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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 O, 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 were 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, respectively. PMSG did not affect the
degree of synchronisation of oestrus but treatment with the drug,
improved feeding snd 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 in
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 ovulatiocn 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 basis 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. Liveweight of
the ewe and weight of lamb born were antagonistic in their effects

on blood progesterone concentration.
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CHAPTER I

INTRODUCTION

The number of eggs released by the ovary sets a limit to the
number of lambs that can be weaned. This potential may be reduced
by prenatal mortality and by lamb deaths. Treatment with
gonadotrophins such as Pregnant Mare's Serum Gonadotrophin (PMSG) is
one method of increasing the number of ova shed in ewes. By
allowing these ewes to lamb, or by use of egg transfer methods, the
number of lambs produced per ewe can be increased. This procedure
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 experimental uses

such as investigating reproductive differences between breeds.
Several factors limit the effectiveness of PMSG and it is

important to study these if best results are to be obtained.

Factors Influencinge the Effectiveness

of Response to PMSG

1 Progestagen pretreatment

Early work showed that exogenous progesterone suppressed
ovulation and oestrus in sheep (Dutt and Casida, 1948); that PMSG
induced oestrus in anoestrous ewes (Cole and Millar, 1933) and
increased fecundity in cycling ewes (Robinson, 1951). Both
compounds have since been used separately and in combination, to
synchronise, to superovulate and to induce out-of-season breeding in

e"f eS ©



Some of the associated effects of these drugs at different
stages of the ewe's reproductive phase are discussed under the

following headings:

(a) Oestrous response

PMSG treatment following progestagen sponge withdrawal increases
the incidence of oestrus in anoestrous ewes (Robinson and Smith,
1967), and late anoestrous ewes (Gordon, 1971). Onset of oestrus
is earlier (Robinson, 1955; Robinson and Smith, 1967) and more
predictable (Robinson, 1955) if progesterone treatment is
accompanied by PMSG. These effects are more noticeable in younger

ewes (Robinson, 1961).

PMSG treatment of cycling ewes on the 12th or 13th day of
either the natural or progestagen-synchronised cycle has resulted
in a proportion of 'silent heats' implying an adverse effect of
exogenous gonadotrophin rather than from progestagen (Bradford
etal,., 1971). Similarly the oestrous response of progestagen-
treated cyclic ewes may not be improved by PMSG administration
(Foord, 1966; Clarke, 1973). The timing of PMSG injection may be
important since administration at progestagen withdrawal, compared
to 24 hours before this, has resulted in an increased incidence of

oestrus in ewes (Holst, 1969).

Injection of PMSG during the follicular phase of the oestrous
cycle may reduce cycle lengths (Warwick and Casida, 1943;
Robinson, 1951; Cumming and McDonald, 1967) although other reports
have noted inconsistent or no difference between treated and
untreated ewes (Wallace, 1954; Larsen, 1971). PMSG administration

on day 12 rather than day 13 of the cycle may shorten cycle length



(Cumming and McDonald, 1967) although this effect is not always

clearcut (Wallace, 1954; Larsen, 1971).

(b) Ovulation rate
Progestagen pretreatment of both anoestrous and cyclic ewes
modified the ovulatory response to PMSG (Lamond, 1964a, b; Hulet

and Foote, 1967; Gordon, 1972).

Increased doses of progestagen significantly influence
ovulation responses to PMSG in sheep (Allison and Robinson, 1970)
and in cattle (Iamond, 1973). In the latter case the effect

varied with breed.

The type of progestagen pretreatment can affect the ovulation
response to a given dose of PNSG (Lamond, 1964a; Roberts and Edgar,
1966) . The ovulation rate following a second progestagen-PMSG
treatment sequence is less than the first while that following a
second PMSG injection not preceded by exogenous progestagen may be
greater (Hulet and Foote, 1967, 1969) . Similarly injection with
PMSG 14 days after cessation of progestagen pretreatment may cause
smaller litter sizes than when ewes receive gonadotrophin 12 or 13
days following natural oestrus (detected by vasectomised rams)
(Newton and Betts, 1968). However, a second PMSG treatment just
prior to the second oestrus can result in smaller litter sizes than
after a single injection at progestagen peésary withdrawal (Gordon,

1963). Refractoriness to PMSG has been reviewed by Clarke (1973).

Ovulation rate may depend on the timing of PMSG administration
during the oestrous cycle (Neville, 1966) although Robinson (1951),

Wallace (1954), Cumming (1965), Bindon et al.(1971) and Larsen (1971)
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found no significant difference in ovulation rate between groups of

ewes injected from days 11 to 14 of the cycle (oestrus = day 0).

The interval between progestagen pretreatment and PMSG may
affect ovulation rates (Roberts and Edgar, 1966; Hulet and Foote,
1967; Roche, 1968) . Although greater ovulation rates can result
from PMSG injection 2 to 4 days before progestagen sponge removal,
this often results in depressed mating and conception rates at the
controlled oestrus (Gordon, 1972). Thus injection at pessary
withdrawal is considered more practical (Holst, 1969). Similarly
ovulation rates may be lower after injection at sponge withdrawal
than after PMSG administration on day 13 of the cycle (without
progestagen pretreatment) (Newton et al., 1972). The difference
is less if the former injection time is delayed until onset of
synchronised oestrus when blood progesterone levels are lower.

PMSG may have a predominantly follicle-stimulating or a predominantly
ovulatory action depending on dose and time of injection in relation

to the end of progestagen administration (Braden et glss 1960) .

(c) Conception rate

Treatment with 250-500 i.u. PMSG at cessation of progestagen
treatment can greatly improve conception rates compared to similar
ewes not receiving PMSG. However, doses above 500 i.u. PMSG tend
to depress conception rates (Gordon, 1972). PMSG treatment on days
12 or 13 of the cycle after either progestagen synchronisation
(Allison, 1973, 1975) or detection of natural heat by teaser rams
(Robinson, 1951) may reduce conception rates. Ewes injected with
gonadotrophin 14 days after sponge removal which fail to conceive to

first mating may also return to second oestrus (Newton et al., 1968) .
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This may be due to a combined PMSG-progestagen action (Newton et al.,

1972) although the evidence is not conclusive.

Conversely, several workers have reported no depression of
conception rate following PMSG therapy, with or without progestagen
synchronisation (Wallace, 1954; Gordon, 1963; Tait, 1971; Laster

and Glimp, 1974).

2. Nutrition and liveweight

Poorly-fed ewes may show greater responses to PMSG than heavier,
better-fed ewes (Wallace, 1954; Allen and Lamming, 1961). PMSG
may compensate for nutrient deficiencies in restricted animals
(Lamond, 1963). Ovulation response following administration of
PMSG may be more closely related to bodyweight in under-fed ewes

(Lamond, 1963).

In contrast, more recent reports note greater ovulation rates
in heavier, well-fed ewes receiving the drug (Allison, 1973, 1975;
Hedges and Reardon, 1973). Other reports, however, show a less
clear relativnship between feeding level and dose of PMSG on either

ovulation rate (Bellows et 8lei 1963) or lambing data (Tait, 1971).

Recent work implicates Vitamin A affecting the conception and
lambing rates to PMSG (Migalina, 1973) but there are few reports on

the effects of other vitamins or dietary constituentse.

A positive relationship between ewe livewecight and ovulation
rate after PMSG has been noted (Guerra,gﬁ_gl., 1971; Killeen, 1972)
although other reports do not support this (Bindon etal,, 1971;
Allison, 1973, 1975). Breeds varying widely in mean bodyweight
show little association between ovulating response to PMSG and these

mean bodyweights (Bradford et al., 1971).



In ewes treated with progestagen and PMSG in the nonbreeding
season, restriction of feeding with resultant decreases in liveweight

has been shown to reduce ovulation rate (Keane, 1973).

The components of liveweight (body size and body condition)
have each been related to ovulation rate (Guerra etals; 1972).
While there were significant relationships between these liveweight
components and incidence of multiple ovulations, bodyweight proved
a more effective predictor of ovulation rate than either body size
or body condition. Significant positive relationships have, however,
also been reported between body condition score and both ovulation

rate and lambing performance (Gunn et al., 1969, 1972; Bastiman,

1972; Gunn and Doney, 1973). An interaction between body condition
score and level of feeding at mating may exist for ovulation rate

data (Gunn et al., 1969).

Rissel et al. (1969) reported that liveweight was a less
accurate predictor of total body fat than body condition score.
Plasma progesterone concentration may be negatively related to total
body fat (Cumming et al., 1971; Lamond et al., 1972) and to large
follicle development (Ginther, 1971). This may partly explain the
reduced ovulation responses to PMSG in underfed ewes reported
(Allison, 1973, 1975; Hedges and Reardon, 1973). There appear to
be no reports relating body fat condition score (Jeffries, 1961;
Russel gt al., 1969) to reproductive response to PMSG during the
breeding season. During the nonbreeding season, however, Keane
(1973) found little effect of body condition on ovulation rate

rollowing progestagen-PMSG treatment.



An alternative to the theory of 'ovarian sensitivity' to
explain differential ovulation response to PMSG involves differences
in endogenous levels of gonadotrophin (Allen and lLamming, 1961).
Endogenous levels of LH affect the ovulatory response to PMSG in
laboratory animals (lamond and Emmens, 1959; Lamond and Bindon,
1966a, b) but it remains unclear whether the nutritional influence
on PMSG action in ewes is centred at the pituitary gland, at the

ovary or a combination of the two (Trounson and Moore, 1972).
The mode of action of PMSG has been reviewed by Clarke (1973).

Do Season of administration

There is great variability in response of the same ewes to the

same dose of PMSG over several consecutive years (Palssen, 1962).
Within the breeding season little relationship exists between the
time of PMSG treatment and ovulation response (Robinson, 1951).

A temporal relationship might have been expected because of reported
seasonal differences in ovulation rate (Radford, 1959; McDonald and
Ch'ang, 1966; Dermody et al., 1970). In anoestrous ewes the month
of treatment can influence response to the drug (Hunter, 1968;

Hulet and Stormshak, 1972).

Reports conflict as to whether ovulation responses differ
between groups of animals treated within the anoestrous period
compared to those treated during the breeding season. Holst (1969)
found that treatment of anoestrus ewes gave greatest responses to
PMSG, the effect being greatest at higher dose rates. This effect
may have been due to higher endogenous gonadotrophin levels reported
for seasonal anocestrous ewes (Kammalade et al., 1952). Conversely

greater ovarian responses may follow injection during the breeding



season than after either progestagen-PMSG treatment in the anoestrous
period, or PMSG administration late in anocestrus (Averill, 1958).

The difference may be dose dependent since non-superovulatory doses
of PMSG can effect similar ovarian responses in both cyclic and

anoestrus ewes (ILamond, 1962).

4, Age of ewe

Ovulatory responses to PMSG by lambs may not be as great as for
mature ewes (Robinson, 1951) although Finn lambs (weighing 60%
mature body weight) may have similar ovulation rates after PMSG to
mature ewes (Bradford et al., 1971).  In contrast, Averill (1958)
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 (Iaster,
1972). 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, 1958). The ratio of IH to FSH activity
varies greatly between batches of PMSG and this may be a major cause
of variation in response between experiments (Polge and Rowson,
1973). PMSG samples may have ovulating capacities of about a third
that of human chorionic gonadotrophin (HCG) (Lamond , 1962) while

others have an FSH/IH ratio of 2:1 (Schmidt-Emendoff et al., 1962).

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

more efficient super-ovulatory response in ewes (Braden et al., 1960;
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Killeen and Moore, 1970; Hunt et al., 1971). Breed may affect the
proportion of follicles ovulated following PMSG treatment since
Bradford et al. (1971) reported that the more prolific Finn ewes
naturally ovulated a higher proportion of follicles compared tc
breeds of lower natural fecundity. It may be significant that
Finn sheep have a higher LH secretion level than many breeds (Land,

1974).

6o Breed or strain of ewe

Early work suggested that naturally more prolific breeds of ewe
may show greater ovulation responses to PMSG than less fertile breeds
(Robinson, 1951; Wallace, 1954). This concept was supported by
Bradford et al. (1971) although other results suggest that the drug
causes greatest increases in lambing performance with breeds of
naturally smaller average litter size (Gordon, 1958; Newton et al.,
1970). An effect of breed was also reported by Laster and Glimp

(1974).

Merino ewes selected for multiple births over several years showed
greater ovulation responses to PMSG than did ewes with lower natural
ovulation rates due to negative selection (Bindon et al., 1971;
Trounson and Moore, 1972). Similarly with New Zealand Romneys,
Wallace (1954) suggested that the strain of ewe may affect ovarian
response to the gonadotrophin. Russian work, however, reported
greater lambing responses to PMSG from ewes producing no lambs or
singles the previous season compared to twin-bearing ewes

(Yuzlikaev, 1973).



10.

Progesterone Level and Reproductive Phase

Factors that increase ovulation rate are also likely to increase
the range of litter size (Bradford, 1972). 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, 1972).

One possible 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, 1964, 1967) and radioimmunocassay (RIA) techniques
(Niswender and Midgley, 1970) for steroid determination has resulted
in simple and sensitive assays that measure levels as low as
0.1 - 0.2 ng/ml of progesteron in 0.5 - 2 ml of peripheral plasma
(Thorburn et al., 1969; Sarda et al., 1973). Very low levels of
progesterone occur in ewes in oestrus; in anocestrus or in
ovariectomised ewes; or in wethers (Thorburn et al., 1969; Sarda
et al., 1973). Before the development of these sensitive techniques
the limit of sensitivity for progesterone concentration was about
4 ng/100 ml (Moore et al., 1969). This was not sensitive enough to
measure peripheral plasma concentration and required 8 mls (Short

et al., 1963) or 20 ml (Moore et al., 1969) of uterine vein plasma,
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Unless separated out by methods such as chromatography, the
CPB technique measures a number of closely related steroids as well
as progesterone. Such separation procedures appear unnecessary in
the routine assay for progesterone in the peripheral plasma of non-
pregnant sheep (Thorburn et-al., 1969)., Differences in assay
technique may explain some of the observed differences in measured
proges terone concentrations between experiments (Thorburn et al.,

1969) although many other factors are also involved.

Factors affecting progesterone in peripheral blood

i Stage of the reproductive phase

Concentration of progesterone in the peripheral plasma and the
pattern of progesterone production at various reproductive phases
have been documented by many authors some of whom are listed under

the following headings:

(a) anoestrus or ovariectomised ewes
Thorburn et al. (1969); Fylling (1970);

Sarda et al. (1973).

(b) ewes during the oestrous cycle
Stabenfeldt et al. (1969); Thorburn et al. (1969)
Obst et al. (1970); Allison and McNatty (1972);
Dunn et al. (1972); Lamond and Gaddy (1972);
Pant et al. (1972); McNatty et al. (1973);

Sarda et al. (1973); Thorburn et al. (1973).
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(c) pregnant or mated ewes

Basset et al. (1969); Bindon (1971a, b);

Bindon et al. (1971); Cumming et al. (1971);

Obst et al. (1972); Robertson et al. (1971);

Russel and Foot (1971); Slotin et al. (1971);

Bedford et al. (1972); Gadsby et al. (1972);

Liggins et al. (1972); McNatty et al. (1972);

Moore et al. (1972); Saumande and Thimonier (1972);

Stabenfeldt et al. (1972); Thorburn et al.(1972)(1973);

Sarda et al. (1973); Shemesh et al. (1973);
McNatty et al. (1974); Thompson and Wagner (1974).
The principal source of progesterone in the ewe during the

oestrous cycle and in early pregnancy is the ovary with a small
contribution from the adrenal gland (Sarda et al., 1973). The
increase in blood progesterone levels observed in the second half
of pregnancy is attributed largely to placental production (Denamur
and Martinet, 1973) which is capable of maintaining pregnancy after
about 50 days from mating (Denamur and Martinet, 1955; Short, 1957).
The ovarian contribution may be either maintained at a level typical
of the first trimester of pregnancy, or may decrease as placental
production increases (Moore et al., 1972; Sarda et al., 1973;
Thompson and Wagner, 1974). The placenta continues to secrete
progesterone until just before delivery (Sarda et al., 1973).
Older ewes may have two peaks of progesterone activity during the
latter stages of pregnancy, while 2 year-o0ld ewes often have Jjust

one peak (McNatty et al., 1972).
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2. Temporal variation

Blood levels of progesterone fluctuate widely between days
indicating that factors other than the secretory ability of the
corpus luteum determine the amount of progesterone getting into the

peripheral circulation (Lamond, 1973).

Mid-cycle plasma progesterone concentrations may be higher in
autunn than summer (Iamond et al., 1972) although temperature has

little influence (Dunn et al., 1972).

Conflicting results have been reported regarding diurnal
fluctuations of plasma progesterone concentrations. Thus Thorburn
et al. (1969) and Allison and McNatty (1972) failed to show diurnal
changes during the oestrous cycle. The latter workers concluded
that short-term fluctuations observed in progesterone concentration
would mask any diurnal fluctuations. Similarly McNatty et al. (1974)
could not detect a significant diurnal pattern of progesterone
production either early or later in pregnancy. Conversely
significantly higher luteal plasma progesterone levels were reported
for daylight compared to darkness (McNatty et-al,, 1973) and in the

afternoon compared to the morning (Dunn et al., 1972) in cycling ewes.

ok Number of corpora lutea or foetuses

The successful use of peripheral plasma progesterone concentration
for pregnancy determination has been reported by several workers
(e.g. Robertson et al., 1971; Gadsby et al., 1972; Saumande and
Thimonier, 1972; Shemesh et al., 1973). The latter workers
concluded that factors of cost, labour and the need to sample a
known time after mating, limit the use of progesterone concentration

for pregnancy diagnosis to that for research purposes.
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Early work showed little difference in the progesterone
concentration in ovarian vein blood from ovaries with either one or
two corpora lutea (Edgar and Ronaldson, 1958). Similarly, more
recent work reported little value from peripheral plasma progesterone
levels in distinguishing between ewes with one or two corpora lutea
(Bindon et al., 1971; Robertson and Sarda, 1971; Lamond and Gaddy,
1972) or foetuses (Basset et al., 1969; McNatty et al., 1972;
Stabenfeldt et al., 1972; Sarda et al., 1973). Conversely
Cumming et al. (1971) reported that ewes with no embryonic loss had
greater peripheral blood progesterone concentrations on days 15 and
16 of 'pregnancy' if they had 2 rather than 1 corpus luteum. Other
workers have also shown good relationships between corpora lutea (or
foetal) number and peripheral plasma concentration in prolific ewes
(Russel and Foot, 1971; Gadsby et al., 1972; Thompson and Wagner,
1974) and following PMSG administration (Thorburn et al., 1969;
Bindon et al., 1971). Earlier work of Short (1960; 1961) also
reported a positive association between corpora lutea number
(following PMSG treatment) and progesterone concentration in blood
from the ovarian vein. A significant relationship has been found
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, limited due to a wide scatter

of values (Lamond and Gaddy, 1972).

Greater levels of embryonic death following superovulation is
not due to an inadequate progesterone concentration (Short, 1960).
Similarly higher endogenous levels of progesterone are associated
with lower embryonic mortality (Cumming et al., 1971; Trounson and

Moore, 1973, 1974; Cumming et al., 1974).
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The ewe appears not to have a 'feedback' mechanism to control
the secretion rate of progesterone by the corpora lutea in response
to raised blood progesterone levels (Short et al., 1963). Thus in
superovulated ewes (Bindon et al., 1971) and cows (lamond and Gaddy,
1972; lamond, 1973), progesterone concentrations are often
increased above normal physiological levels. Whether such high
levels of progesterone have any influence on the maintenance of

pregnancy is not clear (Lamond, 1973).

The variance of progesterone concentration characteristically
increases with increasing concentration and log transformation of
values is necessary to maintain homogeneity of variation for many

methods of analysis (Bindon et al., 1971; Gadsby et al., 1972).

Greater weights of lamb born have been associated with the
weight of functional cotyledons (Alexander, 1964 ) and with higher
progesterone production rates (Russel and Foot, 1971; Thompson and
Wagner, 1974). Differences in foetal weight carried may help to
explain the great variation in plasma progesterone levels often

observed after about day 100 or pregnancy (Bedford et al., 1972).

Weight of cotyledons or increasing uterine volume associated with
foetal growth may be responsible for the above relationship
(Bedford et al., 1972; Thompson and Wagner, 1974). Other workers
report no good relationship between the weight of the foetus(es) or
placental development and progesterone levels in blood (Sarda et al.,

1973; Alexander and Williams, 1966).
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4, Level of feeding and ewe condition

A poor level of feeding of ewes from the second until the
sixteenth day after mating increased the concentration of
progesterone in peripheral plasma (Cumming et al., 1971) and this
effect was greater in twin-ovulating compared to single-ovulating
sheep (Cumming, 1972). Similarly, Lamond et al. (1972) reported
that thin ewes had higher blood progesterone levels possibly due to
a reduced extravascular body pool size resulting from a low body

fat content.,

Oestrogenic pastures may reduce progesterone levels in pregnant

ewes (Obst et al., 1972).

5.  Breed

A breed difference in the rate of decline in progesterone levels
towards the end of the oestrous cycle has been reported for cows by
Lamond et al. (1971). There was no difference between Merinos and
Romneys in either the pattern of progesterone production or in the
absolute levels recorded during the oestrous cycle (Allison and

McNatty, 1972).

Weight of Lambs at Birth

The ability to identify litter size and to adjust feeding levels
of pregnant ewes accordingly allows some control of variation cf
lamb birth weight. Many other factors besides nutrition operate to
control lamb birthweight, however. Some of these have been
reviewed by Hafez (1963); Larsen (1971); Everitt (1967&) and
Terrill (1972), although more recent developments are discussed

with earlier work below.
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Factors affecting birthweight in sheep

1. Geno e

Breed differences for lamb birthweights have been reported
(e.g. Chapman and Lush, 1932; Donald and McLean, 1935; Hunter,
1956; Dickinson et al., 1962; Moore, 1968; Karihaloo and Combs,
1971a, b; Larsen, 1971). Parental breeds differing widely in size
have been used to study maternal environment and foetal contributions
to birthweight (Hunter, 1956; Dickinson et al., 1962; Karihaloo and
Combs, 1971a, b). Maternal effects appear more important in some
studies (Larsen, 1971; Karihaloo and Combs, 1971a, b), although
the foetus has more influence in others (Hunter, 1956; Dickinson
et al., 1962). The size of the maternal environment effect remains
unclear. Thus Bowman (1967) and Hunter (1956) concluded that this
effect was only important when genotype for size of foetus was
markedly different from that of the dam but this contention has not

always been supported (Larsen, 1971).

2e Size 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, 1935; Wallace, 1948; Donald and Russel,
1970; McClelland and Forbes, 1973; Bradford et al., 1974) while
others could find no significant correlation between ewe weight and

lamb birthweight {Hunter, 1956; Karihaloo and Combs, 1971a).

55 Age of ewe

Increasing 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
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nutrition has also been reported (Bennett et al., 1964).

Age is correlated with ewe liveweight in many environments
(Coop, 1973; Hight and Jury, 1973)andis also closely related to
parity. However, although increasing parity (independent of live-
weight) has been associated with increased birthweight (Dickinson
et-al., 1962), this study used separate breeds for each parity group

and did not control age of ewe effects.

4, Nutrition
The effects of nutrition during pregnancy on birthweight in
sheep have been reviewed by Thompson and Aitken (1959) and Everitt

(1967a).

Undernutrition has its greatest effect on pre-natal growth in
late pregnancy (Everitt, 1967a) although birthweights may be reduced
by poor feeding earlier in gestation (Bennett.gﬁ_gl., 1964 ). Energy
intake of the pregnant ewe does not always influence lamb birthweight
(Palsson and Verges, 1952) but depends on the degree of under-
nourishment in late pregnancy (Papadopoulos and Robinson, 1957).

Thus unless the 'low level' of feeding is severe eneugh, birthweight
may not be affected by the nutritional treatment (e.g. Underwood and
Shier, 1942; Coop 1950; Papadopoulos and Robinson, 1957; Hodge,
1966; Evans and Wilcox, 1969; Monteath, 1971; McClelland and
Forbes, 1973; Robinson, 1973; Louca et al., 1974 ). Conversely,
more extreme levels of nutrition have affected lamb birthweight
(e.g. Thompson and Fraser, 1939; Underwood et al., 1943; Wallace,

1948; Thompson and Thompson, 1949; Coop, 1950; Bennett et al.,

1964; Everitt, 1967b; Sheehan and Lawlor, 1972.
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The use of biochemical parameters such as the plasma levels of
non-esterified fatty acids (NEFA) may be a more precise index of the
adequacy of nutritional level in late pregnancy (Reid, 1956; 1963;
Russel et al., 1967a, b: Davies et al., 1971). For a given level
of feeding in late pregnancy, ewes carrying twin foetuses suffer
greater levels of undernourishment than do single-bearing ewes
(Davies etf=als; 1971). Differences in birthweight due to different
feeding treatments are more commonly reported for multiple compared
to single-bearing ewes (Palsson and Verges, 1952; Louca et al.,

1974 ).

Overfat ewes may have light lambs at birth (Jeffries and Fearn,
1956) although this is not always the case (Papadopoulos and

Robinson, 1957).

