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| NCREASED EWE REPRODUCTI ON: 200% LAMBS
I NTRCDUCTI ON
N. M FOGARTY*

Ewe reproductive rates in Australia are very low  Average |anb markings
are less than 80%in nost states. Specialist lanb producers in NSW and Victoria
have higher reproductive rates, although only a very small proportion turn off
130% of | anbs. The efficiency of prime |anmb production needs to be inproved
if it is toremin viable and conpete with other enterprises for scarce resources
and expensive land. Sheep offer great potential for increasing productivity and
efficiency because of their capacity to double reproductive rate, largely through
exploitation of breed diversity and genetic variation. Genotypes are currently
available in Australia that have the potential to produce 200% | anbs per ewe per
year. The challenge is not only to utilise and further select these genotypes,
but to devel op comrercial managenment systens to ensure optinum ewe reproduct -
ion and maxi mum | anb survival and growt h.

This contract examines the efficiency and methods of attaining increased
ewe reproduction, the scope for selection, the effects of nutrition and the
management systems required for commercial attainment of a 200% lanbing rate.

| MPORTANCE OF EWE REPRODUCTION |IN THE EFFI CIENCY OF LAMB PRODUCTI ON
D.G HALL*

I ncreasing ewe reproduction increases both biological and economc efficien-
cy of lanmb production. Additional benefits include |eaner carcasses from twns
than singles, higher selection pressure in self replacing flocks and the possib-
ility of rapid increases in flock size after droughts or price slunps.

Large (1970) showed biological efficiency was greatest from snall breeds of
ewes producing large litters crossed with a large breed of ram Three |anbings
in tw years (accelerated lanbing) with a litter size of two was 2.1 tines nore
efficient than one |anbing/year (annual lanbing) with a litter size of one. Gen-
etically increasing ewe reproductive rate by 0.2 increases biological efficiency
by 103, and efficiency continues to increase up to four |anbs/ewe/year (Dicker-
son 1978). The total life cycle biological efficiency of the ewe is only 20-30%
of that for poultry, rabbit and pig (Dickerson 1978). This is because yearly
mai nt enance requirenents of the ewe are spread over only one or two progeny,
less efficient use of forage energy by sheep conpared to concentrate energy use
by monogastrics, relatively high fat deposition and relatively |ow slaughter
wei ghts of lambs and, within a whole farm system the retention of 20-30% of
all young ewes as replacenent dans.

Wi le biological or energetic efficiency are inportant in assessing maximm
efficiency levels, they are of little value to the |anmb producer, who is princ-
ipally concerned with profitability. However, energetic efficiency will give an
indication of econonmic efficiency, as energy input into a lanbing enterprise is
a major cost and the producer is paid partly on his energy output. |ncreased
ewe reproduction results in nore lambs froma simlar number of ewes and
area, or the same nunber of lanbs from|ess ewes and area, and should result
in increased profitability.

* Departnment of Agriculture, Agricultural Research Station, Cowa, NSW 2794,
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Australian economic studies of prine |anmb production are limted to 1.4 or
less lanbs/ewe/year. These studies (e.g. Thatcher 1977; B. Paterson, pers.
comm.; D.T. Vere and D.C. Harris, pers. comm.) i ndi cate profitability increases
5-15% for each extra 0.1 lanbs between 1.0 and 1.4 |anbs/ewe/year. Overseas
studi es have shown profitability increases up to at least 2.5 |anbs/ewe using
accel erated lanbing systems (Anon. 1977), although |anb pricesareconsiderably
higher than in Australia. There is a need to exam ne econonic benefitsofhigh
[anb output in a farm situation in Australia using appropriate genotypes and
managenent .

COVMPONENTS OF | NCREASED EWE EFFI Cl ENCY

There are various methods, both genetic and managenent, of increasing
lamb output.  Many depend on the following ewe conponents:

Fertility

Fecundity

Lanb survival

Number of |anbings per lifetime

These conponents are not independent. For exanple, joining ewe |anbs will
result in conpetition for linmted feed resources with ol der ewes, which nay
limt their potential, or increasing frequency of lanbing may lower fertility
due to post-partum anoestrus and lowered live weights.

