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ABSTRACT 

The reproductive performance of 207 first-cross Border-Leicester 

x Romney (Border-Romney) and Romney 2 year-old ewes was compared 

after they grazed in the autumn for 2 months at 2 levels of feeding 

and treatment with 0, 600 or 1200 i. u. Pregnant Mare's Serum 

Gonadotrophin (PMSG). 

To induce and synchronise oestrus at the start of the breeding 

season, intravaginal progestagen sponges w ere inserted for 14 days. 

PMSG was injected on day 12 or 13 after first heat and ewes were then 

run with entire Southdown rams. Each ewe was laparotomised within 

a week of PMSG injection to record the ovarian activity. Peripheral 

blood was collected from a sample of ewes at intervals throughout 

pregnancy and progesterone concentration determined. The number and 

weight of lambs at birth and at weaning were recorded. 

High-plane ewes gained 1.39 kg and low-plane ewes lost 1.51 kg 

over the 2-month period of differential feeding. 

Following sponge withdrawal and at the next cycle 80% and 90% 

of all ewes were in oestrus and of these 77% and 80% were mated over 

2 and 3 consecutive days, r espectively. PMSG did not affect the 

degree of synchronisation of oestrus but treatment with the dru�, 

improved feeding and injection on day 12 rather than 13, each 

reduced the mean cycle length. 

Border-Romney ewes had higher natural ovulation rate, lambing 

performance and response to PMSG than Romney ewes. 
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PMSG reduced (16%) the conception rate at first service, 

proportionately more ewes returned to service at prolonged intervals 

( ::> 20 days
.) , and this "carry-over" effect reduced the incidence of 

ewes that later became pregnant. There was marked variation iE 

ovarian response to PMSG. However, litter size increased with up 

to 5 ovulations per ewe despite an increasing percentage of potential 

lambs lost. 

Uterine capacity in terms of both number and weight of lambs 

born was greatest in Border-Romney ewes but exceeded natural ovulation 

rate in both breeds. Potential reproductive performance is, therefore, 

limited by the number of  eggs released and in practice management 

factors before and at mating and selection of ewes with a propensity 

for higher ovulaticn rates should be emphasised. 

Lambs born to Border-Romney ewes were heavier at birth and grew 

more rapidly to weaning. It is likely that part of this superiority 

of growth rate was related to a greater milk production by these 

crossbred ewes and this possibility should be investigated further. 

Diagnosis of ewes with either single- or multiple-bearing 

pregnancies on the b asis of blood progesterone levels ( measured 

either early or late in pregnancy ) was found to be no more accurate 

than other methods (rectal-abdominal palpation, ultrasonics and 

radiography ) currently available. Variation in lamb birthweight 

within birth rank appeared to limit the accuracy of diagnosis of 

single- or multiple-bearing ewes late in pregnancy. Li vewei gh t of 

the ewe and weight of lamb born were antagonistic in their effects 

on blood progesterone concentration. 
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CHAPTER I 

INTRODUCTI ON 

The number of eggs released by the ovary s ets a limit t o  the 

numb er of lambs that can be wean ed . This potential may be reduced 

by prenatal mortality and by lamb dea ths. Treatment with 

gonadotrophins such as Pregnant Mare 's S erum Gonadotrophin (PMSG)  is 

one me thod of increasing the number of ova shed in ewes . By 

allowing thes e ewes to lamb , or by us e of egg transfer me thods , the 

number of lambs produced per ewe can be increas ed . This pro cedure 

could have application in : the rapid spread of desirable genotypes 

throughout a population; as a means of increasing lambing percentage 

in commercial flocks; as well as in a range of expe rimental uses 

such as investigating reproduc tive differen ces between breeds. 

Several fa ctors limit the effectiveness of PMSG and it is 

important to s tudy these if bes t r esul ts are to be obtained . 

Factors Influencing the Effectiveness 
of Respons e to PMSG 

1 .  Progestagen pretrea tment 

Early work showed that exogenous progesterone s uppressed 

ovulation and oes trus in sheep (Dutt  and C as ida , 1 948 ) ;  that PMSG 

induced oestrus in anoes trous ewes (Cole and Millar,  1 93 3 )  and 

increased fecundity in cy cling ewes (Robinson ,  1 95 1 ) . Both 

compounds have since been used s eparately and in combination, to 

synchronise , to-superovulate and to  induce out-of-seas on breeding in 



S ome o f  the associa ted effects of these d rugs at different 

s tages of the ewe' s reproductive phase are dis cussed under the 

f o llowing headings: 

(a) O es trous respons e  

2 .  

PMS G treatment following proges tagen s ponge withdrawal increases 

the incidence of oes trus in anoestrous ewes ( Robins on and Smith , 

1 967) , and late anoestrous eHes ( Gordon , 1 97 1 ) .  Onset of oestrus 

is earlier (Robins on , 1 9 5 5 ;  Robins on and Smith , 1 967) and more 

predictable (Robinson ,  1 955 )  if progesterone treatment is 

accompanied by PMSG.  These effects are more noticeable in younger 

ewes ( Robins on ,  1 96 1 ) .  

PMSG treatment of cycling ewes on the 1 2 th or 1 3th day of 

either the natural or progestagen-synchronis ed cycle has resulted 

in a proportion of ' si lent heats' implying an adverse effe ct of 

exogenous gonadotrophin rather than from progestagen ( Bradf ord 

et al. , 1 97 1 ) .  Similarly the oes trous res ponse of progestagen-

treated cyclic ewes may not be improved by PMS G adminis trati on 

(Foord , 1 966 ; Clarke , 1 973 ). The timing of PMSG inj ection may be 

important since administra tion at proges tagen withdrawal ,  compared 

to 24 hours before this , has res ul ted in an increased incidence o f  

oes trus i n  ewes ( Hols t ,  1 969 ) o  

I njection of  PMS G  during the follicular phas e of  the oes trous 

cycle may r educe cycle lengths ( Warwick and Casida , 1 94 3 ;  

Robins o n ,  1 951 ; Cumming and McDonald , 1 967) although o ther reports 

have noted inconsist en t  or no differenc e  between treated and 

untreated ewes ( Walla ce ,  1 954; Larsen, 1 97 1 )o PMSG adminis tration 

on day 1 2 rather than day 1 3  of the cycle may shorten cycle length 



(Owruning and McDonald , 1 967 )  although this effect  is not always 

clearcut ( Walla ce ,  1 9 54; Iarsen , 1 97 1 ) .  

(b) Ovula tion rate 

Proges tagen pre treatment of both anoes trous and cyclic ewes 

modified the ovulatory response to PMSG (Iamond , 1 964a , b; Hule t 

and Foote , 1 967; Gordon , 1 972) . 

Increased doses of proges tagen significantly influence 

ovulation responses to PMSG in sheep (Allis on and Robins on , 1 970) 

and in cattle (Lamond , 1 973) . I n  the la tter case the effect  

varied with breed . 

3. 

The type of progestagen pretreatment can affect the ovulation 

response to a given dose of PMSG (Iamond , 1 964a; Roberts and Edgar , 

1 966 ) . The ovulation rat e  following a second proges tagen-PMSG 

treatment �equence is less than the firs t while that following a 

s e cond PMSG injecti on not preceded by exogenous proges tagen may be 

greater ( Hule t and Foote , 1 967 , 1 969) o  Similarly injec tion with 

Pl�G 1 4  days af ter cessation of progestagen pretrea tment may cause 

smaller li tter sizes than when ewes re ceive gonadotrophin 1 2  or  1 3  

days following natural oes trus (de tected by vas ectomis ed rams ) 

( Newton and Betts , 1 968) . However , a second PMSG treatment jus t 

prior to the second oestrus can result in smaller litter s izes than 

after a single inj ecti on at proges tagen pe.ssary withdrawal ( Gordon , 

1 963 ) .  Refractoriness t o  PMSG has been reviewed by Clarke ( 1 973) . 

Ovulation rate may depend on the timing of PMSG administration 

during the oes trous cycle (Neville , 1 966)  although Robins on ( 1 951 ) ,  

Wallace ( 1 9 54 ) , Cumming ( 1 965 ), Bindon et al . ( 1 97 1 ) and Larsen ( 1 97 1 ) 



found no  significant difference in ovulation ra te between groups of 

ewes injected from days 1 1  to 1 4  of the cycle ( oes trus = day O). 
The interval between progestagen pre treatment and PMSG may 

aff e c t  ovulation rates ( Roberts and Edgar , 1 966 ; Hule t and Foote , 

1 967 ; Ro che, 1 968 ) . Although greater ovulation rates can result 

from PMS G  inj ection 2 to 4 days bef ore proges tagen s ponge removal , 

this of ten results in depressed mating and conception rates at the 

contro lled oes trus (Gordon ,  1 972) . Thus inj e cti on at pes sary 

withdrawal is considered more practical (Hols t ,  1 969 ) . Similarly 

ovulation rates may be lower after injection at sponge withdrawal 

than af ter PMSG  adminis t ration on day 1 3  of the cy cle (without 

progestagen pre treatment ) ( Newton e t  al . ,  1 972 ) . The difference 

is les s if the former inj e c ti on time is delayed until  ons e t  of 

synchronis ed oes trus when blood proges terone levels are lower . 

4 . 

PMS G  may have a predominantly follicle-stimulating or a predominantly 

ovula tory action depend ing on dose and time of injec tion in relation 

to the end of progestagen adminis tration  ( Braden et al. , 1 960) . 

( c ) Con ception rate 

T reatment wi th 250-500 i .u. PMS G  at cessation of progestagen 

trea tment can greatly improve conception rates compared to s imilar 

ewe s  no t receiving PMSG . However , doses above 500 i.u. PMSG tend 

to d epress con ception rates ( Gordon , 1 972) . PMSG treatment on days 

1 2  or 1 3  of the cycle after e ither progestagen synchronisation 

(Allison , 1 973 , 1 975) or de te ction of natural heat by t easer rams 

(Robinson, 1 95 1 ) may reduce conception rates . Ewes inje cted with 

gonadotrophin 1 4  days after s ponge removal whi ch fail to conceive to 

fi rs t mating may als o return to second oestrus (Newton et al . ,  1 968) . 



This may be due to  a combined PMSG-progestagen action (Newton e t  al . ,  

1 972) although the evidence is  no t conclus ive . 

C onvers ely ,  several workers have reported no depressi on of  

concepti on rate  following PMSG therapy, wi th or without proges tagen 

synchronisati on (Wallace , 1 954 ; Gord on , 1 963 ; Tai t ,  1 97 1 ; Las ter 

and Gli mp ,  1 974 ) . 

2. Nutrition  and liveweight 

Poorly-fed ewes may show greater res pons es to PMS G  than heavi er, 

better-fed ewes (Wallace, 1 9 54 ; Allen and Lamming , 1 96 1 ) .  PMS G 

may compensate for nutrient deficiencies in restri cted animals 

( Lam on d , 1 96 3 ) • Ovulati on resp ons e following adminis tra ti on of 

PMS G may be more clos ely related to  bodyweight in under-fed ewes 

( Lamond , 1 963) . 

In contras t ,  more recent reports note  greater ovulat i on r�tes 

in heavier, well-fed ewes receiving the drug (Allis on ,  1 973, 1 975 ; 

Hedges and Reardon ,  1 973) . O ther reports , however ,  show a less  

clear relatiunship between feeding level and dose of  PMSG  on either 

ovulation  rate ( Bellows et  al . ,  1 963)  or lambing data (Tai t ,  1 971 ) . 

Rec en t  work impli cates Vitamin A affe cting the c oncepti on and 

lambing ra tes to PMSG (Migalina , 1 973)  but there a re few reports on 

the eff e c ts of o ther vitamins or dietary cons tituents. 

A positive relati onshi p  between ewe livewcight and ovulation 

rate af ter PMSG has been noted ( Guerra et al. , 1 97 1 ; Ki lleen , 1 972 ) 

although o ther reports do not s upport this  (Bindon e t  al. , 1 97 1 ; 

Allis on ,  1 973 , 1 975) . Breeds varying widely in mean bodyweight 

show little ass o ci ati on between ovulating response to PMSG and these 

mean bodyweights (Bradford et  al . ,  1 97 1 ) .  
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In ewes treated wi th proges tagen and PMSG in  the nonbreedi ng 

s eas on, res tri c tion of feeding with resul tant decreases in  liveweight 

has been shown to reduce ovulati on rate  (Keane , 1 973) . 

The compo nents of l iveweight (body size and body condi ti on) 
have each been related to ovulati on rate (Guerra e t  al . ,  1 972 ) . 

Whi le there were s ignifi cant relati onships between these liveweight 

components and incidence of multipl e  ovulati ons , bodyweight proved 

a more effective predi c tor of ovula ti on rate than ei ther body s ize 

or body condi ti ono Significant pos i tive relationships have , however, 

als o been repo rted between body condi ti on score and both ovulation 

ra te and lambing performance ( Gunn et al . ,  1 969, 1 972 ; Bastiman , 

1 972; Gunn and Doney ,  1 973) . An interacti on be tween body condi ti on 

score and leve l of feeding at mating may exist  for ovulation rate 

data (Gunn e t  al . ,  1 969 ) . 

R1ssel  et  al . (1969 ) reported that liveweightWffi a les s  

accurate predi ctor of to tal body fat than body condition s core . 

PLasma proges terone concentration may be negative ly related to to tal 

body fat (Cumming et al . ,  1 97 1 ;  Lamond e t  al . ,  1 972)  and t o  large 

follicle development (Ginther , 1 97 1 ) .  This may partly exp lain  the 

reduced ovulation responses to PMSG in underfed ewes reported 

(Allison , 1 973 , 1 97 5; Hedges and Reardon ,  1 973 ) .  There appear to 

be no reports relati ng body fat c ondition score ( Jeffries , 1 96 1 ;  

Russel e t  al . , 1 969)  to reproductive response to PMSG during the 

breeding seas on .  During t he nonbreeding season,  however ,  Keane 

( 1 973) f ound li ttle effect of body condi tion on ovulation rate 

rollowing proges tagen-PMSG treatment . 
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An al ternative to the the ory of ' ovarian sensitivity' to 

explain differential ovulati on respons e to PMS G involves differences 

i n  endogenous levels of gonadotrophin (Allen and Lamming , 1 96 1 ) . 

End ogenous levels of LH affect the ovula tory response to PMSG in 

l�boratory animals ( Lamond and Emmens , 1 9 59 ; Lamond and Bindon , 

1 96 6a ,  b ) but i t  remains unclear whether the nutri ti onal influence 

on PMSG acti on in ewes is centred at the pitui tary gland , at the 

ovary or a combination of the two ( Trouns on and Moore , 1 972 ) . 

The mode of action of PMSG has been reviewed by Clarke ( 1 97 3 ) . 

3o Seas on of adminis trati on 

There is great vari abili ty in response of  the same ewes to the 

same dose of PMS G over several cons ecutive years (Palssen , 1 96 2 ) . 

Within the breeding seas on lit tle  relati onshi p exis ts between the 

time of PMS G t reatment and ovulation respons e (Robins on , 1 951 ) . 

A temporal relati onshi p might have been expected be caus e of reported 

s easonal diff erences in ovulati on rate  ( Radf ord, 1 959; McDonald and 

C h'ang, 1 966; Dermody et al., 1 970) . In anoes trous ewes the month 

of treatment can influence respons e to the drug ( Hunter , 1 968; 

Hulet and Stormshak , 1 972 ) . 

Reports conf lict as t o  whe ther ovulation respons es differ 

b etween groups of animals treated wi thin the anoes trous period 

compared to those  treated during the b reeding seas on. Hols t ( 1 969 ) 
found that treatment of anoestrus ewes gave greatest respons es to 

Pli!SG , the effect  be ing greatest at higher dos e  rates . This effect  

may have been due to  higher endogenous gonadotrophin levels reported 

for s easonal a noestrous ewes (Kammalad e  et al . ,  1 952) . Conversely 

greater ovarian responses may follow injecti on during the b reeding 
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season than after either progestagen-PMSG treatment in the anoestrous 

period, or PMSG administration late in anoestrus (Averill, 1 958 ) .  

The difference may be dose dependent since non-superovulatory doses 

of PMSG can effect similar ovarian responses in both cyclic and 

anoestrus ewes ( Lamond, 1 962 ) .  

4. Age of ewe 

�vulatory responses to PMSG by lambs may not be as great as for 

mature ewes (Robinson, 1 95 1 ) although Finn lambs (weighing 60% 

mature body weight) may have similar ovulation rates after PMSG to 

mature ewes ( Bradford et al., 1 97 1 ) .  In contrast, Averill ( 1 9 58 )  

obtained consistently steeper dose-response regression lines for 

mature compared to 2 year-old ewes. Thus the affect of age of ewe 

on reproductive response to PMSG remains unclear. 

5 .  Nature of PMSG 

Variation in biological potency of gonadotrophic preparations 

is likely to be a source of variation among experiments ( Laster, 

1 97 2 ) . At comparable dose levels, whole serum PMSG may be more 

effective at inducing super fertility than freeze-dried or purified 

serum. Freeze-dried preparations are generally more effective than 

purified serum (Gordon, 1 9 58 ) . The ratio of LH to FSH activity 

varies greatly between batches of PMSG and this may be a major cause 

of variation in response b etween experiments (Polge and Rowson, 

1 973 ) .  PMSG samples may have ovulating capacities of about a third 

that of human chorionic gonadotrophin (HCG) (Lamond, 1 962)  while 

others have an FSH/LH ratio of 2 : 1 (Schmidt-Emendoff et al . ,  1 962 ) . 

The addition of HCG to raise the LH activity of PMSG may augment a 

more efficient super-ovulatory response in ewes (Braden et al., 1 960 ; 
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Killeen and Moore , 1 970 ; Hunt et  al . ,  1 971 ) o  Breed may affe ct the 

proportion of folli cles ovulated following PMSG treatment s ince 

Bradford e t  al . ( 1 97 1 ) reported that the more prolific Finn ewes 

naturally ovulated a higher proporti on of folli cles compared to 

b reeds of lower natural fe cundity .  I t  may b e  significant tha t 

Finn sheep have a higher LH secretion level than many breeds ( Land , 

1 974 ) .  

6 o  Bree d  o r  s train o f  ewe 

Early work sugges t ed that naturally more prolifi c breeds of ewe 

may show greater ovulation responses to PMSG than less fertile b reeds 

(Robins on , 1 95 1 ; Wallace , 1 954 ) . This con cept was supported by 

Bradford et al . ( 1 97 1 ) although other results sugges t that the drug 

causes greates t increases in lambing performance wi th breeds of 

n�turally smaller average lit ter size ( Gordon,  1 9 58; Newton et al . , 

1 970) . An effect of breed was also reported by Las ter and Glimp 

( 1 974 ) . 

Merino ewes se le c ted for mul tiple births over several years showed 

greater ovula ti on responses to PMSG than ilidewes with lower natural 

ovulation rates due t o  negative selection ( Bindon et al . ,  1 97 1 ; 

Trouns on and Moore , 1 972 ) . Similarly wi th New Zealand Romneys , 

Wallace ( 1 954 ) sugges ted that the s train of ewe may affect ovarian 

response to the gonadotrophin . Russian work , however , reported 

greater lambing responses to PMSG from ewes producing no lambs o r  

s ingle s  the previous s eason compared t o  twin-bearing ewes 

(Yuzlikaev , 1 973 ) .  
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Progesterone Level and Reproductive Phase 

Factors that increase ovulation rate are also likely to increase 

the range of litter size (Bradford, 1 972) . Pre- and post-natal 

death of lambs is likely to be increased unless ewes carrying 

different litter sizes can be identified early in pregnancy and fed 

according to their requirements . For example, ewes with larger 

litters are more susceptible to metabolic disorders late in 

pregnancy and are likely to produce small, weak lambs if not 

adequately nourished at this time ( Reid, 1950) . Conversely, over

feeding ewes carrying single lambs in late pregnancy may increase 

the incidence of dystocia (Coop, 1 972 ) . 

One poss ible method of early identification of litter size in 

ewes involves the relationship between litter and peripheral plasma 

progesterone levels. 

The introduction of competitive protein-binding (CPB ) methods 

(Murphy, 19 64, 1 967) and radioimmunoassay (RIA) techniques 

(Niswender and Midgley, 1 970) for steroid determination has resulted 

in simple and sensitive assays that meas ure levels as low as 

0. 1 - 0 . 2 ng/ml of progesteron in 0 . 5 - 2 ml of peripheral plasma 

(Thorburn et al. , 1 969 ; Sarda e t  al. , 1 973). Very low levels of 

progesterone occur in ewes in oes trus; in anoestrus or in 

ovariectomis ed ewes ; or in wethers ( Thorburn et al. , 1 969 ; Sarda 

e t  al. , 1 973 ).  Before the development of  these sensi tive tecruri ques 

the limi t of sensitivi ty for progesterone concentration was about 

4 ng/1 00 ml (Moore e t  al. , 1 969 ) . This was not sensitive enough to 

measure peripheral plasma concent rati on and requi red 8 mls (Short 

e t  al. ,  1 963)  or 20 ml (Moore e t  al. ,  1 969) of u terine vein plasma. 
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Unless s epara ted out by me thods such as chromatography , the 

CPB technique measures a numb er of closely related s teroids as well 

as  proges terone . Such s epara tion pro cedures appear unne cessary in 

the routine assay for proges terone in the peripheral plasma of non

pregnant sheep (Thorburn et al . ,  1969)a Differences in assay 

technique may explain s ome of the observed differen ces in measured 

proges terone concentrati ons between expe riments (Thorburn e t  al. , 

1969) although many other factors are also involved. 

Fa ctors affecting proges terone in peripheral blood 

1. S tage of the reprodu ctive phas e 

C oncentration of proge s terone in the periphe ra l plasma and the 

pat tern of progeste rone production at various reproductive phases 

have been documented by many authors s ome of vThom are lis ted under 

the f oll owing headings : 

(a) anoes trus or ovariectomised ewes 

Thorburn et a l .  (1969); Fylling (1970); 
Sarda e t  al . ( 1973). 

(b) ewes during the oes trous cycle 

S tabenfeld t  e t  al . (1969); Thorburn et  al . (1969) 
Obs t et al. (1970); Allison and M cNa tty (1972); 
Dunn e t  al. (1972); Lamond and Gaddy (1972); 
Pant e t  ala ( 1 972); M cNa tty e t  al. ( 1973) ; 
Sarda et  al. (1973); Thorburn e t  ala (1973). 



( c ) pregnant o r  mated ewes 

Basset  et al . ( 1 969 ) ; Bindon ( 1 971 a ,  b ) ; 

Bind on e t  al . ( 1 97 1 ) ; Cumming et  al . ( 1 971 ) ; 
Obs t e t  al . ( 1 972 ) ; Robertson et  al .  ( 1 97 1 ) ; 

Russel and Foot ( 1 971 ) ; Slotin  et nl . ( 1 97 1 ) ; 

Bedford �t al . ( 1 972 ) ; Gadsby et  al . ( 1 972 ) ; 

Liggins et al . ( 1 972 ) ; McNatty et al . ( 1 972 ) ; 
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Moore et  al . ( 1 972 ) ; Saumande and Thimonier ( 1 972 ) ; 

S tabenfeldt e t  al . ( 1 972 ) ; Thorburn et al. ( 1 972)(1973 ) ; 

Sarda e t  al .  ( 1 973 ) ; Shemesh et  al . ( 1 973 ) ; 

McNa tty et al .  ( 1 974 ) ; Thompson and Wagner ( 1 974 ) . 

The principal s ource of progesterone in the ewe during the 

oestrous cycle and in early pregnancy i s  the ovary with a small 

contributi on from the adrenal gland (Sarda et al . , 1 973 ) . The 

increase in blood progesterone l evels observed in the s econd half 

of pregnancy is attributed largely to placentaf producti on (Denamur 

and Martinet,  1 973 ) which is capable of maintaining pregnancy after 

about 50 days from mating (Denamur and Martinet , 1 95 5 ; Short, 1 957 ) . 

The ovarian contribution may be either maintained at a level typical 

of the firs t trimester of pregnancy, or may decrease as placental 

producti on increases (Moore et al . ,  1 972 ; Sarda e t  al . , 1 973 ; 

Thomps on and Wagner , 1 974 ) . The placenta c ontinues t o  secrete 

proges terone until just before delivery (Sarda et  al . ,  1 973 ) . 

Older ewes may have two peaks of progesterone activity during the 

latter s tages of pregnancy, while 2 year-old ewes often have jus t 

one peak (M cNatty et al . ,  1 972 ) . 



2 .  Temporal variati on 
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Blood levels of proges terone fluctuate widely between days 

indicating that factors other than the se cretory abili ty o f  the 

corpus luteum determin e the amount of proges terone get ting into the 

peripheral circulati on (Lamond , 1 973) . 

Mid-cycle plasma progest erone concen trations may b e  higher in 

autumn than s ummer (Lamond et al. , 1 972 ) al though temperature has 

li ttle i nf luence (Dunn et al. , 1 972 ) . 

Conf licting resul ts have been reported regarding diurnal 

fluctuati ons of plasma proges terone concen trations. Thus Thorburn 

et al . ( 1 9 69 )  and Allison and M cNatty ( 1 972 ) failed to s how diurnal 

changes during the oest rous cy cl e .  The latter workers c oncluded 

that short-term fluctuations obs erved in progesterone con centrati on 

would mask any diurnal fluctuati ons . Similarly McNatty et al. ( 1 974 ) 

could no t detect a signif�cant diurnal pat tern of proges terone 

production either early or later in pregnancy . C onverse ly 

signifi cantly higher luteal plasma proges terone levels were reported 

for daylight compared to darkness (McNatty e t  al. , 1 973 )  and in the 

afternoon compared to the morning (Dunn e t  al. , 1 972 ) in cycling ewes . 

3 .  Number o f  corpora lutea or foetuses 

The successful use of peripheral plasma progesterone c oncentra tion 

for p regnan cy determinati on has been rep or ted by seve ra l w o rkers 

(e . g .  Roberts on e t  al . , 1 97 1 ; Gadsby e t  al . , 1 972 ; Saumande and 

Thimo nie r ,  1 972 ; S hemesh et a l. , 1 973 ) . The latte r  workers 

concluded tha t  factors of cos t ,  labour and the need to sample a 

known time after mating , limit the use of progesterone conce ntrati on 

for p regnancy diagnosis t o  that f or research purposes. 
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Early work showed lit tle difference in  the proges terone 

concentration in ovarian vein b lood from ovaries with ei ther one or 

two corpora lutea ( Edgar and Ronalds on,  1 958) . Similarly , more 

recent work reported lit tle value from peripheral plasma proges terone 

leve ls in distinguishing between ewes wi th one or two corpora lutea 

( Bindon et al . ,  1 97 1 ;  Roberts on and Sarda , 1 97 1 ; Lamond and Gaddy , 

1 972) or foetuses ( Basset et al . , 1 969; McNatty e t  al o , 1 972; 

S tabenfeldt �al . , 1 972 ; Sarda et al . , 1 973 ) .  Conversely 

Cumming et al. ( 1 97 1 ) reported that ewes wi th no embryonic loss had 

greater peripheral blood progesterone concentr�tions on days 1 5  and 

1 6  of ' pregnancy ' if they had 2 rather than 1 corpus luteum. Other 

worke rs have also shown good relati onships between corpora lutea ( or 

foetal) number and peripheral plasma con centr� tion in prolifi c ewes 

( Russ e l  and Foot , 1 97 1 ;  Gadsby et al . ,  1 972; Thompson and Wagner , 

1974) and following PMSG administration ( Thorburn et  al . ,  1 969; 

Bindoh et al . , 1 97 1 ) .  Earlier work of Short (1 960 ; 1 96 1 ) also 

reported a pos i tive asso ciati on between corpora lutea number 

( :.r:� ollowing PIVlSG treatment ) and progesterone c oncentrati on in blood 

from the ovaria n vein . A significan t  rela tionship has been f ound 

between corpora lutea numbers and plasma progesterone concentration 

in  cows not returning to service 22 days after mating. Accuracy of 

prediction in this case was , however , limi ted due to a wide  s ca t ter 

of va lues (Lamond and Gaddy , 1 972 ) . 

Greater levels of embryonic dea th f ollowing superovula tion  is  

no t  due to an inadequa te proges terone c oncentra ti on (Short , 1960) . 

Simila rly higher endogenous levels of progesterone a re associated 

wi th lower embryonic morta li ty ( Cumming et  al . , 1 97 1 ; Trounson and 

Moore , 1 97 3 ,  1 974 ; Cumming et al . , 1 974). 
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The ewe appears not to have a ' feedback ' mechanism to control 

the secre tion rate of proges terone by the c orpora lutea in response 

to raised blood proges terone leve ls (Short et  al . , 1 963 ) .  Thus in 

superovulated ewes (Bindon et al . , 1 97 1 ) and cows (Lamond and Gaddy , 

1 972 ; Lamond , 1 973 ) , progesterone concentrations are often 

increased above normal physiological levels . Whe ther such high 

levels of proges terone have any influence on the maintenance of 

pregnancy is not clear (Lamond , 1 973) . 

The variance of progesterone concentration characteris tically 

increases with in creasing concentration and log transf ormation of 

values is ne cessary to maintain homogeneity of variation for many 

me thods of analysis (Bindon e t  al . ,  1 97 1 ; Gadsby et alo , 1 972 ) . 

Greater weights of lamb b orn have been ass ociated wi th the 

weight of functional cotyledons (Alexander , 1 964 ) and with higher 

proges terone production rates (Russel and Foot , 1 97 1 ;  Thomps on and 

Wagner , 1 974 ) .  Differences in foetal we ight carried may help to 

explain the great variation in plasma pro ges terone levels often 

observed after about day 1 00 or pregnancy (Bedford� . , 1 972) . 

Weight of cotyled ons or increasing uterine volume associated wit h  

foetal growth may be responsible for the above relationship 

(Bedford et alo , 1 972 ; Thompson and Wagner ,  1 974 ) .  Other workers 

report no good relati onship between the wei ght of the foetus (es ) or 

pla cental development and progesterone levels in blood ( Sarda e t  al. , 

1 973; Alexander and Williams , 1 966 ) o  



4 .  Level of feeding and ewe conditi on 
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A poor l evel of feeding of ewes from the second until the 

sixte9nth day after mating increased the c oncentrati on of 

proges terone in peripheral plasma (Gumming et al . , 1 97 1 ) and this 

effect was greater in twin-ovulating compared t o  single-ovulating 

sheep (Gumming , 1 972) . Similarly , Lamond et al . ( 1 97 2 )  reported 

that  thin ewes had higher blood proges terone levels possibly due to  

a reduced ex travas cular body pool size resulting from a low body 

fat content . 

Oestrogenic pastures may reduce progester one levels in pregnant 

ewes ( Obs t e t  al . ,  1 972 ) . 

5 .  Breed 

A breed difference in the rate of decline in progesterone levels 

t owards the end of the oes trous cycle has been reported for cows by 

Lamond et al . (1 971 ) o There was no difference between Merinos and 

Romneys in ei ther the pattern of progesterone producti on or in the 

abs olute levels recorded during the oes trous cycle (Allis on and 

McNatty ,  1 972 ) .  

Weight of Lambs at Birth 

The abili ty to identify litter size and to ad jus t  feeding levels 

of pregnan t ewes accordingly allows some c ontro l  of vari ati on of 

lamb bi r th weigh t .  Many o ther fac tors besides nutri tion operate t o  

control lamb birthwei ght, however . S ome of these have been 

reviewed by Hafez (1963 ) ; Larsen ( 1971 ) ; Everitt (1967a ) and 

Terri ll (1972 ) , al though more recent developments are discussed 

wi th ear li er work b e low. 



1 .  Genotype 

Factors affecting birthweight in sheep 

Breed differences for lamb birthweights have been reported 

(e . g. Chapman and Lush ,  1 932 ; Donald and McLean , 1 93 5 ;  Hunter , 

1 956 ; Dickinson et al . ,  1 962 ; Moore , 1 968 ; Karihaloo and C ombs , 

1 97 1 a ,  b ;  Larsen,  1 97 1 ) . Parental breeds differing widely in size 

have been used  to s tudy maternal environment and foetal contributions 

to b irthweight (Hunter , 1 95 6 ; Dickins on et al . , 1 96 2 ;  Karihaloo and 

C ombs , 1 97 1 a ,  b ) . Maternal effects appear more important in s ome 

s tudies ( Larsen,  1 97 1 ; Karihaloo and Combs , 1 97 1 a ,  b ) , a l though 

the foetus has more influence in o thers (Hunter, 1 9 56 ; Dickinson 

e t  al . ,  1 962 ) . The size of the maternal environment  effect remains 

unclear. Thus Bowman ( 1 967 ) and Hunter ( 1 9 56 ) concluded that this 

effect was only important when genotype for siz e of foetus was 

markedly different from tha t  of the dam but this contention has not 

always been supported (Larsen , 1 971 ) . 

2 .  S ize of ewe 

The relationship of lamb birthweight with ewe body size is not 

·clear. A positive relationship was reported by several workers 

( e.g. Donald and McLean, 1 93 5 ;  Wallace , 1 948 ; Donald and Russel , 

1970; McC lelland and Forbes , 1973; Bradford et al . , 1 974 ) while 

others could find no significant correlation between ewe weight and 

lamb birthweight (Hunter, 1956; Karihaloo a:ndCombs, 1971a ) . 

3. Age of ewe 

I�creasing age of ewe has been positively associated with 

greater birthweights (Hammond, 1932, 1944; Hunter, 1956; Russel 

and Foot, 1973). An interaction between age of ewe and level of 



nutriti on has also been reported ( Bennett e t  al . ,  1 964 ) .  

Age is correlated wi th ewe liveweight in many environments 

(Coop , 1 973 ; Right and Jury , 1 973) and is also closely rela ted to 

1 8 . 

pari ty. However ,  al though increas ing parity ( independent of live-

weight ) has been asso ciated with increased birthweight (Dickins on 

et  al . ,  1 962) , this s tudy used separa te b reeds for e a ch pari ty group 

and d id not control  age of ewe effects . 

4 . Nutri tion 

The effe cts of nutri ti on during pregnancy on bir thweight in 

sheep have been reviewed by Thompson and Aitken ( 1 959 )  and Everi tt 

( 1 967a) . 

Undernutri tion has i ts grea tes t effect on pre-na tal growth in 

late pregnancy ( Everi tt , 1 967a) although birthwei ghts may be  reduced 

by po or feeding earlier in ges tati on ( B ennett et  al . ,  1 964 ) . Energy 

intake of the pregnant ewe does no t always influence lamb birthweight 

(Pals son and Verges , 1 952 )  but depends on the degree of under

nourishment in late pregnancy (Papadopoulos and Robins on, 1 957) . 

Thus unless the ' low level ' of feeding is  severe enough , birthwe ight 

may not be affe cted by the nutri tional treatment ( e . g . Underwood and 

Shi e r ,  1 942 ;  C oop 1 9 50 ; Papadopoulos and Robins on , 1 957 ; Hodge , 

1 966 ; Evans and Wilcox , 1 96 9 ;  Monteath , 1 97 1 ; McC lelland and 

Forbes , 1 973 ; Robins on , 1 97 3 ;  Louca e t  al . ,  1 974 ) .  C onvers e ly ,  

more extreme levels of nutriti on have affected lamb birthweight 

( e . g . Thomps on and Fraser , 1 939 ; Underwood e t  al . ,  1 943 ; Wallace , 

1 948 ; Thomps on and Thomps on , 1 949 ; C oop , 1 950; B ennett  e t  al . ,  

1 964 ; Everitt , 1 967b ; Sheehan and Lawlor ,  1 972 . 
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The use of bio chemical param eters such as the plasma levels of 

non-es te rified fatty acids (NEFA) may be a more pre cis e i ndex of the 

adequacy of nutri ti onal level in late pre gnancy (Reid , 1 9 56 ; 1 963 ; 

Russel e t  al . , 1 967a , b :  Davi es et  al . ,  1 97 1 ) . For a given level 

of f eedi ng in late pregnancy , ewes carrying twin foetus es suffer 

greater levels of undernourishment than do single-bearing ewes 

(Davies e t  al . ,  1 97 1 ) . D ifferences in b irthweight due to diff erent 

feeding treatments are more c ommonly reported for multiple compared 

to single-bearing ewes (Palss on and Verges , 1 952 ; Louca et  al . , 

1 974 ) . 