Both season and stocking rate may affect lamb birthweight

(Kenny et al,, 1974).

Crude protein intake during the second half of pregnancy has a
variable effect on birthweight,. Thus the birthweight of lambs may
not be significantly influenced by level of crude protein in the
diet (Klosterman et al., 1953; Forbes and Robinson, 1967) although
extreme levels of protein can affect this (Robinson and Forbes, 1968).
Other workers, however, have reported the birth of heavier lambs
following raised protein intake (Slen and Whiting, 1952; Parkins
et al., 1974). 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 availability of drinking water can affect birthweights of

lambs (Lynch et al., 1972).

Underfeeding in early pregnancy can restrict placental
development which may reduce the weight of lambs at birth (Everitt,
1967a). Birthweight is correlated with the weight of cotyledons in
late pregnancy (Alexander, 1964) but factors determining the weight
of the placenta in ewes remain largely unknown (Huggett, 1959).
Progesterone and oestrogen blood levels may be involved since they
have been implicated in the control of placental weight of laboratory
animals (Alexander, 1964) although more recent work in the sheep tends
to negate this (Alexander and Williams, 1966). Poor feeding may
differentially influence the weight and morphology of individual
cotyledons according to their position within the uterine horn
(Everitt, 1967a) and this supports the theory of local haemodynamic
control of pre-natal growth in sheep as suggested for laboratory
animals (McLaren and Michie, 1960). This contrasts with the

general systemic principle proposed by Hammond (1944).

5e Litter size

Whatever the mechanism, litter size in sheep is inversely
related to lamb birthweight (Hammond, 1932; Terill, 1944; Boshier
et al., 1969; Karihaloo and Combs, 1971a; Larsen, 1971; Bradford

et al., 1974).

6. Sex

Males are often heavier at birth than females (Dickinson, 1960;
Terrill, 1972; Bradford et al., 1974) although this effect is not
always significant (Hunter, 1956; Karihaloo and Combs, 1971a).

Male lambs from twin-bearing ewes tend to have heavier birthweights
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than females (Dickinson, 1960) the difference being greatest when
males are co-twin to females rather than a comparison of like-sexed
litter birthweights (Donald and Purser, 1956; Larsen, 1971;

Burfening, 1972; Terrill, 1972).

o Exercise, disease and heat stress

Although exercise has not been shown to influence lamb birth-
weights (Culpin, 1962), infectious disease in pregnant ewes may
result in the birth of small lambs (Hughes, 1972). Similarly,
heat stress from the middle of pregnancy can significantly reduce
birthweights independently of a reduction in feed intake (Yeates,

1953; Alexander and Williams, 1971).

8 Gestation length

An inverse relationship has been observed between litter size
and gestation length (Hammond, 1932; Forbes, 1967) although other
results siow little evidence of such a relationship (Terrill, 1944,

Boshier et al., 1969; larsen, 1971; Xarihaloo and Combs, 1971a).

Gestation length has been correlated with birthweight in sheep
(McLaren and Michie, 1963; Terrill, 1972). Pregnancy in large
breeds is extended by the presence in utero of foetuses of smaller
breeds (Hunter, 1956; Dickinson gt al., 1962; Moore, 1968;
Karihaloo and Combs, 1971a) but results using breeds with a lesser
size difference have been less conclusive (Iarsen, 1971). The
foetus has been estimated to account for two thirds of the genetic
variation in gestation length (Bradford et al., 1972) with the
initiation of parturition probably being dependent on the foetal
adrenal-pituitary axis (Liggins, 1968; Liggins et al., 1972).

The size (Alexander, 1964) and weight (Boshier et als, 1969) of the
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foetus have been reported to have a poor relationship with the
initiation of parturition which probably suggests an overriding
effect of the foetal adrenal-pituitary pathway (Boshier et a8l

1969).

Poor nutrition during the last two months of pregnancy reduces
the length of gestation (Wallace, 1948; Thompson and Thompson, 1949;
Alexander, 1956) being more pronounced in twin-bearing ewes (Terrill,
1972) and for ewes restricted late in pregnancy (Alexander, 1956 ).

Conflicting results have been cited by Thompson and Aitken (1959).

Sex may (Dickinson et al., 1962; Bradford et al., 1974) or may
not (Forbes, 1967; larsen, 1971) affect gestation length in ewes.
Similarly the length of pregnancy may increase with age of ewe
(Terrill and Hazel, 1947) although this relationship.is unclear

(Forbes, 1967).

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 processes controlling birthweight (Braden

and Baker, 1973).

Weight of Iambs 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 (1963); Kirton (1970) and larsen (1971).
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Factors affecting weanine weight

1. Genotype
The breed of dam (Coop, 1957; McConnell and Jagusch, 1972;

Geenty and Jagusch, 1974) and of sire (Carter, 1968; Donald et al.,
1970) both affect the weight of the weaned lamb. Progeny from
Border Leicester x Corriedale (F1) and straight-bred Corriedale ewes
(Coop, 1957) had differences in weaning weight which were comparable
to those reported between Border Leicester x Romney and straight-
bred Romney sheep (Coop and Clark, 1965). First-cross progeny are
markedly superior in weaning weight to the parent breeds but this
advantage diminishes to the F3 generation when no selection for the
trait is practiced (Clarke, 1962)n Intensive selection for
reproductive characteristics may, however, maintain the liveweight

of crossbred sheep at a level similar to that of the Fy (Coop, 1967) .

Crossbreeding Merinos with British breed sires resulted in
progeny which grew more rapidly than the straight-bred Merino lambs
due largely to a greater capacity to consume feed (Langlands, 1973).
A similar effect was noted with Border Leicester lambs compared to

Merinos (Langlands, 1972).

Within a breed the variation in weaning weight between sires
may be almost as great as that between breeds (Carter, 1968;

Donald et al., 1968).

Inbreeding can have a depressing effect on weaning weight
(Hazel and Terrill, 1945). The estimated heritability of weaning

weight is low (Ch'ang and Rae, 1961, 1970; Young et al., 1965).

The ewe influences the weaning weight of her progeny both through
the genes she transmits and by the matermal environment she provides

(Ch'and and Rae, 1961).
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2. Weight of ewe

Heavy ewes may allow faster growth rates of lambs under certain
conditions (Donald et al., 1970). An advantage of low ewe live-
weight during lactation on the efficiency of production, however,
has been suggested by Large (1970) and supported by Geenty and

Jagusch (1974) and Spedding et al. (1974).

Dl Ace of dam and of lamb at weaning

The age of the dam (Terrill and Hazel, 1945; Ch'ang and Rae,
1961, 1970) and of the lamb at weaning (Barnicoat et gley 9575
Ch'ang and Rae, 1961, 1970; Kirton, 1970) have moderate effects on

weaning weight.

4. Birthweight

Weaning weight of lambs has been positively associated with
birthweight (Thompson and Aitken, 1959; Scales, 1968). This
effect may be mediated through the observed relationship between
birthweight and milk yield since the latter is related to weaning

weight (Thompson and Aitken, 1959).

5. Birth and rearing rank

The type of birth and rearing have an important effect on the
variation of weaning weight (Hazel and Terrill, 1945; Papadopoulos
and Robinson, 1957; Ch'ang and Rae, 1961, 1970; Donald et al.,
1970; Burfening, 1972). 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., 1949). Twins reared as
singles are usually heavier at weaning that twin-reared lambs and
this is probably due to a greater milk availability (Ch'and and

Rae, 1961).
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6. Milk production

The importance of ewe milk on weaning weight and factors
affecting yield of milk in ewes have been reviewed by Glover (1972).
Milk yields reported for ewes are greatly influenced by methods of

measurement used (Coombe et al., 1960; Treacher, 1970b).

The level of feeding in late pregnancy (Treacher, 1970a; Louca
et .al., 1974) but more especially in early lactation (Coop et al.,
1972a, b) has an important influence on milk yield and on weaning

weight.

Apart from the ewe's inherent ability to produce it, milk
production is also affected by the potential of lambs to obtain it
(Moore, 1966). Not all reports agree, however, since birth rank
(Davies, 1963; Glover, 1972) or lamb genotype (Davies, 1963;
Langlands, 1973) may or may not affect milk yield in ewes (Forbes,

1969; Langlands, 1972).

7. Sex

Lamb weaning weights may depend on sex (Ch'ang and Rae, 1961,
1970; Kirton, 1970) although method and time of castration appear
to have little influence on the parameter (Wilcox, 1968). Induced
cryptorchids may grow faster than wethers (Corbett et al., 1973).
Interactions have been reported for weaning weight between sex of
lamb and level of feeding (Palsson and Verges, 1952; Papadopoulos
and Robinson, 1957; Eﬁeritt, 1967a) and between sex of lamb and
birth or rearing rank (Papadopoulos and Robinson, 1957; Burfening,
1972). Hence males gain and lose weight more rapidly under good
and poor feeding conditions respectively than females. The latter

grow faster if reared co-twin to females rather than to males.



26.

Purpose and Scope of the Investigation

The purpose cf the investigation was to study some of the
physiological factors which may cause the observed differences in
reproductive performance between F{ Border Leicester x Romney and
Romney 2 year-old ewes. Ewes were injected with PMSG after being
grazed at either a high or a low level of feeding and studies were
made on: activity of the ovaries; lambing and weaning performance

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

The trial also offered the opportunity to investigate charnges in
peripheral blood progesterone throughout pregnancy and to consider
the possibilities of using such information to predict numbers of

offspring carried by the ewe.
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CHAPTER II

MATERIALS AND METHODS

Animals

The animals used were an unselected group of 207, 18 month-old
(hereafter described as 2 year—old) maiden Romney and F; Border
Leicester x Romney (Border—Romney) ewes. All ewes were the product
of mating Romney and Border Leicester rams to Romney ewes derived
from a randomly bred flock maintained at Massey University since
1944, and comprised the complete age group for that year. Ewes in
the experiment had been run together since birth, they were
identified by serially numbered brass ear tags and corresponding

numbers were branded midside at the commencement of the trial.

Experimental Plan

The experimental plan and calendar of events is set out in

FPig. 2-1 and Fig. 2-2 and discussed in the following sections.

ill . Nutrition

Ewes were weighed during the pre-experimental period and then
allocated at random within breed to groups. They were then fed
(from February 2 until after laparotomy) at either a high or low
level of nutrition. The ewes were grazed on 10 hectares (several
paddocks) of predominantly ryegrass-white clover pasture.
Management was aimed at increasing the liveweight of ewes on the
high plane as much as possible while maintaining or allowing slight

weight loss in ewes allocated to the low plane of nutrition.
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Since gutfill forms an important component of the liveweight of
sheep, especially in well-fed animals, an attempt was made to measure
this using the method described by Allison (1968). Thus 6 sheep of
each breed from each of the feeding levels were weighed on February
14 and transferred to the opposite nutritional 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 nutritional regime was determined and the difference
in gutfill between the feeding groups calgulated. This was used

to adjust liveweights to a common level of gutfill.

Following laparotomy, ewes from each level of feeding were
combined and managed as a single group through to weaning. Weighing
commenced at the beginning of the nutritional treatment and continued

at about fortnightly intervals until a final weighing at mating.

2. Hormonal treatments

To induce and synchronise oestrous cycles of ewes early in the
breeding season, 14-day treatments with polyurethane intravaginal
sponges containing 40 mg methyl-acetoxy progesterone (M.A.P.) were
administered. Ewes were allocated at random (within breed and
nutritional group) to one of 5 similar sized groups treated with
progestagen sponges at 3-daily intervals (from February 20 to March
2. This procedure was designed to provide manageable numbers of

ewes for laparotomy.

Vasectomised rams fitted with Sire Sine harnesses were used to
detect ewes in oestrus following pessary removal. Ewes received a
single 2 ml subcutaneous injection of either distilled water (O i.u.

PMSG), 600 i.u. PMSG or 1200 i.u. PMSG on day 12 or 13 of the
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oestrous cycle (oestrus = day 0). Ewes not recorded in oestrus
were injected 14 days following sponge withdrawal (vased on the

estimated time of ovulation).

55 8 Detection of oestrus and ovulation

Ewes were inspected daily at 0800 and 1700 h for occurrence of
oestrus. Following injection, ewes were run with harnessed entire
Southdown rams on the appropriate nutritional treatment. Each
group was run with 2 rams which had been proven in previous seasons
and were regularly changed between groups to minimise biases due to

ram failure.

Laparotomies were conducted 4 or 5 days after the ewes were
first observed in oestrus. Ovaries were examined for number of
recent corpora lutea (as evidence of ovulation) as well as the size

and state of unovulated follicles.

Before laparotomy, ewes were yarded and starved overnight to
reduce the risk of death following anaesthesia and surgery. Ewes
were returned to pasture following the operation but separated from

rams for at least 3 days.

Ewes which returned to oestrus following laparotomy were
naturally mated to one of the Southdown sires. Harnessed entire
rams (later replaced with vasectomised rams) were run with the ewes
until about the end of the breeding season (August 6) to detect

later returns to oestrus.

4, Plasma progesterone concentration

Following mating and laparotomy ewes were selected on the basis

of corpora lutea 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 separated only for blood sampling.

Ewes returning to oestrus before day 60 of pregnancy were
removed from the early part of analysis and ewes not lambing were
disregarded for the latter part of analysis (Fig 2-2). For
practical 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 ewes that were actually 18 to 22 days pregnant.

Jugular vein blood samples (20 m1) were collected in heparinised
tubes and immediately placed on ice. All collections were made
between 0830 and 0930 h and centrifuged within 45 minutes of
collection and 10 ml of plasma per collection was stored at -15°0C

until assay.

Plasma samples collected on days 20, 40, 60 and 120 were

assayed using a method described by Smith et al. (1975). Although

no chromatographic step was included in the assay Thorburn et al.
(1969) have indicated that interfering substances in sheep plasma
are not significant and that at least 90% of the indicated value is

progesterone.

5. Observations on progeny

Ewes in late pregnancy were managed according to expected
lambing performance. At birth, lambs were identified by a serially
numbered ear tag as well as a brand (in the case of multiples).
Birthweight, birth rank, and sex of the lamb(s) were recorded and

the gestation length (in days) was calculated.
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Ewes were given every chance to rear all their lambs although
with triplets it often became necessary to rear at least one lamb on
a foster dam. Lambs removed from their dams were discarded from

subsequent analyses.

Male lambs were castrated. Al]l lambs were weaned at about 100

days of age and liveweights were recorded.

Analysis of Data

Data from 8 ewes were excluded from analysis for a variety of
reasons: failed to ovulate (three ewes), retained sponge (one ewe),
facial eczema (two ewes), death prior to or following laparotomy

(two ewes).

Discretec data were analysed using Chi-square tests or the G

statistic (Sokal and Rohlf, 1969).

Data involving:
i. cycle length

ii. ovarian response
iii. ovum wastage

iv. progesterone concentration in peripheral plasma

v. weight of lamb born

vi. gestation length
vii. birth and weaning weight information

were analysed by analysis of variance applied to a completely

randomised factorial experimental design (Kempthorne, 1952).
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1. Transformations

(a) Discrete data

Data involving counts, i.e. for corpora lutea and follicle
numbers (ovarian response), studied using analysis of variance
methods, were found to be Poisson rather than normally distributed.
Thus by use of Bartlett's test on data concerning numbers of corpora
lutea, variance was shown to increase with greater PMSG doses and
mean numbers of corpora lutea. A square-root transformation was
applied to the data (Sokal and Rohlf, 1969) which reduced

heterogeneity of variance (Appendix 1).

As a result of this evidence the square-root transformation was

applied to all discrete data.

(b) Plasma progesterone data

A Bartlett's test for homogeneity of variance on plasma
progesterone data indicated that the variance of this variable
increased with its absolute magnitude. The data were therefore
subjected to a loge transformation which resulted in homogeneity of

variation prior to analysis of variance.

(c) Other data
A Bartlett's test on cycle length data indicated non significant
heterogeneity of variation and no transformation of the data was

required.

2. Analysis of variance

The classification model which describes the response for
multiway factorial experiment of completely randomised design is:

le= u+tj+eij
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where:
Vij is the response variable (e.g. Jborpora lutea number )
for the ith individual receiving the jth treatment
u 1is the general mean effect
t; is the effect of the 3th treatment
eij is the error peculiar to each ¥ij

The model was fitted by ordinary least squares methods after
reparametrisation to obtain full rank. The method of
reparametrising non full rank (experimental design) models to
regression models of full rank is discussed by Kempthorne (1952)

and has been summarised by Pascoe (1973).

For most of the analyses of variance it was possible to
reparametrise the model so that the least squares regression
coefficients estimated (directly) the treatment comparisons of
interest and also gave (directly) the estimated wariances of these

estimates.

However, when birth rank was considered as a treatment (e.g. in
the analysis of weight of lamb born and gestation length), the model
was not reparametrised to estimate treatment effects directly.

Since ewes in the control PMSG group did not lamb triplets, missing
treatment classes existed and complicated the problem of deriving
the desired reparametrisation (see Appendix 1I). In this case the
model was reparametrised to full rank to give the analysis of
variance and selected treatment comparisons were :stimated from the

treatment means.
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Thus:
Zj cJtJ is a treatment comparison
where ZjCj =10
The least squares estimate of chjtj is given by:
Z 3@ tJ = ZJchJ
th

where §j is the mean of the j  treatment

also

Var (zjcjs’j) = 2303 Var (;’J)

1
2 2 —
o chJ (nj)

where nj is the number of individuals receiving the jth treatment.

This variance is estimated by:

1
2 5. a2 (L
of Ijc} (nj)
where oé is the error mean square obtained from the analysis

of wvariance.
The € values are selected so as to estimate treatment comparisons on

a per sheep (individual) basis.
A significance level for the null hypothesis:
Hp: ZJcJtJ = .0
and the alternative hypothesis:
Hy: Tyesty #£0

* can then be obtained from the t statistic

J// J/gz Z3 02 —-)

which follows the t frequency function with degrees of freedom

*
associated with E,M.S. under the null hypothesis,

Comparisons of treatment means were made following analyses of
variance which gave statistically significant results, These means
were inspected using the Student-Newman-Keuls test (Sokal and Rohlf,

1969).

*
error mean square
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R Relationship of liveweight and ovulation rate

Relation of liveweight at PMSG injection (and change in weight

over the 2 months before injection) to ovulation rate.

Separate regressions were calculated (after reparametrisation
of the model) of the square root of corpora lutea number on ewe
liveweight at injection for each of the 12 (Breed-Nutrition-PMSG dose)
treatment groups. The sums of squares of this model were compared
to those when a common regression across all treatment groups was

used:

Thus the general model was:

where yjj 1is the square root of corpora lutea number for the

ith eye receiving the jth treatment (j =1-12).
u is an estimate of the general mean

Bj is the regression coefficient for the jth treatment

group

X;; is the weight at injection of the i'"

ij g at injection o e i ewe
receiving the jth injection

t; dis the effect of the jth treatment
€jj 1is the residual error which is assumed to have

zero mean and constant variance

The hypotheses tested by analysis of variance were:
Hy : By =B =B3 = ..0c0c00.. Bjo =B
HA : B‘] #B2¥B3¥-ooooco-oc B‘|2#B
where Bl veeee B12 are regression coefficients for the 12

treatment groups and B is the regression coefficient for the common

regression of\/corpora lutea number on mating weight across all

treatments.
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A similar method was used to study the effects of a change in
ewe liveweight before injection on ovulation rate and of ewe
liveweight together with the weight of lamb born on blood

progesterone concentration.

4 Weaning weight data

Weaning weights were analysed after adjusting for age at
weaning using the regression of age of lamb at weaning on weaning

weight in a similar manner to that described for relating ewe

liveweight to ovulation rate.
Weight gain per day for each lamb was estimated thus:

Weight at Weaning - Weight at Birth (kg/day)
Age at Weaning (days)
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CHAPTER III

LIVEWEIGHT, OVARIAN CHANGES, OESTROUS PHENOMENA AND
CYCLE LENGTH OF EWES

Liveweight of Ewes

Mean liveweights of each of the breedA and nutritional groups

are listed in Table 3-1 and in Fig. 3-1.

Although allocation of ewes to treatment groups was at random,
there was an initial difference of about 1 kg in mean liveweight

between Romneys on the high level of feeding and poorly fed Romneys.

The estimated weight of the difference in gutfill between the
high and low plane feeding groups was about 1 kg. This weight was
deducted from liveweights of better fed ewes to express bodyweights

from February 20 onwards at a common level of gutfill.

The nutritional treatment resulted in the high plane group of
ewes gaining 1.39 kg and the low plane ewes losing 1.52 kg. At
mating, ewes receiving the high level of nutrition (Border—Romneys,
54.23 + 0.72 kg; Romneys, 46.03 + 0.71 kg) were significantly
heavier (P€0.005) than the less well fed ewes (Border-Romneys,
50.97 + 0.71 kg; Romneys, 44.57 + 0.82 kg). A lower than average
rainfall (Appendix IV) restricted pasture production which prevented
achievement of greater differences in liveweight between feeding
groups. Crossbred ewes over both levels of feeding were heavier

at mating (P( 0.001) than the Romneys (see Table 3—2).

A
Although, strictly, F4y Border-Romney sheep do not constitute a

breed, for simplicity they will be referred to as such in this work.



TABLE 3-1: MEAN EWE LIVEWEIGHTS (kg) CLASSIFIED ACCORDING TO BREED, NUTRITIONAL LEVEL AND DATE OF WEIGHING

Breed of Ewe Border—Romney Romney Both Breeds
Nutritional Level Low High  Combined Low High  Combined Low High
Number of Ewes 57 56 13 43 44 87 100 100

Time of weighing

Pre—experimental

Mean 52.19 52.19 52.19 46,36 45,28 45,82 49,28 48,74

+ S.E. 0.74 0)57/5) 0.53 0.85 0.84 0.60 0.56 0.59
February 20

Mean 52.35 53.48 52.92 46.08 46.06 46,07 49.21  49.77

+ S.E. 0.74 (0} 7753 0.52 0.85 0.84 0. 60 0.56 0.56
March 3

Mean 51.32 53%.84 52.58 44,55 45.20 44,88 47.94 49,52

+ S.E. 0.76 0.76 0.54 0.87 0.86 0.61 0.57 0.57
March 15

Mean 50.77 53.86 52,32 45.13 46,07 45,38 47.95 49,97

+ S.E. 0.69 0.70 0.49 0.80 0.79 0.56 0L52 0.53
April 4

Mean 50.97 54.23 52.60 44.57 46.03 45,30 47.77 50.13

S B 0.71 0.72 0,51 0.82  0.81 0.58 0.54  0.54
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TABLE 3-2: EFFECT OF BREED AND NUTRITIONAL LEVEL ON LIVEWEIGHT
AT MATING

Ewe Liveweight (ke)

Classification No. of Ewes (Mean + S.E

Breed of Ewe
Border-Romney 113 52.60 + 0.51
Romney 87 45,30 + 0.58

Level of Nutrition
Low 100 47.77 + 0.54
High 100 50.13 + 0.54

Analysis of Variance

Source of Variation da.f. Mean squares
Between Breeds 1 2604 .84 ***
Between Nutritional Levels 1 280,23 **
Interaction 1 36.49
Error 195 28.3%3
Total 199

**x P<0,001
** P<0,01
* P<0.05
- 0.05<P<0.1

N.B. These symbols will be used to signify levels of statistical
significance for the remainder of Analyses.
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Induction: and Synchronisation of Oestrus

The use of progestagen sponges to induce and synchronise
oestrus in young ewes provided data on the effectiveness of
synchronisation soon after pessary removal (expected first oestrus)
and one cycle later (expected second oestrus). The effects of

breed, nutritional level and dose of PMSG were studied.

i¥e Incidence of oestrus

(a) Expected 'first' oestrus

Table 3-3 summarises the incidence of oestrus in terms of breed
of ewe and level of feeding. Fewer (14.5%) Border-Romney ewes had
'silent' heats (P<<0.05) than Romneys. There was no significant
effect of nutritional level on the proportion of ewes showing

'overt' heat at this time. There were no significant interactions.

Examination of the ovaries for corpora albicans (old corpora

1utea) showed that all ewes had ovulated at expected first oestirus.

(b) Expected 'second' oestrus
There were no significant effects of breed, level of feeding or
dose of PMSG on the occurrence of overt oestrus at the time of

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

Over all treatments there was a lower proportion of ewes in
oestrus immediately after sponge removal 159/200 than at the

expected second heat 191/200 (P< 0.001).