Fertility of non-lactating autum joined adult ewes of adequate |iveweight
should be close to 100% It may be considerably |ower in other seasons, part-
icularly if ewes are lactating and in breeds which haveashort breeding season.
Fertility is also reduced by inbreeding, ram problens and in young and very
old ewes.

Litter size varies greatly between breeds, as well as with seasons, age
and nutrition. Some breeds, such as the Romanov, Finn and Booroola Merino,
have litter sizes well over 2.0, while other Merinos generally have litter sizes
below 1.3. Breeds used for prime |anb production, such as the Border Leices-
ter and Dorset, have internediate litter sizes.

Lamb survival in Australia is approximately 80%  The level varies wth
breeds, nutrition, gestation length and environmental conditions. Increasing
lanbing rates may decrease survival. Lanb survival of the highly fecund
Booroola Merinos, nostly lambing indoors, has been 0.90, 0.77, 0.55 and 0. 37
for litter sizes of one, two, three and four respectively (Piper and Bindon
1982).  Paddock lanmb survival for adult Hyfer ewes with corresponding litter
sizes in 1981-83 has been 0.86, 0.84, 0.64 and 0.39 (D.G Hall and N.M. Fogarty
unpublished data). Despite the low survival of triplets and quads, weaning
rates are still increased by utilising highly fecund breeds. Wen contenplating
increased |anbing frequency, seasonal effects of hypothernia, hyperthernia and
predation on |anmb survival nust be considered.

I ncreasing the number of |anbings per lifetime can be achieved by joining
ewe lanmbs, retaining and joining ol der ewes and increasing the frequency of
[ambing.  Production fromewe |anbs depends on breed, |iveweight and age,
but is generally lower than that from ol der sheep.  Joining Border Leicester x
Merino ewes at seven to eleven months of age resulted in 20-70%3 of ewes |anb-
ing with a maxinmum litter size of 1.58 (McGuirk et al. 1968; Cannon and Bath
1969; Tyrrell et al. 1974). Aged ewes have | owered weaning rates (Turner 1969)
but no Australian studies have exanm ned production fromold prine |lanb dans.

Theoretically it is possible to lanmb twi ce each year but 8-monthly | ambing
is more feasible. Choice of a ewe breed with an extended breeding season is
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critical. . In Australia the Dorset and Merino are nost suited to 8-monthly
[ambing. Post-partum anoestrus conplicates 8-monthly |anbings and is usually
longer in spring than other seasons (Hulet 1978). Hormones are often used to
overcone anoestrus in accelerated |anbing systems. Overseas systens often
involve indoor |anbings, artificial rearing and/or early weaning. Production
levels of 3.5 | anbs/ewe/year from Finn x Dorset Horn ewes have been achi eved
in Britain (Robinson and Orskov 1975). Australian results for accelerated

| anbing are nuch |ower than overseas reports (Bourke 1964; Wol aston 1975;
P.E. Geytenbeek, unpublished data), but paddock |anmbings have been used and
high fecundity genotypes have not been available.

METHODS OF ACH EVI NG 200% LAMBS MARKETED

Breed utilisation

Genetic neans of increasing lanb output per ewe involve utilising highly
fecund breeds and crosses and/or selection within breeds. The Booroola has
an average litter size of 2.3 (Piper and Bindon 1982) and Boorool a cross ewes
have increased weaning rates by up to 50% (Piper et al. 1982).  However,
Boorool a X Collinsville ewes weaned 0.22 fewer |anbs than Border Leicester x
Collinsville ewes (McGuirk et al. 1982), and Booroola x Dorset ewes have wean-
ed the same nunber of lanbs (1.4) as Trangie Fertility x Dorset ewes (D.G
Hal | and N.M Fogarty, unpublished data). Further evaluations will deternine
the merit of the Booroola to prime lanmb production.

