OF WUTH UIREMENTS (D.0.M. /8. /day)
FOR MATNTEMANCE OF SHEEP WEIGHING 45.4 kg.

Bpecifieation Estimate Authority
T.73

Bassl perabolilisn 265 *® 70 u 2al,

334 % Hareton (1948)
’ Y SR 8 T B 3%‘1% w &mﬁ%?
Energy squllibrium 378 # Blaxter & Grabam (1955)
356-423 % Henneber, Kellner

g e A e A O R RN S O N P i .

o e e B S R e N SR TR R P it L Rt S-Sl VBIE RT0 a gith e B. i 5 i g s g

59 3 Langlande, CGorbett,
372 3 Mebonald snd Pulley (19863}

412 Phillipson (1958)

418 Qoop (1961, 19628)

439 Coop & Drew (1963):1981 orial,
Pen-~fed iadoors,

460 # Garrett, Mevey & Lofgvesn
(19539}
] #* Watson, Secett, Bhilibeek &

Eilidis {1937}

473 * Hallace (1948)

499 Coop & Drew (19633:1981 twial,
outdoors.

P o 404 * Franklia (1952
Yard-fed 434 % Coop {uapublished data)

463 Langlands, Corbatt, Hebonald
& Baid (1963)

617 ) Goop (1961)

672 ) Coop & Hill {1982)

749 )

Fasture~fod 731 Allden (personal commumication)

781 Lambourse (1993)

B25 #* Greanall (1959)

894 Coop & Drew (1963):1902 trisl,
ghory sheep on ghort grass
for a long time,

, 621 H.R.C. (1959)
Becommendations B4z % Hoodman (1948)
716 * Morrison (imcludes suome gain)

Note: * Taken from Coop (1962a), based on the assumption
that 454g. T.D.8. iz egulvalent to 434s. D.OM.
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sheep at walntenence graszing & poor but level pasture, with drinking
water available, and only 10 per cemt. of that for a caged animal.
The same authority (Gvabam 1964b) found that the energy cost of
standing (0.36 + 0.02 keal./hr./kg. body weight) was greater than
that of rumination (0.24 % 0.03 keal./br./kg.); the energy cost of
grasing was 0,54 + 0.05 keel./hr./kg. body weight irrespective of the
type of sward and associated grazing behaviour. Shearing incraased
the maintensnce feed vequivement by approximately 40 per gent. in pen-
fod gheep, and 20 per cent. in low maintenance grazing sheep,in the
studiss of Coop & Drew (1363),

When veviewinz the experimental evidence for the influence
of prenatal nutrition on lamb birth weight, Thomson & Aitken (1959)
deplore that most workers have presented nutritional response of ewe
bady welght ip absolute gaing or losses and ﬁ@ﬁlwa%aziv& to pwe body
weight at the comméncement of the feading period. Behinckel (1963),
too, after eollating the evidence of nutritional effects on lamb

birth welghis comments, "Direct cowparison of the differsnt results

can be made only in the broadest terms becsuse of the variety of

technigues, bresds, and levels of nutrition iavelved.® HResponse of
lamb birth weight appéars, nevertheless, to vary with the magnitude
of the differensa in ewe body weight between the relatively high and
low planes of putrition but depends, too, on hov inadeguate the low

plane may have been., Thomson & Altken (195%9) polnt out that in zome
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supariments Ylow plane™ swes show, in fact, an increass in body weight
over a eritical pericd (Coop 1930), while high plane ewes way exhibit
slight or substantial gains, or even weight loss.

Pav studies of pragnaney nutvition in sheep have lneorpor-

ated a sevisl slaughter progrsmme 50 that maternal tissue changes

have vecelved {madequate attention, The work of Wallace (1943} is a
notable exmception im this regavd. As far as prematsl growth of Meriso
gheep is congerned only two studies of normal foetal growth (Malsn &
Cursom 1938a; Closte 1939), and a series on genetic aspecte (Stephen-
gon & Lambourne 1360, %ﬁ%@%@ﬁ%éﬁ 1959, 1962a, 1984), have been reported.
in those experiments involving & slsughter procedurs, the degres of
putritional stress imposed on the ewe has not been great, with
examinatlon of fey fostusss 2% any one stage. The Low Plane ewe in

the study of Wallace (1948), for esample, lust approximately 14 per

cent. of gross body wedght during the flrst 90-daye of geststion,

ame palr of twin fostuses was campared with foetuses derived from one
Maintenance ewe snd one High Plane ewe. Furthermore, in field graziag
grials desth claims those ewes amﬁ!@x? their lasbs subjseted to the
greatest degrse of stress. Schinckel (1963) g@ﬁag@i@ﬁé the possibilivy

of this bias when comparing the pen-feeding experiment of Zchinckel &

el

Short (1961) with the unpublished results of a field trial (Schinckel
& Lembourng).

Apart from eve and lamb mortalitles arising from impalred
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maternsl metabolism {reviewed Beild 1958, 1961, 19633, the redused

weight and asspeiated neonatal incompetence of lawbs at birth

(reviewed Alezender 1964e), coupled with restrained maternal behaviour,
are held responsible Hr a large propovtion of the wassive neonatel
mortelitiss inflieted upon the Auvstralisn sheep industyy.

Begtricted postnatal performence of offspring born o sves
undernourished in the pregnancy iz of equal concern, but lese cbviosus,
than reduction of birth welght (MeClymont & Lambourne 1938; Schinckel
& Ehort 1981; Taplin & Everitt, 1964). Thomeon & MeDonald {1955)
found that, on average, any deviation below the mean in lasb birth

waight ia nified 3-4 £0ld by wesning time. In the pen experiment

of Sehinekel & Shovt (1961), for emsmwple, differences in nutritional
trpatwent of Merino sheep pricr to 4 monthe of age resulted in 2
difference of pearly 20 per cent. in mature body weight. Prenatal

and postnstal nutritionsl treatments gontributed sgually and gdditive~

iy te this substantial effect. Sheep poorly veared from conception
to 16 weeks of postustal 1life 9r§da¢%é sbout 20 per cent. less wool

at maturity than well-fed mates, The effects of pre- and postnmatal
nutrition were likewise additive. As adults, offspring from swes 11l-
fed throughout the whole of pregnancy were sbout 9 pey cent. smaller,

profdused abo

ut 8.5 per eent. less wool and bad about 13 per gemt.
fewar wool fsllicles per sheep., The primary effect of restricted
feed intake during prenstel 1ife was through a reduction in total

follicla number, largely secondaries, associated with a concomitent
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reduckion in body size andé skin svea., Corvcbative evidesce for
semws of these effects was offered by Teplin & Everitt {1964). Turner

{1961} has shown thst wool production of twins, and of siugles bomn

to immature swes, may suffer from 2 meternal hasdicap; & finding sup-
ported by the work of Dun & CGrewal (1963). Presstal limltatien (twin
pregnancy) veduced the mumber of secendary wool fibres present at
birth in the study of Doney & Smith (1964} but, providing postnatal
nutrition was adequate, this difference had disappeared by & wesks of
age. Ho permanent effects on fibre number, wool productisn or flesce
structure wers observed,

o information 18 yet available, however, o the reproductive
performence of offspring devived from ewes ill-fed during pregnancy.
4n effect of this nature may prove, {o fact, of grﬁatéx practisal
importance than a rvestrietion of lifstime wool productivity. BRetarded
early postnatal growth may delay the onset of first cestrus in maiden
ewes {reviewed by J@nﬁaﬁt 1963), estending the generstion interval
with econumic repercusions. Ovulastion rate and lambing sercentage
are also positively velated to the body wéight 0f the swe when she
iz mated (Wallace 1961; Coop 1962h, 1964). Moveover, a small maiden

ewe may exert a maternal effect on festal growth, producing a small

lamb 2t birth with concomitant temporary and permanent disadvantages.
Coop (1962b, 1984) with data derived from several thousands

of sheep (mostly Corviedsle but also some Rommey) in New Tealand over
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2 period of 13 vears, has established g eritical live welght of the
gwe at mating time of 40.9 kg, Above this welght the proportion of
barven ewes decreased only sligbtly from sbout 9 per gemt. to 5 pex
cznt. at 72.8 kg.; below 40.9 kg., however, the percentage increased
markedly frem 9 per cent. at 40.9 ks. to 50 per gent. ar 9.5 kg.
Horegver twinning vate incressed at 3 comsistent rate of sbout & psr
gent. per 4.5 kg. incresse in ewe body welght at wating time. Hurvival

and growth of the lambe was aiso higher the larger the ewe at mating

time. It was found, tes, that the veproductive performance of maiden
two-Ltooth ewes sgualled thet of older cast~for-age ewes providing
that the maiden ewes sttalined 54.5 kg. st mating time. Goep {1964)
commants 1aﬁ§$5 “Hot only does falluve to produce well grown twor
tooth swes cause an lwwediste loss im production from the low per-
formance of thase sheep but this loss is probably carvied om fox
theiz whole iifecimel aund ¥ ,.. opce & young ewe gnters the breeding
flock it has very little chanee of growing unless it happsuse to be
barren’ and "Be the live welght atteined by the two-tosth swe (at
firet watiag) sets the limit to ivs lifetime size and production”.
Bradford, Weir & Toxrell (1960), on the other hand, found ewes
restricted in growth from &-15 wmonths of age to be squal ian thelr
reproductive performance undey vange gomditious to well-fed swes,

In gentrsst to the many studiss of the sifects of wnder-
putritison in late pregnency, the importance of the level of msternal

feeding in sarly pregneucy bas recelved little atiention. From the
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poiat of wiew of foetal growth this is, in part, undevsiandable.
Although evidence for the ovine is very limited, the sdditicnal
requivements for nutrients even in late preguascy in the cow sre

small (10 kesl./kg. bedy Wﬁg%z‘:@%w

ensrgy retained) as gam@@@%ﬁ
with lactation (Blazmter 1962: rweview).

Table 2:3 showe the sutritional reguivements of swes in
garly and late pregpancy aé estimated by the H.R.C. (193%). Cardner

& Hogue (1963) found that T.D.N. levels recommended by the N.R.C.

(see Tsbla 7:3) for late pragnancy wers adeguate for swes with single
lambs but imcressed levels (125 per gent.) for twin-bearing ewes were
neaded., Oreham (1964¢) found the heat increment of pregnsmey in
Hering eves incrsssed to 90 Leal,/24 %ﬁ«!k@g foetal zissus at term;
urinary nitrogen loss decyeased as pragasmey advanced and pregnancy
414 not affect the digestibility of fool saten. '

nt In the sheep

Rararded savly fostal growth and developme
due to inadeovate maternal nutrition has not been tlearly demonstrated.
Hammond (1944) postulsted that foatsl metabolie vats was highest in
sarly pregnsncy, and only slightly less than that of the materaal
pentral nervous system g%&& Pig. 2:5). He drew support for the fostal
component of his “Theory of the Partition of Nutrients Accovding teo
Metabalic Rate” from the reseavch of Wallsee (1948) who was unable
to demopstrate soy ﬁigﬂiﬁi@ﬁﬁt effect of maternzl nutrition on the
welght of twin sheep fostusas at 9l-days of geetation. The

inadequacies of this premiss, recomnised by Wellase (1%48), have been
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HANT 5ﬁﬁ@§ : data adapted from Tables 1

Tﬁﬁm 2330 Brae EE @i gwgegw Qﬁ@?}
d et (1)
Fead Daily Butrlente per Apimal

Ewe Body We. ﬁjﬁi&i;;ﬁa@ per animal | % of body wt. | Protein| 0.2.3 | 2.0.8. P p2.® | ea | » | sair | carotene |vie. a. |vit. p.

s Y (s (@) () () (thexms) | () | (&) | (8) (=) (1.0.) | (1.0.)

45.4 52 1159 2.6 0.8 49,9 590.2 2.6 3.2 | 2.5 | 9.0 1.7 963 250
Last & weeks

45.4 148 1725 3.8 - 140,7 77 .2 908 .6 4.0 4,2 | 3.1 116.0 5.8 2318 250

Percentage of ration or sﬁ@u&ﬁ per unit wt. of feed
@ m (%) (therss) (8) (B (8  (ne/100g) | (1.U./100g)(LU./10

Fizet 15 weeks of preguancy . ‘

&45.4 32 1180 2.6 7.6 4,2 50 1.8 D27 | 0.21 1 0.8 6,15 a2 i1
Last & weeks of pregmancy

45.4 168 1725 3.8 8.0 4.5 53 Il 0.24 |0.18 | 0.6 2.33 134 15

Hote : (1) Based on alr-dvy feed @m@tainxng 0% éxy/mattmr.

{2} .7, = digestible protein.

(3) T.B.NH. = total digestible nutrients.

(4) B.E, = digestible energy, caleulated on the assuwmption that 1 g of T.D.H. has 4.45 keal. D.E.
Matabolizable %a@znyzugrﬁa@@as BI% of D.E.




meéntioned earlier. El-Bheikh gt al. (1933) found no signifieant
differences ln wvine %@%@&3 development at 40-daye of gestation
attyibutable to different levels of maternal feeding. Likewiss, oo
appreciable effect on fﬁﬁﬁ%? walght at 23~, é@w or l4d-dayve of

gestation was found by Foote et al. {i%ﬁ%} who imposed high and low

ant ewes of two breeds, with marked

planes of autvition on prege
differences in body size of the swes dus to the nutviticnsl regimes,
E%W@W%EQ Schinckel (1263) mskes brief referencé to unpublished work
whare be found 3 significent difference in fostal weight at %0-days
of age between single and multiple Mezine fostuses; the mean weight
i 129 single fostuses wae 510g,., and of 39 %@iﬁ and triplet foetuses
490 g. As Schinekel (1963) states, "This might well imply that’
nutrient supply te the fostuses can be a 1i§itigg factor befors 0.
days' . | |

Unlike the animal in postnatal life, the foetus has
iittle upportunity to eccumulate nutvient reserves and, LI retarded,
ta iiﬁig%é by time in waking wp lost ground before birth. Thess
interastions of food, growth and time in foetal life §iéﬂé a diffsrent
smphasis on the phenomencn ﬁf‘ﬁiﬁ?@ﬁgﬁtﬁxy growvil. Thisz %&@i@%iaaz
wmechaniss, inberent in ths growth of all snimals (Tammer 1963), is
especially iwmportant in the growih and production of domesticated
apacies (Wilson & Osbourn 19603 Schinekel 1963},

It is quite clear that, in postnatal iife, the durvationm,




severity  #nd partleulariy the sge of the animal at the time of
restriction play important roles, with merked differences betwesn
goecies in thelr resction. Work with lsborastory snismals (zeviewed

by MeCanes & Widdowsen 1887; Widdowson & MeCence 1%863), poultyy
(dilson 1934), pigs (Robinson 1964), gosts (Wileon 1938), and a@ﬁﬁ%@
{Crichton, Altken & Boyns 1960; Dickinson 1960), =s well as sheep
iﬁﬁm%@mﬁ 1932; Coop & Clark 1955; Donald & Allden 1959; Bradiord

&t al. 1960; Bchinckel & Bhort 1%961; GQuon 19643,b; FPurser & ﬁéﬁ@?%ﬁ
1984) all sodnts to the fact that the earlier in developmental 1ife that
the stress is spplied, the greater and more lasting will be the affsct,

In the rat, Widdoween @,%ﬁﬁaﬁﬁé {1963) bave shown very

clearly how in a species born in & relstively Lmmatyre state, witimate
gize and é%?%i@@%éﬁ% is permanently restricted vhen growth iz retarded
immediavely after birth, with diminishing effects as life proceeds.
Species born in 2 velatively more mature state - such ag cattle - are
capsble of overcoming a vetardation ¢f growth epplied immedistely
aftar birth. Crichton gt al. (1963}, for %%am@iaﬁ reported the affects
of different methods of rearing from birth to fivet calving on mature
%aﬁé welght of dsiry cattle. Ho significant depression of weight at

5 years was detected even in anlwmals rvesred on low intake to two-
years of sge, when ouly 62 per cent. of mature weight had been attalned,
| The sheep appronimaies the ox more closely then the wat

in regpect of developmentsl maturity at birth. In this species the

effectes of nutritionsl styessz after Birth on wliimate slze aze not
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g0 marked as in rats but more sc than im cattls. Coop & Clavk (1953),

n a field trial with Cerriedaleaves In Hew Zealand, found that =

o

substantial body weight difference at 12 months of age, origlaatin

from both pre~ and post-weaning treatment, was eliminated by 32

months of age after sll animals had been reslimentated. Retapdationm
of growth after 7-9 memths of age failed to reduce the lifetime produc-

P

tivity or mature body weight of Merino wethers in the study af D

\«;-

enald

& Allden (1959). A mutritional stress from 4-18 months of age gave

a small difference, approximstely 4 per gent., at five-yeavrs of age

in ewes (Coop & Clark 1955). Prenstal snd early postnatal mutritiomal
treatments contributed egually and additively to a%@_%ﬁéﬁ@&ﬁzigi
reduetien (20 per gent.) of adult size of sheep i the study of Zehinekel
& Short (1961), Evidence of marked affects of sarly environment om

the productive performance of South Australilsan and Peppin M 2 has

recently been forwarded by Dun, Alemander & Smith (1954).

4&‘

These &iff@?@ﬁﬁ@@ betwesn specles in thelr abiliey ¢
compensate for growth vestrlction appesr related to differsuces i
physiclogical age (Brody 1945). Cowpletion of orgencgenssis, in a
metrical sense, may mark the period of life when a temporary vetarda-

tien of growth geases to exert a permansnt effect om ultinm

development and produstion. FPrior Lo &0

imeresasing sensitivity to styess; and after
semsitivity, In this context, the rat may cease organovgenesie at,

gay, & weeks after birth compared with the sheep which appears most
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sensitive in late premstal-neonatal life. These suggestions aws
embodisd in Dlekinson’s (1960) hypothesis for the comtrol of mams~
1ian growth, ©o which Schinckel (1963) has added am gdditiomal
component of sensitivity to stress in relation to physiologicel age
{see Fig. 2:8).

The svidence of Kimg (1915, 1916) also suggests thet
nutrition cannoct be held to account for all the effects; she found
that even if the “runts” im litters of rats were given specizl
sttention and unlimited food they did not attsin the welght of thelr
nopmsl littermates even 2t maturity. Growth hormone boosted growth
rate of undernourished rats oa ad libitum feeding in the study of
Hruze, Pabry, Chrapil & Holeckova (1962): <they suggested either a

relative pituitary issufficlency during rve-feeding, vhen de
protaosynthesis are large, or to increased endogenous sensitivity af
tissues to the setion of the hormene. In the sheep, there ls eome
evidence that sell mmbsr of tissues ilg completad by approunimately
90-days of gestation (Joubert 19562), As there is a limit te the
size that individual eells may grow, tissue expansion may be restricted
1f cell pnusber is retarded sarly im life. Museular tissve fovms
approximately one-third of the live weight of 2 beef animal, irrvespee-
tive of fatness (Callow 1944).

Finally, it may be noted thet the sniwmael in utero may ot
have t&a opportunity for ad libltum food intake to pemmii compenssiory

growth, The food supply of the foetus is mediated through the pleecents,
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1£ the efficiency of the latter is restricted through maternal
undernutrition in early pregnancy, there may be a vestriction of food
supply Lo the foetus in late pregnsmcy, even though the wother is
herself feeding ad libitum., There is, in fact, sonslderable gvidenze
{ilexender 1964s,b) to show that foetal and placental size in late
pregoancy of the sheep is closely sorvelated.

it is, therefore, guite clear that fostal growth in the
sheep, snd other mevmals, can be profoundly aifected by maternsl
nutrition with important residual effects on postnatal perisrmance.
It iz eoually ¢lear that the association is by no means & simple e,
put represents the action and interaction of & large number of

diverse factors.

This review reveals the prime necesslcy for integratiom im
the science of animal productiom, in growth studies and, particularly,
in i@?ﬁﬁtig&tiﬁ%ﬁ of the prenatal enistenss,

Logses of substantial magnitude in the animal iaﬁ#&%ri&s
impinge wpon the breeding unit, and this is aovhere more true than
in the Australian eaviropment. Axziomatically, it is to probleme of
the reproducing enimal that consgiderable veeesvch resources %&%é
devoting, for the rewards are potentially enommous.

1t is, however, clearly necessary to establish,.in the

first instance, the most appropriate and valusble teehniques, for
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this is wore likely to lead te corrsect imterpretatiom of the
information; albeit that there is ne such thing as a “final explans~
tien”, The review showed the many difficulties of measuring animal
performancs, snd the controversies inherent in differsnt imterpre-
tations.

Classification of the maunifold factors affecting growth and
development of the animal in uterc revealed the pre-eminence of
nutrition. Any contribution, thersfore, leading towards a bsiter under-
standing of nutzitional demands is worth suppert; end this factor
forms the major variable selected for study in the superimental work
of this thesis.

But, it was obvious, too, from the review that nutritiopal
contzol of feetal growth was substantlally more complex than in the
animal sfter birth., The latter, in effect, is influenced dirsetly,
the fostus imdirectly through circuitous patiways. Thess studles

attenpt vecognition of these pathways.
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3. LHE PROGRAM

L OF INVESTIGATION

45 seopunt of the philesaply snderlying the evpevimestal

work veported in the thesis iz offered im this ssction.

Ao GRNERAL

MANAGERIAL CONSIDERATIONS

Two procedures wmay be adopted in assessiog the efficscy
of grazing mansgewent tasties. Pirstly, ean encompassing experimental
m&a&ge%ﬁﬁm programme gan be tested under fleld conditions, recording
deficiencies of the secosystem ss they may oceur; altersatively,
individual gcomponents may first be isolated, emawmined in detail, and
subssquently integrated into 8 vevised grazing management progravme,

on cbjective and are to this extent

The two approsches have a ¢
complapentary; the firaet, howsver, Jdemands move extensive land
.ra$@u¥£$$ than the second, @a@ania%iy for breeding snimals, Morve-
aver, the interaction and confounding of component factors when
grouped together may eithar escape cbservation or defy bleloegical
 interpretation unless the detall of esch component is fully appreciated.

Lack of pasture growth during the 5-8 months of swmer
dyought in this Mediterzaneasn-type savirenment, coupled with the
assoeiation of pregnancy ip sheep over this peried, permitted a
aamgrémiﬁe betwesn the disadvantages of pen~feeding ﬁx?aéim@aag
and those of field grazing studies,

 Empevimental snlmals were beld in an exposed two-acre

paddock, bared completely of pasture feed at the etart of the

gummer. Indlvidual feeding on & pelleted diet, cuantitatively




@
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¢

rationad, snsured that gross body weight during pregnency progesded
alonz 2 predetemmined curve. The degress of welght loss, i pavitis-
gular, imposed on the ewes vepresenied extremes to faeilitate inter~

shere of aniwals. Hever-

pretation of effects o relatively small auw
theless, the selsction bore velationehlp teo conditions vegoprded in
farming practice -~ see, for ensmple, Fiz. 2:2 -, especially under

pralonged drought, and to other experimental work (e.g. Bchinckel &

Short 1961).

B. IEYSIOLOCICAL CONSIDERATIONS

Postnatel performance of shesp can be greatly iﬁfl&@ﬁﬁﬁ@‘hy
their prenstal nutyitional history., Foyr enample, vetarded posinatal
growih and development of lasbs born to HMerino ewes seversly undexfed
throughout the whole of pregeancy wes recorded by Schinckel & Bhort
(1961} = L/~ swes ~ and Taplin & Everitt (1964) ~» LL swes. The
garliest stage of zestation st which maternal undernutrition restricts
postnatal periormance of the progeny requires caveful deflaiticn,
for this besrs diveetly both upen the strategy of mansgewment of breeding
ewes aad the overall mzonomy of the animel enterprise,

in ovder Lo &seist appreciation of the physiological rsasons
for these residual effects, a detailed definition @f(ﬁ%& influence of
prenatal undexnulrition op seversl pavamsters of foetal growth sad
development is sttempted in this atudy.

The foestus, however, does not lead an indepsndent existence
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and cannot reasonably be dissociated frem the effscts of undernutricion
gn the maternal orgemism. Obaervations on the response of the awe,
and particularly the placenta, ©o the nutritionsl Lrestments have

thevefors also bhaen recordad.

€. EEPERIMENTAL DESIGNS

Zhe iafluenecs of Severe Maternal Undernutrition during

Preguancy, and of the Siza of the Sive, on Foetal Growth

#nd Dovelovwmant,

This expeviment was desiguned to pyovide gensval informs-
tiow about the effects of matarnel wdernutrition on the pevformance of
the ews and her foetus. HMove specifieally, the hypothesils was tested
that foetal growth In sarly pregospey il independent of the level of
nutritlen supplied to the ewe. The degree and vate of body weight
loge imposed on the underfed ewes approximaeted those yeecordsd by
Sehinshkel & Shore (1881) and Teplin & Bweritt (1984},

The effect of the size of the sive on fostal growth and
devalopment was Included as & sscond varisble for study. Apart frem
interest in genetie, 8 opposed Lo muitylitional, contzel of fostal
growth, it was copnsidered inmitially thet difficuities might be encount-

i,

ered in placipg nll ewes in lasb

toe one zam., Two Herimo rems eof
markedly different body size were sslected for use,
The experiment, thevefore, was of 2 z 2 factorial design,

invelving High v, Low planss of maternal nutrition throughout preguancy;
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aud Lerge v. Small size of ran.

The Influence of Ewe Body Weipht at Mating, and of Severe

FAnsy,

Maternal Undernutrition for the first 90-days of Preg

on Fostal Growth and Development

This exveriment tested two hypotheses arising from
Experiment A. Fivstly, that the body weight and condition (fatness)
of the swe a8t mating buffeved the foetus from sesvere yndernutrition
in sarly pregasscy. Secondly, the abllity of the fostus for compen-

ping & pewied

satory growth snd development in late pregnancy, follm
of poor maternal feeding, wes examined.
The design, therefore, wasz likewise a2 2 x 2 factorial;

involving ewes which were elther Heavy or Light in body welght at matin

5

time, with eitheyr High or Low plane of materns]l nutrition during the
first 90~dave of pregnancy.

D. SELECTION OF FOETAL AGES FOR EXAMINATION

Fostusss of two ages (90-days and 140~davs) were selscted
for datailed sxsmination in both experiments. The first, Y0-days of
age, permitted comparison with the data of other workers (e.g. Wallace
1948; Stephenson & Lawbourne 1960; Stephenson 1%62z), basides
representing & time of merked chenge in foetal waight (see Fig, 2:3)
and development (e.g. Joubert 1936 ~ for skeletal muscls tissue;

Praseyr & Bhovt 1960 - for wool follicles).
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Although & wumber of ewes were permitisd to lemb, snd
ohservations on thelr offepring recovded at biyth, the complication
of differences in the leagth of gestation was oveveome by making
detailed exsminstions of fostuses at l40-days of sge, a short time

hefore birth. Undersutrition tends to abbreviate the length of gesta-

w

tion (Alexsnder 1956); in 2 pilot study (Everitt : unpublisghed data),

two ewss severely underfad throughout pregnsncy lambed after 142 days.

1t was feared that deley in the time of exanination nearer to bizth
(based on 130 days of gestation) night Involve lose of foetal naterial

through pavturition.

E. EFFECTS OF FOETAL SEX

Fostal sex represented an uncontrollshle varlable sffscting

growth and development. Disproportionate sub-class numbers of male

and Female foetuses vasulted, necesgitating application of special

statistical methods for the study of sex effscts.