Overfat ewes may have light lambs at bi rth (Jeffri es and Fearn , 

1 956 ) al though this is no t always the cas e (Papadopoulos and 

Robi ns on , 1 957 ) . 

Both seas on and s tocking rate may affect lamb birthweight 

(Kenny et al. ,  1 974 ) . 

C rude pro tein intake d uring the second half of pregnancy has a 

variable  effect on birthwei ght . Thus the birthwei ght of lambs may 

not be s ignif icantly influenced by level of crude pro te in in the 

die t  (K los tennan e t  al . ,  1 953 ; Forbes and Robins on , 1 967 ) although 

extreme levels of protein can affect this (Robins on and Forbes , 1 968 ) . 

Other workers, however, have reported the birth of  heavier lambs 

following raised protein intake (Slen and Whi ting, 1 952 ; Parkins 

et al. , 1 974) . The latter report suggests that positive effects on 

lamb birthweight may be expected from increased crude protein feeding 

when plasma urea concentrations fall below a critical level of about 

10 mg/100 mls. 
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The avai lability of drinking water can affect birthwei ghts of 

lambs ( Lynch et al . , 1 972 ) . 

Underfeeding in early pregnan cy can res trict placental 

deve lopment whi ch may reduce the weight of lambs at birth ( Everitt , 

1 967a ) . B irthwei ght is correla ted w ith the weight of co tyledons in 

la te pregnancy ( Alexander , 1 964 ) but factors de termining the weight 

of the p la cen ta in ewes remain largely unknown (Huggett , 1 959) . 

Proges terone and oes trogen blood levels may be involved s ince they 

have been implica ted in the cont rol of placental wei ght of laboratory 

animals ( Alexander , 1 964) al though more recent work in the sheep tends 

to negate this (Alexander and Williams , 1 966 ) .  Poor f eeding may 

differen tially influence the wei ght and morphology of individual 

cotyledons according to their posi tion wi thin the uterine horn 

(Everitt , 1 967a )  and this supports the theory of local haemodynami c 

control of pre-na tal growth in sheep as sugges ted for laboratory 

animals ( McLaren and Michie , 1 960) . This contras ts wi th the 

general systemi c  principle proposed by Hammond ( 1 944) . 

5 . Li tter size 

Whatever the mechanism , litter size in s heep is inve rsely 

related to  lamb birthweight ( Hammond , 1 932 ; Teri ll , 1 944 ; Boshier 

e t  al. , 1 969 ; Karihaloo and C ombs , 1 97 1 a ;  Larsen, 1 97 1 ; Bradford 

et al. , 1 974) .  

6 .  S ex 

Males are of ten heavier at  birth than females (Dickinson, 1 96 0 ;  

Terrill , 1 972 ; Bradford et  al. , 1 974) although thi s  effect i s  not 

always significant (Hunter , 1 956 ; Karihaloo and C ombs , 1 97 1 a ) . 

Male lambs from twin-beari ng ewes tend to  have heavier birthwei ghts 
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than females ( Di ckins on , 1 960) the difference being grea tes t when 

males are eo-twin to females rather than a comparison of like-sexed 

litter birthwei ghts (Donald and Purser , 1 956 ; L�rsen ,  1 97 1 ; 

Burfening, 1 972 ; Terri ll , 1 972) . 

7 .  Exercise,  disease and heat s tress 

Al though exe rcise  has not b een shown to influence lamb birth

we ights ( Culpin , 1 962) , infectious disease in pregnant ewes may 

result in the birth of small lambs ( Hughes , 1 972) . Similarly , 

heat stres s from the middle of pregnancy can significantly reduce 

birthweights independently of a reduc ti on in feed intake ( Yeates , 

1 953 ; Alexander and Williams , 1 97 1  ) .  

8 . Ges ta ti on length 

An inverse relati ons hip has been observed be tween li tter size 

and ges tation length (H���ond , 1 932 ; Forbes , 1 967 ) although other 

resul ts S ' l OW l i ttle evidence of such a rela ti onship ( Terri l l , 1 944 ;  

Boshier e t  a l . , 1 969 ; Lars en , 1 97 1 ; K arihaloo and Combs , 1 97 1 a ) . 

Ges ta ti on length has b een corre lated with bi rthweight i n  s heep 

( McLaren and M i chie ,  1 963 ; Terri ll ,  1 972 ) . Pregnancy in large 

breeds is ex tended by the presence in utero of foe tuses of sma ller 

breeds ( Hunte r ,  1 956 ; Dickinson et a l . , 1 962 ; Moore , 1 968 ; 

Karihaloo and C ombs , 1 97 1 a )  but results us ing breeds wi th a lesser 

size  differenc e  have been less conclus ive ( Larsen , 1 97 1 ) .  The 

foetus has been es timated to account f or two thirds of the gene ti c 

variati on in ges tation length (Bradf ord et  a l . , 1 972) wi th the 

ini tia ti on of parturi tion probably being dependent on the f oe tal 

adrenal-pi tui tary axis ( Liggins , 1 968 ; Liggins et al . ,  1 972 ) .  

The siz e  (Alexander , 1 964)  and weight  (Boshi er et al . ,  1 96 9 )  of the 



foe tus have been reported to have a poor relati onship with the 

initiation of parturition whi ch probably sugges ts an overriding 

effect of the foe tal adrenal-pitui tary pathway ( Boshier e t  al . ,  

1 969) . 
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Poor, nutrition during the las t two months of pregnancy reduces 

the length of gestati on (Wallace , 1 948; Thomps on and Thomps on , 1 94 9 ;  

Alexander, 1 9 56 ) b eing more pronounced i n  twin-bearing ewes (Terri ll , 

1 972 ) and for ewes res tricted late in pregnancy (Alexander,  1 956 ) .  

C onflicting resul ts have been cited by Thompson and Ai tken ( 1 959) . 

Sex may (Dickinson e t  al. , 1 962 ; Bradford et  al. , 1 974 ) or  may 

not (Forbes , 1 967 ; Larsen , 1 97 1 ) affect ges tation length in ewes . 

Simi larly the length of pregnancy may increase wi th age of ewe 

(Terrill and Haze l , 1 947)  although this relationship _ is  unclear 

(Forbes , 1 967) . 

The spasmodic occurrence of an unusual number of lambs of 

extreme size in the absence of known factors shows that much remains 

to be learnt about the process es control ling birthweight (Braden 

and Baker , 1 973 ) .  

Weight of Lambs at Weaning 

The final measure of the reproductive performance of the 

breeding ewe is often a function of the weaning weight of her lamb . 

The factors known to  influence weaning weight have been reviewed by 

Hafez ( 1 963 ) ; Kirton ( 1 970) and Larsen ( 1 97 1 ) .  



Fa ctors affecting weani ng weight 

1 .  Geno type 

The breed of dam (Coop ,  1 9 57 ; McC onne ll and Jagus ch , 1 972 ; 

Geenty and Jagus ch , 1 974 ) and of sire ( Carter , 1 968 ; Donald e t  al . , 

1 970) bo th affect the weight of the weaned lamb . Progeny from 

Border Leices ter x C o rriedale ( F1 ) and s traight-bred C orriedale ewes 

( Coop , 1 9 57 ) had differences in weaning weight whi ch were comparable 

to thos e reported be tween Border Lei ces ter x Romney and s traight

bred Romney sheep ( C oop and C lark , 1 965 ) . First-cros s progeny are 

markedly superior in weaning wei ght to the parent breeds but this 

advantage diminishes to the F3 genera tion when no sele c ti on f or the 

trai t i s  practi ced ( Clarke , 1 962) o In tens ive se lection for  

reproductive characteris ti cs may , howeve r,  main tai n the livewei ght 

of crossbred sheep a t  a level simi lar to that of t he F 1 ( C oop ,  1 967) . 

Crossbreeding Merinos wi th British b reed sires resul ted in 

progeny which grew m ore rapidly than the s traight-bred Merino lambs 

due largely to a greater capa ci ty to consume feed ( Langlands , 1 973 ) . 

A simi lar effec t w as noted with Border Lei ces ter lambs compared to  

Merinos ( Langlands , 1 972 ) .  

Wi thin a breed the variation in weaning weight between s i res 

may b e  almos t as great as tha t  between breeds (Carter ,  1 968 ; 

D onald e t  al . , 1 968 ) .  

Inbre eding can have a depressing eff e c t  on weaning weight 

(Haz e l  and Terri ll , 1 945 ) . The es timat ed heritabil ity of weaning 

wei gh t  is l ow (C h ' ang and Ra e , 1 96 1 , 1 970 ; Young e t  al. , 1 965 ) .  

The ewe influences t he weaning we ight of h er progeny b o th through 

the genes she transmi ts and by th e materna l envir onment she prov ides 

( Ch' and and Rae ,  1 96 1 ) .  
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2 .  Weight of ewe 

Heavy ewes may allow fas ter growth rates of lambs under certain 

c onditions (Donald et a l . , 1 970) . An advantage of low ewe live

weight during lactation on the effi ciency of production ,  however , 

has been sugges ted by Large ( 1 970) and supported by Geenty and 

Jagusch ( 1 974 ) and Speddi ng e t  al .  ( 1 974 ) .  

3 .  Age of dam and of lamb at weaning 

The age of the dam ( Terri ll and Hazel , 1 94 5 ;  Ch ' ang and Rae , 

1 96 1 , 1 970 ) and of the lamb at weaning (Barni coat et al . , 1 9 57 ; 

Ch ' ang and Rae ,  1 96 1 , 1 970 ; Kirton , 1 970)  have moderate effects on 

weaning wei ght .  

4 .  Birthweight 

Weaning weight of lambs has been posi tively asso ciated with 

birthweight ( Thomps on and Ai tken, 1 9 59 ; Scales , 1 968 ) .  This 

eff ect may be mediated through the obs erved relati onship between 

birthweight  and milk yi e ld since the latter is  related to weaning 

weight (Thompson and Ai tken ,  1 959 ) .  

5 .  Birth and rearing rank 

The type of bir th and rearing  have an important effect on the 

variati on of weaning wei ght (Hazel  and Terri ll , 1 94 5 ;  Papadopoulos 

and Robinson, 1 957 ;  Ch ' ang and Rae , 1 96 1 , 1 970 ; Donald et al . ,  

1 970 ; Burfening,  1 97 2 ) . The greater weaning weight of singles may 

be partly explained by their greater birthweight as well as by their 

greater intake of milk (Barnicoat et al. , 1 949) . Twins reared as 

singles are usually heavier at weaning that twin-reared lambs and 

this is probably due t o  a greater milk availability ( Ch ' and and 

Rae , 1 96 1 ) .  
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6 .  M i lk  production 

The importance of ewe milk on weaning weight and factors 

aff e c ti ng yield of mi lk in ewes have been revi ewed by Glover ( 1 972 ) . 

Milk yields rep orted for ew es are greatly influenced by methods of 

measurement used (Co ombe et al . , 1 960 ; Treacher , 1 970b ) . 

The level of feeding i n  late pregnancy ( Treache r ,  1 970a ; Louca 

e t  al . , 1 974 )  but more es pe cially in early lactation ( C oop e t  al . , 

1 972a , b )  has an important influence on milk yield and on weaning 

weigh t . 

Apart from the ewe ' s inherent abi lity to produce it , mi lk 

production i s  a lso  affe cted by the potential of lambs to obtain i t  

( Mo ore , 1 966 ) . Not all reports agree , however , s ince bir th rank 

( Davies , 1 96 3 ; Gl over , 1 97 2 )  or lamb geno type (Davies , 1 96 3 ;  

Langlands , 1 97 3 )  may or may no t affect milk yield i n  ewes ( Forbes , 

1 96 9 ;  Langlands , 1 972 ) . 

7 .  Sex 

Lamb weaning weights may depend on sex ( Ch ' ang and Rae , 1 96 1 , 

1 970 ;  Kirton , 1 970) although method and time of cas tration appear 

to have li t t le influence on the parameter ( Wilcox , 1 968 ) . I nduced 

cryptorchids may grow fas ter than we the rs ( C orbet t e t  al . , 1 97 3 ) . 

I nteractions have been reported for weaning wei gh t  between sex of 

lamb and leve l of feeding ( Palsson and Verges , 1 952 ; Papad opoulos 

and Robins on , 1 957 ; E�e rit t ,  1 967a)  and between sex of lamb and 

birth or rearing rank (Papadopoulos and Robins on , 1 957 ; Burfening , 

1 972 ) . Hence males gain and lose weigh t  more rapidly under good 

and poor f eeding condi tions respective ly than females . The latter 

grow fas ter if reared eo- twin to  females rather than to males . 
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Purpose and Scope of the Inves tigation  

The purpos e of  the inves tigation was to study s ome of  the 

physiologi cal factors whi ch may cause the obs erved d ifferences in 

reprodu ctive performance be tween F1 Border Leices te r  x Romney and 

Romney 2 year-o ld ewes . Ewes were in jected wi th PMSG after being 

grazed a t  e ither a high or a low level of feeding and s tudies were 

made on : activity  of the ovari es ; lambing and weaning performance 

of ewes ; and the pre-natal and post-natal growth of lambs . 

The trial also offered the opportunity to  investi gate changes in 

peripheral blood progesterone throughout pregnancy and to consider 

the possibi li ties of using such informati on to predic t  numbers of 

offspring carried by the ewe . 



C H A P T E R  II  

M A T E R I A L S A N D  M E T H O D S 



CHAPTER II 

MATERIALS AND METHODS 

The animals used w ere an unselected group o f  207 , 1 8  month-old 

( hereafter described as 2 year-old ) maiden Romney and F1 Border 

Leicester x Romney ( Border-Romney ) ewes . All ewes were the product 

of  mating Romney and Border Lei cester rams to Romney ewes derived 

from a randomly bred flock maintained at Massey University since 

1 944 , and comprised the complete age group for that year.  Ewes in 

the experimen t had been run t ogether since birth , they were 

identified by serially numbered brass ear tags and c orresponding 

numbers were branded midside at the commencement of the tria l . 

Experimental Plan 

The experimental plan and calendar of events is set  out in 

Fig . 2-1 and Fig . 2-2 and discussed in the fol lowing sections . 

1 . Nutri tion 

Ewes were wei ghed during the pre-experimental period and then 

allocated a t  random w ithin breed to groups . They were then fed 

( from February 2 until after laparo t omy ) a t  either a high or low 

level of nut rition. The ewes were grazed on 1 0  hec tares ( several 

paddocks ) of predominantly ryegrass-white clover pasture . 

Management was aimed at increasing t he liveweight of ewes  on the 

high plane as much as possible whi le maintaini ng or allowing slight 

weight loss in ewes allocated to the low plane of nut ri tion . 
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Since gutfill forms an important component of the liveweight of 

sheep , especial ly in wel l-fed animals , an attempt was made to measure 

this using the method described by Allison ( 1 968 ) .  Thus 6 sheep of 

each breed from e ach of t he feeding levels were weighed on February 

1 4 and transferred to the opposi te  nutritiona l group . Six days 

later the ewes were reweighed and returned to their original group 

and reweighed on February 26 . The loss and regain in weight for 

ewes from each nutri tional regime was determine d  and the difference 

in gutfi ll  between the feeding groups c alculated.  Thi s was used 

to  adjust liveweights t o  a common level of gutfill . 

Fo llowing laparot omy , ewes from each level of feeding w ere 

combined and managed as a single group through to weaning.  Weighing 

commenced at the b eginning of the nutri tional trea tmen t and continued 

at about fortnightly int erval s until a final weighing a t  mating. 

2 . Hormonal treatmen t s  

To induce and synchronise oestrous cycles o f  ewes early i n  the 

breeding s eason , 1 4-day treatments with polyurethane intravaginal 

sponges c ontai ning 40 mg methyl-acetoxy proges terone ( M .A . P . ) were 

adminis tered . Ewes w ere allocated at random ( within breed and 

nutritional group) t o  one of 5 similar sized groups treated with 

progestagen sponges a t  3-daily intervals ( from February 20 to  March 

3 ) . Thi s procedure was designed to provide manageable numbers of 

ewes for laparotomy . 

Vasectomised rams fitted wi th Sire Sine harnesses were used to 

detect ewes in oestrus following pessary rem oval . Ewes received a 

single 2 ml subcutaneous injection of ei ther distilled water ( 0  i . u .  

PMSG) , 600 i .u .  PMSG o r  1 200 i . u .  PMSG on day 1 2  or 1 3 o f  the 



o e s t rous cyc le ( oestrus = day 0 ). Ewes not recorded in oes trus 

were inj ected 1 4  days fo l lowing sponge wi thdrawa l ( based on the 

e s t ima ted t ime of ovula ti on ) . 

3 .  De t ection o f  oestrus and ovula t i on 

2 9. 

Ewes were inspe c ted dai ly at 0800 and 1 700 h f o r  o c currenc e of 

o e s t rus . Fol lowing i nj e c ti on ,  ewes were run with harne ssed entire 

Sou thdo wn rams on the a ppropria te nu tri tional treatment . Each 

group was run with 2 rams which ha d been proven in previ ous s ea3ons 

and were regularly cha nged b etween groups t o  minimi s e  biases due to 

ram fa ilure o 

Laparo t omies were c onduc ted 4 o r  5 days a f t er the ewes were 

f i r s t  obs erved in oestrus . Ovaries were examined for number of 

r e c e n t  c orp ora lut ea ( as evi denc e of ovula t i on ) a s  we ll as the size 

and sta t e  of unovula ted f o l l ic l es . 

Be fore laparot omy , ewes were yarded and s ta rved overnight t o  

reduc e the ri sk o f  dea th fo ll owing a naesthesia and surgery . Ewes 

were returned to pa s ture f o l lowing the opera t i on but s e parated from 

rams f or at least 3 days . 

Ewes which returned t o  oes trus following lapa rot omy were 

naturally ma t e d  to one o f  t he S outhdown s ire s . Harnessed ent ire 

rams ( lat er replaced wit h  vasectomi sed rams ) were run wi th the ewes 

unt i l  abou t  t he end o f  the b reeding s eason (August 6 )  t o  d e t e c t  

la ter r eturns to oes trus . 

4 .  Pla sma progesterone c oncentra ti on 

Followi n g  mating and laparotomy ewes were selec ted on t he basis 

of c orpora lut ea number , and blood sampled at 20-day intervals 
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throughout pregnancy as shown in Fig.  2-2 .  These ewes were managed 

as one group s eparated only for blood sampling. 

Ewes re turning to  oestru s  before day 60 of pregnancy were 

removed from the early part of ana lysis and ewes not lambing were 

disregarded for the latter part  of analysis ( Fig 2-2 ) . For 

prac tical reasons , ewes to be bled were grouped into 5-day periods ; 

for example , ewes said to be sampled on day 20 of gestation also 

included e wes  that were a c tually 1 8  to  22 days pregnant . 

Jugular vein blood samples  ( 20 ml ) were collec ted in heparinised 

tubes and immedia tely placed on ice .  All  collections were made 

between 0830 and 0930 h and c entrifuged wi thin 45 minutes of 

colle c tion and 1 0 ml of plasma per c o llec tion was s tored at -1 5°C 

unti l assay . 

Plasma samples co llec ted on days 20 , 40 , 60 and 1 20 were 

assayed using a method descri bed by Smith et a l .  ( 1 975 ) . Although 

no chromatographic step was included in the assay Thorburn e t  al . 

( 1 g6g)  have indicated t ha t  interfering substances in sheep plasma 

are not significant and tha t  at least go% of t he indicated value is 

progesterone . 

5 . Observations on progeny 

Ewes in lat e  pregnancy were managed according t o  expec t ed 

lambing performance . At birth , lambs were identified by a serially 

numbered ear t ag as w ell as a brand ( in the case of multiples ) . 

Birthweight , birth rank , and sex of the lamb ( s ) were rec orded and 

the gestation length (in days ) was calculated . 
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Ewes were given every chance to  rear all their lambs a lthough 

with triplets i t  often became necessary to rear at least  one lamb on 

a foster dam . Lambs removed from the ir dams were discarded from 

subsequent analyses . 

Male lambs wer e  castrated . Al l lambs were weaned a t  about 1 00  

days of  a ge and liveweights were recorded . 

Ana lysis of Data 

Data from 8 ewes were excluded from analys is fo r a variety of  

reas ons : failed t o  ovula te ( three ewes ) , retained sponge ( one ewe ) , 

facial ec zema ( two ewes ) , death prior to or  following laparotomy 

( two ewes ) . 

Discret e da ta were analysed using Chi-square tests or the G 

statistic  ( Sokal and Rohlf , 1 969 ) . 

Da ta involving:  

i .  cycle  length 

ii . ovarian res ponse 

iii . ovum wastage 

iv. progesterone c onc entrati on in  peripheral plasma 

v .  weight o f  lamb born 

vi . ges tation length 

vii . birth and w eaning :·Teight information 

were analysed by analysis of var iance applied to  a c ompletely 

randomis ed fac torial experimental design (Kempthorne , 1 952 ) . 



1 . Transformations 

(a )  Di screte data 
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Data involving c ounts , i . e .  for corpora lut ea and follicle 

numbers ( ovari.an res pons e ) , s tudied us ing analysis of varianc e 

methods , w ere found to be Poisson rather than normally dis tributed. 

Thus by use of Bartlett 1 s test on da ta concerning numbers of corpora 

lut ea , varianc e  was shown to increase with greater PMS G doses and 

mean numbers o f  corpora lut ea . A square-root transformation was 

a pplied to the data (Sokal and Rohlf , 1 969)  which reduced 

heterogenei ty o f  varianc e (Appendix I ) .  

As a result  of this evidenc e the square-ro ot transformati on was 

applied to a l l  discrete data . 

( b )  Plasma progesterone da ta 

A Bartlett ' s test  fo r homogeneity of variance on plasma 

progesterone d ata indicated tha t the varianc e of this variable 

inc reased with its absolut e magnitude . The da ta were therefore 

subj ected to a loge transformation which resul ted in homogene ity of 

variation prio r  to  analysi s  of variance . 

( c ) O ther data 

A Bartlett ' s test on cycle length data indicated non significant 

he terogeneity of variati on and no t ra nsforma ti on of the da ta was 

required . 

2 .  Analysi s of  variance 

The classification model which describes the res ponse for 

multiway fac t orial experiment of  c ompletely randomised d esign is : 

Yi j = u + tj + eij 
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where : 

Yij is  t he response variable ( e . g. )corpora lutea numbe r ) 
for the ith individual rec eiving the j th  treatmen t 

u 

t ·  J 

e · . l J 

is  t he general mean effec t 

i s  the effect  of the j th treatment 

is t he error peculiar to eac h  Yij 

The model was fitted by ordinary least  squares methods after 

reparametrisation t o  obtain ful l  rank . The method of 

reparametrising non full rank ( experimental design ) models  to 

regression models of  full rank is di scus sed by Kempthorne ( 1 952 ) 

and has been summa rised by Pascoe ( 1 973 ) . 

For most of the analyses of variance i t  w as possible to 

reparametrise  the model so tha t the least  squares regression 

coeffi cients es tima ted ( direc t ly ) the trea tme11t compari s ons of 

interest and also gave ( directly ) the estimated varianc es of these 

estima tes . 

However ,  when birth rank was considered as a treatment ( e . g .  in 

the analysis of weight of lamb born and ges ta tion l ength) , the model 

was not reparametri sed to e st imate  trea tment e ffec ts direc t ly .  

Sinc e  ewes in the c ontrol PMS G group di d not lamb triplets , missing 

treatmen t  c lasses existed and complicated  the prob lem of deriving 

the d esired reparametrisati on ( see Appendix II ) . In this case the 

model was reparamet rised to full  rank to give the analysis of 

variance and selec ted treatment comparisons were ;stimated from the 

trea tment means . 
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�jc §  Var ( Yj ) 

2 4 ( 1 ) 0 � - c J 11 .  J J 
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by : 

where nj is the number of individuals receiving the j th treat ment . 

This variance is estimated by : 

02 2: - c �  (.1.. ) e J J nj 
where 0� is the error mean square obtained fro m the analysis 

of variance . 

The cj values are select ed so as t o  estimate t reatment c omparisons on 

a per sheep ( individual )  basis . 

A s ignificance level for the null hypothe si s :  

and the alternative hypothesis : 

HA : �j cj t j f 0 

' can t hen be obtai ned  from the t stat isti c 

t �j c{ij/ 10� 2 ( .1.. ) = �j cj n .  J 

which follows the t frequency function with degrees  of  freedom 
-l(· 

asso ciated with E . M . S .  under the null hypothesis . 

Comparis ons of treatment means were made following analyses of  

variance which gave stat isti cally signifi cant result s .  These means 

were inspected us ing the Student-Newman-Keuls t est ( Sokal and Rohlf,  

1 969) . 
*error mean square 



3 .  Relationship of liveweight and ovulation rat e  

3 5 .  

Relation of liveweight at PMSG inj ection (and change in weight 

over the 2 months before inj ection ) to ovulat ion rate . 

Separat e regressions w ere calcula ted (after reparametrisation 

of the model ) of the s quare root of c orpora lut ea number on ewe 

liveweight at injection fo r each of the 1 2 ( Breed-Nutriti on-PMSG dose ) 

treatment groups . The sums of  squares of  thi s model were compared 

to those when a c ommon regression across  all treatment groups was 

used : 

Thus the general model was :  

y . .  = u + BjX ·  · + t ·  + e ·  . l J  l J  J l J  

where Yij is the square ro o t  of corpora lutea number for the 

it h  ewe receiving the · th J treatment ( j = 1 -1 2 ) . 

u is an estima te of t he general mean 

B · J is the regre ssion c oefficient for the j th treatment 

group 

Xij is the weight at inj ection of the ith ewe 

receiving t he j th  inj ec tion 

t j is the e ffec t of the j th trea tment 

ei j  is the r esidual error which is  assumed to have 

zero mean and c onstant variance 

The hypotheses tested by analysis of variance were : 

B3 = • . • • • • • . . .  B1 2 = B  

� 2 f B 

where B1 2  are regression coefficients for the 1 2  

treatment groups and B is the regression coefficient for the common 

regression of �corpora lutea number on mating weight across all 

treatments. 



A similar method was used t o  s tudy the e ffects of a change in 

ewe liveweight before injection o n  o vulation rate and of ewe 

liveweight together with the weight of lamb born on blood 

progesterone concentration. 

4 .  Weaning weight da ta 

Weaning weight s w ere analysed after adjusting fo r age at  

weaning using the regression of age of  lamb at  weaning on weaning 

weight in a s imDBr manner to that descri bed for relating ewe 

liveweight to ovula ti on rate . 

Weight gain per day fo r e ach lamb was e s timated thus : 

Weight at Weaning - Weight at Birth (kg/day) 
Age a t  Weaning (days ) 
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CHAPTER I I I  

LI VEWEI GHT, OVARIAN CHANGES, OESTROUS PHENOMENA AND 
CYC LE LENGTH OF EWES 

Liveweight of Ewes 

Mean liveweights of each of the breedA and nutri tional groups 

are li s ted in Table 3- 1 and in Fig . 3-1 . 

Although all o cation of ewes to treatment groups was at  random, 

there was an init ial  differen ce of ab out  1 kg in mean liveweight 

be tween Romneys on the high level of fe ed ing and poorly fed Romneys . 

The es timated wei ght of the d ifference in gutfi ll be tween the 

high and low plane feeding groups was about 1 kg. This weight was 

deduc ted from liveweights of be tter fed ewes to  express bodywei ghts 

from February 20 onwards at a common level of gutfill . 

The nutri tional treatment r esulted in  the high plane group of  

ewes gaining 1 . 39 kg and the low plane ewes los ing 1 . 52 kg. A t  

mating , ewes re ceiving the high level o f  nutrition (Border-Romneys , 

54 . 23 ± 0 . 72 kg ; Romneys , 46 . 03 ± 0 . 7 1  kg) were signifi cantly 

heavier (P ( 0. 005 ) than the less well fed ewes (Border-Romneys , 

50 . 97 ± 0 .  7 1  kg ; Romneys , 44 . 57 ± 0 . 82 kg) . A lower than average 

rainfall (Appendix IV)  res tri cted pas ture production which prevented 

achievement of greater differences in liveweigh t  be tween feeding 

groups o C rossbred ewes over both levels of feeding were heavi er 

a t  mating (P ( 0 . 001 ) than the Romneys ( see  Table 3-2 ) .  

A Although , s trictly,  F 1 Border-Romney s heep do not cons t i tute a 

breed, for s implici ty they will be referred to as such in this work .  



TABLE H= MEAN EWE LIVEWEI GHTS (ke?J CLASSIFIED ACCORDING TO BREED, NUTRITIONAL LEVEL AND DATE OF WEIGHING 

Breed of Ewe 

Nutritional Level 

Number of Ewes 

Time of weighing 

Pre-ex12erimental 

Mean 

± S . E .  

Februa!:I 20 
Mean 

± S . E. 

March 2. 

Mean 

± S . E .  

March 1 5  

Mean 

± S .E .  

A.I2ril 4 

Mean 

± S . E .  

Low 

57 

52 . 1 9  
0 . 74 

52 . 35 
0 . 74 

5 1 . 32 
0 . 76 

50 . 77 

0 . 69 

50 . 97 

o . 71 

Border-Romne;z 

High Combined 

5 6  1 1 3 

52 . 1 9 52 . 1 9  
0 . 75  0 . 53 

53 . 48 52 . 92 
0. 75 0 . 52 

53 . 84 52 . 58 

0 . 76 0. 54 

53 . 86 52 . 32 

o .  70 0 . 49 

54 . 23 52 . 60 

0. 72 Oo 5 1  

Romne;z Both Breeds 

Low High Combined Low Hi gh 

43 44 87 1 00 1 00 

46 . 36 45 . 28 45 .82 49 . 28 48. 74 
0 . 85  0 . 84 0. 60 0. 56 0 . 59 

46 . 08 46 . 06 46 . 07 49 . 2 1  49 . 77 
0 . 85  0 .84 0. 60 0 . 56 0 . 56 

44 . 55  45 . 20 44 . 88 47 . 94 49 . 52 
0 . 87 0.86 o .  61  o. 57 0 . 57 

45 . 1 3  46 . 07 4 5 . 38 47 . 95  49. 97 
0 . 80 0 . 79 0 . 56 0 . 52 0 . 53 

44 . 57 46 . 03 4 5 . 30 47 . 77 50 . 1 3  
0 . 82 0 . 81 0 . 58 0 . 54 0 . 54  
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TABLE 3-2 : EFFECT OF BREED AND NUTRITIONAL LEVEL ON LI VEWEI GHT 
AT MATING 

C lassification 

Breed of Ewe 

Border-Romney 

Romney 

Leve l of Nutri ti on 

Low 

High 

No . of Ewes 

1 1  3 

87 

1 00 

1 00  

Analysis of Variance 

S ource of Variati on 

Between Breeds 

B etween Nutri tional Levels 

Interaction 

Error 

d .  f .  

1 9 5 

Total 1 99 

*** p < 0 . 00 1  

**  p ( 0 . 0 1 

* P ( 0 . 05 

0 . 05 ( P ( 0 . 1  

Ewe Liveweight (kg) (Mean + S . E .) 

52 . 60 ± o . 5 1  

45 . 30 ± 0 . 58 

47 . 77 ± 0 . 54 

50. 1 3 ± 0 . 54  

Mean squares 

2604 . 84 *** 
280 . 23 ** 

36 . 49 

28 . 33 

N . B . These s ymbols wil l  be us ed t o  signify levels of s tati s tical 
signifi cance for the remainder of Analyse s . 
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Induction• and Synchronisa tion of Oes trus 

The use of proges tagen sponges to induce and synchronise 

o es t rus in young ewes provided data on the effe ctiveness of 

synchronisat i on soon af ter pessary removal ( expected firs t  oestrus ) 
and one cycle  later ( expected second oest rus ) . The e ffects of 

breed , nutri ti onal leve l and dose of  PMSG were s tudied. 

1 .  Incidence of  oes trus 

(a ) Expe c ted ' firs t '  oes trus 

Table 3-3 summarises  the incidence of oes trus in terms of breed 

of ewe and level of feeding. Fewer ( 1 4 . 5%) Border-Romney ewes had 

' si lent '  heats ( P ( 0 . 05 )  than Romneys . There was n o  signi fi can t  

eff e c t  of nutritional level on the proporti on of ewes showing 

' over t '  heat at thi s time . The re we re no signifi cant int eractions . 

Examinat i on of the ovari es for corpora albi cans ( old c orpora 

lutea ) showed that all ewes had ovulated at expe cted fi rs t  oes trus . 

(b ) Expected ' se cond ' oes trus 

There were no s ignificant effects  of breed , level of feeding or 

dose of PMSG on the o c currence of overt oes trus at the t ime of 

expected second heat following s ponge withdrawal ( Table 3-4 ) . 

Over all treatments there was a lower proportion of ewes in 

oestrus immediately after sponge removal 1 59/200 than at the 

expected second heat 1 9 1 /200 (P < 0. 00 1 ) . 

2 .  Synchronisation of oestrus 

(a) Expe cted first oes trus 

Frequenzy dis tributions of ewes in oes trus over the 7-day period 

after sponge removal are shown in Table 3-5 and Fig. 3-2 . 



TABLE 3-3: EFFECT OF BREED AND NUTRITIONAL LEVEL ON THE INCIDENCE 
OF OESTRUS WI THIN 7 DAYS OF PROGESTAGEN SPONGE TREATMENT 

C lassification :  No . of Ewes Showing: 

Bre ed 
of Ewe 

Border
Romney 

Romney 

B oth 
Breeds 

Level of 
Nutrition 

Low 

Hi gh 

Both levels 

Low 

High 

Both levels 

Overt 
Oestrus 

5 1  

46 

97 

33 

29 

62 

Low 84 

High 7 5  

Both levels 1 59 

Test  of Independence : G S ta tis tic 

Bre ed x Inciden ce of Oestrus 
I ndependence 

N ut ri tion x Incidence of Oes t rus 
I ndependence 

Breed  x Nutri tion x Incidence  
I nteraction 

Breed x Nutri ti on x Incidence  
Independen ce 

Silent 
Oestrus 

6 

1 0 

1 6  

1 1  

1 4  

25 

1 7  

24 

4 1  

d .  f .  

4 

Total % Ewes 
No. of Showj_ng 
Ewes Overt Oes trus 

57 

56  

1 1 3 

44 

43 

87 

1 01 

99 
200 

G 

6 . 37 

1 . 29 

0. 58 

8 . 24 

89 . 5 

82 . ! 

85 . 8 

7 5 . 0 

67 . 4 

7 1 . 3 

83 . 2 

75 . 8 

79 . 5 

Signifi cance 

* 

N . S .  

N .S . 



TABLE 3-4 : BREEDz NUTRITIONAL AND PMSG EFFECTS ON THE OCCURRENCE 
OF OESTRUS AT THE EXPECTED SECOND HEAT PERIOD AFTER 
PROGESTAGEN TREATMENT 

Clas sificati on No .  of Ewes Showing 

Overt Si lent 
Oestrus Oes trus 

Breed of Ewe 

B order-Romney 1 1 0 3 

Romney 81 6 

Level of Nutri tion 

Low 96 5 
High 95  4 

Dos e of. PMS G (i . u . ) 

0 60 3 

600 66 3 

1 200 65  3 

T otal 1 9 1 9 

Tes t of I ndepe ndence : G S ta tisti c  

Breed x Incidence o f  Oes trus 
Independence 

Nutrition x Incidence of  Oes t rus 
Independence 

PMS G  x Incidence of Oes trus 
I ndependence 

d . f o 

To tal No . % Ewes 
of Ewes Shmving 

Overt  
Oes trus 

1 1  3 97 . 3  
87 93 . 1 

1 01 95 . 1 
99 96 . 0 

63 95 . 2 
69 95 . 6 
68 95 . 6 

200 95 . 5 

G S ignificance 

0 . 02 N .S .  

2 . 05 N .S .  

o . o9 N .s . 



TAB LE .:c.2.: EFFECT OF BREED AND lEVEL OF NUTRITION ON THE INTERVAL BETWEEN SPONGE REMOVAL AND THE 
ONSET OF OESTRUS 

Classification : Days from SEonge Removal 
Level of Total No. 