2. Synchronisation of oestrus

(a) Expected first oestrus
Frequency distributions of ewes in oestrus 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 WITHIN 7 DAYS OF PROGESTAGEN SPONGE TREATMENT

Classification: No. of Ewes Showing: Total % Ewes
Breed Level of Overt Silent gsggf Oveiiogzgfrus
of Ewe Nutrition Oestrus Oestrus
Low 51 6 57 89.5
Border-
H' 0‘1
RS igh 46 10 56 82
Both levels 97 16 113 85.8
Low 33 11 44 75.0
Romney High 29 14 43 67.4
Both levels 62 25 87 71.3
Low 84 17 101 83.2
Both .
Breeds High 75 24 99 75.8
Both levels 159 41 200 79.5
Test of Independence: G Statistic
det, G Significance
Breed x Incidence of Oestrus
Independence 1 6.37 i
Nutrition x Incidence of Oestrus
Independence 1 1.29 N.S.
Breed x Nutrition x Incidence
Interaction 1 0.58 N.S.
Breed x Nutrition x Incidence
Independence 4 8.24 -




TABLE 3-4: BREED, NUTRITIONAL AND PMSG EFFECTS ON THE OCCURRENCE

OF OESTRUS AT THE EXPECTED SECOND HEAT PERIOD AFTER
PROGESTAGEN TREATMENT

Classification No. of Ewes Showing Total No. % Ewes
Overt Silent of Ewes Showing
Overt
Oestrus Oes trus
Oes trus

Breed of Ewe

Border-Romney 110 3 113 97.3
Romney 81 6 87 93.1

Level of Nutrition
Low 96 5 101 95.1
High 95 4 99 96.0

Dose of PMSG (i.u.)

0 60 3 63 95.2
600 66 3 69 95.6
1200 65 3 68 95.6
Total 191 9 200 95.5
Test of Independence: G Statistic
Arerfio G Significance
Breed x Incidence of Oestrus
Independence 1 0.02 N.S.

Nutrition x Incidence of Oestrus
Independence 1 2.05 N.S.

PMSG x Incidence of Oestrus
Independence 1 0.09 N.S.




TABLE 3-5: EFFECT OF BREED AND LEVEL OF NUTRITICN ON THE INTERVAL BETWEEN SPONGE REMOVAL AND THE

ONSET OF OESTRUS

Classification: Days from Sponge Removal
ILevel of Total No.
Breed of Ewe Nutrition 1 2 3 4 5 6 7 of Ewes
Number (percentage) of Ewes in HeatA
Low 8(15.7)  34(66.7) 5(9.8) 4(7.8) © 0 0 51
Border-Romney High 5( 8.7) 30(65.2) 6(13.0) 3(6.5) 1(2.2) 1(2.2) 46
Both Levels 13(13.4) 64(66.0) 11(11.3) 7(7.2) 1(1.0) 1(1.0) 97
Low 8(24.2) 11(33.3) 10(30.3) 1(3.0) 1(3.0) 2(6.1) 33
Romney High 1(3.5)  21(72.4)  5(17.2) 1(3.5) 1(3.5) © 29
Both Levels 9(14.5) 32(51.6) 15(24.2) 2(3.2) 2(3.2) 2(3.2) 62
Low 16(19.1)  45(53.6) 15(17.9) 5(6.0) 0 1(1.2)  2(2.4) 84
Both Breeds High 6(8.0) 51(68.0) 11(14.7) 4(5.3) 1(1.3) 2(2.7) © 75
Both Levels 22(13.8) 96(60.4) 26(16.4) 9(5.7) 1(0.6) 3(1.9) 2(1.3) 159
Test of Independence: G Statistic d.f, G Significance
Breed x Distribution Independence 6 11.90 -
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 19 29.19 -

Figures in brackets refer to percentage ewes in heat



FIGURE 3-2:-
DISTRIBUTION OF ONSET OF OESTRUS
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Synchronisation of oestrus was similar in both the crossbred
and Romney ewes (79.4% v. 75.8% marked over 2 consecutive days)

although Romneys tended to show heat slightly later U?<0.1).

The level of feeding had no significant effect on the freguency

distribution.

(b) Expected second oestrus

Berder-Romney ewes appeared to be mated earlier (58.2% days 2
and 3 of mating) than the Romneys (56.8% days 3 and 4) (Fig.3-3A).
The difference in temporal distribution of onset of heat was not

significant between the breed groups (Table 3-6).

Feeding level did not significantly influence the pattern of
onset of ocestrus at this time (Table 3—6). The effects are

represented diagramatically in Fig. 3-3B.

PMSG treatment did not affect the degree of synchronisation at
second heat although the peak onset of oestrus in treated ewes
tended to be earlier (P<<0.05) than in the controls (61°1% on days 2
and 3 of mating v. 58.3% on days 3 and 4). There was no significant
difference in distribution of onset of heat between ewes receiving
600 i.u. and those injected with 1200 i.u. PMSG (Table 3-6). PMSG
dose effects on the temporal distribution of onset of oestrus are

summarised in Fig. 3-4.

Cycle Length

The effects of breed of ewe, dose of PMSG and level of feeding
on oestrous cycle length are summarised in Table 3-7. Cycle length
was similar in both breeds although an improved feeding level reduced

the variable significantly (P<(0.05). PM3SG treatment alsé shortened
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TABIE 3-6: BREED, NUTRITIONAL AND PMSG EFFECTS ON THE SYNCHRONISATION OF OESTRUS ONE CYCLE AFTER
PROGESTAGEN TREATMENT

Classification Days of Mating Total No.
1 2 3 4 5 & 7.9 of Ewes

Number (percentagg) of Ewes in Heat

Breed of Ewe

Border-Romney 7(6.4)  30(27.3) 34(30.9) 27(24.6) 8( 7.3) 3(2.7) 1(0.9) 110
Romney 5(6.2) 15(18.5) 24(29.6) 22(27.2)  8( 9.9)  2(2.5) 5(6.2) 81
Level of Nutrition
Low 7(7.3) 18(18.8) (28.1) (29. 10(10.4) 353.1) 3(3.1) 96
High 5(5.3) 27(28.4) 31(32.6) 21(22.1) 6( 6.3) 2(2.1) 3(3.2) 95
Dose of PMSG (i.u.)

0 6(10,0) 8(13.3) 15(25.0) 20(33.3) 7(11.7) 1(1.7; 3(5.0) 60
600 4(6.1)  22(33.3)  22(33.3) 13(19.7) 3( 4.6) 1(1.5 1(1.5; 66
1200 2(3.1)  15(23.1)  21(32.3) 16(24.6) 6( 9.2) 3(4.6) 2(3.1 65
All Doses 12(6.3) 45(23.6) 58(30.4) 49(25.7) 16( 8.4) 5(2.6) 6(3.1) 191
Test of Independence: G Statistic [deify, G Significance
Breed x Distribution Independence 6 6.88 N.S.

Nutrition x Distribution Independence 6 4,44 N.S.
PMSG x Distribution Independence 12 18.59 -
Oi.u. v. (600 i.u. and 1200 i.u.) 6 13,85 *

600 i.u. v. 1200 i.u. 6 4,74 N.S.

Breed x Nutrition x Distribution Interaction 6 9.64 N.S.

Breed x PMSG x Distribution Interaction 12 11.21 N.S.

PMSG x Nutrition x Distribution Interaction 12 L 75 N.S.
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TABLE 3-7: EFFECT OF BREED, PMSG AND NUTRITIONAL LEVEL ON

CYCLE LENGTH

Classification Ngéegf Cyf&gaigggg?EE§?yS)
Breed of Ewe
Border-Romney 98 15.88 + 0,09
Romney 64 15.85 + 0.1t
Ievel of Nutrition
Low 85 16.03 £ 0.10
High 7 15.70 + 0.10
Dose of PMSG (i.u.) i
0 52 16.16 + 0.12 a
600 57 15.67 + 0.12 b
1200 53 15.77 £ 0.12 cb
Analysis of Variance
Source of Variation d.T. Mean Squares F
Between Breeds (B) 1 0.03 0.04 N.S
Between PMSG doses (P) 2 3.30 4.06 *
Between Nutrition Levels (N) 1 4.50 5.54 *
B x P Interaction 2 0.47 0.57 N.S
B x N Interaction 1 2.19 2.69 N.S.
P x N Interaction 2 1.22 1.50 N.S.
B x P x N Interaction 1.67 2.06 N.S.
Error 150 0.81

Values followed by the same letter are not significantly different

(P<0.05).
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the cycle (PC0.05). A Student-Newman-Keuls test was used to test
for significance between PMSG treatment means (Appendix V) and the
results are summarised in Table 3-7. Thus injection with either
600 i.u. or 1200 i.u. PMSG reduced cycle length (P<0.05) although
the difference in cycle length between groups receiving 600 i.u. and

1200 i.u. was not significant.

There were no significant interactions between any of the main

effects.,

Table 3-8 summarises the effects of breed of ewe, dose of PMSG,
nutritional level, and day of PMSG injection on those ewes injected
with PMSG only. Ewes injected with the drug on day 12 had shorter
cycles than those treated on day 13, Improved feeding also reduced
cycle length in this sample of ewes (P<0.05), Breed of ewe and
dose of PMSG had non significant effects on the variable in this

group of ewes.

There were significant interactions between dose of PMSG and
breed of ewe (P<0.05) and level of nutrition (P<0.05). Thus
although 600 i.u. PMSG caused longer cycles than 1200 i.u. in Border-
Romney ewes, the reverse occurred with Romneys. Similarly, 600 i.u.
of PMSG increased cycle length compared to 1200 i.u. in poorly-fed

ewes, although this effect was reversed with improved nutrition.

There were no other significant interactions between treatments
for this group of ewes.
Ovarian Response
1 Ovulation rate
Square root transformed and detransformed means together with
the ranges of the numbers of corpora lutea counted are presented in

Table 3-9.



TABLE %-8: EFFECT OF BREED, PMSG DOSE, NUTRITIONAL LEVEL AND DAY
OF PMSG INJECTION ON CYCLE IENGTH
(Data from ewes treated with PMSG)

Classification:
Breed Dose of Nutritional No. of Cycle Length (&ﬂ@)
of Ewe PMSG (Lu) Level Ewes (Mean i_S.E.)
600 33 16,01 + 0.14
o 1200 32 15.72  0.15
ney Both Doses 65 15.86 + 0,10
600 24 15.63 + 0.17
Romney 1200 21 16.04 + 0,18
Both Doses 45 15.83 + 0,12
Low 30 16.18 + 0.15
600 High 27 15.45 + 0.16
Both Levels 57 15.82 + O,
Both
Breeds Low 28 15.85 + 0.15
1200 High 25 15.91 + 0.16
Both Levels 53 15.88 + 0,11
All Breeds Low 58 16.02 + 0.11
and Doses High 52 15.68 + 0.1
Day of Injection
12 87 15,62 + 0.09
13 23 16.07 + 0,17
Analysis of Variance
Source of Variation diorfie Mean Sguares P
Between Breeds (B) 1 0.02 0.03 N.S.
Between PMSG Levels (P) 1 0o 11 0.16 N.S.
Between Nutritional Levels (N) 1 3.21 4,79 *
Between Days of Injection (D) 1 3.69 Dot &
B x P Interaction 1 3438 5.05 %
N x P Interaction 1 4,27 6.37 *
B x N Interaction 1 0.10 0.15 N.S.
B x D Interaction 1 0.82 1.22 N.S.
P x D Interaction 1 0.44 0.66 N.S.
N x D Interaction 1 0.08 0.12 N.S.
Error 99 0.67

Note: 1) When tested in the full model, the higher order interactions
were all found to be non significant and were absorbed into
the error term for testing of other effects in the aralysis.

2) Since there were no significant interactions between day of
injection and any of the other treatments, a simplified
layout of means was used.



TABLE 3-9: NUMBER OF CORPORA IUTEA IN EWES RELATIVE TO BREED,

DOSE OF PMSG AND LEVEL OF NUTRITION

Classification: No. of Corpora Lutea Number Data:
Breed Dose of MR Transformed Detransformed
of Ewe PMSG GJu) (Mean + S.E.) Mean (Range)
0 36 1.18 + 0.05 a* 40 (1-2)B
Border-
i 600 39 1.39 + 0.05 eb 94 (1-4)
Y 1200 38 1.84 1 0,05 d 39 (1-8)
0 27 1.08 + 0.06 a 16 (1-2)
Romney 600 30 1,26 + 0.06 ab 58 51-4)
1200 30 1,54 + 0.06 ec 39 (1-6)
All Doses of PMSG
Breed of Ewe
Border-Romney 13 1.47 + 0,03 2.17 (1-8)
Romney 87 1.29 + 0,03 1 (1-6)
level of Nutrition
Low 100 1.38 + 0.03 1.91 (1-8)
High 100 1.38 + 0.03 1.91 (1-6)
Analysis of Variance
Source of Variation didfie Mean Squares r
Between Breeds (B) 1 1.60 15,51 *¥**
Between PMSG Doses-linear (Pl) 1 10,12 98.40 ***
Between PMSG Doses-quadratic (Pq) 1 0.32 3,11 -
Between Nutritional Levels (N) 1 0.0001 0.001 N.S.
B x P1 Interaction 1 0.29 2.8% ~
B x Pq Interaction 1 0.05 0.49 N.S.
B x N Interaction 1 0,0005 0.004 N.S.
N x P1 Interaction 1 0.0005 0.005 N.S.
N x Pq Interaction 1 0,002 0,023 N.S.
B x N x P1 Interaction 1 0.12 1.45 N.S.
B x N x Pq Interaction 1 0.10 1.01 N.S.
Error 188 0.10

Values followed by the same letter are not significantly

different (P< 0,05)

Figures in brackets refer to the range of corpora lutea counted
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Feeding level had no effect on ovulation rate. PMSG treatment
increased numbers of corpora lutea (linear effect, P<0,001;
quadratic effectI’(O.1). The breed x linear PMSG interaction
approached statistical significance (P(O.1). Comparison of breed-
PMSG dose sub-group means by Student-Newman-Keuls test is summarised
in Table 3-9. Thus Border-Romney ewes injected with 1200 i.u. had
more ovulations than similar Romney ewes G’((LOS) but the difference
between the breeds when either O i.u. or 600 i.u. PMSG was

administered failed to reach significance.

Fig. 3-5 presents the detransformed corpora lutea means for
each breed-dose of PMSG sub-group. Dose response relationships from
other New Zealand reports for a similar range of PMSG dose levels are

also presented.

e Total follicular response

The sum of the number of follicles more than 3 mm in diameter
(measured with sterile slide calipers) plus corpora lutea number is

defined as the total follicular response.

Breed of ewe had a significant effect on this variable (P<0.05)
as did the linear component of PMSG (P<(LOO1). There were nc other
treatment effects or interactions that approached significance,

however (Table 3-10).

9d Day of PMSG injection

Both ovulation rate and total follicular response were
independent of whether PMSG was injected on day 12 or 13 of the

oestrous cycle (Table 3-11).
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TABLE 3-10:

TOTAL FOLLICULAR RESPONSE RELATIVE TO BREED, DOSE

OF PMSG AND LEVEL OF NUTRITION

Classification No. of Total Follicular Response Data:
Ewes Transformed Detransformed
(Mean + S.E.) Mean (Range)
Breed of Ewe A
Border-Romney 117 1.92 + 0.04 3.70 (1- 9)
Romney 87 1.77 + 0,04 3.14 (1-11)
Dose of PMSG (i.u.)
0 63 1.62 + 0,05 2.62 (1- 6)
600 69 1.83 + 0.05 3.36 (1- 7)
1200 68 2.09 + 0,05 4.38 (1-11)
Level of Nutrition
Low 100 1.81 + 0.04 3,29 (1-11)
High 100 1.88 + 0,04 3.54 (1- 8)
Analysis of Variance
Source of Variation d.f, Mean Sguares F
Between Breeds (B) 1 1.10 6.72 *
Between PM3G doses-linear (P1) 1 7.24 44,03 **x*
Between PMSG doses—quadratic (Pq) 1 0.02 0.14 N.S.
Between Nutritional Levels (N) 1 0,21 1.29 N.S.
B x P1 Interaction 1 0. 21 1.26 N.S.
x Pq Interaction 1 0.004 0.03 N.S.
x N Interaction 1 0.30 1.8% N.S.
x Pl Interaction 1 0.0002 1.26 N.S.
x Pq Interaction 1 0.0001 0.001 N.S.
x N x P1 Interaction 1 0.48 2.89 N.S.
x N x Pq Interaction 1 0.01 0.05 N.S.
rror 188 0.16

Figures in brackets refer to range of corpora lutea plus large
follicles counted



TABILE 3-11: EFFECT OF BREED, LEVEL OF NUTRITION, DOSE OF PMSG
AND DAY OF INJECTION ON OVARIAN RESPONSE
(Data from ewes treated with PMSG)

Classification No. of No. of Total
Ewes Corpora Lutea Follicular Response
(Transformed) (Transformed)
(Mean + S.E.) (Mean + S.E.)
Breed of Ewe
Border-Romney 65 1.63 + 0.04 2 + 0,05
Romney 43 1.42 + 0,05 + 0,07
Dose of PMSG (i.u.)

600 56 1.34 + 0,05 .91 £ 0.06
1200 52 1.71 + 0.05 .14 + 0,06
Day of Injection

12 85 1.60 + 0,04 2,02 0,05
13 23 1.46 + 0,07 2,03 + 0,09
Level of Nutrition
Low 56 1.54 + 0.05 1.96 + 0.06
High 52 1.52 £+ 0.05 2.09 + 0,06
Analysis of Variance Total
Source of Variation No. of Corpora Folliular
Lutea Response
d.f. Mean Squares Mean Squares
Between Breeds (B) 1 0.62 =* 0.52 N.S.
Between PMSG Doses (P) 1 1,93 *xx 0.78 *
Between Days (D) 1 0.27 N.S. 0.002 N.S.
Between Nutritional Levels (N) 1 0.002 N.sS. 0.26 N.S.
B x P Interaction 1 0.001 N.S. 0.04 N.S.
B x D Interaction 1 0.14 N.S. 0,001 N.sS.
B x N Interaction 1 0.06 N.S. 0.79 =*
P x D Interaction 1 0.06 N.S. 0.18 N.S.
P x N Interaction 1 0.27 N.S. 0.30 N.S.
D x N Interaction 1 0.02 N.S. 0.14 N.S.
Error 97 0.12 N.S. 0.19 N.S.
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4. Proportion of follicles ovulating

The ratio of corpora lutea number to total follicular response

was analysed relative to breed of ewe and dose of PMSG (Table 3-12).

Crossbred ewes ovulated a greater proportion of follicles
compared to the Romneys (62.6% v. 58.2%) although this failed to

reach statistical significance,

Injection of PMSG also increased the percentage of follicles
ovulating (P< 0.01) being mainly due to the increased proportion for
ewes receiving 1200 i.u. compared to the O i.u. group (P< 0.01).

The 600 i.u. dose of PMSG caused non significantly more follicles to
be ovulated compared to control ewes but resulted in a lower ratio of

follicles ovulating (P<0.05) than for 1200 i.u.

Dl Distribution of corpora lutea betwsen ovaries

The distribution of corpora lutea between the left and right
ovaries as influenced by both breed of ewe and dose of PMSG is shown

in Table 3-13.

Although a greater proportion of ovulations occurred on tae
right ovary in Romney compared to Border-Romney ewes (59.9% v. 54.,9%)
this was not statistically significant. Similarly PMSG had no

effect and there was no evidence of an interaction.

Over all of the treatments, 56.7% of ovulations occurred on the

right ovary (P<0.05).

Figure 3-6 shows the exposed reproductive tract (4 days or 96
hours after first observation of heat) of a 2 year-old Romney ewe
which had received 1200 i.u. PMSG. This tract illustrates.the

marked difference in ovarian size and symmetry of ovulation that may



TABLE 3-12: EFFECT OF BREED AND DOSE OF PMSG ON THE PROPORTION
OF FOLLICLES OVULATING

Classification:
No. Corpora Lutea
Breed Dose of No. of Total Follicular
of Ewe PMSG (i.u.) Ewes Response @hani_S.EJ
0 36 0.583 + 0.04
600 39 0.578 + 0.04
Bozd SESRomSy 1200 38 0,718 + 0.04
A1l Doses 13 0.626 + 0,02
0 27 0.509 + 0,05
600 30 0.581 £ 0,05
Ronuegy 1200 30 0.657 + 0.05
A1l Doses 87 0.582 0.03
0 63 0.546 + 0.03 )
Both Breeds 600 69 0,580 + 0.03 )y)**
1200 68 0.690 + 0.03 ) )
Analysis of Variance
Source of Variation di. R, Mean Squares F
Between Breeds (B) 1 0.09 1.59 N.S.
Between PMSG Doses (P) 2 0.36 6,05 **
B x P Interaction 2 0.03 0.48 N.S.
Error 194 0.06




TABLE 3-13: EFFECT OF BREED AND DOSE OF PMSG ON THE DISTRIBUTION
OF CORPORA LUTEA BETWEEN OVARIES

Classification: No. of Corpora Lutea: % Corpora
Breed Dose of left Right Total iztii gﬁar
PMSG (i.u.) Ovary Ovary € J
0 19 33 52 63.5
Border- 600 37 41 78 52.5
Romney 1200 64 72 136 52.9
A1l Doses 120 146 266 54.9
0 15 15 30 50.D
600 19 31 50 62.0
Romney 1200 29 48 77 62.3
All Doses 63 94 157 59.9
0 34 48 82 58.4
Both 600 56 72 128 56.3
Breeds 1200 93 120 213 56.3A
A1l Doses 183 240 423 56.7

Test of Independence: G Statistic

d.f.

[

Significance

Breed x Distribution Independence 1 N
PMSG x Distribution Independence 2 0.14 N
PMSG x Breed x Distribution Interaction 2 3430 N

S
ISLe
A58

A cni2 = 3.84 (P<0.05)



Fig. 3-6:- EXPOSED GENITAL TRACT OF A 2 YEAR-OLD ROMNEY EWE
96 HOURS AFTER OESTRUS FOLLOWING TREATMENT WITH
1200 i.u. PMSG
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occur within a stimulated ewe. The left ovary is similar in size,
shape and overall appearance to one that might occur in a non

stimulated ewe.

58 Incidence of cystic ovaries

Cystic ovaries as described by Clarke (1973) occurred in 3
Romney and in 2 Border-Romney ewes treated with 1200 i.u. PMSG and

in one Border-Romney ewe which received 600 i.u. PMSG.

Te Relationship between liveweight and ovulation response to PMSG

(a) Liveweight at PMSG injection

Although two treatment groups had significant partial regression
coefficients (Border—Romney, low nutrition, 1200 i.u. PMSG and
Romney, low nutrition, 1200 i.u.), one was positive while the second
showed a negative relationship between number of corpora lutea and
ewe liveweight (Table 3—14). The analysis showed that the 12
separate partial regression coefficients for each treatment group
were non significantly different from a common regression across all

treatments - which itself was found to be non significant (Table 3-14).

(v) Change in liveweight over the 2 months before PMSG in;ection

As with 'absolute' liveweight only 2 of the 12 partial regression
coefficients in the present analysis were significant. Both g roups
were Romney ewes receiving 1200 i.u. PMSG although one was well fed
while the other was on a low level of feeding. These significant
effects were negative although generally there was a poor and
inconsistent relationship between corpora lutea number and change in
liveweight, The analysis of variance in Table 3-14 shows similar
results to those of section(a). Thus the 12 partial regression
coefficients were non significantly different from a common regression

which itself was not significant (Table 3-14).



TABLE 3-14:

EFFECT OF EWE LIVEWEIGHT AT PMSG INJECTION AND CHANGE OF

LIVEWEIGHT OVER THE TWO MONTHS BEFORE INJECTION ON

NUMBER OF OVULATIONS

(Data square root transformed)

Regression Coefficients

Treatment Group Ewe lLive- Change in
weight weight
1. Border-Romney Low Nutrition 0i.u. 0.01 N.S. 0.02 N.S
2. i " " e 600 1i.u. -0.02 N.S. 0.001 N.S
Bl " " " b 1200 i.u. 0.04 *x* -0.04 N.S
A, " U High " 0 1i.u. 0.01 N.S. -0.001 N.S
5q " o " " 600 1i.u. -0.01 N.S. 0.002 N.S
6. " " U u 1200 i.u. -0.01 N.sS. 0.002 N.S
7. Romney Low " 0 1i.u. 0.003 N.S. 0.02 N.S
8. 4 i Y 600 1i.u. 0.02 N.S. 0.002 N.S
9. " " " 1200 1i.,u. -0.04 x -0.09 =*
10. i High i 01i.u. -0.01 N.S. -0.02 N.S
1. " " " 600 i.u. 0.03 N.S. 0.02 N.S
12. " i U 1200 i.u. 0.01 N.S. -0.,12 =*x
Common across all Treatments 0.004 N.S, -0.01 N.S
Analysis of Variance
Source of Variation Ewe Liveweight Change in ILiveveight
A Sums of Mean Sums of Mean
Hypothesis diaiite Squares Squares Squares Sguares
Ha 23 15.32 14.65
Ho 12 13.44 13.47
Difference il 1.88 0.17 N.S. 1.18 0.11 N.S.
Error 176 17.37 0.10 18.04 0.10

A
Ha B1¥B2#B3...¥B12;€B

Ho B1 = B2 = B3 cee = B12 =B
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CHAPTER IV

STUDIES ON UTERINE CAPACITY

Pregnancy in Ewes

1. First mating

Table 4-1 summarises the effects of breed of ewe, dose of PMSG
and level of nutrition on pregnancy rate. Only PMSG treatment had
a significant effect (P<0,05), Thus both 600 i.u. and 1200 i.u.
PMSG reduced the proportion of ewes lambing to first mating compared
to control ewes (P<0.05) although there was no significant

difference between these two dose levels.