E. OF MULTIPARITY

Oheervations of trestwent affecte on single foetuses were

desived and, fortupately, no multiple sets were reecorded,

€. OF AMBIENT TEMPERATURL

The ewes were subjected to the normal gessonal levels of
ambient tempevature operating under the fleld envivonment of the

gxperiments. Mo eontrol could, of course, be enercised in this connex~
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iem. However, slimm%@gim} records 2t the ¥Walte Agviculiural
Hesearch Institute over the periods of fisld sctivity are pressanted

for informatlion.

In thess experiments, the animals were held in s simulated
Ygraving” situstion, subjected to the operatiom of environmental
factors, but with gtrvict control of gelesied vavisbles &i%&é‘:@r by mans~
gerial {e.g. bresed, age of dam, feed intake, body welght gain/loss,

fostal sges) or statistical (a.g. foatal sex) procedures.
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&, EEPERDMENT 2

THE INFLUENCE OF SEVEBE MATERNAL UNDERNUTRITION DURING FRECH!

AND OF TEE S1ZE OF THE SIRE, OF FOETAL CGBRUWTH AND DEVELO

e

. INTRODUCTION

The @@ﬁ@@ti?%ﬁ‘ﬁf this experiment were three-fold:

(8} %o provide general information on the sffeets of undernutritiss
during pregnsney on the performance of Merine ewes and thelw
fostuans:

(b} to test the specific hypothesls that foetal growth in early
pregnancy ia indspendent of ﬁhﬁ nutrition supplied teo the awe:
and,

{¢) to exzswmine the effect of the size of the sive on fostsl growth

gnd development.

B. HATERIALS ARD ME

THODS

1. Exzperiments] Design

& 2 % 2 factorial design was emploved with two velative

iovels of maternal nutrition during p?wgﬁanay = High Plane (HP) and

Low Plane (LP) = and two sives (Ruam L and Ram §).

Ewes were randenised into two eire groups at the time of
joining in October 1962. After mating ewes were allocated alternately
o the twoe putritional regimes so that the gross body welght of sach

individusl either increased (HP) or decveased (LP) by ID per cent.




ever l40-days of pregnancy.
Sin vandomly selected eswes wers slaughtersd st ipining
time; and after buth B0« and 1l40-days of pregnency a2 further & HF

and § LP ewer were killed.

Zemaining o2ves copntinuad on &0 =

Zi. Eupervimsntal Lolmsls

(a} Ewes

marizes the classifications of the ewes.

Tabla 4:]

Heventy 3J-yesvr-old Bouth Australisn Merino ewes wers
selected for the ewperiment from 93 animals svailable afrer weaning
thely lambs in September 1962, Each selectedase had successfully

in the 1962 sesson. The remalning 25 uaselscted

zeaved 2 single 1
ewes wave eliminated for obvious %hyaié&i faults or becsuss of
exceptional leammess. BSelected pweg, nevertheless, varisd comsider-

ably ie body weight and fatness st wessing time.

(b) Rams

Twe South Australisn Merino rams of markedly different
frame size were used - see Plate 4:1, The larger sire, Ram 1L,
weighed 92.%6 kg. at 17 momths of age compared with the smalley one,
BRam 5, which, on the seme oecaeion, weighed 64.5 kg. st 5% monthe
of age.

Linsar body wmeasurements of the rams vecovded is Gctober
1962 were : body length (withers to ping), depth of chest, width at

shoulders, ribs and hips, and hips to pinz, as definsgd by Turner,
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BUBIARY OF CLASSIFICATION OF EWES

Clagsification

Fumber of vwes

Gyon

’Tﬁ:

i

BP/Bam

HP/Ban
%

Total

LP/Ram
L

L?fﬁﬁg
2

Total

Remarks

Weaning o o - = - - 14
Served by teaser ram - - - - - - &4
No display of cestrus - - - - - - &
Mated . entive vem:
Mo, of services required fur concepii n:
Ly ‘ 10 i 3 15 34
2, 5 7 i 13 23

3.
Toval |
Recurvent ocestrus after third meting to
entire ram

Absence of cestrus after meting to entive
rvam, followed by later return to
tesser van

Slaughtered (all with single foetuses):

Meting

Afrer ii-daye of bregnency

Bfter 140-~dsys of pregnancy

Tobal

Deaths

Lambing

Fallure to lsmb despite non-veturn to teaser

ram after mating with entire ram

L.

PR T

32

%@ o

14

gl B

Fst
mi o g B

s

T B NN

gﬁ @ o

&

s

LB

-
o

16

4

.

21

f

{1 LP/Ram & ewe returned after 38 days
(i LP/Ram L ewe rveturned after 42 days

LP/Ram '8 ewe not pregnant

et

Ses vext for detalls

A11 single lambs
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Haymsn, Riches, Roberts & Wilsem (1933): and fors-caspon lengih
{(Aunter 1954).
Biopey semples, Z gm. in dissster, weyve tehken from the

vight Bleeps feworis wusels of each rvam in August 1962, The mumber

of muscle fibres in sach ¢f 10 primery fascleulil, selegted 2t random,
was counted, and the dismeter of 50 lndividusl muscle fibres seasured
te the neavest 2u, from sach sawple. 7The progedure hag beesn described
in detail slisewhere (Everitt 1963s).

Wool folliele development was ensmined ip histelogicsl

the

sections fros 1| em. dismeter blopsy skin samples taken from
nideide in August 1962, Procedures were based on those described by
Clarke (1960) in the veview of Fraser & fhovt (1960). Sestions, out
at the level of the sebaceous glands, were stained with Masson's
Trichremic stain (without acid Fixative).

A 10 7 10 on. widside skin pateh was aa%#@ﬂ@é on sdch van

in May 1962. They grazed together, on predominately Phalaris tuberosa

L. = subtevransan clover swerds, for the fallowing 98 days when
the wool geesm on the mideide pateh was harvested. Wonl ssmples wave

‘seoured, oven-dried and the yield of glesn dvy wool determined,

111. Hanagement

(a) Beneral
Sheep weve accommpilated in a Seaeve holding paddock

offering no shede and negligible herbage st the start of the trial.

A vontiguous Z-sexe paddock for hand-msting the ewes was used., The
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Plate 411.- Side and vear views of the two vass (10 z 10 em. grid).




56

@
£
-
£
w
(0]
<

64-5

T.(kg)

=

27

AGE{mths)

92-6

T.(kg)

2




fisld situation is illustrated in Pig. 411 and Plates 418 snd 423,
411 ewss were drenched with 1 millien I.U. Vitenmin A and

250,000 1.9. Vicsnin %3 in October 1962, snd agein in Fabruary 1963.

Pwes wers slso dreneched with phenothiazine in Detober 1962, aund with

thishendazole in Pebruary 1963, for internsl pavasite eemtyol.

{b) Heting

A vasectomised ram cayrviag a BIRMEIWE (Radiond
1958) raddle hawness and cvayon - sae Plate 414 - rvan continuously
with the swes throughout the ewperiment. After mating with the vasecto-
wiged vem, swes in oedtrus were withdrewn to thele sppropriate fertile
raddisd vem. Eves returnad to the holding paddock on dey 1 of
pregnancy. This was accepted as the day following the last cbserved

serviee of the fertile ram. 4 similar procedure was adopted fov a

maximen of three consecutive osstrous eycles in the case of those ewe

returning to the vassctomised ram.

(e} Feading

Twes were fed once daily im individusl stalls
located adjscent te the avea - see Fig., 4:1. Feeding vpevatlions ave
illustrated in Plates 4:5, 4:6 and &17.

The composition of the ﬁ&ilﬁ%ﬁé dist used throughout the
experiment 18 rvecorded im Table 4:2. Apparest digestibility coeffi-
cients were derived from a digestibility trial with thyee Z~year-old
Merine wethers, This trisl lasted for a totazl of 21 days, ths total

faseal cutput being collected in the final 1D days. Faeces were oven~




roerimental srea located at the

¥ig., &:1.~ Dlagrvam of the e
Raite Agriculitural Resesveh Fastitste, Adelaide,

Gowth Avetzalis.
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Plate 412,

Plete 41%,.»

Genaral view of the experime

ntal area. The mating
paddock lies in the foreaground, with swes in the
kolding vaddoshk. The fead stove 2nd scslesn arve

femediavely behind the individual feeding pens.

The inconsequential amount of paddoek feed available
o the swes in the holding paddock st the commemcement

gf ths trinl in Hovewber 1957,







Plate 414~

a fitted with SIROBINE vaddie harnsss and czayon.
Each rem used in the experiment had been fested
sariier for wool production - henecs the midside

i pateh.







Plate 418,

%
1&&9

The design snd operstion of the pens used for
individual feeding at the star: of the 1962-453

suparimental paried. CShesp

entering pens from

the paddoek before feeding. The feading

basing
were later changed to wmore enclosed combalnsvs

to prevent zobbery by the ill-fad swes.







Plate 4:f.~ Ewes reseiving ratioms.
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Plate 4:7.~ Ewes lesviag pens after feeding
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dried sach day and the sppavent dzry matter digestibility of the
diet sstimated. 4 subssomple of the drisd material was taben for

chemical sualyees using

standard analvtical methods (A.0.4.0. 1960),

Ywes were weighed once weekly and the feed offered in the
folluowing week adjusted guantitatively to bring Lhe gross body
weight of sach sve lnbto line with the desived curve of welght gais
oy less.

Drivking weter was svallable at 211 timse.

iV. Yool FProduction of Ewes

4n ares approximately 100 sg. em. was battesed on the

mideide of ssch ewe lmmedistely after shearinz in October 1862, For

these svep subsequently slavghiered the wool growm o the midside

pateh was harvested (Uster clippers, size 40) at mating, and after
90~ and 140-days of pregmancy; for those ewes %@i#h lambed harveste
wers taken at mating, after 90-days of pregrancy asnd zsain after
lawbiay.

Eyes wars carefully shoern by econventional mesns sither

distely before slsughter or after lambing.

Gressy midside and flsece wool samples wers scouped, aven-
dried and the yield of clean wool determined,
Tesal clean wool production of sach sheep in specified periods

was estimated using the ratlo methoed deseribed by Allden (1939), wiws

I
%Q = %ﬁ o 5 o




WheTe,

¥ = total clean dry woel {(g) grown by each sheep
during the ezperimental peried;

¥, = total clean dgy wool (g} produced in the sheariag
interval:

P, = total eclean dry wool (g) produced in the midaide

pateh in the shesring isterval;

and,
B, = total clean dry wool (g) produced in the tattoosd

%&&siﬁ@ pateh in the %ﬂ?ﬁfﬁ&@nﬁﬁl poriad.

V. Bedy Condition of Ewes

Body condition (fatmess) of sach ewe was subjentively
assessed at weaning, mating snd on all subseguent weighlng osecasions.
Beores were agﬁii@é throughout the superiment by one szperienced
theerver, whose Pepeatability and disevisination had besn studisd in
gn savlier pilot trisl (Everiny 1967 3%&@? € in Paper 1; Appendin 1).
A& scoring system of 10 polnte wes used vhere seore 10
egualled very fat and scove 1 sn emacilated condition.
Pour sepsraie scoves were sppiied to sach gheep on each
‘occasion., The loin, flank, snd tall positions were scorved separstely

and sn additional seors applisd 2o the whele aulmal.

¥i. @glsughter Frocedure

BEwen selected for alaughter wers weighed in the paddock
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(£inal live welght), shorn, weighed (weol-free final live weight),
fasted for 74 hrs., photographed, awvd thes killed by emsanguinstion
&t the throat. '

The following componsnts of the body were weighed; shull,

fore~ and hind-fest, skin, bleod, brain.,eves, tongue; the gastro-

intestinal traet {(full and @%@%y} partitioned inte ocesophsgus, stomachs

(rumen, zeticulum, omasus and abomasum), emall intestine, large
intestine snd rechun) gastror-intestinegl cententes:; besvt, lunzs and

vy, spleen, kidneys,

traches, disphrags; liver, zall bladder (e

urinary bladder (empty); adrenszls: hesrt (peri-cardial) far, esul

and mesenterie fat; wudder; the hot gaveass; and the genital tract
which included the vulve, vagine and gervis, ovaries, Fallopisn tubes,
and the uterus (pluz comtente, where appliesble).

boedy weight vepresented starved live weight mimus the

Empiy

o

welght of the gastro-intestinal contents. QCorrected empty buody welght

represented empty body welght wminus the welght of the concepius,
After ehilling the ecarcas® was photographed, wrapped in
polythenn and stockinatte bage and deep frozen {w%ﬁﬁﬁ}a All ether

body components were bulked for sach animal and alse deep fzxosen.

Vii. Dissection of the Gravid

The dissection of the gravid uterus followed, in principls,

the procedures detalled by Wallses (1948),
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The following components of the gravid uterus were waighed;

functional estviedons, mesbranes {emnlion plus allantechorien), emniotic
fiuid, allantole fluld, necvetle tissue &t the tipe of the uterine
horns, the uterus, and the foetus. Functionsl eotylisdone and fhe
membranes together represented the placenta. Definitiocns of placentsl
somponents followed those used by Cleste (1939), Wallace (1948}, and,
wore vecently, Alsmender (1964s,b).

Punctional cotyledons were weighed individuslly, distine
guishing between those from e pregnast and vacant utevine horus.
%iwﬁgi&ﬁ of functional eotyledons into matewnsl and fostal components

was sttempted initially, but discontinued for ressons discussed later.

Bepresentative cotyledona frum sach and were praservad in 10 pey sent.
neutral saline formalin,
The feetus, after ligaturing the umbilical cord, was removed
frem the uterus, welghed, dried thowoughly with towsls, ve-waighed

(foutal bedy weight), wrapped im damp towsls and rafrigevated (5%)

to swailt further exssination. Loss in fostal weight on deving was

sredited to the weight of amaletie flufd.

VIIi. Fostal Body Messuremests

A total of 21 sxternsl bedy w2asurswents wers rRcorded
from the left side of ssch feetus. Fig. 432 illustrates the position
of 16 of the messuvewments, points of refervence following those detailed

by Stephenton (1959, 1962a).
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Definitions applicable to the other body wmecsuvements were:

9. Hetazarpus éagth - the anteriop-posterior distance
m@am@éﬁ at the mid-point.

10, Hetscarpus width - the lateral distance messursd
&t the sid-point.

4. %%ivig width ~ the distance between the tubsr couse.

13. Pelvis lemgth - the distance between the tuber coxase
and the tuber ischii.

22, Tail lemgth = the difference between gurved
ergen-imp léngth and curved
crown-tail length, 1.2, sessurement
Z. minus meapurement 1, |

Messurements nusbersd 1-7 inclusive, 15 and 17 were vecorded

metey calipevs.

with 2 linen taps, ining measuresents with nier
The mean value of duplicate veadings of all messuremsnts

weE wsad.

IX. Apatomigal Dissection of the Foetus

Eash foetus was dissected into 32 componsnts, including
gastro-intestinal 111" and the foetal carcase. The procedures
sdopted followed those deseribad ipn detail by Wallses (1948) for

sxoy (1960) for the poycine foetus, and, in

the ovine foetus snd Pe
egaence, was very similar to that used in the ssatomical disssction

of the adult ewes. The shin, however, wes net removed until towards




Vige 4:2.~ Posities of the foetal body wessurements and

of the Sewmitesdluosus wuscle. The leagth of

the tail equalled wensurement 2. minus

spEsureesent 1,




FOETAL BODY MEASUREMENTS AND POSITION OF M.SEMITENDINOSUS

OPNFNA WY~

o =0

I3,
14.
15,
16.
17.
18.
19,

21,
S.

20.

CURVED CROWN—RUMP
CURVED CROWN-TAIL

STRAIGHT CROWN=-RUMP

TRUNK LENGTH

CHEST DEPTH

HEART GIRTH

NAVEL GIRTH

METACARPUS LENGTH

METACARPUS DEPTH (NOT SHOWN)
METACARPUS WIDTH (NOT SHOWN)
RADIUS /ULNA LENGTH

. HUMERUS LENGTH

TIBIA/FIBULA LENGTH
PELVIS WIDTH (NOT SHOWN)
PELVIS LENGTH

NECK GIRTH

NECK LENGTH

HEAD WIDTH (NOT SHOWN)
HEAD DEPTH :
FACE WIDTH (NOT SHOWN)
FACE LENGTH

m. SEMITENDINOSUS




the snd of the dissection in am attempt Lo reduce dissseticn loss

due to evaporation.

£, Yool Polliele Development of the Foetus

Bicpsy skln samples, 1 ge. diamster, were tfaken from

b sxamined

the midulde of all foetusss sd woel folliecls develom
in bistologiesl segptionms. Frovedures were based on those descyibed

by Clarke (1960} in the review of Fraser & Short (1960).

¥1. Muscle Fibre Development of the Fostus

The right Ssmitendingsus wuscle (see Fig. 4:2 for

position) of sach foetus was dissected out, welghed, covered ino
aeutral saline for 20 miane. snd pressvved in 10 per cent. nsubzal
saline formalin., COross-szections, 2u thickness, wers cut fﬁ&m @%é
centre of the muscle und staimed with heemotoxylin and eosin.

Estimation of fibre nwsbers per fasciculus proved impossible
due to posr definition of faseiewli io pearly all sections. The
muhey of swsele fibees pey e, mo. wes sebimared frow counts baken
from five sepavate areas of sach section, sud & wean value caloulated.
The latber, multiplied by the cross-sactional arves of the teotal

muscle (messured with 2 planiseter), sstinmated tha tokal nuber of

fibres in cross-seetion. This tends to be an gver-sstimste, for it
takes no seoount of inter-fascicular spsce, aor of distertion from
‘histeological processing. However, the estimstes have 3 relative

value and serve for study of treatment effects.
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X1I. Biosetrical Methods

{8} Cenersl
Standard smalyeses of varissce and covaviance
appropriate to a 2 x 2 facteriel design, and of regression snalysis,
were used (Snedecor 1938). Varlation due to matermal nutrition snd to

the vams (each with 2 single degree of freedom) was isolated, together

with the isterasction, alsc with a single degree of freedom. Tables
#f mean valuss have been prapented, topether with the gesfficient

of variation of the overall or grand mess, the standard error of

tres t means, snd mean differences of maln treetment effects, The
genevally sccepted sbbyeviations to denote levels of statistiesl
gignifleance have beson used a@x%ag@@@tz i.e. (%) P« 0,10, % « .05,
% P < 0,01, and #R P < 5,001,

it mey be poted that the standard evver showe in tablas
of sdjusted mean values, derived from eovarisnce analyses, represants
the largest of ths four standawd errers associsted with the four
adjusted means, Use of the stendard evroy presented te determine,
for mxample, least significant diffevence leads, thevefore, to sn
approximate test of significance only; with 2 tendency teo vevaal
fewsy significant differences than may actuslly exist. Adoption
of this sethed of @?E@%@ﬁ&%i@ﬁ gresbly raduses bthe smount of
tabulsted statistical informatiom without greatly affecting the bipl-
wgleal interpretation.

Ezamples of snalvases duseribed in this section ave provided




in Appendin II.

(b) Ewe Performence

Analyses of most of the informstien relating

specifically to the performance of the ewes, as, for exsmple, components
of body welght and wool preduction, rvevealsd, not surprisingly, only

8 small and not significant (P < 0.03) proporties of the total varianes
attributeble to the rsma. Heither did the intersctiocn sttsin sigaifi-
gonce in these cemparisome. In order to simplify presentation of the
nans of data, without loss of meaningful informetion, mean values of
only BP and LP groups have besn offered, together with the meas
difference of the nutritionsl effect (P ~ LP). ¥or thoss few para-
meters recording a significant sire effect, mesn valuge and the mean

differsnce (Rmm L - Bam 8) have been ineluded in the presentation.

{e) Fostal Pexformance

Anslyses of foetal deta, and associated uterine
structurss (the placenta, for exsmple), at each of the two foetal
spes were complicated by disproporiisnate subclsss nusbers of mala and
female foetuses. Por a few cases of special intersst {(foetal buody

weighis, for exsmpls} this nov-orthogonality was overce
constants™ (Esmpthorne 19523, ueing lsast squares procedures. It
wae possible ia this way to issclate the varlauscs dus to feeisl sex
and obtaian a divect estimate of the wmagnituds of the sex affect Iyom

lag - fomales).

the mesan differsace (ma




An alternative estimate of the sex effect was adopled,
however, ia the majority of cases. Covadance analysis, emploving
foetal sex ss a discemtinuous concomitant varlsble, with arbitrary
values of female sgusl to zere and maele equal to one, was used. The

derived regression eoefficlents indicated the frend of the sex effect)

2 positive goefficient indicstsd that msle fostuses exeseded 28
$n the messured parsmeter and the comverse with a negative soalflclent.
The vegression coeffielent (b) thus estimated the sex offsct, while
the adjusted mesn values derived from the covaviance saalysis deteected
real diffevenges betwesn groups.

The prowth of fostal body parte (linear weasuremenis oF
body componsnt weights) relative to the growth of the whole was invee-

tigated by plotting 8 natural logavithmic transformation of & asssure-

1t #gaingt 2 natural logarithmic transformation of the whole at

sach of the twe sges. Covariance spalysie of legeritimic transfovmed
data uslag twe sovariates, foetal sex and foetal body welgbt or crown~

p length, was undertaken. The first vegression coefficient for

foetal sex (b, 1 discontinuous independent variasble; femsle = 0,
i

male = 1) sstimsted the sex effect, independent of foetsl body weight.

The sesond regression coefficient for fomtal body weight or crowne
gump length Q%z : gontinuous independent variable) rapresents, is
effset, the value of k in the logarithmic form of the allmetric

‘squation (log v = leg b + k log x}, independent of the effects of
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foetal sex. In other words, b, vepresents the differsntial grewth
ratie or growth coefficient of the wmessursd part - the watio of the
specifiec growth rates of the part and the whele - after adjusiment

for differences betwess nale and femele fovtuses. Vavisnse vatins

of the transformed dsta relating to 2 particulsy wariable, 2nd ths
sdjusted mean values, detected vesl differences between groups iun

the stage of development at a specified sge when eonsidersd at the

foetal body welght (ov erown-rump length) with sll fostuses of

the zeme {stabisticsl) sew.

it may be noted that s double logaritimic transformation

of data gives an appromimstion to a linssr vegrvession. Stephsnsm
{1957) discussed ths scuvces of srzor inherent in the method and
considered 1t justifiable to fit a regression line by the method of
least sgquares where the dependent and independent variables arse

highly correlated. Thie was found to be the case in thass studies.

€. RBioULTE

1. GENERAL PROGRESS OF THE EXPJ

{a) Climatie Condlitioms

Meteorclogical vecords eovering the pevied of {fisld
gotivity arxe illustrated in Fig, 4:3.
Ammdylent @&%@@ﬂ&%ﬂ%@% ingreased frowm & wonthly evezage of
57.5%% (14.2°C) in September 1962, to 71.6°F (22.0°¢) in January and

71.7%% (22.19%) in Pebrusry 1963, and then deelined te 57.6°F (14.2°¢)
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in May 1983, The manipus daily aly tempersture excesded 90% f%;@gﬁﬁé

ber avd 4 davs in Degssber 1982, and on 9, 4 and %

en & days in Hove

by

days in Jepuary, February and Maveh 1263 gespectively. There wers
days in Hovember 1982 and 1 day in Februsry 1963 when the meximum
1 100% 27 8%
deily air ﬁﬁ%@%iﬁ%%gﬁ exeeeded 100°F {37.B70),
Little railn fell betwesn Jctcber 1947 znd the end of April

1263, except for 3,30 in. during the second week of Janusyy 1963, The

latter precipitation produced some gersinstion of anousl specles in

the exparimental syee but the amount of gresn fodder avallable t»

@

the animals was Inconsecuential st the high stogking vate emploved.
Field activities of the experisent were cospleted by the

time of opset of astwon vailns in sarly May, 19483,

(b} General Performance of the Experimental Avimals

#

Table 4:1 shows that &4 ewesz, oub of the 70 avail-
gble, were wmated to fertile vams: 5§ ewee falled 1o displasy cestrus,
Becurvent oestrus In 3 ewes, veturn £0 Lhe ram aftey s time vepresent-

Aiﬁ% tws ovestrous cycles (2), and fallure to lamb despite prasumed
pregnancy (1) accounted for furthey lossss.

A smaller proportion of LP swes (47 per gent.) saitled to

first service than did HP ewes (59 per gent.). This way be sssoclated

with the drastie reduction of fead ofifered 2o LP ewns wpdiately

after matling.

One LP eye in lamb to Ram & proved non-pregoent when slaught-
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gred sftey ¥i-days of @%@gﬁ@%@§a Zach of the vesalning 11 ewes
slaughtered during pregnency ecarrisd a single foetus.
Yo swe deaths sesurrved undey %@ foeding, but, out of 37 LP
ewes successfully mated 1o the entive vaems, 5 (1% per cent.) disd
betwean 121 and 137 davs of pregnaney. Desath sanseed in all cases

efter progrecsive weskness, prostration snd complete insppetence.

Posl morbes 3

dnations yevealed charscteristis symptoms of starve-
tion; lack of body fet and osdems of the thovaeic and shdominal
cavities, with sdyenal znlargesent. Orevid wteri, is partisular,
weve grossly enlavged with fluid, and 3 decomposing fostus was found
in one swe. Gross body weight loss of these ewss approximsted 23-31
per gent. of thalr weight at mating,

Single ?&%@a wers bors to Il ewes. ALl 14 HP lsshs ware
reared successfully by thely dame. LP ewes lacked maternsl intewest
in theiyr young and lsctation wes never initisted. Plate &4 : 3
illustrates the emaclated state reached after 140-dave of undernutrition,
and the absesce of udder development in LP ewes. Despile counstant

attantion and sitempts at artifisial wearing, 4 out of 7 LP lawbs

disd within 7 duve of birt L owiehin 2 ﬁav% tuwo LP lunbes ware

suscessfully veaved by artificiasl wemms.

ot

Table 4:1 emphssises the need for gemerous estimation
the number of snimals reguired at the stavt of experiments of this

nature.
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Measurements of the twe yvams are vecorded in Table 413,
At mating time, Baw 8, compared with Raw L, was lighiter in body welght,
smaller in 211 skeletsl dimensions, with fewer nuscle fibrzs/fascleulus
and fibres of smaller dismster. The larger size (surface aves) of
Ram L falled to compensate for the lower density of wool follisles,

the estissted total folliszle population being greaster for the smaller

ram. Fstimated clean fleece production, however,

(#) 3Body Weights end Condition Scoves

Table 4:4 vesovds mean body condition sceoven;
differences between positions et sach stage were not signiiicant.

A loss in mean body welight of all ewes Letween weaning
and mating was recorded (43.3 %gg“ﬁ B.0, 5.0 compaved with 41,7 hy.
i‘gaﬁw 5,9 pespectively), with ¢ covconiient vedusiion of sondition
spore [vhole enlmal) from 7.0 e 5.5 (Table 4314},

Ewes were very variable in bady welght end fatness el
weaning ond at wating, es shown by the standard deviations of mesn

body weighis, the coefficlents of varistion in Table 414, and Plate

4:% which 1llustrates the cavcassess of sample slaughter ewes killed

Mesn gross body welghts thyoughout pregnancy are dapleted
in Pig. 414 for those ewes siaughtered during the trial, and is Fig.