Breed of Ewe Nutrition 1 2 3 4 5 6 7 of Ewes 

Number {Eercentage ) of Ewes in HeatA 

Low 8 ( 1 5 . 7 )  34 ( 66 . 7 ) 5 (  9 . 8 ) 4 ( 7 . 8 ) 0 0 0 5 1  
Border-Romney High 5 (  8 .7 ) 30 ( 65 . 2 )  6 (  1 3 . o) 3 ( 6 . 5 )  1 ( 2 . 2 )  1 ( 2 . 2 ) 0 46 

Both Levels 1 3 ( 1 3 . 4) 64 ( 66 . 0) 1 1 ( 1 1 . 3)  7 ( 7 . 2 ) 1 ( 1 . o) 1 ( 1 . 0) 0 97 

Low 8 (24 . 2 ) 1 1 ( 33 . 3 )  1 0 ( 30. 3)  1 ( 3 .  0) 0 1 ( 3 .  0 )  2 ( 6 . 1 ) 3 3  
Romney High 1 ( 3 .  5 )  2 1 ( 72 . 4 ) 5 ( 1 7 . 2) 1 ( 3 .  5 )  0 1 ( 3 . 5 ) 0 29 

Both Levels 9 ( 1 4 . 5 )  32 ( 5 1 . 6 )  1 5 ( 24 . 2 ) 2 ( 3 . 2 ) 0 2 ( 3 . 2 ) 2 ( 3 . 2 ) 62 

Low 1 6 ( 1 9 . 1 ) 4 5 ( 53 . 6)  1 5 ( 1 7 . 9 )  5 ( 6. 0 )  0 1 ( 1 . 2 )  2 ( 2 . 4 ) 84 
Both Breeds High 6 (8 . 0)  5 1 ( 68 . 0) 1 1 ( 1 4 . 7 )  4 ( 5 . 3 )  1 ( 1 .  3 )  2 ( 2 .7 )  0 7 5  

Both Levels 22 ( 1 3 .8 ) 96 ( 60 . 4)  26 ( 1 6 . 4 ) 9 ( 5 . 7 )  1 ( 0 . 6 )  3 ( 1 . 9 ) 2 ( 1 . 3 )  1 59 

Test of Independence : G Statistic d_4. G ....§im.if i cance 

Breed x Distribution Independence 6 1 1 . 90 
Nutrition x Distribution Independence 6 9 . 81 N . S .  
Breed x Nutrition Independence 1 0 . 01 N .S . 
Breed x Nutrition x Distribution Interaction 6 7 . 48 N . S. 
Breed x Nutrition x Distribution Independence 1 9  29 . 1 9 

A Figures in brackets refer to percentage ewes in heat 
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Synchronisa tion of oes trus was s imi lar in bo th the crossbred 

and Romney e wes ( 79 . 4% v .  75 .8% marked over 2 conse cutive days ) 

although RoJ!Ileys tended t o  show heat s lightly later (P  < 0 . 1 ) .  

The level of feeding had no signif i cant effect on the freq'lency 

distribution.  

(b)  Expec t ed second oes trus 

Border-Romney ewes appeared to be ma ted earlier ( 58 . 2% days 2 

and 3 of mating) than the Romneys ( 56 . 8% days 3 and 4) (Fig . 3-3A ) .  

The differen ce in temporal dis tribution of onset of heat was no t 

s ignificant be tween the breed groups ( Table 3-6 ) .  

Feeding l evel did not  s ignif icantly influence the pattern of  

ons et  of oes trus at this time (Table 3-6 ) .  The effects are 

repres ented d iagramati cally in Fig . 3-3B . 

PMSG treatment did not  affe c t  the degree of synchronisation at 

s e c ond heat although the peak ons e t  of oes trus in treated ewes 

tended to be earli er (P < 0. 05 )  than in the controls ( 6 1 . 1 %  on days 2 

and 3 of mating v .  58 . 3% on days 3 and 4 ) . There was no signifi c�t 

differen ce in dis t ribution of onset of heat between ewes receiving 

600 i . u . and thos e inje cted with 1 200 i . u. PMSG ( Table 3-6 ) .  PMSG 

dos e effects on the temporal dis tribution of onset  of oestrus are 

summarised in Fig . 3-4 . 

Cycle Length 

The ef fects of breed of ewe , dose o f  PMSG and level of feeding 

on o es trous cycle length are summarised in  Table 3-7 . Cycle length 

was simi lar in both breeds although an improved feeding level reduced 

the variable signifi cantly (P < 0. 05) . PMS G treatment als o s hortened 

1 1 
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TABLE 3-6 : BREED, NUTRr'TIONAL AND PMSG EFFECTS ON THE SYNCHRONISATION OF OESTRUS ONE CYCLE AFTER 
PROGESTAGEN TREATMENT 

C lassification Da;y:s of Mating Total N o .  
2 4 6 of Ewes -

Number ��ercentage ) of Ewes in Heat 

Breed of Ewe 
Border-Romney 7 ( 6 . 4 ) 30( 27 o 3 )  34 ( 30 . 9)  27 ( 24 . 6 )  8(  7 . 3 )  3( 2 . 7) . 1 (0 . 9 )  1 1 0 
Romney 5 ( 6 . 2 )  1 5 ( 1 8 o 5 )  24 ( 29 . 6 ) 22 ( 27 . 2 ) 8 (  9 o 9 )  2 ( 2 . 5) 5 ( 6 . 2 )  8 1  

Level of Nutrition 
Low 7 ( 7 . 3) 1 8( 1 8 . 8 )  27 ( 28 . 1 )  28 ( 29 . 2 ) 1 0 ( 1 0 . 4 )  3 ( 3 . 1 )  3 ( 3 . 1 ) 96 
High 5 ( 5 . 3 )  27 ( 28. 4 )  3 1  ( 32 . 6 )  2 1 ( 22 . 1 )  6 (  6 . 3 )  2 ( 2 . 1 )  3 ( 3 . 2 )  9 5  

Dose of PMSG (i .u . ) 
0 6 (10. o)  8 ( 1 3 . 3 )  1 5 ( 25 . 0) 20 ( 33 . 3 )  7 ( 1 1 . 7 )  1 ( 1 . 7 � 3 ( 5 . 0) 60 

600 4 ( 6 . 1 )  22 ( 33 . 3 )  22( 33 . 3 )  1 3 ( 1 9 . 7 )  3 (  4 . 6 )  1 ( 1 .  5 1 ( 1 . 5 � 66 
1 200 2 ( 3 . 1 )  1 5 (23 . 1 ) 2 1 ( 32 . 3 ) 1 6 ( 24 . 6 )  6 (  9 . 2 ) 3 ( 4 . 6 ) 2 ( 3  . 1  65  
All Doses 1 2 ( 6 o 3 )  45 ( 23 . 6) 58 ( 30 . 4 )  49 (25 . 7 )  1 6 ( 8 . 4 ) 5 ( 2 . 6 )  6 (3 . 1 )  1 9 1  

Test of  Independence : G Statistic d. f .  G S ignif i can ce 
-

Breed x Distribution Independence 6 6 . 88 N . S .  
Nutrition x Distribution Independence 6 4 . 44 N . S .  
PMSG x Distribution Independence 1 2  1 8 . 59 

0 i . u. v .  ( 600 i . u .  and 1 200 i . u . ) 6 1 3 . 85 * 

600 i .u .  v. 1 200 i . u .  6 4 . 74 N . S . 
Breed x Nutrition x Distribution Interaction 6 9 . 64 N .S . 
Breed x PMSG x Distribution Interaction 1 2 1 1  . 2 1  N . S .  
PMSG x Nutrition x Distribution Interaction 1 2 1 3 . 7 5  N .S .  

---�� 
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TABLE 3-7 : EFFECT OF BREED, PMSG AND NUTRITIONAL LEVEL ON 
CYCLE LENGTH 

C lass ification 

B reed of Ewe 
Border-Rornney 
Rornney 

Level of Nutri ti on 
Low 
High 

D ose of PMSG (i . u . ) 
0 

600 
1 200 

No . of 
Ewes 

98 
64 

85  
77  

52  
57 
53  

Cycle Length (days) 
(Mean ± S . E . )  

1 5 .88 ± 0 . 09 
1 5 . 85 ± 0 . 1 1  

1 6 . 03 ± 0. 1 0 
1 5 . 70 ± 0 . 1 0 

A 
1 6 . 1 6  ± 0 . 1 2 a 
1 5 . 67 ± 0 . 1 2 b 
1 5 . 77 ± O . 1 2  cb 

Analys is of Variance 
S ource of Vari ation 

Between Breeds ( B) 
Be tween PMSG dos es (P ) 
Be tween Nutrition Levels (N) 

d . f .  

2 

B x P I nteraction 2 
B x N Intera c ti on 
P x N Inte raction 2 
B x P x N Interaction 2 
Error 1 50 

Mean Sguares F 

0. 03 0 .  04 N . S . 
3 . 30 4 . 06 * 

4 .  50 5 . 54 * 

0. 47 0 . 57  N . S . 
2 . 1 9  2 . 69  N . S . 
1 . 22  1 • 50 N .  S .  
1 . 67 2 . 06 N . S .  
0. 81 

A Values fo llowed by the same let ter are not signifi cantly different (P ( 0 . 05 ) . 
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t he cycle (P ( 0. 05 ) . A S tudent-Newman-K e uls test was used t o  t e s t  

for signi f i c ance b e tween PMSG treatmen t  means ( Appendix V)  and the 

results are s ummarised i n  Table 3-7 . Thus inje c tion with e ithe r 

600 L u . or 1 2 00 i . u. PMSG reduced cycle length (P < 0 . 05 )  although 

the diff eren ce in cy cle length between g roups re ceiving 600 i .  u. and 

1 200 i .  u .  was no t s ignif icant. 

There were no signif i cant intera c t i ons be tween any of the main 

effects . 

Table 3-8 summari ses the eff e c t s  of breed of ewe , dose of PMS G ,  

nut ri ti onal level , and day of PMS G inj e c tion on thos e ewes i n j e c ted 

with PMSG only . Ewes i n j e cted with the drug on day 1 2  had sho rter 

cycl es than thos e treat e d  on day 1 3 o I mproved f eeding also reduced 

cycle length in thi s s ample of ewes (P < 0 . 05 ) , Breed of ewe and 

jos e  of PMS G  had non si gnif icant eff e c ts on the variable in t his 

group of ewes . 

There were s ignifi cant interac ti ons be tween dos e of PMSG and 

breed of e we (P < 0. 05 )  and leve l of nutri tion ( P < 0. 05 ) .  Thus 

although 600 i . u, PMSG caused longer cycles than 1 200 i . u . in Border-

Romney ewes , the reverse o ccurred wi th Romneys . Similarly , 600 i . u .  

o f  PMSG increased cycle l ength compared to 1 200 i . u. in poorly-f ed 

ewes , al though this eff e c t  w as revers e d  wi th improved nutri t i on .  

There were no o ther s ignificant inte ra cti ons · be tween t re a tmen ts 

for this group of ewes . 

1 .  Ovulation rate 

Ovarian Respons e 

Square root transformed and detransformed means together wi th 

the ranges of the numbers of corpora lutea counted a re presented in 

Table 3-9. 
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TABLE 3-8 : EFFECT OF BREED, PMSG DOSE, NUTRITI ONAL LEVEL AND DAY 
OF PMSG INJECTION ON CYCLE LENGTH (Data from ewes treated with PMSG) 

C lass ification : 
Breed 
of Ewe 

Border
Romney 

Romney 

Both 
Breeds 

All Breeds 
and Dos es 

Dose of 
PMSG (i.u.) 

600 
1 200 
Both D oses 

600 
1 200 
Both Doses 

600 

1 200 

Day of Inje ction 
1 2 
1 3  

Nutriti onal 
Level 

Low 
High 
Both Levels 

Low 
High 
Both Levels 

Low 
High 

No .  of 
Ewes 

33 
32 
65 

24 
2 1  
45 

30 
27 
57 

28 
25  
53 

58 
52 

87 
23 

Analysis of Variance 

Cycle Length (days ) 
(Mean ± S . E . ) 

1 6 . 0 1  ± 0. 1 4 
1 5 . 72 ± 0 . 1 5 
1 5 . 86 ± 0 . 1 0 

1 5 . 63 ± 0 . 1 7  
1 6 . 04 ± 0 . 1 8 
1 5 . 83 ± 0 . 1 2 

1 6 . 1 8 ± 0 . 1 5 
1 5 . 45 .± 0 . 1 6 
1 5 . 82 ± o . 1 1  

1 5 . 85 ± 0 . 1 5 
1 5 . 9 1 ± 0 . 1 6 
1 5 . 88 ± o . 1 1  

1 6 . 02 ± o . 1 1  
1 5 . 68 .± 0 . 1 1  

1 5 . 62 ± o . 09 
1 6 . 07 ± O o  1 7  

S our ce of Variation d . f .  Mean Sguares F 

Be tween Breeds (B ) 1 0. 02 0 . 03 N . S .  
Be tween PMS G Levels (P )  1 Oo  1 1  0 . 1 6  N . S . 
Between Nutri tional Levels (N)  1 3 . 2 1 4 . 79 * 

Between Days of Inje ction (D )  1 3 . 69 5 . 5 1  * 

B x P Interaction 1 3 . 38 5 . 05 * 

N x P Interacti o n  1 4 . 27 6 . 37 * 

B x N Interacti on 1 O o 1 0  0 . 1 5 N . S .  
B x D Interaction 1 0 .82 1 . 22 N . S .  
p X D Interaction 1 O o44 0. 66 N . S .  
N X D Interac ti on 1 0 . 08 0 . 1 2 N . S .  
Error 99 0. 67 

N ote : 1 )  When tested in the full model , the higher order interacti ons 
were all found to be non s ignificant and were absorbed into 
the error term f or tes ting of other effects in the analysis . 

2 )  Since there were no signif icant interactions between day of 
injection and any of the o ther treatments , a s implified 
layout of means was used.  
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TABLE 3-9: NUMBER OF CORPORA LUTEA IN EWES RE LATIVE TO BREED , 
DOSE OF PMSG AND LEVEL OF NUTRITION 

C lassifi ea tion :  
Breed 
of Ewe 

Border
Romney 

Romney 

All Dos es 

Dose of 
PMSG (i.u.) 

0 
600 

1 200 

0 
600 

1 200 

of PMS G  
Breed of Ewe 
Border-Romney 
Romney 

Leve l  of Nutri tion 
Low 
High 

N o .  of 
Ewes 

36 
39 
38 

27 
30 
30 

1 1 3 
87 

1 00 
1 00 

Cor]ora Lutea Number Data : 
Transformed Detransfonned 

(Mean ± S . E . ) Mean ( Range ) 

1 . 1 8 ± 0 . 05 A 1 . 40 ( 1 -2 ) B a 
1 . 39 ± 0. 05 eb 1 . 94 ( 1 -4 ) 
1 . 84 ± 0 . 05 d 3. 39 ( 1 -8 ) 
1 . 08 ± 0 . 06 a 1 . 1 6  ( 1 -2 ) 
1 . 26 ± 0 . 06 ab 1 . 58 � 1 -4 ? 1 . 54 ± 0. 06 e c  2 . 39 1 -6 

1 . 47 ± 0. 03 2 . 1 7 ( 1 ·-8 ) 
1 . 29 ± 0 . 03 1 . 67 ( 1 -6 ) 

1 .  38 ± 0 . 03 1 .  9 1  ( 1 -8 ) 
1 .  38 ± o .  03 1 .  9 1  ( 1 -6 ) 

S ource of Variation 
Analysis of Variance 

d . f .  Mean Sguares F 

Be tween Breeds ( B) 
Betwe en PMSG Doses-linear ( P l )  
Be tween PMSG Doses-quadratic  (Pq)  
Between Nutri tional Levels ( N) 
B x Pl Interaction 
B x Pq Interaction 
B x N Interacti on 
N x Pl Interaction 
N x Pq Interaction 
B x N x Pl Interaction 
B x N x Pq Int eraction 
Error 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 88 

1 .  60 
1 o. 1 2  

o .  32 
0 . 0001 
0 . 29 
0 . 05 
0 . 0005 
0 . 0005 
0 . 002 
0 . 1 2  
0 . 1 0  
0 . 1 0  

A Values followed by the same letter are not signifi cantly 
different (P < 0 . 05 ) 

1 5 .  5 1  *** 
98 . 40 *** 

3. 1 1  -
0 . 00 1 N . S . 
2 . 83 -
0 . 49  N . s .  
0 . 004 N . S .  
0 . 005 N . S . 
0 . 023 N .S .  
1 . 45  N . S . 
1 . 01  N . S .  

B Figures in brackets refer to the range of corpora lutea counted 
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Feeding level had no eff e ct on ovulation rate . PMS G trea tment 

increased numbers of corpora lutea ( linear effect , P <·0. 001 ; 

quadratic effect  P (0 . 1 ) .  The breed x linear PMSG interaction 

approa ched stat is tical s ignificance (P  ( 0 . 1 ) . C omparison of braed

PMSG dose sub-group means by Student-Newman-Keuls tes t is summarised 

in Table 3-9 . Thus Border-Romney ewes inje cted with 1 200 i . u .  had 

more ovula tions than similar Romney ewes (P < 0. 05)  but the diff,3rence 

betwe en the breeds when ei the r 0 i . u .  or 600 i . u. PMS G was 

administered failed to reach s ignificance . 

Fig . 3-5  pres ents the detransformed corpora lut ea means for 

each breed-dos e of PMS G sub-group . D ose res pons e relationships from 

other New Zealand reports f or a simi lar range of PMSG dos e levels are 

also  presented . 

2 . Total folli cular response 

The sum of the number of folli cles more than 3 mm in diame ter 

(measured wi th sterile slide calipers ) plus corpora lutea number is 

defi ned as the total folli cular respons e . 

Breed of ewe had a significant effect  on this variable ( P <  0 . 05 )  

as did the linear component o f  PMSG ( P  < 0 . 001 ) .  There were n e  other 

treatment effects or interacti ons that approached significance , 

however ( Table 3-1 0) . 

3 .  Day of PMS G injection 

Both ovulation rate and total f ollicular res pons e were 

independent of whether PMS G was inje cted on day 1 2  or 1 3  of the 

oes trous cycle (Table 3-1 1 ) .  
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TABLE 3- 1 0 : TOTAL FO LLICULAR RESPONS E RELATI VE TO BREED , DOSE 
OF PMS G  AND LEVEL OF NUTRI TI ON 

C las s if i cation 

Breed of Ewe 
B orde r-Romney 
Rornney 

Dose o f  PMSG {i . u . ) 
0 

600 
1 200 

Level of Nut ri t i o n  
Low 
Hi gh 

Sourc e of Varia t i on 

Be tween Breeds (B ) 

N o . o f  
Ewes 

1 1 7 
87 

63 
69 
68 

1 00 
1 00 

Anal;y:s i s  

Betwe en PM3 G doses -linear (Pl ) 
B e tween PMS G d os es-quadra tic (P q ) 
Between Nutri ti onal Leve ls (N ) 
B x P l  Intera c ti on 
B X Pq In teracti on 
B x N Interacti on 
N x Pl Intera c t i on 
N x Pq I nte racti on 
B x N x Pl I ntera ction 
B X N X Pq I nteraction 
Error 

To tal F olli cular Respons e  Data : 
Transformed De t ransf ormed (Mean ±. S . E o ) Mean ( Range ) 

A 1 . 92 ±. 0 . 04 3 . 70 ( 1 - g)  
1 o 77 ±. O o  04 3 . 1 4  ( 1 - 1 1 )  

1 . 62 ±. Oo 05 2 . 62 ( 1 - 6 ) 
1 . 83 ±. o. 05 3 . 36  ( 1 - 7 )  
2 . 09 ±. 0. 05 4 . 38 ( 1 - 1 1 ) 

1 . 8 1 ±. o. 04 3. 29 ( 1 - 1 1 ) 
1 . 88 ±. 0. 04 3 . 54  ( 1 - 8 )  

of Va riance 

d . f .  Mean Sguares F 

1 .  1 0 6 . 72 * 

7 . 24 44 . 03 * * *  

0 , 02 0 . 1 4  N . S .  
0. 2 1  1 . 29 N . S . 
o. 2 1  1 . 26 N . S . 

1 0 , 004 0 . 03 N . S . 
1 0 . 30 1 . 83 N . S .  
1 0, 0002 1 . 26 N . S . 
1 0 . 0001 0 . 00 1 N . S . 
1 0. 48 2 . 89 N . S . 
1 0 . 0 1  0 . 05 K . S .  

1 88 0. 1 6 

A 
Figures in brackets refer t o  range of corpora lutea p lus large 
foll i cles counted 



TABLE 3-1 1 :  EFFECT OF BREED, LEVEL OF NUTRITI ON, DOSE OF PMSG 
AND DAY OF INJECTION ON OVARIAN RESPONSE 
(Data f rom ewes treated wi th PMSG) 

Classifi cation No . of 
Ewes 

Breed of Ewe 
Border-Romney 
Romney 

Dose of PMSG (i . u. )  

65  
43  

600 5 6  
1 200 52 

Day of I n.je ction 
1 2  85 
1 3  2 3 

Level of Nutri tion 
Low 
High 

56  
52 

No .  of 
Corpora Lutea 
( Transformed) 
(Mean ± S . E . )  

1 .  63 ± o . 04 
1 .  42 ± 0 . 05 

1 . 34 ± 0 . 05 
1 . 7 1  ± 0 . 05 

1 . 60 ± 0 . 04 
1 . 46 ± 0. 07 

1 . 54 ± 0 . 05 
1 .  52 ± o .  05 

To tal 
Follicular Respons e 

( Transformed ) 
(Mean ± S . E . )  

2 . 1 2 ± 0. 05 
1 . 93 ± 0 . 07 

1 . 9 1  ± O . J6 
2 . 1 4  ±. 0 . 06 

2 . 02 ± 0 . 0 5  
2 . 03 ± 0 . 09 

1 . 96 ± 0 . 06 
2 . 09 ± 0 . 06 

Analys is of Variance Total 
Folli ·::ular 

Response 
Mean Sguares 

S ource of Variati on 

d . f .  

Between B reeds (B )  1 
Between PMSG Doses  (P ) 1 
Between Days ( D )  1 
Between Nutri ti onal Levels (N ) 1 
B X P Interacti on 1 
B X D Interaction 1 
B X N Interact i on 1 
p X D In teraction 1 
p X N Interaction 1 
D X N Intera ction 1 
Error 97 

No . of CorEora 
Lutea 

Mean Squares 

0 . 62 * 

1 . 93 *** 

0 . 27 N . S .  
0 . 002 N . S . 
o .  001 N . S .  
0 . 1 4 N . S .  
0 . 06 N . S .  
0 . 06 N .S . 
0 . 27 N . S .  
0 . 02 N . S .  
0 . 1 2  N . S .  

0 . 52 N .S .  
0 . 78 * 

0. 002 N . S .  
0 . 26  N . S .  
0 . 04 N . S .  
0 , 001 N . S .  
0 . 79 * 

0. 1 8 N . S . 
0 . 30 N . S .  
0 . 1 4  N . S .  
0 . 1 9 N . S . 



4 .  Propo rtion of f ol li cles ovulating 

42 . 

The ra t i o  of corpora l u tea number to to tal f olli cul a r  response 

was analys ed relative to breed of ewe and d o s e  of PMS G  ( Table 3-1 2 ) . 

C ros s bred ewes ovulated a greater propor ti on of folli cles 

compared to the Romneys ( 62 . 6% v. 58 . 2%) although this failed t l) 

reach s ta t is t i cal s ignifi cance o 

Inj e c ti on of PMSG also in creas ed the per centage of f ol l i c �es 

ovulat ing ( P < 0. 01 ) be ing mainly due to the increased propor ti on for 

ewes re ceiving 1 200 i. u. c ompared to the 0 i .  u. group (P < 0. 01 ) .  

The 600 i . u .  dose of PMS G caused non s ignifi cant ly more f olli cles t o  

be ovula t ed compared t o  con trol ewes but resulted i n  a l ower ratio of 

f ol li cles ovulatin g  ( P < 0 . 05 )  than for 1 200 i . u. 

5 .  Di s t ributi on o f  corpo ra lutea be tween ovari es 

The distribution of c orpora lutea be tween the lef t and right 

ovaries as influen ced by b o th breed of e we and dos e  of PMS G is shown 

i n Table 3- 1 3 . 

A l though a grea ter propo r t i on of ovulati ons o c curred on the 

ri ght ovary i n  Romney compared t o  Border-Romney ewes ( 59 . 9% v .  54 . 9%) 

thi s was not sta tis t i cally s i gnifi cant . Simi larly PMS G had no 

effe c t  and there was no evidence of an i nt e raction. 

Ove r  all of the treatments , 56 .7% of ovulations o ccurred on the 

right ovary (P ( 0. 05 ) .  

Figure 3-6 s hows the exp os e d  reproductive tra c t  ( 4  days or 96 

hours af ter f irst obs erva ti on
-

of heat) of a 2 year-old Romney ewe 

which had re ceived 1 200 i . u .  PMS G . This tract i llus tra tes . the 

marked differen ce in ovarian s i z e  and symme try of ovulation that may 



TABLE 3-1 2 :  EFFECT OF BREED AND DOSE OF PMS G ON THE PROPORTION 
OF FOLIJ CLES OVULATING 

C lass if i cation : 

Breed 
of Ewe 

Bo rder-Rornney 

Rornney 

Both B reeds 

S ource of Vari a t i on 

B e tween Breeds (B ) 
Be tween PMSG Dos es 
B x P I n t era c ti on 
Erro r  

Dos e of 
PMS G ( i . u . ) 

0 
600 

1 200 
All Dos es 

0 
600 

1 200 
Al l Dos e s  

0 
600 

1 200 

Ana l;y:s is 

d . f .  

1 (P ) 2 
2 

1 94 

N o .  C orEora Lut ea 
No . of Total Foll i cular 
Ewes Res pons e (Mean .±  S. E.) 

36 0 . 583 .± 0 . 04 
39 0 . 578 ± 0 . 04 
38 0! 7 1 8  ± 0 . 04 

1 1  3 0. 626 ± 0 . 02 

27 0 . 509 ± 0 . 05 
30 0. 58 1 ± 0 . 05 
30 0 . 657 ± 0 . 05 
87 0. 582 0 . 03 

63 0 . 546  ± 0 . 03 ) 
69 Oo 580 .± 0 . 03  ) *) ** 
68 0. 690 .± 0 . 03 ) ) 

of Variance 

Mean Sguares F 

O o 09 1 .  59 N . S . 
0 . 36 6 . 05 ** 

0 . 03 0 . 48 N . S . 
0 . 06 



TABLE :2-1:2: EFFECT OF BREED AND DOSE OF PMSG ON THE DISTRIBUTIOli 
OF CORPORA LUTEA BETWEEN OVARIES . 

C lass ification : N o .  of Cor12ora Lutea : % Corpora 

Breed Dose  of  Left  Right 
PMSG ( i .  u . ) Ovary Ovary 

0 1 9  3 3  
Border- 600 37 4 1  
Romney 1 200 64 72 

All Doses 1 20 1 46 

0 1 5 1 5 
Romney 600 1 9  3 1  

1 200 29  48 
All Doses 63 94 

0 34 48 
Both 600 56  72 
Breeds 1 200 93  1 20 

All Doses 1 83 240 

Tes t of IndeJ2endence : G S tatisti c  
d . f . 

Breed x Dis tribution I ndependence 1 
PMS G x Dis tribution Independence 2 
PMSG x Breed x Distributi on Interaction 2 

A Chi 2 3 . 84 (P < O o 05 )  

Total 

52  
78 

1 36 
266 

30 
50 
77 

1 57 

82 
1 28 
21 3 
42 3 

G 

1 .  002 
0 . 1 4  
3 . 30 

Lutea on 
Right Ovary 

63 . 5 
52 . 6 
52 . 9 
54 . 9 

5 0 . 0  
62 . 0 
62 . 3 
59 . 9 

58 . 4 
5 6 . 3 
56 . 3A 56 . 7 

Signifi cance 

N . S . 
N . S . 
N . S .  
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Fig .  3-6 : - EXPOSED GENI TAL
.
TRACT OF A 2 YEAR-OLD ROMNEY EWE 

96 HOURS AFTER OESTRUS FOLLOWING TREATMENT WITH 

1 200 i . u . PMSG 
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o c cur wi thin a stimulated ewe . The lef t ovary is s imilar in size , 

shap e and overall appearance to one that might occur in a non 

s timulated ewe . 

6 .  Incidence o f  cys ti c ovari es 

Cys ti c  ovari es as des cribed by Clarke ( 1 973) o c curred in 3 

Romney and in 2 Border-Romney ewes treated with 1 200 i .u .  PMSG and 

in one Border-Romney ewe whi ch re ceived 600 i . u .  PMS G .  

7 .  Relationship be tween liveweight and ovulation r esponse to PMS G  

(a ) Liveweight at PMS G inje ction 

Although two treatment groups had s ignifi cant partial regression 

coeffi cients (Border-Romney , low nutri ti on ,  1 200 i . u .  PMSG and 

Romney , low nutri tion ,  1 200 i . u . ) , one was posi tive whi le the second 

showed a negative relati onshi p be tween number of corpora lutea and 

ew e  liveweight (Table 3-1 4 ) .  The analysis showed that the 1 2  

separate par tial regression coeffi cients for each treatment group 

were non signifi cantly different from a common regression across all 

treatments - whi ch itself was found to be non s ignificant (Table 3- 1 4 ) .  

(b ) Change in liveweight over the 2 months bef ore PMSG in� ection 

As with ' absolut e '  l i veweight only 2 of the 1 2  par tial regres si on 

coeffi ci en ts in the pres ent analysis were signif i can t . B o th g roups 

w e re Romney e wes re ceiving 1 200 i . u .  PMSG although o ne was well fed 

while the o ther was on a low level of feeding . Thes e  s ignif icant 

eff e cts were n egat ive although ge ne rally there was a poor and 

in con s is t ent relati onshi p be tween corpo ra lut ea numb er and change in 

l ivewei ght . The analys is o f  variance in Tab le 3-1 4 shows s imilar 

resul ts to those of s e cti on (a ) . Thus the 1 2  partial regression 

coeffi ci ents were non signifi cantly different from a common regress i on 

whi ch i tself was not s ignifi cant ( Table 3-1 4 ) . 



TABLE :d-11: EFFECT OF EWE LIVEWEI GHT AT PMSG INJECTION AND CHANGE OF 
LI VEWEIGHT O VER THE TWO MONTHS BEFORE INJECTION ON 
NUMBER OF OVULATI ONS (Da ta s quare root transformed ) 

Regres sion Coeffi cients 
Trea tment Grou:Q Ewe Live- C hange in 

weight 1veight 

1 .  Border-Romney Lo .v Nutri ti on 0 i .  u. 0 . 0 1 N . S . 0 . 02 N . S . 
2 . 1 1  1 1  1 1  1 1  600 i . u .  -0 . 02 N . S . 0 . 00 1  N .S . 
3 . 1 1  1 1  1 1  1 1  1 200 i . u . o .  04 * *  -0 . 04 N . S .  
4 .  1 1  1 1  High 1 1  0 i .  u .  0. 0 1 N . S . -0 . 001 N . S .  
5 . 1 1  1 1  1 1  1 1  600 i . u .  -0 . 0 1  N . S .  0 . 002 N .S . 
6 o 1 1  1 1  1 1  1 1  1 200 i . u.  -0 . 0 1 N . S .  0 . 002 N . S . 
7 .  Romney Low 11  0 i . u .  O . 003 N . S .  0 . 02 N .S . 
8 . 1 1  1 1  1 1  600 i . U o  O o 02 N . S .  0 . 002 N . S . 
9 . 1 1  1 1  1 1  1 200 i .  u .  -0 . 04 * -0 . 09 * 

1 0 . 1 1  High 1 1  0 i • Uo  -0 . 0 1 N . S . -0 . 02 N . S . 
1 1  • 1 1  1 1  1 1  600 i . u .  0 . 03 N . S .  0 . 02 N . S . 
1 2 . 1 1  11  1 1  1 200 i . u .  O o 0 1  N . S .  -0 . 1 2 ** 

Common across all Treatments 0 . 004 N .S o -0 . 0 1  N . S . 

S ource of Varia ti on 

Hy:QothesisA 

Ha 
Ho 

Di fference 
Error 

A Ha 

Ho 

B1 f. B2 -f B3 
B1 = B2 = B3 

Analysis of Variance 

Ewe Liveweight 
Sums of Mean 

d . f o  Squares Squares 

23 1 5 . 32 
1 2  1 3 o 44 
1 1  1 .  88 0 . 1 7  N . S . 

1 7 6  1 7 . 37 0 . 1 0 

,f. B 1 2 -f B 
= B 1 2  = B 

Change in Live •e ight 

Sums of 
Sguares 

1 4 . 65 
1 3 . 47 

1 . 1 8 
1 8 . 04 

Mean 
Sguares 

0 . 1 1  N . S . 
0 . 1 0  
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1 .  Firs t mating 

CHAPTER IV  

STUDIES ON UTERINE CAPACI TY  

Pregnancy in Ewes 

Table 4-1 summarises the effects of breed of ewe , dose of PMSG 

and level of nutri ti on on pregnancy rate . Only PMSG  treatment had 

a significant effect  (P < 0 .05 ) . Thus both 600 i . u. and 1 200 i . u. 

PMSG reduced the proportion of ewes lambing to firs t mating compared 

to control ewes (P < 0 . 05 )  although there was no significant 

difference be tween these two dos e levels . 

2 . All matings 

The percentages of ewes lambing to  all services and the influence 

of various treatments are summarised in Table 4-2 . I n  this sample of 

ewes als o , PMSG had the only significant effect (P < 0 . 05 ) . 

C oncepti on rates were reduced ( by about 1 6% ;  P < 0. 05 ) following 

gonadotrophin i njection although the difference between groups 

receiving 600 i . u. and 1 200 i . u . PMSG was not signifi cant . 

3 . ' Re turns ' to first  mating 

(a )  C oncepti on  rate 

Ewes treated with PMSG that did not get pregnant to firs t 

mating were less likely (P = 0 . 0 5 )  to  lamb t o  later matings compared 

to similar , untreated ewes ( Table 4-3 ) . All other factors studied 

in Table 4-3 were not  significant although Romneys appeared to have 

better conception rates to later services than the crossbred ewes . 

( b )  Interval t o  next service 

Table 4-4 shows the influences of breed of ewe and dos e o f  PMSG 



TABLE 4-1 : THE INFLUENCE OF BREED OF EWE , DOS E  OF PMS G  AND LEVEL 
OF NUTRI TI ON ON CONCE�TI ON RATE TO FIRS T  S ERVI CE 

C la s s if i cation : 

B re e d  
of Ewe 

D os e  of 
PMSG ( i .  u . ) 

N o .  of Ewes : 

Non-Pregnant Pregnan t 

B order
Romney 

Romney 

B o th 
B reeds 

0 
600 

1 200 
All Dos e s  

0 
600 

1 200 
All D os e s  

0 
600 

1 200 

L ow Nut ri ti o n  

High Nut ri t i on 

1 1  
2 1  
1 7  
49 

1 0  
1 7  
1 4  
4 1  

2 1  
38 
3 1  

4 5  
45  

Tes t o f  Independe nce : G S ta t i s t i c  

Bree d x C oncepti on Rat e Inde penden ce 

PMS G x C oncept i on Rat e  Inde pendence 

2 5  
1 8  
21 
64 

1 6  
1 3  
1 6 
4 5  

4 1  
3 1  
37 

5 5  
54 

PIVISG 0 i . u .  v .  ( 600 i . u .  and 1 200 i . u . ) 
600 i . u .  v .  1 2 00 i . u . 

B re e d  x PMSG x C oncepti on Rate Intera c t ion 

Nutri ti on x C on cepti on Rate I ndependence 

d . f .  