2. All matings

The percentages of ewes lambing to all services and the influence
of various treatments are summarised in Table 4-2, In this sample of
ewes also, PMSG had the only significant effect (P<0.05).
Conception rates were reduced (by about 16%; P<0.05) following
gonadotrophin injection although the difference between groups

receiving 600 i,u. and 1200 i.u. PMSG was not significant.

5] 'Returns' to first mating

(a) Conception rate

Ewes treated with PMSG that did not get pregnant to first
mating were less likely (P = 0.05) to lamb to 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 to next service

Table 4-4 shows the influences of breed of ewe and dqse of PMSG



TABLE 4-1: THE INFLUENCE OF BREED OF EWE, DOSE OF PMSG AND LEVEL
OF NUTRITION ON CONCEPTION RATE TO FIRST SERVICE

Classification:
No. of Ewes: rorzh
Breed Dose of : : No. of % of Ewes
of Ewe PMSG (i.u.) Non-Pregnant Pregnant Ewes Pregnant
0 11 215 36 69.4
Border- 600 21 18 39 46,2
Rormey]  56e 17 21 38 55, 2
All Doses 49 64 13 56.6
0 10 16 26 61.5
R T 600 17 13 30 43.3
1200 14 16 30 53.3
All Doses 41 45 86 52.3
0 21 41 62 66.1
Both
Breeds 600 28 31 69 44.9
1200 31 B 68 54.4
Low Nutrition 45 55 100 45,0
High Nutrition 45 54 99 45,5
Test of Independence: G Statistic vy G
Breed x Conception Rate Independence 1 0.40 N.S.
PMSG x Conception Rate Independence 2 6.03 *
PMSG O i.u. v. (600 i.u. and 1200 i.u.) 1 4.80 *
600 i.u. v. 1200 i.u. 1 1.23 N.S.
Breed x PMSG x Conception Rate Interaction 2 0.10 N.S.

Nutrition x Conception Rate Independence 1 0.004N.S.




TABLE 4-2: THE INFLUENCE OF BREED OF EWE, DOSE OF PMSG AND IEVEL

OF NUTRITION ON CONCEPTION RATE TO ALL SERVICES

Classification:
No. of Ewes: o
Breed Dose of 2 - No. of % of Ewes
of Ewe PMSG @.ud) Non-Pregnant Pregnant Ewes Pregnsnt
0 2 34 36 94.4
Border- 600 8 31 39 79.5
Romney 4500 10 28 38 73.7
All Doses 20 93 1% 8205
0 1 25 20 96.2
R 600 24 30 80.0
1200 4 26 30 86.7
All Doses " 75 86 87.2
0 3 59 62 95.2
Both
Breeds 600 14 55 69 T
1200 14 54 68 79.4
Low Nutrition 17 83 100 83.0
High Nutrition 14 85 99 85.9
Test of Independence: G Statistic G
Breed x Conception Rate Independence 0.91 N.S.
PMSG x Conception Rate Independence 9.40 *
PMSG O i.u. v, (600 i.u. and 1200 i.u.) 9.40 *
600 i.u. v. 1200 i.u. 0.00
Breed x PMSG x Conception Rate Interaction 0.98 N.S,
Nutrition x Conception Rate Independence 0.31 N.S.




TABLE 4-%: EFFECT OF BREED OF EWE AND PMSG ON CONCEPTION RATE
IN EWES RETURNING TO FIRST SERVICE

Classification:

No. of Ewes: forerl
Breed Dose of = - No. of % of Ewes
of Ewe PMSG (i.u.) Non-Pregnant Pregnant Ewes Pregnant
0 2 9 11 81.8
Border- 600 8 13 21 61.9
Romney 1500 10 7 17 41.2
All Doses 20 29 49 59.2
0 1 9 10 90.0
600 6 11 17 64.7
Romney 4200 4 10 14 T1.4
All Doses 11 30 41 T3.2
0 D 18 21 85.7
Both
Breeds 600 14 24 38 69.2
1200 14 17 31 54.8
All Doses 31 59 90 65.6
Test of Independence: G Statistic d.f. G
Breed x Conception Rate Independence 1 1.96 N.S.
PMSG x Conception Rate Independence 2 5.98 N.S.

Breed x PMSG x Conception Rate Interaction 2 |26 NLISE




TABLE 4-4: INFLUENCE OF BREED OF EWE AND PMSG ON IENGTH OF RETURN
TO SERVICE IN EWES RETURNING TO FIRST SERVICE

%

Classification: Time to Return to Service: .
(davs) Total Returning
Breed Dose of ‘ No. of after 20
of Ewe PMSG (i.u.) 16-20 > 20 Ewes days
0 10 1 11 9.1
Border- 600 7 4 21 19.1
Romney 1500 3 4 17 23,5
All Doses 40 9 49 18.4
0 9 1 10 10.0
Romney St 10 7 17 qaz2
1200 10 4 14 28.6
All Doses 29 12 41 29.3
0 19 2 21 9.5
Both 600 217 11 38 29.0
Breeds 549 23 8 31 25.8
A1l Doses 69 21 90 28, 5
Test of Independence: G Statistic d.ofi, G

Breed x PMSG x Distribution Independence il 5.85 N.S.
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on the length of time taken for ewes to return to first service.
Although none of the effects were significant, PMSG appeared tc
increase the proportion of ewes returning after 20 days (26-29%)

compared to untreated ewes (10%).

Distribution of Lambs Borm

1o First mating

Table 4-5 shows the effects of breed of ewe, dose of PMSG and
level of nutrition on the distribution of lambs born to all mated
ewes and on litter size. In both cases, dose of PMSG was the only
effect which was significant (P<I0.01). Treatment with gonadotrophin
increased numbers of lambs born both to ewes mated (P<f0.01) and to
ewes lambing (P<:0.01). The differences between 600 i.u. and 1200
i.u. PMSG, however, were not significant. Among control ewes there
were fewer with twins and none with triplets compared with the

treated ewes (P<0.01).

Although the breed effect was not significant the Border-Romney
ewes showed an advantage of 10.6% and 7.8% respectively for both of
the distributions shown in Table 4-5. Similarly, crossbred ewes had
greater litter sizes in response to the higher dose of PMSG than did
the Romneys (195.2% v. 168.8%) although the Breed x PMSG interaction

did not reach statistical significancee

2. All matings

Table 4-6 summarises information for the various treatments on
the distribution of lambs born to all ewes mated and on litter size.
PMSG provided the only significant effects in both distributions
(P<0.01) increasing lambs born to ewes mated (P<0,01) and to ewes

lambing (P<0.01).



TABLE 4-5: EFFECT OF BREED OF EWE, DOSE OF PMSG AND ILEVEL OF
NUTRITION ON THE DISTRIBUTION OF LAMBS BORN TO
FIRST SERVICE

Classification: No. of Ewes Classified

According to Lambing % Lambs Born to:
Breed Dose of Performance Total Bues Bwes
o (1 No.of =
of Bwe PMSG (i.u.) No. of Lambs: Ewes Mated Lambing
0 1 2 3
0 11 23 2 0] 26 75.0 108.0
Border- 600 21 10 6 2 %9 71.8 15909
Romney 41509 17 6 10 5 38 107.9  195.2
Al1 Doses 49 39 18 W 113 85.0 150.0
0 10 15 1 0] 26 65.4 106.3%
600 17 7 5 1 20 66.7 153.9
Romney 1200 14 ) 7 2 30 90.0 168.8
A1l Doses 41 29 13 3 86 T4 .4 142.2
0 21 38 % 0] 62 71.0 107.3
600 38 17 11 5 69 69.6 154.8
1200 31 13 17 7 68 100.0 183.8
Low Nutrition 45 34 17 4 100 80.0 145.5
High Nutrition 45 34 14 6 9 80.8 148,72
Test of Independence: G Statistic Ewes Mated Ewes Lambing
d.f & d.f. )
Breed x Distribution Independence 1 1.00 N.S. 2 0.60 N.S.
PMSG x Distribution Independence 6 40,29 ** 4 34,26 **
0 i.u. v. (600 i.u. and
1200 i.u.) 3 36,11 ** 2 31,31 *x

600 i.u. v. 1200 i.u.

Breed x PMSG x Distribution
Interaction 6 0.95 N.S. 4 0.86 N.S.

Nutrition x Distribution Independence 3 0.68 N.S. 2 0.€8 N.S.

N

4,18 N.S. 2 2.95 N.S.




TABLE 4-6: EFFECT OF BREED OF EWE, DOSE OF PM3G AND LEVEL OF
NUTRITION ON THE DISTRIBUTION OF ILAMBS BORN TO ALL

SSRVICES
No. of Ewes Classified
Classification: According to Lambing pgi,; % _Lambs Born to:
Breed Dose of g ooy No. of Ewes Ewes
of Ewe PMSG (i.u.) No. of Lambs: Ewes Mated lambing
0 1 2 5
0 2 30 4 0 36 105.7 111.8
Border— 600 S 21 8 2 39 110.3 138.7
Romney 1200 10 13 10 5 38 126.3 171.4
A1l Doses 20 64 22 7 113 114.2 138.7
0 1 22 3 0] 26 107.7 112.0
Ry 600 6 18 5 1 30 103.3 129.2
1200 4 17 7 2 30 123.3 142.3
A1l Doses 11 57 15 5 86 15Nl N6 128.0
0 5 52 7 0 62 106.5 111.9
Both
Breeds 600 14 39 13 3 69 107.3 134.5
1200 14 30 17 7 68 125.0 157.4
Low Nutrition 17 61 18 4 100 109.0 131.3
High Nutrition 14 60 19 6 99 I Y2 136.5
Test of Independence: G Statistic Ewes Mated Bwes Lambing

d.f, G d. s G

Breed x Distribution Independence 3 2.36 N.S. 2 1.45 N.S.

PMSG x Distribution Independence 6 29,30 *x 4 19,90 **
0 i.u. v. (600 i.u. and
1200 i.u.) 3 25,95 ** 2 16,55 **
600 i.u. v. 1200 i.u. 3 35359 NieiSe 2 3.35 N.S.
Breed x PMSG x Distribution
Interaction 3 0.72 N.S. 3 25 NLIS!.

Nutrition x Distribution Independence 6 2.22 N.S. 2 0.83 N.S.
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Although non significant, the Border-Romney ewes showed similar
advantages over the Romneys as found when lambing to first mating

was considered in 1.

Numbers of Corpora Lutea and Iambs Born

1. All ewes

Table 4-7 presents a summary of counts of corpora lutea and the
fate of potential lambs, The effects of ovulation rate on the
proportion of lambs born per number of corpora lutea for ewes lambing
and for ewes mated are shown in Table 4-8. 'Ovum wastage' (or the
proportion of ova shed not represented by lambs born) increased with
numbers of corpora lutea (P< 0,001) when only ewes lambing were
considered ('partial ovum wastage') although the effect was less

marked when all ewes mated were considered.

Similarly, increasing PMSG dosage reduced the proportion cf
corpora lutea represented by lambs born both for ewes lambing
(P(0.001) and for ewes mated (P(0.0S). These effects are
summarised in Table 4-9 and shown diagramatically in Fig. 4-1. of
the ewes pregnant to first mating, Romney ewes (doses of PMSG pooled)
had proportionately more lambs born per corpora lutea number
(P<’0.05) than the crossbreds. When all ewes mated were considered,

this advantage was reduced.

2, Bwes with one or two ovulations

Ewes shedding one or two ova were studied separately to
investigate the effects of breed of ewe, dose of PMSG and numbers of
corpora lutea on ova wastage. This was done to reduce the bias that
occurred when all ewes were included since ewes not treated with

gonadotrophin did not have more than two lambs.



TABLE 4-7: SUMMARY OF FATE OF 'POTENTIAL LAMBS' IN EWES RELATIVE
TO NUMBERS OF CORPORA LUTEA AT LAPAROTOMY

No. of Corpora Lutea per Ewe:

Observation 7 > 3 7 5 =
No. of Ewes 75 73 25 12 8 6
Ewes Pregnant (%) 49 56 68 42 50 8%

Ewes Pregnant to First Service

No. of ovulations Edl 82 51 20 20 33
No. of Lambs Born 37 58 36 11 9 9
Litter Size (Mean) 1 1.41 2,12 2.20 2,25 1.80
Litter Size (Range) w 1-2 1-3 1-3 1-3  1-3
Missing Ova (%) - 29 29 45 55 173

7 72 100 100 100

Ewes with Missing Ova (%)




TABLE 4-8:

EFFECT OF NUMBERS OF CORPORA LUTEA AT LAPAROTOMY ON

THE PROPORTION OF 'POTENTIAL LAMBS' REPRESENTED AT
TERM BY LAMBS BORN

No. of Ewes Iambing Only ’ All Ewes Mated
Corpora No, of Lambs Born/CL. No. No. of Lambs Born/CL. No.
Lutea Ewes (Mean + S.E.) Ewes (Mean + S.E.)
1 37 1.00 + 0.03 75 0.49 + 0.05
2 41 0.71 £ 0.03 3 0.40 + 0,05
3 17 0.71 + 0.05 25 0.48 £ 0,09
4 5 0.55 + 0.09 12 0.23 £ 0.12
5-8 9 0.34 + 0.07 14 0.22 + 0.11
Analysis of Variance
Source of Variation Ewes Lambing Only All Ewes Mated
d.f. Mean Squares (o I Mean Sqguares
Between Numbers of
Corpora Lutea 4 1.01 *xx 4 0.38 -
Error 104 0.04 194 0.18

Proportion of Corpora Lutea represented by lambs born



TABLE 4-9: EFFECT OF BREED OF EWE AND DOSE OF PMSG ON THE
PROPORTION OF CORPORA LUTEA REPRESENTED BY LAMBS BCRN

Classification: Ewes Lambing Only All Ewes Mated
Breed Dose of No. of Lambs Born/CL.No. No. of hﬂd&;BQnV@L.No.
of Ewe PMSG (i.u.) Ewes (Mean + S.E.) Ewes (Mean i_S.E.)
0 25 0.84 + 0.03 36 0.58 + 0.07
Border- 600 18 0.72 + 0.04 29 0.33 + 0.07
Romney 4509 21 0.60 + 0.03 38 0,33 + 0,07
A1l Doses 64 0.72 + 0.02 13 0.42 + 0.04
0 16 0.97 = 0.04 26 0.60 + 0.08
e 600 13 0.87 + 0.07 30 0.38 + 0.08
1200 16 0.65 + 0.04 30 0.35 + 0.08
Al11 Doses 45 0.83 + 0.02 86 0.44 + 0.05
0 41 0.90 + 0.03 62 0.59 + 0.05
Both
Breeds 600 31 0.80 + 0.03 69 0.36 + 0.05
1200 37 0.63 + 0.03 63 0.34 + 0.05

Analysis of Variance

Source of Ewes Lambing Only A1l Ewes Mated
Variation d S Mean Sgquares d..:f2, Mean Sqguares
Between Breeds (B) 1 0.32 * 1 0,108 N.iSt
Between PMSG Doses

(p) 2 0.74 %% 2 1.22 *
B x P Interaction 2 0.02 N.S. 2 0.01 N.S.

Error 103 0.06 193 0.18
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(a) Single ovulations

Table 4-10 shows the effects of three factors on conception rate
and ovum wastage. In this sample, Border-Romney ewes had a 9.3%
greater conception rate than Romneys. Crossbred ewes had a similar
advantage for ovum wastage but these effects were not significant.
Treatment with PMSG feduced U?(0.01) conception rate and increased

ovum wastage (P<0.01).

(v) Single- versus double-ovulations

Tables 4-10 and 4-11 summnarise conception, lambing and ovun
wastage information for ewes shedding one or two ova respectively.
More ewes with two corpora lutea conceived to first service
(¢ = 0.69) than with one corpus luteum (56.2% v. 49.3%) although this
difference was not significant. Similarly, the proportion of ova
not represented by lambs was greater for twin ovulating ewes (6C.3%
v. 50.7%) (G = 55.1; P<0.01). There were significant interactions
between corpora lutea number and PMSG dose for both conception rate
(6 = 8.19; P<0.05) and ovum wastage (G = 6.76; P<0.05). Thus
while in ewes with one corpus luteum, increased PMSG dosage reduced
conception rates and increased ovum wastage, no such effect was

apparent when two corpora lutea per ewe were observed.

(c) Double ovulations

Unilateral twin ovulations occurred more frequently in pregnant
Border-Romney ewes than in Romneys (57.5% v. 38.5%; I’<(L1). Ewes
with two corpora lutea present unilaterally were less likely to
conceive than when twin ovulations were bilateral (48.7% v. 63.9%),

however, this effect was not significant (Table 4-11).



TABLE 4-10: EFFECT OF BREED OF EWE AND DOSE OF PMSG ON CONCEPTION
RATE TO FIRST MATING AND PERCENT CORPORA LUTEA NOT
REPRESENTED BY LAMBS BORN IN EWES SHEDDING ONE OVUM

Classification:
Breed Dose of No. of % of Ewes foioﬁzgizsiizgz
of Ewe PMSG (i.u. ) Ewes Pregnant - S
0 20 75, O 25.0
Border- 600 8 1265 87.5
Romney 4509 3 9.3 66.7
All Doses Bil 54.8 45,2
0 22 63.6 36.4
Romney 600 15 550 2; 66.7
1200 7 14.3 85.7
All Doses 44 45.% 54.6
0 42 69.1 31.0
Both
Breeds 600 23 26.1 7%.9
1200 10 20,0 80.0
Total 75 49.3 50.7
Test of Independence: G Statistic drte, G
Breed x Distribution Independence 1 0.64 N.S.
PMSG x Distribution Independence 2 15.58 **

Breed x PMSG x Distribution Interaction 2 21.72 **




TABLE 4-11: EFFECT OF BREED OF EWE, DOSE OF PMSG AND TYPE OF TWIN
OVULATION ON CONCEPTION RATE, 'OVUM WASTAGE' AND LAMBS
BORN FOR EWES WITH TWO CORPORA LUTEA

Classification: No. of % of Ewes % C.L. Not No., o Lambs Born Per:
Dose of  Type ofA e  Bmewpali; Regreizzizd Ewes Ewes
PMSG (1.u.) Ovulation v Aag Mated  Lambing
Born
1 8 62.5 62.5(40.0) 0.75 1.20
0 2 12 58.73 62.5(35.7) 0.75 1.29
Both types 20 60.0  62.5(37.5) 0.75 1.25
1 19 a8, 68.4(25.0 0.63 1.50
600 2 16 62.5 53.1(25.0) 0.94 1.50
Both types 35 51.4 61.4(25.0) 0.77 1.50
1 10 50.0 75.0(50.0) 0.50 1.00
1200 2 8 75.0 31.3( 8.3) 1.38 1.84
Both types 18 61.1 55.6(27.3) 0.89 1.45
All Doses
Border- 1 27 51.9 66.7(35.73 0.67 1.29
Romney 2 20 60.0 60.0(33.3 0,80 1.3%
Both types 47 55.3 63.8(34.6) 0.72 1431
1 10 40.0  75.0(37.5) 0.50 1.25
Romney 2 16 68.8 40.6(13.6) 1.19 1.73
Both types 26 57.7 53%.9(20.0) 0.92 1.60
Both 1 il 48.7 68.9(36.1) 0.62 1.28
Breeds 2 36 63.9 51.4(23.9) 0.97 1.48
Total 73 56.2 60.3(29.3) 0.79 1.42
Test of Independence: G Statistic Corpora
Lutea Not
Conceptim Represented Litter
Rate By Lambs Size
d.f. G i.f & d.f. G
Breed x Distribution
Independence 1 0,04 N.S. 2 3.39 N.S. 1 3.2% -
Type of Ovulation x Distribution
Independence 1 1.73 N.S. 2 4,25 N.S5. 1 2.52 N.S.
PMSG x Distribution Indepemdence 2 0.62 N.S. 4 2.65 N.S. 2 2,03 N.S.
Breed x Type of Ovulation
Independence 1 2.43 N.S. 1 2.82 -
PMSG x Type of Ovulation
Independence 21,27 N.S.

Breed x Type of Ovulation
x Distribution Interaction 1 0.67 N.S. 2 1.02 N.S. 1 0.47 N.S.
PMSG x Type of Ovulation x

Distribution Interaction 2 0.96 N.S. 4 8.30 - 2 T.34 *
Breed x PMSG x Distribution

Interaction 2 2.00 N.S, 4 2,24 N.S. 2 0,%6 N.S.
A Type of ovulation 1 - unilateral twin 2 - bilateral twin

Figures in brackets refer to pregnant ewes only (partial ovum
wastage



48,

PMSG treatment caused a greater incidence of unilateral twin
ovulations than was the case for untreated ewes (no PMSG - 40%;
600 i.u. PMSG - 54%; 1200 i.u. PMSG - 56%). Conception rates were
reduced in PMSG treated ewes with unilateral twin ovulations although
this effect was not apparent in control ewes or when ovulations were

bilateral (Table 4-11).

Smaller litter sizes resulted from unilateral twin ovulations
compared to bilateral ovulations (1.3 V. 1.5). Overall, the litter
size was greatest in Romneys (1.6 v. 1.3; 0.05¢ P<0.1) and this
was largely due to a greater litter size in Romneys with bilateral
ovulations compared to similar crossbred ewes (1.7 v. 1.3). Of the
ewes losing ova (Table 4—122 32/56 lost both while 24/56 lost oaly
one ovum (Chi2 = NG N.S.) while of the 41 ewes pregnant, 24
(58.5%) had only one lamb born. Many of the comparisons mentioned
did not reach statistical significance, but this may have been due

to the limited sample size available for analysis.

(a) Ineguality of function of the right and left ovaries and
influences on apparent egg loss (data for single and
double ovulating ewes)

Of the 75 single ovulations, 52% occurred on the right ova:ry and

there was no relationship between site of ovulation and ovum wastage.

Table 4-12 shows the distribution of ovulations between ovaries
and apparent ovum wastage for ewes with two corpora lutea. Thus
58.9% of all ovulations from 73 ewes occurred in the right ovary,
i.e. 25 double ovulations from the right ovary and 36 bilateral twin

ovulations.



TABLE 4-12: EFFECT OF BREED OF EWE AND DOSE OF PMSG ON SITE OF
OVULATION AND OVUM WASTAGE IN DOUBLE OVULATING EWES

Corpora
Total Lutea
Breed Dose of Unilateral Unilateral Bilateral No. of Right

Classification: No., of Ewes Shedding Ova:

of Ewe PMSGGJu) Left Right Ewes Ovary (%)
0 1 6 9 16 65.6
Border- 600 5 10 9 24 50.4
Romney 1200 3 2 2 7 42.9
All Doses 9 18 20 47 59.6
0 0 1 % 4 62.5
600 1 % i 50
1200 2 3 1M 54.4
A1l Doses 3 7 16 26 57.7
Total 12 25 36 73 5¢..9

.2
Chi® = 2.32, N.S. No, of Ewes Apparently Losing Ova From:

Left Ovary Right Ovary Both Ovaries Total

No. of Ova Lost 1 2 1 2 1 2 1 2
Border~Romney 3 3 i 10 8 8 18 21
———— SN S

Ova Lost (%) 50.0 75.0 60.0 63.8
Romney 1 2 2 4 3 ol 6 11
—_— S e~ S

Ova Lost (%) 83.5 71.4 40.6 53.9
Both Breeds 4 5 g 14 11 13 24 32
w‘—’\—vvw—le

Ova Lost (%) 58.3 74.0 51.4 60.3

A Chi2 = 6.53; P<0.05
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Combining the single ovulations on the right ovary (39/75) with
the unilateral twin ovulations that occurred on the same side (25/73)
means that 89 of the 148 unilateral (single plus twin) ovulatioas

(60.1%) occurred in the right ovary. This effect was, however, not

significant.

The unilateral twin ovulations from the right ovary caused
greater ovum wastage than for the left which was in turn greater

than when ovulations were bilateral U?(CLOS).

Weight of Lamb Born per Ewe

The effects of breed of ewe, dose of PMSG and litter size on
weight of lamb born per ewe were studied using a selected compsrison
method outlined in Chapter II. Data for two ewes (one Border-
Romney, 1200 i.u. PMSG; one Romney, O i.u. PMSG) were not inclided

in the analysis since their lambs were not weighed.

e PMSG effect
Selected comparisons were made within litter size groups since

control ewes did not lamb triplets.

(a) Single- and twin-bearing ewes

Table 4~13 summarises the effects of breed of ewe, dose of PMSG
and litter size on weight of lamb born per ewe. Although an
increasing dosage of PMSG reduced the mean weight of lamb born, the
effect was not significant. In this sample of ewes, however, both
the Border-Romney ewes (P<(LC5) and ewes lambing singles (P<(D.OO1)
had heavier weights of lamb born than Romney or twin-bearing ewes

respectively.



TABLE 4-13: EFFECTS OF BREED OF EWE, PMSG AND LITTER SIZE ON

WEIGHT OF LAMB BORN PER EWE (Data for ewes lambing

singles and twins)

Classification No. Weight of Lamb Born (kg)
Ewes (Mean)
Breed of Ewe
Border-Romney 56 6.30
Romney 4 5.58
Dose of PMSG (i.u.)
0 40 6rill2
600 28 6.02
1200 29 5.69
Litter Size
Single 67 4,50
Twin 30 7.38
Analysis
Source of Variation Effect(B) S.E.A tB
Between Breeds (B) 0.72 0.34 B4 18 *
Between PMSG Doses (linear) (P1) -0.43 0.45 -0.97 N.S.
Between PMSG Doses (quadratic( (Pq) -0.11 0.33 -0.34 N.S.
Between Litter Sizes (L) 2.88 0633 8,55 **x
B x P1 Interaction -0.,02 0.45 -0,05 N.S.
B x Pq Interaction -0.10 0.33 -0.32 N.S.
B x P Interaction 0.44 0.34 1.13 N.S.