41% for those ewes continuing on te lambing. Body weights recorded




Pig. 4:3.~ Climstological records for the

Bessareh lpstitute during the

paplod.
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{haracter

hge Cwontha)
Body welght

Body measurements (em.)
Body lamgth

Deoth of chest
Width st shoulders 25,5
Hidth at vies
Widih ar

Libow-voronet

Fore-cannon leagth

o s % 27 #

Ahath
bips 22,5

Bipe o pins 39,0

Biceps fewmories musele
Haan no. pusele Fibresifasciculus
.y, &

Mean dismeter of muscle fibres (u) 54
L%

€.V, %)

Waonl f@lligi%@‘
PE/om”

ﬁfiﬁ%g 32460
PE + 8¢/em?
BE/PE vatin

BEavimsted total o

5 {13
ol 29
(mi

licle population

1lions)

Wool production
Mideide plean wool (g)/10 o2 /100 4

=
Estimated clean fleece (g)/100 days

Hote:

(1) Estimated fromthe formula of Lines &
Pleree (1931) yhers 1=

Area = 0,121 body weight 0.59




Plets 4:8.» 8ide and veay views of repragentative WP sud L7

]

ewes lemediately prior Lo slaughter

g

days of presoancy. Hete the lack of udder

developmant in the LP ewe (10 2z 10 em. grid).
f 4 #




140 ddys of pregnancy
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140 days of pregnancy

HIGH LOW
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after 90« and liD-days of pregnaney, exmpresssd as percentages of

The desired degree

welghts recorded at mating, are alzo ghe

ok
g

2

aod rate of gross body welght gals or loss wes sstisfacteril
achieved for both the slaughtered ewes and these lasbing, with

better accursey inm the former thean the latter.

Table 4:4 shows that condition seores changed from 5.3
st mating t ') snd 3.7 (LP) sfter We-deys of pregnancy, and
ko 6.2 (HP) and 1.7 (LP) after 140-davys., HP ewes never achievad »

very fat eondition but LP ewes wers emavlated by the end of
pESEnENCY .
(#) Food Intake
Hean weekly smounts of dyy matter (D.M.) affeved,

= gla ered pwes are showa in Fig., 436,

8 i webed and consumed %ﬁ%? %

HP ewes were fed, in effeel, gd 1ibitum for west of

pregneney. The vayry small guantitise of fesd offeved to LP ewss
in late pregnency wers necessary to compensate for body welght inerease
eriginating from comceptus gyowih,

Toed sonsumptlion of LY ewes lncweased over the firvet few
waeks of pregunancy. This reflects the initial reduction of gui~£i11,

necessitating & subsequent increase in rationz te brisg the recorded

8, 414 and

an dally inteke of
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D.M. by slaughtered swes iz aﬁgﬁ@s&@ﬁ 88 & pevcentage of mean wool-

free body weight. The B.M. iutake of HP swes, 28 2 propoviion of
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4, MEAN BODY COMDITION SCORES OF EWEs

Thne ard vosition

Groun mesns

Lp

Dweralil

mean

TR,

e
b
w

Hean
difference
{HP-LE)

Et weandng
Flenk
Lods
Pudl
Whole snimal

At mating
Flank
Lovin
Psil ‘
hole animel

Bwes slaughevsd
after N-gavs of

Flenk

Ladn

?pﬁﬂ E

Whole aminmsl

%
®

&

BT e
Py
s oa e BT

L]

&@*
o Gk

&
gl

&
v
¢ L

26,8
26,0
24 .8

27,5

0.64
0,83

0.64

.58

6,4 L7 4,0 23.4 0,47
B.1 1.2 3.6 23.3 ¢,41
B2 1.7 3.3 23,0 0,44
6,2 1.7 2.8 20,4 3,40
Hote: SBeore 10 = vepry fat; Beore 1 = emaciated,

L
N




Plate 4:9.- Carcesses of ewes slaughtered et mating; the

veriation in weight and fatvess may be noted

(% 2 % em, grid).




INITIAL SAMPLE SLAUGHTER EWE CARCASSES

wt.(kg)

16-7 19 -7 21-6 28-5

15-4

12-5




Fige 414,=

Hean grose body welghts duving pregnesney of ewes
which were slaughtered and carvied 2 siaple fostus.
The desired wean weight gein or loss over 140 davs
= 25 per gent. of the welight recorded at mating)

is shown by the solid lines; broken lines represent

recorded mean body weighta.




LIVE WEIGHT (kg)

LIVE WEIGHT (kg)

50

45

40

35

30

55

50

45

40

35

30

MEAN LIVE WEIGHTS (kg) OF EWES IN PREGNANCY

S LP °

- T g
\q O

EWES SLAUGHTERED AT 90 DAYS

KEY

HP(+137%) DESIRED WEIGHTS ——
HP +25% OVER 140 DAYS
LP —25% OVER 140 DAYS

RECORDED WEIGHTS
HP X x——x

°

NP (-138%)

. | i | 1 | | 1 1 L

O 7 14 2|

28 35 42 49 56 63 70 77 84 90
DAYS OF PREGNANCY

EWES SLAUGHTERED AT 140 DAYS
/>~ HP (+23:9%)

—
‘("'/'2' 9°/o)

/o
\oLP(-23<2°°)

L | | . L L | | L L | L L | I |

O 7 14 21

28 35 42 49 56 63 70 77 84 SI 98 105 12 N9 126 133 {40
DAYS OF PREGNANCY




%i%w fg@i%e“

Hean pross body welghts during 140-dave of pregnancy
of ewes which subsecusntly lswbed. The desired mean
welght gain ox loss over 140 days %ﬁ 15 per gent,
gf the weight recorded st mating) is shown by the
golid lines; broken lines vepresent recorded mean

body weights.
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¥ig., 4ib.~ MHean weekly amounts of dry matiew plisved,
rejected snd consumed by the ewes during

pregnancy.
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Mean dally imtake of dry nmatier during pregnancy

sz a percentage of the mean woel-free body weight.
The gurves for the first 13 weeks of pregnauncy are
based on 16 WP evwes sod 15 LP ewes; aundl fov the

lest 7 wesks on B HP ewes sne § LD swes.
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MERH DRILY INTRKE {(g) OF

DIGEETIBLE Ul

Pericd

Group zeans

HP/Fam L | HPF/Ram 8

LP fﬁ%ﬁ L

LP/Ram

o2

Owerall

mean

Hean diffsrvences

3

g

Plane of nutrition
{(Hp - LP)

Bwes slaughtered after 90 days

%0 days

Ewes slaughtered after l40-days

0-90 days
31~140 days

9=140 days

Ewes lambing

0-90 days

91-150 days

0-150 days

& g'@ i?%a§

548,.0 207.0

447.9 223.0
65,8 13%.7
5.3 186,7

250,09

250,8

275.7

234,3
115.8

182.0

22%,0
146,0

195.8

380.8

373.5
410.1
386.5

374.6
%ﬁ'%g?

403,06
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Z82 R

f,* 76 ﬁ%‘g% &
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450, ZREW
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body weight, did net attain the levels suggested by the W.E.C.

{(1239); recommended intakes of alv-dyy feed (90 per gent. DM}

for a sheep of 45.4 kg. ave 1.6 per gent, in the first 15 weeks of

o
A

pregunancy snd 3.5 per cent. in the last & weeks (Table 2:13).

of their mesgre rzation in weeks 17-20 of pregnency.

gwes vejected sane
The mean daily intake of digestible orgeniec matter (D.0.3.)

is recovded for slaughtered ewes, and for those ewes which lambed,

in Table 4:5. Iatske of D.OM. of LP swes approximated half that of

HP ewes in the firet 90-days of pregnaney, and one-sizth {n the last

30 days. LP ewes consumed less D.0.M./day, sud HP ewes move, in

the laez 7 %@%ﬁ& of pregnancy than the firet 13 weeks, Hwes in

lamb o L @%ﬁagh@%g@é aftey Eéﬁmﬁ@yﬁ fons e U904, fdsy

than those in lsmb te Raw §, although the difference #id not stisin

significance in early pregnancy. For those ewes lashing, differ-
ences of intake assoclated with sives were ln the opposite direction

and net signlficent.

(e) Vool Production snd Efficiency of Wool Grewth

(i) Produetion

Hean wool production date of glaughtered
4wes ave simmarised im Table 416 and for those ewes lassbimg 1n Table
4:17.

More greasy wool was produced by HP than LP swes, tha

difference attaining significance in those ewss slaughtered after




TABLE 4:5.  MEAN WOOL PRODUCTION (g) OF EWES XILLED AFTER 10~ END

S OF PREGNRNCY

Group m@ans Overall 0.V, Hezn difference
f@gﬁ;g

BE e mean | % (HP-LP)
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Mt b o NP
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TABLE 4:7. EWES LAMBING : MEAN WOOL PRODUCTION (g) ADJUSTED TO A GESTATION
LENGTH OF 150-DAYS

Seoup  HEENs Owerall | TV, " Mdan difference
' 5.E. '
Chapacter i up ' L. mean % {(HP-LP}

-390 days 10,287 | 6,638 | 9.637 |33.4 | 1.404
91-150 days 2,932 | 1.441 | 2,525 |26.2 | o0.287 | 1.5
0-150 days ' 13.809 | 8.078 | 12,152 |30.8 | 1.636 | 5.741 %

Greasy fleece/150 days 2332 1837 2950 | 12.3 27,0 | 435 % -

<

vield ¥ 55,6 | 44,0 51,7
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TABLE 4:8. MEAN EFFICIERCY OF WOOL %ﬁiﬁ%ﬁ?ﬁ{;}

4

Period Group Weans werall | C.V. 5,E. Mean
- mean % , diffevence
P LE {HP-LP)

fias:

k4
Bwes slsughtered
after SU-days
U-30 days 2.2% 3.15 2.68 15.4 0,213 ~0,50 ®F

{ Pwes slaughbered
after 140-days

0-90 days 2,19 1 3,20 2,69 15,2 0,20% ) ) R
51-140 days 0.96 | 300}  1.98 34.9 0.336 2,08 ©
O-140 days 1.65 3,15 | 2,49 13,2 | 0,158 -1, 50

Bwes lambirg

0-90 days 2.62 3.64 21.3 0,270 :
91-150 days | 0.30 | .75 1.87 23,8 0,152 ~0,85 T
8~150 days 1.8 | 2.2 2.8 20,4 .19 -1,11 *

Wote: (1) Efficiency = Clean dry wogl/g/day x 100
Tutake B,0.M./g/day
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140-days snd in ewes lanmbing, A merked raductiom (10-12 per gent.)

in yield due to poor feeding inevessed the difference in glesn wool
produstion,

The desline of wool grow y in late pregnsncy 4% compared
with the first 90-days is of particulsr interest. Under HP, ae well

as LP, feeding clean fleece production/dav wee reduced by spproximstely

half in slaughtered ewss, and more than half in ewes lawbing,

(i1) Effieienc

Teble 4:8 zecords estimates of mesn efficiency

ihe. Yool was %@ﬁa %fii@&%ﬁaﬁf produced under LP than HP

of wool grow
feeding. Efficiency fell in late pregnancy especially undex
ing; less wool was produced in late pregnancy (Tables 416 and 417),

altho feed iﬁ%&%@ of HP swes increased both absolutely (Teble 4:5)

and relative to body weight (Fig., 4:7). This is seen more clearly
in Fige. 418 and 419, in which efficiency of wool production iz ve-
leted to feed intake (on a2 per unit body weight %&%i@? for swes
Blaughtered and ewes lambing vespectively. Although conslderable
within-group veriation is sppavent, it 12 clear that as Lotake fell
30 efficiency of wool production incressed. Thers i85 2y indicetion
of & curvilinear relation in the latter part of pregnaney for ewes
lambing (Fig. 4:%), inecvessing intake alieiting little zesponse in

the already low level of efficieney.
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(d) Hutrient Requirements for Maintensnce and Body Welzhe

Mean daily intake of D.0.M./g. bas been related
in multiple regression to mean wool-free conceptus-free bady

W%igﬁ%@“?g

(B.W.) in kg., and Lo mean wool-free conceptus-fres bady
weight gain/g./day (W.8.)

The relationship (based on 12 4.f.) for ewes slaughtered
after 90-days of pregoaney i2 shown in eguation (1)i-

(1) D.0.M, = 42.1 + 28.8 B.,W. + 1.582 V.G,

(s.e.) 6.9 & 0.2687)
ede o

Haintenence requirement of a ewe weighing 43.4 kg. was therefore
514 g, D.C.M./day, and the requirement for 1 g. of weight gain
(between 27.0 - 52.6 kg. body weight) was 1.38 g. B0, /day.

Equation (2) shows the relationship (based on 13 4.£.) for

swes slaughtered after l40-days of pregnaney:-

() D.oM. = 42,1+ 29,5 BW. + 1.1166 ¥.G.
@ ‘ “*
(8.2.) (~ 19.87) (= 6.2575)
Over 1l40-daye, thersfore, the maintensnce requivement of a 45.4 kg.
ewe was astimated st 326 g. D.OM./day, with 1.12 g, D.0O.M./day beling

reguired for 1 g. of gain (ewes weighing 35.1 - 49.1 kg.)




Fig. 418, Efficiency of wool growth yelastss to fard intakae

{dats yelating to ewes slaughtezed).
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Haintenance znd gain requirvenents devived from those swes

lambing (17 4.£.) are indicsated in seuation (3)i-

b - 2 o
{g.2,) fe B,53) (o 0,343
. drdede

whole of pregugncy wes ostimated at

fFov L g. of welsght zado wag 1.38 o 1,09, day (ewes welighing ¥.1 -
g gnt g 3 7 4 g

g
ek

Biffevennes batwvesn mules and Tenelez in the lonsth of

nor 414 the sive slemificently affesy

e

engih of time ip wtero.

1P feeding, howewver, abbrevias gestation, by 2.5 days.
Birth weight and length of gestetion were not signifiesntly sssociated
in covariance analysis. Disregarding sexss, the birth weight of single

lzmbs born under LP feeding (2403 g @ welighted mean) represented

61 per gent. of the mean birth we of WP lambs (39

.

Lewbe plred by the lareer ven (L) were heavisy st bizth
7 ,

than these sived by Ram &; this genetic effect sppeared grester

for wales than femsles. The number of velle and female lewmbe within

sirve and nutritional subclaszes is imsufficient to permit fiwm som-
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¢lusions sbout 2 possible wmasking effect of poor feedimg on sex

and gemetic differences in fostsl growth. Ignoriag Bs¥ag, the

sire effect under HP feeding (4119 g. - 3818 g.), of 301 g., was

less than the effect under LP feeding (2687 g. -~ 2190 g.), of 497 g.
iv.

(1) Body weights
Mean body weights of ewes killed at mating,

after 90-dave &fk?fﬁgﬂaney and after l4l-days ave recorded in Table
ééiﬁa The relation between empty body weight (or corrected eppty
body welght, where applicable) and wool-free finmal live welght for
all slaughtered eves is shown in Fig. 4:10. A regression, poecled over
all groups, could be fitted to this relationship and the equation
used to estimate mean initial ewpty body welghts shown in Table 4:10.
After 90-days of pregnancy (Table 4:10) LP ewes were
lighter then HP swes, the differences inm 21l parsmeters approaching
sigoificance (P < 0.10). Representative HP and LP swes immediately
prior to slaughter are shows in Plate 4110, while the earcasses of
21l swes are illustrated in Plate 4:11, The lakter clearly indicates
the degree of depletion of body tissues in LP animals. DPwes mated
to the smaller of the two vems were heavier than those in lawb to
Ram L, although the differences attalned significance for weol-fres

final waight enly.
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Afver 140

~days of pregnancy {(Table 4:10) poor nutrition
had markedly reduced all the weight parvameters. Profound differences
in the physical appearance of live smimsls (Plate 4:8), their beody

condition (Table 4:4), as well as their carcasses (Plate 4:12) ware

clearly sppavent &t this stage. ZEwes mated to Ram 1

average, hesvier then those in lasbh to Ram 8, the difference in £inal
snd wool-fres final weights spproaching significance (F < 0.18).

Thiz possible sivre affect may, in faetf, be related to the grsater
food intake of ewss mated to BHem L {sez Table 4:53), and losss sig-
nificance after eliminstion of gue~-fill. |

(i1) Gastro-intestinal

| Cagtro-intestinal contents agveraged 6.3 kz.
(16.8 per gent. of wool-fres body weight) for ewes killed st mating.
After 90-days of pregnency gut contents were signifiecantly (P « 0.01)
heaviez, %ﬁﬁ%vﬁ%ﬁgiﬁﬂﬁiy snd r&l&ai?@iy¢ in HP then LF swas; ﬁ&ﬁﬁﬁ%té
of HP owes aversged 8.9 kg. (20.3 per gent.), those of LP ewes 5.4 kg,
(13.4 per gent.). After 140-days gut comtents everaged 7.1 kg.
(14,1 pex cent.) in HP ewes and 4.5 kg. (14.0 per gent.) in LP ewes,

the diffevence in shbaolute value being signifisant (P < 0.01}.

(1i1) WYeight Gains

Lavge proportieons of gross body welght
can ba acpounted for by the welghts of wool, the gastvo-intestinal
contents and the congeptus. Elimination of these components casts

a different light on the welght gains or losses, Differences between
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TRBLE 4110, MEAN BODY WEIGHTS } OF EWES ﬁZ%&gﬁ AT HMATING, AND APTER 30- AND 140-DAYS OF PREGNANCY
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Pig. 4:10, The relationship between corvected empty buody welght

(empty body weight minus conceptus)and wool-free

final live weight in ewes killed at maving, and

after 90- snd 140-days of pre

BANLY
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Plate 4:10. Representative BP and LP ewes immedistaely prior

to slaughter after 90-days of pregnsuey (5 2 § enm,

grid) .




90 days of pregnancy




Plate 4:11. Carcasses of swes glaughtered afteyr YW-dave of

pregaaney {5 % 5 em, grid).




90 days of pregnancy

VN N\
) :

gy

HIGH

Wtlkg) 11-4 15-3 154 190 20-0 206 2I'5 255

LOW

Wtlkg) 96 11l 127 149 164 166 199




Plate &4:17. Garcasses of eves slaughtered sfrer 140-davs of

pragoancy (5 x 5 em. grid).
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the mean welights recorded in Table 4:10 have been assenbled in
Table 4111, whars the @Mg& galng or lossas mé alse empreggsed 2z
peveentages of sppropriate initisl még%%ﬁas; Por ezample, the
éiff@mma. between the estimated welght of the ewpty body at mating
and the we ght of the supty Amﬁg recorded at slaughtsr {8 swpresszed

as 2 percentage of the former weight.

On Lha sae hand, HP ewes gained ae mueh in gzé&& body
welght as LF ewes lost, asccovding to the sxpevimental desizm (see
Fig. 4:14). On the other band, after slimination of the compenents
of wosl, gastro-intestinal comtents and the coneceptus (Table 4311 ¢
final corrected empty body minué estimated Initial ewpty body) HP swes
geined 5.4 per gent. after 90-days of pregnancy while LP ewes lost
13.0 per gent. of body tissuss. After l4l-days of pregaancy, ﬁ?ma

bad geined 23.9 per cent., and LP ewes had lost 13.2 pex gent., gross

body weight (Fig. 4:4); the sneit body weight gain of HP ewes, however,

of 12.9 per peot. compares with & pett welght loss of 31.6 per cent.
for LF ewes. Teble 4111 also shows that HP owes barely maintained
nett body weight betwsen 90- and 140-days of pregvancy, while LP

swes lost over © kg. of body tissues,

Hean welghts of swe empty bady emém%ﬁw
regorded at the threse glaughter stages are shown iam Fig, 4412, togethbsr

with the significance of differences due to nutritionsl regimes.
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Differences in compoment weights due to pregnsmcy per se,
but aspecially undernutrition, can be seen. These affects became wmove
marked as pregnancy proceaded snd undermutvitiecs continued,

fSome components were sxceptionally varisble in welght. For

zample, caul fat had coefficients of variation of 85, 73 and 67 gper
gent. assosiasted with the @?éraii mean weights vecordsd at mating,
90-days and 14D-days vespectively: 1P ewes had 2351 g. snd 362 2. less
fat than HP ewes in this depot aftey 90-days snd 140-dave of pregnancy
ragpestivaly, but these differences did npot asttain significance.

The

gastro-intestinal tract (especially the stomachs), the

lunge and traches, but particularly blood, incressed in walight during

pregnancy under HP feeding. The udder inevessed in weight fros 102 g.
at matiang to 104 g. (HP) and 143 g. (LP) after %0-days, and to 1031 g,
(HP) after 140-days; in LP ewes the udder at the snd of pregnasey

weighed (129 g.) little more than #t mating (ses Plate 4:8).

¥Weights of conponents f#ﬂ@téaé after 90~ and .
l40-days of preguancy wevs adjusted, in covarianmce analyses, for
differences in the weight of the ewe empty body mlous the eonceptus
(eorrected smpty b%@y weight)., Adjusted wmesn welghts, snd mean
differences, of those components sha%iﬁg gignificant autvitional

treatment efifects ave vecovded ip Table &:17.
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Pig. 4211,

Hean weights (kg.) of components of the empty bedy
of ewes killed at mating, and after 90~ snd 140-

days of pregn

ancy. The sigoificance of the nutri~

tlonal effect on each component is also indicsted,
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TABLE 4312, WEIGHTS
ENTS OF EWES KILLED AF

NANCY : COMPONENTS

5 (g) OF EMPTY BODY
TER 90~ AND 140-DRYS
SHOWING SIGNITICANT TREATHMENT

COMPON -
OF PREG-

EFPECTS APTER RADJUSTHMENT
o | Bdjusted mean
\ Adjusted means o difference
Component HP LP S.E. (HP-LF)
Ewes killed after 90-days
Stromachs 3028 50,7 113 *
Rectum N 128 22.3 62 ¥
Adrenals 4,05 .08 - 0,18 ®
Fwes killed after 140-days
Skin 3314 1954 |171.9 1380 R
Etomachs 1423 368 i48.0 455 =
Small intestine | 739 302 78,9 437 e
Rectum | =iz 82 40,8 130 A
Gastro-intestinal ‘
tract 2980 2241 | 260,2 735 *
Kidneys 112 839 7.3 23 d
Edrenals 3,651 5.47 0,42 - 3.82 *
Larcass (kg) 16,81  14.0 0,84 2.8 w

Note:

(1) 2adjusted,

body weight minus conceptus.

(2) Ram eff
and adjusted m
fore not presented,

by covariance, for differences in empty

gcts and Anteractions were not ﬁlgﬁlflwaﬂt
means angd mesn differvences ave there-
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After 90-days of pregnancy, sigeificent nutritiomal
effects on only 3 componente were shown, as compared with 8 i@ﬁt of
27 recovded) before adjustment for differvences in body weight.
Stomachs eénd pectum wers fﬁ%ﬁﬂééﬁ.bﬁﬁ adrensls incressed, in weight
under LP autrition.

After 140-days of pregnancy, signifilcent putritional
effects on 5 components were vecorded after adjustment for bedy
%@ig%& differences, as comparsd with 11 components before adjustment.
Adrennls were again heavier in poorly-fed ewes, the adjusted welght
at l40-days under LP feeding emcesding that recorded at 90-davs. The

gastyo-intestinal tract as a vhole, end stomachs, zmall intestine snd

rectum as parts of it, suffered weight loss out of propertion to body
welght under LP faeding. Rumen papillae were noticesbly reduced in
size in LP ewes. The gkin, kidneys and the garcass were also reduced

in weight by undepnutrition.

¥. The Genitsl Tract

(a) Veights of Components

Mean weights of the genital tract, and components,
afver 90~ and 1é$uéaysvaf pregnancy are recorded fin Tebles 4:13 and
hild %ﬁ@@ggﬁiv§1y¢

(i) After 90-days : The cotyledons and membranss, and

the placenta as a whole, together with the foetus snd uterus, were

#ignifieantly lighter under LP than BP feeding. Omn the other band

the weight of amniotic fluid was neticeably increased by undernutrition,
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50-DAYS OF GESTATION

TRBLE 4113, MERN WEIGHTS (g) OF COMPONENTS OF THE GENITAL TRACT APTER

Group  means Mean  differences

| Overall | CV.
Component ‘

o - £.B o . e
mean % s Plans of nuteivion Ranms

HP/Rem L |(HP/Ram 8 |LP/Rom L | LP/Rum & ’ ) {(HP-LP) : {(Ram L ~ Rem 8)

Flulds

Ailantoic 218,53 188.3 20,7 9.9 10.4 14,2 10,9
Amniotic 4345 582.3 561.% 35.0 165.2 S a152.2 &40
TOTAL 653.1 7805 73%.3 253 102.4 ~138 0 ~33.1

Placenta

29

)

458.1 2921 415.5 21,4 45.9
140.0 115,0 115.3 128.1 11.5 7.5
5981 5 4114 543,56 18,2 51.0
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TABLE 4114 HMEAN WEIGHTS (g) OF COMPONENTE OF THE GENITAL TR

Group  means N P Mean differsnces
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but not significantly e, veflecting the large vaviation of this
compunent. Dlffevences due £o the size of the sire weve not pigaifi-

cotfidy  After ld0-days : The genitsl tract and 21l

components {(emcept amniotic fluid, snd necrotic tissua/dissection lose)
were reduced in weight by undernutyition, although some of these
differences did not attein significance. Amnistic fluid was hsavier,
but allanteie fluild lighter, in 1P than in WP swes.

The genital tract, and most components, wers heavier after
140~days of pregnancy in ewss ﬁat@ﬁ to the léfggr of the two vems.

Bifferences in the welight of the foetus and placents {(cotyledons) attain-

ed significance (P < 0,03), with an indication (? < 0.10) of significant

differences in the weight of the wterus and cmnt&étaﬁ placental

membranes and amaietie fluid, Allentele fluid and the vulva/vagina/
eorviz wers lighter in ewes matad to Ram L than those sated ¢o Bam 8,

but not significantly so.

(b) Proportionate Composition of the Gravid Uterus

The mesn welght of ecsch component of the gravid
uterus, aﬁ@fé&aaé as & percentage of the total welight, at both 90
and 140-days of pregasncy is illustrated in Fig. 4:13., Bive effects
on the proportionste composition wers neither obvious nor significant,
#nd have been ignored,
The foetus comprised 25 per cent. of the gravid uterus at 90-
daye with no signlficent difference due to swe nutrition. At 140-days

the foetus, as a proporticm had imeressed to 534 per cent. under good
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feeding and 45 per cent. under poor autrition, the diffevence due to
nutrition belng significant (P < 0.01).

After %0-daye the proportion oscupled by the total fluids
was greatar (P < 0.05) in LP ewes (47 per gent.) than HP ewes {(33.0
per cent.). This nutritional effeect originated largely from the
difference (P < 0.,05) in the proportion of amnlotic fluid (33 per gent.
in LP ewes as compared with 23 per zent. im HP ewes). After l40-days
the proportion of total fluld bhed fallen to 34 per gent. Uudernutyi-
tion incresased (P « 0.01) smniotiec £luid, me 8 percentage, frem 10
per cent. in HF ewes to Z1 pgr cent. in LP ewes.