2 

2 

To tal 
No . of 
Ewes 

36  
39 
38 

1 1  3 

26  
30 
30 
86 

62  
69 
68 

1 00 
99 

% of Ewes 
P regnant 

Q 

69 . 4 
46 . 2 
55 . 2 
56 . 6 

6 1 o 5  
43 . 3 
53 . 3 
52 . 3 

66 . 1 
44 . 9 
54 . 4 

45 . 0 
45 . 5 

0 . 40 N . S .  

6 . 03 * 

4 . 80 * 

1 .  23 N . S . 

0 . 1 0 N . S .  

0 .004 N .  S .  



TABLE 4-2 : THE INFLfJENCE OF BREED OF EWE, DOSE OF PMSG  AND lE VEL 
OF NUTRITION ON CONCEPTION RATE TO ALL SERVICES 

Classifi ea t i on : Total 
Breed Dos e  of No . of Ewes : No . of % of Ewes 
of Ewe PMSG (i . u . ) Non-Pregnant Pregnant Ewes Pregnant 

0 2 34 36  94 . s-
B order- 600 8 3 1  39 79 . 5 
Romney 1 200 1 0  28 38 73 . 7 

All Doses 20 93 1 1 3 82 . :-s 

0 25 20 96 . �� 

Romney 600 6 24 30 80. 0 
1 200 4 26 30 86 . 7 
All Doses 1 1  7 5  86 87 . 2 

0 3 59  62 9 5 . 2 
Both 600 1 4  5 5  69 79 . 7 Breeds 

1 200 1 4  54 68 79 . 4 

Low Nutri ti on 1 7  83 1 00 83 . 0 
High Nutri ti on 1 4  85 99 85 . 9 

Test of Independence : G S tatistic  d . f .  G 

Breed x C onception Rate Independence 0 . 9 1 N . S . 
PMSG x Conception Rate Independence 2 9 . 40 * 

PMSG 0 i . u .  v . ( 600 i .u .  and 1 200 i .  u. ) 9 . 40 * 

600 i .  u .  v .  1 200 i . u. o . oo 
Breed x PMSG x Concepti on Rate I ntera cti on 2 O o 98 N . S .  
Nutri ti on x C onception Rate Independence Oo 3 1  N . S . 



TABLE 4-3: EFFEC T  OF BREED OF EWE AND PMS G ON CONCEPTI ON RATE 
I N  EWES RETURNING TO FI RST SERVI CE 

C lassif i cation :  
No . of Ewes : 

Breed 
of Ewe 

Dose of 
PMSG ( i .  u . ) Non-Pregn�nt Pregnant 

Border
Romney 

Romney 

Both 
Breeds 

0 

600 

1 200 

A l l  Dos es 

0 

600 

1 200 

Al l Doses 

0 

600 

1 200 

All Doses 

2 

8 

1 0  

20 

1 

6 

4 

1 1  

3 

1 4  

1 4  

3 1  

T est  of Independence : G S tat is tic  

Breed x C on cept ion Rat e  I ndependence 

9 

1 3  

7 

29 

9 

1 1  

1 0 

30 

1 8  

24 

1 7  

59 

d . f . 

PMSG  x C on ception Ra te Independence 2 

Breed x PMS G x Con ception Rate In tera c tion 2 

Total 
No . of 
Ewes 

1 1  

2 1  

1 7 

49 

1 0 

1 7  

1 4  

4 1  

2 1  

38 

31  

go 

G 

% of Ewes 
Pregnant 

8 1 . 8  

6 1 . 9  

4 1 . 2  

59 . 2 

90 . 0 

64 . (' 

7 1 . L, 

7 3 . 2 

8 5 . '7 

69 . 2 

54 . 8 

65 . 6 

1 . 96 N . S .  

5 . 98 N . S .  

1 . 26 N . S . 



TABLE 4-4 : INFLUENCE OF BREED OF EWE AND PMSG ON LENGTH OF RETURN 
TO SERVICE IN EWES RETURNING TO FIRST SERVI CE 

Classifi ea t i  on : 

Breed D ose  of 

Time t o  Return t o  Service : (days) 
of Ewe PMSG ( i . u . ) 1 6-20  ) 20 

Bo rder
Romney 

Rornney 

Bo th 
Breeds 

0 

600 

1 2 00 

All Doses 

0 

600 

1 200 

All Doses 

0 

6 00  

1 200 

All Doses 

1 0  

1 7  

1 3  

40 

9 

1 0 

1 0  

29 

1 9  

27 

23 

69 

Tes t of I ndependence : G S tati s t i c  

Breed x PMS G x Dis t ribution I ndependence 

4 

4 

9 

7 

4 

1 2 

2 

1 1  

8 

2 1 

d . f .  

7 

To tal 
N o .  of 
Ewes 

1 1 

2 1  

1 7  

49 

1 0  

1 7  

1 4  

4 1  

2 1  

38 
3 1  

90 

G 

�0 
Re turning 
af ter 20 

days 

9 .  1 
1 9 . 1 

2) . 5 

1 8 . 4 

1 0 . 0 

4 i • 2 

28 . 6 

29 . 3 

9 . 5 

29 . 0 

25 . 8 

2 3 . 3 

5 . 85 N . S . 



on the length of time taken for ewes to return to  f irst service . 

Al though none of the effects were s ignif icant , PMSG appeared to 

increase the proporti on of e\ves re turni ng after 20 days ( 26-29%) 

compared to  untreated ewes ( 1 0%) . 

1 o  Firs t  mating 

Dis tributi on of Lambs Born 

4 5 . 

Table 4- 5 shows t he effects of breed of ewe , dose of  PMSG and 

level of nutri tion on the di s tributi on of lambs born to all ma ted 

ewes and on li tter size . In both cas es , do se  of PMSG was the only 

effect whi ch was significant (P < 0 . 01 ) .  Treatment with gonado trophin 

increased numbers of lambs born b o th to ewes mat ed (P < 0, 0 1 ) and t o  

ewes lambing (P < 0 , 0 1  ) . The differences bet ween 600 i .  u .  and 1 200 

i . u . PMS G , however, were not s ignifi cant . Among cont rol ewes there 

were fewer with  twins and none with tri plets compared wi th the 

treated ewes (P < 0 . 0 1 ) . 
Although the breed effect was not  signifi cant the Bo rde r-Romney 

ewes showed an advantage of 1 0 . 6% and 7 . 8% respectively f or both of 

t he di stri buti ons shown in Table 4- 5 . Similarly , crossbred ewes had 

greater li tter si zes in re3ponse t o  the higher d ose of PMSG than did 

the Romneys ( 1 95 . 2% v .  1 68 . 8%) although the Bre ed x PMS G interacti on 

did not reach statis tical s ignifi cance o 

2 . All ma ti ngs 

Table 4-6 summarises informa ti on f or the various treatments on 

the dis tributi on of lambs born to all ewes mated and on li tter s ize . 

PMSG provided the only s ignif icant effects in both dis tributions 

(P < 0 . 01 ) increas ing lambs born t o  ewes mated (P <  0 , 0 1 ) and to ewes 

lambing (P < 0 . 0 1 ) . 



TABLE 4-5 : EFFECT OF BREED OF EWE, DOSE OF PMSG AND LEVEL OF 
NUTRITION ON THE DISTRIBUTION OF LAMBS BORN TO 
FI RS T  SERVICE  

C lassifi cat i on :  

Breed Dose  of 
of Ewe PMS G ( i .  u . ) 

B o rder
Romney 

Romney 

0 

600 

1 200 

Al l Doses 

0 

600 

1 2 00 

All Dos es 

0 

600 

1 200 

Low Nutri tion 

High Nutri ti on 

No . of Ewes C lassified 
According to Lambing 

Performance 

No . of Lambs : 
0 1 2 3 

1 1 

2 1  

1 7  

49  

1 0  

1 7  

1 4  

4 1  

2 1  

38 

3 1  

4 5  

45  

23  

1 0  

6 

39 

1 5 

7 

7 

29 

38 

1 7  

1 3  

34 

34 

2 

6 

1 0  

1 8  

5 

7 

1 3  

3 

1 1  

1 7  

1 7  

1 4  

0 

2 

5 

7 

0 

2 

3 

0 

3 

7 

4 

6 

Total 
No . of 
Ewes 

36 

39 

38 

1 1  3 

26 

30 

30 

86 

62 

69 

68 

1 00 

99 

Test of Independence : G S tat ist i c  Ewes Mated 

Breed x Dis tributi on Independence 

PMSG x Dis tributi on Independence 

0 i . u .  v .  (600 i . u. and 
1 200 i .  u . ) 

600 i . u.  v .  1 200 i . u .  

Breed x PMS G  x Di stri bution 

d . f . Q 
1 1 . 00 N . S . 

6 40 . 29  ** 

3 36 . 1 1  ** 

3 4 . 1 8 N . S . 

Interaction 6 0 . 9 5  N . S . 

0 . 68 N . S .  Nutri ti on x Dis tribution  Independence 3 

% Lambs Born to : 

Ewes Ewes 
Mated Lambing 

7 5 . 0 

7 1 . 8  

1 07 . 9 

85 . 0 

65 . 4 

66 . 7 

90 . 0 

74 . 4 

7 1 . 0  

69 . 6 

1 00 . 0 

80 . 0 

80 . 8 

1 08 . 0 

1 55 . 5 

1 95 . 2 

1 50 . 0 

1 06 . 3 

1 53 . 9 

1 68 . 8 

1 42 . 2 

1 07 . 3 

1 54 . 8 

1 83 . 8 

1 4 5 . 5 

1 48 . 2 

Ewes Lambing 

2 0 . 60 N . S . 

4 34 . 26 ** 

2 3 1  . 3 1  ** 

2 2 . 9 5  N . S .  

4 
2 

0 . 8 6  N . S .  

0 . 68 N . S .  



TABLE 4-6 : EFFECT OF BREED OF EWE, DOSE OF PM3G AND LEVEL OF 
NUTRITI ON ON THE DISTRI BUTI ON OF LAMBS BORN TO ALL 
SERVICES 

C lassifi cation : 

Breed D ose  of 

No . of Ewes Classified 
A�cording to Lambing 

Performance 
Total 
No. of 

----�N�o�·�o�f-=La�m�b�s�=---- �wes of Ewe PMSG ( i . u . ) 
0 1 2 3 

B order
R omney 

Romney 

Bo th 
Breeds 

0 

600 

1 200 

All Doses 

0 

600 

1 200 

All Doses 

0 

600 

1 200 

L ow Nutri tion 

High Nutri ti on 

2 

8 

1 0  

20 

6 

4 

1 1  

3 

1 4  

1 4  

1 7  

1 4  

30 

2 1  

1 3  

64 

22 

1 8  

1 7  

57 

52 

39 

30 

6 1  

60 

Tes t of Independence : G S tatis tic  

B reed x Di stributi o n  Independenc e 

PMSG x Dis tributi on I ndependen ce 

0 i . u . v .  ( 600 i . u .  and 
1 200 i . u . ) 

600 i . u. v .  1 200 i . u . 

Breed x PMSG x Distribution 
I nt eraction 

4 

8 

1 0 

22 

3 

5 

7 

1 5 

7 

1 3  

1 7  

1 8  

1 9  

0 

2 

5 

7 

0 

2 

3 

0 

3 

7 

4 

6 

36 

39 

38 

1 1  3 

26 

30 

30 

86 

62 

69 

68 

1 00 

99 

Ewes Mated 

G 

3 2 . 36  N . S .  

6 29 . 30 ** 

3 25 . 9 5  ** 

3 3 . 35 N . S . 

3 0 . 72 N . S .  

Nutri ti on x Distributi on Independe� 6 2 . 22 N . S .  

% Lambs Born t o :  

Ewes 
Ma ted 

1 05 . 7 

1 1 0 . 3 

1 26 . 3 

1 1 4 . 2 

1 07 . 7 

1 03 . 3 

1 2 3 . 3 

1 1 1  • 6 

1 06 . 5 

1 07 . 3 

1 2 5 . 0 

1 09 . 0 

1 1 7 . 2 

Ewes 
Lambing 

1 1 1 .8 

1 38 . 7 

1 7 1 . 4 

1 38 . 7 

1 1 2 . 0  

1 29 . 2 

1 42 . 3 

1 28 . 0 

1 1 1  . 9 

1 34 . 5 

1 57 . 4 

1 3 1  . 3 

1 36 . 5 

Ewes Lambi!:!,g 

d . i' . G 

2 1 . 4 5 N . S . 

4 1 9 . 90 ** 

2 1 6 . 5 5 ** 

2 3 . 3 5  N . S .  

3 

2 

1 . 25  N . S . 

0. 83 N . S .  



46 . 

Although non signifi cant , the Border-Romney ewes s howed s imilar 

advantages over the Romneys as f ound when lambing to firs t  mating 

was c ons idered in 1 • 

Numbers of C orpora Lute� and Lambs Born 

1 .  All ewes 

Table 4-7 pres ents a summary of counts of c orpora lutea and the 

fa te of po tent ial lambs o The effe cts of ovulat i on rate  on the 

proportion of lambs born per number of corpora lutea for  ewes lambing 

and f or ewes mated are s hown i n  Table 4-8 . ' Ovum was tage ' (or the 

proporti on of ova s hed not repres ented by lambs born ) increased with 

numbe rs of corpora lutea ( P < 0 . 001 )  when only ewes lambing were 

considered ( ' par tial ovum vms t age ' ) although the effe c t  was less 

marked when all ewes mated were considered . 

S imilarly , increas ing PMSG dosage reduced the pro porti on cf  

corpora lutea represented by lambs born both for ewes lambing 

(P < 0 . 00 1 )  and for ewes mated (P < 0 . 05 ) . These  effects are 

summarised in Table 4-9 and s hown diagramat ically in Fig. 4-1 . Of 

the ewes pregnant to firs t mati ng,  Romney ewes ( doses of PMSG poo led ) 

had proporti onately more lam bs b orn per corp ora lut ea number 

(P < 0 . 05 ) than the cross breds . When all ewes mated were cons idered , 

this advantage was reduce d . 

2. Ewes with one or two ovul ations 

Ewes s hedding one or two ova were s tudied s epara tely to 

investigate t he effects of b re ed of ewe , d os e  of PMSG  and numbers of 

corpora lutea on ova was tage . This was d o ne t o  reduce the bia.3 that 

o c curred when all e wes were included s ince ewes not treated .with 

gonad o t rophin d id not have more than two l ambs . 



TABLE 1-7 : SUMMARY OF FATE OF ' POTENTIAL LAMBS ' IN EWES RELATI VE 
TO NUMBERS OF C ORPORA LUTEA AT LAPAROTOMY 

Obse rvation No . of C oq�ora Lutea 12er Ewe : 
2 3 4 5 6+ 

N o . of Ewes 7 5  7 3  2 5  1 2 8 6 

Ewes PregnA.nt ( %) 49 56 68 42 50 83 

Ewes Pregnant to  Firs t S ervice 

No . of ovula ti ons 37 82 5 1  20 20 33 

N o . of Lambs Born 37 58 36 1 1 9 9 

Li t ter Size (Mean ) 1 . 4 1  2 . 1 2 2 . 20 2 o 2 5  1 .80 

Lit ter S ize ( Range ) 1 -2 1 -3 1 -3 1 -3 1 -3 

Mis sing Ova ( %) 29 29  45  55  73  

Ewes wi th Missing Ova (%) 77 7 2  1 00 1 00 1 00 



TABLE 4-8 : EFFECT OF NUMBERS OF C ORPORA LUTEA AT LAPAROTOMY ON 
THE PROPORTI ON OF ' POTENTI AL LAMBS ' REPRESENTED AT 
TERM BY LAMBS BORN 

No . of Ewes 
Corpora No . of 
Lutea Ewes 

37 

2 4 1  

3 1 7  

4 5 

5-8 9 

S ource of Vari ation 

Be tween Numbers of 
Corpora Lutea 

Error 

Lambing Only A Lambs Born/CL . No . No . 
All Ewes Mated 

of Lambs Born/CL . No . 
(M ean ± S . E . ) Ewes (Mean ± S . E . ) 

1 . oo ± 0. 03 

0 . 7 1 ± 0 . 03 

o . 7 1  ± 0 . 05 

0 . 55 ± 0 . 09 

O o  34 ± 0. 07 

Analys is of Variance 

Ewes Lambing Only 

d . f . Mean Squares 

4 

1 04 

1 .  01 *** 

0. 04 

7 5  

7 3  

25 

1 2 

1 4  

0 . 49 ± 0. 05 

0 . 40 ± 0. 05 

0 . 48 .:.±:. 0 . 09 

0 . 23 ± 0 . 1 2 

0 . 22 ± 0 . 1 1  

All Ewes Ma ted 

d . f .  

4 

1 94 

Mean Squares 

0 . 38 -

o . 1 8  

A Proporti on of Corpora Lutea represen ted by lambs born 



TABLE 4-9: EFFECT OF BREED OF EWE AND DOSE OF PMSG ON THE 
PROPORTION OF CORPORA LUTEA REPRESENTED BY LAMBS BORN 

C lassifi cati on : Ewes Lambing Onlr A ll Ewes Mated 

Breed Dose of No. of Lambs Born/C L. N o . No. of lambs Born/CL. No . 
of Ewe PMSG ( i . u . ) E1ves (M ean ± S . E . ) Ewes (Mean ± S . E . ) 

0 25  0 . 84 ± 0 . 03 36 o . 58 ± 0 . 07 

Bo rder- 600 1 8  0. 72 ± 0. 04 39 0 . 33 ± 0 . 07 
Romney 

1 200 21  0 . 60 ± 0 . 03 38 0 . 33 ± 0 . 07 

All Do ses 64 0 . 72  ± 0 . 02 1 1  3 0 . 42 ± 0 . 04 

0 1 6  0 . 97 ± 0 . 04 26  0 . 60  ±. 0 . 08 

Romney 
600 1 3  0 . 87 ± 0 . 07 30 0 . 38 .:!:. 0 . 08 

1 200 1 6  O o 65 ± 0. 04 30 0 . 35 ± 0. 08 

All Doses 45 0 . 83  ± 0 . 02 86 0 . 44 ± 0 . 05 

0 4 1  0 . 90 .±. 0 . 03 62 0 . 59 .±. 0 . 05 
B oth 

600 3 1 0 . 80 ± 0 . 03 69 0 . 36 ± 0 . 05 Breeds 
1 200 37 o . 63 ± o . 03 68 0 . 34 ±. 0 . 05 

Analys i s  o f  Varian ce 

S ource of Ewes  Lambing Only All Ewes Mated 
Varia ti on d .  f .  Mean Sguares d . f .  Mean Squares 

Between Breeds (B) 0 . 32 * 0 . 03 N . S .  

Be tween PMSG Doses (P ) 2 0 . 74 **-l<- 2 1 .  22  * 

B x P Interacti on 2 0 . 02 N . S . 2 0 . 0 1 N . S . 

Error 1 03 0 . 06 1 93 0 . 1 8 



FI G U R E 4- 1 :-
PERC E NTAG E  O F  POT E N T I A L  LAMBS BOR N  TO F I RST S E R V I C E  
R E LAT I V E  T O  TH E DOSE O F  PMSG 
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( a )  Single ovulations 

Table 4- 1 0 s hows the e ffects of three fact ors on concepti on rate 

and ovum was tage . I n  this sample , Border-Romney ewes had a 9 . 3% 

greater  concept i on rate than Romneys . C rossbred ewes had a s imi lar 

advantage f or ovum wastage but these eff ects were not signifi cant . 

Treatment with PMSG reduced (P  < 0 . 0 1 )  conception rate  and increas ed 

ovum wastage (P < 0 . 01 ) . 

( b ) S ingle- versus double-ovula tions 

Tables 4-1 0 and 4- 1 1  SU®uarise  c oncepti on , lambing and ov� 

wast age information f or ewes shedding one or two ova respectively . 

M ore ewes wi th t wo corpora lut ea c on ceived t o  first service 

( G  = 0. 69) than wi th one corpus luteum ( 56 . 2% v. 49 . 3%) al though this 

difference was not significant . Similarly , the proportion of ova 

n o t  represen ted by lambs was greater for twin ovulating ewes ( GC . 3% 

v .  50 . 7%) ( G  = 55 . 1 ; P < 0 . 0 1 ) .  There were s ignifi cant inte racti ons 

be twe en corpora lutea number  and PMSG dose for  both c on ception rate 

(G = 8 . 1 9 ; P < 0. 05 ) and ovum wastage (G  = 6 . 76 ; P < 0 . 05 ) . Thus 

whil e  in ewes w i th one corpus luteum , increased PMS G dosage reduced 

conception rates and increased ovum was tage , no such effect was 

apparent when two corpora lutea per ewe were observed . 

( c ) Double  ovula tions 

Unilateral twin ovulations oc curred more frequently in pregnant 

Border-Romney ewes than in Romneys ( 57 . 5% v .  38 . 5%; P < 0 . 1 ) .  Ewes 

wi th two corpora lutea present unilaterally were less likely t o  

c onceive than when twin ovul ati ons were bilateral ( 48 . 7% v .  63 . 9%) , 

however , this effect was not signifi cant (Table 4- 1 1  ) . 



TABLE 4- 1 0 :  EFFECT OF BREED OF EWE AND DOSE OF PJVISG ON CONCEPTI ON 
RATE TO FIRS T MATING AND PERCENT C ORPORA LUTEA NOT 
REPRESENTED BY LAMBS BORN IN EWES SHEDD I NG ONE OVUM 

Classificati on : 

Breed Dose  of N o . of % of Ewes 
% C o rpora Lutea 

of Ewe PMSG ( i . u . ) Ewes Pregnant 
not  Represented 

by Lambs Born 

0 20 75 . 0  25 . 0 

Border- 600 8 1 2 . 5  87 . 5 
Romney 1 200 3 33 . 3  66 . 7 

All Doses 3 1  54 . 8 45 . 2 

0 22  6 3 . 6 36 . 4 

Romney 
600 1 5  33 . 3 66 . 7 

1 200 7 1 4 . 3  8 5 . 7 

All Doses 44 45 . 5  54 . 6 

0 4 2  69 . 1 31 . 0  
Bo th  600 23  26 . 1  7 3 . 9 Breeds 

1 200 1 0  20 . 0 80. 0 

Total 7 5  49 . 3 50 . 7 

Tes t  of I ndependence : G S tati s ti c  d .  f .  G 

B reed x Dis tribution Independence 1 0 . 64 N . S .  

PMS G  x Dis t ribut ion Independence 2 1 5 . 58 * *  

Breed x PMSG x Dis tributi on Interaction 2 2 1 . 72 * *  



TABLE 4-1 1 :  EFFECT OF BREED OF EWE, DOS E OF PMSG AND TYPE OF TIVIN 
OVULATION ON CONCEPTION RATE, 1 OVUM WASTAGE 1 AND LAMBS 
BORN FOR EWES WITH TWO CORPORA LUTEA 

Classifi cati on : No . of % of Ewes 
Pregnant 

% C . L .  Not No. af Lambs Born Per : 
A Ewes 

Dose of Type of 
PMSG (i.u. ) Ovula tion 

0 

600 

1 2 00 

All Doses  

Border
Romney 

Romney 

B oth  
B reeds 
To tal 

1 
2 

Both types 

1 
2 

Both types 

1 
2 

Both types 

1 
2 

Bo th types 

1 
2 

Both types 

1 
2 

8 
1 2  
20 

1 9  
1 6  
35 

1 0  
8 

1 8  

27 
20 
47 

1 0 
1 6 
26 

37 
36 
73  

62 . 5 
58 . 3 
60. 0 

42 . 1 
62 . 5 
5 1 . 4  

50 . 0 
7 5 . 0 
6 1 . 1  

5 1 . 9  
60 . 0 
5 5 . 3 

40 . 0 
68 . 8 
57 . 7 

48 . 7 
6 3 . 9 
5 6 . 2 

Tes t of I ndependence : G Stat i s ti c  

Represented 
Ewes Ewes 

By La�bs 
Mated Lambing Born 

62 . 5 ( 40 . 0) o . 7 5  1 . 20 
62 . 5 ( 35 . 7 ) o .  7 5  1 .  29  
62 . 5 ( 37 . 5 ) 0 . 7 5 1 . 2 5  

68 . 4 ( 25 . 0 0 . 63 1 . 50 
53 . 1 ( 2 5 . 0) 0 . 94 1 .  50 
61 . 4 ( 25 . 0) 0 . 77 I .  50 

75 . 0 ( 50 . 0 ) 0 . 50 1 . 00 
3 1  . 3 (  8 . 3 ) 1 .  38 1 . 84 
5 5 . 6 ( 27 . 3) 0 . 89 1 . 45 

66 . 7 ( 3 5 . 7 � 0 . 67 1 . 29 
60 . 0 ( 33 . 3 Oo80 1 . 33  
63 . 8 ( 34 . 6 ) 0 . 72  1 .  3 1  

75 . 0 ( 37 . 5 ) 0 . 50 1 . 2 5 
40 . 6 ( 1 3 . 6 )  1 . 1 9  1 . 73 
53 . 9 ( 20 . 0) 0 . 92  1 . 60 

68 . 9 ( 36 . 1 ) 0 . 62 1 . 28 
5 1 . 4 ( 2 3 . 9 ) 0 . 97 1 . 48 
60 . 3 ( 29 . 3 ) 0 . 79 1 . 42 

C oncepticn 
Rate 

C orpora 
Lutea Not  
Represented 

By Lambs 
Li t ter 
Size  

Bre ed x Distribution 
Inde pendence 

Type of Ovulati on x Dis tribution 
Independence 

PMSG x Dis tribution Indepenience 
Breed x Type of Ovula tion 

I nd ependence 
PMSG x Type of Ovulati on 

Independence 
Breed x Type of Ovulation 

x Distri bution Interacti on 
PMSG x Type of Ovulation x 

Dis tributi on Interaction 
Breed x PMSG x Dis tribution 

Interaction 

d . f .  Q. 

0 . 04 N . S . 

1 1 o 7 3  N . S . 
2 O . 62  N . S . 

2 . 43  N . S . 

2 1 . 27 N . S . 

0 . 67 N . S .  

2 0 . 96  N . S .  

2 2 . 00 N . S .  

d . f .  Q. 

2 3 . 39 N . S . 

2 4 . 25  N . S . 
4 2 . 65 N . S . 

2 1 .02 N .  S .  

4 8 . 30 -

4 2 . 24 N . S .  

3 . 2 3 -

1 2 . 52  N . S . 
2 2 . 03  N .S . 

2 .82 -

1 0 . 4-7 N .S .  

2 7 - 34 * 

2 0 . 36 N . S . 
A Type of ovulati on 1 - uni lateral twin 2 - bi lateral twin 
B 

F .  �gures in brackets refer t o  pregnant ewes only ( partial ovum 
was tage ) 
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PMSG treatment caused a graater  incidence of unilateral tw:L n 

ovulations than was the case  for  unt reated ewes (no PMSG - 40%; 

600 i . u .  PMSG - 54%; 1 200 i . u . PMSG - 56%) . C oncepti on rates were 

reduced in PMS G t reat ed ewes with unilateral twin ovulations although 

this effect was not apparent in cont rol ewes or when ovula t i ons were 

bi l ateral ( Table 4- 1 1 ) . 

Smaller li t ter si zes res ul ted from unila teral twin ovulations 

c ompared to bilateral ovulati ons ( 1 . 3  v .  1 . 5 ) . Overall , the li tter  

size  was  great es t in  Romneys ( 1 . 6  v .  1 . 3 ;  0 . 05 < P <  0 . 1 )  and this 

was large ly due to a greater li t ter s iz e  in Romneys wi th bilateral 

ovula t i ons compared to  s im i lar crossbred e wes ( 1 . 7 v.  1 . 3 ) . Of the 

ewes losing ova ( Table  4-1 2� 32/56 lost  both whi le 24/56 los t only 

one o vum ( Chi
2 

= 1 . 1 4 ;  N . s . ) whi le of the 41 ewes pregnant , 24 

( 58 . 5%) had only one lamb bo rn. Many of the comparis ons menti oned 

did not  reach s tatist i cal s ignifi cance , but this may have been due 

to the limi ted sample s ize available f or analysis . 

( d ) Inequa lity of funct i on of the right and lef t ovari es and 

influences on apparent egg loss  ( data for s ingle and 

double ovulat ing ewes ) 
Of the 75  s ingle ovulati ons , 52% o ccurred on the right ova::-y and 

there was no relati onshi p  b e tween si te of ovula tion and ovum waatage . 

Table 4-1 2 shows the dis tributi on of ovulati ons between ovari es 

and apparen t ovum was tage f or ewes wi th t wo corpora lutea .  Thus 

58 . 9% of all ovulations from 73 ewes occurred in the right ova�v , 

i . e . 25 double ovulati ons from the right ovary and 36 bi lateral twin 

ovulati ons . 



TAB LE 4- 1 2 :  EFFECT OF BREED OF EWE AND DOSE OF PMSG ON SI TE OF 
OVULATION AND OVUM WASTAGE IN DOUBLE OVULATING EWES 

C lass ifi cati on :  No . of Ewes Shedding Ova : 

Breed Dos e of Unilatera l  
o f  Ewe PMSG (i .  u .) Lef t  

0 

Border- 600 
Rornney 1 200 

All D os es 

0 

600 

1 200 

All Doses 

T otal 

5 

3 

9 

0 

2 

3 

1 2 

Unilateral 
Right 

6 
1 0  

2 

1 8  

3 

3 

7 

2 5 

Bilateral 

9 
9 
2 

20 

3 

7 
6 

1 6  

36 

Total 
No . of 

Ewes 

1 6 
24 

7 
47 

4 

1 1  
1 1  
26 

7 3  

Chi 2 = 2 . 32 ,  N . S .  No o o f  Ewes Apparently Los ing Ova From : 

C orpora 
Lutea 
Right 
Ovary ( %) 

6 5 . 6 

50 . 4 

4 2 . 9 

5 9'. 6 

62 . 5 

5 9 . 1 
54 . 4  

57 . 7 

5E . . 9 

Lef t Ovary Right Ovary Bo th Ovaries Total 
No . of Ova Los t 1 2 1 2 1 2 1 2 

B order-Romney 3 3 7 1 0 8 8 1 8 2 1  
.. -� .....___..., _____, '-

Ova Lost ( %) 50 . 0 7 5 . 0 60. 0 63 o 8  

Romney 2 2 4 3 5 � --- ... ... ' ... ... ' 
Ova Los t  (%) 8 3 o 5 7 1 . 4  40 . 6 53 . 9 

B o th Breeds 4 5 9 1 4 1 1  1 3  24 32 
� .... . .... ... I ..... 

6o. 3
A Ova  Lost  (%) 58 . 3 7 4 . 0 5 1 . 4  

A C hi 2 = 6 . 5 3 ; p < 0 . 05 
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C ombining the singl e ovulati ons on the right ovary ( 39/7 5 )  with 

the unilateral twin  ovulations that o c curred on the same s ide ( 25/7 3 )  

m eans that 89 of the 1 48 uni lateral ( s ingle plus twin ) ovulat i ons 

( 60 . 1 %) o ccurred in the right ovary. This eff e c t  was , however ,  no t 

si gnifi cant . 

The unilateral twin ovulati ons from the right ovary caused 

greater ovum wastage than for the l ef t  which was i n  turn greater 

than vlhen ovulations were b ilateral ( P ( 0 . 05 ) . 

We ight of Lamb Born pe r Ewe 

The effe c ts of breed of ewe ,  dose of PMSG and litter s i ze on 

weight of lamb born per ewe were s tudied using a selected comp&.ris on 

method outlined in  Chapter II . Data for two ewes ( one Border

Romney , 1 200 i . u .  PMSG ; one Romney , 0 i . u . PMSG ) were not incl 1ded 

in the analys is since their lambs were not weighed . 

1 .  PMSG effect 

Selected comparis ons  were made within l i tter  s ize groups since 

control ewes did not l&�b triplets . 

( a )  Single- and twin-beari ng ewes 

Table 4- 1 3  summari s es the effe cts of b reed of ewe , dos e  of PMSG 

and li tter size on weight  of lamb born per ewe . Although an 

i ncreas ing dosage of PMSG reduced the mean weight  of lamb born, the 

effect  was not significant . I n  this sample of ewes , however , both 

the Border-Romney ewes (P < 0 . 05 ) and ewes lambing s ingles (P < 0 . 001 )  

had heavier weigh ts of lamb born than Romney or  twin-bearing ewes 

res pectively . 



TABLE 4- 1 3 : EFFECTS OF BREED OF EWE, PMSG AND LITTER SIZE ON 
WEIGHT OF LAMB BORN PER EWE ( Data for ewes lambing 
singles and twins) 

C lassifi cati on 

Breed of Ewe 
Border-Romney 
Romney 

Dose of PMSG (i . u . ) 
0 

600 

1 200 

Litter S ize  
S ingle 
Twin 

No . of 
Ewes 

5 6  

4 1  

4 0 

28 

29 

67 

3 0 

Analys is 
Source of Variation 

"' 
Effe ct (B )  

Be tween Breeds (B )  
Be tween PMSG Doses ( linear ) (Pl ) 
Between PMSG Dos es ( quadrati c (  (Pq) 
Between Lit ter S iz es ( L )  
B x P l  Interacti on 
B x Pq Interacti on 
B x P Interaction 

A Error Mean Square = 1 . 47 
B d . f .  = 96 

o .  7 2 

-0 . 4 3  

-0.  1 1  

2 . 88 
-0 . 02 

- 0 . 1 0  
0 . 4 4  

Weight of Lamb Born (kg) 
(Mean) 

6 . 30 

5 . 58 

6 . 1 2 

6 . 02 

5 . 69 

4 . 50 

7 . 38 

S .E . A 

0 . 34 
0 . 45 
0 . 33 

0 . 33 
0 . 4 5  
0 . 33 
0 . 34 

tB 

2 . 1 3 * 

-0 . 97 N . S . 
-0 . 34 N .S . 

8 . 5 5 *** 

-0 . 05 N .S . 
-0 . 32 N .S . 

1 . 1 3  N .S . 
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( b )  Triplet-beari ng ewes 

Increas ed doses of gonadotrophin reduced the mean weights of 

lamb born pe r ewe . Romneys had lighter mean wei ghts of lamb born 

than cross bred ewes (Table 4- 1 4 ) . These results were no t 

s tatis t i cally s i gnificant · probably becaus e of the small numbers of 

e�es available for analys is . 

2 . Breed of ewe and li tter  size  effects 

Table 4- 1 5 shows the e ffects  of breed of ewe and lit ter si : ;e on 

wei ght of lamb born per ewe . Border-Romney ewes had heavi er wei ght 

o f  lamb born ( P < 0 . 01 )  than  the Rornneys . S imi larly , lit ter s i ze 

had signifi can t linear ( P <  0 . 001 )  and negat ive quadratic ( P < 0 . 00 1 )  

eff ects on the variable . A S tuclen t-Newman-Keuls test  sho-.-.red that 

ewes  producing triplets had greater wei ghts of lamb born per ewe 

t han ewes w i th twi ns ( P < 0 . 05 ) or Hi th singles ( P < 0 . 0 1 ) . Single

b earing ewes produced a lesser  wei ght of lamb born than ewes lambing 

twins (P < O o  0 1  L 
the main eff e c t s o  

There were no s ignifi cant interactions be tween 



TABLE 4- 14 :  EFFECTS OF BREED OF EWE AND DOSE OF  PMSG ON WEIGHT OF 
LAMB BORN PER EWE (Data for tripl et-lambing ewes 

Classifi ea ti on : 
Breed 
of  Ewe 

Border
Romney 

Romney 

D ose of 
PMSG ( i . u . ) 

600 
1 200 
Both Doses 

600 
1 200 
Both Doses 

S ource of Variation 

Between Breeds ( B ) 
Between PMSG Doses ( P ) 
B x P Interaction 

A Error Mean Square 1 . 47 
B d . f .  = 9 

No . of 
Ewes 

2 
5 
7 

2 
3 

Analysis 

("B) Effect _ _ 

1 . 2 1  
1 . 1 9  
0 . 06  

Weight of  Lamb Born (kg ) (Mean ) 

A S . E .  

0 . 89 
0 . 89 
0 . 89 

9 . 4 5  
8 . 32  
8 . 89 

8 . 30 
7 . 05 
7 . 68 

1 . 35 N . S . 
1 .  32 N . S .  
0 . 07 N . S . 