Error Mean Square = 1.47

B od.r. =96
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(b) Triplet-bearing ewes

Increased doses of gonadotrophin reduced the mean weights of
lamb born per ewe. Romneys had lighter mean weights of lamb born
than crossbred ewes (Table 4-14). These results were not
statistically significant probably because of the small numbers of

ewes available for analysis,

24, Breed of ewe and litter size effects

Table 4-15 shows the effects of breed of ewe and litter si:e on
weight of lamb born per ewe. Border-Romney ewes had heavier weight
of lamb born (P<0.01) than the Romneys. Similarly, litter size
had significant linear (P<0.001) and negative quadratic (P< 0.001)
effects on the variable. A Student-Newman-Keuls test showed that
ewes producing triplets had greater weights of lamb born per ewe
than ewes with twins (P<Z0.05) or with singles (P'<0.01). Single-
bearing ewes produced a lesser weight of lamb born than ewes lambing
twins G’<0001)u There were no signifiicant interactions between

the main effects,



TABIE 4-14: EFFECTS OF BREED OF EWE AND DOSE OF PMSG ON WEIGHT OF
LAMB BORN PER EWE (Data for triplet-lambing ewes

Classification:

Breed Dose of No. of Weight of Lamb Born (kg)
of Ewe  PMSG (i.u.) Ewes (Mean)
600 2 9.45
Border-
Rormes, 1200 5 8.32
Both Doses 7 8.89
600 1 8.30
Romney 1200 2 7.05
Both Doses B 7.68
Analysis
Source of Variation Effect fgf S.E.A ;F
Between Breeds (B) 1.21 0.89 .55 NS .
Between PMSG Doses (P) 1.19 0.89 1.32 N.S.
B x P Interaction 0.06 0.89 0.07 N.S.

Error Mean Square = 1.47

50k, -8



TABLE 4-15:

EFFECT OF BREED OF EWE AND LITTER SIZE ON WEIGHT OF

LAMB BORN PER EWE ACROSS ALL DOSES OF PMSG

Classification:

Breed No. of Weight of Lamb Born (kg)
of Ewe Litter Size Ewes (Mean)

Single 39 4,64
Border- Twin 17 7.96
Romney Triplet 7 8.89

All Litter Sizes 63 T.16

Single 28 4.36

Twin 13 6.80
Gty Triplet 3 7.68

All Litter Sizes 44 6.28

Single 67 4.502**°
Both Twin 30 7.384, *x
EEELs Triplet 10 8.281

Analysis

Source of Variation Effect (%) S.E.A I?
Between Breeds (B) 0.88 0.33 2,67 **
Between Litter Sizes (linear)(Ll) 3.78 0.44 8.54 *¥x
Between Litter Sizes (quadratic)(Lq) -0.99 0.3%2 -3.16 **x
B x Rl Interaction 0.47 0.44 1.C5 N.S.
B x Rq Interaction =0.42 0.32 -1.34 N.S.

Error Mean Square = 1.47
d.f. = 106

B
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CHAPTER V

PROGESTERONE CONCENTRATION IN PERIPHERAL BLOOD

Ewes in Early Pregnancy (Days 20, 40, 60)

[l o Plasma progesterone and numbers of corpora lutea

Table 5-1 summarises the effects of breed and number of corpora
lutea on the progesterone concentration in ewes bled on days 20, 40
and 60 of pregnancy. There were no significant interactions

between any of the main effects,

Border-Romney ewes had significantly lower progesterone

concentrations than Romneys (P <0.001).

Progesterone concentration significantly increased with
advancement of pregnancy (P <0.001), there being different mean
concentrations at each sampling (P <0.01). A rise in the number of
corpora lutea from 1 to 6 was associated with a consistent increase
in progesterone levels (P<0.001). The difference in concentration
when studied for ewes with 1 or 2 corpora lutea only was significant

(p<€0.01).

The regression of pre-experimental ewe liveweight (pooled for
both breeds) was fitted to the model summarised in Table 5-1 after
Separate regressions calculated for each treatment group proved
non significantly different from a common regression (see Chapter 1I).
The resulting covariance model is summarised in Table 5-2. Tre
amount of variation explained by components of this model (r2 = 0.70)
was very similar to that for the analysis of variance model shcwn in
Table 5-1 (r2 = O.68). The breed effect was greatly reduced yhen

the regression of pre-experimental liveweight on plasma progesterone



TABLE 5-1: EFFECT OF BR&ZED, DAY OF BLEEDING AND NUMBER OF COEPORA
LUTEA ON PLASMA PROGESTERONE CONCENTRATION IN EARLY
PREGNANCY
Classification No. of Plasma Progesterone Concentration
Ol Loge Mean + S.E. Antilo§
(ng/mi

Breced of Ewe

Border-Romney 123 1.64 + 0.03 5.17
Romney 81 1.8%3 £ 0.04 6.24
Day of Bleeding A
20 68 1.47 + 0.04 a 4.34
40 68 1.67 + 0.04 b S\
60 68 2.07 + 0.04 ¢ 7.95
Corpora Lutea No.
1 54 1.19 + 0.04),, Buiz
2 63 1.45 + 0.04) 4.26
3 42 1.68 + 0.05 B S
4 18 1.86 + 0.08 6.42
5 12 2.01 + 0.09 7.47
6 15 2.23 + 0.08 9.30
Analysis of Variance
Source of Variation &\ i Mean Sguares F
Between Breeds (B) 1 1.05 10.02 *xx
Between Days (D) 2 BT 905 (e
Between Corpora Lutea Nos. (C) 5 5. BY 31,85 *xx
B x D Interaction 2 0. 02 0.19 N.S.
B x C Interaction 5 0.07 0.72 N.S.
D x C Interaction 10 0.07 0.63% N.S.
B x Dx C Interaction 10 0,13 1.25 N.S.
Error 168 0.10

S Means followed by different subscripts are significantly

different (P<0.01)



TABIE 5-2: EFFECT OF BREED, DAY OF BLEEDING AND NUMBER OF CORPORA
LUTEA ON PLASMA PROGESTERONE CONCENTRATION AFTER
COVARTANCE OF EWE LIVEWEIGHT

Classification No. of Plasma Progesterone Concentration
Observations Loge Mean + S.E. Antiio
(ng/ml1)
Breed of Ewe
Border-Romney 123 1.68 + 0.04 5.3
Romney 81 1.78 + 0,05 5.93
Day of Bleeding
20 68 1.46 + 0,05 4.3
40 68 1.67 + 0.05 SR
60 68 2.06 + 0.03 T.43
Corpora Lutea No.
1 54 1.15 £ 0,05 3.106
2 63 1.47 + 0.04 4.34
3 42 1.67 £ 0.05 5.31
4 18 1.87 £+ 0.07 6.49
5 12 2.00 + 0.03 7.39
6 15 2.22 + 0.10 9.21
Analysis of Covariance
Source of Variation Ay T Mean Sguares F
Between Breeds (B) 1 0.38 3.79 -
Between Days (D) 2 S i il o STl
Between Corpora Lutea Nos. (C) 5 347 35.02 ***
B x D Interaction 2 0.02 0.19 N.S.
B x C Interaction 5 0.10 1.04 N.S.
D x C Interaction 10 0.07 0.67 N.S.
B x D x C Interaction A 10 0.13 1.32 N.S.
Regression of Ewe Liveweight on
log, Progesterone Concentration 1 0.96 9.69 *
Error 167 0.10

& Pre-experimental and pooled over both breeds (g = -0.016)
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concentration was included in the model (Table 5—2) although the

difference between breeds still approached significance (P<¢3.1).

2, Prediction of numbers of corpora lutea

The analyses of variance (Table 5-1) and covariance (Table 5-2)
were used to calculate the estimated blood progesterone means wvhich
are sumnarised in Table 5-3. These means were used to calculc.te
discrimination points for each corpora lutea number grouping within
each breed and day of bleeding group (Appendix VI). The number of
corpora lutea available were logically grouped in four different
ways and ewes were classified using discrimination points according
to individual loge progesterone concentrations. Table 5-4 shows
the success rates of prediction for each breed, day of bleeding, and
corpora lutea-classification subgroup using either the analysis of

variance (AOV) or analysis of covariance (ACOV) model.

There was little difference between the two models in the
accuracy of prediction. This was expected since the difference in

variation explained was only 2% as noted in 1 above.

10 Plasma progesterone and litter size

Litter size was related to progesterone concentration (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 that when
numbers of corpora lutea effects were studied. A comparison among
means revealed significant increases (E’<O°O1) in progesterone
concentration of ewes as litter size increased from singles to

triplets.

Introducing pre-experimental ewe liveweight as a covariate
(Table 5-6) slightly increased the amount of variation explained

(r2 = 0.50).



TABLE 5-3: PROGESTERONE CONCENTRATION OF EWES EARLY IN PREGNANCY,
CLASSIFIED RELATIVE TO BREED, DAY OF BLEEDING, AND
NUMBER OF CORPORA LUTEA
Day of Bleeding
20 40 6C
. Plasma Progesterone Concentraticn t
orpora S.E. Loge Mean
Lutea No. of B
No. Ewes AOVA ACOV AOV ACOV AQV ACOV AOV ACOV
Romney
1 8 0.11 0.12 0.99 0.89 1.09 0.99 1.64 1.51
2 9 0.11 0.11 1.45 1.43 1.46 1.44 1.80 1.78
3 4 0.16 0.16 1.27 1.25 1.72 1.69 2.23 2.20
4 3 0.19 0.18 1.69 1.71 1995 IS 2mell|  2m23
5 2 0.23 0.22 1.77 1.67 1.97 1.88 2.39 2.29
6 1 2.36 2.28 2,50 @251 2.66 2,59
Border-Romney
1 10 0.10 0.10 0.92 0.93 0.98 1,00 1.54 1.55
2 12 0.09 0.09 0.88 0.94 1.25 1.31 1.84 1.90
5 10 0.10 0,10 LBy i 55 1.48 1.49 2.03 2.04
4 b 0.19 0.18 1.49 1.49 1.84 1.84 1.99 1.99
5 2 0.23 0,22 1.93 2.02 1.91 1.93 2.07 2.16
6 4 0.16 0.16 1.52 1.56 2.06 2.09 2.49 2.52

Means and standard errors calculated from:

A - the analysis of variance model shown in Table 5-1

B - the analysis of covariance model shown in Table 5-2



TABIE 5-4: ACCURACY OF PREDICTION OF CORPORA LUTEA AND LITTER
SIZE GROUP FROM PLASMA PROGESTERONE CONCENTRATION

Day of Bleeding
Grouping 20 40 60 All Days
20V ACOVE AOV  ACOV  AOV  ACOV  AOV  ACOV

Corpora Lutea

Romney

g 25 55 v, p2m & 29.6C 40.7  48.1 44.4 40.7 7.0  39.5 40.7
1, 2=3, 4-6 51.9 59.3 77.8 70.0 63.0 59.3 64.2 63,0
1-2, 3-6 bel 66y  &n.%5 S5  Bil.B 8508 w605 KT8
1, 2-6 74.1 81.5 81.5 85.2 T77.8 T74.1 77.8 80.3

Border-Romney

', 23 8 &, 5.6 28.9 Mg S66 .0 .2 54,2 5.9 550
1, 2-3, 4-6 53.7 51.2 61.0 65.9 48.8 48.8 54.5 55.3
1-2, 3-6 75.6 78.1 70.7 75.6 73.2 68.3 73.2 74.0
1, 2-6 70.7 68.3 75.6 75.6 78.0 78.1 74.8 T74.0

Litter Size

Romney
1, 2 5 5905 48,2 70.4 66.7 44.4 48.2 580 54755
1, 2-3 81.5 70.4 81.5 85.2 59.3 59.3 T4.1 T71.6

Border-Romney
1, 2, 3 46.0 54.1 46,0 56.8 64.9 64.9 52.3 58.6
1, 2-3 70.3 73.0 64.9 73.0 75.7 T8.4 70.3 74.8

& using the analysis of variance model shown in Table 5-1 and Table 5-5
using the analysis of covariance model shown in Table 5-2 and Table 5-6

percentage accuracy



TABLE 5-5: EFFECT OF BREED, DAY OF BLEEDING AND LITTER SIZE ON
PLASMA PROGESTERONE CONCENTRATION IN EARLY PREGNANCY

Classification No. of Plasma Progesterone Concentration

Ol o Log Mean + S.E. Antilog
° (ng/ml)

Breed of Eue

Border-Romney 111 1.57 + 0.04 4 .81

Romney 81 1.72 + 0.04 5.57

Day of Bleeding

20 64 1.33 + 0.05 at 3.78

40 64 1.57 + 0.05 b 4.81

60 64 2,03 + 0.05 ¢ 7.62

Litter Size

1 111 1.35 £ 0.04 a 3.87

2 60 1.56 + 0.05 b 4.75

3 21 1.85 + 0.08 ¢ 6.34

Analysis of Variance

Source of Variation d.f. Mean Squares P
Between Breeds (B) 1 0.65 4.32 %
Between Days (D) 2 Sl PPR98
Between Litter Sizes (L) 2 3.86 as.6y
B x D Interaction 2 0.18 1.22 N.S.
B x L Interaction 2 0.002 0.01 N.S.
D x L Interaction 4 0.08 0.50 N.S.
B x D x L Interaction 4 0.03 0.22 N.S.
Error 174 0.15

Means with different subscripts (within classifications) are
significantly different (P €0.01)



TABLE 5-6: EFFECT OF BREED, DAY OF BLEEDING AND LITTER SIZE ON
PLASMA PROGESTERONE LEVELS IN EARLY PREGNANCY AFTER
COVARIANCE OF EWE LIVEWEIGHT

Classification No. of Plasma Progesterone Concentration
Ehaestm]mias Log, Mean + S.E. Antilog
(ng/ mlj

Breed of Ewe
Border-Romney 111 1.61 £ 0.05 5.00
Romney 81 1.70 + 0.06 5.47

Day of Bleeding

20 64 1.33 + 0.06 DRls
40 64 1.59 + 0.06 4.90
60 64 2.04 + 0.06 7.69
Litter Size

1 111 1.36 £ 0.05 3.90
2 60 1.73 + 0,05 5.64
3 21 1.87 £ 0.08 6.48

Analysis of Covariance

Source of Variation At Mean Sguares F
Between Breeds (b) 1 0.28 1.89 V.S,
Between Days (D) 2 4,13 28,11 *%*
Between Litter Sizes (L) 2 Bi8 34,83 ***
B x D Interaction 2 0.19 1. 26) NEksS).
B x L Interaction 2 0.01 0.03 N.S.
D x L Interaction 4 0.08 0.54 XN.S.
B x D x L Interaction 4 0.03 0.22 N.S.
Regression of Ewe Liveweig-htA on

Loge Progesterone Concentration 1 0.73 4.97 *
Error 173 0.15

A
Pre-experimental and pooled over both breeds (B = -0.01)
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4. Prediction of litter size

Table 5-7 summarises the plasma progesterone means estimated
from the analyses of variance (Table 5-5) and covariance (Table 5-6).
These means were used to calculate discrimination points for two
logical litter size groupings within breed and day of bleeding.
The success rate of predicting these litter size groups from logg
progesterone concentration (for both the AOV and ACOV models) is

shown in Table 5-4.

As for corpora lutea, there was little difference between

models in accuracy of prediction of litter size groups.

Ewes in Late Pregnancy

1o Plasma progesterone and litter size

Progesterone concentration at day 120 of pregnancy increased
with litter size (P<0.001). Ewes producing twins or triplets had
greater concentrations of the hormone than ewes with singles
(P<0.01) although the difference between ewes producing twins and
triplets failed to reach significance (Table 5—8). The interaction

between breed and litter size was not significant.

25 Prediction of litter size

Data from Table 5-8 was used to produce discrimination points
and these were used to predict litter size from log, progesterone
concentration. The success rate in determining whether a ewe
carried a single, twins or triplets was 57.1% for Romneys and 60.5%
for the crossbreds. However, when the prediction was whether ewes
carried singles or multiples (twins or triplets), the success rate

increased to 71% for both breeds.



TABLE 5-7:

PROGESTERONE CONCENTRATION OF EWES EARLY IN PREGNANCY

CLASSIFIED RELATIVE TO BREED, DAY CF BLEEDING AND

LITTER SIZE

Litter No., of

Day of Bleeding

20

40

60

Plasma Progesterone Concentrationf

~ (Log., Mean)

B

Size Ewes AOV ACQOV AOVA ACOV AQV ACOV AQV ACOV
Romney
1 B 0.10 0.10 =19 S 1.29 1.26 1.79 1.75
2 9 0.13 0,13 RI1E M9 1.72 1.70 209 2607
) 3 0.22 0,22 ®58 1158 1.98 1.98 2.21 2.21
Border-Romney
1 22 0,08 0,08 0,99 1.02 1.17 1.24 1.70 1.72
2 11 0,12 0,12 1.34 1.37 1.56 1.59 2.05 2.08
3 4 0,19 0.19 k260 130 il.fa IRG 2.35 2.39

1.

Means and standard errors calculated from:

A - the analysis of variance model shown in Table 5-5

B - the analysis of covariance model shown in Table 5-6



TABLE 5-8: EFFECT OF BREED AND LITTER SIZE ON PLASMA PROGESTERONE
CONCENTRATION AT DAY 120 OF PREGNANCY

Classification: Plasma Progesterone Concentration

Breed Litter No. of Loge Mean + S.E. Antilo
of Ewe Size Ewes (ng/ml%
1 22 1.54 + 0.10 4.65
Border-
i 2 12 2.14 + 0.14 8.53
3 4 2.26 + 0.24 955
All Litter Sizes 38 1.98 + 0,08 T.24
1 16 1.74 £ 0.12 5.72
Romney 2 9 2L & IOWI6 8.31
3 3 2,50 + 0.27 12.18
All Litter Sizes 28 2.12 = 0.09 Srepl
A
1 38 1.64 + 0.08 a 5.16
Both
o 21 2.13 + 0.10 be 8.42
B 7 3.38 + 0.18 c 10.78

Analysis of Variance

Scurce of Variation dsfle Mean Squares F
Between Breeds (B) 1 0.20 0.91 N.S.
Batween Litter Sizes (L) 2 2.56 11,52 **%
B x L Interaction 2 0.10 0.45 X.S.
Error 60 0.22

. Means with different subscripts are significantly different (P<0.01)
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The reasons why accuracy of prediction did not increase with
advancement of pregnancy may be explained by the small amount cf
variation explained (r2 = 0.31) by components of the model
summarised in Table 5-8 for day 120 of pregnancy compared to earlier
in pregnancy. When ewe liveweight was introduced as a covariate
(Table 5-10) the accuracy of prediction of actual litter size was
not increased (Romney 46.4%; Border-Romney 63.2%), nor was the
prediction between ewes with singles and multiples improved (Romney

64.3%; Border-Romney 7307%>.

Table 5~9 shows the effects of the regression of weight of lamb
born on progesterone concentration (ﬁ = 0.17; P<0.001) when this
was included in the analysis. Thus the explained variance increased
(r2 = 0.44) while the effect of litter size became non significant.
Birthweight within litter size then is a source of considerable
variation of progesterone concentration which may reduce the

accuracy of prediction of litter size in late pregnancy.

50 Plasma progesterone and breed

Table 5-8 shows that although Romneys had higher blood
progesterone levels than the crossbreds this was not significant.
The breed comparison (Table 5—10) after including the regression of
pre-experimental liveweight of ewes on progesterone concentration
(§\= -0.03; P<0.001) showed a non significant advantage of the
Border-Romney ewes. This effect may have been due to the breed
difference in weight of lamb born (Chapter 11I). Thus a model
including a regression of weight of lamb born on progesterone
concentration was studied (Table 5-9). Af ter allowing for variation

due to the weight of lamb born (ﬁ = 0.17; P<0.001), Romney ewes had



TABLE 5-9: EFFECT OF BREED AND LITTER SIZE ON PILASMA PROGESTERONE
CONCENTRATION AT DAY 120 OR PREGNANCY AF'TER COVARIANCE
OF WEIGHT OF LAMB BORN PER EWE

Classification: Plasma Progesterone Concentration
Breed Litter No. of Loge Mean + S.E. Antilo
of Ewe Size Ewes ng/ml%
1 22 1.70 £ 0.10 5.48
Border-
- — 2 14 1.83 + 0.15 6.21
5 4 1.70 + 0.26 5.48
All Litter Sizes 38 1.74 £ 0.1 5.71
1 16 2.0 + 0.13 739
Romney 2 9 2.03 + 0,14 7.62
3 Ei 2.20 = 0.26 8.7C
All Litter Sizes 28 2.03 + 0,10 7.97
1 38 1.85 + 0.09 ). BI€
Both s
Breeds 2 21 1.95 + 0.11 6.8¢
3 7 1.95 + 0.20 7.02

Analysis of Covariance

Source oi Variation d...F, Mean Squares F
Between Breeds (B) 1 0.99 5.39 *
Between Litter Sizes (L) 2 0.02 0.1% N.S.
B x L Interaction 2 0,05 0.3%30 N.S.
Regression of Weight of Lamb Born

on Plasma Progesterone Concentration 1 2.56 13,99 **x
(8 = 0.17)

Error 1 0.18

= 0.44



TABIE 5-10: EFFECT OF BRWEED AND LITTER SIZE ON PIASMA PROGESTERONE
CONCENTRATION AT DAY 120 OF PREGNANCY AFTER COVARIANCE
OF EWE LIVEWEIGHT

Classification: Plasma Progesterone Concentration
Breed Litter No. of Loge Mean + S.E. Antilo
of Ewe Size Ewes (ng/ml
1 22 1.60 + 0.09 4.94
Border-
C
Bomey 2 12 2.24 + 0.13 9.39
3 4 2.35 £ 0.22 10.48
All Litter Sizes 38 2,06 + 0,09 7.87
i 16 1.61 + 0.12 5.00
Romney 2 9 2.04 + 0.15 T.67
5 5 2.49 + 0.25 12.09
All Litter Sizes 28 2605 & @11 T.74
1 38 1.60 + 0,07 4.97
Both
Broeds 2 21 2.14 + 0.10 8.49
3 7 2.42 + 0.17 1.25

Analysis of Covariance

Source of Variation Al Mean Squares F
Between Breeds (B) 1 0.002 0.01 N.S.
Between Litter Sizes (L) 2 308 15,93 *xx
B x L Interaction 2 0.1 0.57 N.S.
Regression of Pre-experimental Ewe

Liveweight on Plasma Progesterone 1 2.16 11,36 **%
Concentration (ﬁ = =0,03

Error 59 0.19

2

= 1042
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significantly greater estimated blood progesterone levels than the

crossbreds (P< 0.05).

When both ewe liveweight and weight of lamb born regressioas on
progesterone concentration were included in the model (Table 5—11),

both were significant (P< 0.001) although breed and litter size

effects were non significant. Components of this model providzd
the best explanation of variation (r2 = O.54) of those models
analysed for late pregnancy. Thus the antagonistic influsnces of

ewe liveweight and weight of lamb born are probably important ia a

discussion of blood progesterone levels at this stage of pregnancy.

Partial 'Ovum Wastage' and Blood Progesterone Level

The relationship between apparent ovum wastage (corpora lutea
nuzber - lambs born) and plasma progesterone concentration was
studied using pregnant ewes with either 2 or 3 corpora lutea. This
was done in an attempt to reduce problems of confounding corpora
lutea number with ovum wastage and blood progesterone level. The

results are summarised in Table 5-12.

Progesterone concentrations for days 20 and 40 were used

because most ovum wastage probably occurred in early pregnancy.

Double ovulating ewes had greater plasma progesterone levels
(on both days) when both corpora lutea were represented by lambs
born. The relationship was less clear for ewes with 3 corpora
lutea when progesterone levels for Day 20 were considered, although
increased concentrations of the hormone were associated with less
ovum wastage on Day 40 (P<O0.1). The relationship was more apparent
on Day 40 than Day 20 for both ovulation rate groups, but the number

of ewes available for analysis was small.