The placenta, after 90~days, compyised 29 per geut. of the
gravid uterue in HP ewes but less (P < 0.91), 22 per gent., ia LP
swes. Cotyledons contyibuted most o this difference; &8 2 percentage
of the gravid uterus they vepresented 23 per gent. in HP swes as
compared with 16 per gent. in LF ewes (P < 0.01). After l4D-days the
plagents snd the cotyladens, ss percentages, had fallen to ? per cent.
snd & per pent, vegpectively, with no pignificant eiffect of nutrition

in aither case,

VI. Foetal Welghts, and Cotyledon Weights and Nurbers

Hean single foetus welghts, together with mean welghts

and nusbers of functional cobyledons, after %0-days of pregnancy are

vegordad in Teble 4115, and sfter 140-dave in Teble 4:14,




Fig. £:12, Proportionste composition by weight of the pravid

uterus after 90- and 140-days of pregnancy.
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MERN SINGLE FORTUS WEIGHTS (), TOGETHI
GESTATION

WITH MEAN WEIGHTS (g) AND

BERS OF FUNCTIONAL COTYLEDONS, AFTER 140-DAYS OF

Roms ' Foe
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e .
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{a) Foetal Welghes

(1) After 90-days : LP fostuses, on average, were 12 per
gent. lighter tham HP? foetuses (Table 4:13). Males were heavier, by

ies., Sire and intersction effecis wers not

17 per gent., then fems
slgnificant,

Pigte 4113 shows selested EP gnd 1P fecale foetuses [and
thedr carcaspes) after 9i-days of gestation. Subcutaneous haemovrheg-
ing, especially of the head, neck and thigh regions, was obseyved in
several 1P fostuses: this is shown as darker aveas on the LP fostus in
Plate 4:13. The effect iz @@@ﬁ‘mﬁ@a gividly in the coloured frontis-

pilece plate which shows & foetus of 90-days of age, depived frem an

undernourished sve. It appeared that the hesmorrhaging cecurred most
in those regions of greatest handling of the foetus; the pourly~
developed, more fragile tissues of lighter LP foetuses sustalning

B Sebuses.

greater damage from the necessary hendlisg, then

sn weight of 1P single

{11) After 140-days 1 The me
foetusss vepressnted 34 per cent. of the wess f@ansi welght of WP
foetuses, The lavger of the two sires (Raw L) left heaviey progeny
then Bem 8. Vieress mals fostuses were heavier than females at 90-
days, females were slightly, but net significently, beavier at 140~

days. Plste 4:15 summarises these treatment effects. (It is of

passing intereet to observe the black pigmented skim patches of lawbs

pired by Rem L; pigmwented patches, of varying size and colour on




Plakte 4113,

Salpcted P and LP female foebuses and theiy carcasses

a%ta% g0-days of gestation. The davker (haemorzhaged)

head and neck of the LP foetus may be noted (2 x 2 em.

o o i@} &




90 days of pregnancy
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Plate 4:14. Selected foetuses after 140-days of gestation to show nutritiomal,
sire md sex effects. Skin wrinkle development s move notiee-
able wnder WP then LP fesding. The black pigmented pateh on the
seck of the HP foetus and the loin of the LP foetus cars wlse be

"L

seen {2 x 2 ew. grid).
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geversl lasbs sired by Rem L were observed, The presence of the
plgment in inbred Peppin Mevrinos was sugpested by Hayman & Cooper
(1964} to be due to 2 vecessive gene w; Brooker & Delling (1965)
have tecently provided furthey information on this inherited

gharvacteristie in medium-wool Merinos).

{(b) Cotyledons

i. After %0-days ¢ Table 4115 shows that pooy

putrition of the swe reduced the total welght of funetionsl cotviedons.

The total weight of cotyledons in the pregussnt horn from LP swes

represented 99 par gent. of the compardble votal waight from BF ewes;
and 71 per cent. in the wvacant horn. .ﬁﬁﬁ@?‘%ﬁth BP and 1P feading
the total weight of eotyledons in the pregoent born represented 65
per gent. of the welght for the raspective combined howng, Thess
results indisate that undernutrition exerted an almost egual effect
on the waight of cotyledons in esch uterine hora.

Hale foetuses were gssociated with a greater total weight
eof cotyledons, partieularly in the pressent horn, thas females.
Footuses sived by Ram L had more cotyledenary materisl than those
gired by Bam B, but the differences were not significant.

The distyibution of cotyledom welghts after %W-daye of
pregnanty is illustrated in Fig. 4:13. Cotyledons varied substantially
in weight (C.V. 21.4 per gent. for combined horns - Table 4:15), Poor

feeding of swee in early pragnaney prevented individusl cobyvledons
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attaining the lavgest sizes. Some of the heaviest cotyledons
pppesred to result from fuslon of 4t least two single cotyvledens.

After 140-davs @ The total wedight of

cotyledons in the gosblued wﬁﬁfiﬁ@‘%ﬂgﬂﬁ was signiflesntiy heavier

in HP than LP ewes (Table 4:18). Under 1P feeding, the weight of
cotyladens, as a percentage of the welght in HP ewes, wa# 55 per cent.
for the pregnant horo and &4 per eent. for the vecant born; suggesting
2 graster effest of poor nutritlon in the former than the lather,

The total weight of cotyledons in the pregnant horo undey FP fesding

represanted 64 per cent. of the weight for the eombined hogas,

compared with 61 pey gent. under LF nutyition.

Fwes in lamb to the larger of the two rame (L) had 2 gﬁ%gé&g
total welght of cotyleduns than swes mated bo Ram 8, slthough the
diffevence in the vacant horn was not glgnificant, Sz effects on
the total weight of gutyledons were neither lavge neor significant.

Fig. 4114 shows the distribution of cotyledon waights after
140-dayes of pregnéncy. Marked differemces in the histegrams can be
geen with substantial varlatien in the size of fndividual cotyledons.
Comparigon of Figs, 4113 and 4:14 suggests that cotyledons regressed
in weight betwesn %0~ and 14D-days of pregausney. The oversll meas
weight at 140-days (Tsble 4:16), of 386.9 g., was less than the

comparable welght, of 415.5 g., ar P0-dave (Tabla 4115},

(i1) Husbers of Cotyledoms

1, After 90-days : The tokal pumber of funstional

cotyledons (Tsble 4:1%) was greater in HP than LP ewes, and greater in




Fig, 4113~ MHean distributions of functionsl cotyledon weights

sfrer 90-dzys of pregneancy.

Fig. 4:14.~ Mean distributions of functionsl cotyledon wylghis

after 14U-days of pregnsncy.
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ewes mated to Rem L than Rem 5. The sex difference was snmall and
not significant. Hutritlonal effscts on the aumber of cotyledims
impinged more upin the vacant tham pregoant hogs,

2, After 140-days : Differences in the gumber

of gotyledons (Table 4:18) were not sighificant, the overall mean

number for pembined horns (73) egualling the compavable number sfter

Y-days (Table 4:115).

{141) Average Weights of Cotyledons

After P0-days 3 The average weight of individual

cotyledons in the HP eves was hesvier than in LP ewss, signiilcently
go in the pregoant horn (Table 4:13). Male foetwses had cotyledons |
o greater avarage w@ighﬁ than females, but the differences did nsot
attain ﬁigﬁifiﬂ%ﬁﬁﬁ; Birve effects were small and not significamt.

2

After 140-daye : HP ewes had cotyledoms of
significantly gredter average weight than LP ewes (Table 4:18).

The average welght of cotyledons fvon ewes mated to largs Rem L

was grester than from ewes mated to Hom §, but oot gignificently so.

(iv) Merpholemy of Uutyladons

Plate 4:15 ig 2 semi-schewmatie veprasentation
of the functional scotvleden %ﬁﬁﬁ? afsey l40-days of pregnancy from
gelected HP snd 1P ewes. The profound affect of poor nutyition of
the ews on the mwmphaiagigai‘agpaaraaﬁa'af the cotyledons can be
seen, Cobtyledeng from the HP swe appeay flvm, with 2 convex or eup-

ghaped body, the peripheral lip of the maternsl component surling




Plate 4315.~ Semi~schematie veprosentation of the functionsl cotyledon

arrey sfter 140-daye of preguancy froe gelected UF and LP

1A

e, The firw, spherical appearsece of cotyledons from

the BF ewe may be compived with the relezed flat,

strophled appesrance of those from the LP swe (2 = 7 om. peid}.
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Continued from p. 177

inwards to contain the fostal component. Under LP feeding the
cotviedone display sendldty ¢ 2 velaxed flat appeavance in surfacs
wiew; ag everted fostal component from which the zllsnto-chorion
could be saslily deteched; and 3 marked extravesation of darvkly
pigmented hloed, The largest cotviedons Ioecated in the veniyal
ares of the yr&gﬁaﬁi horn appeared to sulfer wmost lo this conpexien.

% Intes maternsl

hecurate separation of the distorted sotyleden

and foetsl cosponsnts proved lmpoesible and the sttempt was sbandonsd.

(e} Relstionships betwsesn Foetal Welght and Plapentsl

Componente

(1) ~ Foetal welghi and the number of eotyledons

Foetal weights at 90-days and l40-days of ags
wers not significently correlated with the nusber of functional
cobyladons.

{i1) Foetal weight snd the weights of placental

gomponents

The positive velationablios between fostal

sbhranna) afier

welght and the welgbt of the placenta (cotyledons + m
90~ and 140-days of pregnency ave shown in Fig. 4:15.

The yelatlonship after UD-daye can be deseribed by the
following eguationl~

?*%‘%ﬂw b 23?;7;3 ks 3%3@ yuﬁw ** iéaé %ﬁ; 4 1@;1? ﬁﬁ%& & étﬁ%ﬂ? %@%w

(z.2.} g‘i’ 5.78) ii 5.73%) {i 0.,34) g’i 2.32)

#edrke * s (&)
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whare,
¥.W. = Foatal weight (g.) after 90-daye.

#.5, = Postal sex {(discontinuous veriable : female » 0

nale » :ij;ﬁa
B, = Ram {disconbinueus wvariable ¢ Has 5 = 0; Bas L = 1).
C.H. = Total waiphe (2.} of gotyvliedons,

MW, = Total welght (2.} of wmenbranes,

This equation, based on 10 depyess of freedos, has 2 pesidusl
eoefficient of waristion of 1.2 per gent. and ascounts for 98 per gemt.
of the varviation in foetal welghs (B » 0,99). ¥hen the verisnce dus
to foatal sex and sire 18 eliminsted, esach 2. of cotyviedons supported
1.17 2. nf foetus, and each g. of mevbranes supportad 4,56 g. %ﬁr
fostus. On extrapelation the regression line intercepts the festal
weight axis above the ovigln, st sbouwt 0.7 kg,

After 140-days the devived souation was i+

P, = 262.1 - 59,0 F.8, + 268,35 R + 6.84 C.M. + 16.54 M.W.
(8.0 & s6.0 &6 G £ a.88)

Bels L Gl £ ]

with & residual coefficient of waristion of 15.5 per cent. (based on
311 4.£.). The multiple correlation coeffigient (B) of 0,91

indicates that 84 per pent. of the vavistion was sccounted fov by
regression on thews varisbles. After 140-daye, 6.84 g. of fostus were

agsgeiated with 1 g. of cotviedouns, @nd 16.54 g. of foetus with 1 g.




Fig. 4:115. The relationship between foetal weight and the weight

gf the placenta {(cotyledons + membranes) after %=

and 140-daye of pregnancy.
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senbranes, The istercept on the foetal weight axis was again of

the order of 9.2 kg.

Mesn foetal body messurements vecorded aftey 50~ and
ié&#éﬁya of gestation are vecorded in Tsbles 4117 and 6118 vespectively.
These measuvsesents have bsen adjusted, by covarisnce, for the effects
of foetal sex but pot for differences in foetal body weight.

(1) After 90-days 1 A negligible sire effect on body

dimensions wag recorded - in line with the lsck of a significant sire

guificant nutvi-

effect on foetal walght st this age (Table &153). B84
tiomal sffects were, however, vecorded for all but 3 of the weasure-
ments; HP foetuses were lerger than 1P fostuses im all dimensions,
except neek length. |

(i1) Afrer 140-days : HP foetuses were largey tham LP

foetuses in all recorded dimensions, the differences attalaing
significance except for head width (Table 4:16). Rem L left progeny
of genevrally larger physical dimensiona.

Ratios between dimensions vecorded at this age - and dis-
regarding differences in foetal welght - portyay that lambs born to
undegnourished ewes ave relatively leng in the legs. For emample,
the ratic between trunk length : fove-leg lemgth (vadius/uluas +
metacarpus) was 1.49 for HP foetuses compared witb 1,39 for LP

foetuses; while the ratio between fvunk length : hind-leg length
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TABLE 4:18,

185,

-DRYS OF GESTATION AFTER

ADJUSTMENT POR DIPPERENCES BETWEEN MALE AND FEMALE FOETUSES

He surement

8.8,

{(Ram L ~ Ram 8)
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Het
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Radius/ulna length
Humerus length

ibula length
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TEBLE 4:19. TREATMENT EFFECTS CN FOETAL BODY MERSUREMENTS (cm) AT %0~ .
140-DAYS OF GESTATION APTER ADJUSTMENT''? FOR FOETAL BODY WEIGHT
EX

¢,

Heasuremant sfrer 0-days ' Efter 140-days

oo {Eems W x E

(R)

Butrition

)

Body lemoth

Curved Crown-

i o i R R Fu e T
R~ R ‘ .47 LR &, G

Carved o

DA iR g

oy

4 ,41%% 41,1z 1.42 | .20

Paivis
R e RGN

Length 8,77 0,12 P £ 4,42 0

.29

&

o e e S
Wigth

o
.
Yot
e
R
-
by
|

% degrees of freedowm ot

10 degrees of freedom st 140-days of age
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(eibia/Eibula) was 2.39 for BP foetuses and 7.34 for LP fostuses.

The dished appeavanse of the fasce in undewn

ourished or premstuvely
born young 2t birth is also borse out by the ratie of fase width

and LP foetunes

fage length; this ratio wag 0.80 and 0.85 for EP

respectively.

 Treatment effects on foetal bedy messuremsnts éz
90~ and 140-days of age after sdjustment, by covarience of logarithe
miec transfommed data, for diffevences in fostal body welght as well
as for foetal sex are recorded as varisnee ratios in Table 4:19.

At both sges it is ¢lear that differencss in foatsl body
eonformation due Lo nutrition mnd sives rveflegted d4iffevences In
fostal body walght. Fostuses of tha‘sam@Ansa aaﬁg #kaﬁi&ﬁﬁﬁaliy*
the same welght, possessed the same conformation, irzespective of the
treatments applied, with the possible exgeptions of the nesh girth

and chest dimensions.

Fig. 4:16 illustrates the pattern of pex effects
on body dimengions of foetuses of the same body weight. The logavith-
mie vegression evefficient appropriate to each measurement, derived
from covariance snalysis, has %@@ﬁ multiplied by zﬁg 80 that the

wvalues shown indilcate the pevesnbtags difference betwsen maleg and
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females. FPositive and negative esefficisnts show that nales were

lsrger or smalley vespectively thun fewmales at the ssme body welght.
fex differences in bedy eonformation were, in genewal,

af

manifested to & greater entent st %0+ than 140-daye of age. Hue
the differsnces were swsll, sttaicing no more than 1l~Z per gent. in
sither direction, end a&%é»aﬁﬁagﬁina‘ﬁitﬁ reserve.

At both ages, males, compared with femalss, were lomger in
overall body lesgth, larger in 211 hesd dimensions, shorter but
thicker in the neck, lazger in a1l trumk dimensions, smpller in the

pelyvis and shorter in the lismbs.

The relation of the incyesss in fostal body
dimengions with increase in foetal body curved evown-rump length at
each af the two stages s depioted in Pig. 4:17. The wegression
eosfficlents, sgaln shown on # percentage basls, were devived from
covariance snalyses of logarithmic transformed dats using cxown~rump
lemgth and fostal sex as the two sovaristes.

(i) After 90-days : Over the vange of body length

sncoppassed by foetuses of %0-daye of sge, the limbs 2nd tall were
ineressing in length st 2 much faster vate than body length. On the
 other hand, the depth of the head, neck girth, chest depth s aalvis
width were incressing at & much slower rate than body length.

(i1} After 140-days : The rates of iacrease in the

wideh of the head snd length »f the neck excesded the vate of imersase




Fig. 4216~ Bex effects on fostal body messurevents after 90~ and 1d40-dave

of pestation. Positive apd negstive goelficients indicate that

nales were largey or ssaller respectively than females st the
same body welght. ALl the coefficlents shown were significant
{9 < 5.05%). '

691




SEX EFFECTS ON FQETAL BODY MEASUREMENTS

REGION MEASUREMENT
AFTER 90-DAYS OF PREGNANCY AFTER 140~DAYS OF

PREGNANCY

CURVED CROWN-TAIL
CURVED CROWN-RUMP
STRAIGHT CROWN-RUMP

BODY LENGTH

TAIL TAIL LENGTH

FACE WIDTH
FACE LENGTH
HEAD WIDTH
HEAD DEPTH

g
NECK LENGTH %
Il

HEAD

NECK 3 NECK GIRTH

TRUNK LENGTH
CHEST DEPTH
HEART GIRTH
NAVEL GIRTH

TRUNK

PELVIS LENGTH
PELVIS WIDTH

PELVIS

wll|

METACARPUS LENGTH
METACARPUS DEPTH
METACARPUS WIDTH

LiIMBS RADIUS/ULNA LENGTH

HUMERUS LENGTH

TIBIA/FIBULA LENGTH

i i i L ) 1 1 . i L i Il 1 'l | L Il I I L I 'l I L |
I8 16 14 12 10 8 6 4 2 o 2 4 6 8410 |2|'\/\'60 62 10 8 6_4 2 o 2 4+6 8 IO
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in body length. The relative growth vates of the lismbs, and the tail,
had reduced substantizlly compared with savlier vates mmd were now
growing at & vate s little less than the rate of incvsase in beody
iength, Chest depth, and the widih of the pelvis, showed little
thenge in thely velative growth vate over the two ages exswmissd, The

givth of the neck showed an incresped rate of relative growth over

the later comparved with the earlier age,

Viil.

Hean welighte of foetal body components at %0«
and 1l40-days of sge are recorded in Tables 4:720 and 4121 vespectively.
These welghts have been adjusted, by covarlases, for the effects of
foetal sex but pot for differences In foetal b@ﬁy weight.

)

skull, the yumen and the gdrenals, were heavier in HP thaw LP foetuses,

After 90-days : All compoments, except the

the differences attalniog significence in 20 out of the 32 vecovded
paTLeE.

Foetuses sived by Ram B were lighter in 3ll wecorded compon-
ents, except the gkin, blood, sbomasws snd pdrensls, than foetuses
gired by the larger vem. This agress with the recorded foetal weights
at this aga‘iﬁaﬁlﬁ»%ziﬁ}, The diffevences sttained stapistical
slgnificance, howevar, for only § couponents.

The large relative variabilivy (€.V. %) of sowe componsnis

may be noted, partleularly the thyreidds.




EHCES BETWEEN MALE AND FEMALE

ABLE 4120,  MEAN WEIGHTS (g) OF FOETAL BODY COMPONENTS AT
POETUSES |

flevencas

iwu

L& . P
Group masns €V | g.p Me.n d

Component ’
Ramsg

{(Rom L ~ Ram 8)

e

HP/Rem L | HE/Ram £ | LP/Ram L

Skall ? ﬁ? 54,24 2.87 - 2,97
Fore-feet %, 80 01,29 - 4 22
Hind-feet 5,28 0,25 - 0,32
Tall 0,81 0.14 - 0,18

Ekin
Blood

Brain B.39 8,40 7.5% - 1,26
Eves 4,86 4.99 4,15 - 1,40
Lars 1,50 1.53 1,42 - 0,09

Desophagus ‘ 1.51

RN

1,53 ; 1

Rumen ‘ 1.39 | 1,30 1,51 (4,0
R@%izui&m 0,42 0,49 0,38 3,0

; 0.48 0,30 2,54 i o,0

sum 1.48 1.42 1,39 1.4 8 0,05

@mwgi intestine 3.72 4,07 3,49 3,69 10,8 f L23 :
Large intesvine/reciw 1.3 1.28 1,16 L1.1% 15.4 i1 - 0,11
Total {gestro~intestinal 10,01 i0.81 9,38 5,58 4.5 3525 - [ 4% W

tpact )

Hearv 4,62 4,81 4,01 1,40 7.7 TR | £

Lungs/traches 2L.03 21,41 18,54 19,87 6,4 G,73 2 »
Pericardium 1,41 1,87 1,20 1.%4 16,2 | 0,13 & w
Dlaphragm 2,36 2,248 1,59 2,04 11,6 .13 £

Liver/gaell bladder 42 08 45,64 26,80 37.582 1.24 10,686 W - B A8 ¥
Bplieen 0,84 0,98 0,65 0,82 0,04 D18 w (A0 #
Kidneys 6.56 6,59 5,46 5,18 {4, B0 0,73 -~ {3,353
Bladder 5,33 0,27 0,20 , .27 0,03 o.07 -
Coaul/mesenteric fat 3,49 0,64 0,44 £, 50 0,42 34,8 0,0 G,a0 # - A0 %

£
%)
&
I
k=
Faa

o 1,368
t thymus 1,513
yroids 0,187
Adranals 2,135
Pancreas : 0,534
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Fig., 4:17.~ Relative grovthof fostal body dimensions 1

regression soefficients in the velations betwsen

body measurements and eurved erowm~rump length at

AO-days of geetation after adjustment for
the affects of fostal sex. ALl the coefficients

ghows were significant (P < 0.83).
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lava ¢ Table 4:21 shows that WP

tuses in sll compon-

fortuses were significsntly heavier than LP foe
ents, Fostuses sived by Bam L wevre hesvier then Ram £ fostuses in
21l components, the differences attainiep significance in 17

1 with the putritionsl smd

components. These results are in sgreens

gire affeets on foetal bedy weights (Tsbla 4:16).

eights after Adjustment for Diffevenses in Fostal

Treatment effects on foetal body ﬂéﬁ@@m@ﬁg
waights at 90~ and 140-days of age after pdjustment, by covarianee
anslysis of leogavithnle transiormed éata@’fﬁx differences in foetal
body weight, as well for foetal sex effects, are recorded a8 varlance
ratios in Table 4122,

It is clear that, at both ages, differences in component
walghts bebwesn HP and LP fostuses, and betwsen these sirved by Ram
L er Ram 8, wers proportional to the differences iln foetal bedy
weight, Anatomical compouents of foetuses of the seme age and bedy
welght were very similar igﬁa@ﬁ in weight, lrvespective of the treat~
ments spplied. The incresss in expevimental precisiem through
inelusion of fostal body welght in these compavisons was of & high

magnitude, sepecially after 1A0-dave when body weight differences

wers largest. In the case of foets]l carcmss weight at 140-days, for
example, 8 ninefold veduction in the gize of the evvor wean squave,

sasocisted with the adjustment for body weight differences, was




TABLE 4:22., TREATMENT EFFECTS ON THE WEIGHT (g) OF FOETAL BODY
&@%?&ﬁﬁﬁ?ﬁ % 90~ BND 140-DAYS OF GESTATION APTER
EDJUS! ! FOR FOETRL EMPTY BODY WEIGHT AND SEX

VARIANCE RATIOS

oannonent Afver 90-days After [40~days

HxR| Butritiod Rems o xR
§ .

Bhaly
Fore-fent
%mmﬁwtﬁat

culam

Abomasum

Small intestine

Large intestine/rectum

Totel (gastro-intestinal
Pmaok

Liver/gall bledder

TL
Spleen 5.0 4,22
Kidneys 1,64 1,36 1.60
Bladder ' 2,88 4,11 0,28

Ceul/mesenteric fat 0,02 5. BEv

o
&

=21
frt
imw:
&

[ |

13‘ 2@’9 @ 3 i’zoaéé ﬁn%@h& i:i"*

5 1.9 0
s 5,65% 5.22 | 1,74 | 0,43 2.2
1.16 3.2 ; B

1,10 10,22% | 1.a0% 1,02 0,3 .
BRI L.1% L2 2,28 (.18 s 5 i
‘§hﬁ¢w@mﬁ 4,07 1,21 0,02 0,0 & &
Coroass 0 2,90 1.25 0,21 0,30 o

%@t@;

(1) Coveriance smaivais of ingerithmic transfo datas

¥ degrees of freedom at Y0-days of age

il degress oF Ffroedowm ov i-days of age
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vecorded - from 13.5 ts 1.5 (Appendix IX : Example £.).

After 90-dave, 4 compounents recorded s significent
nutritionsl effect after adjustment, 3 components a &igﬁiﬁi@§ﬁ$ sipe
effect, with 2 significant interactions. After l40-days,only 2
components recorded 3 significant treatment sffect) the skull and
the bladder appeared affected by autrition. This numbar of signifleant
effects, as a proportion of the total mwber of compavisons wade,
might veasonably be expected to arise by chanca, as was the case fov
the foetal body dimensions.

{e) Bex Effects on Ethe Welght of Foetal

Pig. 4:18 depiets the patters of sex sifeces on
the weights of foetal k@ﬁy”ﬁkﬁytwfﬁﬁﬁ of foptuses of the same emply
body weight. As with the sxsmination of sex effects oo foetsl body
dimensions, the logarithmic regression sosifleient sppropriats Lo
eael component has been derived from the covariance analyeis, and
{8 showm ou & percentage. Positive and negative cosfficients indicate
that males were heavier or lighter respectively than females &t the
same foetal smpty body walght.

In geneyal, sex differences in the weights of components

were greater at the younger of the two ages exsmined. A ¢learw

@atﬁﬁwﬂ of developmental diffevences dus to fostal sex is diffleule
te discern st wither age. Seversl components show & veversal of the
sex effest between 90~ snd 140-days; the most striking is the thyreid

gland., Most components show a diminished sex effect bebtween the twe




197,

ages although the sign vemalosd the ssme 'f@r exsnple, males hed

heavier teile then females at both ages, but the teil was 39 gg§<§@§t.
heavier at 90-days compared with 7 per eent. at lé0-~days. The very
amall sex effects of 1-2 per cent. in sither divectim, as for

example the gkull, brain sud carcass at both sges, nesd cautious

. 4ppeptancs.

- Srowth coafficlients of the foetal body compisents at
sach of the two stages ave illustrated in Pig. 4:19. The cosfficients
were derived from covariance analyses of logarithais transforsmed data
using fostal empty body weight and fostal sex as the two sovaristes.
(1) After 90-davs : The fore~ and hind-feet, shin, hsart,

eaul fmesenterie fat, and

Aiaphragm, liver, kidueys,
heart thymus were increasing in welght at a fester rate than the empty

body. ©On the othey hand, growth cvefficients of the pericavdiuws,

spleen and adrenals were pubstentially less than uwnity, indlesting
that their relative vates of growth were mueh legs than that of the

Other organs and parts, such ss the ghall, liver

and gareess, were growing at much the ssme vate as the bedy.
{i1)

of the tall, shin, spleen, ne

3 The reletive vakes of growth

After 140-days

gazeass excesded that of the empty body. ALl these organs wers growing
a2t 8 faster velative rats after 140-days than they were aftey Wedays.

Growth evefficients of remalning cvgans after 140-days were lesg than




Flg. 4:18.~ Sex affects on foetal body components after 90~ and 140-days of

pregnaney. Positive énd sepative coefficiente imdicate that males

o
1
&

weye heavier or liphter respesctively than femalies st the same

emply body welght. A1l the coeffictente shown were significant

(» < 0.05).