TABLE 4-1 5 :  EFFECT OF BREED OF EWE AND LITTER S I ZE ON WEI GHT OF 
LAMB BORN PER EWE ACROS S  ALL DOSES OF PMS G  

C lass ifi cati on :  
Breed No . of Wei ght of Lamb B orn (kg ) 
of Ewe Li tter Size  Ewes (Mean) 

Single 39 4 . 64 
Border- Twin 1 7  7 . 96 
Romney Triplet 7 8 . 89 

All Li tter S izes 63 7 .  1 6  

Single 28 4 . 36  
Twin 1 3  6 �80 

Romney Triple t  3 7 . 68 
Al l Litter Si zes 44 6 . 28 

Single 67 4 , 50
) ·· l Both Twin 30 7 . 38 ' ** 

Breeds Triple t 1 0  8 . 28 .1
* 

-

Analys is 
S ource of  Variation Effect (13 ) S .  E . A tB 

Between Breeds (B ) 0 . 88 0 . 33  2 . 67 ** 

Be tween Li tter Sizes ( l inear ) ( Ll ) 3 . 78 0 . 44 8 . 54 *** 

Between Lit ter S izes (quadra ti c ) ( Lq ) -0 . 99 0 . 32 -3 . 1 6 *** 

B X Rl Interacti on 0 . 47 0 . 44 1 . 05 N . S .  
B x Rq Interaction -0 . 42 0 . 32 - 1 . 34 N . S .  

A Erro r Mean Square = 1 . 47 
B d . f .  = 1 06 
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CHAPTER V 

P ROGESTERONE CONCENTRATION IN PERI PHERAL BLOOD 

Ewes in Early Pregnancy (Days 20, 40, 60 ) 

1 o  Plasma proges terone and numbers of corpo ra lut e� 

Table 5-1  summaris es the effe cts of breed and number of corpor� 

lutea on the proges terone con centration in ewes bled on days 20 , 40 

and 60 of pregnancy . There were no  s ignificant interactions 

be tween any of the mai n  effects . 

Border-Romney ewes had s ignifi cant ly lower progest erone 

concentrations than Romneys (P < 0 . 00 1  ) .  

Progesterone concentration s i gnificantly increas ed wi th 

advancement of pregnancy (P < 0 . 00 1 ) ,  there being different mean 

concentrations a t  each sa.rnpling (P < 0 . 0 1  ) .  A rise in the number of 

corpora lutea from 1 to 6 was associated wi th a consis tent increase 

in proges t erone levels (P < 0 . 001 ) . The difference in concentration 

when s tudied for ewes with 1 or  2 corpora lutea only was signifi cant 

(P ( 0 . 0 1 ) .  

The regression of pre-experimental ewe liveweight ( po oled for  

both breeds ) was fitted  to  the mode l summaris ed in Table 5- 1 after 

separate regressions calculated fo r each treatment group proved 

non signifi cantly different from a common regression (see Chap ter I I ) . 

The resulting covariance model i s  summaris ed in Table 5-2 . Tte 

amount of variat ion explained by c omponents o f  this model ( r2 = 0 . 70)  

was very s imilar to  that for the analysis  of  variance model shown in 

Table 5-1 ( r2 = 0 . 68 ) • The breed eff e et  was greatly reduced �hen 

the regress i on of pre-experimental liveweight on plasma progest erone 



TABLE 5-1 : EFFECT OF B�ED, DAY OF BLEEDING AND NUMBER OF COEPORA 
LUTEA ON PLASMA PROGESTERONE CONCENTRATI ON IN  EARLY 
PREGNANCY 

Classifi cation 

Breed of Ewe 
Border-Romney 
Romney 

D9.y of Bleeding 
20 
40 
60 

No . of 
Observations 

1 23 
8 1  

68 
68 
68 

C o rpora Lutea No . 
1 5 4  

63  
42 
1 8  
1 2  
1 5 

2 
3 
4 
5 
6 

Plasma Proges terone Concentration 
Loge Mean ±. S . E . 

1 . 64 ± 0 . 03 
1 . 83 ± 0 . 04 

A 1 . 47 ± 0 . 04 a 
1 • 67 ±. o . 04 b 
2 . 07 ±. o . 04 c 

1 . 1 9 ± 0 . 04 ) ** 1 . 45  ± 0 . 04 ) 
1 . 68 ±. o . 05 
1 . 86 ± 0. 08 
2 . 0 1  ± 0. 09 
2 . 23  ± 0 . 08 

Antilo� 
(ng/ml 

5 . 1 7  
6 . 24 

4 . 34 
5 . 3 1  
7 . 95 

3 . 29 
4 . 26 
5 . 37 
6 . 42 
7 . 47 
9 . 30 

AiJ.alys is of Variance 
S ource of Var iation 

Between Breeds ( B )  
Be tween Days ( D )  
Be tween Corpora Lutea Nos . ( C )  
B x D Interac tion 
B x C Interaction 
D x C Interac ti on 
B x D x C Interaction 
Error 

d . f .  

1 
2 
5 
2 
5 

1 0  
1 0  

1 68 

Mean Sguares 

1 . 05 
3 .7 1  
3 . 32 
o. 02 
0. 07 
0. 07 
0 . 1 3  
0 . 1 0  

F 

1 0 . 02 *** 
3 5 . 57 *** 
31 . 8 5  *** 
0 . 1 9  N .S . 
0 . 72 N . S . 
0 . 6 3  N . S . 
1 . 2 5  N . S . 

A Means f ollowed by different subs cripts are signifi cantly 
different (P ( 0 . 01 ) 

/ 



TABlE 5-2 : EFFECT OF BREED, DAY OF BLEEDING AND NUMBER OF COPYORA 
LUTEA ON PLASMA PRO GESTERONE C ONCENTRATION AFTER 
COVARIANCE OF EWE LI VE ·NEIGHT 

Class ifi cation No . of 
Observations 

P lasma Proges terone Concen tration 
Loge Mean ± S . E .  

Breed of  Ewe 
Border-R:::>mney 1 2 3  1 . 68 ± 0 . 04 
Romney 8 1 1 • 78 ±. o. 05 

Da;z of Bleeding 
20 68 1 o 4 6  ± 0 . 05 
40  68 1 . 67 ± 0 . 05 
60 68 2 . 06 ± 0 . 0) 

Cor12ora Lut ea No .  
1 54  1 • 1 5 ± o. os 
2 63 1 . 47 ± o . 04-
3 42  1 . 67 ± 0 . 05 
4 1 8 1 . 87 ± 0 . 07 
5 1 2 2 . 00 � 0 . 03 
6 1 5 2 . 22 � 0 . 1 0 

Ana lys is of Covariance 
Source of Variation d . f . 

Be tween Breeds (B ) 1 
Between Days (D ) 2 
Between C o rpora Lutea Nos . ( c )  5 
B x D Interacti on 2 
B x C Interaction 5 
D x C Interaction 1 0  
B x D x C Interacti on  A 1 0  
Regress i on of Ewe Liveweight on 

loge Proges terone C oncentration 1 
Error 1 67 

Mean Sguares 

o . 38 
3 . 72 
3 . 47 
0 . 02 
0 . 1 0 
0 .  07 
0 . 1 3 

0 . 96 
0. 1 0 

Ant i lo� 
(ng/m� 

5 . 37 
5 . 9:'5 

4 . y: 
5 . 3 !  
7 - 43 

3 . 1 6 
4 . 34 
5 . 3 1  
6 . 4 9 
7 . 39 
9 . 2 1 

F 

3 .  79 -
37 . 37 *** 
3 5 . 02 *** 

0 . 1 9 N . S . 
1 .  04 N . S .  
0 .  67 N . S .  
1 • 32 N .  S . 

9 . 69 * 

A Pre-experimental and pooled over both breeds (B  = -0 . 0 1 6 ) 



con centration was included in the model ( Table 5-2 )  although the 

difference be tween breeds s ti l l  approached s ignifi cance (P < 0 . 1 ) .  

2 . Predicti on of numbers of corpora lutea 

5 2 .  

The analyses of variance (Table 5- 1 ) and covariance ( Table 5-2 ) 

were used to  calculate the es timated bl ood proges terone means v:hi ch 

are s�arised in Table 5-3 . These means were us ed to  calculE. te 

dis criminati on points for ea ch corpor9. lutea number grouping wi thin 

each breed and day of bleeding group ( Appendix VI ) . The number of 

corpora lutea available were l ogi cally grouped in four different 

ways and ewes v-rere classifi ed using dis criminati on p oints according 

to individual loge proges terone concentr9.ti ons . Table 5-4 shows 

the success rates of predi cti on for each breed , day of bleeding , and 

corpora lutea-classifi cati on subgroup using ei ther the analys i s  of 

varian ce (AOV ) or analys is of covariance ( ACOV) model . 

There was lit tle d ifference between the two models in the 

accuracy of predicti on . This was expected s ince the difference in 

variation explained was only 2% as noted in 1 above . 

3 . Plasma proges terone and li tter size 

Lit ter size was related to progesterone concentrati on (P < 0 . 001 )  

although the variation explained ( r2 = 0 .49)  by the components of 

the model summarised in Table 5-5 was much less than tha t when 

numbers of corpora lutea effects were studi ed . A comparis on among 

means revealed signifi cant increases (P  < Oo 01 ) in progesterone 

concentration of ewes as li tter s ize increased from singles to  

triplets . 

I ntroducing pre-experimental ewe liveweight as a covariate 

( Table 5-6 )  s li ghtly increased the amount of variati on explained 

( r2 = 0. 50 ) . 



TABLE 2-2: P ROGESTERONE CONCENTRATION OF EWES EARLY IN PREGNANCY 1 
C LASSIFIED RELATIVE TO BREED1 DAY OF BLEEDING1  AND 
NUMBER OF CORPORA LUTEA 

Day of B leeding 
20 40  60 

C orpora Plasma Proges terone Concentrati cn t 
S . E . ( Loge Mean ) 

Lut ea No . of 
No . Ewes AOVA ACOVB AOV ACOV AOV ACOV AOV ACOV 

Rom� 
8 o . 1 1  0 . 1 2 0 . 99 0 . 89 1 . 09 0 . 99 1 .  64 1 .  5 1  

2 9 0 .  1 1  0 . 1 1  1 . 45  1 . 43 1 . 46 1 . 44 1 . 80 1 . 78 
3 4 0 . 1 6 0 . 1 6 1 .  27 1 . 2 5  1 .  72  1 .  69 2 . 23 2 . 20 

4 3 O o 1 9  O o 1 8  1 .  69 1 .  7 1  1 . 9 5  1 . 97 2 . 2 1 2 . 23 
5 2 O o 23 0 . 22 1 . 77 1 .  67 1 . 97 1 . 88 2 . 39 2 . 29 
6 2 o 36 2 . 28 2. 30 2 . 3 1 2 . 66 2 . 59 

Border-Romney 
1 0  0 . 1 0 0 . 1 0 0 . 92 0 . 93  0 . 98 1 .  00 L 54 1 .  55 

2 1 2  O a09 0 . 09 0 . 88 O o 94 1 . 2 5  1 .  3 1  1 .84 1 . 90 
3 1 0  0. 1 0 O o 1 0  1 . 34 1. 35 1 . 48 1 . 49 2 .03 2 . 04 
4 3 o. 1 9 0 . 1 8 1 . 49 1 . 49 1 . 84 1 .84 1 . 99  1 . 9 9  
5 2 O o 23 0 . 22 1 . 93  2 . 02 1 .  9 1  1 . 93 2 . 07 2 . 1 6  
6 4 O o  1 6 0 . 1 6 1 . 52  1 .  56  2 . 06 2 . 09 2 . 49 2 . 5 2  

t and s tandard calculated from :  Means errors 
A - the analysis of variance model  shown in Table 5-1 
B - the analysis of covariance moiel shown i n  Table 5-2 



TAB lE 2-1: ACCURACY OF PREDICTION OF CORPORA LUTEA AND LI TTER 
SIZE GROUP FROM PLASMA PROGESTSRONE CONCENTRATION 

Day of Bleeding 
Grouping 20 40 60 All Days 

AO.f ACOVB AOV ACOV AOV AS OV AOV ACOV 
C or:2ora Lutea 
Romney 
1 ' 2 , 3 , 4 ,  5 ,  6 29 . 6 

c 
40 . 7 48 . 1 44 - 4 40 . 7 37 . 0 39 . 5 40 . 7 

1 ' 2-3 , 4-6 5 1 . 9  59 . 3 77 . 8 70 . 0 6 3 . 0 59. 3 64 . 2 63 . 0 
1 -2 ,  3-6 66 . 7 66 . 7 8 1 . 5  8 1 . 5  8 1 . 5 85 . 2 7 6 . 5 77 . 8 
1 ' 2-6 74 . 1 8 1 . 5  8 1 . 5  85 . 2 77 . 8 7 4 . 1  77 . 8 80. 3 

Border-Romney 
1 ' 2 ,  3 ,  4 ,  5 ,  6 29 . 3 3 1 . 7  36 . 6 39 . 0 34 . 2 34 . 2 33 . 3 35 . 0 
1 ' 2-3 , 4-6  53 . 7 5 1 . 2  6 1 . 0  65 . 9 48 . 8 48 . 8 54 . 5 55 . 3 
1 -2 '  3-6 7 5 . 6 78 . 1 70 . 7 7 5 . 6 7 3 . 2 68 . 3 7 3 . 2 74 . 0 
1 ' 2-6 70 . 7 68 . 3 7 5 . 6 7 5 . 6 78 . 0 78 . 1 74 . 8 74 . 0 

Litter S i ze 

Romne;y 

1 ' 2 ,  3 59 . 3 48 . 2 70 . 4 66 . 7 44 . 4 48 . 2 58 . 0 54 . 3 
1 ' 2-3 8 1 . 5  70 . 4 8 1 . 5  85 . 2 59 . 3 59 . 3 74 . 1 7 1 . 6  

Border-Romney 
1 ' 2 ,  3 4 6 . 0 54 . 1 46 . 0 56 . 8 6 4 . 9 64 . 9 5 2 o 3  58 . 6 
1 ' 2-3 70 . 3 73 . 0 64 . 9 7 3 . 0 7 5 .7 78. 4 70 . 3 74 .8 

A using the analysis of variance model shown in  Table 5-1 and Table 5-5 
B using the analysis of  covariance model  shown in Table 5-2 and Table 5-6 c percentage ac curacy 



TABLE 5-5: EFFECT OF BREED, DAY OF BLEEDING AND LITTER S I ZE ON 
P LAS�A P RO GESTERONE C ONCENTRATION IN EARLY PREGNANCY 

C lassifi ea tion 

Breed of EHe 
Border-Romney 

Romney 

Day of Ble eding 
20 
40 
60 

Li t ter Size  

2 
3 

No . of 
Observa ti ons 

1 1  1 
8 1  

6 4  
64 
64 

1 1 1 
60 
2 1  

Plasma Proge s te rone Concentration 

Log Mean + S . E . e -

1 . 57 ± 0 . 04 
1 .  72 ±. o . 04 

A 1 . 33 ± 0 . 05 a 
1 • 57 ±. 0 . 05 b 

2 . 03 ±. 0 . 05  c 

1 .  3 5  ± 0 , 04 a 

1 . 56  ± 0 . 05 b 
1 . 85 ±. o . 08 c 

4 .8 1 
5 . 57 

3 . 78 
4 . 8 1 
7 . 62 

3 . 87 
4 . 7 5 
6 . 34 

Ana lys is of Variance 

S ource of Variati on 

Be tween Breeds (B ) 
Be tween Days (D ) 
Be tween Li tter Sizes ( L) 
B x D Interaction 
B x L I nterac tion 
D x L Interac tion 
B x D x L Interacti on 
Error 

2 
2 
2 
2 

4 
4 

1 74 

Mean Squares 

o . 6 5  
5 . 1 1  
3 .86 
0 . 1 8  
0 . 002 
0 . 08 
0 . 03 
0. 1 5 

F 

4 . 32 * 

33 . 98 *** 

25 . 64 *** 

1 . 22 N . S . 
0 . 0 1 N . S .  
0 . 50 N . S . 
0 . 22 N . S . 

A Means wi th different subs cripts (wi thin classifica tions ) are 
s ignifi cantly diffe rent (P ( 0 . 0 1 ) 



TABLE 5-6 :  EFFECT OF BREED, DAY OF BLEEDING AND LITTER S IZE ON 
P:l.J.A.SMA PROGESTER\JNE LEVELS IN EARLY PREGNA.."N"CY AFTER 
C OVARIAN8E OF EWE LIVEit/EIGHT 

C l as sification No . of 
Observations 

Plasma Proges terone C oncen tration 

Loge Mean ± S . E . Anti l oL n o- m l  --------------------------------------------------------��= 

Breed of Ewe 
Border-Romney 
Romney 

Day of Bleeding 
20 
40 
60 

L::. tte r S ize 

2 
3 

1 1 1  
8 1  

64 
64 
64 

1 1 1  
60 
2 1  

1 . 6 1  ± 0 . 05 
1 .  70 ± o . 06 

1 . 3 3  ± 0 . 06 
1 • 59 + o . 06 
2 . 04 ± 0 . 06 

1 . 3 6 ± 0 . 05 
1 . 7 3 ± 0 . 05 
1 . 87 ± 0. 08 

5 . 00 
5 . 47 

3 . 78 
4 . 90 
7 . 69 

3 . 90 
5 .  64 
6 . 48 

Analys is of C ovariance 
S our ce of Variati on 

B e tween Breeds ( b )  
Betwe en Days ( D )  
B e tween Li t ter S i zes  ( L) 
B x D I nteracti on 
B x 1 Interaction 
D x 1 Intera ction 
B x D x L I nteracti on 
Regression of Ewe LiveweightA on 
1oge Proges terone C o�centration 
Error 

d o f o 

2 
2 
2 
2 
4 
4 

1 73 

Mean Squares F 

0 . 28 1 .89 N . S . 

4 . 1 3 28 . 1 1 *** 

5 . 1 2 
0 . 1 9 
0 . 01 
0 . 08 
0 . 03 

0 . 7 3  
0 . 1 5  

34 . 83 *** 

1 . 26  N . S . 
0 . 03 N . S .  
0 . 54 N . S . 
0. 22 N . S . 

4 . 97 * 

A Pre -experimental and pooled over both breeds (B = -0 . 0 1 ) 



4 .  Predi ction of li t ter s ize  

53 . 

Table 5-7 summarises the plasma progesterone means est imated 

from the analyses of  variance ( Table 5-5 )  and covariance ( Table 5-6) . 
These  means were us ed t o  calculate d is cr imination points for  two 

l ogical lit ter si ze groupings within b reed  and day of bl eeding. 

The success rate  of predi cting these li t ter size groups f rom loge 

pr ogesterone con centrati on (for both the AOV and ACOV mode ls ) is 

s hown in Table 5-4 . 

As f or corp ora lutea , there was li t tle difference be tween 

m od els  in accura cy of predi cti on of lit te r  size groups . 

Ewes in Late Pregnancy 
1 .  Plasma proges terone and litter size  

Progest erone concentrati on at  day 1 20 of pregnancy increased 

with li tter s i ze (P < 0 . 001 ) . Ewes producing twins or tri plets had 

greater concentrati ons of the hormone than ewes with singles 

(P < 0 . 0 1 ) although the difference between ewes producing twins and 

triplets failed t o  reach s ignifi cance ( Table 5-8 ) . 
b e tween breed and li tter s ize  was no t s ignifi cant . 

2 . Pred iction of l i t ter size 

The interacti on 

Data from Table 5-8 was used to  produce di scrimination points 

and thes e were us ed to predi ct li tter s i ze from loge pro gesterone 

c oncentra ti on . The success rate in determining whether a ewe 

carried a s ingle , twins or triplets was 57 . 1 % for  Romneys and 60 . 5% 

for the cross breds . However,  when the predi ction was whe ther ewes 

carried singl es or mult iples ( twins or tri ple ts ) , the success rate 

i ncreased to 7 1 %  for bo th breeds . 



TAB LE 5-7 : PROGES TERONE C ONC�TRATION OF EWES EARLY IN PREGNAN,�Y 
C LASS IFIED RELATIVE TO BREED1 DAY OF BLEEDING AND 
LI T·rER SI ZE 

Day of Bleeding 

20 40 60 
Plasma Proges terone Concentra tiont 

Li t ter No.  of 
S . E . (Logliil Mean2 

S ize  Ewes AOV AC OV AOyA AC OV
B 

AOV AC OV AOV ACOV 

Romney 

1 5  0 . 1 0 0 . 1 0  1 . 1 9  1 . 1 5 1 .  29 1 . 2 6  1 .  79  1 .  7 5  
2 9 0 . 1 3 O o 1 3  1 . 1 6 1 .  5 9  1 0 72  1 .  70  2 . 09 2 . 0'7 
3 3 0 . 22 0 . 22 1 . 58 1 . 58  1 .  98 1 . 98 2 . 2 1 2 . 2 1 

Borde r-Romne;y 

22 o o oa 0 . 08 0 .99  1 . 02 1 . 1 7  1 0 24 1 .  70 1 .  72 
2 1 1  0 . 1 2  0 . 1 2  1 . 34 1 . 37 1 . 5 6  1 .  59 2 . 05 2 . 08 
3 4 0. 1 9  0 . 1 9 1 .  26  1 . 30 1 .  7 1  1 .  76 2 . 35 2 . 39 

t Means and s tandard e rrors cal cula t ed from : 

A - the ana lys is  of variance model  shown in  Tab le 5-5 
B - the ana lys is of c ovariance model  s hown in Table 5-6 



TAB LE 5-8 : EFFECT OF BREED AND LI TTER SIZE ON PLASMA PROGESTERONE 
CONCENTRATION AT DAY 1 20 OF PREGNANCY 

C las s if i  ea t i on :  Plasma Proges terone C oncent ration 

Breed Li t ter No . of Loge Me�n + S . E .  Antilo� 
of Ewe S iz e  Ewes (ng/ml 

22 1 . 54 ± 0 . 1 0  4 . 65 
Border-

2 1 2  2 . 1 4 .±. 0. 1 4 8 . 53 Romney 
3 4 2 . 26 ± 0. 24 9 . 55 

All Li tter  Si zes 38 1 . 98 ± 0 . 08 7 . 24 

1 6  1 . 74 ± 0 . 1 2 5 . 7 2  

Romney 2 9 2 . 1 2 .±. 0 . 1 6 8 . 3 1  

3 3 2 . 50 ± 0 . 27 1 2 . 1 8 

All Lit ter S izes 28 2 • 1 2 .±. 0. 09 8 . 33 

38 1 . 64 ± 0 . 08 
A 

5 . 1 6  a 
Both 

2 2 1  2 . 1 3 ± 0 . 1 0  be  8 . 42 Bre eds 
3 7 3 . 38 ± 0 . 1 8 c 1 o . 78 

Anal;ys is  of Variance 

S ource of Variation d . f .  Me�n Sguares F 

Between Bre eds  ( B ) 0 . 20 o . 9 1  N . S . 

Be tween Li t t er S izes ( L) 2 2 . 5 6  1 1 . 52 *** 

B x L Intera c ti on 2 0 . 1 0 0 . 4 5 :N . s . 
Error 60  0 . 22 

A 
Means wi th different subs cri pts are s igni fi cantly differen t (P<0 . 0 1 ) 

r2 = 0. 3 1  



The reas ons why accuracy of predi cti on did not increase with 

advancement of  pregnancy may be explained by the small amount of 

vari ati on explained ( r
2 

= 0 . 3 1 ) by components of the mode l 

5 4 .  

summaris ed i n  Table 5-8 for day 1 20 of pregnancy compared to  earlier 

in pregna ncy . When ewe livewe ight was introduced as a c ovariate 

( Table 5- 1 0) the a ccuracy of predi cti on of actual li tter s iz e  v-·as 

not  incr eased ( Romney 46 . 4%; Bo rder-Romney 63 . 2%) , n or was the 

predi c ti on between ewes with s ingles and mult ipl es improved ( Romney 

64 . 3%; Border-Romney 7 3 o 7%) . 

Table 5-9 shows the effects of the regressi on of weight of lamb 

born on progesterone concentra ti on (]3 = 0 . 1 7 ; P < 0 . 001 ) when this 

was included in the analysis . Thus the explained variance in creased 

( r2 = Oo 44 ) whi le the effect  of  li tter size be came non signifi can t . 

Bi rthweight wi thin litter s ize th en is a s our ce of cons iderable 

variati on of proges te rone concentrat ion whi ch may reduce the 

accuracy of predi c t ion of li tter s ize in late  pregnancy . 

3 . Plasma progesterone and breed 

Table 5-8 shows that although Romneys had higher blood 

proges terone levels than the crossbreds this was not s ignifi cant . 

The breed comparis on (Table 5- 1 0 ) af ter in cluding the regressi on of 

pre-experimen tal liveweight of ewes on progesterone concentrat� on 

A 
(B = -0 . 03 ; P < 0 . 001 ) showed a non s i gnifi cant advantage of  the 

Border-Romney ewes . Thi s effe c t  may have been due t o  the breed 

difference in wei ght of lamb born (C hapter I II ) . Thus a model 

including a regressi on of we ight of lamb born on progesterone 

concen tration was s tudied ( Table 5-9 ) . Af ter allowing for variati on 

due t o  the weight of  lamb b orn (B = 0 . 1 7 ; P < 0. 001 ) , Romney elves had 



TABLE 5-9 : EFFECT OF BREED AND LI TrER SI ZE ON P LAS:v!A PROGESTERONE 
C0NCENTR�TION AT DAY 1 20 OR PREGNANCY AFTER COVARI ANCE 
OF WE IGHT OF LAMB BORN PER EWE 

C lassifica  ti  on : 

Bre ed Lit ter  No . of 
of Ewe S ize 

Border-
2 

Romney 
3 

All Lit ter S iz es 

Romney 2 

3 

All L i tter Sizes  

Both 
2 

Breeds 
3 

Source of Variati on 

Between B re eds ( B )  
Between Litter  S izes  ( L ) 
B x L I nt e racti on 

E·t�es 

22 

1 4  

4 

38 

1 6 

9 

3 

28 

38 

2 1  

7 

A'1al;ys i s  of 

Regress ion of Wei gh t  of Lamb Born 
on P lasma Progesterone Concentration ( B'  = 0. 1 7 ) 
Error 

r2 = O o 44 

Plasma Progest erone C oncentrB. t i on 

Loo- Mean + S . E .  Anti l o� 
oe (ng/:nl 

1 . 70 ± 0 . 1 0 5 . 48 

1 .83 ± 0. 1 5  6 . 2 1  

1 . 70 ± 0 . 26 5 o 48 

1 . 7 4 ± 0. 1 1  5 . 7 1 

2 . 00 ± 0. 1 3  7 .  39 

2 . 03 ± O o 1 4  7 . 62 

2 . 20 ± 0. 26 8 .7C  

2 . 03 ± 0 . 1 0 7 . 97 

1 . 85  ± 0. 09 6 . 36 

1 . 93 ± 0 . 1 1 6 . 8E: 

1 . 95 ± o. 20 7 . 02 

C ovariance 

d . f .  Mean Squares F 

2 

2 

0 . 99 

0 . 02 

0 . 05 

2 . 56 

0. 1 8 

5 . 39 * 

0 . 1 �; N .S . 

0 . 30 N . S .  

1 3 . 99 *** 



TAB lE 5-1 0 :  EFFECT  O F  BREED AND LI TTER S IZE ON PLASMA PROGE3TERONE 
yONCENTRATION AT DAY 1 20 OF PREGNANCY AFTER COVARIANCE 
OF EWE LI VEWEI GHT 

Class ification :  P lasma Proge s terone C on c en t ration 

Breed Li tter No . of Loge Mean ± S . E .  Antilo� 
of Ewe S ize  Ewes ( ng/rr!l 

22 1 .  60 ± o. 09 4 . 94-
Border-

2 1 2 2 . 24 ± 0 . 1 3 9 . 39 Romney 
3 4 2 . 3 5  ± 0 . 22 1 0 o 48 

All Li t te r  S izes 38 2 . 06 ±. 0 . 09 7 . 87 

1 6  1 . 6 1  ± 0 . 1 2 5 . 00 
Romney 2 9 2 . 04 ± 0. 1 5 7 . 67 

3 3 2 . 49 ± 0 . 2 5  1 2 . 09 

All Li t ter Sizes 28 2 . 05 .±. 0 . 1 1 7 . 7t: 

38 1 . 60  .±. 0 . 07 4 . 97 
Both 

2 2 1  2 . 1 4 .±. 0. 1 0 8 . 49 Breeds 
3 7 2 . 42 .±. 0 . 1 7  1 1  • 25 

Analysis of Covariance 

Source of Variation d . f .  Mean Squares F 

Be tween Breeds ( B ) 

Be tween Li t ter S iz es ( L) 

B x 1 Intera c tion 

Regres sion of Pre-experimental Ewe 
Liveweight on Plasma Pro�es terone 
Concentrati o n  (ft = -0 . 03 ) 

2 

2 

E rror 5 9  

0 . 002 

3 . 02 

0 . 1 1  

2 . 1 6  

0 . 1 9 

o . 01 N . S . 

1 5 . 93 * * *  

o . 57 N . S . 

1 1 . 36 * * *  



5 5 . 

signifi cantly greater es t imated blood progesterone levels than the 

crossbreds (P < 0 . 05) . 

When both ewe liveweight and wei ght  of lamb b orn regressi ons on 

proges terone concentration were included in the model ( Tab le 5- 1 1 ) ,  

b oth  were signifi cant ( P <  0 . 001 ) although breed and litter  size  

effe cts were n on significant . Compone nts of this model provid·=d 

the b es t  explanati on of variati on ( r2 = 0. 54) of those models 

analys ed for late pregnancy . Thus the antagonis tic inf luences of 

ewe liveweight and wei ght of lamb born are probably important i:1 a 

d is cussi on of b lood progesterone leve ls at this s tage of pregna�cy. 

Partial ' Ovum Was tage ' and Blood Proges terone Level 

The relati onship be twe en apparen t ovum was tage ( corp or� lutea 

number - lambs born ) and plasma proges t erone concentrati on was 

s tudied using pregnan t ewes �ith either  2 or 3 corpora lutea . This 

was done in an attempt to  reduce problems of confounding corpora 

lutea number wi th ovum was tage and b lo od progesterone leve l .  The 

results are s ummaris ed in Table 5- 1 2 . 

Progest e rone concen trati ons f or days 20 and 40 were us ed 

because mos t ovum wastage probably occurred in early pregnancy . 

Double ovulating ewes had great er plasma proges terone l evels 

( on bo th days ) when b oth corpora lutea were represented by lambs 

born. The re lati onship was less  clear for ewes wi th 3 corpora 

lutea when progesterone levels f or Day 20 were considered , al th·Jugh 

increased concentrati ons of the hormone were ass ociated wi th less 

ovum wastage on Day 40 ( P  ( 0 . 1 ) . The relationship was more apparent 

on Day 40 than Day 20 for both ovulat i on rate groups , but the number  

of ewes avai lable for analysis was smal l . 



TABLE 5-1 1 : EFFECT OF BRi;jED AND LI TTER S IZE ON PLASMA PROGESTERONE 
CONCENTRATION AT DAY 1 20 OF PREGNANCY AFTER COVARIANCE 
OF PRE-EXPERIMENTAL EWE LI VEwEIGH'r AND WEIGHT OF I,AMB 
BORTii PER EWE 

C lassific9.t i on :  
Breed Lit ter 
of Ewe S ize 

Border- 2 Ro:nney 
3 

All Li t t er Sizes 

Rornney 2 

3 
All Li t ter Sizes 

Both 
Breeds 2 

3 

No . of 
Ewes 

22 
1 2  
4 

38 

1 6 
9 
3 

28 

38 
2 1  
7 

P las�a Proges terone Concentration 
Loge Mean ± S . E . �!���y 

1 .  75 ± o . o9 5 . 7 6  
1 . 93 ± 0 . 1 4 6 .89 
1 . 8 1  ± 0 . 24 6 .  1 :  
1 . 83 ± O o  1 0  6 . 24 

1 . 86 ± 0 . 1 2 6 . 4:'5 
1 .  96 ± 0. 1 3 7 . 09 
2 . 20 ±. 0 . 24 9 . 03 
2 . 08 � 0 . 1 0  7 • 4L 

1 . 8 1  ± 0 . 08 6 . 09 
1 .  94 ± o . 1 0 6 . 9(1 
2 . 0 1 ± 0 . 1 8 7 . 43 

Anal:y:s is of Covariance 
Source of Variation 

Between Breeds (B)  
Between Li tter S izes ( L )  
B x L Intera c tion 
Regression of Ewe Liveweight on 
P lasma Pro�es terone C oncentration ( !3  = -o .  03 J 
Rc�gres sion of  Weight of Lamb Born 
on Plasma Progesterone C oncentration ('B = Oo 1 6 )  
Error 

r2 = O . 54 

d . f .  

2 
2 

58 

Mean Sguare.s 

0. 25 
0 . 08 
0 . 08 

1 . 95 

2 . 35 

0. 1 5 

F 

1 • 62 N . S . 
0 . 5 1  N . S . 
0 . 55 N . S . 

1 2 . 78 *** 

1 5 . 42 *** 



TAB LE 5-1 2 :  RELATIONSHIP BETwEEN NUMBE.R OF LAMBS BORN AND PLASMA 
P RO GESTERONE C ONCENTRATION IN EWES 20 OR 40 DAYS 
PREGNANT THAT SHED TWO OR THREE OVA 

Clas s if i cati on : Plasma Proges terone C oncentra ti c n  

N o . of No . of Loge Mean ± S .E .  
Corpo ra L9lllbS Born No . of 

Lutea  per Ewe Ewes Day 20 

1 2  1 . 01 ± 0 . 1 4 ( 3 . 00) 
2 

1 . 29 ! 0 . 1 6 ( 3 . 63 ) 2 9 

5 1 . 33 + 0 . 1 1 ( 3 .78 ) 
3 2 4 1 . 42 ± 0 . 1 2 ( 4 . 1 4 ) 

3 4 1 .  3 1  ± 0 . 1 2 ( 3 . 1 7 ) 

Analyse s  of Variance 
Day 20 

S ource of Varia tion 

E des w ith Two Ovulat ions 

Between Li t ter S iz e  

Error 

Ewes wi th Three Ovul ati ons 

Be tween Litter S ize 

Error 

d . f .  Mean Squares 

1 9  

2 
1 0  

0 . 4 1 N . S . 

0 . 24 

O . 02 N . S .  

0. 06 

A 
Detra nsformed mean in brad<ets  

. / ( Antl log ng/m l  

Day 40 

1 . 25 ± 0 . 09 ( 3 . 49) 
1 • 46 ± 0 . 1 0 ( 4 . 3 1  ) 

1 . 40 ± 0 . 1 2 ( 4 . 06 ) 
1 • 48 ± 0 . 1 4  ( 4 . 40) 
1 . 87 ± 0 . 1 4 ( 6 . 48) 

Day 40 
Mean Squa res 

0 , 22 N . S . 

0 . 27 -
0 . 07 
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CHAPTER VI 

PRE-AND POST-NATAL LAM B  GROWTH 

Data on ges ta tio� length and birth we ight were avai lable for  

1 07 lambs born to firs t  mating and 200 born to all  servi ces . The 

weaning w e ight re cords were avai lable f rom 1 70 lambs . 

Ges ta ti on Length 

1 .  S ingle- and twin-bearing ewes 

PMSG effects on ges tation length were s tudied us ing ewes 

producing singles and twins since ewes not  inje cted wi th PMSG di d no t 

have tri ple ts ( Table 6- 1 ) .  The gonado trophin appeared t o  have no 

real eff e ct on ges ta tion length. The ges ta ti on peri od of Romn·�Y 

ewes was about one day longer than the cros sbreds (P < 0 .  0 1  ) • The re 

was , howe ver, an interaction between breed and bi rth rank eff e cts . 

Thus , whi le Border-Romney ewes with twins had shorter pregnancies 

than ewes producing singles , the revers e was true with Romneys 

Over bo th breeds , however , the effect of birth ra�{ was 

not si gnifi cant . 

2 . A ll ewes 

The ef fects of breed and birth rank are summarised in Table 6-2 . 