TABLIE 5-11: EFFECT OF BRSED AND LITTER SIZE ON PLASMA PROGESTERONE
CONCENTRATION AT DAY 120 OF PREGNANCY AFTER COVARIANCE
OF PRE-EXPERIMENTAL EWE LIVEWEIGHT AND WEIGHT OF LAMB

BORN PER EWE
Classification: Plasma Progesterone Concentrztion
Breed Litter No. of Logg Mean + S.E. Antilo§
of Ewe Size Ewes (ng/ml

1 22 1.75 + 0.09 5.76
Sendns > 12 1.9% + 0.14 6.89
Rouney

3 4 1.81 + 0.24 or1

All Litter Sizes 38 1.83 £ 0,10 6.24

1 16 1.86 + 0.12 6.4%
Romney 2 9 1.96 + 0.13 7.09

b 3 2.20 + 0.24 9.03%

All Litter Sizes 28 2.00 * 0.10 T4t

1 38 1.81 + 0.08 6.09
Both . Q
- 2 21 1.94 + 0.10 6.99

3 7 2.01 + 0.18 T.475

Analysis of Covariance

Source of Variation d.f. Mean Squares F
Between Breeds (B) 1 0.25 1.62 N.S.
Between Litter Sizes (L) 2 0.08 0.51 N.S.
B x L Interaction 2 0.08 0.55 N.S.
Regression of Ewe Liveweight on
Plasma Progesterone Concentration 1 1.95 12,78 **%
(B = -0.03
Regression of Weight of Lamb Born
on Plasma Progesterone Concentration 1 2.35 'Foti2irios
(% £ Ov16)
Error 58 0.15

I‘2 = 0.54



TABLE 5-12: RELATIONSHIP BETWEEN NUMBER OF IAMBS BORN AND PLASMA

PROGESTERONE CONCENTRATION IN EWES 20 OR 40 DAYS
PREGNANT THAT SHED TWO OR THREE OVA

Classification: Plasma Progesterone Concentraticn
No. of No. of Loge Mean + S.E. (Antilog ng/ml)A
Corpora Lambs Borm  No. of
Lutea per Ewe Ewes Day 20 Day 40
, 1 12 1.01 + 0.14(3.00) 1.25 + 0.0<(3.49)
2 9 1.29 + 0.16(3.63) 1.46 + 0.10(4.31)
1 1.33 + 0.11(3.78) 1.40 + 0.12(4.06)
3 2 4 1.42 + 0.12(4.14) 1.48 + 0.14(4.40)
3 4 1.31 + 0.12(3.17)  1.87 + 0.14(6.48)

Analyses of Variance

Day 20 Day 40
Source of Variation G Mean Sguares Mean Sguares
Ewes with Two Ovulations
Between Litter Size 1 0.41 N.S. 0,22 N.S.
Error 19 0.24
Ewes with Three Ovulations
Between Litter Size 2 0.02 N.S. 0.27 -
Error 10 0.06 0.07

N Detransformed mean in brackets
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CHAPTSR VI

PRE-AND POST-NATAL LAMB GROWTH

Data on gestation length and birth weight were available for
107 lambs born to first mating and 200 born to all services. The

weaning weight records were available from 170 lambs.

Gestatioa Length

1. Single- and twin-bearing ewes

PMSG effects on gestation length were studied using ewes
producing singles and twins since ewes not injected with PMSG did not
have triplets (Table 6-1). The gonadotrophin appeared to have no
real effect on gestation length. The gestation period of Romnay
ewes was about one day longer than the crossbreds (P¢ 0.01). There
was, however, an interaction between breed and birth rank effects.
Thus, while Border-Romney ewes with twins had shorter pregnancies
than ewes producing singles, the reverse was true with Romneys
(P<0.05). Over both breeds, however, the effect of birth ranx was

not significant.

2. All ewes

The effects of breed and birth rank are summarised in Table 6-2.
Romney lambs were carried slightly longer than the crossbreds but the
effect was not significant. Similarly, the apparent reduction in

gestation length with increased birth rank failed to reach significance.

b Effect of sex of lamb

Table 6-3 shows the effects of breed and sex of single-born lambs
on gestation length. Although male lambs were carried slightly

longer than females, the effect was not significant. Over both



TABLE 6-1: EFFECT OF BREED, DOSE OF PMSG AND BIRTH RANK ON
GESTATION LENGTH - DATA FOR EWES LAMBING SINGILES
AND TWINS TO FIRST MATING

Classification:
Breed Birth No. of Gestation Length (Days)
of Ewe Rank Ewes (Mean)
Singles 39 146,6
Border- o
Romney Lozl T 145.5
Both Birth Ranks 56 146.1
Singles 28 146.9
Romney Twins 13 147.8
Both Birth Ranks 41 147.3
Both Singles 67 146.8
Hreads Twins 30 146.6

Dose of PMSG (i.u.)

0 40 146.7
600 28 147.0
1200 29 146.4
Analysis

Source of Variation Effect (g) S.E.A j?
Between Breeds (B) 1.29 0.46 2,85 *¥x
Between Birth Ranks (R) 0,12 0.46  0.26 N.S.
Between PMSG Doses (linear) (P1) -0.27 0.70 =0.39 N.s.
Between PMSG Doses (quadratic) (Pq) -0.40 0.44 -0.91 N.S.
B x R Interaction 0.99 0.46 2.1 ®
B x P1 Interaction 0.10 0.70 0.14 N.S.
B x Pq Interaction 0.10 0.44 0.23 N.S.

& Error Mean Square = 2.72
Ba.r. =96



TABLE 6-2: EFFECT OF BREED AND BIRTH RANK ON GESTATION LENGTH
ACROSS ALL DOSES OF PM3G - DATA FOR EWES LAMBING TO
FIRST MATING

Classification:
Breed Birth No. of Gestation Length (Days)
of Ewe Rank Ewes (Mean)

Single 39 146.6
Border- Twin 17 145.5
Romney Triplet 7 146.7

A1l Litter Sizes 63 146.3

Single 28 146.9
Rominey Twin 13 147.8

Triplet 3 145.8

All Litter Sizes 44 146.8

Single 67 146.8
Both .
T Twin 30 146.6

Triplet 10 146.2

Analysis

Source of Variation Effect (B) S.E.A 3?
Between Breeds (B) 0,56 0.45 1.24 N.S.
Between Birth Ranks (linear) (R1) -0.56 0.61 0.92 N.S.
Between Birth Ranks (quadratic) (Rq) 0.16 0.34 0.47 N.S.
B x Rl Interaction 0.50 0. 61 0.99 N.S.
B x Rq Interaction 1.14 0.34 3,38 **

A Error Mean Square = 2.72

B a.f. =106



TABLE 6-3: EFfaCT OF BREED AND SEX OF LAMB ON GESTATION LENGTH
AND BIRTH WEIGHT FOR SINGLE-BORN LAMBS

Classification:

Breed Sex of No. of Gestation Lengtn (Days) Birth Weight (kg)
of Ewe Lamb Lambs (Mean & S.E.) (Mean + S.E.
Male 25 146.2 + 0.36 5.09 + 0.15
il Femal 2 146.2 + 0O 0.1
BT emale i 46.2 + 0.35 4.54 + 0.14
Both Sexes 52 146.2 + 0.25 4,82 + 0.10
Male 28 147.2 + 0.34 4.56 + 0.14
Romney Female 22 146.5 + 0.39 4.65 + 0.16
Both Sexes 50 146.8 + 0.26 4.60 + 0.10
Both Male 53 146.7 + 0.25 4,82 + 0.10
Breeds
Female 49 146.4 + 0.26 4.60 + 0.1

Analysis of Variance

Source of Variation 0] Ratis Gestation Length Birth Weight
Mean Sqguares Mean Squares

Between Breeds (B) 1 10.70 - 1.16 N.S.

Between Sexes (S) 1 2.41 N.S. 1.34 N.S.

B x S Interaction 1 3.47 N.S. 2.50 *

Error 98 %430 0.54
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sexes Romney singles were carried over half a day longer than

crossbred singles (P<0.1).

Table 6-4 summarises the effects of breed and classes of twin
birth on gestation length. Twin males were carried longer thar.
either mixed sexed twins or twin females (P <0.01) although the
difference between the latter two classes of twins was not
significant. Romney ewes producing twins had gestation lengths

two days longer than similar crossbred ewes (P‘<0.001).

Birth Weight

1. Single lambs

The influences of breed of ewe and sex of lamb on lamb birth
weight are shown in Table 6-3. For this sample the crossbred lambs
were heavier than Romneys although the effect was not significant.
There was a significant breed by sex interaction (P< 0.05). Thus in
this group of lambs, male crossbred lambs were heavier at birth than

females while the reverse was the case with lambs born to Romney ewes.

28 Twin lambs
Table 6-5 summarises the effects of breed of ewe and class of
twin birth on lamb birth weight. Twins born to crossbred ewes were

heavier at birth than lambs from Romneys (P<(O°O1).

The class of twin birth had a significant influence on lamb
birth weight (P< 0.05). A comparison among means showed that
significant differences in birth weight (P< 0.05) occurred between
female lambs born as twins to females compared to male lambs twin to
males and males twin to females. There was no significant difference
in birth weights of ﬁale lambs depending on whether they were co-twin

to male or female lambs. This was also true of female lambs,



TABLE 6-4:

EFFECT OF BREED AND CILASS OF TWIN-BIRTH ON GESTATION

IENGTH

Classification:

Breed No. of Gestation Length (Days)
of Ewe Class of Twin-Birth Ewes (Mean + S.E.)

Male - Male 6 146.2 + 0.34
Border- Female - Female 144 .8 + 0.42
Romney  yiyed Sex Twins 145.8 + 0,32

All Classes 17 145.6 + 0.20

Male - Male 149.0 + 0.37
e Female - Femile 4 147.8 + 0.42

Mixed Sex Twins 147.1 + 0.29

All Classes 17 148.0 £+ 0,20

A

Male - Male 11 147.6 + 0.25 a
Both Female - Femal 8 146.3 + 0.29 b
Breeds e A = et

Mixed Sex Twins 5 146.5 + 0.22 b

Analysis of Variance

Source of Variation el o Mean Sqguares F
Between Breeds (B) 1 23.45 B5E8
Between Classes (C) 2 1,78 2.56 =
B x C Interaction 2 1,27 1.82 N.S.
Error 28 0.69
AMeans followed by different subscripts are significantly different

(P< 0.01)



TABLE 6-5: EFFECT OF BREED AND CLASS OF TWIN-BIRTH ON BIRTH WEIGHT

Classification:

Breed No. of Birth Weight (kg)
of Ewe Class of Twin~Birth Lambs (Mean i_S.E.)
Male - Male 12 4.23 + 0.23
Male - Female 4 4,21 + 0.39
Border-
T Female - Female 8 3.55 + 0.28
Female - Male 10 3.48 + 0,25
All Classes 34 3.87 + 0.13
Male - Male 10 3.78 + 0.25
Male - Female 8 3.78 + 0.28
Romney Female - Female 8 2.84 + 0.23
Female =~ Male 8 35.60 + 0.28
All Classes 34 3.50 & O3
A
Male - Male 22 4.00 + 0.17 a~
Both Male — Female 12 3.99 + 0.23 a
Breeds Female - Female 16 3.19 4+ 0.20 b
Feunaile - Male 18 %.54 + 0,18 ab

Analysis of Variaace

Source of Variation dsLE08 Mean Squares P
Between Breeds (B) 1 2524 375 =
Between Classes (C) 3 2557 3,90 *

B x C Interaction 3 0.52 0,86 N.S.
Error 60 0.61

A

Means with different subscripts are significantly different (P< 0.05)
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5 All birth ranks

Table 6-6 shows the effects of breed, birth rank and sex on

birth weight.

Crossbred lambs were heavier than the Romneys (P<IO°OO1) and
males heavier than females at birth by about the same margin (P <0.01).
Similarly there was a significant inverse relationship between birth

rank and weight at birth (P <0.001).

Weaning Weight and Daily Liveweight Gain

Lamb growth was studied from birth using liveweight at weaning

and daily liveweight gain to weaning.

There were only 20 lambs born as triplets available for study
and these were analyssd separately to avoid unfilled rearing renk
subclasses had they been included with data from lambs of other

birth rarks.

g Single and twin lambs

Weaning weights were studied after the application of the
regression of age of lamb at weaning on weight at weaning. This
regression (ﬁ = 0013) was significant (P('0.001) and adjusted weaning
weights to a mean of 99.25 days. The effects of ewe breed, lamb sex
and rearing rank on age adjusted weaning weight and on daily live-

weight gain are shown in Table 6-7 for single-~ and twin-born lambs.

Lambs born to Border-Romney ewes grew faster (P< 0.1) and were
nearly 3 kg heavier at weaning than those born to Romneys (P< 0.05).
Similarly, male lambs (castrated) grew faster than females (P<0.05)

and were more than 3 kg heavier at weaning (P<0.01).



TABIE 6-6: EFFECT OF BREED, BIRTH RANK AND SEX ON BIRTH WEIGHT -
DATA FOR ALL LAMBS

Classification No. of Birth Weight (kg)
Lambs (Mean + S.E.)

Breed of Ewe

Border-Romney 1 15] 3.92 + 0,07
Romney 87 3.56 + 0,08
Birth Rank
Single 102 3.71 + 0.08 at
Twin 68 3.67 + 0.09 b
Triplet 30 2.82 + 0.14 ¢
Sex
Male 101 3.91 + 0.08
Female 99 3.56 £+ 0,08
Analysis of Variance
Source of Variation A o Meaa Squares F
Between Breeds (B) 1 6.52 11.49 *%*
Between Birth Ranks (R) 2 43.33 76.40 +**
Between Sexes (S) 1 BrI59 9=85 Er¥
B x R Interaction 2 0.26 0.46 N.S.
B x S Interaction 1 0.02 0.04 N.S.
R x S Interaction 2 0.97 1.70 N.S.
B x Rx S Interaction 2 1.04 1.84 N.S.
Error 188 0,57

B %eans fo%lowed by different subscripts are significantly difZerent
P<0.01



TABLE 6-7: EFFECT OF EWE BREED, LAMB SEX AND REARING RANK OF

SINGLE- AND TWIN-BORN LAMBS ON WEANING WEIGHT AND

WEIGHT GAIN PER DAY

Classification No. of Weaning WeightA Weight Gain Per
Lambs (kg) Day (kg/day)
(Mean i_S.E.) (Mean + S.E.)
Breed of Ewe
Border-Romaey 83 25,80 + 0.73 0.216 + 0.004
Romaey 67 23,03 + 0.88 0.197 + 0.004
Sex of Lamb
Male 4 26.13 + 0.88 0.221 + 0.004
Female 76 22,70 + 0.73 0.192 + 0,001
Rearing Rank
Single Reared as Single 92 27.41 + 0,37 a 0.232 + 0.004 q
Twin Reared as Single 6 23,00 + 1,60 b 0.197 + 0.014]
Twin Reared as Twin 52 22.84 + 0.51 b 0.189 £+ 0.005

e

Analysis of Variance

Source of Variation d.f. Weaning Weieht d.f. Weight Gain
Mean Sguares Mean Sguares
Between Ewe Breeds (B) 1 T71.65 * 1 0.0034 -
Between Sexes (S) 1 110,30 ** 1 0.0080 *
Between Rearing Ranks (R) 2 327 BT *%x% 2 0.0301 *x*x
B x S Interaction 1 0.11 N.S. 1 0.0003 N.S.
B x R Interaction 2 11.94 N.S. 2 0.0008 N.S.
S x R Interaction 2 21.28 N.S. 2 0.,0015 N.S.
B x S x R Interaction 2 5.10 N.S. 2 0.0008 N.S.
Regression of Age of Lamb
on Weaning Weight C§==0.13) 1 198,05 *xx = i
Error 137 12.25 138 0.0012

dh Adjusted to a mean age of 99.25 days at weaning

Means followed by different subscripts are significantly different

(P<0,01)
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Rearing rank had a significant effect on both daily weight gain
(P<0.001) and weaning weight (P‘(0.001). Thus singles reared as
singles grew faster than either twins reared as singles (P<0.05) or
twins reared as twins (P<0.01) although the rearing rank of twin-
born lambs had no significant effect on daily growth rate.
Similarly, singles reared as singles were more than 4 kg heavier at
weaning than twins reared as singles (P<0,01) and about 4.5 kg
heavier than twins reared as twins (P-<0.01). Rearing rank had no

appreciable effect on weaning weight of lambs born as twins.,

There were no significant interactions between any of the main

effects.

2 Triplet laubs

Table 6-8 presents the effects of breed of ewe and rearing rank

of triplets on age-adjusted weaning weight and daily weight gain.

AN
The regression of age at weaning on weaning weight (B = 0.52)
approached significance (P<0.1) and weaning weights tested were

adjusted to a mean age of 104.10 days.

The very small numbers of triplet-born lambs reared either as
twins or singles probably explains the greater weaning weights
(P<0.1) and growth rates (P<0.1) shown for Romneys compared to the
crosshreds. The interaction between breed and rearing rank (P<0.1)

should also be treated with caution.

Lambs born as triplets and reared as either twins or singles
grew significantly faster (P<0.05) and were about 3.5 kg heavier at

weaning (P( O.1) than those reared as triplets.



TABLE 6-8: EFrECT CF EWE BREED AND REARING RANK OF TRIPLET-BORN
LAMBS ON WEANING WEIGHT AND WEIGHT GAIN PER DAY

Classification:
Breed Rearing No. of Weaning WeightA Weight Gain Per
of Ewe Rank Laxnbs (kg) Day (kg/day)
(Mean + S.E.) (Mean + S.E.)
Triplet 12 19.93 + 0.93 0.159 + 0.008
Border- . .
oy Single or Twin 3 20% 18 st 15299 0.171 + 0.017
All Rearing Ranks 15 20.05 + 1.04 0.165 + 0.007
Triplet % 19.89 + 1.85 0.163 + 0.017
Romney Single or Twin 2 26.83% + 2.31 0.225 + 0.020
All Rearing Ranks 5 23.%6 + 2,07 0.194 + 0.013
Both Triplet 15 19.91 4+ 1.04 0.161 + 0.007
Blealds ool or Datm 5 23.50 1 2.08 0.198 + 0.013
Analysis of Variance
Source of Variation d.f. Weaning Weight d.f. Weight Jain
Mean Sgquares Mean Sguares
Between Breeds (B) 1 31.94 - 1 0.0027 -
Be tween Ranks (R) 1 40,72 1 0.0043 =
B x R Interaction 1 32.08 1 0.0020 N.S.
Regression of Age of Lamb
on Weaning Weight (8 = 0.52) 1 33.95 - - -
Error 15 10,23 16 0,0008

& Adjusted to a mean age of 104.10 days at weaning
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Fig. e-1 and Fig. -2 show 2 year-old crossbred and Romney ewes
respectively with lambs born and reared as triplets at about 100 days

of age.



Fig. e-1:- 2 YEAR-OLD BORDER-ROMNEY EWE WITH SOUTHDOWN-SIRED
TRIPLET LAMBS AT ABOUT 100 DAYS OF AGE

Fig., 6-2:- 2 YEAR=-OLD ROMNZY EWE WITH SOUTHDOWN~SIRED TRIPLET
LAMBS AT ABOUT 100 DAYS OF AGE
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CHAPTER VII

DISCUSSION

Induction and Synchronisaticn of Oestrus

Progestagen treatment of maiden 2 year-old ewes caused a good
proportion to show oestrus (80%) within 7 days and even more we:re
marked at the next cycle (96%). Other New Zealand work has shown a
similar occurrence of 'silent' heat. Thus Cumming (1965) noted
32-38% silent oestrus in mature Romnsy ewes after daily progesterone
injections commencing in late February and Clarke (1973) reportad
18% silent oestrus (at expected first heat) after progestagen soonge
treatment in mid breeding season. Similarly, Larsen (1971) with
mature and 2 year-old Romneys trecated with progestagen pessaries in
March cited figures of 7% and 20% silent heats respectively at

expected first heat.

Ovulation had occurred in all ewes at both expected first and
second heat whether they had been mated or not and this supports the
results of Larsen (1971). The depressed benavioural response at
the oestrus immediately following pessary removal may be due to an
inadequate progestagea priming of the reproductive system of ewes
that had not previously experienced a silent heat early in the
breeding season. Modification of sponge preparation may have
improved oestrous response (Gordon, 1972). Ovulation and associated
endogenous progesterone production before the expected second heat

probably caused the improved ocestrous activity at the latter time.

Border-Romney ewes had fewer silent heats than Romneys (P<0.05)
immediately after progestagen treatment. This may indicate a lower

threshold in the central nervous system to progestagen priming
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shown by the crossbred ewes although this would not support the

results of Larsen (1971).

Ewes were synchronised in heat over a period of 2 days after
sponge removal and this was essentially maintained at next oestrus.
Most ewes experiencing silent heats initially were also synchroaised
at "second" ocestrus and more ewes were mated over a 3-day period at
this time than imnediately after progestagen treatment (152 v. 144).
Similar findings in 5- to 7-year-old ewss have been reported by Edey
and Thwaites (1966). Other workers have found that the second
syanchronised cycle is convenient both for artificial insemination
(Robinson etral., 1967) and ovum transfer (Larsen, 1971). More
recent work has shown that progestagen synchronisation of oestrus
remains effective for 3 oestrous cycles and that laparotomy at each
of these cycles does not marxedly affect the degree of

synchronisation (Clarke, 1973).

Border-Romney ewes that showed heat appeared to overcome the
progestagen inhibition and came into heat earlier than Romneys. A
similar effect was reported by Larsen (1971). This effect might be
anticipated given the higher natural fecundity of the first-crcss
Border-Romney ewes (Clarke, 1962; larsen, 1971) and the suggestion
that more fecund breeds have a greater ability to overcome inhibitory

mechanisms (Land, 1971, 1973).

Treatment with PMSG did not significantly affect synchronisation
at second heat, although the onset of oestrus was earlier than in
control ewes. This result coatrasts with that of Clarke (1973) who
found that PMSG injected immediately after progestagen treatment

caused a greater dispersion of oestrus in ewes at the second cycle



64.

compared to control animals. Since PMSG was injected at mid cycle
in the present work, it appears that the timing of gonadotrophin
treatment may be important. Alternatively, the more extreme super-
ovulatory response obtained by Clarke (1973) resulting in excessive
populations of corpora lutea and follicles in the ovaries of
stimulated animals may account for the difference from the present

results.

Cycle Length

Higher levels of feeding were associated with shorter oestrous
cycles, an effect also noted by Wallace (1954). This may be
related to increased plasma progesterone levels and slower
maturation of follicles after regression of the corpus luteum in
less well fed sheep (Lamond et al., 1972). PMSG given during the
follicular phase of thz oestrous cycle reduced cycle lengths by an
average of about half a day. Similar reductions have been reported
by Warwick and Casida (1943), Robinson (1951) and Cumming and
McDonald (1967), although other reports note an inconsistent or no

effect with the drug (e.g., Wallace, 1954; Larsen, 1971).

Adninistering PM3G on day 12 rather than day 13 significantly
shortened the cycle, a result also noted by Cumming and McDonald
(1967) although other workers have found no such effect (Wallace,

1954; Tervit, 1967; Larsen, 1971).

Since level of feeding, PMSG administration and day of injection
may each affect cycle length, then all should be considered in
programmes to synchronise breeding where precise control of onset of

oestrus is required, as in the application of egg transfer teciiniques.
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Ovarian Response

Ovulation rate in Border-Romney ewes was higher than in Romneys
(0.24 corpora lutea per ewe). This result may be compared with the
differences of 0.05, 0.12, 0.25, 0.24, and 0.31 ovulations per ewve
reported for ewe lambs (Lang and Hight, 1967), ew=2 lamb singles and
twins (Hight et al., 1973), 2 year-old ewes (larsen, 1971) and mature

ewas (Allison, 1968), respectively.

PMSG treatment caused a greater ovulation response in crossbred
ewes than in Romneys. The effect was seen mainly in ewes treated
with the highest dose of the drug. Litter size after PMSG injection
was also higher in Border-Romney than in Romney ewes, although the
difference between breeds at each dose level was much less than that

observed for ovulation rate.

Several reports have also shown greater ovulation response to
PM3G in naturally more-fecund strains (Bindon et al., 1971;
Trounson and Moore, 1972) and breeds (Bradford et al., 1971) than in
less-prolific sheep. Newton et al. (1970), however, concluded that
that the dose of PMSG required for successful superovulation (as
measured by increased litter size) was higher for breceds of greater
average litter size. Similarly, Yuzlikaev (1973) reported higher
lambing responses to PMSG from ewes producing either no lambs or
singles the previous season compared to twin-bearing ewes. Smith
(1975) however, obtained greater responses from those ewes having
better rather than poorer previous lambing records. Other workers
have noted an effect of breed of ewe on the ovulation response to
PM3G together with a positive breed and level of PMSG interacticn

(Laster et al., 1974). In the latter work, however, there appeared
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to be little consistent relationship between the natural ovulation

rates of the different breeds and their mean responses to PM3G.

Border-Romney ewes ovulated a slightly greater proportion
(62.6% v. 58.2%) of follicles although the effect was not significant.
Bradford et al. (1971) noted that although Southdown ewes treated
with PMSG may have a total follicular response that is similar to

Finnish Landrace ewes, the former brced had a lower proportion of

follicles ovulated. This effect could be due to a smaller number of
follicles that are competent to ovulate. In mice, follicular fluid

from large follicles may contain substances that are able to depress
growth initiation of other follicles (Peters ct al., 1973). Workers
have described the existence of tissue-specific antimitotic messenger
(*chalona') systems for the approximately 20 tissues studied in
several species (Bullough, 1975). There may be breed differences

in the potency or quantity of such substances which may help explain
breed of ewe differences in ovulation rates and proportion of

follicles ovulated,

It is not clear whether the przsent results were due to
differences in: ‘'ovarian sensitivity' to PMSG (McLaren, 1962);
endogenous levels of pituitary gonadotrophin supplementing the PMSG
(Lamond and Emmens, 1969; Lamond and Bindon, 1956a, b); or tc a
combination of the two as suggested by Trounson and Moore (1972) and
Allison (1975). There have been several reports showing a positive
relationship between plasma concentrations of LH and prolificacy both
within a breed (Bindon, 1973; Bindon and Turner, 1974) and between
breeds (Thimonier et al., 1972). Although studies have not been

reported in sheep, Bindon and Pennycuik (1974) have demonstrated in
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mice that differences in ovarian sensitivity do represent part of
the response to selection for ovulation rate. Thus although more
detailed work is required with sheep, it is likely that breed or
strain differences in ovulatory response to PMSG may be related to a
combined effect that includes aspects of ovarian sensitivity and

levels of endogenous LH.