SEX EFFECTS ON FOETAL BODY COMPONENTS

COMPONENT AFTER 90-DAYS OF GESTATION AFTER 140-DAYS OF GESTATION
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Fig. 4:19.~ Belative growth of foetal body components : vegression

coefficients in the relatious between the welght of bedy

ents and empty body weight at 90- aad MiO-days of

gestation after séjustment for the effects of foetal sex. 41l

the coefficients showa were significsat (P < 0.05).
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TABLE 4:23,

i

%ﬁﬁ?@ AND FOEIRL B

NCES BETWEEN HALE AND FEMALE

RELATIVE GROVWIH OF COMPONENTS OF THE FOBTAL GASTRO-INTESTINAL
LOGARTTHHIC PARTIAL BEGRESSION Qﬁﬁﬁyiﬁiﬁﬁfﬁiu} IH THE RELE ?Kﬁﬁﬁﬁﬁﬁﬁ
BETWEEN THE WEIGHT (g) OF ¢
AFTER MDJUSTMENT POR DIPFERI

Y BODY WEIGHT (g3
FOETUSES

Component

Regression coefficient + 8

ifrer

S-days

Rfrer

2A40-days

Desophagns
.ﬁﬁm&ﬂ
Feticulum
Umasum
Abomssue

Bmall intestine

Large intestine

= L5306 +

4,847 *

G.562
2,581

0,417 +

0,993 %

- 3,524 4

i+

i

1,185
4,438
1,804
0,880
G132
7,424

L.062
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{1} Coefficients derived from covariance analysi

logerditimic transformed deta,
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uaity. Relative growth rates of the limbs, skin, blood, heart,

dungs and trachea, disphvage, liver, kidneys sad the saul/messnteric

fat were lesse after 140-days than sfter 90-days.

Differences in the diffeventisl growth ratios of the
components within and between each stage sppear to zeflect functional
necessity. This is mors clearly shown from ss exeminstion of the
grewth coefflcients of individual componsnts of the gastro-intestinal
tract recorded in Table 4:123. The coefficlients 4id pot attain
significance for all components. It is nevertheless iluteresting to
note the chenges in the yelative growth rates betwesn the two ages,
The guasum sttained the ﬁiahasn relative growth zate after Y0-dayvs,
sad the rumen after 140-days. The rvelative growth vate of the former
part decreased in late gestation, but the diffeventisl growth ratio
of the sbomasun inereased, and that of the gumen warkedly go, as the

time of birth drew near.

Hean numbers of wool folligles and follicle zatios
for fostuses aftey %90~ and léD-days are glven im Table 4124, Bire
effects wers not significant at either sge, although density and
total population sstimates tended to favour fostuses »ized by the
lazger (L) of the two rams.

(1) Afrer 30-days : The significantly higher demsity

of primavy (Pf) follicles, coupled with a greater skin area, of HP
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a8 gompared %%t%‘@§\§@@t%@ﬁﬁg ied to 2 groaster setimated tetal
population of PL follieles pey suimsl under HP sutritlen,

(11) After 140-davs : Foetuses [rom L¥ ewes had a

slgnificantly higher density of Pf follicles and & higher, but not

sigoificant, density of lssmturs sscomdary follicles (81} than !
- foetuses. Op the other hand, the density of maturs sscondary folllcles
(8£) was significently higher in WP foetuses., The differense ic
density of total felliples (Pf + 8L + §1) wes not signifisent, but
tended to favour BP fostuses.

Both the BE/Pf, and the 81 + S£/Pf ratlos were sisnlficently
lower, but the 51/8f %'?f ratie higher, in LP foebuses.

The estimeted total Pf populstion favoured BPF foetuses bu

the nutritional effect was pot significant. NP fostuses had signi-
ficantly grester total populations of 81, Bf, end thevefors Bi + Bf,
follicles than foetuses born to LP swss. The t@%ﬁl populations of
PE+ B4 + 8f, 81 and 8f folllgles of L foetuses, as percentages of
compavable estimates for HP foetuses, weve 58, 70 and 35 per gent.
regpectively; the maturation of secomdery folllclies was thus most
affeeted by maternal undernutrition.

pment for Differsaces in

Vool folllele nunbevs at each stege weve adjustad,
by covariance sasnlyvses of satuxsl dats, for differsnces in fostal body

welght and for the effscts of foebsl sex. Cosfficients fur foetal
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valght attafined sigaificange (F < 0.0%) 1s sll gases, but coeffleli-
ents for foetal sen were not sigalfieant.

Adjusted mesn values and varlsnce ratios (of adjusted mean
squaves) ave gtecovded in Table 4113, Differences due to maternal
nutrition or sives In any of the paraseters were not glgnificant;
thers wag, howevar, evidence of intervsction iu the estimated total

population of 8f follicles st léD-daye of age.

ghts and Actual Nuwber of Muscle ¥Fibres

Hean welghts of the Semitendinoeus mussle, and
the sstimated tetal nusber of fibres iz a cross-section of the muscle,
at esch age are glven in Table 4126,

(1) After 90-davs ¢ The weight of the musele in HP
fostuses excesded that in LP fostuses, but the diffevence due to
sives wae suall snd not signifiecant.

HP foetusss had ¢ grester tobal nusmber of musels fibres/
eross seetion; the glve effeect was small but vended to favour the
smaller vum (5).

(11} After 140-days : An elight-fold inerease in the

mean welght of the muscle between 90~ and 140-davs was recorded
under HP feeding compared with a four-fold inersase under poor
nutrition. Foetusss from HP ewes had 2 heavier muscle then those
from L? ewes; the mean welght of the latter represented 31 per cenmt.
of the forser. Postuses sirved by Rem 1 had 2 heavier pusele Than

those sized by Bam 8, the difference in mesn welghts belnp ginllary
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TABLE 4:86, MELH MEASUREMENTS OF THE SEMITENDINOSUS MUSCLL APTER ADJUBTMENT POR THE EFFECTS OF FOETAL SEX
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under both planes of sutrition,
The mean anumber of muscle fibree/czess-ssction lncrsssed
betwesn 90~ and l4D-ddays of sge under BP feeding; under pooy

nutrition the wesn nusber increased over this intesrval in fostuses

sired by Ram L but decressed in fostuses elred by Ram §. Maternel

wadernutricion throughout pregesncy significantly reduced the total

aunher of fibyes/cross-section; the mesn valus for 1P fosbtuses
representing 89 per vent. of the ween value for BP fostuses. FVoetuses
gived by Ram L had a slightly, but not significantly, gveatsr nusher
of fibres/erose~gection than foetuses sired by the smaller ram,

() Muscle Plbve Wuwbere sfier Adiustment for Differences

in Husele Welght
The nubere of wusele fibres/eross-section wers
ad justed, %yvﬁﬁvaxiaﬂﬂa of logavithmic transformed data, for
diffevencesr in musels welght and foelal sen.

(1) After 90-dave : The nuwber of fibres was not sig-

nificantly associated with musele weight. The vegressios coefficient
oy fostal szexn {ﬁ,iaﬁﬂAi B.0123 : P < G.001) indicated that males
tad approximetely 18 per sent. mors fibres in the gyoss-section than
females.

(1) Af

ter 14d-days : Both regression coefficiants

attained significance (P < 0.001). The coefficient for muscle weight

was 0.7135 = 0.0600, and for foeral sex was 0.1489 © 0.0021, the
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latter indicating the greater nusbey of fibres for males than females,

- {17 E&ﬁ, %3 w:g? ;

y ‘ . 3 o I
Adjusted mean waluss (x 197) were : HP/R HP/Ram 8, 70,28

LP/Bam L, 76.44; LP/Raw

£, 72.38. Treatment affects were not slgnis
flewnt,

{e) Relagionships of Muscle Fibre Nusbers o E&&i%ﬁﬁﬁg‘ﬁi

Further definition of velationships batwesn fibre
numbers, vuscle welght and musele length wag sttempied. However,
wusele fibve sunber/cress-section was not significantly corrvelsted
with either the length of the tibia/fibula (asz & messure of mussle
length) or with foetal crown-vuwip length, ss measured externslly (ses

Fige 4143,

Foetal body weights after %0~ and 140-days have besy
relatad to 2 number of independent vaviables in sultiple regression
models, with progressive slimination of nen-significent veriables,
Each vapishble dn the medel assunes independence of others.

The following abbreviations are used in the equations
presenbedye '
¥.W, = Foetal welght (g.)
F.B. » Foetal sen (discontinucus variable : femsle = 0; male = 1),

Rem L » E} ¢

B. = Haw (discontinvous warisbls ! Bam 6 = O3
Fol., = Feed fntake (D.0.M./dav/g.}
B, = Ewe body welght (kg.) at nating Gwool-free),

E.M.0, = Bye body welght change/day/g. (wonl-free; conceptus~irse).




(a) After 90-days: The derived equation was:-

‘Fa’ﬁa % i}@ﬁ,éﬁ %+ ’)}??ﬁ? ga%;a A+ 2&33 ﬁgaﬁn £ %e%ﬁ% %Iﬂ%’;feg;e

(5.0} &an Co0.65 & o)

with vesidual zoefficlent of varistion of § per cent. This equation
atcounts for B0 per eent. of the variation in fostal weight at 90-daye
of age (B = 0,898, based on 11 4.£.)

The regression cosfficients indicate that male foetusas wers

beavier than feomles; that foetn]l welght ineressed by 2,35 g, for each

1 kg. of ineresse in ewe body welght at mating, end by 0.504 g, for

each 1 g./day of ewe body welght change over the first 20-days of

¥8 : The derived eqguation sme:-

Fula = 446.7 + 236.9 R + 3.503 7.1. (0-140 days)

(5.8.5 Ess.n & o009

with & residual coufflelent of varistion of § per eept. These varisbles
account for 85 per gent. of the varistion in foetal weight st l40-days
of age (R = 0.922, based on 13 d.£.).

The ecoeffivients lndicate that fostuses sired by the larger
ram (L) were heavier and thst each 1 g. of D.OM, intake/day ovsr
Zé%%wég?% of pregnancy vag sssoclated with sn lncresse in festal weight
of 3.503 z.

{e) At bireh : Bivth welght of lewbs was signifieastly




agsouieted with the ram aud fsed lnteks gver the whole of prsguaney

in the following eovaiion:-

FW. = 1390.0 + 309.8 B #+ 4,800 F.1.

($.8.) = 134.4} {~ D.B94)
Ydrde Sl

This equation sccounts for 54 per cent, of the total variatien in
birvth weight (& = 0,917, based on 18 4.£.), with 2 residusl coeffici-
ent of variation of § per cent,

Birth welght of lawbs increased by 4.80 g. for every 1 g.

of D,D.M, intake/day during pregnaney. Ram L left heavier progeny

than the smallsy Tan 8.

B, DISCUBEION

In this experiment fostal growth in early gestation depended
wpen the level of nutrition supplled to the ews after mating. This
notewerthy result contrasts with others (Wallace 1948; El Sheikh et al.
1253; VFoots gt al. 1959) and challenges the high prisvivy for
gvallable nutzients ascribed o the foetus by Hammend {(1964). It is
interssbing that Bahinckel (1963 recently wveporbed a‘aigmiﬁim&ﬁﬁ
difference in the weight of single and smuliiple Merinp foetuses at
S3-davs of age, fror whiech he lsplied that maternsl putvition might
be a limiting fsctor im early prenatal growth,

A redustion in fostal welght at 90-days of age way have been
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been vecordsd in this study and not im otheye for seveval reasons.
Firstly, the ewes were subjected te very severs nutritional stress
in early pregnaney. Although the low plane ewe in Wallace's (1943)
study suffered much the game proportional bady weight loss wilbout
appreciably affecting the weight of twin footuses, his ewss were
relativaly heavy at mating. OGranted the byeed differencs, the malure
Verine swes ia}thia experiment wers, by comparisom, light st mating
and in generally peor condition. Body fat, as & source of cata-
bollsable snevgy, may buffer the effect of restricted feed intaeke in
early pregoaney. Sscondly, the feed intske snd concomitant degree
and vate of body welght gain sud loss could be strictly controlled,
even though the animals were subjested to the yigours of the fisld
enviroment, Lastly, examinatios of a greater mumber of fostuses
then im Wallace's (1948) work permitted statistical analysis of the
data.

Further ezperimente ave glearly necsssary te determing, fox
exsmple, eritieal levels of feed restriction sud welight less bhefore
the growth of single and multiple fostuses is affected, Discrimina-
tion batween the secademic gnd praciiecal i@?@ﬁtﬁﬁﬂ@ of retarded sarly
foetal growth 1s sleo needed.

Eshryonic logs in marly pregnancy slightly incressed undey
good feeding of the ewe after matisg in the studies of Foote et ail.
{%@ﬁ%} and Bellows et al. (1963). On the other hand, 8 marked redue-

tion in the number of lawbs bown te walden ewes ill-fed in early
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pregnancy wag vecorded by Benmett et al. (19564); the stage at which
losses ocourred was not defiped. A ssnsitive balanee between
smbryonie loss and retevdation of foetal growth is suggested, for

plasental development was vestricied Lo a greatey extent than fustal

growth in this sxpeviment. This supports Hammond's (1944) proposal
and sgress with other lnvestigations (Wallace 1945; El-Sheikb gt sl.
1953y Foote st al. 1939; Bellows gt al. 1963), Drastie curtallmeut
of feed intake after cmmesption sod prior te ﬁﬂ&pi@ﬁiﬁm of lmslanka-
tion way lead to embryoniec loss; ipciplent undernutyition of & luss
precipitous nature may pernll completion of implantatlion but vestwiet
full plaeental ﬁ%@@i@?ﬁ@mﬁvﬁﬁﬁ thus f%@ﬁél growkh,

Cazuncles of the aum-pregnant uterus probably develop
into functicmal cobyledouns %a&ia@&ng vreasure from the sarly blastoes
eyet (Huggett & Bammond 1958), arising from avcumlated allantole
fiudd (reviewed by Pmméxmy 1960) . The smelier nusbey of cotviedons
invoived ia the vacant horn (where initistion of placentation would
oceuyr later than im the pregunant hown) of LP ewes, indicates an
eifect of maternal nutrition on sarly blastoeyst development. The
sire, and possibly the sex, effects oun the nunber of functionsl
cotyladons may also reflect vapidity of blastecyst growth, Oviae
fostal growth can be markedly depressed by surgiecal g@éw&tiﬁ@ ot
the mumber of caruncles (Alexander 1944b), sven though individual
ﬁ@t&i@ﬁ@é@ display compensatory devalopment,

Placental and foetal walghts at 90-daye of sge wepe clesely




sepoclated aftey elininetics of other wavigbles. At ldl-days 2
greater amount of varilation in the pesitive relationship vemained
unexplained. Alexander (1964b) found wery ii&tzﬁ placental tlasue
{cotviedons only) was nscssssyy to permit gestation 0 veach 160
daye, but the sisze which the placenta bad attained limited subgeguent
foatal growth., Cospensatory growth of the foetus in late pregnaney,
failaﬁimg nubrient g@ﬁtgi&ii@n af the ewe in early pesiation, revuirss
examination. Plagental welght, however, as Alexander (19643) end
Holm (1984) stzess, represents only a crude estimate of plagental
gfficlency snd further explanstion of the phenomena wmust be sought
in ether parameters, such as those suggested by Moustgasrd (1959).
Gontinvation of maternal undemnutrition through late
pregnancy dramatically incveased the difference im weight between HP
and LP fostuses from approximakely 12 per cemt. at S0-days of age,
to 46 per gent, st 140-days and 39 per gent. at birth, Wallsee (1943)
redueed the weight of lib-day old twin foetuses by 46 per gent.
throush wnderfesding the ewe in labke %ﬁ@gﬁ&mﬂﬁa This somparison,
together with the 18 per zent. wortality of LP ewes in late pregnaney,
emphasises the severe styvess imposad in late geetation of this tvial:
pnd alse in the studies of Schineckel & Short (1941) and Taplin &
Everitt (1964) who zescorded reductions of 34 per cemt. and 43 per
cent, respectively in the birth weight of single lambs devived from

undernourished Merino ewes. The lack of an spprecisble nutritionsl
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effect on the weight of single foetuses st 140-days of age in the
investigation of Bellows gt al, (1963), mod on bizth weight of lanbs
in other studies (reviewed by Thempson & Aitken 193%; Schinmckel 1953)
may be sccounted for by the lessey degree of stress appliad,

These results therefore pupport the view (Bchinckel 1%63)
that the effects of poor maternal nutrition will be manifested to
the greatest degree when foetal mass is increasing most vapldly. It
is, however, necessary to recall the much lower feed funtake of LP swes
in late as coepaved with sarly pregnsvsey.

Undevnutrition markedly increased the weight of uterine
flulds and caused abdominal and iﬁﬁﬁ%@i& pedema. The latter is a
recognised chevacteristic of undermutrition (Keys st 81,1930; Morris,
Howard & HMeofarlane 1967; Panpretts 1964), and undey puch econditions
gross body weight becomes a very misleading parvameter of performance.
¥ett body weight logs of these ewes wss substantlal, but would be
mieh excesded by welght loss oo a molsture-free beels. Changes in the
chemical compogition of the ewes are intended for later study,

Cotyledon morphology wae also %f@f@ﬁﬂ@lﬁ affeeted by undez-
feeding. After 140-days of preguincy cotyledons from LP swes presents
ed a thrombosed, senile appearance perhaps assoclated with sn sbbrevi-
sted gestation. Everslon of the fpstal compenent of the cotyledon
suggests that the fostus attempits Sompensation for s vestricted
plagental srea. Bellows et al,(1963) alse noted this effect in thelr

autrivional study, as did Alexsnder (1964b) after surgiesl reductieon
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of placentsl development. A differsntial pettern of placental
retardation was indiceted by the cotyledon weights and nusbers in
gach horn, sud the welight snd morphology of individusl eotyledons
aceprding to thelr position within the bhorn. Further study of these
charactevistios is veguired, perhaps emploving the teehninue of
foetal asclusion descyibed regsntly by Lehr gt al. (1964). This
wight lead to application of & local haemodynamic comtrol of pre-
natal growth Qdclaren & Michie 1960} ia theasheep, a8 diastinct from
ond (1944).

the solely systemic priuciple proposed by Haw

Marked sffects of prenatal uadersubzition on pavamsters
of fostal development wers ﬁ@m@ﬁﬁ@é, but these weore strikingly pro-
portional to the effscts vecorded om f@ﬁt%l body mass. Patterns of
allometrle growth of foetal body components, and of body dimensions,
conformed with other swpositions (Wallace 19487 Joubert 1956a;
Stepbenson 1967a) and appesvad lirtle éi@t@b%ﬁ by the level of
maternal feeding. The evidence adduced stromgly suggests that
wndernutyition in prenatal life zeterds zrowth processes in 4 genegal,
and mot differential, waoner.

While full support ig thus offered for the allemetzie
grawth pxin@iﬁi@ (Buxley 1@323¢ the eontept of a differentisl effect
of underoutrition on growth and developmsnt (Teviewed by Paleson
1955) seems wntenable. The two interpretations depend upon whethey

or not differsnces incurred in body weight sve taken into sceount.

ﬁd@yti@m'ef‘ﬁha‘waah@éa uged by the Hammound or Casbridge school
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negessitates presentation of data as in Pig., 4120, Intervpratation
of this type of anelysis leads inevitebly o the comclusions forwsvded
by Phlsson (1955) 4n his review of the Qasbridge costributious.

ent iz made for

When, hovever, adjustm empty body welsht

differences nutritional effecte become megligible, with a few excene
tlonz in Eh@‘ﬁ&%ﬁrﬁ snlmal such sz the reduced welght of the gastywo-
intestinal tract (especizily the stomachs), the shin, kidneys and |
carcass, and adrenal enlavpement, in LP ewes, Compariscas yet to be
nade on 8 fat-free empiy body weight basle should prove illuwinating,
for it is upon this basis thet the traditiomsl Cambridee concepte ave
undey eritleal review (Tulloh 1?&3; Elsley et al. 1964). Tie data on
foetal body dimensions substantiate the wiew (Taplin & Everitc 1984)
that the undernvurished lamb st birth sppears malproportioped in
velation to 8 well-fed lank sloply becavse it is lighter snd a2t an
earller stage of the diffeventisl growth and development process. The
fostal body component &viéana& sorroborates this proposal. Aslthouph
the foetal carcasses wers nobt dissscted iate tissue somponente, it
is interssting to note that Stephemson (1964) found that 99.8 per gent.
of variation in skeletal muscle of ovine fostuses could be sccounted
for by differences in body weignz,

A gtrong genetic influence on fostal weight opevated in lats
gestation, the iérg@w of the twe pams (L) ywﬁéaﬁiﬁg'%ﬁg@iﬁﬁ uvif-ppring
st l40-days of age and st birth, The sire effect casuot be entirely

digsociated from diffevences io feed intake of the swes. Hevertheless,
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Belative effects of plane of astrition g:wg‘:m&mm of the snpd
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body of ewes awnd foetuses after - mﬁé 140

Mean weightes of cospoments of Low Plane animals expressed as

percentages of mean welghts of High Plane @nﬁmlg,v

Abdoming]l organs = liver, gall bladder, spleen, kidoeys,
wrinsry bladder.

Thoracle ovgans » heagt, lungs end brachea, Jdimphragm.

Feet = fore- + hind-feet. ‘ ‘
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amba wars born te ewes mated to the sma

Idighter 1
although the ewes consumed more feed than those ia lash 2o Bam L.
Unegquivocal reference te the inheritance of growth rate is not
’@ammiaaisia, for the two rams were not rearved under identical
gonditione. The dats é@‘aagggsﬁg however, that the inberitsnce of
large body size within s breed is a chavscteristic smensble to
gelection,

Foetsl development, on the sther hand, was gcavealy Influ-

enced by the size of the sive after adjustment for differences in fostal
waight. Exsmination of skelstal muscle tissue, as one component of

foetal size, failed to veveal significant differences inm ¢ell swwber,

This is hardly surprising with such a soall mmber of animals for
study. Further investigation slonz these lines might be profitable,
sspecially if differences in wuscle cell size are also recorded,

The effect of sex on the srow

th of the foetus, unlike the
sire influence, became spparent sarly in gestation, subsequently

éiminishing with age. Stephenson

(19628) sugzested that the zreater
variability of fostal body dimensions in late gestation may shacurs

the sex sffect. The same proposal may apply to this study, but it

is interesting that the weights of body components showsd the seme
trend with time. Raw lambs are gemerslly reported to be heavier than
ewe lsmbs 2t birth (reviewed by Everitt & Jury 1563a). 1In this study,
with relatively small oumbers, females were aligkﬁiy heavier at

140-daye of age, and st birth.
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In postnatal life the differvence in body weipht betwsen
rems and ewss, favouring the former, ie mueh diminished under poor '
nutrition (Phleson & Verges 1952), This prinmciple held true for
foetuses at Li0-days of age, sand 2t birth, but there was 1ittle such
evidence at %ﬂwﬁéyﬁa On the econtrary, femalep at 90-daves muffersd
move from poor maternasl feeding than did males. The sex sffect on
foetal growth wmay sssume ‘s evelicsl nature with fluctuations of
somstic activity assoelated with the msturation of ¢ifferent endocrine
organe and the integration of the sudeerine system as 8 whole.

Body conformation, as deseribed by the linear wessurementa,
of male fostuses at the same body weight as females, tallies with
Btephenson’s (19622) deseription, with only minor differences. The
pattern of sex effects on the weights of body componepts was not so
clear. M¥ale foetuses had a greater nusber of wmuscle fibres/ecrosse
section of the Semitendinesus musele than females of the same sge and
{statistically) the same weight, This interesting result supports
Rammond's (1932) proposal and helps to explain the plump, bloeky zhape
of meles as described here and by Stephenson (1962a) for the ovine
foetus, and by Keller (1920) and Beer (1925) for the bevine festus.
To what extent this finding relates to the supsrior growth rate of
meles in postnatal 1ife and sex differsnces in body gompoeitien (re-
viewed by Turton 1963; Everitt & Jury 1263a,.b) 1z not knowa.

Comparison of the estimated musele Fibre numbers at each age
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eplasia continued past P0-daye of age in HP fostuses.

This contrasts with the inferenve drawn by Joubert (1958a). Under poor.

wer, thers gppeaved wewy Llivtle change in

putrition of the ewe, hove
fibre mumbers with advaneing age, snd LP foetusss st birth had
 pubstantially fewer muscle fibres than HP foetuses. Musecle cell
division in sueh resivicted gnilmals may be prolonged into postaatal
life given adequate feeding after bivth. Additienal study of this topie
is needed, for it wmay asslst explanstion of the retavded posinatal
growkh aﬁé resiricted mature size of anlmals ill-fed in early life
- {Schinckel & Shozt 1961; Tsplin & Everit: 1964). Izs possible impove-
ance in mest production iz obvious.

Wool folliele development in foetuses &ﬁ‘iﬁﬁﬁéaya of age
ghowed a similar pattern of nutritionzl effects to those dssevibed for

i

s at birth by Bchinckel & Zhort (196l) snd Taplin & Bveript {1984).
The smaller LP foetuses had fewer follicles per anims]l with lses
matured 5f follieles,in agresment with Bchinckel (1955), Shert (1935)
and Schinckel & Short (1961). Initdstion of pecondary folliclee in

LP foetuses is not continued afrer birth even under sdeguate nutritien
(schinckel & Short 1961) o0 that the reduced secondary folliele popula-
tion represents a permanent effect. The population of primery
follicles at 140-days of age, on the other hend, was not significantly
sifected by maternal ﬁﬁé&ﬁﬁ%i?ﬁﬁiﬁmi gnd at 9D-days the autvitional
effect appeared proportional to the sffects on foetal bedy weight.

This suggests that the initlstion and maturation of primary follicles
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iz relsted to body welght and continues past %0-days of age io retarded
foetuses.

Wool growth of the ewss was veduced in late a5 compared
with sarly pregasncy. These results may reflect, in part, the sffects
of pregnancy per se. However, the bare maintenzuce of nett body weight
under HP feading, 2nd substantial loss under LP, coupled with the
increagad adrensl weights, lends support te the propusal (Lindmer &
Ferguson 1956} that wool growth may be limiked by adrenc-sortiecal
activity. Efficlency 2f wool growth lncreased as fesd intake degreassd

as reported by Ferguson (1557) but there was a suggestion that

gfficioncy was little affected at the highest levels of intaks, Panmavetto

(19645 found that seversly underfed cwss almost ceassd o grow woel
aftayr 200 days of undermutrition.

The estimatee of nutrizisnsl reguiressnts fovy body =ain-
tensace of the ewes generally ezcesd those for pen-fed snd yvard-fed
sunfmals (Table 2:2), Higher maintensoce veguirements than those for
housed shesp avre nob uneupected for these eowes must ﬁa@a gxpanded

addition

1 energy ln combatting the envircoment and in locomotion.