Romney lambs were carried s ligh t ly longer  than the cross breds bu t the 

eff e c t  was not s ignifi cant . S imilarly , the apparent reduction in 

ges tation length wi th increas ed birth rank fai led to reach s ignifi cance . 

3 .  Eff ect  of s ex of lamb 

Tab le 6-3 shows the effects  of breed and s ex of s ingle-born lambs 

on ges ta tion length . Although male lambs were carried s lightly 

longer than females , the effect  was no t si gnificanto Over both 



TABLE 6- 1 : EFFEGT OF BREED, DOSE OF PMSG AND BIRTH RANK ON 
GESTATION LENGTH - DATA FO R EWE·S LAMB ING SINGLES 
AND TWI NS TO F IRST MATING 

Clas sification:  
Breed 
•)f Ewe 

Border
Rom.ney 

Rornney 

Both 
Breeds 

Both 

Bo th 

Birth 
R::mk 

S ingles 
·rwins 
Birth Ranks 

S ingles 
Twins 
B ir th Ranks 

S ingles 
T wins 

Dos e of PMSG (i .u . ) 

0 
600 

1 200 

S ource of Varia tion 

B e tween Breeds ( B )  
Between Bi rth Ranks ( R) 

No .  of 
Ewes 

39 
1 7  
56 

28 
1 3 
4 1  

67 
30 

40 
28 
2 9  

Analysi s 

Be tween PMSG Dos es  ( linear) (Pl)  
Be twe en PMSG Dos es ( quadrati c )  (Pq ) 
B x R Intera ctio n  
B x P l  Intera c ti on 
B x Pq Interacti on 

A Error Mean Square = 2 .72 
B 

d . f . = 96 

Ges tati on Le ngth ( Days ) 

("'B ) Effe ct _ 

1 . 29 
o .  1 2  

-0. 27 
-0 . 40 
0 . 99 
0 . 1 0  
0 . 1 0 

(Mean ) 

1 46 . 6 
1 4 5 . 5 
1 46 . 1 

1 46 . 9 
1 47 . 8 
1 47 . 3 

1 46 . 8 
1 4 6 . 6 

1 46 . 7 
1 47 . 0 
1 46 . 4 

S . E .  A 

0 . 4 6  
0. 46 

.iB 

2 . 85 * *  

0. 2 6  N . S . 

o. 70 -0 . 39 N . S . 
0.44 -0 . 9 1  H .S .  
0. 46 2 . 1 7 -'!-

o. 70 0 . 1 4 N . S .  
0. 44 0 . 23 N . S .  



TABLE 6-2 : EFFECT OF BREED AND B IRTH RANK ON GESTATION LE�GTH 
ACROSS ALL DOSES OF PMSG - DATA FOR EW1'S LAMBING TO 
FIRST  MATING 

Classificat i on : 
Breed Birth No . of 
of Ewe Rank Ewes 

Single 39 
Border- Twi n  1 7  
Romney Triple t 7 

A ll Li tter Sizes 63 

Single 28 

Romney Twi n 1 3  
Tripl e t  3 

All  Li tter Sizes 44 

Single 67 
Both Twi n 30 Breeds 

Tripl e t  1 0 

Analys is 
Source of Variati on 

Between Breeds (B) 
Between Birth Ranks ( linear ) (Rl ) 
Between Birth Ranks ( quadratic ) ( Rq ) 
B X Rl Interacti on 
B X Rq Interac tion 

A E rror Mean Square = 2 . 72 
B d . f .  = 1 06 

Gestation Length (Mean ) (Days ) 

1 46 . 6 
1 4 5 . 5 
1 46 . 7 
1 46 . 3 

1 46 . 9 
1 47 o 8  
1 4 5 . 8 
1 4 6 .8 

1 4 6 . 8 
1 46 . 6 
1 4 6 . 2 

("'B ) A Effect  _ S . E . 

0 . 56  
-0 . 5 6  
0 . 1 6 
0 . 50 
1 . 1 4  

0 . 45  1 . 24 N . S . 
0. 6 1 0 . 92 N . S . 
0. 34 0 . 47 N . S .  
0. 6 1  0 . 99 N . S .  
o. 34 3 .  38 ** 



TABLE 6-3: EF?�CT OF BREED AND SEK OF LAMB ON GESTATION LENGTH 
A.�D BIRTH WEIGHT WR SINGLE-BORN LAJ."1BS 

C lassifi ea tion : 
Breed S ex of No . of Ges tation Length ( Days) B irth Weight (kg) 
of E we Lamb Lambs (Mean ±. S . E . ) (Mean ±. S .  E . 

Male 25 1 46 . 2 ±. O o 36 5 . 09 ±. 0 . 1 5  
Border- Female 27 1 46 . 2 ±. 0 . 35  4 . 54 ±. 0. 1 4 Romney 

Bo th Sexes 52  1 46 . 2 ±. 0 . 25 4 . 32 ± 0. 1 0  

Male 28 1 47 . 2 ± 0 . 34 4 . 56 .:!:. 0 . 1 4  

Romney Female 22  1 46 . 5 ± 0 . 39 4 . 65 ± 0 . 1 6  

Both S exes 50 1 46 . 8 ± 0 . 26 4 . 60 ±. o. 1 0  

Both Male 5 3  1 46 . 7 ±. 0 . 25 4 . 32 ±. 0 . 1 0  
Breeds Fema le 4 9  1 46 . 4 ±. 0 . 26  4 . 60 ± o.  1 1  

Analysis of Variance 
Source of Variati on d .  f .  Ges tati on length Birth We :�ght 

Mean Sguares Mean Sguares 

Between Breeds ( B )  1 0 . 7 0  - 1 . 1 6  N . S . 
Be tween Sex ea ( s )  2 . 4 1 N . S . 1 • 34 N . S .  
B x S In te rac ti on 3 . 47 N .S . 2 . 50 * 
Error 98 3 . 30 0 . 54  



sexes Romney s ingles were carried over h� lf a day longer than 

crossbred singles (P < 0 . 1 ) . 

57 . 

Table 6-4 summarises the effec ts of  breed and classes of twin  

birth on ges tati on length. Twin males were carried l onger thar. 

either mixed sexed twins or twin females ( P  < 0 .  01 ) al though the 

difference between the latter two classes of twins was not 

s ignifi cant . Romney ewes producing twins had gestation lengths 

two days longer than s imilar crossbred ewes ( P < 0 . 001 ) .  

Birth Weight 

1 .  Single lambs 

The influences of breed of ewe and sex of lamb on lamb birth 

wei ght are shown in Table 6-3 a  For this sample the crossbred lambs 

were heavier than  Romneys although the effect was no t signifi cant . 

There was a s ignifi cant bre ed by s ex inte racti on (P < 0 . 05 ) . Thus in 

this group of lambs , male crossbred lambs were heavier at birt� than 

females \vhile the revers e was the case wi th lambs born to  Rornney ewes . 

2 . Twin lambs 

Table 6-5 summaris es the effects of breed of ewe and class of 

twin  birth on lamb b irth weight . Twins born to crossbred ewes were 

heavier at birth than lambs from Romneys (P < Oa  01 ) . 

The class of twin birth had a significant influence on lamb 

birth weight ( P <  0 . 05 ) . A comparis on among means showed that 

significant differences in birth weight (P < 0 . 05 ) oc curred between 

female lambs born as twins t o  females compared to male lambs twin to 

ma les and males twin to females . There was no  signifi cant difference 

in birth weights of male lambs depending on whether they were eo-twin 

to male  or female lambs . This was als o true of female lambs . 



TABLE 6-4 : EF},ECT OF BREED AND C LASS OF TWIN-BIRTH ON GESTATION 
LENGTH 

Classifi ea ti on :  
Breed 
of Ewe 

Border
Romney 

C l ass of 

Mal e -

Female -
Mixed Sex 

Twin-Birth 

Male 
Fema le 
Twins 

All  C lass es 

Male - Male 

Romney F emale - Fem9.le 
Mixed S ex Twins 
All Class es 

Both 
Breeds 

Male 
Female -
Mixed Sex 

Source of Variation 

Between Bre eds  ( B )  
Between Classes ( c ) 
B x C Intera ction 
E:cror 

Male 
F emale 
Twins 

Analysis of 

No . of Ges tati on Length ( Days)  
Ewes (Mean ± S . E . )  

6 1 46 . 2 ± 0 . 34 
4 1 44 . 8 .± 0 . 4 2  
7 1 4 5 . 8 ± o . 32 

1 7  1 45 . 6 ± 0 . 20 

5 1 49 . 0 ± 0 . 37 
4 1 47 . 8 ± 0 . 42 
8 1 4  7 . 1  ± 0 . 29 

1 7  1 48 . 0 ± 0 , 20 

1 1  1 47 . 6 ± 0 . 2 5  A a 
8 1 46 . 3 ±. 0. 29  b 

1 5 1 46 . 5 ± 0 . 22 b 

Variance 
d . f .  Mean Sg uares F 

23 . 45 33 . 83 * * *  

2 1 0  78 2 . 56 -
2 1 o 27 1 . 82 N . S . 

28 o . 69  

A Means followed by different subscripts are s i gnifi cantly different 
(P < 0 . 0 1 ) 



TABLE 6-5 : EFFECT OF BREED AND CLASS OF TWIN -BIRTH ON BIRTH WEI GHT 

C lass if i ea tion : 

Bre ed 
of Ewe C lass of Twin-Birth 

B order
Rornne y  

Male 

M.'ile 

F emale 

Fema l e  

-

-

Al l C las ses 

Ma le 

Ma l e  

Rornney F emal e -

:B'em.3. l  ·� 

All C lass es 

B o th 
Bre eds 

Male 

Male 

F emale 

Fe rnl8 

B e tween Bre eds ( B ) 
Be twe en Clas s es ( c )  
B x C I nteraction 

Err o r  

-

-

-

Mal e 

F ema le 

F emale 

Male 

Male 

F emale 

F emale 

Male 

Male 

F ema le 

F em:ll e 

Ma le 

AJJ.al;y:s is of 

No . o f  Bi rth Wei ght ( kg ) 
13I!lbs (Mean + S • E .  ) 

1 2  4 . 23 ±. 0 . 2 3  

4 4 . 2 1  ± 0 . 39 

8 3 .  5 5  ± o. 28 

1 0  3 . 48 ± 0 . 2 5  

34 3 . 87 .:!:. 0 . 1 3  

1 0  3 . 78 ± 0 . 2 5  

8 3 . 78 .:!:_ 0 . 28 

8 2 . 84 ± o . �a 
8 3 . 60 + 0 . 28 

34 3 . 50 .:!:_ 0 . 1 3 

22 4 . 00 ±. 0 . 1 7 
A 

a 

1 2  3 . 99 ± 0 . 23 a 

1 6  3 . 1 9 ± 0 . 20 b 

1 3  3 . 54 ±. 0 . 1 8 a b  

Variance 

d . f .  Mean Sg uares F 

2 . 27 3 . 7 3 -

3 2 . 37 3 . 90 * 
3 0 . 52 0 . 86 N .S . 

60 o. 6 1  

A Means wi th diff erent subs cri pts are si gnif i cantly different ( P  < 0 . 05 ) 



3 . All b irth ranks 

Tabl e 6-6 shows the e f fe cts of breed , birth rank and s ex on 

bi r th w e igh t . 

Cross bred lambs were heavier than the Romneys (P < 0 . 001 ) and 
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male s  heavi e r  than f emal e s  at bi rth by abou t the s ame margin ( P  < 0. 01 ) • 

Simi larly the re was a si gnif i cant inverse re l at i onshi p b e t ween b irth 

rank and w e i ght at b i r th ( P  < 0. 001 ) . 

Weaning Weight and Dai ly Livewe igh t  Ga in 

La!I!b growth was s tudied from birth us i n g  livewei ght at wean ing 

and daily liveweight gai n  t o  wean ing. 

There were only 20 l ambs b orn as t ri plets avai lab le f o r  s t udy 

and these were analys ed s e parately to avoid unfi l led rearing r.s.nk 

sub classes had they been i n cluded w i th data f r om lambs of o t her 

bi r th ranks . 

1 .  Single a nd twi n  lambs 

Weaning we i ghts we re s tudi ed a f ter the appli cat i on of the 

regre s s i on of age of lamb at weaning on wei gh t  at weaning. This 

r e gres s i on (13 = 0. 1 3 ) was s ignif i cant (P < 0 . 001 ) and adj us ted vTeaning 

we i gh ts t o  a mean of 99 . 2 5  days . The eff e c ts o f  ewe breed ,  lamb s ex 

and rearing rank on age ad jus ted weani ng wei ght and on dai ly l �ve

w e i ght gain are shown i n  Table 6-7 f or s ingle- a nd twin-born l ambs . 

Lambs b orn to Border-Romney ewes grew fas t e r  (P < 0 . 1 ) and were 

nearly 3 kg heavier at weaning than those born t o  Romneys (P < 0 . 05 ) . 

S imi larly , mal e  lambs ( cas tra t ed ) grew fas t e r  than females ( P < 0 . 05 ) 

and were more than 3 kg heavier a t  weaning ( P  < 0 . 01 ) • 



TABLE 6-6 : EFBECT OF BREE�, BIRTH R&� AND SKX ON BIRTH WEIGHT -
DATA FOR ALL �%BS 

C lass ifi cation 

Breed of Ewe 
Border-Romney 
Romney 

Birth RaiL'-< 
Single 
T·llin 
Triple t 

Male 
Female 

Source of Variation 

Between Breeds (B ) 
Be tween Birth R:mks ( R) 
Between Sexes (S ) 
B x R Interaction 
B x S Int erac tion 

R x S I nt e ra c ti on 

B x R x S Interacti on 
Error 

No . of 
19.mbs 

1 1 3  
87 

1 02 
68 
30 

1 01 
9 9  

Birth Weight (kg )  
(Mean ±. S .  E. ) 

3 . 92 ±. 0 . 07 
3 . 56 ±. 0 . 08 

A 3 . 7 1  ±. 0 . 08 a 

3 . 67 ±. 0 . 09 b 

2 . 82 ±. 0 . 1 4 c 

3 . 9 1  ±. 0 . 08 
3 . 5 6  ± 0 . 08 

Ana lysis of Varlance 
d . f .  

2 

2 

2 
2 

1 88 

Mean Squares 

6 . 52  
4 3 . 33 

5 . 59 
0 . 26  
0 . 02 
0 . 97 
1 . 04 
O o  57 

F 

1 1 . 49 * * *  

7 6 . 40 *** 

9 . 85 -�* 

0 . 46 N . S . 

0 . 04 N . S . 

1 . 70  N . S . 

1 . 84 N . S . 

A 
Means followed by d iff erent s ubs cri pts are significantly dif�erent 
(P ( O o 0 1 ) 



TABLE 6-7 : EFFECT OF EWE BREED, LAJviB SEX AND RE ARING RANK OF 
S INGLE- k�D TWIN-BORN LAMBS ON WEANING WEIGHT AND 
WEIGHT GAIN PER DAY 

C lassifica ti on 

Breed of Ewe 

Border-Rorrmey 
Rom�ey 

Sex of Lamb 
Male 
Female 

Rearing Rank 
Single Reared as Single 
Twin Reared as S ingle 
Tiifin Reared as Twin 

No . of 
Lambs 

83 
67 

74 

76 

92 
6 

52 

Weaning We.i ghtA 

( kg ) 
(Mean ±_ S . E . ) 

25 o 80 ± 0 . 7 3  
23 . 03 ±. 0. 88 

26 . 1 3 ±. 0 . 88 
22 . 7 0 ± 0 . 73 

27 . 4 1 ±. 0 . 37 a 
23 . 00 ± 1 . 60 b 

22 . 84 ± o . 51 b 

Weight Gain P e r  
Day (kg/day) 

(Mean ± S . E . ) 

0. 2 1 6  ± 0 . 004 
0. 1 97 ± 0 . 004 

0 . 22 1 ± 0 . 004 
0 . 1 92 ± 0 . 00 � 

0 . 232 ± 0 . 004-

J
*l 

0 . 1 97 ± 0 . 01 4 

J
**} 

N. S. 0 . 1 89 ± 0 . 005 

Analysis of Variance 
S ource of Vari a t i on d . f . ltleaning vJe ight d . f .  Weigh t  Gain 

Be tween Ewe Bre eds (B ) 

Be tween S ex es (s ) 
Be tween Rearing Ranks (R) 

B x S Interac tion 
B x R Interaction 
S x R Interac tion 
B x S x R Interacti on 
Regression of Age of Lamb 
on Weaning Wei ght (ff = 0 . 1 3) 

2 

2 
2 
2 

Error 1 37 

Mean Squares Mean Squares 

7 1 . 6 5  * 
1 1  O o  30 ** 
327 . 37 *** 

Oo 1 1  N . S . 
1 1 . 94 N . S . 

2 1 . 28 N . S . 
5 . 1 0 N . S . 

1 98 . 05 *** 

1 2 . 2 5  

2 

2 
2 
2 

138 

o . 0034 -
0 . 0080 * 
0 . 0301 *** 
0 . 0003 N . S . 
0 . 0008 N . S . 

0 . 00 1 5 N . S . 
0 . 0008 N . S . 

0. 001 2 

A Adjus ted to a mean age of 99 . 25  days at  weaning 

Means followed by different subs crip ts are s ignificantly different 
(P ( Oo01 ) 
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Reari ng rank had a signifi cant eff e c t  on both daily we ight gain 

(P < 0 . 001 ) and weaning wei ght  ( P  < 0 . 001 ) . Thus singles reared as 

s ingles grew faster than ei ther twins reared as s ingles ( P < 0 . 05 ) or 

t-wins reared as twins (P < 0 . 0 1  ) al though the rearing rank of twin-

born lambs had no signifi cant effect  on daily g rowth rate . 

S imilarly , s ingles reared as s ingles were more than 4 kg he avi er at 

weaning than twins reared as s ingles (P < O o 0 1 ) and about 4. 5 kg 

heavier  than tw ins reared as twins (P < 0 . 0 1  ) .  Rearing rank had no  

appre ciable eff ect on weaning weight of  lambs born as twins . 

There were no  signifi cant i nteracti ons between any of the :nain 

effe cts . 

2 . T riplet lambs 

Table 6-8 pres ents the effe cts of breed of ewe and rearing rank 

of tri plets on age-adj us ted weaning wei ght and daily weigh t  gain . 

A 
The regression of age at weaning on weaning we ight ( B  = 0 . 5 2 ) 

approached signifi cance (P  < 0. 1 ) and weaning weights te:3 ted  were 

adjus ted to a mean age of 1 04 . 1 0 days . 

The very small  numbers of t riple t-born lambs reared either as 

twins or s ingles probably exp lains the greater weaning w eights 

(P < 0 . 1 )  and gr owth rates (P < 0 . 1 )  shown for Romneys compared to the 

cros sbreds . The interaction be tween breed and rearing rank (P < O . 1 )  

should also be treated wi th caution . 

Lambs born as triple ts and reared as ei ther twins or singles 

grew signifi cantly faster ( P < O o 05 )  and were about 3 . 5 kg heavier at  

weaning (P  < 0 . 1 )  than those  reared as tri ple ts . 



TABLE 6-8 : EF.t<"'ECT OF EWE BREED AND REARING RANK OF TRIPLET-BORN 
LA.t'IJ BS ON WE�'IJING WEIGHT AND WEIGHT GAIN PER DAY 

C lassifi ea tion : 
Breed 
of Ewe 

Border-
Romney 

Romney 

Both 
Breeds 

Rearing 
Rank 

Tr�ple t 
S ingle or 

All Rearing 

Triple t 
Single or 

Tv1in 
Ranks 

Twin 
All Rearing Ranks 

Triplet 
Single or Twin 

No . of 
La:.nbs 

1 2  

3 

1 5 

3 

2 

5 

1 5 

5 

Weaning Weigh tA 
(kg) 

(Mean ± S . E . ) 

1 9 . 9 3  ± 0 . 93 

20 . 1 8 ± 1 .  9 9  

20 . 05 ± 1 . 04 

1 9. 8 9 ± 1 . 8 5  

26 . 8 3  ± 2 . 3 1  

23 . 36 ± 2 . 07 

1 9 . 9 1 ±. 1 • 04 

2 3 . 5 0 ± 2 . 08 

Analysis of Varlance 
S ource of Variati on 

Be tween Breed3 ( B )  
Be tween Ranks ( R) 
B x R Int eraction 
Regressi on of Age of Lamb 
on Weaning Weigh t  (� = 0 . 52 ) 
Error 

d . f .  

1 5 

W eaning Weight 
Mean Sguar8s 

3 1 . 94 -

48 . 7 2 

32 . 08 

33 . 95 -

1 Oo 23 

A Adjus ted to a mean age of 1 04 . 1 0 days at weaning 

Wei gh t  Gain Per 
Day (kg/day ) 
(Mean + S . E . ) 

0 . 1 5 9 ± 0 . 008 

0 . 1 7 1  ± 0 . 0 1 7 

0 . 1 65 ± o . 007 

0 . 1 6 3  ± 0 . 0 1 7 

0 . 2 2 5  ± 0 . 020 

0 . 1 94 ± 0 . 0 1 3  

0 . 1 6 1  .± o. 007 

0 . 1 98 .± 0 . 0 1 3 

d . f . Weight Gain 
Mean Squares 

o . 0027 -

0 . 004 3 ,, 

0 . 0020 N . S . 

1 6  O o  0008 
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Fig. 6- 1 and Fig . 6-2 show 2 year-old cros sbred and Romney ewes 

respe ctive ly wi th lambs born ani reared as t riplets at about 1 00 days 

of age . 



F ig . 6-1 : - 2 YEAR-O LD BO RDER-R·:mNEY EWE W ITH SOUJ'RD0WN -S I RED 

TRI P�T Lfu�BS AT ABO UT 1 00 DAYS OF AGE 

Fig . 6-2 : - 2 YEA.R-OLD ROM�3Y EWE W ITH S OUTHDOWN-S I RED TRIPLET 

LAMBS AT ABOUT 1 00 DAYS OF AGE 





C H A P T E R  V I I 

D I S C U S S I 0 N 



CHAP'rER VI I 
ms cus .sr ON 

I nduc tion and Syn·�hr�mis a tion of Oes trus 

Proges tagen  trea tment of maiden 2 year-old ewes caused a good 

proportion to show oes trus (80%) wi thin 7 days and ev,.:m more we ::'e 

marked at the nex t cycle ( 96%) . O ther New Zealand w ork has shown a 

s i mi lar occurrence of ' s i lent ' heat . Thus Gumming ( 1 96 5 ) noted 

32-38% si len t oes trus in ma ture Romney ewes after dai ly proges te rone 

inj ections commencing in late February and C lark e  ( 1 97 3 ) report.3d 

1 8% silent oes trus (at expe cted f i rs t  hea t )  af ter proges tagen s oonge 

treatment in mid b reeding s eas on . S imi larly , Larsen ( 1 97 1 ) w i th 

ma ture and 2 year-old Romneys t reated wi th pro ges tagen pessarie s in 

March ci ted figures  of 7% an� 20% s i lent hea ts respective ly a t  

expe cted f irst heat . 

Ovulati on had o ccurred in all ewe s at b oth expe c ted firs t  and 

se cond heat whe ther they had b een ma ted or not  and this  supports the 

results of Lars en ( 1 97 1 ) . The depressed behavi oural res ponse at  

the oestrus immediately f ollowing pessary removal may be  due to  an 

i nadequate  proges tagen priming of the reproduc tive  sys tem of ewes 

that had not previ ously experien ced a silent heat early in the 

breeding s eas on. Modifi cation o f  s ponge preparation may have 

improved o es trous res pons e ( Gordon,  1 97 2 ) . Ovula tion and ass o cia ted 

end ogenous proges terone produc t ion bef ore the expe cted s e cond hea t  

probably caus ed the improved oes t rous a ctivity a t  the latt er time . 

Border-Romney ewes had fewer s ilent heats  than Romneys (P< 0 . 05 ) 

immediately after proges tagen treatment . This  may indicate a lower 

threshold in the central ne rvous sys tem t o  progestagen priming 



shown by the crossbred ewes a lthough this w ould not  suppor t  the 

results of Larsen ( 1 97 1 ) . 

6 3. 

Ewes were synchronised i n  heat over a p eriod of 2 days af ter 

sponge removal and this was essential ly maintained at  next oes trus . 

Mos t ewes experiencing silent heats initially w ere a ls o  synchro�ised 

at  " s e cond" oes t rus a nd more ewes were mated over a 3-day period. at 

thi s time than immediately af ter proges tagen treatment ( 1 52 v. 1 44 ) . 

S imi lar findings i n  5- to 7-year-old ewes have been reported by Edey 

and Thwaite3 ( 1 966 ) . Other worker3 have f ound that the s econd 

s ynchronis ed cycle i s  convenient both f or artifi cial ins eminati on 

( Robins on et al . ,  1 967 ) and ovum transfer ( Vu3en ,  1 97 1 ) . More 

re cent work has shown that proges tagen s ynchronisa ti on of oes trus 

remains effec tive for 3 oest rous cycles and that laparotomy a t  �ach 

of these cycle s does not markedly affe ct  the degree of 

synchr onisation ( C larke , 1 97 3 ) . 

Border-Romney ewes that showed heat appeared to  overcome the 

proges tagen inhibition  and came into heat  earlie r than Romneys . A 

s imilar effe c t  was r eported by Larsen ( 1 97 1 ) . This effect  might be 

anti cipat ed given the higher natural fecundi ty of the fi rs t-cross 

B order-Romney ewes ( C larke , 1 962 ; Larsen, 1 97 1 ) and the sugges ti on 

that more fe cund breeds have a greater abili ty t o  o vercome inhi bitory 

me chanisms ( Land , 1 97 1 , 1 973 ) . 

Treatment with PMSG did not significant ly affec t synchronisation 

a t  s e c ond heat , al though the ons e t  of oes trus was earlier than in 

c ontrol ewes . This result contras ts wi th that of C larke ( 1 97 3 )  who 

f ound that PMSG injected immed ia tely after proges tagen treatment 

caused a great er dispersion of o es trus in ewes at the second cy(!le 
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compared to control animals . S ince PMS G was inje cted at mid cycle 

in the present  worK ,  it appears that the timing of gonadotrophin 

trea tment may be imp ::>rtant . Al terna t ively , the more ex treme super

ovulatory respons e obtained by C larke ( 1 973 )  resul ting i n  excess ive 

populati ons of corpora lutea ani follicl es in the ovaries of 

s timulated animals m�y a ccount for the difference from the present 

results . 

Cycl e Length 

Higher levels of feeding were asso cia ted wi th shorter oes trous 

cycles , an effe c t  a lso noted by Wa llace ( 1 954 ) . This may be 

re lat ed to increas ed plasma proges terone le ve ls and s lower 

maturati on of f olli cles af ter regressi on of the corpus luteum in 

less well fed s he ep ( lJlmond et al . ,  1 972 ) . PMSG given during the 

folli cular phase of the oes trous cycle reduced cycle lengths by an 

ave rage of abo ut half a day . Simi lar red ucti ons have been re portei 

by Warwick and Casida ( 1 943 ) , Robins o� ( 1 9 5 1 ) and Cumming and 

McD�mald ( 1 967 ) , altho-u.gh other reports note an incons i s tent o r  no 

effect  wi th the drug ( e . g. , Wal la ce , 1 95 4 ;  Larsen , 1 971  ) . 

Ad11inis teri ng PMSG on day 1 2  rather than day 1 3  s ignifi can tly 

s hortened the cycl e ,  a result also not ed by Cumming and McDonald 

( 1 967 ) although o ther workers have f ound no such effect  (Walla ce , 

1 95 4 ;  Tervit , 1 967 ; Lars en ,  1 97 1 ) . 

Since level of feeding, PMSG admi nistrati on and d ay of inj e c tion 

may each affect  cy cle length , then all should be considered in 

programmes to syn chronise breeding where precise control o f  ons e t  of  

oes trus is required , as in the app li ca ti on of  egg transfer te clmiques . 
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O ·rarian Respons e 

Ovulation rate i n  Borde r-Romney ewes was h i ghe r t han in Romneys 

( 0 . 24 corpora l utea per ewe ) . This res ult may be co�pared wi th the 

d i f fe rences of 0 . 05 , 0 . 1 2 , 0 . 25 , 0 . 24 , and 0 . 3 1  ovulati ons pe r ewe 

repo r ted f o r  ewe lambs ( Lang and Ri gh t , 1 967 ) , eW•2 lamb s ingles and 

tw ins ( Hight e t  a_�. , 1 97 3) , 2 yea r-o ld ewes ( Iarsen , 1 CJ7 1) and ma ture 

ewes (All is o� , 1 95.3 ) , 1·es pe c t ive ly . 

PMS G t rea tment caused a greater ovulati on respons e in c ro s � bred 

ew es than in R )mneys . The effe c t  was s een mainly in ewes t rea ted 

wi th the highes t dos e  of the drug . Li t te r  s i ze af ter PMSG i n j e c tion 

was a ls o  hi gher in Bo rder-RJmney than in Romney e we:3 , although i he 

d i ff eren ce betwe en breeds at ea ch dose l evel was much less t han that 

obse rved f or ovul ation ra t e . 

Several re ports have also  s hown greater o vu l �ti on respons e to 

P�3G in na tural l y  more-fe c und s t rains ( Bind on e t  al . ,  1 97 1 ; 

T rouns on and Moore , 1 972 ) and bre e ds ( B radf ord e t  al . ,  1 97 1 ) t han in 

le ss -p:ol ifi c s heep . New t on e t  al . ( 1 970 ) , howeve r ,  c oncluded tha t 

that the dose of PMSG requi red f o r  s u c c essful s uperovulati on ( as 

m e asured by in creas ed li t ter s ize ) was hi gher f o r  breeds of greE• t er 

ave rage li t t er s iz e .  S imi larly , Yuz l ik aev ( 1 97 3 ) reported hi gher 

lambing res pons e s  to PMSG f rom ewes p roduc ing e i t he r  no lamb s o r  

s ingles the previ ous s eason compared t o  twin-b earing ewes . S m i th 

( 1 97 5 ) howe ver , ob tained great er res p onses f rom thos e ewes havi ng 

b e tter rathe r t han poore r  previ ous lamb ing re c ords . O the r workers 

have noted an e f fe c t  of breed of ewe on the ovula tion r e s pons e to 

PMS G together w i th a p os i tive bre ed and level of PMSG in tera c ti on 

( La s t e r  e t  al . , 1 974 ) . In the l a t t e r  work , howeve r ,  there app eare d  
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t o  be li ttle c onsi s tent relati onship be tween the natural ovulat i on 

rat es of the different  bre eds and their mean responses to PMS G . 

Border-Romney ewes ovulated a s l ightly greater pro?orti on 

( 62 . 6% v .  58 . 2%) of fo lli c les  although t he effect  was no t s i gni f i cant . 

Bradford et al . ( 1 97 1 ) noted that although Southdown ewes treated 

wi th PMSG may have a t otal f olli cular respons e that is similar to  

F innish Landra ce ewes , the former breed  had a l o wer proporti on of 

f olli cles ovula ted . This effect  c oul d be due t o  a smaller number of  

folli cles that are  compe te nt to ovulat e . In mi ce , f olli cular f lui d 

from large folli cles may c ontain subs tances that are able to depress 

growth ini tiat i on of o the r f oll ic les (Peters tl al . , 1 973 ) . W orkers 

have des cri bed the exi s tence of tissue-s pe cifi c ant imitotic  me ::; senger 

( 1 chalone 1 ) sys t ems f or the approximate ly 20 tiss ues s tui ied in 

several species ( Bullo ugh , 1 97 5 ) . There may be breed differen ces 

in the potency o r  quant i ty of such subs tances whi ch may help explain 

breed of ewe differences in ovulation ra tes and proportion of 

follicles ovula t ed .  

I t  is  no t c lear whe ther the presen t  resul ts were due to 

diff eren ce s in : ' ovarian sensitivi ty ' to PMSG (McLaren , 1 9 62 ) ;  

e ndogenous levels of pi tui tary gonado trophin supplementing the PMSG 

( Lamond and Ernmens , 1 969 ; Lamond and Bindon , 1 966a , b ) ; or  t c  a 

combination of the two as s ugges ted by Trouns on and Moore ( 1 972 ) and 

Alli s on ( 1 975 ) . There have been seve ral reports s howing a positive 

re lationship between plasma concentrati ons of LH and prolifi cacy bo th 

within a b reed ( Bindon , 1 97 3 ;  Bindon and Turner , 1 974 ) and between 

breeds ( Thimonier e t  al . ,  1 972 ) . Al though s tudi es have not  b e en 

reported in s hee p ,  Bind on and Pennycuik ( 1 97 4 )  have demons trated in 
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mi ce that differences in ovarian sens i ti vi ty do represent part of 

the res ponse to s e le cti on f or ovulati on rate . Thus although more 

detailed worK is required wit h  sheep , i t  is likely that bre ed or 

s train d ifferences in ovulatory respons e to PMSG may be related to a 

c ombined effect  that includes aspects of ovarian sens i  ti vi ty and 

leve ls of endogenous LH . 

I nje cti on of PMSG also increased the proportion of f oll icles 

ovulated in ewes compared to untreated ewes . 

reas ons for this include : 

S everal possible 

1 .  The LH moei ty in PMSG may contri bu te to lute inisation of 

foll icles and to their ovulati on ( Will iams , 1 94 5 )  al though 

the ex tent to whi ch this oc curs in sheep is no t clear . 

The ef fectiveness of this ovulatory property of PMS C rr.ay 

depend on the batch or preparation used (C larke , 1 973 ) . 

2 . PMSG may i tself s timula te the dire c t  r elease of endogenous 

LH from the pi tui tary (Clarke , 1 973 ) . 

The pos i tive quad ra ti c shape of the present dos e-respons e curves 

clos e ly res embles that found by Robinson ( 1 95 1 ) over the range of 

PMSG dos es 0 i . u. to 1 200 i . u . The great variabili ty in res ponse 

between ewes to the gonadotrophin reported by Robins on ( 1 9 5 1 ) was 

al so  notedo  

The dose-response  curves f or the pres en t  2 ;1ear-old ewes were 

generally less s teep than tho s e  reported from o ther New Zealand w ork 

wi th mature Romney ewes (Wallace , 1 954 ;  Allis on ( 1 97 3 ,  1 975 ) . Tne 

d ifference in slope may be due to an age effe c t , al though this has 

not been consi s tently repor ted . Thus Robinson ( 1 95 1 ) noted tha t 
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lambs show a lower response to PMS G than mature ewes . S imi larl:r ,  

Averill ( 1 958 ) obtained cons is tent ly s te eper dos e-respons e 

regressi ons f or mature Border Lei ces ter  and We lsh Mountain ewes than 

f o r  2 year-old ewe s ,  al though the eff e c t  was not signifi cant . 

Conversely ,  Bradf ord e t  al .  ( 1 97 1 ) repo rted sim i.lar ovarian res ponses 

to PlVISG in mix ed-age ewes and 6 month-old Finnish Landrace lambs . 

Gordon ( 1 953 ) also conc luded tha t  age of ewe is not responsi ble for 

any real variation in respons e  to treatment. Besides an age e!fe ct , 

variables such as the po te ncy of the gonado trophin us ed could als o 

explain diff erences in d os e-respons es be tween different workers 

( la.s ter e t  aL , 1 974 ) . 

The day of PMSG inj e c tion has b e en shown t o  influen ce resp·Jnse 

t o  the drug (N evi lle , 1 9 66 ) but both ovula ti on rate and total  

f ol l icular res po�se  were independent of  whP. ther PMSG was injectad on 

day 1 2  or 1 3  of the oes trous cycle in the pres en t trial . The 

latter res J.l ts support those  of Ro bins on ( 1 95 1 ) ,  Wa llace ( 1 9 54 ) , 

Cu:mning ( 1 965 ) ,  Bind on et  al . ( 1 97 1 ) and  Larsen ( 1 97 1 ) . 

At the l evels of feeding in thi s trial , no effe ct  of nutri ti on 

was no ted on na tural ovulation rates o r  respo�se to PMS G trea tm ent . 

Al though s ignif i cant li vewe ight differen ces in these 2 year-old ewes 

were es tablished , i t  was i ntended to induce greater differen ces . 