Border Leicester ewes have autumn ovulation rates of at least 2.0 (D.G
Hal |, unpublished data) but |ow weaning rates because of a high proportion of
dry ewes and low lanb survival (Fogarty et al. 1976). Border Leicester
crosses have generally achieved the highest lamb output in Australia (e.g.
Fogarty 1978; Atkins 1980a; McGuirk et al. 1982) with maximum production of
about 1.6 lanbs born/ewe joined and 1.3 |anbs weaned/ ewe joined.  Joinings
more than once/year with Border Leicester x Merino ewes to increase |anb out-
put have been unsuccessful (Bourke 1964; Wbolaston 1975) because of post-partum
and spring anoestrus. The Coopworth, which is 50% Border Leicester, is a
means of utilising the high Border Leicester ovulation rates for annuallanbings.

Devel opnent of a new prime lanmb breed suited to intensive lanmb product-
ion is being undertaken by the N.S.W Departnent of Agriculture (Hall and
Fogarty 1982). The breed, called 'Hyfer', conbines Poll| Dorset, Booroola
Merino and Trangie Fertility Merino genotypes to achieve high |anbing percent-
ages and year round joining ability. The objective of the breeding programe
is a self replacing breed capable of a lanb narketing percentage of 200%/year
and successful joining throughout the year. Adult ewes (Dorset” x Booroola or
Dorset x Trangie Fertility) have averaged 1.82 |anbs born and 1.44 | anbs wean-
ed from autum joinings. up to 73% of the adult ewes have exhibited post-
partum oestrus in the spring within eight months of the start of joining. These
results indicate that with accelerated lanbings and selection the goal of two
| ambs/ ewe/ year is feasible.

Selection within existing breeds for higher lamb output is likely to be
sl ow because of the low heritability of reproduction traits, relatively long
generation interval and the tiered structure of prime lanmb production systens.
Potential for inprovement involves conbining appropriate genotypes acconpanied
by continued selection.

Technol ogi cal

(i) Light Daylength controls the breeding season of sheep. Artificial
daylength patterns have been used to achieve 1.86 |anbs/ewe/year under 8-monthly
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| anbi ngs (Ducker and Bowran 1972) and to increase |lanmbs born/ewe joined in

early-md sumer from 1.32 to 1.62 (Dunstan 1977). The administration of

melatonin to ewes has a simlar effect as shortening dayl ength (E A Dunstan,
pers. comm.).

(ii) Immunisation |mmunisation of Merino ewes against oestrone, andros-
tenedione or testosterone results in a 20% increase in lambs born t hr ough
extra twins froman autum joining (Cox et al. 1982), and further devel opnent
of this procedure may increase lambing rates of crossbred ewes.

(iii) Controlled breeding Hornones have been used to manipul at eoestrus
and ovulation rate to increasethe frequency of lanbing and litter size. This
has resulted in 1.76 viable Ianmbs/ewe/year from Border Leicester x Merino
ewes (Robinson 1980).

(iv) Ram induced ovulation Ranms can induce ewes to ovulate, and the
resulting ovulation rate is higher than spontaneously ovulating flockmates
(Cognie et al. 1980). This ram effect, together withprogesterone prining and
prior isolation of ewes fromrams, has increased |anmbs born/ewe joined from
1.03 to 1.21 for spring joined Border Leicester x Merino ewes (Charnley 1982).

Many of the technol ogi cal procedures for increasing ewe output result in
gai ns of 10-40%. To increase lanb output to 200%/ewe/year, appropriate geno-
types and nmore frequent joinings are necessary. The Hyfer breed devel oprent
programme is well on the way to achieving this objective.