On the other hand, they were saved the considerabls snevgy uzpense

of harvesting thelyr food (Graham 1%84g). The latter cost may represent
2 big proportion of the difference between these estimates and those

for grazing animals. This suggéstion is in line with others {(Coop

1961, 1962a; Coop & Drew 1964; Lasbourme 1833, 1961), while the

increaped adrenal weights lend suppori ¢o an endocrine siress sifect




on feed reculrements (Lambourne & Bearden 19263). Estimated voouire-
ments for weight gain are lower than these gilven by other studiss
(reviewsd by Coop 1962a). The ineyessing welsht gain due to conceptus
growth vndeubtedly plays an Importaat role in the reported relatien-
sbips. Meither com an improvement in snabolie efficieney vesulbing
from pregnancy per g2 (Hewton 1952} be disscclated. Nevertheless,

these estimates, together with thess of nutrient requirements for

foetal growth, may ssplst in formplation of move velid recommendations
than exist at present (M.B.0. 1959). The chemlecsl composition of g%@k
walght gains 1z intendsd for further study and the results should be
helpful in this connexion,

Pinally, the fsctors showm to affect foetal zrowth and
development at the two ages may be summarised, Variation in foets]
wedght at 90-days was largely accounted for by foetal sex, the body
welght of the ewe at conceptien, snd the body weight change of the ewe.

The last variable may, in fact, reflect maternal fesd intske, In

lete gestation (140-dzys of aze aad 2t bBirth) the sive influence and

maternal feed intake appeared of greatsat importamve,
temperature seems uniikely to have exerted any direect influence, the

recovded tempevatures being considerably less than the critieal one

{é&;ﬁgﬁ for 7 nours each day over 3-4 months of late pregnancy) for
Merine ewes reported by Yeates (1936). It ls, however, possible that
the additive effect of high asblent tempersture and poor mutritien

(Yeates 1958} may have opevated., This vuestion cannot be resclvad

satisfactorily from these data.
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THE INPLUENCE OF YWE BODY VEIGHT AT MATING, AND OF GEVERE MATERHAL

RITION DURING EABLY PREGHANCY, ON FUETAL &K

DEVELOPMENT

opueTion

The body walght of the ewe 2% mating 1z lwpovtast in the

forsulation of a grazing mansgement programme for it dictates the
policy to be sdopted betwesn weaning and mating. It lopinges alsze
upon the level of feeding during pregasncy, sepecislly the degree of feed
vesteietion, and concomitant body weight less, whilch may be enfoveed in
RETLY DregRancy.

On the average, eves of velatively hesvy body welight at mating
show a superior veproductive performance, in terms of svulation rate
and lawbing pereentage, to lighter ewes (Wsllace 1961; Coop 1962b},
Coop éi@%%wé suggests a twoleld pontribution te this popitive sssogla-
tion; ome of heavy body welght (fatness) per se (2 "statle effeet"),
and the other of increasing body welght at the time of wating {a
"dynamle effect”), the latter being rvelated to the practlce of "flushing”
{reviewed by Moule 1962g). Marked reduction in the nuwsber »f lawbs born

to ewes suflfering severe nuiritional vestriction in early pregasncy
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(Bennett, Axelson & Chapman 1964) appears greater in maiden than
older ewes; this age effect may, in faet, be related to differences
in body weight at mating, in much the same way es barresness and
twinning rate (Coop 1963h, 1864 .

Experiment A provided evidence that waterasl uadernutrition
in sarly pregnancy retarded placental development and fostal growth;
this effect was somewhat greater in swes which were lighter in body
welght at mating than in heavier swes.

However, Experiment A 4id not distinguish the relative roles
af skelstal frame size and of body tissue ressrves as determinants of
body weight. BSesondly, fostuses retarded in growth by poor maternal
nutrition in early pregnancy were given no opportunity teo display
@m@ﬁré @f compensatory growth and development in late pregnancy uwadey
an abundant feeding regime gemerslly advocated for ewes at this time
(Mallace 1948).

Experviment B was therefore undertaken to provide information
abouk: -

{a) the effecte of body weight, sondition (fatness) snd skeletal
size of the ewe at the time of mating, and of maternal
undernutrition in early pregmency, on foetal growth spd

devalopuent:

(b} the ability of the foetus for compensatory growth and
development in late pregnavcy following 2 period @f poot
maternsl feeding;

and {o) the response of the ewe to reallmentation after a pericd of
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anderautrition.
Ihe experiment was conducted under similar fleld conditicms

to those operativg la Euperimesi 4.

B. MATERIALS AND METHODS

I. Ezperimental Desgiesn

A 2 % 2 facterial design was employed., The firet factor
compared the performance of ecweg diffevring markedly in body welsght at
the time of mating, l.e. bhatween swaes which %@g@ velatively heayy (Hs)
or light (1i}. The second faelor compared the effects of twe relative
levels of maternal nputrition during the first 20D-dave of pregnancy m‘
Bigh Plane (H?) and Low Plane (19),

Bwes were vandomlsed into two groups after wesning thelr lasbs
in Septesber 1963. Animsls of one group were offevred fesd ad libitum
until mating (He), while the feed intake of animals in the other group
{L1) was severely restricted pausing substantial body weight loss.
After mating, ewes of esch group were zllocated altarnately to the two
sutritionsl regimes so that the gross body welght of 2ach snimal either
increaged (HP) or decreased (LP) by 13 per cent. over 30-~days @f
pregnancy. From 91~ to 140-days of pregnancy all sheep were offered
feed ad libitus, permitting vealimentstion of previocusly restricted
ghaap.

Thus, after mating, four groups of ewss were situdled : sheap

whieh were hesvy at mating and subgequently well-fed (Be/HP) or poorly-




fed (He/L?) for the first 9-daye of pregnancy; and eves whigh were
relatively light at mating and subsequently well-fad (Li/HP) or poorly-
fed (Li/LP) in early pregnancy.

8ix randomly selected He ewes and © Li ewes were killed at

jedning tive. ughterad

140-days of pregnancy.

maining eves continued on to lsmbing.

navises the classifications of the ewes,
Bixty-gix Jeyear-old South Australisn Merino ewes were
selscted for the experiment from B2 enimals svailable after weaning
their lambs in September 1963, Esch selected ewe had suscessfully
reared 2 single lavh in the 1963 sesson.
(b) Ram
ALl ewes were mated to the same South Australisn Merino

rém; this was the larger (Ram L) of the two sires used in Experiment A.

113, Manazemant

fay Gensral
The animals were held wnder similar field conditlions
to those deseribed in Zxperiment A,

All ewes were drenched with 1 million 1I.¥, Virenin A aud 250,000




I.9. Vitamin ﬁg in October 1963, end ageils in Februsry 19

Bwes were also drenched with thisbendazole in ODeteber, 1963

84.

%3“3

and in February, 1964,
(b} Mating
The zysten of mating and the determination of the

first day of pregunancy followed the procedures deseribed for Experiment

{e} Feeding
Ewes were fed twice dally in individual stalls
iocated adjacent to the area - see Fig. 4:1, Feeding operations,
illustrated in Plates 5:1 and 512, were similar to those used in ﬁﬁ?ﬁ%iﬁ@@@
A The wore snclosed individual fesding bipns than those used laitielly
for Emperiment A eliminsted the oppertunity for ill-fed ewes to steal
food frum nelghbouring sheep.

The compesition of the pelisted dist used throughout the
experiment is recorded in Tsble 5:17. Appavent digesiibiliny
soefficients were derived from a digestiblilizy trial with J two-vear-
@Eé‘%@wﬁn@ wethers as deseribed for Zxperiment A.

Ewes were welghed twice weekly and the feed offered guentita-
tively adjusted alter each weighing in ordsr to achieve the ﬁ%&iﬁ@é

curve of body welght gain or loss. After 90-days of pregusncy under

contrelled feeding, all ewes were offerved the pelleted dist ad libitum

Drivking weter was availabls at 21) times.
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Plate 5:l.- The design and operation of the yémﬁ veed for fndividusl feeding

Gt

[
ol

in the 1963-54 experimental periocd. Fwes waitiog for rations.
The mubered feed containers can be seen. Body welght scales

are in the central background.







Plate 5:2.- Ewes recelving rations.
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TABLE 5:2. SUMMARY OF THE PRINCIPAL DIETARY CONSTITUENTS

s i&*@@mt

Pelleted feed 1)
Lucerne % : ‘ 45
Berley % ' " 50
Common salt % _ 3
Btrerilised bone meal % : 3

ﬁ%y matter % ‘ 28,2 {78)
Composition (% dry matier)
Ash

aﬁ% nio matter

Sk

E
£

&
W

Ether extrectives
Crude £ilbre 2 {75
Crude protein (W x €.25) 15,0 (84)
Nitrogen-free extractives ~ 87.4 (773
Ca 1.80
4 , 0,83
Ca/P vavis 2,86
Na | 0,62
Ci 1.31

%_wx
=
&
e
#
§ e
g te
Ut Re® -

Eig@&tiﬁi@ organic matter (%) | 72
Digestible energy {wimﬁfg}ﬁg} _ 3,448

Hote: (1) Pellets approximately 1 om long 4nd 0.4 om
diameter,

ﬁ%@%ﬁ iﬁ‘gm@@ﬁﬁﬁ@ﬁﬁﬁa
{3} Derived from regression equation of Moilr (0
v o= 0,0462 % ~ 0,158

wh@r@,
= Digestible angrgy
= Dry matter digest

?““’ %v:*
RN

ﬁ

i

3 24T
e S
[
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IV. VYool Production of Fwes

Techniogues used in Ezperiment A wers sdopied for the
study of wool growth by the ewes. Harvests were taken from the

tattosed midside pateh after 90+ and lil-dave of pregnency snd sach

shesp waz ghown lomediztely bafore slaughtay.

¥. Body Condition of Ewes

& sipgle subiective condition {(fetness) scors was

applied to each swe at weaning, wating and on all subseguent weighing

sceasions, using the seme observer as in Experiment A,

vI. %ﬁﬁ”ﬂ%ﬁﬂ&ﬁﬁ@mﬁﬁﬁﬁ of Bwves

=

Linear body (sk

%,

relatel) weasurements of ewes recorded at
mating and ifmmedistely prior teo slaughter weve!: body length (withers
to pins), withers height, chest depth, pelvis width (width at hipa)
and lemgth (hips to pins), width at vibs, and length of the upper

&

and lower forve-ieg, ss defined by Turner et al. (1933).

¥1i. Slaughter Procedure and Dissection of the Gravid Uterus
Similar techniques and definitions to those deseribed

for ¥zperviment & wers uged.

911I. Radicgraphy of Foetuses

Bach fostal body wae Y-raved in a lateral zecuwbent
position, while the fore-feet wars photograephed in derssi-volar view.

At 90-days of age, for both the fostal body and fore-fest,




wi sebiing of

w owas ussd wlth an inslTus

£

&
-

“Hodizen” eavelope-p
50 v, 20 mi and 3 secs. and & tube-film distance of &U am.

At 140-days of age, for the foetal body, a "Kentak' cassette
{37.5 % 30.0 em.), with Hi-spesd screens, carrying Du Pont (type 308}
film, sad settinge of 35 Ky, 40 mA and 0.75 sece. with & tube-Iilm
distancs of 40 cm. was swployed., Two pictures wi saoh fostus were
recorded, the dividing lime lyiag in the lumbar region. Fova-feet atl

140-days of age ware Z-raved with the same equipment and satbivuzs 88

those used at 9-days of age.

%, Foetsl Measurements from Z-ray Hegatives

Crown-rvump length was measured from sach E-vay negative
using o Dap WEABUTETY. Leagthe of the metacarpus, radiug, ulps, bhumerus,
seapulia, metatarsus, dbla-fibula and femur were pengured with amicremaler

calipers.

¥, Bimmetyical Methods

gtatigtical analyses of data relating to the ewss and

foatuses followed the procedures deseribed in detail for Emceriment 4

Spandard analvses of variance and covarisuce spuropriats

o g 2 x 7 factorial design, and of regression asnliysls, wers waed

%

{snedecoy 1956). Varlation due to the initial welight of the ewss at
wmating time, ©to maternal autvitiem, and to their interaction {(each
with a single degree of freedom) was isnlated, Mean differences ef

sain treatment affects (initial welight of ewe, materaal nutrition)

|

have been presented.




1. DGeneral Progress of the Ewperiment

(a) GClimatic Conditions

Mateorological records covering the pes
£l2ld activity are illustrated in PFig, 5:1.

imbient temperatures lnereased from 2 monthly average of

=3

8% (14.4%) 1n September 1963 te 70.1% £21.2%) in December 1983

L9
L
w
L

and 49,9°

¥ éﬁlﬁiﬁﬁ} in January 1964, and then declined te 53,3%
6°C) 1in May 1964. The maximum daily air temperaturs swceedad
F (32.27C) on 3 days in November and 7 7 days in December 1963, and
on &, § and 2 days in January, Februsry and March 1964, respectively,

#H

Thewe were 3 days in January, and 1 day in March 19464,

v s , O rno b
maxlmun dally alr temperaturs sxwceeded 100%F (37.5%).
Rainfall did not excesd 0.5 im. per month betwsen early

Rovembar 1963, and early April 1944, when field sctivities of the

experiment were terminating, A total of 4.52 in, of rain fell in

April 1964 (ineluding 2.99 in. during the third waek), and 2

in Hay 1944,

Pasture re-growth in the ares was megligible, the exp

animals gubslsting on their pelleted ratioms,

(b) General Performence of Emperimental Animals
Table 5:1 shows that 64 ewes out of the 66 avail-

#ble at wsaning were mated to the fertile rem. Twoe ewes mads no




Ome LiJLP ews enteved upon labour after 134 days of prege
nancy (after 43 days of ad libitum feeding). She was slaugblered after
24 hee. and found o be caryving ﬁgﬁﬁ footuses. Ume zesbey of the

pair was lodped in the cevviz, but of otherwise sormal presentation

bai 3
w

r parturition; the other menber lay in the uterime homn with ne
ohvioug evidence of abmormality.

One Be/LP eve earvying 2 single fostus died from blost after
107 dave of pregnaney, i.e. after 17 days of gad 1ibitue feeding. This
wse the fire:r snimal Lo be re-fod after undernutyitien iz early preg-
naney. Rations were subssouently offered to snimals ip this estegowy
on a graduslly lascveasing basis, ad 1ibitum feeding being achleved
approximately 7 davs after the change of routins.

Three He ewes killed after %0-days of pregnsncy, and 1 He
swe killed afrer 140-daye, carried twin foetuses. One member of the
pair of twin foetuses tsken from the He/LF ewe after $0-days showsd
signe of resorption, although this foetus weighed (478 g.) move than
ite mate (432 g.).

Single lambs were bers to s total of 9 ewes, & of them to

1i ewes. All the lawbs born were rsared sucessefully by theiy daus.

1L,

(s} Body Weights gnd Condition Scores

Mean gross body welights of all ewes during

@
B
-




frk
o

Fig. 5:l.- Elimatologieal records for the Walte Agriceliural
Research Imstitute during the 1963-064 experimental

peried.




METEOROLOGICAL RECORDS FOR THE 1963-64 EXPERIMENTAL PERIOD

- MEAN MAXIMUM

O
O

os]
O
T

\/\ ///\\//\/\// \/\H//\/\N‘
A \\./‘\/ \

N A
e NN / \ A
a\/ \ / o\o/"\o/ \o/ o~ °/°‘°/°\e/ ™ \°/°\°—_°\

~
O
T

x
3

(o))
O
T

oo,

~

°

X/‘
o
n\/

AIR TEMPERATURE (°F)
(8]
o)
T

. MEAN MINIMUM

IN
O

~ 0]
(@) (o]
~.

S/

[
O
u\‘
)(\-
./x
‘/“
\

RELATIVE HUMIDITY
> w
(@] O
AN
\T
l/'
7
\-
~
-/,
\‘
—
\,
\‘
\
~—
v
N,
/
/
)(/
~N
/

w
O
T

W
O

RAINFALL (IN))
— n (M)
o o] 0
L e o

o

TrTrrilrlirrrrrre

o5




porirayed ia

e

Fig %:72, while Tlg. 513 displaye

“%E;i

stion for thofe ewes slaughtered during

sach garrving 2 sicgle foetus. Hean body

veeorded in Teble 3:3.

Seven weeks before woting the mean wel

3,2, Ewes ill=fed before meting (Li} lost more body

welght, on average, then well-fed swes (He) gained (Fig. 5123, 4t

mating, the mean gross body weight of a3l He ewes was 48.5 kg, —

%,

£§.D. 3.8, and of 811 L1 swes was 38.1 kg, — 5.0, 4.1,

Assoeiated with these significsant changes in gross body

welght were slterations in body fatness, as judged by the cond

gooras {Teble 5:3). He swes isproved ip condition Lmsediatel

ting, schieving considerable fatness (mean scowve 8.2). L

depleted in tissus veserves sp that in lsan conditien (mean

»y mabin

o :

el

seors 5.5} z time.

Views of pepresenktat

or
%%xu
&
®
s ]
%
%

shown in Flate 5:3,

{1%ustrated in Flate 514,

Pig. 5:3 shows that

waighis reeorded after 9-dave of p




&«ﬁ%& @

Fig. 5:2.» HMezn grosz body weighte of 211 ezperiesatal swes

during the seven wezks bofore mating.
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WEEKS BEFORE MATING
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EWES HEAVY (He) AT MATING X
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Hean gross body welzhis duriog pregnancy of ewes
which wers slaughtersd and carvisd a single foetus.
The desirved weight gain or loss over 90-days of
pregunancy Qﬁ 13 per sent. of the welght recowded
at mating) is shown by the selid lines; broken
lines vepresent sscovded wesn body welghta. Frem
%= to 140-dayve of preguepcy all ewes were offersd

feed ad libitum,




LIVE WEIGHT (kg)

LIVE WEIGHT.(kg)

MEAN LIVE WEIGHTS (kg) OF EWES IN PREGNANCY

60
i EWES SLAUGHTERED AT 90 DAYS
- KEY
55 |- " He-HP (+19-8%) DESIRED WEIGHTS
- " HP (+15%)
i LP (-i5%)
sol RECORDED WEIGHTS
x—x—>x He-HP
:\\\/ ° ° ° He-LP
== x—imxmrox LisLP
4as5r o—-mo—:—o Lij-LP
“° "—/
35| oo .
i P ~-—o LI-LP (= 118%)
sob U1

O 7 14 21 28 35 42 49 56 63 70 77 84 90

DAYS OF PREGNANCY

65
[ EWES SLAUGHTERED AT 140 DAYS o He-LP (+25:5%)
sof -/‘\ \'C:HPP((+£0<‘://°))
- — ¢ *Li-HP (+60:5%
= x— .
| =TT
L / i .39
[ —10-3%) /./' . Li-LP (+50-3%,)
55 |- . Wie 7
i 7o /
S e /
L /I/ /,“
" ~ o
507 / ,
’\\ - ‘
= o Oo ° 4 . °/
[ .,__.,/ ~o< v T -+ 23/5 %) /
i e-LPo 7 2
451 . =N o
. P e °
s s 5(-137%) /
A S
40 /,/ /./
| v
Heg ,
- /
iy -87%)
30 | | ] | | | | | | L | | L | Il L | ] |

O 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 h2 N9 126 133 {40

DAYS OF PREGNANCY
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BODY CONDITION SCORES OF EWES

TEBLE 5:3. HELR

. - Haan differences
e gy 2
g.E.

Growp @RS

Time o»f scoring T, Plene of
nutrit ?ﬁ

HP-LP

He/HP  He/LP | Li/HP LI/LP

s : g o - ' i
Weaning - - - - P 113 1,26 :

.24 O §, e -

4
u
Py
o
o
i
2%
Py
N

Moving

Bwes gloughtered sfier 90-davs of , y o
. ) . o P < - i y 3 5 o fpeled
pregnancy . ad g b i g B Be . £, 5 ¥, ads 2,50

Buas af

. e iy - 5 . oy e sy
At 8.0 5.0 5,7 2.7 5.3 12.1 6,37 g, 3o 3, LEEE

e
!,’fs o

g
P
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£
®
(=41
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dod
ok
&
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rativng before mating had alypsady 2tabilized gub contents at » low

Yeort

evel.

Under the ad libitum feeding after S0-days of pregnescy the

pregonancy they had 2 greater leeway to make up in a limited tims.

ey

The marked diffevences existing after 14D-days of pre

ooy

#n &b

veroentants thet the gross body welzhbe represented of the

respechive welghts &b wating (Fig. 5:2) arve mueh meduced when flual

weights ave velated to welghts recovded at weanlng. This 4

attention to a synonomous terminelogy; for example, He/ WP

well-fod bafore and after

while Li/LP awes could be

experiment, in sffect, was concernsd with the duration, ss well as

the time snd degree, of undernutrition impeosed on bre

Eondition scoves of the pwes (Table 5:3) show thet after




Plate 313.~

Side and tvear views of reprasentative heavy (He)

gnd lizht (L1} ewes slaughtered at mating (10 =

19 em. grid).




EWES SLAUGHTERED AT MATING




Flate 3:4.- Caveasses of rvepresentative swse ﬁia@gﬁtﬁ@ﬁ at
pating, and after 90- and 140-davs of pregnancy.
Individual eavcass vweights are ghown sod, in
parentheses, the mean weight of sach group

{5 x5 em, grid).




EWE CARCASSES OF SLAUGHTER SAMPLES

MATING
wt. (k@) 215 13-8
(21-2) (13-6)
HIGH Low HIGH LOW
90-DAYS
wt. (kg) 255 179 186 12:6
(23-9) (18-2) (187) (12:3)
140-DAYS
{
wt. (kg) 254 220 220 179

(24-5) (219) (21-:2)  (176)




s

90-dayas of pragnancy Li/LP ewse had bestome very lesn with He/LP and
LifHP ewes of comparable fatnees. At the emd of ad Llibitwm feeding
{(140~days) eignificent differences sxisted in the condition of ewes,

Li/L? animals recording the lowest mesn scors.

%) Body Heagurements

Mean body messurenents @fr@waa recovded at wating,
and after $0- and l40-days of pregnancy ave given in Table 5i14; mean
differences of trestment effécts sre provided im Tsble 5:5.
Goefficients of varliation @@s#@iataé with the medsurenents are coppara»
ble in magnitude with those giv@ﬁ by Turner et al. (19353).

At mating, and after 90-devs of pregnancy, He eves wers wider
avpdss the ribs than Li ewes, sud HP eves wider than LP ewes. This
is iaterpreted 28 4 greater depth of soft tissues overlylsg the ribs
in heavier and bettey-fed snimals, Differsnces in all other measure-
ments did not attain eignificance, except for s greatey lensth of the
loway fﬁxﬁﬂiﬁﬁ in Li, 82 compared with Be, ewes after -davs of
@E&@ﬁ@ﬁ@?u |

Bééy'w%ig%a differences between He and Li ewes at mating and
subseguent stages, as well as ﬁiff@%&@@@g due o nutrition duping
pregnancy (HP-LP), therefore wveflected variation in soft bedy tissues

?ﬁtﬁﬁg'ﬁhan gheletel frame slize.
(¢) Food Intake

Mesn weekly amounts of dry matter (D.M.) oifeved,
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relgeted and conswwd by the @iau@hﬁ@@%ﬁ ewis carvrying 2 singls

foetus are shown in Filg. 514,

He/¥? ewes were offeved feed grestly in emgess of appetite
zhx@ugh@@z_ﬁh% wﬁ@i& of pregnaney. The tendency for thelr intake to
ﬁ@ﬁ%iﬂ@rﬁﬁ preguansy gxﬁ@aééaﬁ may be noted with interest.

Li/HP ewes slaughtered 2fter 90-days werxe slso fed, in effect,
ad libitws., Those L1/HP ewes szlsughtered after l4l-days were somewhat
restricted in thelr intske during esrly pregnsncy, rveflecting the

 sttempt £o ksep them at the deslved level of weight increass. Fasd
eonsumption of these animale incressed eteadily as pregunaney proceeded,

Feed offered v, and consumed by, ewes ili-fed in sarly
pregnaney (He/LP and L1/LP) resched very low levels indeed after 90-days
ok @r@gﬁﬁagy, During the last week (13) of feed vestriction L1/LP
ewes consumed, on the sversge, 95 g./D.M./day. The tendency for feed
consumption o vise and fall again in sarly pregnancy is associsted
with the stabilisation of gut~fi1l and the necessity o meet the
desired weight a@rves;

In the last 7 weeks of pregnancy the amomt of feed sffered
to swee previously underfed in early pregnancy was in excess of thelr

appetite. The feed consumption of Li/LP ewes, in particulsr, attained

very high levels iu late pregnancy, much exceeding the intake of
‘Ha AP and Li/LP ewes.

Trends of feed inteke during pregenancy sre move clearly seen
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TABLE 5:3.

BODY HEASURBMENTE OF EWEER:

MEAN DIFFEREHCEER (

247 .

cm) OF TREATMENT EFFECTE AT MATING, AHD AFTER 90~ 2N

5

DAYS OF PREGNANCY

Me:surement

GG-day

L

pregnangy

Poonr sl

subelt

(EP-LP)

Body length
Wither helght
Chest depth

Pelvis
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4 dofed
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Taa,

Fig. 5:14.~ Hean weekly amounts of dry matter @fﬁ@md; velected

and consuwmed by the ewes during pregoancy.
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im Fig. 5:5 where mean daily intakes of D.M. are expregsed as pil
centages of meun wool-free body weights of the ewes. Curves for the
first 9-days of pregnancy repregent the mesn values of 9 snimals/group,
but 3 ewes/group in the last 7 weeks. The progressive decline of
intake of the relatively fat He/HP ewse as preguancy procesded is
noteworthy. Feed consumption of He/HP and Li/HP ewes, and of He/LP

and Li/LP ewes, attsined similar proportioms of body weight after 90-
days of pregoency. During the last 7 wesks of pragnancy, under ad

iibitum feeding, the feed conswmption of all ewss, aﬁ@a@t He/HP aniwmals,

incysasad; the lncysase being greatest for snilmals which had previgusly
been rvestricted the most. This compensatory intake resched & peak inm
week 14 of pregnency for Li/HP ewes, in week 17 for ﬁ&f%§‘ﬁwﬁ$ and in
week 18 for Li/LP ewes; subsequently decliining in esch instance to
week 20 of pregasncy.

Mean daily intake of digestible orpanic matter (D.0.M.) ise
recorded for the slaughtered ewes carrying a single fostus in Table
316, Intske of Euﬁiﬁa‘iﬂvﬁariy pregnancy of He/LP ewss slaughtersd
sfter 90-days approximsted less than ome~third of the imtake of He/HP
ewes and less than ome-half in the case of ewes killed after 140-days.
Intske of Li/LP ewes in early pregnancy a2s a percentage of the intake
of Li/BY ewes represented 28 pey cent. for ewes killed after 90-days,
and 25 par cent. for ewes killed after 140-days. In the last 7 weeks
of pregnancy the D.0H. intske of ewes pﬁ@%é@ﬁaiy ill-fod (He/LP and
LL/LP) was significantly greater than previouvely well-fed eves (He/

BP and Li/HP). Li/LP ewes consumed the most D.0.M./day in late preg-




Fig, 3:5.- Hean daily intake of dry metter during pregnancy as a

pereentage of the mean wool-free body welght of the ewss.




MEAN DAILY INTAKE OF DRY MATTER (g) AS % OF MEAN WOOL-FREE BODY WEIGHT
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HEAN DAILY INTAKE (5)
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neney. Dver the whole of pregnancy there wes no significant
. difference in D0, intske/ day between He and Li ewes, but ¥P ewes

consuweed significantly more feed than LP ewes,

(d) Hool Production gnd Efficiency of Wool G

{1) Production

Mean wool production data of slaughterad ewes

arised in Table 5:7.