Injection of PMSG also increased the proportion of follicles
ovulated in ewes compared to untreated ewes. Several possible

reasons for this include:

1. The LH moeity in PMSG may contribute to luteinisation of
follicles and to their ovulation (Williams, 1945) although
the extent to which this occurs in sheep is not clear.

The effectiveness of this ovulatory property of PMSG may

depend on the batch or preparation used (Clarke, 1973).

2. PM3G may itself stimulate the direct release of endogenous

LH from the pituitary (Clarke, 1973).

The positive quadratic shape of the present dose-response curves
closely resembles that found by Robinson (1951) over the range of
PMSG doses O i.u. to 1200 i.u. The great variability in response
between ewes to the gonadotrophin reported by Robinson (1951) was

also noted.

The dose-response curves for the present 2 year-old ewes were
generally less steep than those reported from other New Zealand work
with mature Romney ewes (Wallace, 1954; Allison (1973, 1975). Tne
difference in slope may be due to an age effect, although this has

not been consistently reported. Thus Robinson (1951) noted that
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lambs show a lower response to PMSG than mature ewes. Similarly,
Averill (1958) obtained consistently steeper dose-response
regressions for mature Border Leicester and Welsh Mountain ewes than
for 2 year-old ewes, although the effect was not significant.
Conversely, Bradford et al. (1971) reported similar ovarian responses
to PMSG in mixed-age ewes and 6 month-old Finnish Landrace lambs.
Gordon (1963) also concluded that age of ewe is not responsible for
any real variation in response to treatment. Besides an age e’fect,
variables such as the potency of the gonadotrophin used could also
explain differences in dose-responses between different workers

(Laster et alo, 1974 ).

The day of PMSG injection has been shown to influence response
to the druz (Neville, 1966) but both ovulation rate and total
follicular response were independent of whether PMSG was injecctad on
day 12 or 13 of the oestrous cycle in the present trial. The
latter results support those of Robinson (1951), wallace (1954),

Cunning (1965), Bindon et al. (1971) and Larsea (1971).

At the levels of feeding in this trial, no effect of nutrition
was noted on natural ovulation rates or response to PMSG treatment.
Although significant liveweight differences in these 2 year-old ewes
were established, it was intended to induce greater differences.
This was impractical owing to dry soil conditions resulting in poor
pasture growth which limited weight gain. There was also a need to
avoid facial eczema and ryegrass staggers and work by Keogh (1975)
suggested that excessive forced grazing of the low plane group would

increase the incidence of these conditions.



69,

Where satisfactory levels of feeding are possible close to
mating, the 'dynamic and static effects' of flushing have been well
documented (Coop, 1966) and ovulation responses to PMSG may be
greater (Allison, 1973, 1975; Hedges and Reardon, 1973). If
improved nutrition cannot be supplied using pasture alone as in a
dry autumn, then supplementing intake of ewes with concentrates may
be of value. However, Western Australian work with high energy
cereal grains (Lightfoot and Marshall, 1974; Reeve et al., 1975)
and Whatawhata work with lucerne : maize meal nuts (Moore and Hight,
197%) has been disappointing. However, prolonged feeding (83 days)
causing a 7 kg difference in liveweight with such supplements has
raised lambing performance by 10% (LB/EP)* (Moore, 1975). Lupin
grain (containing 28-33% protein) was successful in improving
ovulation rates following short-term feeding of ewes on both adeguate

levels of pasture (4000 kg dry matter/ha) (Reeve et al; 1975) and on

limited grazing (Marshall and Lightfoot, 1974). Similarly, Knight
et al. (1975) and Lightfoot and Marshall (1975) reported that short-
term supplementation with lupin grain increased both the number of
ewes lambing and the number of twin births without greatly affecting
bodyweight. There is some evidence that the ovulation response to
lupin grain supplementation may depend on seasonal factors (Rizzoli
et al., 1975). The use of supplements at about mating of ewes

requires more detailed investigation.

No consistent relationship was found between either liveweight
at the time of PMSG injection, or the change in liveweight before
injection, and the number of ovulations. This may have been due to
a combination of insufficient ewe numbers and the statistical problem

of relating continuous and discrete variables. Cockrem (1965)

* Lambs born per ewes present at lambing



70-

stated that the ideal method of analysis to relate these types of
variables has yet to be arrived at, if it is ind=zed possible. The
present results support those from other studies in 2 year-old ewes
(Allison, 1973, 1975). However, there is some evidence of a
possible relationship between ewe liveweight and ovarian response to

PMSG (e.g. Guerra et al., 1971; Killeen, 1972).

In the nonbreeding season, better feeding causing heavier live-
weights has been associated with greater ovarian responses to a
constant dose of PMSG following progestagens (Keane, 1973). In the
same study, body condition was found to have 1little effect on ovarian
response to PMSG but the influence of this parameter requires more

detailed work before meaningful conclusions can be reached.

The incidence of cystic ovaries in the present ewes was about
that expected from the findings of Cumming and McDonald (1967),
although it was far lower than that reported for similar dose levels

by Bradford et al., 1971).

The variability in ovulation response between experiments,
between breeds within experiments and between ewes within breeds,
underline the need for caution in making or using any general

recommendations about PMSG dosage (Bradford et al., 1971).

Uterine Capacity

1. Pregnancy in ewes

The conception rate to first service was reduced about 16%
after PM3G treatment. This effect has also been noted by Robinson
(1951) and Allison (1973, 1975) although other workers have

reported no real decrease after PMSG administration (Wallace, 1954;
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Gordon, 1963; Tait, 1971; laster et al., 1974). Whether the
present result was due to an interaction between dose of PMSG and
the effects of laparotomy is not known. The stress of laparotomy
shortly before or after ovulation in the ewe can result in a lower
conception rate (Lamond, 1963; Packham and Triffit, 1966; Cutten,
1970) or increased luteolysis (Holst et al., 1973). Other workers
have reported only minor effects of laparotomy (Alliston and Ulberg,

1961; McDonald, 1969).

An increased conception rate might have been expected after
PMSG treatment since multiple ovulating ewes often become pregnant
more readily than ewes shedding a single ovum (lolling and Nicclson,
1967; Hulet and Foote, 1967; Killeen, 1967) although this is not
always the case (Edey, 1970). Further, ova shed from superovulated
sheep have normal levels of viability (Hunter et al., 1955; Averill,
1958) and PMSG appears to have little effect on fertilisation rates
(with up to about 10-12 ovulations) (Cumming and McDonald, 1967), or

on ovum survival after egg transfer (Moore et al., 1960) .

Proportionately fewer ewes lambed to later services if initially
treated with PMSG. This "carry-over" effect was probably releted to
an increased level of embryonic death as indicated by the greater
incidence of long returns to service (intervals to next service of
more than 20 days have been related to embryonic death (Edey, 1967;
Dooley et al., 1974)). Other work has also shown that ewes are less
likely to conceive when remated after an extended return cycle than
after a normal return cycle (Edey, 1972; Blockey et al., 1975;
MacKenzie and Edey, 1975). This reduced fertility following

embryonic deathmay be due to impaired sperm transport (O'Shea et al.,
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1974). The present carry-over effect of PM3G on conception rate was
likely mediated through the higher ovulation rate and associated ovum
wastage (discassed below), rather than any direct residual effect of
the drug. With mature Romneys, Allison (1975) noted that ewes not
pregnant to first service after PMSG treatment had normal intervals
to service and high levels of fertility at this time. This indicates
failure before rather than after implantation begins (Edey, 1967).
However, since the ewes were slaughtered 22-24 days after mating,
there is a need for further study in ewes allowad to lamb of a
possible carry-over effect of PMSG on conception rates. The present
resualts support those of Newton et al. (1968) who found that ewes not
pregnant to first mating after progestagen-PM3G treatment may suffer
reduced conception rates at the next service. PMSG can reduce
pregnancy rates without progestagen pretreatment (Robinson, 1951)
while fertility uf ter progestagen synchronisation alone is normal at
second cestrus (Robinson, 1967). Thus it seems likely that any
carry-over effect on conception rates is due to effects of the

gonadotrophin rather than to a combination of treatments.

23 Numbers of - corpora lutea and lambs born

As the dose of PMSG increased the percentages of potential lambs
born was reduced in both ewes mated and ewes lambing. The Border-
Romney ewes had a proportionately greater wastage of potential lambs
(or corpora lutea) than the Romneys. Both the PMSG and the breed
effects may be explained by the increased percentage of loss associated
with increasing numbers of corpora lutea. The magnitude of this loss
in pregnant ewes was similar to those reported by Wallace (1954) and

Allison (1975) over the same range of ovulation rates. An
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increasing proportion of ewes which lost a part of the total
complement of ova shed as ovulation rate increased was also noted by

these workers and in the present work.

Despite the greater ovum wastage with greater numbers of corpora
lutea, litter size increased with up to 5 ovulations as was repcrted
by Wallace (1954). Litter sizes increased with higher PM3SG doses
but uterine capacity became a limiting factor since no more than 3
lambs were born to any one ewe irrespective of whether ewes had more
than 3 corpora lutea of pregnancy. Thus the mean maximum capacity
for 2 year-old ewes of both genotypes as indicated by ewes shecding
3 or more ova was betwsen 2.0 and 2.3 lambs born. This corresponds
closely with figures cited by Allison (1975) for mature Romney ewes
of' 2.0 teo 2.5. Uterine capacity of the younger maiden ewes ir: this
trial may be slightly less than for more mature ewes. An age or
parity effect is suggested from the results of Keane (1974) who
reported a likely uterine capacity of only one foetus per ewe for 8
month-old Suffolk-cross ewe lambs receiving progestagen-PMSG

treatment.

Litter size after PMSG injection tended to be higher in Bcrder-
Romney than in Romney ewes, but the difference between breeds ct
eacn dose level was much less than observed for ovulation rate.
Using Border-Romney and Romney 2 year-old ewes transplanted with 3
fertilised eggs each, Iarsen (1971) noted a similar difference in
litter size between breeds (0.26) to that of the present study for
ewes having equivalent ovulation rates. Both investigations clearly
indicate that uterine capacity exceeds the natural ovulation rate

and is greater in the Border-Romney.
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The uterine environment of different breeds after PMSG treatment
appears related to natural fertility levels (Robinson, 1951), ojviarillalis
has also been reported that given equal ovulation rates, breeds of
inherently low fertility may produce multiple births as readily as
more fertile breeds (Wallace, 1954; Palsson, 1956; Gordon, 1958) .
Similarly, following egg transfer studies, Lawson and Rowson (1972)
concluded that ovulation rate was a more important source of between-
breed variation in fecundity than were effects of uterine capacity.
Thus transfer of 5 ova to ewes increased lambing rates in all treeds
except the more naturally fecund where natural ovulation rate was
more closely related to uterine capacity. Moore (1968) however,
showed that more fecund Border Leicester ewes each receiving 3
fertilised eggs had more tripletls and less single lambs than Merino

ewes receiving similar treatment.

While there are indications froam the present and other work at
Massey University that Border-Romney ecwes have a greater uterine
capacity than Romney ewes, the greatest limitation to potential
reproductive performance in both breeds is the inadequate ovulation
rate. Hence management methods which increase ovulation rates and
selection of ewes with a propensity for higher ovulation rates

should be emphasised.

Using the weight of lamb born per ewe as a measure of uterine
capacity, crossbred ewes were superior to Romneys at all litter

sizes (P( 0.01). This observation supports that of Larsen (1971)0

Weight of lamb born per ewe increased with litter size although
the increase in weight between ewes carrying singles and those

carrying twins (2.9 kg) was greater than when the comparison was
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between triplet- and twin-bearing ewes (0.9 kg). Uterine capacity
in terms of weight of lamb born then appears to be reached in both
breeds when triplets are carried. The mean maximum capacity for
Border-Romney 2 year-old ewes with triplets is about 8.9 kg while
that for Romneys is more than a kilogram lighter at about 7.7 kg of

lamb born per ewe.

The influence of PMSG on weight of lamb born was studied in ewes
producing singles or twins (no control ewes had triplets). The drug
appeared to have a depressive effect on the weight of lamb born per
ewe but this was not significant. Similarly for the triplet-kearing
ewes the weight of lamb born per ewe declined with the higher dose of

PMSG although the effect was not statistically significant.

The survival of ova in ewz3 treated with PMSG was examined in
those sheep which shed one or 2 ova (no control ewes exceeded 2
ovulations). The results for pregnant ewes shedding 2 ova surport
those of Wallace (1954) who noted that in pregnant ewes, ova
produced after PMSG tresatment, when ovulated in similar numbers, are
no more likely to fail to develop than naturally ripened ova.
However, an ovum from a uniovular ewe had a greater chance of survival
if the animal had not been injected with PMSG which also agrees with
data presented by Wallace (1954). It is not clear whether this
effect of PM3G occurred mainly at the time of fertilisation or at
later stages of embryo development. These PMSG-treated, uniovular
ewe3 may be atypical, since they appear not to have responded to the

drug.

Ewes with 2 corpora lutea had higher levels of ovum wastage

(p<0.01) and higher conception rates (non significant) than ewes
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shedding one ovum. This is in agreement with results of Dolling
and Nicolson (1967); Killeen (1967); Allison (1975); MacKenzie and
Edey (1975). Such findings might be expected since in single-
ovulating sheep the loss of one ovum ends pregnancy, but a ewe with
2 corpora lutea can lose one egg with the possibility of further and
greater percentage loss later (Edey, 1967). However, inconsistent
results have also been reported (Edey, 1970).

Of the 41 pregnant ewes with 2 ovulations 24 (58.5%) produced
one lamb each., This result agrees with Casida et al. (1966) and
Quinlivan et al. (1966) who found that about half of the ewes with 2
corpora lutea, and which were pregnant, had only one lamb at
slaughter 140 days after mating. Allison (1975) however, reported
that 27.9% of ewes with double ovulations had only one embryo at
slaughter 22-24 days post mating. Greater ovum loss may occur after
this time although there is evidence that little embryonic mortality
takes place after about day 30 of pregnancy (Robinson, 1951;
Quinlivan et al., 1966) . Hence Allison (1975) suggested the reed
for more research using laparoscopic techniques to record the rumber

of ovulations in ewes which ar=s allowed to lamb.

Although more double ovulating ewes lost both ova than thcse
losing only one ovum (57.1% V. 42.9%) the effect was not significant.
These results suggest the possibility that the loss was not at
random but the sample was too small to investigate the hypothesis
proposed by Edey (1966). This hypothesis was that the development
of an unfavourable uterine environment leads to total rather than
partial loss of embryos that originated from multiple ovulatiorns.

Results of MacKenzie and Edey (1975) support this contention.
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The present work indicates greater ovum wastage, lower
conception rates and reduced litter sizes for ewes having unilateral
rather than bilateral double ovulations. Similar results have been
noted previously (e.g. Bair and Russe, 1968; Doney gj_g;.,1973).
There is also evidence that transuterine migration occurs more
frequently in ewes with unilateral rather than bilateral twin
ovulations (Boyd et al., 1944; Casida et al., 1966; Scanlon, 1972;
Doney et al., 1973). Earlier work suggested that such transuterine
migration was associated with an increased level of embryonic
mortality (Casida et al., 1966). There was also a suggestion that
the viability of a sheep embryo was reduced by location in a uterine
horn without a corpus luteum on the adjacent ovary (Doney et el.,
1973). Despite this, strong evidence exists to suggest that the
transuterine migration observed when both corpora lutea are present
on a single ovary actually enhances embryo survival (Scanlon, 1972;
Sittman, 1972; Doney et al., 1973). The distributive embryonic
migration may sw»oread the products of pregnancy more evenly throughout
the uterus and reduce overcrowding. This theory is supported by
results from ovum transfers in cattle where Rowson et al. (1971)
found that the numnber of cotyledons to which the conceptuses were
attached was usually much greater when pregnancies were bilateral

and losses due to overcrowding were often less,

Over both breeds the incidence of both types of double
ovulation was similar. This result contrasts with that of Doney
et al. (1973) who reported consistently more unilateral than
bilateral double ovulations. There may be a breed effect, however,

since in the present work, pregnant Border-Romney ewes had more
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unilateral twin ovulations (57%) than the Romneys (38%) (P< 0.1).
Tais finding may have been partly responsible for the greater ovum
survival noted in pregnant Romney compared to Border-Romney ewes.
Other reports have noted breed differences in the rate of distributive
embryo migration in unilateral twin ovulators which was associated
with differences in embryo mortality (Doney et al., 1973). Although
only limited observations were made in the present trial, it

appeared that while Border-Romney sheep had slightly less ovum
wastage associated with unilateral twin ovulations, Romneys suffered
less wastage when ovulations were bilateral. Similarly, although
more prolific, the Border-Romney ewes had a less symmetrical
distribution of twin ovulations bstween ovaries compared to the
Romneys. Studies with breeds of greater variation in fecundit; have
shown that the Finnish Landrace sheep had the most symmetrical
distribution of multiple ovulations betwszen ovaries within sheep
(Bradford et al., 1971) . These workers suggested that the prccess
of ovulation was more closely regulated in the Finn than in the other
breeds (Welsh Mountain and Border Leicester). Hence more extensive

studies are required to clarify the processes controlling fecurdity.

lutea
When all ovulations were considered, more corpory/ were observed

on the right (56.7%) thaa the left ovary (P< 0.05). A study cf
single and unilateral twin ovulations also showed that the rignt
ovary was more active (59.7% of unilateral ovulations) although the
effect did not reach significance. This evidence supports that
reviewed by Edey (1969) but inconsistencies are evident (Edey, 1966).
Ova shed from the right ovary have been reported to suffer less
wastage than those shed from the left ovary (Casida et al., 1966) but

this was not confirmed in the present work.
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Progesterone Level and Reproductive Phase

1 » Effects of the stage of pregnancy and breed of ewe on

proges terone level

The progesterone concentration in the ewes of each breed rose
slightly from day 20 to day 60 of pregnancy. From day 60 to day
120 blood progesterone levels increased nearly two-fold. This
pattern of progesterone production and the absolute values produced
in 2 year-old ewes is similar to other work for ewes with similar
numbers of corpora lutea or lambs born per ewe (Bassett et al., 1969;
Fylling, 1970; McNatty et al., 1972; Sarda et al., 1973). From

work reported by McNatty et al.(1972) it is likely that in these 2

year-old ewes, progesterone concentrations were approaching a
maximuan at day 120 of pregnancy. There is evidence that in older
ewes, 2 peaks of progesterone occur after 100 days of pregnancy
(McNatty et al., 1972; Sarda et al., 1973). Blood samples were
taken every 20 days from mating until lambing in the present wcrk,
but these were not all analysed. Hence the magnitude and timing of

peaks of progesterone concentration could not be monitored.

In early pregnancy, Romney ewes had greater blood progesterone
levels than the crossbreds (P< 0.05). The main component of this
'breed' effect appeared due to differences in liveweight between
Romneys and Border-Romneys. The difference between breeds not
explained by ewe liveweight approached significance (P< 0.1) wkich
indicates that Romneys may have greater blood progesterone levels
than the crossbreds independeat of liveweight. Bindon et al. (1971)
reported significantly greater concentrations of plasma progesterone

early in pregnancy in uniovular Merino ewes from a strain that had
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been selected for a high incidence of multiple births compared to
Similar ewes from a strain selected for a low incidence of multiple
births. This evidence might indicate a higher blood progesterone
level in ewes from a more fecund genotype although the present
results do not support this. More detailed work with a greater
number of breeds or strains is required to determine whether a
relationship does exist between the genotype of the ewe and plasma

progesterone level in early pregnancy.

Heavier ewes had lower levels of blood progesterone (P<0.05).
Other workers have noted higher blood progesteronz levels in light
ewes compared to heavier ewes following differential feeding
(Cumming et al., 1971; Iamond et al., 1972). The present result
may be related to a greater body pool for progesterone in heavier
ewes or to an increased extravascular pool for the hormone due to
greater content of body fat in heavier ewes as suggested by Lamond
ol -8t (1972). The present ewes were not condition scored anc the

relationship between this measure and ewe liveweight was not known.

23 Fecundity and progesterone level

The number of corpora lutea (1 to 6) and peripheral plasma
progesterone levels in early pregnancy were positively associated.
A similar relationship was noted following PMSG treatment for ovarian
vein progesterone levels by Short (1960, 1961) and for peripheral

plasma levels by Thorburn et al. (1969) and Bindon et al. (1971).

The blood progesterone level was significantly greater in ewes
with two corpora lutea compared to uniovular ewes. This supports
work by Cumming et al. (1971) although the majority of reports note

little value from the use of blood progesterone levels in the
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determination of whether ewss had one or two corpora lutea (Bindon

et al., 1971; Robertson and Sarda, 1971; Lamond and Gaddy, 1972).

Litter size had a significant effect on progesterone
concentration at both early pregnancy and at day 120 after mating.
Ewes producing multiple births had greater blood progesterone levels
than single-bearing ewes. This supports Australian work cited by
Russel and Foot (1971) which reported plasma progesterone
concentrations of twin-bearing ewes about twice those of single-
bearing ewes. Gadsby et al. (1972) and Thompson and Wagner (1974)
also reported significantly elevated blood progesterone levels in
ewes carrying multiple foetuses compared to ewes with singles.
There have been several reports, however, of a poor relationship
between plasma progesterone levels of ewas and foetal numbers
(Bassett et al., 1969; McNatty et al., 1972; Stabenfeldt et al.,

1972; Sarda et al., 1973).

The success rate of classifying ewes into corpora lutea number
or litter size groups on the basis of plasma progesterone levels
generally increased from day 20 to day 40 after mating with 1little
additional success obvious at day 60 of pregnancy. Correcting the
data for ewe liveweight accounted for slightly more of the variation
although this did not greatly affect the accuracy of predictiom.
There was little difference between breeds in the success of
prediction. Exact prediction of the number of corpora lutea in ewes
yielded rather poor results while exact prediction of litter size was

only slightly more successful. Gadsby et al. (1972) also reported

that classification of ewes according to actual litter size later in

pregnancy, was unsuccessful. In the present work, diagnoses were
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more successful if based on whether ewes had one or more than one
ovulation (70% to 80% accurate); a single or multiple birth (60% to
70% accurate). There appear to be no other reports where workers
have attempted to predict the likely corpora lutea or litter size
grouping of ewes using peripheral plasma progesterone concentrations

early in pregnancy.

Accuracy of prediction of whether a ewe would produce a single,
twin or triplet increased to about 60% when plasma progesterone levels
at day 120 of pregnancy were used. Prediction was 71% accurate for
both breeds when the criterion was whether ewes would produce singles
or multiples. Including ewe liveweight as a covariate did not
increase the a&curacy of prediction of litter-size. Gadsby et _al.
(1972) with Finn and Finn-cross ewes reported a success rate of about
65% in classifying ewes according to litter-size groups on the basis
of blood progesterone levels 91 to 105 days after mating. These
workers included 'dry' ewes in their work whereas only ewes not
returning to the ram were included in the present analysis.
Similarly, Russel and Foot (1971) used an arbitrarily selected
progesterone concentration less than 48 days from lambing to
distinguish between single- and twin-bearing ewes with an overall
accuracy of about 82%. The success rates of these reports are
reasonably high, but this may have been due to the standardised and

controlled conditions operating in each trial.

The above results may be compared with those from other techniques
of litter size determination. Thus Hulet and Shupe (1973) using
recto—abdominal palpation of the foetus (Hulet, 1972) between 91-118

days after breeding were about 70% accurate differentiating between
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single- and multiple-bearing pregnancies. Ackerley and Welsh (1974)
using a similar technique reported that with mixed-age ewes from
60-110 days post-mating, a success rate of more than 80% is possible
with experienced operators. English workers have reported an overall
accuracy of predicting single from multiple pregnancies of about 70%
in ewes 40 to 90 days pregnant although at least 34/167 ewes aborted
and 5 ewes died following diagnosis (Turner et al., 1975). These
workers concluded that the method was neither safe nor accurate

enough to Justify any saving there may have been in more efficient

food usage.

The use of more expensive and complex equipment such as the
ultrasonic Dopnler instrument has given accuracies of litter-size
prediction 63-84 days after mating of 53% increasing to 82% after 3
years of experience (Fraser etal., 1971). The results from
ultrasonic methods can be extremely variable between operators
however (Richardson, 1972). X-ray methods may give very accurate
results (Braden and Baker, 1972) although this accuracy may depend

on radiographical experience (Richardson, 1972).