SELECTI ON FOR EVEE REPRODUCTI ON AND LAMB PRCDUCTI ON
N.M FOGARTY

Selection of animals to be retained in the flock has two effects.  Firstly,
subsequent flock performance is affected by the lifetine production of retained
animals, i.e. current flock performance. Secondly, the long-term flock perfor-
mance in future generations is affected. Gains in current flock performence
fromselection are largely determned by repeatability of the trait under selec-
tion. Repeatability estimates are generally |ow which indicates environnmental
factors greatly affect reproductive traits, and gains in performance of the
current flock will be noderate.  Gains fromselection in the future flock are
determined by the levels of heritability, phenotypic variation, selection inten-
sity and' generation interval. Heritability estimates for the various reproduct-
ive traits are low, but are generally doubled if mean performance over two or
nmore joinings is used. Phenotypic variation for the traits is generally high.
The selection intensity that can be applied and the generation interval depend
on the levelofreproduction and age structure in the flock.

DEMONSTRATED RESPONSE

Nunerous experiments selecting for reproductive traits have been initiated,
al though few have been analysed in detail. The Trangie Fertility Merino flock,
after ten years of selection of twin ewes and rans and culling ewes failing t 0
rear a lanb at any lanbing,, has higher fertility, lanbs born and |ambs weaned/
ewe joined than the unselected control flock; 92 v 785, 1.47 v 1.10 and 1.24
v 0.91 respectively (Atkins 1980b). Approximately half the differences are
genetic and the remminder due to current flock selection. Lambs born/ewe
joined following divergent selection for high (T) and low (0) twinning in the
Merino, and selection in the Booroola (B) were 1.36, 1.11 and 2.10 for the T,
0 and B flocks respectively (Turner 1978). Initial differences contributed 76%
of the superiority of T over 0 and 57% of B over O withacontinuing divergence
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of .02 and .11 lanbs born/ewe/year respectively. Selection of Romey flocks
in New Zeal and for high (H and low (L) lambing rate, with a control (C), has
resulted in fertility of 93, 89 and 84% and litter size of 1.62, 1.22 and 1.13
for H Cand L flocks respectively (Carke 1972). The average annual increase
in Hover C has been .0175 | anbs born and .015 | anbs narked/ ewe joined.

PROBLEMS |N SELECTI ON FOR REPRODUCTI ON

Reproductive traits are only directly expressed by ewes whereas nuch
greater selection intensity can be applied on the ram side. Hence selection of
ranst oi ncrease reproduction in ewe progeny nustuseinformation from relatives,
usually dans, or indirect traits. In nost situations, progeny testing of rans
increases the generation interval substantially becauserepeated neasures of ewe
progeny are also usually required. Some components of reproductionaresubject
to considerable environmental variation, e.g. survival of lanmbs born overashort
period of the lanbing may be reduced by tenporarily severe weather conditions.
Expression of many traits is binomal or a relatively few discreet |evels,
al though the underlying variation may be nornally distributed. Hence accumul a-
tion of two or three records of performance is desirable to inprove accuracy of
estimation of breeding val ues.

It nmust also be enphasised that selection is not a substitute for good
managenment . At higher base levels of reproduction, expected genetic response
is more rapid because nore intense selection can be applied. Under good
management and environnents, genetic gains from selection will be more fully
expressed phenotypically Wi th higher levels of flock performance.

COVPONENTS

Ewe reproduction and |anmb production are conplex traits and can be def-
ined as nunber or weight of lanb weaned/ewe joined. Fertility, litter size
(largely determined by ovulation rate), lamb survival and lanb growth are

mej or conponents. In intensive lanb production systens, fertility may be aff-
ected by age at puberty and length of breeding season (including post-partum
anoest rus). Past selection recommendations for increasing ewe reproduction

have enphasised litter size. However, recent evidence suggests genetic variat-
ion exists for all conponents and they should be included in selection (Piper
1982).  The rel ative enphasis placed on each conponent in selection will vary
with the production system and nean performance |evel of each conponent.
Under an accelerated lanmbing system and with relatively high lanb nortality,
conmponent wei ghtings for indices of both weight and nunber of |ambs weaned/
ewe joined were highest for lanb survival (Fogarty et al. 1982). Index weight-
ings were also higher for fertility than litter size. Fertility and extended
breedi ng season would be expected to be nore inportant conponents in an 8-
mont hl'y | ambing systemthan in an annual spring |anbing system In the latter,
breeding season is not limting and fertility is close to its upper limt of 100%