More greasy fleece wool of higher vield was produced by He
than Li eves snd wore by HP than LP ewes. Clesn wool production was
thus also grester in the initially hesvier and the better-fed ewes.
The ranking order of daily clean flemece production over 140-days of
pregoancy was Eé}aﬁﬁ He/L?, Li/HP and LijLP. The §£@ﬁﬁ£§i$ﬂ‘@§‘tﬁa
last group represented approximately half that of He/HP ewes., Less
cleas wool/day was produced by He/WP ewes in the last 7 weeks of
pregnanty than in the first 13 weeks, with the converse for the other
three groups of wwas,

(ii) Effieiency
Table 5:8 vocords estinmates of the wean effici-
gncy of wool gzrowth. Effiﬁi@ﬂ@? 2f sroduction iﬁ‘ﬁﬁfiy pregnancy was
grantest by ewse vecelving &%&‘éﬁﬁﬁﬁ feed., 1In late preguanty the
ranking order of the groups for efflciency veflected the reverss oyder
of feed intake, with He/HP ewes producing wool most effigieatly on

lsast feed as compared with Li/LP swes producisg wool least efficiently
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TEBLE 5:7, MEAN WOOL PRODUCTION (gy) OF EWES KILLED APTER 90~ DLYS OF PREGNANCY

Group  mesns . ' Hean  differencaes

Dvwyall ¢ o%‘i B

- Ve Pilene of sutrition

{(HF-LP)

He /HP He/LP | Li/HP Li/LP

Gressy Fleeoe/
Yield % ] 64,4 54,0 54,0

Clesn Fleece/day

&

Jﬁvfﬁg

Bwes killed ofter 140w
, .
Midside lean wool/l0 om

&
#*
s

B e
15 §
M -

B

Do

Foerd

L e
5

?—,A
(SR
&

+

e

Greasy flesce/140 duys
Vield %

16.6 8.9 " il.2 23,0 1.4% : 5.2 4.1
i,
. o . ks ® o
13.4 1d. G 2.2 114 LAl 5.4 1.1
e, &
1%, il.5 A0,

1,27 4.5 3.1

%AV.
Bt
&

(£
=
i
¥
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TABLE 5:5. - MEAN EFPICIENCY OF WOOL GROWTH(']

i
E

i
R

Broub BmBINE

Phene of nutrition

e JHP Me/LPF  hisup A/LP
Ha/ &/ / : (WP - LB

Ewes slaughtered sfter ¥0-dave

&

.

4
S

LA L -0,50 -4.29

g

.@
s
T
¥

7.62

e
iﬂ
L
£
e
i
i
B
]
e
it
&
}....a
i
[
[
ad

>
:
m
-
&

Ewes slaughtered after 140

#

o
i}"'\
§“~“
&
%.,, 1
A‘ =
¥
3
s
s
foed
i
Lk
E 2
o
&

0-30 days | 3,08 %90 2,02 - 5,58 B.i4

;
-

91-140

s

: - o g £ “ & k! F &
days : 2,53 1,53 .34 d.ul L. 81

151

e

E

0-140 da 2,62 1.69 2,01 g.30 FL.Cc 0 j0,44L | I O

= Clean dry wool/g/dey x 100
Intake D,DH. /g/day
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on the most feed intake. Differsnces in the efficieney of productiom

ever the whols of pregnancy were not significant.

Efficisney of wool growth is velated to ferd intake {on 2 per
unit body welght basis) in Fig., 5:16. As ﬁagé intake imcressed zo.
efficiency of wool growth fell but, in early pregnancy at least, st

a degveasing vate at the higher levels of feed fntake,

(e) Hutrient Requirements for Msistenance and Body Welsht

Hean daily intake of B.0.M,/g. has besn velated
in multiple regression to wean wool-free conceptus-free body Wigmﬁ“?g
(B.W.) in kg, and to mean wool-fres conceptus-free weight gaian/g./day
(Welia)s
The relationship (based on 20 d.£.) for ewes slaughtered
after 20-days of pregnangy is shown in esustion {(l):-
(1) D.OM. = -369.0 + 38,3 B.W. + 2.001 W.G.
(s.2.) & 15.8) ¢ 0.25%)
% Bl
Haintenance raquirement of 2 ewe weighing 435.4 kg. was thevefore
estimated at 684 g. D.OM./day, with 1 g. of welght gain (betwsen
33.6 -~ 3513 kz. body welght) vequiring 2.00 g. D.0.M./day,

Eguation (1) shows the velationship (based on 8 4.£.) for

gwns slauvghiered aftey

4-~daye of pregnancy:-




{2) BOM. =

(2.2.)

Over l40-days of pregaangy, therefore, the %i‘mmmm requirenent
of a ewe weighing 45.4 kg. was estimated at 654 g. D.0.M./day with

1.33 g. B.OM. being requived for 1 g. body weight gain (ewes welghing

3?0% - %30? k%n %@é? %igﬁﬁv}w

256,

= 10.1)

“%%Q«% # g%‘s% %»gﬂ “’%‘ 1;3}@% %#ga

& 0.592)

%

(£) Lemb Bivth Weights snd Length of Gestation

of the ¥ lswbs. The mean length of gestation for these lambs was 149.8

days ~ $.1. 2.1.

TABLE 3:9, INMDIVIDUAL AND MEAN BIRTH WEIGHTE (g) OF SINGLE LAMBS

Table 5:9 records individual and mean birth weights

Bex

Group means

Be/fEP

He/LP

Li/m¥

Lijie

Hale

Mean

Female

Hean

4389

8125
3370

4580

4580
1

4325
4480

3248

3055

4580

1
5475
4560

4403

5055
1

4518

4379




]
L
o

Fig., 5:16,~ ﬁﬁfigi@aﬁy of wool growth related to feed intake

{data welating to swes slaughtered).
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The number of lambs per subclass is too small to pemmit

k. Ram lawbe, ovevell, were heavier then

more than passing comer
ewe lambe; the mean weight of the latter representing 91 per gent. of
the former. Ignoving sezes, the wesan waight @f‘lgmhg born o He gves
(4462 g.) represented 91 per cent. of the mean birth welght of Li
lambe (4928 g.); meen bizth weight of HP lambs (5033 g.) wes 110 per

gent. of the mean welght of LP lambs (45364 g.)

I11. Slaughter Records

{a) Bedy Weighte and Welght Gains

Hean body weights of swes killed at jolning
time snd after 90~ and 140-days of pregneney sve vecorded in Table 5:10.

The velation between swpity body welght (or corrected empty beody weight,

where applicable) spod wools-free final weight for all slavghtersd swas
iz shown im Fig. 5:7. A vegression, pooled over sll groups, could be
fitted to this relatlomehip and the equation used to estimate initial
mean wmply body welghts vecorded Ion Table 5:10.

At joining time, He swes were significently heavier than
%i swes in wool-free live welght, smpty body welght and hot carsass
walzghi,

Afeer Qﬂgﬁaya of pregnancy, siznificant differences existed
%@tﬁﬁ@ﬁ He and Li swes, and Letween HP and LP ewes, in all the para-
meters,

After l40-days of pregnancy, He ewss weve heavier than L1 swes,
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THRBLE 3:10, MERN BODY WEIGHTS (ky.) OF EWES ? LLED AT JOINING TIME, RWD APTER 90- AMD LAO-DAYE OF PREGMANCY

BTENCesE

ity

”mw@y BB ATIE

LY

Qa{g@gv Q ﬁ%é}f& ﬁi;{:

Welight Be/HP |He/LP  |Li/HF |Li/LP Initial weight Piane of nutrivion
' : - 113 . (HP-LP)

Ewes killed at joining time
Wool-free live wt. st slaughter
Bapty body wi,

Hot capcess wt,

44
3
ft
i
&
&
w
2
i

&
et
%
s
wd 4
[ &
o3
i,,.i
=
*
L]
o8
b
o
’
]

PR
B ke
wg
S
beet

.

Ewes killed after 90-days

s

Wool-free ilve wt, at mabing

46,1 48,95 28,6
Betimeted initial empty body wzﬂl'} 335.8 35.4 Vgﬁﬁz 28,0 . g - -

Wool-free final live wit., at slsughtey 521 453 2% .7 31.8 42 .5 4.3 4,8 7, G 12, 9%
Pinzl empty body wt. S 41,2 37,2 25,5 34 .6 5.3 0,8 5, Gk g, peEH

3 f‘}‘?”f

Lt
T
5
b
&
E
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B
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Lo
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i
i
E
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Final corrected smpty body wt,
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Hot ocsroazs wh, B, 15

B
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&
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B
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£
Ld
£y
&
L3

Bves lilled sfter 140-days’

i
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[t
&
R
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£ *
o
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*

Batimated initvial empiy body wt,
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Wool-~free live wt., after 90-davs

Estimated corrvected empty body wi, | 40.1 ‘52@l 54
after 90-days

Wool~free Final live wt, at slaughter

5

7 3.2
L& 47,2 9,0 2.4

L
L3

3
o

Finael empty body wt,
Final corrvected smpty body wt

Hot cspoass wh,
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&

£
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Bmpty body wi, = Wool-free live wi, minus g
Corrected empiy body wi, = Bmpty body wi, »
(1) Estimeted by regression - see Fly, 5317 u:ﬁ tent, ' . :

contents
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The relationship between corrected empty body weight (empty body
welght minus conceptus) and woul-free final live weight In ewss

hkilled at mating, snd after 90~ and 140-days of praguancy.

To8e
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and HP eves besvier thean LP ewes, in all parametevs: but iz se
instance was the waight differsnce signifieant. It may be m@t&ﬁ,

that the mean covrrected empiy body welgbt of Li/LP ewes after 140-days
wae 5.8 kp. less than for He/HP swes. Plate 3:4 {llustrates the
marked frestment sfifests on the ewe caveasses, and way be velated to
the ﬂﬁﬁ%iﬁ%ﬁﬁ ptozes ziven Lo the llve animals (Takle 533},

(ii) Bastro-intestinal

Contents of the gastro-intestinal tract asveraged
10.4 kg. and 9.9 kg. in He and Li ewes respectively at jolning time,

wool-fres body

These weights represented 27 per cemnt. and 78 per cent. of
walght for He and L1 ﬁ@%%‘£%$§@ﬁﬁi?%ifa Differences 1o gut-£411 a2t this
stage ware not significant,

After 90-days of pregnency, gut contents weighed 11.0, 6.7,

B.3 and 5.3 kg. for He/HP, He/LP, Li/HP snd Li/LP ewes respectively;

these weights, a8 percentages of wool-free body welghts,were 21.0, 16.6,
18.6 and iéﬁﬁ respectively, The di%ﬁ@r&%ﬂﬁﬁ in sbsoluta and proportiongte
valuse due to indlel welght of ewe and to ﬁut:itian attained significance
(P < .01},

After iéawéayg of pregmapey, differences in a%ﬁéiut@ and
relative values of the gut contents were not signifia&ﬁt@ but tended
te be heavier in Li end LP ewse. The contents weighed 8.9 kg, {15.2
per sent.) im He/HP ewes, and 11.3 kg. (18.8 per eent.), 10.7 kg.
(18.2 per cent.) and 10.9 kg. (20,1 per eent.) im He/LP, %i?ﬁ? and
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Li/LP swss vespectively. These differences may be velated te trends
of feed intake in late pregaancy (Figs. 5:4 and 5:5). The vapid
weight gains during late preguancy of previsusly undernouzished %ﬁi&&iﬁ
(Fig. 5:3) reflected, in large pgrt@ incressed intske, This wes still
spparent after 50-days of rehabilitation feeding in the cese of those
ewes most sevevely restricted in intake before mating end in early

preE

ney (LifLP).
| (ii1) Weight gains
pifferences bobtween the mean welghts recorded
in Table 5:10 bave been assembled in Table 5111, where the mean weight
zaing or losses are alse expressed as percentages of appropriaste mean
initial weights,

The different estimstes of welght gale and loss revesl the
inadecuacies of gross body weight as 2 paremeter of performance under
such radically different regimes.

After 90-days of pragneney, the well-fed ewss (He/HP, Li/up)
bad gained, om avevrage, appromimately 3 kg. in pett bedy weight compared
with 9 kz. in gross body waight. The undernourished ewes (He/LP, Li/LP)
lost spprowmimately 4.5 kg, in nett welght over this peried.

The estimated gaine in nett beody weight wver lil-days of
pregoancy show that Li/HP svwes geined meost and E@!%@ ewes lesst. Thoss

ewes initially of light body weight 2t mating (Li) gained wore in mett

weipght than He ewes. It i intereating that He/HP ewes bavely
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TRBLE $:ii.  MEAN BODY WEIGHT GAINS (Wg.) OF EWES KILLED APTER

G- BND 140-DRYS OF FREGHANCY

Boan differences

Weights

Mesn differenve a3 parcentage
af dnitial value

He/HP | He/LP | Li/HP |

Li/LP

He/HP | He/tP | Lis/BP | Li/LP

Ewes killed after O-days

Final minus wool-free live wt, at mating 9,6 1 -6,3 | 9.1
Wool-free finel minus wool-free live wt, &b meting 6.0 ~8 .6 7.4

Pinal empty body minus indtial empty ﬁ@@y{i> 7.4 ~1 .8 T

|

Final corrected empty body mipus initial empty %ﬁéyﬁi} 5.8 1 ~4,1 5.5

Ewes killed sfter (AC-days

Final minue wool-free live wi, av meting 8.8 | 12.8 22,7
Wosl-free finsl minus wool-free live wi. at mating 6.5 .6 ) 20,4
Finsl empty body minus idnitisl empty %}a}f:iy{""} 12,3 12.7 | 18.8

. ] o
Final corrected empty body minus initiel supty %&ﬁyi"a 4.0 3.5 .3

Final corrected empty body minus

after 0-days of pregnancy‘*

corrected empty body

~11,8
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16,3
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.
¥
E
o
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o
E
fien?

~ 8,6

14,8 | -i1,6

fous
fred
k-3

|3
4
s
o
5l

v, 1 25,5 | 80,35 50.3
12,6 &ygﬁ‘, 54.4 4.2
52,7 | 35.1 ] sa.8 | si.4
10,8 2,7 | 33,1 2.4

2.2 23,7 .8 31.2

Hote:

Bmpty body wt, = Wool-free final live wt, minug gastro-intestinsl contents

Corrected empty body wt, = Empty body wt., ZLnus conceptus

{1} Estimated by regression ~ zse Piy, 5:7 and text,
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maintained anett body welght over the lasgt 30 dayvs of pregnancy, vwhereas

other swes gained substantislly.

iV. Zhe Genitsl Tract

(a) Waights of Components

Mean weights of the genital traet, and ecomponents,
after 90~ znd 140~-daye of pregnency are rscorded in Tebles 5117 and
5:13 zespectively.

{i) Afrer 90-days.~ The complete penitel tract was a

little bheavier im Li than He ewes, &nd heavier in HP thapn LP ewes, but
in neither ease did the difference sttain significsues.

The placenta was gi@ﬁiii&ﬁ@tiy heavier in BHF then LF owes,
the difference originating wore from the catyledonary &@m@ﬁaﬁm& than

the membranes. The foetus and uterus were significantly redused in

weight by undernutrition in early pregnaney.

Trerine fiuiéﬁg on the other hand, were hesvier in Li than
He ewes and, to a lesser sxtent, heavier inm 1P than ¥P ewes. In both
compavisome the Jdifferences ave reflected wost in the welght of saniotic
£luid, |

The wvulva/vagina/eerviz complex, and the ovaries, were
plgnificantly hesvier im Li than He evze.

{1i) After 140-days.- The complete genital tract was

lighter in He/HP then He/LP swes, but hesvier in Li/EP thas L1/LP eves.

This intersction between the initiel welght of the ewe and the plane of
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-DAYE OF

HEAN WEIGHTS (g OF CONPONENTS OF THE GENITRAL TRACT 1P
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nutrition in pregnsncy was significsnt for the gravid uterus, fostal

%@igha ané the foetal membranss; approached signifilcance (P « 4.18)
for the weight of sliantoie fluid; and was noticeable for other
COBRpPOneEni .,

The placents 8% & vwhole, aod the cotviedons 29 & component,

were signiflcantly beavier iln HP than LP ewes.

(b) Proportionste Composition of the Gravid Uterus
Tﬁa mean welght of esach conmponent ef the gravid

uterus, expresgsed as 8 pervcentsge of the total welght, at both 90-
and 14l-davs of pregnanecy, 1s illustrated is Fig. 5:8. Hean differ-
ences betwesn the percentages at esch stage are recorded il Table 5:14.

The foetus comprised 23 per gcent, and 32 per cent. of the
gravid uterus after 90- and 140-days of pregnsncy respectively. Treat-
ment effects were not significant, |

The placenta (as a proportion) after 90-dsys represented

cent, im He/HP as compared with 32 per cent. in He/L? swes;

ané 31 per cent. in Li/HP ewes as compared with 25 per cemt. in Li/LP
ewes. Comparable treatment effects on the placents after 140-days
of pregnancy were indicated (P < 0.10)., The placenta represented
approzimately one~third of the gravid uterus at W-days, but
spprozimately one-tenth et 140-dave.

| Uterine flulds represented a signiflecantly grsabasyr proepor-
tion of the gravid uterus after %0-days inm Li/LP ewsz (41 per cent.)

than in other animals (30 pexr gemt.). This difference stemmed from




&y

Fig. 5:8.~ Proportionate composition by weight of the gravid

uterus after %0~ and l40-days of pregnsncy.
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CES BETWEEN PERCENTAGES OF COMPOWENTS OF THE GRAVID
. 20~ BHD 140-DRYS OF PREGHNRNCY

Comaponent

Mean differences

After 90
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the proportiom of mmiotic fluld., Allantoie fluid, om the othar hand,

represented a greater proportiom of the grevid wterus in He thes Li
ewes after 140-davs, although the differemce wes bayely significent
(P < 0,10).

Pifferences in the propertions »f other components uere

aet significant,

¥

Hean single fostus weights, together with mean welghis and
numbers of functional cotyledons, sitsy 90-days of preguaney ars
recopded im Table 5:15, snd after 1l40-days of pregnancy in Table 5:14.

{1) Afrer %0-~days.- IP fostuses were lighter, by

appronimately 8 per cent, on the average, than HP foetuses (Teble 5:13).
Males were heavier, by 1l per gent. than females. The ipitial welght
of the swe had neo significant affect on foetal wsight st 90-days of age.

{11) After 140-days.- Foetuses from Li ewes were

heavier then those from He ewss (Table 3:16),but & high plans of
maternal putrition in early preguancy gave hesviey fostuses than 2

lew plane. This significant interastion (P <« 0.01) was noted previcusly
(zes Teble 5:17%) and appesvs consistently in 2ll subseguent dats velated
te foetal growth and development. The sex effect on fostal weight at

140~days of age was not significant. A erude wmeasurs of foetal growih
efficiency is to sxpress foetal weight (p.) at 140-days of age 28 a
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proporiion of the bedy weight of the ewe at mating (kg.). Using
mesn valuas, the index for the He/HP ewes wae 80.3 g. foetus/ks.
ewe body weight (wool-free) at mating, sand 92.5 (He/LP), 131.2

{Li/HP) and 110,9 for Li/LP ewes.

Foetal weights at %0~ and li40-days of age were not
significantly associated with various weasurss of skeletal fvame
size, or the condition seores (fatness), of the swes recorded at
mating time,

(b} Cotyledons

(i) Total weights of cotyledons

(1) After 9W-days.~ Table 5:15 shows that poor

nutrition of the ewe in early pregnancy raduced the total welight of
funetional cotvledons. The total welght of cotyledone in the pregnaat
horn from LP ewes represented 84 per gent. of the comparable total
weight from HP ewes] and ?3‘E§g>g§§§, in the vacant horm. Under WP
f@ﬁéiﬁg the total weight af cotyledons in the pregosni horn gepre~-
sented 62 per gent. of the welght for the combined horans, and 63 per
cent.in LP ewas, These comparisone, together with the siganificant
veduction in the total weight of cotyledons in the vacant,but not
pregaant hova, indilcate that poor nutrition of the ewe restristed
plﬁﬁ%ﬁtﬁi development to & greater extent in the vacent hown.

He ewes had a heavier total weight of cotylsdons tham L1

ewves, significantly so in the vacant homn.
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TRBLE 5:15. HMERH CINGLE FOETUS WEIGHIC (g), TOGETHER WITH MEAN WEIGHTS (y) AND BUMBERS OF PUNCTIIONAL COTYLEDUNS. APTER SO-DAYS OF GESTATION

Sroup  Beans B Hean diffsrences

PlLang %f
nutrition

He i | w» | | Mile |Pemele | | | (He-Li) | (HP-LP)

1.
Piane of

atal walghy H03,8 531.% £21.0 574.% 559,40 597,86 7.9 LG8 12.3 a5, 7% B1.5%%
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Totel weight

g 3 344,50 | 382.4 4 34 6 51 1
Jacant horn . 2 21,3 | 219.3 0 22.3 27.6
Combined hovns & 62 545.9 601.7 16.9° | 415 132, 2%% 78.7

Numbers

41,4 14,8 44 .. 13,5 2.9 ~ 5.5% - 2.5 1.7
32.3 3.1 55,7 25.7 3.2 3,2 4.4 1.7
73.8 75.9 74.8 14.5 4.4 - 2.4 6.8 3.3

E i A8 5.534 3,83 8,81 | 23,8 Ci, 68 0,94 ‘ 0,483
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TRBLE 3:1%. HMEAN CINGLE FOETUE WEIGHTE (g), TOGE

WITH MEAN WEIGHTE {¢) AMHD BUMBERE OF FUNCTIONAL COTYLEDOHS, APTER 140-DAYS OF GESTATION
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Hale foetuses were sssociated with a greater total weight

of cotyledons, particularly is the pregnant horn, than females.

 bistributions of cotyledon weighte after 90-days of
pregnancy are Llllustrated im Figs., 5:0 and 5:10. Substanrial wariastion
in the weight of individual cotyledons can be seen (C.Y. 16,9 per ceat.
for cowbined forms - see Table 3:15). Cotyledons of the largest
sizes were vecorded from both Li ewes and LP ewes.

(2) After 140-days.- The eignificant diffevences

between the total weights of cotyledouns at 140-days spproximated those
recorded at 90-daye. Total cotyledon weights were less st 140-dave
than %0-days of pregnancy.

Fige. 5:11 and 5:12 show the distributions of cotyledon
weights after 1l40-days of pregnancy. Marked differences ia the histo-

gan be seen, especially for Li/LP swes as compared with Li/EP

grams
ewes (Fig. 5:12). Cotyledons of the heaviest waights were vecowded
from He/HP, He/LF (Pig. 3:11) sed LI/HP (Pig. 5112) ewss, but @@ﬁ
Li/LP eves. |

Comparison of Figs. 5:11 snd 5:12 reveale the vegression in
eotyledon weights between 90~ and 140-days noted for mesn weights
(Tables 5:15 and 5:16). There is 2 suggestion that the largest
cotyledons vegressed most over this period of pregnaney.

(ii) Hubers of cotviedons

{1} Afeer

dW-daye.~ The total nusber of funcitionsl

cotyledone (Table 5:113) was significantly less in the ??@gﬁ@@i horn of




Fig. 5:9.~ Hean distributions of functiomal cotyledon weilghts
sfter 90-days of pregnancy in ewes which were heavy

at mating.

Fig. 5:10.~ Mesn distributions of functional cotyiedon weights
after 90-days of pregnancy in ewss which were light

at pating.
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1 potyledon welighis

Pig, 5:11l.~ Hean distributions of functions

after 140-days of pregnancy in ewes which werze

heavy at nating.

Fig, 5:112.,= Mesn distributions of funcilonal cotyledon welghts

sfter 14D-days of pregnancy in éwes which were

light at mating.
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He than Li ewes. OUther differences in the number of cotviedons wers

not signifieant, although 1P ewes had 2 smaller number, especially

in the vacant howm, then HP

{2} After l40-davs.~ Differences in the nunber

of cotyledons (Table 5:18) were not significant, the sverall mean

m@ﬁé@% {74.8) equalling the comparable number vecovded after 90-daye
(Table 5:15).

(111) Aversge weight of cotyledome

(1} After -days.- Differences in the sversge

weights of cotyledons (Table 51153) weve not significant, but tesnded
to be heavier for He than Li ewes, heavier in HP than LP swes, and
heavier for male then female foetuses.

(2) After 140-days.- HP ewes had cotyledoms

of sigeificantly greater average welght than LP ewes (Table 5:186).

Other dliiferences ware o

211 and not significant.

{iv) Morphology of cotviedouns

Plate 515 is 2 senl-schematic representation
of the functional cotyledom svrray after 90-davs of pregoancy from
selected Li/HP and Li/LP ewes. The profound effect of poor nutrition
in early pregnamey on the appearaace of the cotyledons csn vesdily
be ssen. Moveover, the distorted cotyledons of the LI/LP ewe appesrad
to be concentrated move towards the centve of esch hora, with diminishing
effects towsrds wore distal locations., This suggests an assoelation

with the directionsl flow of the uterine bleeod supply.




Plate 5: 5,

Semi-schenntic representation of the fupctionsl cobyledon areay

after SW-daye of pregnency from selected BF and LP ewes whish

weve both light st weting. The distorted cotyledens of the L¥ w3

owe bend 9 lle nove towards the czatre of zach uterise hovs

{2 2 2 em. grid).




NEEENEN

90-DAYS OF PREGNANCY

VACANT PREGNANT PREGNANT - VACANT

T W -

l
[ 1]

| 1]
[ ]
I

[
[ ]

*
)

ESW—4

I~ STAGE 2 ; -
- . STAGE 2 —
EWE NO, 48 ; 21855 i N
EWE NO, 26 ]|
i L i §




Plate 5:6,.»
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Vertical sectioms of eotyledons from HP and LP

zwes after %0~ and 140-dave of pregnancy.

FC = foetal component, MC = maternsl éww@@mﬁﬁag
EFC = everted foetsl compoment. Cotyledons at
14D-days are generally smaller end darker than

those at Y0-days.




VERTICAL SECTIONS OF COTYLEDONS

Li—-HP Li—-LP

90-DAYS

140—DAYS

2¢cm
SCALE




280.

Vertical sections of some of the cotyledons shown in
Plate 5:5, and other colyvledons taken from ewes of comparable groups
after l40-days of pregoancy, sve displayed in Plate 5:6. CLotyladoss
taken from ill-fed ewes show the remarkable eversios of the fostal
component which, in the eésxtrene condition resemble & bovine cotyledon
{Amoreso 1952} or sn laverted "normsal” ovine @@?yi%ﬁ%ﬁw Beparation

5f thess eotviedons into smstersal and fgmtal composents proved

impossible without damaging the structure; 1t is therefore not known
to what extent the distortion reflected compensatory growth of fostal
tissus, or wmarhed vegression of meternsl tia@uga Fostal segbranss
could be sasily detached from cotyiedons after 1l40-dave, but not
giter %0~days, of pregasncy.

(¢} Relationships between Foztal Weight snd Placentasl

(i) Foetal weight and the nusber of cotviedons

Foetel welghte at 50- snd lé0-days of amge
were not signifleantly assoclated with the nunbey of cotyledons in
aither the pregrant o¢ vacant horn, ov the cowbiaed hovas.