T his was impra c ti cal owing to dry s oil condi tions resul t ing in poor 

pas ture g row th whi ch limi ted weight gain . There was als o  a ne ed to 

avoid facial e cz ema and ryegrass s taggers and work by Keogh ( 1 97 5 )  

s�gges ted that excessive f orced graz ing of the low plane group would 

i ncrease the i nc idence of these condi t i ons . 
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Where s a tisfa c to ry  leve ls of f e e ding are pos s ib l e  clo s e  tc 

ma ting, the ' dynami c  a nd s ta ti c eff e c ts ' of f lushing have b e en we l l  

d o c":llllented ( C o op , 1 96 6 )  and ovul a t i on res pon s e s  to PMSG may be 

grea ter (Al lis on ,  1 97 3 ,  1 975 ; Hedge s and Reard on , 1 97 3 ) . I f  

imp roved nut ri ti on cann o t  be suppl i e d  us ing pas ture a l on e  a s  i n  a 

dry au tumn , t hen supplemen ting intak e  of ewes wi th con cen tra tes may 

b e of va lue . Howe ver , Western Au3 t ra lian worK wi th hi gh energy 

cereal grai ns ( Ligh tf o o t  and Mar3 ha l l , 1 974 ; Reeve e t  al . , 1 97 5 )  

and Whatawhata w ork wi th lucerne : mai z e  meal nuts ( M oore a nd Righ t , 

1 97 3 )  has b een dis appo in ting . However, prol o nged feeding (83  days ) 

caus ing a 7 k g  d ifference in l ivewei gh t  wi th such supplem ents has 

* 
rais ed lamb ing perf o rman ce by 1 0% ( LB/EP ) (M o ore , 1 97 5 ) . Lup in 

grain ( c ontaini ng 28-3 3% pro tein ) was s u c cess ful in improving 

ovulation ra t e s  fol lowing shor t- term f eedi ng o f  ewe3 on b o th adequa te 

levels of pas ture (4000 kg dry ma t t e r/ha ) ( Reeve et al . ,  1 97 5 )  and on 

l imi t ed gra z i ng (Mars hall and Li gh tf o o t ,  1 97 4 ) . Simi l arly , Kni gh t  

e t  al . ( 1 97 5 )  and Ligh tf o o t  and Marshall ( 1 975 ) reported that s hor t-

term supplem en ta t i on wi th lupin grai n  increas ed both the number of 

ew es lambing and the numb er of twi n  b i rths wi thou t grea t ly aff e c t ing 

bodyweight . There is s ome evi d en c e  that the ovula t i on r e s ponse to 

lupin gra i n  s upplemen ta ti on may d epend on seas onal factors ( Riz z o l i  

e t  al . ,  1 97 5 ) . --- The us e of supplemen ts a t  abo u t  ma t ing of ewe s  

requi res m o r e  de tailed inves tigati on . 

No cons i s tent re l ati onship was f ound be twe en ei ther l i vewei ght 

a t  the time o f  PMSG inj e c ti on ,  or the change i n  liveweigh t b ef o re  

i nj e cti on ,  and the numb er of ovula ti ons . T hi s  may have b e en due t o  

a comb ina ti on o f  insuf fi cient ewe numbers and the s ta t i s t i ca l  problem 

of relating c on ti nuous and di s cre t e  variab les . C o ckrem ( 1 96 5 )  

* Lambs b o rn  per ewe s  p re sent a t  lamb in g  
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s tat ed that t he ideal me thod o f  analysis to re late these t ypes of 

variables has yet to be a rrived a t ,  if i t  is i ndeed pos s ible . The 

present res ul ts support thos e from o ther s tud i e s  in 2 year-old e wes 

( A 1l is :m , 1 97 3 , 1 97 5 ) . Howe ver , there is s ome e vidence o f  a 

p os s ib l e  rel ati onshi p be tween ewe l ivewei �ht a nd ovarian resp onse to 

PMSG ( e . g . Guerra e t  a l . ,  1 97 1 ; K i lleen , 1 972 ) . 

I n  the nonbre ed i ng s eason, be t te r  feed ing c aus ing hea vier l ive

we i gh ts has be en asso ci a t e d  w i th greater ovari an res p onse s  to a 

c ons tant d o s e  of PMSG f o l l owing proges tagens (K eane , 1 973 ) . I n  the 

s :1me s tudy , body condi ti on was f ound to have l i ttle eff e c t on ovari an 

respons e to PJ'IISG but the influen ce of this parame ter requ i res more 

d e tai led work bef ore mean ingf ul conclus i ons can be reached . 

The i n ci dence o f  cys ti c ovar ies in t he pres en t ewes was about 

tha t expe c t e d  from the f i ndings of Cumming a nd M cDonald ( 1 967 ) , 

al though i t  was far l ower than tha t reported f o r  s imi lar d os e  levels 

by B ndf ord e t  al . ,  1 97 1 ) o  

The v ariabi l i ty in o vulati on r es pons e be twe en experiments , 

b e twe en breeds wi thi n experiments and be tween ew es wi thin bre eds , 

und e rline the need fo r cau ti on in making or usi n g  any gene ral 

r e c ommendat i ons ab out PMSG dosage ( B radf ord e t  a l . ,  1 97 1 ) . 

1 .  Pregnancy in ewes 

U terine Capacity 

The concepti on rate t o  f i rs t  s ervi ce was red u ce d  about 1 6% 

a f t er PMSG trea tment . T hi s  effe c t  has also been no ted by Rob ins on 

( 1 9 5 1 ) and Allison ( 1 973 , 1 975 ) a l t hough o ther workers have 

rep o r ted no real d e creas e after P MS G  adminis trati on (Walla ce , 1 9 54 ; 
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G ordon , 1 963 ; T a i t ,  1 97 1 ; Laster e t  a l . ,  1 974) . Whe ther the 

presen t  res ul t  was d ue to an in t era c tion be tween dose of PM3 G and 

the e f f e c ts of laparo tomy i s  n o t  known . The s tress of laparot omy 

s h o r t ly befo re or af ter ovulati on in the ewe can resul t  in a lower 

c once p ti on rate ( L�mund , 1 963 ; Pa ckham and Triff i t , 1 966 ; Cu tt en , 

1 970)  or increas ed lute olys i s  (Hols t e t  a l . , 1 973 ) . O t her work ers 

have reported on ly minor ef f e c ts of l a pa ro tomy (Allis t o� and Ulbe rg, 

1 9 6 1 ; M cDonald , 1 9 69 ) . 

An in creased conception ra te migh t  have been expe c ted af t e r  

PMSG t rea tmen t s in c e  mul t i pl e  ovulating e w e s  of ten b e c ome pregnant 

m ore readi ly than e wes s hedding a s ingl e o vum (D oll ing and Ni c c l s on ,  

1 967 ; Hule t and F o o t e , 1 967 ; K i lle en , 1 967 ) al though thi s i s  no t 

alway s  the cas e ( Edey , 1 970 ) . Fur t her , o va s hed f rom supe rovulated 

s heep have normal levels of v iabili ty ( Hun t e r  et a l . , 1 955 ; Ave ri l l ,  

1 9 58 ) and PM:.J G ap_;)ear3 t o  have li ttle e f f e c t  on fer t i lisa ti on rates 

( w i th up t o  about 1 0- 1 2 ovulati ons ) (C umming and McDonald , 1 967 ) , o r  

on ovum s urvival af ter egg t ra ns fer (M o o r.a e t  al . ,  1 960 ) 0 

Propor ti onat ely fewer ewes lambed t o  l a t e r  servi ces if ini tially 

trea ted w i th PMS G . This " carry-ove r" eff e ct w as probably r e lE. ted to 

an in creas ed l evel of embryoni c  dea th as indi cated by the grea t e r  

incid ence of l ong r eturns t o  s ervi ce ( i n t e rvals t o  nex t s e rvi ce. of 

m ore than 20 d ays have been related t o  e mb ryon i c  dea th ( Edey , 1 967 ; 

Dooley e t  al . ,  1 97 4 ) ) . O ther w ork has a l s o  shown that e wes are l es s  

likely t o  c on c ei v e  when remat ed af ter a n  e x tended return c ycl e t han 

af ter a normal r e turn cyc l e  ( Edey , 1 97 2 ; Bl ock ey e t  al . ,  1 97 5 ;  

MacK enz i e  and Ed ey , 1 975 ) . T his reduced fer ti li ty f o llowing 

emb ryoni c death m ay be due to impaired s perm transport (0 ' S hea e t  a l . , 
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1 97 4 ) . The pres en t carry-over effe c t  of PMSG on conce p ti on ra te w as 

like ly medi at ed thro ugh th e hi ghe r ovula t i on rate and ass o c ia ted ovum 

was tage ( di s c u.s s e d  b e low ) , ra ther t han a ny d i re c t res idual effe c t  of 

the d rug . W i th ma ture Romneys , Al l is on ( 1 97 5 )  n o t e d  tha t ewes n o t 

pre gnant to f i rs t  s ervi c e  af t er PMS G trea tment had normal int ervals 

to s e r vi ce and hi gh l eve ls of fertil i ty a t  thi s t ime . Thi s  ind i ca tes 

f ai lur e  b ef ore rat�er than af t er i mplan t a t i on begins (Edey, 1 967 ) . 

How e ve r ,  s ince t he ewes were s iaugh t e re d  22-24 days af ter ma. t in g ,  

there i s  a need f o r  f ur ther s tudy i n  e w e s  a ll owed t o  lamb o f  a 

p os s i b l e  carry-ove r eff e c t  of PMSG on co nce p tion rates . The p res en t 

re s c1. l  ts support those of New to n  e t  a l . ( 1 968) who found that ew es n o t  

pregnan t t o  f i rs t  mat ing af ter proges tage n-PnS G  trea tment may s uff e r  

red u c e d  co ncept i on ra tes at the nex t s e rv i c e . PMS G  can reduce 

pregna n cy rates w i tho u t  p r o ge s tagen pre t r e a tmen t  ( Rob i ns on , 1 95 1 ) 

wh i l e  f er t i li ty uf ter pro ges tagen syn ch r on isati on a l one i s  normal a t  

s e cond o es trus ( R·Jbins o n , 1 967 ) . T hus i t  s eems l ik e ly tha t  any 

carry-ove r eff e c t  on con cept i on rates is d ue to ef f e c ts of the 

gonado tr ophi n ra t he r  tl an to a combi na ti on of trea tmen ts . 

2 . Numb ers of c o rpora lutea and lambs b o rn  

A s  the dose of PMSG in creased the percentages o f  po tential l ambs 

born was red uced in b o th e w es mated and ewes l�b ing . The B orde r-

Romney ewe s had a propor ti onately grea ter was tage of potential l ambs 

( or corpora lutea ) than the Romneys . B o t h  the PMSG and the breed 

eff e c ts may b e  explained by the in creas ed percen tage of loss ass o cia t ed 

wi th increasing numbers of corpo ra luteao  The magn i tude of thi s loss 

in p re gnan t ewe s  was s imi lar to tho se repor ted by Wallace C 1 954 )  a nd 

All i s on ( 1 975 ) over the s ame range of ovul a t i on rat es . An 
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in creas ing prop o rti on of ewes whi ch l o s t  a part o f  the to tal 

c omplement of ova s he d  as ovula ti on ra t e  increased was als o n o t e d  by 

these workers and in the present work . 

D e s p i te the grea ter ovum was tage w i th grea t er nunbers of c o rp o ra 

lutea , l i tter s i z e  i n creas ed. wi th up t o  5 ovula t i ons as was repc· r t e d  

b y  Wal la ce ( 1 954 ) . Li t ter s i ze s  in cre ased wi th higher PMSG d o s es 

but uterine capa ci ty be came a limi ti ng f a c t or since n o  more than 3 

lambs were born t o  any one ewe i rresp e c t ive of whe ther ewes had m o re 

than 3 corp ora lutea of pregnancy o Thus the mean maximum capa ci ty 

f o r  2 year-old ewes of bo th geno type s as i nd i cated by ewes s hea ding 

3 or m or e  ova was b e tween 2 . 0 and 2 o 3  l ambs b orn . Thi s co rre::: p onds 

c l os e ly wi th f igures ci ted by All i s on ( 1 975 ) for ma ture Romney ewes 

of 2 . 0 t o  2 . 5 . U te rine capaci ty of t he younger ma iden e wes i� this 

t rial may be s li gh t l y  less than f o r  more ma ture ewes . An age o r  

pari ty eff e c t  is s ugges t ed f r a:n the results o f  Keane ( 1 974 ) who 

reported a l ikely uterine capaci ty of only one f oe tus per ewe f o r  8 

m on th-old Suff olk-cr oss ewe lambs re ceiving proges tagen-PjVJSG 

t rea tment . 

L i t ter s i z e  a f t e r  PMS G inj e ction tended to be highe r i n  Bc Td er

Romney than in Romney ewes , but the d if feren ce be tween breeds E. t 

e a ch dos e l evel was much less than obs erved for ovulati on ra te . 

Us ing B o rder-Romney and Romney 2 yea r-old ewes trans planted w i �h 3 

f e r ti l is ed eggs e a c h ,  Lars en ( 1 97 1 )  n oted a s imilar d ifference i n  

l i tter s i z e  be tween bre eds ( 0 . 26)  t o  t ha t  of the pre s en t  s tudy f or 

ewes having e quivalent ovulati on rates . B o th i nves tigat i ons cl early 

i ndi ca t e  that uterine capa c i ty ex ceeds t he na tural ovul a t i on ra t e  

and is grea ter i n  the Border-Romney . 
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The u terine environment of diff eren t bre eds after PMS G tre a tm en t  

appears re la ted t o  na tural f er ti li ty l e ve ls ( Robinson, 1 95 1 ) ,  but i t  

has a ls o  b e en reported that given equal ovula t i on ra tes , b reeds of 

inherently low fer t i li ty may pro duce mul ti ple births as readily as 

more fer ti le breeds (Walla ce , 1 954 ; Pals s on ,  1 95 6 ;  Gordon,  1 9 :18 ) . 

S imi larly , f ollowi ng egg tra ns fer s tudi e s , Lawson and Rows on ( 1 972 ) 

concluded tha t  o vul�ti o n  ra te was a mo re important s ource of be twe en

bre e d  variati on in f e cllldi ty than were eff e c ts of uteri ne capaci ty . 

T hus transfer of 5 o va t o  ewes in creas ed l a'llbing ra tes i n  all 1:-r eeds 

ex cept the more na tura l ly fe c und where nat ural ovulation rate v\as 

more c l os ely related to uterine capaci ty . Mo o  re ( 1 968 ) h oweve r , 

s ho#ed tha t  more f e cund B o rder Lei cester ewes each re ceiving 3 

f er ti li s ed eggs had more tripl e ts and l e s s  single lambs than M erino 

ewes re ceiving s imi lar t rea tmen t . 

While there a re ind i ca ti ons f ro ,n t he pres en t  and o ther w o rk a t  

Mas s ey Univer s i ty that Bo rder-Romney ewes have a greate r uterine 

capa ci ty than R o:nney ewes , the grea t es t l imi ta t i on to po ten tia�

rep ro duc tive perf o rman ce i n  b o th bre ed s  i s  the inadequa te ovula t i on 

ra t e . Hence management me thods whi ch increase ovula tion ra tes a nd 

s e l e c tion of ewas wi th a propens i ty fo r higher ovulat ion ra tes 

should b e  emphasi sed . 

Using the we igh t of lamb born pe r ewe as a measure of ute rine 

capa ci ty ,  cross bred ewes were sup er i o r  to Romneys at all l i t t e r  

s i z e s  (P < 0. 0 1 ) . T hi s  o bs ervation supports that o f  Lars en ( 1 97 1 ) o  

Wei ght of l amb born per ewe increased with li tter s i z e  a l though 

the increase i n  weight b e tween ewes ca rrying s ingles and tho s e  

carrying twins ( 2 . 9 kg ) was grea ter than when the c ompari s on was 
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be tween triple t- and twin-bearing ewes ( 0 . 9 k g ) . U terine capa c i ty 

in terms of weigh t  o f  lamb born then appears to be rea che d  in b o th 

bre eds when tri ple t s  are carr ied . The mean maximum capa ci ty f or 

:Border-Romney 2 y ear- old ewes wi th triplets i s  ab out 8 . 9 kg whi le 

tha t f or Romneys is more than a kil ogram l i ghter at about 7 . 7 k g  o f  

lamb b o rn  pe r ewe . 

The influen c e  of PMS G on weight of lamb b orn was s tud ied i n  ewes 

producing s ingles o r  twins (no c on trol ewes had tripl e ts ) . The drug 

appeared to have a d epress i ve eff e c t  on t he we igh t  of l amb b o rn  per 

ewe bu t this was not signifi cant . S i mi la rly f o r  the triple t-bearing 

ewes the we igh t  of lamb born per e vve de clined wi th the hi ghe r d os e  o f  

PMSG a l th o1J.gh the effe c t  was n o t  s ta ti s ti cally s ignifi can t . 

The survival of ova in ewes trea te d  wi th PMSG was examine d i n  

tho.s e s heep vlhich s hed one o r  2 ova ( no control ewes exceeded 2 

ovula ti ons ) . The resul ts f or pregnant ewes shedd ing 2 ova sur:p o r t  

those of Walla ce ( 1 9 54 )  who n o t ed that i n  pregnant ewes , ova 

produced af ter PMSG tr;:;atrnen t , w hen o vu la te d  in s imilar numb e rs , are 

no mo re l ik e ly to fail to deve l o p  than na tura lly ripened ova . 

Howeve r, an ovum f ro m  a uni ovular ewe had a grea ter chance o f  s urvival 

if the animal had no t been in j e c t ed wi th PMSG whi ch als o  a grees w i th 

d a ta p resen ted by Wa lla ce ( 1 954 ) . I t  i s  n o t  clear whe the r  this 

eff e c t  of PMSG o c curred mainly at the time of fertilisation or a t  

la ter s tages of emb ryo devel opm en t . T he s e  PMS G-trea ted , uni ovular 

ewes may b e  a typi cal ,  s ince they appea r  n o t to have resp onde d  to the 

drug. 

Ewes wi th 2 corpora lutea had highe r  levels of ovum was tage 

(P ( 0 . 0 1 ) and hi gher concepti on rates (non s i gnif i cant ) than ewes 
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s hedding one ov� .  Thi s  i s  i n  agreement with r e sul ts of Do lling 

and Ni cols on ( 1 967) ; Ki lleen ( 1 967) ;  Al lison ( 1 975 ) ; MacKenz ie  and 

Such findings migh t  be expe cted s ince i n  s i ngle-

o vula ting s heep the lo3s of one ovum ends pregnan cy, but a ewe -wi th 

2 corp ora lutea can los e one egg wi th the pos s ibili ty of further and 

greater p e rcentage los s later (Edey , 1 967 ) . However , inconsis tent 

res ults have a lso b een repor ted ( Edey , 1 970) . 

Of the 4 1  pregnan t ewes with 2 ovulati ons 24 ( 58 . 5%) produced 

O!le lamb e a ch . Thi s result agreoa wi th Cas ida et  a l .  ( 1 96 6 )  and 

Quinliv::m e t  al . ( 1 966 ) who found tha t a bout half of the ewes wi th 2 

c orp ora lutea , and whi ch were prega.ant , had only one lamb a t  

s laugh ter 1 40 days af ter ma ting. Allis on ( 1 97 5 )  howe ver , reported 

tha t 27 . 9% of ewes wi th double ovula ti ons had only one embry o  a t  

s laughter 22-24 days p o 3 t  mating . Greater ovum los s may o ccur after 

this time a lthough there is e vidence tha t li ttle  embryoni c mortal i ty 

takes place af ter about day 30 of pregnancy ( Robins on , 1 95 1 ; 

Quinlivan e t  al . ,  1 9 66 ) . He nce Al lis on ( 1 97 5 ) sugges ted the �eed 

for more res ear ch us ing lapa ros copi c  te chniques to re cord the LLL'llber 

of ovu la ti ons in ewes whi ch are allowed to lamb . 

Al th ough more d oub le ovulating ewes los t b oth ova than the se 

losing only one ovum ( 57 . 1 %  v .  42 . 9%) the eff e c t  was not  s ignif icant . 

These res ul ts sugges t the pos si bili ty that the loss  was not  a t  

random but the sample was too small to inves tiga te the hyp o thes is 

proposed by Edey ( 1 966 ) . This hypothes is was that the development 

of an unfavourabl e  uteri ne environment leads t o  total ra the r than 

partial l oss of e mbryos that ori gi nated from mul tiple ovulati or.s . 

Resul ts of MacKenz ie  and Edey ( 1 97 5 )  suppor t this c on tenti on .  
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The present work ind i cates  greater ovum was tage , lower 

con cep t i on ra tes and reduced litter  s izes for ewes having un i lateral 

ra the r than bi lateral d oubl e  ovula ti ons . S im i lar resul ts hav e been 

no te d  pre·v-i ous ly ( e . g. Bair a nd Russ e , 1 968 ; D oney :Lt a l . ,  1 CJ? 3 ) . 

There is  als o e vidence tha t t ransut erine migra ti on o ccurs more 

frequently in ewes wi th uni la teral ra ther than bila t e ral twin 

ovula t i ons ( Boyd et al . ,  1 944 ;  Casida et al . ,  1 966 ; S canlon , 1 97 2 ;  

D oney e t  al . , 1 973) . Earli e r  work sugges ted tha t such transute rine 

migra tion was as so cia ted wi th an in creased leve l of embryonic  

mo r ta lity (Cas i da et a l . , 1 966 ) . There was also a sugges ti on tha t 

the viabi li ty of a sheep embryo was reduced by loca t i on in a u terine 

ho rn wi thout a co rpus luteum on the ad ja cen t ovary (D oney et &�. , 

1 973 ) . Desp i t e  thi s , strong e vidence exists  t o  s ugges t that the 

transuterine migra ti on obs e rved when b o th corpora lu tea are present 

on a s ingle ovary actua lly enhanc es embryo survival ( Scanlon , 1 972 ; 

S i ttman , 1 972 ; Doney e t  a l . , 1 973 ) . The di s tributi ve embryon i c  

migrati on may s ' Jread the products of  pregnancy mor e evenly throughout 

the u terus and reduce overcrowding . This the ory is supporteC. by 

re sults from O VLun transfers in  ca ttle where Rows on e t  al . ( 1 97 1 ) 

f ound that the nu:nber of co tyledons t o  whi ch the c on ce ptuses v1ere 

a t ta ched was us ually much greater whe n p regnancies w ere b i la teral 

and l osses due to overcrowding were of ten less . 

Over b o th breeds the i ncidence of both types of d oubl e  

ovulation was simi lar . Thi s resul t con tras ts wi th that of Doney 

e t  al . ( 1 973 )  who reported c ons is tently more unila t eral than 

bi lateral d ouble ovulati ons . There may b e  a breed effe c t , however , 

since in  the present work , p regnant Bord er-Romney ewes had more 



78 . 

nni la teral twin ovula ti ons ( 57%) than the Romneys ( 38%) ( P  < 0. 1 ) . 

T ni s  finding may have been partly res ponsible f o r  the greater o vum 

survival no ted in pregmm t Romney compared to Bo rder-Romney ewes . 

O ther reports have no ted breed di fferences in the rate of d is tributive 

e mb ryo migration in uni l at era l twin ovula tors whi ch was ass o cia t e d  

wi th differen ce s i n  embryo m orta l i ty (Doney et  a l . ,  1 9' 73 ) . A l though 

only limi ted observa ti ons w ere made in the pres ent trial ,  i t  

appeared tha t whi le B order-Romney sheep  had s lightly l ess ovum 

was tage as s o ciated w i th uni lateral twin ovulati ons , Romneys suffered 

l e s s was tage whe n  ovulat i ons were bi lateral . Similarly , al though 

ID Jre prolifi c ,  the Border-Romney ewes had a less  symme tri cal 

dis tri buti on of twin ovulat ions be tween ovaries compared t o  the 

Romneys . Studi es w i th breeds of greater variati on in fe cundi tr have 

s hown that t he Finnis h  Landrace shee p had the mo s t  symme trical 

d i s trib ution of multipl e  ovulati ons be tween ovari es wi thin sheep 

( B radford et a l . , 1 97 1 ) o  These wo rl<:e rs sugges ted that the prc cess  

of  ovula Lion was more clos ely ree;ulated in  the  F inn than in the o ther 

bre eds (Welsh M oun tain and Border Lei c es ter ) . Hen ce m ore ex tE ns ive 

s tudi es are required to  clarify the pr ocesses c ontrolling fe cur.d i ty . 

lutea 
When all ovula ti ons were cons idered , m ore corporo/ were ob� erved 

on the right ( 56 . 7%) tha.1. the lef t  ovary ( P ( 0 . 05 ) . A s tudy cf 

s ingle and un ilateral twin ovulat ions als o showed tha t the right 

ovary was more active ( 59 . 7% of unilatera l ovulati ons ) al though the 

effe c t  d id n o t  reach s i gnifi cance . This evide nce supports tha t  

revi ewed by Edey ( 1 969 ) b u t  in cons is tenci e s  are evident ( Edey , 1 966 ) . 

O va s hed f rom the right ovary have been r eported to suffer less 

was tage than thos e s hed f r om the lef t ovary (Casida et  al . ,  1 966 ) but 

this was n o t  confirmed i n  the present w ork .  



Proges terone Level and. Reproduc tive Phase 

1 • Eff e c ts of the s tage of pregnan cy and breed of e\ve on 

proges terone level 
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The proges terone c oncen t ra t i on in the ewes of ea ch breed rose 

s ligh tly from day 20 to d ay 60 of pregnancy . F ro1:1 day 60 to day 

1 20 blo od proges terone l e vels increased nearly two-f old . This 

pa ttern of proges terone produc tion and the abso lute values produced 

in 2 year-old ewes is  s im i lar to o ther work f o r  ewes wi th s imi lar 

numbers of corpora lutea or lambs born per ewe (Bas s e tt et a l . , 1 969 ; 

Fyl ling , 1 97 0 ;  McNatty e t  al . , 1 972 ; Sarda e t  al . ,  1 973 ) . F'rom 

w o rk repor t ed by M cN:1. tty e t  al . ( 1 972 ) i t  is likely tha t in these 2 

ye ar- old ewes , proges te rone c oncentr�ti ons were approaching a 

maximu� a t  day 1 2 0 of p re gnancy . There is  evi d e nce that  in o lder 

ewes , 2 peaks of proges t erone o c cur after 1 00 days of pregnancy 

(M cNa tty e t  al . ,  1 972 ; S arda e t  al . , 1 97 3 ) . Blood samples were 

taken every 20 day� from mating unti l  lambing in the present w c rk , 

but these were not all a na lys ed . Hen8e the magni tude an d tim i ng of 

peaks of proge sterone c on centra ti on could no t b e  moni tored . 

I n  early pre@1ancy , Romney ewes had greater blood proges tErone 

l e vels than the crossbreds (P <  0 . 05 ) . The mai n  component of this 

' breed ' effe c t  app eared due to differences in liveweight be twee n  

Romneys and Border-Romneys . The difference b e tween breeds no t 

explained by ewe livewei ght  approached signi fi can ce (P <  0. 1 ) wti ch 

indica tes t ha t  Romneys may have greater bl ood p ro ge s terone levE ls 

than the cros s breds independent of liveweight . Bind on e t  al . ( 1 97 1 ) 

reported s i gnifican tly greater c oncentrati ons of plasma proges t erone 

e arly in p regnancy i n  uni ovular M eri no ewes f r om a s train that had 
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b e en s e le c ted f or a hi gh i nc i dence of mul ti p l e  bi rths comp ar e d  t o  

s i m i lar ewes f rom a s train s el e cted f or a l ow i n c idence o f  mul t i ple 

b i r t hs o This e vid en ce mi gh t  indi ca te a hi ghe r  bl o od pro ge s ter one 

l e ve l in ewes f r om a more f e cund gen o type al though the pres ent 

re s ul ts d o  no t suppo r t  thi s . More d e ta il e d  work wi th a gre a te r  

num b e r  o f  bre e d s  o r  s trains i s  requi re d t o  d e t ermine whe ther a 

re l a ti onshi p d oe s  exis t b e tw e en the geno type of the ewe and pl&sma 

proges te rone l evel in early pregn�n cy . 

Heavie r ewes had l o we r leve ls of b l ood proges te rone (P < 0 . 05 ) . 
O th e r  workers have n o ted hi gher bl o od proge s te ro n 2  l evels in li gh t  

e vr e s  c ompare d  to he avier ewe s  f o l lowing differen t i al feeding 

( C umming e t  a l . ,  1 97 1 ; la.m ond e t  a l . , 1 972 ) . --- The presen t res u l t  

m ay b e  rela t e d  t o  a grea ter b ody p o o l  f o r pro ges t erone i n  heavi er 

e wes or to an in creas ed ex t ravas c:1 lar pool f o r  the h ormone d ue t o  

gre a t er c o n t e n t  o f  body fa t in heavi er ewes as s ugge s ted b y  Lau ond 

rt a l .  ( 1 972 ) . The presen t ewes w e re not c ond i t i o n  s c ored anc:<. t ll o  

rel a ti onship b e tween thi s measure a n d  e w e  l i  v ewe i gh t  was n o t  kn m·m . 

2 o  F e 8und i ty and proges terone leve l  

The number o f  corpo ra lutea ( 1  t o  6 ) and periphera l  p lasma 

pro ges te rone l eve ls in early pregnan cy we re pos i ti v e ly a s s o c i a t ed . 

A simi lar re l a t i onshi p w a s  no ted f o ll o wi n g  PMS G tre a tm ent f or o varian 

vei n  pro ges t e r one leve ls by Shor t ( 1 960 , 1 96 1 ) and f or peri phe ral 

plasma l evels by Thorburn e t  a l . ( 1 969 ) and B ind on et al . ( 1 97 1  ) .  

The b l o od proges terone leve l  was s ignifi can t ly gre a t e r  in ewes 

wi t h  two c o rp ora lutea c ompared to uni ovular ewes . This s upports 

w o rk by C umming e t  a l . ( 1 97 1 ) al though t he ma j o ri ty of repo r t s  no t e  

l i t tl e  va lue from the us e o f  b l ood proges te rone le ve l s  in the 
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de terminati on of whe the r ewes had one or two corpora lutea ( Bindon 

et al . , 1 97 1 ; Ro bertson and Sarda , 1 97 1 ; Lamond and Gaddy , 1 97 2 ) . 

Li t ter s ize had a s ignifi cant effe c t  on proges terone 

concen tra ti on at b o th early pregnancy and at day 1 20 af ter mati ng. 

Ewes producing multi ple births had grea t er blood proges terone levels 

than s ingle -beari ng ewe.s . Thi s  supports Aus tralian work ci teci by 

Rus s e.l and F o o t  ( 1 97 1 ) whi ch reported plasma proges te rone 

concentra ti ons of twin-bearin g ewes about twi ce those of s ingle -

beari ng ewes . Gadsoy e t  al . ( 1 97 2 )  and Thomps on and Wagner ( 1 974 ) 

als o repor ted s i gnifican tly elevated b l o od proges teron e leve ls in 

ewe.s carrying multiple f o e tus es compared to ewes wi th s ingle s . 

There have been several reports , however , of a poor rela ti onship 

be tween plas�a proges terone le vels of ewes and foetal numbers 

(Bass e t t  et al . ,  1 969 ; M cNa tty et  al . ,  1 972 ;  S tabenf e ld t  e t  al . , 

1 972 ; Sarda Q.t al . ,  1 973 ) . 

The success ra te of classifyi ng ewes into corpora lutea numb e r  

or l i tter s ize groups on the bas i s  of plasma pr oges terone leve ls 

generally increas ed from day 20 to day 40 af ter ma ting wi th li ttle 

ad ii ti onal succe s s  obvious a t  day 60 o f  pregnan cy . C orre cting the 

data f o r  ewe l iveweight accoun t ed f or s ligh tly more of the varia ti on 

al though this di d not  g reatly affect  the a ccuracy of p redic ti on . 

The re was li t tl e  di fference b e tween bre eds  in the s uc cess  of 

pred i c ti on .  Exact  predi c tion of the number of corpora lutea i n  ewes 

yie lde d  rather p oor results while exa c t  predi c ti on of l i t te r  s i z e  was 

only s lightly more successful . Gadsby e t  al . ( 1 972 ) also repo rted 

that c l assifi c a tion of ewes according to  a ctual li t te r  s i ze lat er in 

pregnancy , was unsuccessful . In the pres ent work , diagnoses were 
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more s u c c e s s ful if bas ed on whe the r ew e s  had o ne or m o re t han o ne 

ovulati on ( 70% to 80% a c cura t e ) ; a single or mul ti p l e  b i r th ( 60% to 

70% a c cura te ) . The re appear t o  be no o th e r  reports where vro rk e rs 

have a t t em p te d  t o  pred i c t  the l ik e ly corpora l utea o r  li t t er s i z e  

grouping o f  ewes usi ng peri phe ral plasma pr oges terone con c en tra ti ons 

early in p regnan cy . 

A c cura cy of p redi c ti on of whe ther a ewe w ould produce a s i n gl e , 

twin or t ri p le t  i n c reased to a b ou t  60% when p lasma pr o ges t e rone levels 

at d ay 1 20 of pre gnancy w e re us ed . P red i c ti on was 7 1 %  a ccura te f o r  

bo th b re e d s  when th e cri ter i on w a s  whe ther ewes 1v ould produce 2 ingles 

or mul ti p l es . I n c luding ewe li vew e ight as a covari a t e  d i d  n o t  

in creas e the te cura cy o f  pred i c t i on o f  l i t t e r-s i z e . Gads by e t  a l . 

( 1 972 ) wi th F inn and F inn- cros s  ewes rep orted a suc c e s s ra te of about 

6 5% in c la s s i fying ew es a c co rd ing to l i t ter-s i z e  groups on the bas is 

of b l o od proge s t e rone l evels 91 to 1 05 days af ter ma ti ng . The s e  

�-r ork ers i n c lud ed ' dry ' ewes i n  t h e i r  w ork whereas o nly ewes n o t  

re turning to the ram were i n c lud e d  i n  the present ana lys is . 

S im i larly , Rus s e l  and F o o t  ( 1 97 1 ) used an a rb i trari ly s e le c ted 

proges te r one con cent ration l e s s  than 48 days f rom lamb ing to 

dis t inguis h  b e t �-reen s i ngle - and twi n-b earing ewe s wi t h  an o vera l l  

a c cura cy o f  ab out 82%. The s u c c e s s  rates of thes e rep orts are 

reas onably high , but thi s may hav e  b e en due to the s tandardised and 

c o n t ro l l e d  c ondi t i ons ope ra ting in e a ch tr ial . 

The above resul ts may b e  c o mpared wi t h  those f r om o the r te chnique s  

o f  l i t te r  s i ze d e t e rmina ti on . T hus Hul e t  and Shupe ( 1 973)  using 

re c to-abd ominal palpa ti on of the f o e tus ( Hule t ,  1 97 2 )  be tween 9 1 - 1 1 8 

days af t e r  breeding were a bout 7 0% a c cura t e  differen t i a ting be t w e en 



83 . 

s ingle- and mul tiple-bearing pregnan cies . Ackerley and Welsh ( 1 974 ) 

using a s im i lar te chnique reported tha t wi th mixed -age ewes from 

60- 1 1 0  days p os t-ma ting , a succe ss  ra te of more than 80% is possi ble 

with experi enced ope rators . Engli sh workers have reported an overall 

accuracy of predi cting si ngl e from mul tiple pregnanci es of about 70% 

in ewes 4 0  to 90 days pregnant al though at  leas t 34/1 67 ewes aborted 

and 5 ewe s  di e d  followi ng diagn os i s  ( Turne r e t  al . ,  1 97 5 ) . Th8se 

work ers concluded tha t  the method w as nei ther safe nor a ccura te 

enough to j us tify any saving there may have b een in more e ffi cient 

food usage . 