There is considerable between-breed variation in ovulation rate, ranging
fromone to over three. Estimates of heritability range from .05t .07 in the
Merino (Piper et al. 1980) to .45+ .07 in the Finn and .58+ .28 in the Galway
(Hanrahan 1982). Selection for ovulation rate has been successful in Finn
sheep with a difference of over one ovul ati on between high and |ow |ines and
a realised heritability estimate of .50 + .07 (Hanrahan 1982). Estinmates of
heritability for ovulation rate are higher than those for litter size where both
have been neasured in the same flock. In his extensive review, Hanrahan
(1982) concluded that responses to selection for litter size were largely due to
increased ovulation rate. The contribution of enbryo survival was considered
mnor, despite evidence of breed variation.
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Genetic variation for lanb survival is low. Average heritability estimtes
reviewed by Cundiff et al. (1982), are .08 for lamb survival expressed as a
trait of the ewe, i.e. maternal rearing ability, and .04 for lanbs. Inclusion of
maternal rearing ability in selection for increased reproducti on was advocated
by Piper (1982) and results achieved in comercial and research flocks are
encouragi ng (McGuirk 1982).

Lifetime reproduction of ewes is affected by age at first lanbing and by
their frequency of lambing. Mny breeds reach puberty in their first breed-
ing season and lanb at one year of age. Baker and Mrris (1982) concl uded
that age and wei ght at puberty were noderately heritable and woul d respondto
selection.  However, age at puberty would have to be reduced sufficiently to
allow breeding in the first year to affect lifetinme reproduction and this would
be difficult in some breeds (Piper 1982). Estimates of heritability for fertility
are)low for ewes, but higher for associated traits in rams (Baker and Morris
1982

There is considerable between-breed variation in length of the breeding
season and post-partum anoestrus interval. These traits are affected by gest-
ation, lactation, season and presence of rams. Few estimates of heritability
exis; for these traits, but there is evidence of genetic variation (Ricordeau
1982

| NDI RECT SELECTI ON

Mre rapid response to selection could be achieved by a better underst-
anding of the relationships between conponents of reproduction and indirect
selection traits that can be neasured early in both sexes and are genetically
correlated with reproductive performance. Walkley and Smith (1980) theoretic-
ally explored expected response from indirect selection using three types of
physiol ogical traits, mle sex-limted (e.g. testis size), female sex-linited
(e.g. ovulation rate) and traits neasurable in both sexes (e.g. hornone |evels)
conpared with direct selection for litter size and conbined selection. Their
results show there is usually scope for inprovenent in the rate of response
with combined selection, which can be large if the heritability of the physio-
logical trait and its genetic correlation with litter size are high. They con-
clude by cautioning that realised response depends on the |evel ofthevarious
parameters, and lament the dearth of reliable estimtes, especially for genetic
correl ations

Various indirect traits have been advocated in selection for increasing
reproduction (Land et al. 1982). The basis for this is the presumed comon
genetic control of underlying physiological paranmeters and the phenotypic
expression of reproduction. Selection for early testis growh, adjusted for live
welght, resulted in earlier onset of the breeding season rather than anincrease
in ovulation rate (Land et al. 1982). It seens feasible that physiological traits
may be found that are highly correlated with certain production traits, such as
ovulation rate. However, the search for such traits over the last ten years has
beenl argely unsuccessful.  The chance of a single physiological trait being
highly genetically correlated with a conplex reproductive trait, suchas wel ght
of lanmb weaned/ewe joined, seens renpte. Such a conplex trait enconpasses
the diverse conponents of ovulation rate, enbryo survival, maternal rearing
ability and lanb growth, which are under very different physiological control