{i1) Fostal weight and the weighte of plscental

CONPORERES

The relationships betvesn fostal welybt and
the weight of the placenta (cotvledons snd membranes) after 90- and
140~-daye of pregnaney ave depleted in Fig. 5:135,

The relationship at 90-dsvs of age could be described by




the following sgquation:-

T.H., » 455,80 % 30,1 F . 4+ 1.49 0.4, + 6.14 ¥4,
. 4 s A S .
{m.2.) = 7.7} = 2,803 - 2R
ddely (%) &

whers,
¥.¥. = FPostal welight {(g.) a2t 9-days of age.
¥.5. = Fostal sex (discontinucus variable; femele = O,
male = 1),

£.,4. = Total waeight (g.) of estyledons,

M.¥W. = Total s@%igh@: {2.} of sabranes.

This equation, based om 20 d4.£., has

2 vesidusl coeificient of
variation of 10.2 psr gent. and accounts for 62 per cemt, of the
variation in foetal weight (B = 0.79). When the variance due Lo

fostal sex was aliminated, each g. of cotyledons supported 1.17 g.

of foetus, snd sach 3. of mewbranes supported 8.14 g. of fostus. Ou
entrepolation, the regression linme intercepts the foetal weight asis
above the origin, at ﬁp@ﬁ@ﬂiﬁ@ﬁ@l? .5 ka.

Lfter l40-days, no siznificant sesociastion beatween fustal
welght snd the weight of placental components, either within groups

pr overall, could be detected, Thisz may rveflect the small nusber of

fostusss at this age. It is, neverthsless, interesting to nots

that the thres He/HP foetuses were exceptiomally light isn weight

altheough their placentse were velatively heavy (Fig. 5:13).




Fig. 5:13.» The relationship between fostal welght and the weight
of the plecenta (cotyledops + membrapes) sfiter 90~

and l40-daye of preguancy.
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VII. Eostal Re

(8) Gengral observations

A-vey positives of selected HP and LP
femasle foatuses after 90-davs of gestation are illustrated in Plate
%:7. A& composite print of & foetus gfier 140-davs of gestation is
shown in Plate 5:8.

th genkves af the

At 90-days of age the spiphyvseal grow
lower limb bones are vetazdsd ila thelr sppearance in the light foetus
derived from an {ll-fed ewe. Closer examivation shows, tog, the
unfused state of the two lateral pleces of the sternum in the He/LF
fostup: thisz affect, however, was chesrved in this foetus only.

Comparisen of Plates 5:7 and 518 shows the very styiking
skalegal ﬁav%im@mé%ﬁ ceeurring in late gestation. In v csse was
en sbsence or obviousz retsvdetion of growth gentves ohserved in
the fostuses of this age, whatever thelir history.

Skeletal development with Increasing age and wnlght iz
partieularly well demonstzated in the X-vay photegraphs of the fove~
idmb,. ZPlate 519 shows positive prists of foatal fove-limbs at thres

the Be/LP fostus

ages. The poor development of the lind taken from

(506 g.) at 90-deye of age may be noted.

(b) Foetnl Bone Measurements taken from A-ray Hezatives

Hean meaguresents of foetal bones taken from
Z-ray negatives at 90~ and 140-dayé of gestation ave recovded in

Tables 5:17 and 3:18 respectively.




Plate 5:7.~ Xe-xay positives of selected BP and LP female foetuses after 50~

“YRE

days of geststion. The sbsence of curpsl nuclel, the unfused

state of the sternmal pleces and the lower general demsity of

the LP foetus way be noted.
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Plate 5:8.»

fL-vay positive of s selected foetus (He/EP) after 140-days of
gestation. The fore end hind ends of the snimsl were photo-
graphed separately and the two prints butted together;
consequently there ls some distertion st the level of the

lagt »ib.




AGE : 140 DAYS
WEIGHT : 4070 (g)
SEX : FEMALE
GROUP : He/HP
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Plate 5:19,~ ZXZ-rvay positives to {llustrate sksletal development
of the fore-leg during feetal life. At 506 g. body
welght (Li/LP : 90-dave @f aze) nuclel of Ehe
eatpale sud proximal psusmolds sve zbeent: st
655 g. bedy weight (Li/UP : 90~days of age) cargal
nuclel ean be seen; at 1385 g, bady weight (107~
daye of age) proximal sesspeid suelel are zlearly
spen. The unfused state of the metscarpal bone
2t the lighter weights, the genersl incresse ip
bone density with inersasing body welght and age,
and the appearsnce of the distal end of the wins

2t heavisr weighis way also be noted,




SKELETAL DEVELOPMENT OF THE FORE-LEG
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LFTER ADJUSTHENT POR THE

TABLE 3117, MELH HMEACUREMENTS OF FOETAL BONES, Th
EFFECTE OF FOETAL SEX

s
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DAYS OF GESTATION AFTER ADJUSTMENT FOR THE

THRRLE Si1i, TAKEN FROE X

MEXN MELSUREMENTS
EFFECTS OF FOETAL SEX

Group
3 , 3
Mo sz urement : - Céﬁn 2 B, L ivﬁ L f%
He/HY He /1P Li/Hp LA/LP - % 1itdal welght RBlane of nutyit

{HP-LP)

54 2% 5% .29 2.9

73,07 74.97 2.0
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e

Tail length 1,04 20,17
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{om) THKEN FROM X-RAY WEGATIVES AT
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AL 90-days of ape, & low plane of mabtersal gutritien
significantly veduced the length of all liuwh bomes, szeept the
metataraus., The fore~-lisb, especially the scapula, of LijLP
foetuses was siguificently shorter thes in other fostuses.

At L40-daye of pge, mals troetuent effects on any of the
messurements were not sigaificsnt; but sigaificent {% < 0.09%) inter-

ate exeept theoss of the hind-

aotions were vegowded for pll wesuwr

Foetusss from He/UP eves had shorter measursments then

foetuser from He/LP ewes, but Li/HPF fovetuses had longer measure-

wents than L1/LP foetusss., This reflects differsnces in foetal body
weights (Table 35;16). |

The associstion between external body wessurements and
measursments derived from Z-ray negatives iz of intersst. Table
5:19 vecords the velatiocuships between gselected messurements. All
the reletionshilps were significantly corvelated., Hegression
sonfficlents 8t 90-daye were lsgs than wolity in all zssesy this
rafleets the difficuloy of defining points of reference lu H-ray
negatives of foetusses ar this age when bonss ave still wery cartil-
agiunous In nature (sse Plate 3:7). At 140-days of age, on the other
hand, regrvession coefficients all exceed wmity, ewcept for tall
length., At this age bome lengths are gsver-estimated by external
body measurements begause of the skin and other soft tissuss over-

iving points of refsvences,
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W

VII1. Pactors Affecting Foetml Orowth

Fortal body walghis at 90~ and l4h-daye of aps have
beer related to a nusber of independent warisbles in wultiple
regrassion nodels,

{a) After 90-davs.~ The derived equation was:-

P, = 439.3 4 70.5 F.B. + 3.18 B.W. + 0.354 B.W.C.
4 +
(s.2.) = 13.1) - 1.31)  0.0832)
whers,
¥.9. = Postal weight (g.) at %-days.

P.8. = Foetal sz (diseontipuous variable : femsle » §,

%%3,1% = i}a .
B.9., = Ewe body weight fwopl-free) at mabing (kg.).
E.M.0. = Ewe body welght change/day/g. (wonl-fves,

conceptus-free) .

with a residual posfficient of wariation of 12 per cent. These
variables scecunt for 71 per cemt. of the vwaviatisn in fostal waight
at 90-dayz of age (R = 0.84, bassd on 20 4.£.). The vegrassion

coefficlents indicate that males wevre hesvier than females: that

fostal weight incressed by 3.18 g. for sach 1 kg. inmcrease im ews
body welght st mating, and by 0.354 g. for each 1 g./day of swe
body weight change over the fivst %0-daye ef 9f@gm&m¢§}

(b) After 140-days.~ Ho siganifisasst within-group sssoclis-

tions between fostal weight snd any of the following varisbles could
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be detseted: foetsl sex; ews body weight at mating; ews welght

ehange/day betwsen mating to 90-days of pregnsmey, or 91 to 140-

days, or mating to 140-days: feed imteke in sarly or late pregnancy,
or over the whole of preguancy.

This may reflect the small nusber of fostuses per group.

¥eed intake of the fat ewes fed ad libitum throushont
pregnancy (He/HP) declined as pregnancy proceeded, both absolutaly
(Table 516, Pig. 5:4) snd iu proportien te bedy welght (Pig. 5:53}.
In late pregnsacy nett body weight of the ewes was barsly maintained
(Teble 5:11), and the weight of thely single Jostuses at 140-dayse
of age comcomitantly reduced. On the other hsnd, greoss body weight
steadily inervessed as pregnancy contimued (Fig. 8:3), refiscting
congeptus growth, Use of gross body weight as the sole parsmeter

of performance in pregpant ewes can theyefore be migleading.,

These observations hely to suplain ths veport (Jelivies &
Parn 1956) that overfet ewes st pasturs gave birth to light sisgle
and twin lambs., Unfortunately, their repert provides insuificient
information on the body weights or degree of fatness of the ewes &t
mating and during pregmancy. The authors stats omly that their Yyary
fat" ewss weighed 131 1b. (39.5 kg.) ome m%ﬁz% before lambing,
compared with an sverage welght of 119 1k, (54.0 kg.) for theiy

“ forward store £o fat condition” ewes. Neltheyr was the breed specified.
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A reduction iln feed intake of twin-beaving Border Lelcester
% Merino ewes over the last 50 daye of pregoency was repovied by Reid
& Bisks {1982}, DBirth weight of the lesby wes reduced, but so also

%% workers adduce evidence that

was thelr period of gestation.

the decline of in eould not be asseribed solely 1o 2 mechanical

restriction of gastvolntestinal tract sapacity by thes ex

abe of abdoninsl far

eongaptus, coupled with large dep

259%. Weisbeliz ob

1x68 assovisted with advencing pregnency and

ot

physioioglcal processes of fettening as alternative or sdditisnal

ve Savoured,

spencie? w

In this study, fesd intaks of the He/HP owee declined from

sarly presasncy

rds. This suggests thet the ewes may have been
cenpidersbly fatter tham those snimals fmvestigsted by Reid & Hisks

ent in this zcommexize, ".... @

{1962}, The latzer suthors o

wag may show & similsy decline in fesd istake to that vecerded have

in pelytocous swes 4f they ave favter than in the present experimenys®,
Tayler (195%) reported a signiflesni sepetive valstionship betwsen

the feed inteke of cattle 2t pasture snd the swount of intepnsl

{perinspbric) body fat. Morsover, the gross body welpht lncvesse of
these He/HP swes prior to mating weder gd libigu fesding wes nat 22
great as expscted. By the Cime of mating the ewes way have vesched
an early agﬁgﬁraﬁ the insppstence phenemenon reported for very fat

shasp fed to appetite (Schinckel 1960). Jsbient temperatuvs, tos,

may have played
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the physiological processes of heat dissipation (Macfarlanme 1961)

under the ¥isld zondivions of the sepey

On the other hend, the weight of foetuses at 140-days of
age carvied by fat ewes ill-fed in eariy pregnancy but later abund-

sntly fed (He/LP) compared faveurably with those born to thin ewves

continually well-fad ﬁuxi%g preganancy (Li/HP). The former swss
consumad iese feed over 140-days of pregnancy tham the latter (Tablse
$:16), with supevior sfficiency in wool preduction {(Table 5:8).
Furthermore, & superior ovulation vate of He ewes was indicated by
the swber of twin sets recorded, as might be expected from the work
of Wallaes (1961) and Coop (1962p, 19564 ).

Thin ewes poorly-fed in sarly pregnaney (Li/LP} consumed
the isast feed over ié@%é&y@ 5 § ?f%@%&ﬁ%g (Table 3:18), displeying 2
spectasular compensatory imteke in late pregnancy under ad libitws
faeding. Thely fostuses at 140-dave of ape wers ﬂﬁt"ﬁ&@%%?‘ﬁﬁﬁtxiﬁtgﬁ
in weight, the deficit baing of grester scademic than practical
importance, WNeverthelsss, this system of wansgement for bresding ewes

sended for seveval ressons, Fivetly, a2 poor ovulstion

cannot be recw
rate and incresased barrermess gen be expected from ewes of welatively
light body weight st meting (Wallace 1961; Coep 1962k, 1964 ).

dly, Li/LP ewes have little opportunity io sccusulate needfsl
body tissue ressrves before the onset of lactation snd concomitant
inersase of metabolic demand, Thirdly, the profound eifacts of

undernutrition on placental development of these swes (Flates 5:5 and




295,

5:6) stromgly suggeste the peed for caution watll wmove 13 kanown about
the physiologlical causes &nd pessible seguelse. Taplin & Everitt
(1964}, for exawple, racorded sbortion in late pregneucy of swes

seversly undesrnourisbed in early pregonscey but abuadautly fed there-

after (LH ewes). The vapidly incremsing weight of the foetus in

late gestation (Fig. 2:3) under 2 LH feeding resime wmay overlced a

tengous maternal: foetal placental adherence. The promature labour
of the Li/LP ewe carrying twins in this experiment lends support to
this suggestion, but further study is clearly needed. Fourthly,
foetal growth and development in early gestation was retsrded to the
grestest exient in the Li/LP ewes. Differences in sheletel frave size
of the ewes played no obvisue role in fostal growth, and the effects
of ewe body weight must be sttributed to differencss in soft body
tisgues, largely body f&ilﬁﬁ & gouree of catabolisable smergy. The

iighter the body welght of ths ewe at msting time the greater iz the

rigk of damsge to the comceptus thyoegh undermutyition in sarly

pregnancy. Lastly, wool wes produced less efficiently over lifi-days
of pregusncy by Li/LP thas He/LP ewes (Table 5:8).

Poetal weights at 90-days of age were veduced by meternal
undernutrition in early ?ﬁﬁgﬁﬁﬁﬁyg with & preaster veductiom in
placental weight. Alexsnder (1964b) found that while very little
placestal tissue in the ovine wss uneeded to pemmit gestation to reach
the iﬁﬁﬁ% éay of gestation, subsecuent foetal growth wes limited by

placental size. The lll-fed light ewes (LL/LP) still possessed

Continued on p. 297
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conszlderable placentsl tissue afrter 90-dave of underanutrition

{as ecompared, for e

ple, with the LP swes of HExperiment A}, and

presumably sufficlent te permit fostal growth te proscsed ushisdered
under the generous feeding in lste pregoesey. This wey slze suplain
tha comparsble birth weight of LU snd HH lsmbs iz the work reporied

gube ln the

by Teplin & Everitt (1964}, and of a larger awb
some experiment (Everitt : unpublished datz). In other words,
placental size must be restricted by undsrnutrition in early
pregnancy belew g evitisal threshold level before subsequent foetal
growth is vetarded. GCranted that plasesntal size or efficiency has
not been vetsrdes by undernutrition im early presnsmey, then eowpen-
satory foeial growth in lste gestation sppesrs probable under good
feeding conditions. Prolongation of undernuirition past 90-days of
preguancy mey lead to %ﬁ%@%@z restrviction of placental develeopment,
with afverse effects on %m@@ﬁ%ﬁ&ﬁ@‘fﬁﬁﬁﬁé growth, and with lese time
svailable before pavturition for sny degpree of compensatiom,

The evidence presented oo plagental development, and the

factors affecting lt, 18 consistent with the earlier study {(Ezperimsnt

Ay, The total mumber of cotyledons, in both studies, is eomparable

with the nusber recovded by Alezander (1964s) for the Ausivalian
Merino snd less thas for other breeds. As Alexzander (1944a) points
out, this may pilace the ﬁ%?i%% fostus 4t a disadvantage in teprms
of uterine ﬁﬁt@iﬁiéﬁﬁ The distribution of the functiopal cotyledons

appeared affectad by maternal nutrition and foetal sex, =& in Experisent
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4, snd esphasises the need for studies of fectors influsmeins

blastecyst development. The mumber of snissls avellable for study

in lats pregunancy was vegrvetiably small due to the lavger wwmber of

swes killed at mating and after 90-days of pregnavey than in Exserisment

&; further imvestigatiens im this pevied of pregnancy are alse

necagssyy. The affects of protracted undavsutrition beyond 90-days
of gestation followed by goed fsading in the remsinder of the prenatael
existence, and in postnatal life, needs perticular etudy.

Foetal devel 1 £, a8 studied by the radisgrephe, subgtan-

tlated the findinge of Experiment 4, insofar ss ossificstion of the
skeleton wae wore closely alllsd to body weight then sge. In zabbit

foetuses of the same age, Appleten (1%29) found ovssifisstion to be

more advanced 1l hesvier fostuses. Ovine fostuses frow swes fad o
& low plane of nutrition ware found by Wallace {1948) 2o be in 2 less
sdvanced gtate of ossiflcation than foetuges of the same age from

well-fed ewes., Pomeroy (1960) studied ossification In the porzine

fontus; bones ef a light fostus were 11, sud espification less
advanced, thas ip & fostus of the seme age but thres times heavier.
Appesrance of opgifiestion centres 414 not appear retarded in the
undersized plz fostuses, but there was %??é@%&@_i%&% this was the
case in the 90-day fostuses of this study (Plates 5:7 and %:9). This
is not ingonsistent with the lsck of fusion of the twe lateral stvips

of stersal @i@gﬁg im the lightest foetes. A radiographic study of

iambe teken from well-fed and 1ll-fed ewes st severa]l stages of gesta~




tion, Znd in postmatal life, might throw light on the phencmenon of

retarded pestaatal perfo

ce of lambs undernourished in prenatal
14fe {Sehinckel & Short 1961; Taplin & Everitt 19643,

Finally, it may be noted that the setimated nutrisnt requirse
ments for body msintenance of the ewes ewcesded the zcztimates regovded

in Experiment A. Reasons for the grester vequiremente of

this trial are not clear. Environmental conditioms and guaslity of

the feed were very similar in the two Investigations. Howsver, while
the experimental animals were of the same age, the ewes in this present

experiment were generally heavier and fatter than those of Experiment A.

Epergy vequirements for heat dissipatlion mey be incressed in fat

pregnant sheep under high ambilent ter

eyatures; the work of Grahes

{19644} ests this pessibility. On the other hand, Lasbourne (1961)

and Lembourne & Beavdon (19563) found thet maintenancs reculrements
were greater for thin then fat sheep st pasture. KEstimsted requiresments
for welght increase approximated thoss vecorded inm Esperiment A, and

were less than those generslly mucted (reviewsed Coup 1962s).

e




6. GENERAL DISCUSSICH 2 LUSIONS

T oese 2nd surely we are all out of the computation of
ouy sge, and avery man is sosme months ¢lder than he pethinks him.
¥Por we live, move, have & being end are subject to the sctions of
the elements and the malice of disesses in that other world, the

truest nieToCosn s..0

This guotstion swmarisss two of the three major themes
running through these studies. It iz hawdly possible, in the Zirzst
place, to remsin unimpressed by the beasuty of the uvierins microccss,
the ce~ordination of activity inherent in the forsstion of new life.
Secondly, the sensitivity of the foetal body msse to putritional
regimes imposed upon the material orgapism is wost impressive, Thirdly,
however, the #bility of the fuelus to sustaln imposed styesses, with

2

rvemarkable preservation of the "interieurmileav”, i{s an equally emin-
ent theme, Growth proceeded along its inevitsble course, sttainiag
developmental horizons with a biologicel flexibility essential veo
survival, |

Experiment A vevesled the luporiant fact thet the foetus
is not inviclate in early gestation. This was confirmed by Experiment
B, which also demonstrated the resilience ofthe msternal organiss

Lo bher devalope

and the way in whieh she offers substantial protection

ing offspring. The energy balance between the intake of food and

catabolism of body tissuss on the one haad, with pregnancy raguire~




T Fubuve

invastigation.

that under severe sirvess the foetus stiempis sugmentation of ite

nutritional supply by compensatory development of placental compone

ents. Morsover, Experiment 3 suggested that, given the opportunity

te do 2o, the resivicted foetus pospesses powers of compensatory
growth gnd development. Time, however, dictates the issue, Pramature

genility of the placenta advances ﬁ&f@ﬁf&ﬁiﬁﬁg with the early supule

il

glon ol y@g&g into the hazards of an independent existence. Tisme also

iimits the degree of compensatory prematal growth which is possible

before bilrth,

The severely vetarded lawb st birth is thus at 2 warked
disadvantage in a developmantal ssnze. Thess studies, particularly
Experiment 4, indicste that two of the tissuss of importance o pro=
ductivity in later life - the shin and skeletel muscle ~ have =
restricted cell awsber in underfed amimals. Oell sise has sn upper

iimit beyond which it cemmet pass for physical reapons., It seeus

l“ﬁ'i&

not ualikely, thervefore, that the poor pestmatal perfovmance of

animals ill-fed ip uterc may reflect vestyicted cell members. Exam-

imstion of other orgens and tissuves, and paviicularly endocrine glands,
% i
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is neaded to test this hypothesis. The extent Lo which the develop-
mant of retardsd tlssues can contipue after birth alse veguizes
careful examination. Ia this comnexion it is necsssary to ressll
that, under field comnditions, residual sffects of poor nutrition

in pregnency &re manifssted in the suckling period, prole

streas laild upon the young animal. Absence of udder development in

the LP ewes of Duperiment A chaveotsrises the effeet of pooyr nutrition
in late pregnancy. Euperiment B, on the sther hand, reveslad the
equally striking benefits to ewe and fostus of abundent fesding in
lete preznaney.

These studies bave ales helped te clavify the mammer in
which undernutrition is manifested in terme of growth and development.
Little or ne evidencs could be sdduced from Experinent 4 to suppert

the prineiple of & dlffeventisl affect o the fostus., Tn the nase of

the ewe, furthsr study is required of nutyitional effects on 2 fai-

,;%wfa

fres body basis. Eves with the inclus

there was neo gstrong evidence to guppor

schoel. This may reflect 2 close associstion between body walght and

fatness in mature animsls of zi:
Foetal sex szerted 2 notlsesble effect on placsnisl

Legt

%m’\x

development and prematal growth in both the ewperiments. The earli
stage of gestation af which the sex effect is wmanifested nends defin-~

ing. Blastecyst development may procsed at sz more rapid rate in
¥ P

maleg than in females; 1f this be true, then 8 genetis sex-1i




The larger of the twe sirss used s Expeviment A produced

larzey lewbs nesy favs, zome sugpestion of 2 genetiz influence on

the oell muber of o sndinosus sussle. A larger nuwber of

%‘?ﬁ

snimsls is recuired for further Investigation of this interesting

resuly, s1igations In gesnetle progress with

g,

weat produging animels,

e

ga gtudies o the grasing

Finally, the gppllcation of th
wmansgeneat of breeding ewves may be briefly reviewsd. Zupeviments 4 and
B illustrate the profound effsets of the level of purritien In late

vy o the ewe and, particulerly, the feetus. In this comexniom

PES

ther hand,

those reeulbs subsitantlete well-baown faeka., n

sever: undernuivition in serly prespimey leads (o sume vedugtion in
foatal growth Take with mevked ¢ffects om the placents. From g

the latter sifest whigh mmy

practical poiat of wiew it i, in
prove of grestest lmportance, for rsaivistsd placental size wmay have

repearcusions later in pregnancy. Huperiment B showed that fabt swes

at matinz gould be underfed in sarly pregnascy with less risk of demage
to the awe and ber fostus. Compavison of the vesulisz of the tww
experiments suggests that the swes in Experiment 4 were depleted ol

tiseus reseyves by the tims of mating: »ud thet undepnetrition after

mating had move warked affects than in ¢l

Yndar eonditions of heavy stocking zates,

body weight of the breeding ewe can be supeciad, the ewe bel
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progressively poorer condition with suecesding sessope. O the othey
hend, the poor performapce of the very fat swes weli-fed throughout
pregnancy in Experiment B (He/HP) appesws souslly dangerouns, ag wall
as westeful in resources.

In torme of & grasliag vensssnent progvanme, phevsfore, thase
results strongly sugzest that the breediag ewe should be fed after
veaning 8o as to achleve the heasviest body weipght poseible st mating
time, Advantage should be taken of both “statle” and "dynamie” facters

koo to fmvour high ovelation wates. After meting, ewes should nelithsy

be fad to appetite nor publested Lo gross vestristing: =
restriction is clesvly desizable but the ervibieal level pesds establish-

ing. From %-days of pregunancey to term the ewe reguives sbundant

fesding to provide for the ¢
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Treatment effects on components of swe empty body weight afrey
140-days of pregnancy (2 x Z snalysis of variance).

{i) Varience Aspalysis

Source of Yariastios 4.8, WeBo Tl
Treatment 3 2.91% B.787
Beroy iz 3.750

(i1} Effects

% E EA% - ia‘gﬁ{;

Baw L v, Ben 2 Q.730
intersetion w G,250 06,066

(114} Mean Velues

Putrition
Hp iy Poolad
Bam L 33.5 32.5 33.0
Sires Ram 8 34,5 33.0 3%;@
Pooled | 3%.% 32.8 3.4
e.v. % = 5.8

E »
.8, of mean -~ §,9682




Foetal curved crowm~-ball messuvenent {em.) at 9-dave of gestation
after adjustment for the effeects of foeral sex (2 u 2 covarisnce

gnalysis with 1 covariate :

Yariance Analvsils

(i)

natural data)

Curved crown~tail

Source of Veriatien

d.f. T8 F NP Falo
Materisl nutrvition (W) H 27977 25,4929 b, 7 GGk
Sives (8) 1 0,947 1,480 2.033
Hxs ) 0.305 0,071 8.096
Eeror+ 11 1,725 9.728 .

b (fostal sex) = L.786 = g.e. 0,4455%%
(8i) Hean
Group betual Hean i‘ﬁgﬁa Adjusted Hean ﬁ;@ﬁ@g

HP/Ram L 34.85 = 0.657 34.79 © 0.427
P /Ram S 35,43 < 0,657 35.37 £ 0.427
LP/Ram L 32.40 ¥ 0.657 32.34 = 0,427

32.40 £ 0.758 32.64 = 0.496

Hote:

(1) Exvor d.f. reduced to 10 for a.m.s8.




Foetal carcass weight (g) at 1l40-days of gestation after adjustwment
for fostal Bex and foetsl empty body welght (2 x 2 covarlance analysis

with 7 covariabes E@g@ data)
{1% Yarisuce Sfnalyvais
FTostel Carcass Welght

Bouree of Varlation d.%e ;

maﬁ%w Wﬂfﬂ @%%0%# ﬂga?fgg:a

(x 107 x 109
Materianl mutritien (M) 1 1971.% 148, 007%ek | 03,3383 8.213
Gives (2) 1 106.9 7.858% 3.4607 0,299 |
¥ou 8 i 0.5 §.037 6.002% 0,002
%z@ﬁz{i} 12 13.5 - 1.5413 -

%3 {foetal sex}) = -0.00295 — g.e. 0.000592%%%
b, (foetal body weight) = 1.0799 = s.e. 0.1229%w%

Group Actual Means ﬁl@@@ﬁ Ad justed Heans ﬁys@%@
HP/Raw L 7.596 < 0.0581 7.184 < 0.0527
HP /Ram § 7.421 = 0,0581 7,167 = 0.0344
LP/Ram L 6.882 © 0.0581 7.147 = 0.0346
LP/Bam 8 6,731 © 0.0381 7.132 * 0.0531
Hote: {1} Brvor 4.£. veduged to 10U for a.m.s.