A simple but reliable method of diagnosing multiple-bearing
pregnancy would enable the feeding of pregnant ewes to an optimal
level of nutrition during the last half of gestation (Richardson,
1972). An overall accuracy of prediction of multiple-bearing
pregnancy for practical use should be more than about 70% according
to Hulet and Shupe (1973). On this basis, the use of blood
progesterone levels at day 120 of pregnancy appears to be of marginal
value since about 30% of ewes were wrongly diagnosed as either having

single- or multiple-bearing pregnancies. This accuracy, however, is
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similar to that reported for other methods used to determine litter
size in pregnant ewes. Methods using plasma progesterone level are
unlikely to increase the incidence of abortion in ewes but the number
of animals examined is likely to be much less than the potential of
200 ewes per hour reported for the rectal palpation technique (Hulet,
1972). Thorburn et al. (1969) were able to process 60-70 blood
samples per day and bulk handling of samples would greatly increase

throughput.

Once the progesterone concentration is known for a ewe then the
method does not depend on the experience of the operator as do the
other methods that have been reported. The bleeding of ewes and
me thods of determining progesterone concentrations, however, require
experienced personnel and expensive laboratory resources. Othsar
body fluid (e.g. saliva) might also be sampled for progesterone
analysis. A positive relationship between blood and milk levels of

progesterone has been reported for pregnant cows (lLaing and Heaw, 1971).

It is concluded that while the accuracy of prediction was zomparable
to other techniques, this method is not considered to be sufficiently
accurate, simple or cheap enough for widespread use to increase
efficiency of feed usage by the flock. There may, however, be a
limited application of such a method for research purposes such as the
diagnosis of successful superovulation of donor ewes treated with PMSG

for egg transfer work,

5 Relationship of weight of lamb born, ewe liveweight and ovum

survival with progesterone level

Weight of lamb born per ewe was positively and significantly

N
related to plasma progesterone concentrations (B = 0.19; P< 0.001).
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This finding supports that of Russel and Foot (1971). Thompson and
Wagner (1974) suggested that progesterone production late in
pregnancy may be related to placental mass as well as to the weight
of lamb born. Bedford et al. (1972) also reported a good relation-
ship between foetal weight and plasma progesterone levels after day
100 of pregnancy. These workers and others (Thompson and Wagrer,
1974) have suggested that the relationship may be related to tke
weight of cotyledons or increasing uterine volume associated with
foetal growth. Other reports, however, have failed to show that the
birthweight (Sarda ebs8ley 1973) or placental development (Alexander
and Williams, 1966) were related to progesterone levels in the blood

during late pregnancy.

Whatever the mechanism, the present results would suggest that
the variation in blood progesterone due to lamb birthweight may
contribute to the inability to accurately determine litter size using
Plasma concentrations of this hormone. This was indicated by a 13%
increase in the variation explained when weight of lamb born was

included in the analysis of variance shown in Table 5-9.

The differences in plasma progesterone levels between Romreys
and crossbred ewes at day 120 of pregnancy were not significant.
After covariancing ewe liveweight, however, Border-Romney ewes showed
slightly greater progesterone levels. This appeared due to a greater
weight of lamb born to the ewes since the advantage was reversed when
weight of lamb born was also included in the analysis. Thus the
antagonistic effects of ewe liveweight and weight of lamb born per
ewe appear to be major contributors to differences in blood

progesterone levels between Romney and Border-Romney ewes in late

pregnancy.
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Lower levels of blood progesterone in early pregnancy appeared
to be associated with reduced ovum survival in ewes with either two
or three ovulations. The number of ewes studied was small but the
relationship was better at day 40 rather than day 20 of pregnancy.
Other workers have also reported that lower embryonic mortality is
of ten associated with greater endogenous levels of progesterone in
early pregnancy (Cumming et al., 1971; Trounson and Moore, 1973,
1974; Cumming et al., 1974 ). This effect may be mediated through
the relationship between blood levels of progesterone and rapid pre-
implantation embryo growth observed by Bindon (1971a, b) who also
noted increased embryonic survival with increasing progesterone levels

very early in pregnancy.

The greater level of embryonic mortality following superovulation
noted in the present work is unlikely to be due to an inadequate
progesterone concentration given the results of Short (1960). In
some of the supsrovulated ewes progesterone levels were increased to
levels well above those considered to be within the normal physiological
range. It is not clear whether these very high levels of progesterone
adversely affect embryo survival and a technique using ovum trensfer to

superovulated ewes would be a satisfactory method of testing this.

Pre- and Post-=Natal Lamb Growth

Litter size and gestation length appeared inversely related when
all litter sizes and both Romney and Border-Romney ewes were considered.,
Within each breed, however, a relationship between litter size and
gestation length was not apparent. Other reports also conflict and
while Forbes (1967) showed that single lambs were carried longer

in utero than twins with the latter carried longer than triplets,
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many workers have failed to establish such a relationship (Terrill,

1944; Boshier et al., 1969; Larsen, 1971; Karihaloo and Combs,

1971a).

The small number of ewes analysed within breed and litter size
coupled with the small variation of gestation length probably explains

the lack of statistically significant differences.

PMSG had no effect on the length of pregnancy when analysed for

single- and twin-bearing ewes.

Single lambs averaged more than a kilogram heavier at birth than
twin lambs which in turn averaged 0.9 kg more than lambs born as
triplets (P(’0.0S). Many other workers have also noted this inverse
relationship between litter size and lamb birthweight (e.g. Larsen,
1971; Bradford et al. 1974). Whether this effect is solely due to
competition between foetal and maternal tissue for a limited pool of
nutrients as proposed by Hammond (1944) and Hunter (1956) is not clear.
Placental development may be important since lamb birthweight hLas been
correlated with the weight of cotyledons in late pregnancy (Alexander,
1964). Thus a limited placental size of multiple lambs may limit
foetal growth of such lambs. There was no significant interaction

between breed and litter size for lamb birthweight, however.

Single male lambs were carried an average of about half a day
longer than single female lambs although the effect was not
significant and was only apparent in Romneys. Similarly, males twin
to males for both breeds were born on average more than one day after
either females born co-twin to females or mixed-sexed twins (P< 0.01).
These findings support those of Dickinson et al. (1962). Similarly,

Bradford et al. (1974) observed that male lambs prolonged gestetion
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by up to one day although these workers showed that this effect

diminished as litter size increased.

Coupled with longer gestations, male single lambs were slightly
(if non Significantly) heavier at birth than female singles. When
all ranks were considered, male lambs were on average about one third
of a kilogram heavier than their female contemporaries (P<:0.01).
The discussion of the differences in birthweight due to class of
twin birth is more complex, however. Whether co-twin to males or
females, male twin lambs were heavier at birth than female lambs
(P< 0.05). This may be due to a greater ability to compete for a
limited maternal pool of nutrients by males compared to females or to
a greater placental size which provides a greater nutrient supply to
males compared to females. The birthweight advantage of twin mnales
over twin females was greater (0.8 kg) when like-sexed litters rather
than unlike-sexed litters (0.5 kg) were compared. The present results
did not support the conclusion of other workers that the prenatal
growth of twin lambs is influenced not only by the sex of the lamb but
by the sex of its co-twin (Donald and Purser, 1956; Larsen, 1971;

Burfening, 1972; Terrill, 1972).

Over all birth ranks, Romney ewes carried lambs about half a day
longer than Border-Romney ewes although the effect was not significant.
Romney singles (P< 0.1) and twins (P< 0.001) were carried 0.5 day and
more than 2 days longer than Border-Romneys, respectively. In the
small sample of triplet-bearing ewes studied, the crossbred ewes had
gestation lengths of about half a day longer than the Romneys.

Larsen (1971) also noted that single lambs were carried longer (about
one day) in Romney ewes comparea to Border-Romney ewes and a similar

breed difference was noticed when all birth ranks were considered.
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Although gestation lengths were generally shorter, crossbred
ewes on average had heavier lambs at birth (0.4 kg) than Romneys
(P < 0.001). This was true for all birth ranks and there was no
evidence of an interaction between breed of dam and birth rank of
the lamb. In previous work with animals of the same flock it was
noted that single lambs out of Border-Romney ewes were on average 8%
heavier at birth than lambs born to Romney ewes (Larsen, 1971). The
same study, however, failed to show a breed of ewe difference when

all birth ranks were considered.

Since all ewes in the present work were mated with Southdcwn
Sires and there was no transfer of ova between ewe breeds, the
separate influences of maternal genotype and lamb genotype on lamb
birthweights could not be compared as in other investigations (e.g.
Hunter, 1956; Dickinson et al., 1962; Larsen, 1971). It is not
clear then whether the lambs from the Border-Romney ewes were hLeavier
at birth because the maternal environment of these ewes was betfter
than that of the Romneys (larsen, 1971). The alternative explanation
of the difference is that lambs born to Border-Romney ewes were
genetically capable of more rapid pre-natal growth than Southdcwn x
Romney crossbred lambs. The latter explanation is favoured by
workers utilising a large difference between the maternal and foetal
genotype for size (Hunter, 1956; Dickinson, 1962). Discussion of
data on post-natal lamb growth will be confined to lambs born s&s
either singles or twins (only 20 triplet-born lambs were available

for study and some sub class numbers were small).

The age of lamb at weaning had a significant influence on

weaning weight (P< 0.001) of single~ and twin-born lambs. The
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regression of age of lamb on weaning weight (ﬁ = 0.13) was similar to
the adjustment used in the National Flock Recording Scheme (+ 0.136
for every day under or over 100 days of age at weaning) and which was

based on data derived by Ch'ang and Rae (1961, 1970).

Single lambs grew 0.035 kg/day faster (P< 0.05) and were about
4.4 kg heavier at weaning (P<(0.01) than twin-born lambs reared as
singles and weaned at about 99 days of age. This is in agreement
with other work with mixed-age ewes at Massey by Ch'ang and Rae (1970)
which cited an equivalent difference in weaning weight of 4.2 kg
between these birth ranks. The greater weaning weight of single
lambs compared to twin-born lambs (P<0.05) is likely to be partly
due to their heavier birthweight and partly to their greater intake

of milk (Barnicoat et al., 1949).

Although few twin lambs were reared as singles these were, on
average, slightly (although not significantly) heavier than twin-
reared lambs (0.16 kg). This supports Ch'ang and Rae (1970) who
reported an advantage of 2.9 kg at weaning in favour of twins reared
as singles compared to twin-reared lambs. This difference between
these rearing ranks is probably due to the greater amount of milk

available to the twin reared singly (Ch'ang and Rae, 1961).

Male (wether) lambs grew faster (P<<0.05) and were 3.4 kg
heavier at weaning on average (P<0.01) than ewe lambs when the
effects of sex were studied in single- and twin-born lambs. The
weaning weight difference between lamb sexes was greater than the
1.4 kg reported by Ch'ang and Rae (1961) for mixed-age Romney ewes.
The present sex difference was also greater than for other comparisons

between entire ram and ewe lamb weaning weights reported in New
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Zealand for Romney and F; Border-Romney lambs (Larsen, 1971; Ch'ang
and Rae, 1961) although overseas workers have noted greater weaning

weight differences between ram and ewe lambs (Hazel and Terrill, 1945).

Lambs born to Border-Romney ewes grew faster (P<0.001) and were
2.8 kg heavier at weaning (P<f0.001) than similar lambs born to
Romney ewes when these effects were investigated in single- and twin-
born lambs corrected for rearing rank and age at weaning. There was
no evidence of a breed of ewe times rearing rank interaction for
growth rate or weaning weight. The weaning weight advantage shown
by lambs born to crossbred ewes was greater than the 2 kg per lamb
reported by Larsen (1971) for Romney and Border-Romney lambs born to
Romney or Border-Romney ewes. The present comparison more closely
supports the results of a comparison of Romney and Border-Romney ewes
for export lamb production which found an advantage of 2.2 to 4.4 kg
in favour of progeny of crossbred ewes (Coop and Clarke, 1965).
Using egg traasfer methods, Larsen (1971) concluded that both the
maternal and lamb genotype influences were important; the design of
the present trial did not allow determination of the relative
importance of these effects. It may be, however, that the use of
early maturing sire breeds such as the Southdown allowed greater
expression of lamb genotype differences in weaning weight than if

Romney or Border-Romney sires were used.

Young Border-Romney ewes produce more milk than Romneys whether
suckling single or twin lambs (Coop and Drew, 1963) although genetic
differences in milk quality appear far less important in their effects

on lamb growth rate (Barnicoat et al., 1957).
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Southdown rams mated to Border-Romney ewes produced larger
lambs at birth than when Romney ewes were involved and whether this
was related to weaning weight through a difference in the ability of
lambs to obtain milk (Moore, 1966; Langlands, 1972, 1973) or to a
difference in the ability to grow (Ch'ang and Rae, 1961) was not

clear.
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SUMMARY

Differences in the reproductive phase between Romney and
Border-Romney 2 year-old ewes were studied after progestagen
synchronisation and treatment with PMSG. Progestagen treatment of
crossbred ewes caused fewer silent heats and earlier synchronisation
of heat than for Romney ewes, Border-Romney ewes also had greater
natural ovulation rates and ovarian responses to PMSG resulting in a

higher proportion of multiple births.,

Uterine capacity measured in terms of numbers and weight of lamb
born was greatest in crossbred ewes but exceeded the natural ovulation
rate of both breeds. Breeding or management techniques resulting in
greater ovulation rates are therefore likely to directly increase the

number of lambs born.

Ovulation rates and litter sizes were substantially increased
after treatment of ewes with PMSG. Considerable variation in
response to the drug existed, however, and conception rates to all
services were reduced. Such limitations reduce the widespread

application of this technique by farmers.

Compared to Romney ewes, lambs born to Border-Romney ewes were
heavier at birth and grew more rapidly to weaning. It is likely
that this more rapid ﬁost-natal growth is at least partially dve to
a greater milk yield by the crossbred ewes and this warrants further

investigation.

Methods using plasma progesterone levels either early or later
in pregnancy aided identification of ewes with either single- cr

multiple-bearing pregnancies, but the accuracy was no better than
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other methods currently available. There is a need for an accurate,
simple and cheap method of identifying single- and twin-bearing ewes

early in pregnancy to allow more efficient use of feed for sheep.
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APPENDIX 1:

BARTIETT'S TEST FOR HOMOGENEITY OF VARIANCE FOR

OVULATION RATE DATA (BORDER—ROMNEY, LOW PLANE OF

NUTRITION GROUP).

a., Raw Data

Dose of oll s Variance Coded Log Coded
PUSG (i.u.) (n-1) S2 s@ s2
0 17 0.2516 2,516 0.4007
600 19 0,5763 5.763 0.7606
1200 18 3,6198 36.198 1.5586
Chi2 = 89,57 **
Tne variance is heterogeneous
b. Sguare Root Transformed Data
Dose of d.f. Variance Coded Log Coded
PMSG (i.u.) (n-1) S2 S2 se
0 17 0.0424 4.24 0.6274
600 19 0.0781 7.81 0.8927
1200 18 0.2538 25.38 1.4045

Chi‘2 = 14,74 **

Tne variance approaches homogeneity




APPENDIX II: REPARAMETRISATION OF NON FULL RANK (EXPERIMENTAL
DESIGN) MODEIS

Given that all treatment classes exist, the reparametrisation
such as that summarised in Appendix III can be used to estimate

directly the treatment comparisons of interest.

For example, in the analysis of weight of lamb borm (see Chapter
II) the treatment comparison that estimates the difference between
breeds if given by:

g (4 + t2 + 13 = t4 = 5 = 6 cevueves = 16 = 17 = t18)

The reparametrised model estimated u + t4, for example, by:

A N A Fa [aY 12N ~ A A A
u+ ty =u+BRD-P) +Py - Iy +Lg - BPy + BPy - Bla
A ~ : ~ ~ ~ N
+ Blg + P1Lp - Pqu - Pqu + BP1Ly - BP1Lg - BPqu
as given by the first row of the Tableau in Appendix III. Similarly,
A

u + tj is given by the jth row of the Tableau. Thus the estimated

difference between breeds, for example, is given by:

Y9 [(u :t1) + (u ~:\t2) + (u::t3) - (u +/\t4) coc-ee — LB J}\tw)
- (u ;\t18)]

N N N [aY
Y [u + BRD = P} + .uveenn.. = BPL]
-\ -\ A

# W+ BRD = P] + eiuiueen. + 2BP1Ly 4 O

N Ba)

A
- u+BRD—Pl-oooonooo.+BPqu

S s

= Tp (18 BRD) = 2 BRD

Thus the estimated partial regression coefficient BﬁD must be
multiplied by two to obtain the estimated difference between breeds
(Border Leicester x Romney - Romney). Thus the reparametrised

regression coefficients will estimate multiples of the required



treatment comparisons. The actual multiple in any case may be
derived from the Tableau. For example, the linear PMSG effect is

given by the treatment comparison:

1/6 (_ t1 -t2_t3 .-o-o.ooo+t‘l6+t17+t18)

Y
which is estimated by 2Pj.

N
Since the reparametrised Tableau is orthogonal, P1, for example,

estimates:
ZjCjtj/ch
= Y2 (=6 = tp = b5 eeneieens + Big + tyg + tyg)

which is one-half the linear PMSG effect.

However, the t values obtained for the estimated regressior.

coefficients are unaffected by scalar multiplication of the estimates.

A
If the estimated variance of BRD equals d%, for example, then

the value of the t-statistic corresponding to the null hypothesis
A
BRD = O, is given by:
N\
BR@/@E =
This is the same as the value of the t-statistic corresponding to the
N ~
null hypothesis: 2BRD = O since the estimated variance of 2BRD is
given by 4 8% and:

A A
_ 2.BRD  BRD
2 O3 OB

t as before

However, given now that all treatment classes do not exist, the
estimated regression coefficients from the reparametrised Tableau
must be interpreted with care. For example, if treatments 3 and 6
(in Appendix III) of the Tableau were omitted, then, proceeding as

before, the result of the difference between breeds, for example:



Yo (tg + By = tg = t5 + b7 eevevener = t17 = t1g)

is estimated by

] ~ ~ A A ~N A N A
/8 (16 BRD + 2BPy - 2BPq - 2BL - 2BLy + 2BPjLy + 2BP1lq - 2BPqly)

which is not a simple multiple of the estimated regression coefficient
N
BRD.

Thus in the unbalanced case an alternative reparametrisation is

needed to estimate the treatment comparisons of interest directly.

In the present example, however, the required estimates were
obtained by taking the appropriate comparison among treatment means

as described in Chapter II.



APPENDIX III: REPARAMETRISED TABLEAU FOR MODEL TO INVESTIGATE WEIGHT OF LAMB BORN

PMSG Iitter Size

Dose Quad- Quad-
Breed Litter of Mean Breed linear ratic Liear ratic
tj of ewe Size PMSG u BRD By Pq L1 Lq BPp BPq Bl BLq Pl Pqu Pqu BP; I3 BPlLq BPqL

Interactions

q
1 B st o0 1 1 -1 1 -1 1 N 1 1 -1 -1 1 -1 -1
2 B ™ O 1 1 -1 1 0 -2 -1 1 0o -2 0 2 0 0 2 0
3 B Tr O 1 1 -1 1 1 1 -1 1 1 -1 -1 1 -1 -1 1
4 R S o 1 -1 1 1 -1 1 1 -1 1 -1 -1 -1 X 1 1
5 R ™ 0 1 -1 = 1 0 =2 1 -1 0o 2 0 2 0 0o =2 0
6 R Tr 0 1 -1 -1 1 1 1 S R -1 -1 1 1 1 -1
7 B S 1 1 1 0o -2 - 1 0 -2 1 0 0 0 0
8 B Tw 1 1 1 0o =2 g =2 0 -2 0 =2 0 0 0 0 0 0
9 B T 1 1 1 0 =2 1 1 0 -2 1 1 0 0 =2 0 0o =2

10 R S 1 1 -1 o -2 -1 1 0o 2 1 -1 0 0 0 0o =2

11 R ™w 1 1 -1 0o -2 0 =2 o 2 0o 2 0 0 0 0 0

12 R Tr 1 1 -1 0 =2 1 1 8 2 =u0 =i 0 0o =2 0 0

13 B S 2 1 1 1 1 -1 1 11 -1 1 -1 1 -1 -1 1 -1

14 B ™ 2 1 1 1 1 0 =2 11 0 -2 0 -2 0 0o -2 0

15 B ™ 2 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1

16 R S 2 1 -1 1 1 -1 1 -1 -1 1 -1 1 ] 1 5

17 R ™w 2 1 -1 1 1 @ | 1 - 0o 2 0 -2 0 0 a 0

18 R T 2 1 -1 1 1 1 1 -1 - 1 =1 1 1 1 = -1 -1

B S - Single Tw - Twin Tr - Triplet



APPENDIX IV: RAINFALL OVER THE FOUR MONTHS AFFECTING THE EARLY

PART OF THE TRIAL - A COMPARISON WITH THE 30-YEAR

AVERAGE

Rainfall in mmA

19755

30-year Average

Jan Feb Mar Apr
50.4 15.6 102.3 58.6

83.8 63.6 13.3 T4.4

A - Source D.S.I.R.

B - Year of trial.

Grasslands Division, Palmerston North.



APPENDIX V:

STUDENT-NEWMANS-KEULS TEST TO COMPARE MEANS:

1.

CYCIE IENGTHS FOLLOWING PMSG TREATMENT

Differences between means when these are ranked from largest

to smallest

Rank 1 2 5
Mean 16.158 15.768 15.674
No./group 52 57 53
Group Oi.u. 1200 i.u. 600 1 .u.
Rank Mean No./group Group
1 16.158 52 O i.u. - -
2 15.768 57 1200 i.u. 0.390%x - -
3 15.674 53 600 i.u. 0.484. * 0,094 N.S. -
M.S".\rithin = 0.812 /M'SWithin = 0.901
Degrees of freedom 150 Use d.f. =120
= 2 5
€;
-~ %.05(k,120) 2-8% 50356
e gEn %0.05(k,120) 2.523 3.024
——— %0.01(k,120) 3.702 4.200
M.S‘-th. [ ] , [ ] L]
NS %.01(k,120) 3.33%6 3,784
For a difference between means to be significant ag the level

of significance it must be equal to or greater than:-

ISR = Qx(g,120)

Difference between
B K =

Qo.OS(K,120) -

degrees of freedom.

D
Mo ithin By + U2
2nqnp
means .

1 + difference in ranks of two means.

value from studentized range for different
values of K when the error variance has 120
The test is carried

out at the 5% (0.05) or 1% (0.01) level of
significance.

D ny and n, are the sample sizes associated with the two means.



5.

Using the calues calculated in 2. the following ranges may be

calculated using the formula of 3.

(a) 5% level of significance

LSR$_9_3 - 3.024 /0.019 = 0.417" B
ISR, .. = 2.523 /J0.018 = 0.342"

=22

=S 252 0
Lﬁh_?B 523 /0.018

|
I

0.243 N.S.°

(b) 1% level of significance (testing only those ranges which
were significant at the 5% levelg

LSR, ., = 3,784 /0.019 = 0.522 N.S.
1—3
LSR1_+ 5 = 3.336 /0.018 = 0.448 N.S.
A LSR = least significant range to compare means

1—>3 with ranks of 1 and 3.

B The difference between the means is greater than the
LSR. Hence the two means are significantly different
at the level of significance tested for.

C The difference between the means is less than the ZISR.

From this test it is clear that:

i) Both groups of ewes receiving PMSG had shorter cycle ‘engths
(0.01<ZP<'0.05) than ewes not receiving the drug.

ii) There was no significant difference in cycle length
(P<0.05) between groups of ewes receiving either
600 i.u. or 1200 i.u. PMSG.



APPENDIX VI: DISCRIMINATION POINTS AND ACCURACY OF PREDICTION OF
NUMBERS OF CORPORA LUTEA USING PLASMA PROGESTERONE
CONCENTRATIONS (Estimated using AOV modelf)

Border-Romney Romney
Discrimination__Diagnoses: Discrimination__Diagnoses:
Points Total Correct Points Total Correct

Day 20
1 CL 0.092 10 4 1,221 8 6
2 0,903-1.110 12 2 1.222-1.362 9 0
) 1.111-1:.416 10 B 1.363-1.479 4 0
4 1.417-1.709 3 2 1.480-~1.728 3 0
5 1.710-1.724 2 0 1.729-2.064 2 1
6 1.725 mdy i 2.065 T
41 12(29.3%) 27 8(29.6%)
Day 40
1 CL 1.005 10 6 1.274 8 8
2 1.116-1.362 12 3 1.275-1.586 9 2
3 1.363-1.661 10 ? 1.587-1.835 5 2
4 1.662-1.876 3 0 1.836-1.964 3 0
3 1.877-1.983 2 0 1.965-2.148 2 0
6 1.984 4 3 1.149 1 1
41 15(36.6%) 27 13(48.1%)
Day 60
1 CL 1.692 10 7 1.718 8 5
2 1.693-1.934 12 4 1.719-2.011 9 3
3 1.935-2.009 10 1 2.012-2.216 4 1
4 2.010-2.028 3 0 2.217-2.298 3 1
5 2.029-2.276 2 0 2.299-2.524 2 0
6 2.2717 4 _2 2.524 TR
41 14(34.2%) 27 11(40.7%)

A See Table 5-1