SELECTI ON UNDER 8-MONTHLY LAMBI NGS

The selection objective of increased weight of |anb weaned/ ewe |oined/
year, enconpasses all the conponents of lamb production; nanely fertility, in-
cluding seasonal breeding and post-partumjoining ability, litter size, lanb
survival and lanb growth. Under 8-monthly |anmbings at |east one joining in
each two year cycle will occur whenoestrous activity is reduced. Depending on
the breeds involved, one or both of the other two joinings in the cycle may
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occur at tinmes of sub-optimaloestrous activity and ovulation rate (Fogarty1981).
Increased weight of lanmb weaned/ewe/joined/year can be the selection trait for
ewes, but performance of female relatives or indirect traits nust be used to
select rams. Accuracy of selection can be inproved by incorporation of perform-
ance of various relatives. For ewes with three lanbing records, inclusion of
dam and paternal half-sib performance inproved accuracy by 12% and a further
increase of 8% with one offspring record (Martin and Smith 1980).

. Under 8-monthly | ambing systenms, expected ewe performance and variation
will vary with lanbing season. Actual performance needs to be standardised to
conpare ewes with different lanbing histories. Standardisation can take the

form Y.. = \a. - R..)/S.
3 1 273
where Y.. is the standardised weight of lamb weaned (deviation) for the ith
ewe in the jth season.
X.. is the actual performance of the ith ewe in the jth season.

ij
X.. = IZ... where Z.. s the weaning weight (adjusted to a constant age
and age of dan). of the kth Ianb.

O

1] ijk ijk
)_i.j is the mean performance of all ewes in the jth season.

S. is the standard deviation for performance in the jth season.

PREDI CTED RESPONSE TO SELECTI ON

The Hyfer is being devel oped as a self-replacing breed for intensive |anb
production with a high lanmbing rate and extended breeding season. The sel ect-
Ion phase entails joining ewes at 8-monthly intervalsin atwo year cycle. Ewes
are selected into a nucleus flock to breed replacements on the basis of weight
of lanb weaned over the three joinings. Rams are selected on the basis of
their dam s cumul ated performance. Sire lines are maintainedtoreducetherate
of inbreeding. Predicted response to selection for weight of lamb weaned/ewe/
year, assuming the follow ng paraneters (Fogarty 1981): heritability (over three
[ anbings), hz = .15; coefficient of variation, CV = 40% proportion selected,
ewes .5 (i= .8), rams .05 (i=1.9); generation interval, ewes 4.5 rams 1.5 (L
= 3); is: Response = i.h2.cv/L = [(.8X .5 +1.9x.5).15 x40]/3 = 1.75%/3ear.

EVE NUTRI TI ON TO | NCREASE FECUNDI TY AND LAMB SURVI VAL
J. R DONNELLY*

Late summer or autumm mating, which favours a high |anbing percentage,
is common for ewe flocks grazing on inproved pastures in south-eastern Austra-
lia. These flocks lanb in late winter and early spring when the risk of |osses
from exposure anmongst newborn lanbs is high. Mreover, the nutritional dem
ands of pregnant and |actating ewes reach a maxi munatatime whenthe winter
shortage of pasture is nost severe. In this paper, the possibility of inproving
ewe fecundity and lanb survival through better nutrition is discussed using
information from experiments with Merino and Border Leicester x Merino ewes
grazing at a range of stocking rates on perennial pastures on the southern
tabl el ands of New South Wales.

THE EFFECT OF NUTRITION ON THE FECUNDI TY OF EWES

Positive relationships exist between mean flock weight at joining and
[ ambing percentage for flocks mated in autumm when the effects of photoperiod
on the reproductive system are maximal (Mrley et al. 1978; Donnelly et al.
1982). These authors enphasised the distinction to be made between that com
ponent ofmean flock weight which is associated with nutritional plane and that
which is associated with skeletal size because of maturity or genetic differen-

* Division of Plant Industry, CSIRO, GPO Box 1600, Canberra, ACT, 2601.
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ces . For both Merino and crosshred flocks, the average increase in the nunber
of lanbs born was about two per 100 ewes joined, for each additional kg in

weight at joining (Donnelly et al. 1982). The response was |inear overtherange
of weights likely to be found for ewes of these genotypes in commercial flocks
and was not restricted to gains in weight made in the weeks imediately prior
to joining. Indeed, for autumm joined ewes, responses to weight gains that are
i ndependent of weight at joining seemrare (Mrley et al. 1978), al though gains
near mating could be inmportant for ewes joined outsidethepeakbreeding period.