The us e of more expens ive and complex e quipment s uch as th e 

ultras oni c  Dopnler ins trument has gi ven accura cies of li t t er-s i z e 

pred i c ti on 63-84 days af ter ma ti ng of 53% in creasing to 82% af ter 3 

years of experi en ce (Fraser et al . ,  1 97 1 ) . The results f rom 

ul trasoni me thods can be ex treme ly variable be tween opera tors 

however ( Ri chardson , 1 972 ) . X-ray me thods may give very accur� te 

results ( Braden and Baker, 1 972 ) al though thi s  accura cy may depend 

on radiographi cal exp erien ce ( Richards on, 1 972 ) . 

A s imple but re liable metho d of di agnosing mul tiple -bearing 

pregnancy would e nable the feeding of pregnant ewes to  an optimal 

level of nutri ti on during the las t half of g es tati on (Ri chards on , 

1 972 ) . An ov erall ac curacy of predi c ti on of multiple-bearing 

pregnancy f o r  pra c t i ca l  use s hould be more than ab out 70% according 

to Hule t a nd Shupe ( 1 973 ) . On this b as is , the us e of b l o od 

proges terone levels at  day 1 20 of pregnancy appears t o  be  of margi nal 

value s i nc e  about 30% of ewes were wrongly d iagnosed as e i ther having 

s ingl e- or mul ti ple- bearing pregnan c ies . Thi s accuracy , however , is 
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s im i lar to tha t  r eported f o r  o ther methods us e d  t o  de termine li � t er 

s i z e  in pregnan t ewes . M e th ods us ing p lasma p ro ges t e rone l e v e l  are 

unl ik e ly t o  i n c r e ase th e i n ci den ce of a b o rti on i n  ewes but the numb e r  

of animals examined i s  likely t o  b e  much less than the p o t en tial of 

200 ewes per hour repo rted for the re c ta l  pal p � ti on te chnique ( �ul e t ,  

1 97 2 ) . Thorburn e t  al . ( 1 969 ) wer e ab l e  to proc ess 60-70 b l o od 

samples per d ay and bulk handling of s amples w ould grea t ly i n creas e 

thr oughpu t . 

Once the p r o ges te rone con cent ra t i on i s  kn own f or a ewe then the 

me thod does no t d e pend on the exp e ri e n c e  of the ope ra t or as d o  s he 

o ther me thods tha t  have been re ported . The b l e eding of ewes w1d 

me th ods of d e t e rmining proge s t erone conc entrati ons , howeve r , requi re 

ex perienced p ers onnel and expe ns i v e  lab o ra t ory res our ces . O thar 

b ody fluid ( e . g . s al i va ) might als o be s ampled f o r  proges t erone 

ana lys i s . A p o s i tive re lationsh i p  b e twe en bl o o d and mi lk levels of 

proges terone has been rep o rted for pre gnan t cows ( L'3.i ng and Hea:J , 1 97 1  ) .  

I t i s  c o n c lu ded t ha t  whi l e  the a c cu ra cy of predi c ti on was ::: omparable 

to o ther t e chni q ues , this me thod i s  n o t  cons i d ered to be s uf fi c i e n t ly 

a c curate , s i mple or cheap enough f o r  wi des p read us e t o  increase 

eff i ciency o f  f e ed usage b y  the fl o ck . There may , howeve r , b e  a 

limi ted app l i ca ti on of s u ch a me thod f o r  res e a r ch purp o s es s u c h  as the 

d iagno sis of s u c c essful s up e r ovulation of d ono r ewes trea ted w i th PMSG 

f o r  e gg tra nsfer w o rk o  

3 . Rela ti ons hip of we ight of lamb b orn, ewe li veweight a nd o v:1m 

survival w i th proge s terone l evel 

Weigh t  of lamb b orn p e r  ewe was p os i tive ly and s i gni f i can tly 

r e l a ted t o  plasma proges teron e  conce n t ra t i ons ('B = 0 . 1 9 ; P <  0 . 001 ) . 
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T hi s  find ing s upports tha t of Russ e l  and Foo t ( 1 97 1  ) . Thomps on and 

Wagner ( 1 974 ) s ugges ted that pro ges terone produc ti on late in 

p r egnancy may be re la ted to placental mass as well as to the weig h t  

o f  lamb born . Bedf o rd e t  al . ( 1 97 2 )  also rep or ted a good rela ti on

s hi p  be tween f oe tal weight and plasma proges terone levels af ter day 

1 00 of pregnan cy . These workers and o thers (Thomps on and Wagr.er ,  

1 97 4 )  have suggested tha t th e relati onship may b e  rela ted to tt.e 

wei ght of c o tyledons or in creasing uterine volume as s o ciated wi th 

f oe tal grow th . O the r r eports , however , have failed to show that the 

bir thwei ght (S arda et al . ,  1 973 ) or placental d evelopment (Alexander 

and Williams , 1 966 ) were r elated to proges terone leve ls in the bl ood 

during late pregnancy . 

Whatever the me chanism , the pre sen t results would sugge s t  that 

the variati on in blood proges terone due to lamb bi rthwei ght may 

c on tribute to  the inab ili ty to accura te ly determine li t ter s iz e  us ing 

plasma concentrati ons of thi s  hormone . This was indi cated by a 1 3% 

in creas e in the variation explaine d  when wei gh t  of lamb born was 

inc luded in the analysi s  of variance s hown in Table 5-9 . 

The differen ces in plasma proges terone level s  be tween Ro�eys 

and cros sbred ewes at d ay 1 20 of pregnancy were not s ignifi cant . 

Af ter covariancing ewe l i veweight , however ,  Border-Romney ewes showed 

s l ightly greater proge s t e rone levels . This appeared due to a greater 

weight of lamb born to the ewes since the advantage was reversed when 

wei ght of lamb born was also included in the analys is . Thus the 

antagonis tic effects of ewe liveweight and w ei ght  of lamb b orn per 

ewe appear to  be major c on tributors to differences in blood 

progesterone levels be tween Romney and Border-Romney ewes in la te 

pregnancy . 
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Lower leve ls of blood proges t e rone in early pregnancy appeared 

to  be as s o ci a ted with reduced ovum surviva l in ewes wi th ei ther two 

or three ovulat i ons . The number of ewes s tudi ed was small but the 

re lati onship was b e t t e r  at day 40 ra ther than day 20 of pregnan cy . 

O ther workers have a ls o  r eported t hat lower embryoni c mortality is  

of ten ass ocia ted wi th grea ter endogeno·.1s levels of pro ges terone in  

early pre gnancy (Curnming e t  al . , 1 97 1 ; Trouns on and Mo ore , 1 97 3 , 

1 974 ;  Cumrning e t  a l . ,  1 974 ) . Thi s effe c t  may be media t ed thr ough 

the re la t ionshi p b e tween blood levels of proges teron e and rapid pre

implantation embryo grov1th observed by Bind on ( 1 97 1 a , b ) who al s o  

n o ted increased embryoni c  surv ival wi th increasing proges terone leve ls 

very early in pregnancy . 

The greater leve l of emb ryoni c  mortali ty foll O>'Ting supero\-ula t i on 

noted in the present w o rk i s  unlikely to  be due t o  an inade qua te 

proges t e rone concentra t i on given the res u l ts of Short ( 1 9 60 ) . I n  

s ome of t h e  supe rovulat ed ewes pro ges terone l e vels were increaE ed t o  

leve ls we ll above thos e consi dered to  b e  wi thin the normal physi ologi cal 

range o I t  is n o t  cl ear whe ther these ve ry hi gh levels of pro€;es terone 

adversely affe ct  embry o  s urvival and a te chnique us ing ovum trc:�nsf er to 

s uperovu la ted ewes w ould be a sa ti sfactory met hod of tes ting this . 

Pre- and Pos t-Na tal Lamb Grow th 

Li t ter s i ze and ges tati on length appeared invers e ly rela ted when 

all l i t t er s i zes and b o th Romney and Borde r-Romney ewes were cons idere d . 

Wi thin e ach breed , however , a rela ti onship  b e tween lit ter s ize and 

ge s tati on length was n o t  appare n t . Other re ports also c onf l i c t  and 

while F o rbes ( 1 967 ) s howed that single lambs were carried longer 

in utero than twins wi th the latter carri ed l onger t han triplets , 
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many wo rkers have fai led  to es tablish such a re lati onshi p  ( Terri ll , 

1 944 ; Boshier et al . , 1 969 ; Larsen ,  1 97 1 ; Karihaloo and C ombs , 

1 97 1 a ) . 

The small number of ewes analysed within b reed and l i tter size 

coupled wi th the smal l  variati on of  ges tation length probably explains 

the lack of s tatis tically si gnifi cant differences . 

PMSG had no eff e c t  on the length of pregnan cy when analysed f or 

s ingle- and twin-beari ng ewes . 

Singl e lambs averaged more than a kilogram heavier a t  bi rth than 

twin lambs whi ch in turn averaged 0 . 9 kg more than lambs b orn as 

triple ts (P ( 0 . 05 ) . Many other workers have also no ted thi s invers e 

relati ons hi p be tween li tter size  and lamb birthweight ( e . g . Lar� en ,  

1 97 1 ; Bradf ord et  al . 1 974 ) . Whe ther this effect is s olely due t o  

compe tition be tween f oe tal and ma te rnal tis sue for a limi ted pool of 

nutrients as propose d  by Hammond ( 1 944 ) and Hun ter ( 1 95 6 )  is no t clear . 

Pla cen tal development may be important since lamb birthwe ight has been 

correlated wi th the we i ght of co tyledons in late pregnancy ( Alexander, 

1 964 ) . Thus a limi ted  placental size of mul tiple lambs may limi t 

foe tal growth of such l ambs . There was no  signifi can t intera c ti on 

be tween breed and li tter  s i ze for l amb birthweight , however . 

Single male lambs were carried an average of about half  a day 

l onger than single f emale lambs al though the effect was no t 

signifi cant and was only apparent in Romneys . Similarly , males twin 

to males for  bo th breeds were born on average more than one day after 

ei ther f emales born eo-twin to females or m ix ed-sexed twins (P < 0 . 0 1 ) . 

These fi ndings support those  of Di ckins on et  al . ( 1 962 ) . Similarly , 

Bradf ord e t  al . ( 1 974 )  observed that male  lambs prolonged ges tati on 
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dimini s he d  a s  li t t er s ize increas e d . 
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C oupl ed w i th l onger ges tati ons , mal e s ingle lambs we re s li ghtly 

(if non s ignifican t ly ) heavier a t  b irth than female s ingles . Whe n 

all r ank s  were cons id ered , mal e  lambs were on average a b out one third 

of a ki l ogram heavier than the i r  fema le con temporari e s  ( P <  0 . 01 ) .  

The dis cus sion of the differen ces i n  birthwe i gh t  due t o  class o:? 

twin bi r th is more complex , however . Whe ther eo- twin t o  ma les o r  

females , mal e twin lambs w e re heavi er a t  b i r th than f emal e lamb s  

(P <  0 . 05 ) . Thi s  may be due t o  a grea ter ab il i ty to c ompe te f or a 

limi ted mat ernal p oo l  of nutri en ts by males compared t o  f emal es or to 

a grea t e r  p lacenta l  size whi ch provi des a great er nut r i e n t  s upp ly to 

ma les co mpared to female s .  The b irthwe i ght advantage of twin �a les 

ove r twin f emales w as greater ( 0 . 8 kg ) w hen l ike-s exed l i t te rs rather 

than un l ike-s exed li t ters ( 0 . 5 k g) were compared . The pres e n t  res ults 

did no t supp ort the conclusi on o f  o t her w orkers tha t the prena t�l 

growth o f  twin lambs is inf luenced not onl y  by the s ex of th e l�b but 

by the s ex of its eo- twin (D onald an d Purs e r ,  1 9 56 ;  Lars en , 1 97 1 ; 

Burfenin g , 1 972 ; T erri l l , 1 972 ) . 

Ove r all bir th ranks , Romne y  ewes carri ed lambs ab out half a day 

longer than B o rde r-Romney ewe s  a l though t he eff e c t  was n o t  s i gnif i can t . 

Romney s ingles (P <  0 . 1 ) and tw ins (P <  0 . 001 ) were carri ed 0 . 5 day and 

more than 2 days longer than Bo rder-Romne ys , res pec tively . I n  the 

small sample of t ri ple t-b e ar i ng ewes s tudi ed , the cro s s b red ewes had 

ges ta tion lengths of about half a day longer than the Romneys . 

Lars en ( 1 97 1 ) also no ted tha t  s i ngle lamb s were parried l onger ( abou t  

one day ) i n  Romney ewes c ompare d  t o  Border-Romney ewes and a s i�ilar 

breed diff erence was noti ced when all b i r th ranks were c onsid ered . 



Al though ges ta ti on l engths w ere generally shorte r ,  cro s s b red 

e wes on ave rage had heavier lambs a t  bi rth ( 0 . 4  k g) than Romneys 

(P < 0 .001 ) .  T his was true for a l l  bi rth ranks and there was no 

ev idence of an intera c ti on be tween b reed of dam and b i r th rank of 

the lamb . In previ ous work wi th a nimals of the same f l o ck i t  was 

88 . 

n o t ed tha t s ingle lambs out of Border-Romney ewes were on average 8% 

heavi er a t  b ir th t han l ambs born t o  Romney e wes ( Larsen , 1 97 1  ) . The 

same s tudy ,  h owever,  fai led to show a breed of ewe d ifference when 

al l bi rth ranks were c ons i dered . 

S in ce al l e wes in the presen t  work we re ma ted wi t h  Sou thd cwn 

s i res and the re was no transf er of o va b e t ween ewe breeds , t he 

separate i nf luen ce s of ma t ernal geno type and lamb geno type on lamb 

birthwe i gh ts c ould no t be compared as in o the r inves ti ga t i ons ( e . g. 

Hun ter , 1 9 5 6 ;  Di ckinson e t  a l . , 1 962 ; Lars en , 1 97 1 ) . I t  i s  no t 

clear then whe ther t he lambs f rom the Bo rder-Romney ewes were teavier 

a t  bi rth be cause the ma t e rnal envi ronmen t  of the se ewes was be t te r  

than that o f  the Romneys ( Lars en , 1 97 1  ) . The al terna tive e x plana tion 

of the diff eren ce is tha t  lam bs born to Border-Romney ewes w e r E, 

geneti cally c a pa ble of more rapid pre -na tal grow th than S o u thd o wn x 

Romney cros sbred lambs . The la t t er explana ti on is favoured b y  

wo rkers u t i li s ing a large difference be twe en the maternal a n d  f oe ta l  

geno type f o r  s ize ( Hun te r ,  1 95 6 ;  Di ckins on , 1 962 ) . Dis c us s i on of 

data on p os t-natal lamb grow th wi ll b e  confined to lambs born as 

ei ther s ingl e s  or twins ( only 20 triple t-b orn lamb s  were avai lable 

f o r s tudy and s ome s ub class numbers were small ) . 

The age of lamb a t  weaning had a s i gnifi cant inf luenc e  on 

weaning wei gh t  (P ( 0. 001 ) of s ingle - and twin-born lambs . The 
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regress i on of age of lamb on weaning weight (B = 0 . 1 3 ) was simi lar to  

the a dj us tment use d  i n  the Nati onal Flock  Re cording Scheme (± 0 . 1 36 

for every day under or ove r 1 00 days of age at  weaning) and whi ch was 

bas e d  on da ta d erived by Ch ' ang and Rae ( 1 96 1 , 1 970) . 

Single lambs grew 0. 035 kg/day fas ter (P < 0 . 05 ) and were abou t 

4 . 4 kg heavi er at weaning (P < 0 . 01 ) than twin-born l ambs reared as 

singles and weaned at a bout 99 days of age . Thi s  is in agreemen t 

wi th o ther work wi th mixed -age ewes a t  M�s s ey by Ch' ang and Rae ( 1 970 )  

whi ch ci ted an equivalen t  d ifference in weaning wei ght o f  4 . 2 kg 

be tween these b irth ranks . The greater weaning weight of s ingle 

lambs c ompared to twin-born lambs ( P <  0 . 05 ) is likely to be par tly 

due to their  heavi er birthwei ght and partly to their greater in take 

of milk ( Barni coat e t  al . ,  1 949 ) . 

Al though few twin lambs were reared as s ingles thes e were , on 

average , s lightly (al though n o t  significan t ly ) heavi er than twi n

reared l ambs ( 0 . 1 6 kg) . This supports Ch ' ang and Rae ( 1 970) who 

reported an advan tage of 2 . 9 kg at weaning in favour of twins re·3.red 

as singl es c ompared to twin-reared lamb s . This diff erence b e twe en 

th ese rearing ranks i s  probably due t o  the greater amount of mi :� 

available  to the twin reared singly ( Ch ' ang and Rae , 1 96 1  ) .  

Ma le (we ther) lambs grew fas ter (P < 0 . 05 ) and were 3 . 4 kg 

heavier at weaning on average (P < 0 .  0 1 ) than ewe lambs when the 

effe cts of s ex were s tudied in si ngle- and twin-born lambs . T he 

weaning weight di ff erence b e tween lamb s exes  was greater than the 

1 • 4 kg rep orted by C h '  ang and Rae ( 1 96 1 ) for mixed-age Romney e\ves .  

The present s ex difference was als o greater than for o t her compari s ons 

b e tween entire ram and ewe lamb w eaning weigh ts re ported in  New 



go . 

Zealand f o r  Romney a nd F 1 Borde r-Romney lamb s ( Larsen , 1 97 1 ; C h ' ang 

and Rae , 1 961 ) a l though overs eas workers have no ted grea t e r  weaning 

we i gh t  d i f f e rences be tween ram and ewe l ambs ( Haz el and T e rr i l l , 1 94 5 ) . 

Ls.mbs b o rn t o  Border- Romney ewes grew f a s ter (P < 0 . 001 ) an.i were 

2 .8 kg he avi er at weaning ( P < 0 . 001 ) than s i m i l ar lambs b o rn t o  

Romney e w e s  wh en the s e  eff e c ts we re inves t i ga ted in s in gl e - and twin-

born lambs c o rr e c ted f o r  reari ng rank and age at w eaning . There was 

no evi dence of a breed of ewe times rear ing rank in terg_ c t i on f o r  

gr ow th ra t e  o r  weaning we igh t . T he weaning w ei ght advantage s h own 

by lambs b orn to c ro s s bred e w e s  was greater than the 2 kg per l amb 

reported by Lar s en ( 1 97 1 ) f o r  Romney and Bo rd e r-Romney lambs b orn t o  

Romney or Bo rd e r-Rornney ewes . The pre sent c ompari s on more c l os e ly 

supports the res ul t s  of a c ompari s on of Romney and Bo rde r-Rornney e w e s  

f o r  ex por t lamb pro du c ti on whi ch f ound an advantage of 2 . 2 t o  4 . 4 k g  

i n  favour o f  progeny o f  cros s b red ewes ( C o o p  and C la rk e , 1 965 ) . 

Using e gg t rans fe r me thods , Lars en ( 1 97 1 ) concluded tha t b o th t he 

maternal a nd l amb geno type inf lue n ce s  w e re impo r tan t ; the d e s ign of 

the pres ent trial d id not allow d e t e rm i na ti on of the rel a tive 

importanc e of thes e ef f e c ts . I t may b e ,  however , tha t t he us e of 

early mg_ turi ng s i re b re eds such as t he S o u thd own allowed grea t e r  

expres s io n  o f  lamb gen o type d i f f e ren ces i n  we aning we i gh t  than i f  

Romney o r  Borde r-Romney s i r e s  w e re us ed . 

Y oung Bo rde r-Romney ewes produce m o re mi lk t han Romneys whe ther 

suck li ng singl e  or twin lambs (C o op and Drew , 1 963 ) a l though gen e t i c 

differences in m i lk qua li ty appe a r  f ar les s imp ortant in t hei r ef fe c ts 

on lamb growth ra t e  (Barni coa t  e t  al . ,  1 957 ) . 
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S outhdown rams ma te d  to Border-Romney ewes produced larger 

lambs at birth than when Romney e we s  were involved and whe ther -this 

was related to weaning weight through a difference in the abi li ty of 

lambs to obtain mi lk (Moore ,  1 966 ; Langlands ,  1 972 , 1 97 3 )  or to a 

difference i n  the abili ty to grow ( Ch ' ang and Rae , 1 96 1 ) was no t 

clear. 



SUMMARY 

Diff eren ces in the reproduc ti ve pha s e  b e twe�n Romney and 

Bo rder-Romney 2 year-old ewes were s tud ied af ter proges tagen 
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syn chronisati on and trea tmen t wi th P MSG . Proge s tagen tre a tment o f  

cross bred ewes caused f ewer s ilent hea t s  and earl i er syn chronis a ti on 

of he a t  than f o r  Romney ewes . Border- Romney ewes also had greater 

na tural ovulati on ra tes and ovari an res pons e s  to PMS G re su l t i ng i n  a 

hi ghe r  proporti on of mul tiple bi r ths . 

U terine capaci ty measured in t e rms of numbers and weight o f  lamb 

born was gre a t e s t in cros s b red ewes bu t exceeded the na tura l ovulati on 

rate of b oth b reeds . Breeding or managemen t te chniques res u l t in g  in 

grea ter ovulat i on rates a re therefore l i ke ly to dire c t ly in creas e the 

n umb er of lamb s b orn . 

O vul a ti on ra tes and li t ter s iz es were s ubs tantially i ncreased 

af ter treatm en t  of ewes w ith PMSG . C o ns i derab le vari ati on in 

respons e to the drug exi s ted , howev e r ,  and c oncepti on rates to all 

s ervices w er e  r educed . Such limi ta ti ons reduce th e wides pread 

appli ca ti on of this te chni que by farmers . 

Compared to Romney ewes , lambs b o rn t o  Border-Romney ewes we re 

heavi er at b i r th and grew more rapidly to weaning. I t  is l ik e ly 

that this mor e  rapid p os t-m. tal growth i s  a t  l east par t i ally d -v.e t o  

a grea ter mi lk yield by the cro s s bred ewes and thi s warran ts f ur ther 

inves ti gat i on o  

Me thods using plasma proges t e rone levels e i ther early o r  la t er 

in pregnancy aided ident i fi cati on o f  ewes w i th ei ther s ingle- er 

mul tipl e-b ea ri ng pregnan ci es , but the a c curacy was n o  be t te r  . than 
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o ther me thods curren tly available . The re is  a ne ed f or an accura t e , 

s imple and cheap method of iden tifying s ingle - and twin-beari ng ewes 

early in pregnan cy to allow more effi c ient us e of feed for shee� . 
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A P P E N D I C E S 



APPENDIX 1 :  BARTIETT 1 S  TEST FOR HOMOGENEITY OF VARIANCE FOR 
OVULATI ON RATE DATA BORDER-RO��EY LOW PLANE OF 
NUTRITION GROUP . 

a o  Raw Data 

Dose of d . f .  Variance C oded Log C oded 
PlVlS G ( i . u . ) (n-1 ) s2 s2 s2 

0 1 7  O o 25 1 6 2 o 5 1 6 0 . 4007 
600 1 9  Oo 5763 5 o  763  0 . 7606 

1 200 1 8  3 o 6 1 98 36 . 1 98 1 .  5 58 6  
Chi2 = 89o  57 * *  

Tb.e variance is he te ro gene ous 

b .  Sguare Ro o t  Trans fon:ned Data 

Dos e  of d . f .  Variance C oded Log C oded 
PMS G (L u. ) (n-1 ) s2 s2 s 2 

0 1 7  0 . 0424 4 . 24 0 . 6274 
600 1 9  0 . 078 1 7 . 8 1 0 .8927 

1 200 1 8  0 . 2538 25 . 38 1 .  4045 
Chi 2 = 1 4  o 7 4 * *  

Tne variance approaches  homogenei ty 



APPENDIX II  : REPARAMETRISATION OF NON FULL RANK EXPERIMENTAL 
DES I GN MODElS 

Given that all t reatment c lasses exis t , the reparametrisation 

such as that summaris ed in Appendix III can be us ed t o  estima te 

dire ctly the treatm ent comparis ons of interes t . 

F or example , in the analysis of wei ght of lamb born ( s ee Ch�pter 

II ) the t reatment comparison that  es timates the difference between 

breeds if given by : 

The reparametrised model estimated u + t 1 , for example , by : 

" .'\ /\ /\ 1\ 1\ · " /\ " .'\ 
u + t 1 = u + BRD - pl + Pq - 1:L + Lq - BP1 + BPq - B L1 

/\ "' ·"' "' "" ·" "" 
+ B Lq + P1Ll - pl �  - PqLl + BP1L1 - BP1Lq - BPqLl 

as given by the f irs t row of the Tableau in Appendix I I I . S imi larly , 
1\ 

u + tj is given by the j th row of the Tableau . Thus the es timated 

difference between breeds , f or example , is given by : 

= 

1/9 [ (u : t 1 ) + (u �"" t2 ) + (u : t3 ) - ( u  ; t4 ) 

- (u +" t 1 8 ) J 
[ ;? + £@ 

·"'- 1\ 
1/9 - pl + . . . . . . . . .  - BPqLl 

" /\, /\, A 
+ u + BRD - pl + . . . . . . . . . + 2BP1� + 0 

1\ 
2 BRD 

" 

. . . . . . -

Thus the es timated partial regress i on coeff i ci en t  BRD mus t be  

mul tipli ed by two t o  ob tain the es timated d ifference b etween breeds 

( Border Leices ter x Romney - Romney) . Thus the reparametris ed 

regress i on coeffi cients will es timate mul tiples of the required 



trea tment comparisons . The actual multiple in any case may be 

derived from the Tableau. For example , the linear PMSG effe ct  is 

given by the treatment comparison:  

A 
whi ch is est imated by 2Pl • 

/\ 
S i nce the reparame tri s ed Tableau is orthogonal , Pl , f or exampl e , 

es timates : 

L:jcj t j / .2 
L:C J 

Y1 2 ( - t1 - t2 - t3 • • • • • • • • •  + t 1 6 + t 1 7  + t1 8 ) 
whi ch is one-half the line�r PMSG effe ct . 

However , the t values ob tained fo r the es timated regress ioL 

coefficients are unaffected by s calar mul tipli cati on of the es timates . 

A, 
If the e s tima ted variance of BRD equals �'  for example , then 

the va lue of the t-s tati s ti c  corresponding to the nul l  hypothesis  

. '\ 
BRD = 0 ,  is given by : 

This is  the same as the value of the t-s tatistic  correspond ing to  the 

A, � 
null hypo thesis : 2BRD = 0 s ince the es tima ted variance of 2BRD is 

given by 4 62 and : 
B 

t 

J\ 
2 BRD 
2 .c3B as b ef ore 

However , given now that all t reatment classes do not  exis t ,  the 

es t ima ted regressi on coeffi c i en ts from the reparamet rised Tableau 

mus t be interpreted wi th care . For example , if t reatments 3 and 6 

( in  Appendix I I I ) of the Tableau were omi t ted , then , pro ceeding as 

bef o re ,  the resul t of the diff eren ce be tween breeds , for example : 



is es tima ted by 

whi ch is not  a s i mple mul tiple of the es tima ted regression coeffi cient 

" 
BRD . 

Thus in the unbalanced case an alterna tive reparame trisati on i s  

needed t o  es timate the treatment comparis ons o f  interest  dire ctly. 

In the present e x amp le , however , the required e s tima tes were 

obtained by taking the appropriate comparis on among treatment means 

as des cribed in Chapt e r  I I . 



APPENDIX I I I  : REPARAMETRISED TABLEAU FOR MODEL TO INVESTIGATE WEI GHT OF LAMB BORN 

PMSG Li tter  Size  

Dose Quad- Quad-
Breed Litter of Mean Breed Linear ratic Linear rati c 

tj of ewe Size PMSG u BRD P1 Pq 11 Lq 

1 B sA 0 1 1 -1 1 - 1  

2 B 

3 B 
4 R 
5 R 
6 R 
7 B 

8 B 
9 B 

1 0  R 
1 1  R 
1 2  R 
1 3  B 

1 4  B 
1 5  B 

1 6  R 
1 7  R 

1 8  R 

Tw 
Tr 
s 
Tw 
Tr 
s 
Tw 
Tr 
s 
Tw 
Tr 
s 
Tw 
Tr 
s 
Tw 
Tr 

A s _ Single 

0 

0 

0 

0 

0 

2 

2 

2 

2 

2 

2 

Tw - Twin 

-1  

- 1  

- 1  

- 1  

- 1  

- 1  

- 1  

-1 

-1 

-1 

-1 

-1 

- 1  

- 1  

0 

0 

0 

0 

0 

0 

-2 

-2 

-2 

-2 

-2 

-2 

Tr - Triplet  

0 -2 

-1  

0 -2 

- 1  

0 -2 

-1 

0 -2 

- 1  

0 -2 

- 1  

0 - 2  

BP1 BPq BL1 B� 
- 1  

-1  

-1  

- 1  

- 1  

-1  

- 1  

0 

1 

-2 

- 1  

0 2 

- 1  - 1  

0 -2 - 1  

0 -2 

0 -2 

0 2 

0 2 

0 -2 

0 

0 2 - 1  

-1  

- 1  

2 

- 1  

- 1  - 1  

- 1 - 1 

- 1 - 1  

0 -2 

1 -1  

0 . 2 

- 1  

Interactions 

P1L1 P1Lq PqLl 

0 

- 1  

1 

0 

- 1  

0 

0 

0 

0 

0 

0 

- 1  

0 

- 1  

0 

- 1  - 1  

2 

-1 

-1  

2 

-1  

0 

0 

0 

0 

0 

0 

-2  

1 

-2 

0 

- 1  

0 

2 

0 

-2 

2 

0 

-2 

-1 

0 

-1 

0 

BP1 L1 BP1 Lq BP qLq 

0 
-1 

- 1  

0 

0 

0 

0 

0 

0 

0 

-1 

0 

0 

-1 

-1  -1  

2 

- 1  

-2 

0 

0 

0 

0 

0 

0 

-2 

-1  

2 
- 1  

0 

0 

- 1  

2 

0 

-2 

-2 

0 

2 

-1  

0 

0 
-1  



APPENDIX IV : 

30-year Average 

RAI NFALL OVER THE FOUR MONTHS AFFECTING THE EARLY 
PART OF THE TRIAL - A COMPARISON WITH THE 30-YEAR 
AVERAGE 

Jan 

5 0 . 4 

83 . 8 

Rainfal l in rnri 
Feb 

1 5. 6 

63 . 6 

Mar 

1 02 . 3 

7 3 . 3 

Apr 

58. 6 

74 . 4 

A - Sour ce D . S . I . R . Grasslands Divi sion , Palrne rs ton North. 

B - Year of trial . 



APPENDIX V :  STUDENT-NEWMANS-KEUI..S TEST TO COMPARE MEANS : 
CYClE LENGTHS FOLLOWING PMSG  TREATMENT 

1 .  Differences between means when thes e are ranked from larges t 
to  smallest 

2 .  

3 . 

Rank 
Mean 1 6 . 1 58 
No . /group 52 
Group 0 i .  u .  

Rank Mean No .igrou12 Grou12 
1 6 .  1 58 52 0 i . u .  

2 1 5 . 768 57 1 200 i .  u. 0 . 390A* 
3 1 5 .  674 53 600 i .  u. 0 . 484 . * 

M . S • . thi = Wl n 0. 81 2 )M . S  . .  th · Wl ln = 0 . 90 1 

Degrees of freedom 

/M . S  • .  th . Wl ln 

)M . S • .  th . Wl ln 

X 

X 

1 50 Us e d . f .  = 1 20 

J!l =  2 c Q0 . 05 (K , 1 20 ) 2 . 800 
Q0 . 05 (K , 1 20) 2 . 523 

Q0 . 01  ( K , 1 20) 3. 702 
Q0 . 01 (K , 1 20) 3 . 336 

2 
1 5 . 768 

57 
1 200 i .  u .  

0 . 094 N . S .  

� 
3o 356  

3 . 024 

4 . 200 
3 . 784 

For a difference between means to be signifi cant at the 
of significance it must be egual to or greater than : -

LSR = � ( K ,  1 20) M . S • . th . W l  m 

A Difference between means . 
B K = 1 + difference in ranks of two means . 

3 
1 5 . 674 

5 3  
600 i .u.  

level 

c Qo. 05 (K ,  1 20) = value from s tudentized range for different 
values of K when the error variance has 1 20 
degrees of freedom . The test is  carried 
out at  the 5% ( 0 . 05 ) or 1% ( 0 . 01 ) level of 
s ignifi can ce o 

D n1 and n2 are the sample s izes associated wi th the two means . 



4 .  Us ing the calues  calcula ted in  2 .  the f ollowing ranges may be 
cal culated us ing the formula of 3. 

(a ) 5% level of signifi canc e  

(b ) 

3 . 024 )0 . 01 9 

2 . 523 /0 . 0 1 8 

LSR2 -7 3 = 2 . 523 )0 . 01 8 

* 
= 0 . 342 

c 
= 0 . 243 N . S . 

1 %  leve l of signifi cance ( testing onl� those  ranges whi ch 
were si gnif icant a t  the 5% leve l ) 

LSR1 _, 3 = 3o  784 )0 . 01 9 

LSR1 � 2 = 3 . 336 )0 . 0 1 8 

0 . 522 N .S . 

O .  448 N .S . 

A LSR1 3 = leas t s ignifi can t range to  c ompare means 
---7 wi th ranks of 1 and 3 . 

B The diff eren ce be tween the means is greater than the 
LSR. Hence the two means are si gnifi cant ly different 
at the level of signifi cance tes ted for. 

C The differen ce be tween the means is less  than the :SR. 

5 . From this tes t i t  is  clear that : 

i ) Bo th groups of ewes re ce iving PMSG had shorter  cycle �engths 
( 0 . 01 < P <  0 . 05 )  than ewes not re ceiving the drug . 

ii ) There was no signifi cant differen ce in  cycle length 
(P < 0. 05) between groups of ewes re ceiving e i ther 
600 i . u. or 1 200 i . u .  PMSG o  



APPENDIX VI : DISCRI�INATION POINTS AND ACCURACY OF PREDICTI ON OF 
NUMBEllli OF CORPORA LUTEA US ING PLASMA PROGESTE�ONE 
CONCENTRAri ONS (Es timated using AOV modelA) 

Border-Romne "X. Romne;£. 
Dis criminati on Diaggoses : Dis crimina ti on Diaggoses : 
Poin ts To tal C orrec t  Points To tal C orre c t  

Da;£. 20 

C L  0 . 092  1 0  4 1 o 2 2 1 8 6 

2 O o 903-1 . 1 1 0  1 2 2 1 o 222-1 . 362 9 0 

3 1 o 1 1 1 - 1 o 4 1 6 1 0 3 1 0  363- 1  . 479 4 0 

4 1 • 4 1 7 - 1  • 709 3 2 1 . 480-1 . 7 28 3 0 

5 1 • 7 1  0-1 • 7 24 2 0 1 . 729-2 . 064 2 

6 1 .  72 5  _1 _1 2 . 065 _1 _1 

4 1  1 2 (29 . 3%) 27 8 ( 29 . 6%) 
Da;£. 1;0 

CL  1 . 1 1  5 1 0  6 1 . 2'74 8 8 

2 1 • 1 1  6-1 • 362 1 2  3 1 . 27 5- 1 . 586 9 2 

3 1 • 36 3-1 • 6 61 1 0  3 1 . 587- 1 . 835 4 2 

4 1 .  662-1  . 876 3 0 1 . 836- 1 . 9 64 3 0 

5 1 . 877- 1 . 983 2 0 1 • 965-2 . 1 48 2 0 

6 1 . 984 _1 _2 1 . 1 49 1 1 

4 1  1 5 ( 36 . 6%) 27 1 3 (48 . 1 %) 
Da;£. 60 

1 C L  1 .  692 1 0  7 1 • 7 1 8 8 5 

2 1 . 69 3- 1 . 934 1 2  4 1 • 7 1  9-2 . 0 1 1 9 3 

3 1 • 9 35-2 . 009 1 0 2 . 0·1 2-2 . 2 1 6 4 

4 2 . 0 1 0-2 . 028 3 0 2 . 2 1 7-2 . 298 3 

5 2 . 029-2 . 276 2 0 2 . 299-2 . 524 2 0 

6 2 . 277 __± 2 2 . 524 _1 _1 

4 1  1 4 ( 34 . 2%) 27 1 1  ( 40 . 7%) 
A 

See Table 5-1  