The | evel of fecundity in a ewe flock mayvary from yearto year independ-
ently of weight or weight changes near joining, although the response in |anb-
ing percentage within years is remarkably consistent (Donnelly et al. 1982).
The variation in fecundity between years may be due, in part, to nutritional
stress experienced in the previous winter and spring sincethis has been shown
to reduce ovulation rates in sumer (Fletcher 1974).

The correlation between liveweight and |ambing percentage reflects the
effects of nutrition on both the weight of the ewe and on the size of the pool
of circulating metabolites which may stinulate the reproductive system Although
this is at present only poorly understood, a direct causative relationship bet-
ween wei ght and reproduction is not inplied and a large ewe in poor condition
is not expected to performas well as a small-framed ewe of the sane wei ght
but in good condition. Therefore, if differences among ewe |iveweights reflect
size of frame rather than nutritional effects, the full response to inproved
nutrition is possible only if the weight of the whole flock is increased. If
only the lighter ewes in a flock are given supplenentary feed, only that port-
ion of the flock will respond. The heavier aninmals may be just as undernour-
ished but this is concealed because they have bigger frames

Anot her point that affects the decision to exploit the relationship between
liveweight and fecundity is that ewes grazing on inproved pastures at commerc-
ial stocking rates are usually in good enough condition at mating to produce
one lanb. The benefits of higher fecundity may be linited by |ower neo-natal
Isurvi val in dangerously chilling conditions often experienced during lambing in
ate winter.

THE EFFECT OF PRE- NATAL NUTRI TION ON LAMB SURVI VAL

Autumn rainfall is erratic throughout nmost of south-eastern Australia, con-
tributing to the unreliability of food supplies in autum as wellas W nter when
pasture growth is severely linited by |ow tenperatures. Unless ewes have ade-
quate reserves of energy, low birth weights, particularly for twin lanbs, are
likely, thus increasing the risk of l|osses from exposure.

These losses are highly correlated with increasing levels of environnental
chill which can be estimated as a single index from mean daily tenperature,
wind speed and rainfall (Donnelly 1984). The distribution of
chill 1ndices calculated from 20 years of neteorological records at G nninderra
Experiment Station during the colder nonths is shown in Table 1. Expected
| osses anongst twin lanmbs during the first three days of life in response to
different levels of chill are shown in Table 2. If the level of chill exceeds
1000 kJ/m2/h then | osses from exposure in excess of 30% can be expected for
twin lambs born to Merino ewes. Therefore, shifting the lanbing date within
the period June through to Septenber is unlikely to have nmuch influence on
lamb nortality. Losses are lower for single lanbs or for lanbs born to cross-
bred ewves.

Losses are also lower if the ewes are heavier at |anbing (Table 2),
al though the reduction is of practical significance only if the probability of
mortal ity from exposure is high. In mld weather the probability of death from
exposure is low so reductions in nortality associated with high maternal weight
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are unlikely to be inportant.

Table 1 Monthly distribution of chill index (kJ/m2/h) at G nninderra.

April May June July August Sept. Oct.
Maximum 1138 1146 1251 1217 1267 1204 1213
Upper quartile 912 970 995 1017 1008 992 945
Median 870 937 971 987 983 953 907
Mean 882 937 974 994 983 953 912

Table 2 Probability of death within 3 days for twin lambs born to Merino and
Crossbred ewes of varying maternal (conceptus free) weight.

Merino Crossbred
Chill index (kJ/m2/h) Chill index (kJ/m2/h)
Maternal 800 200 1000 1100 Maternal 800 900 1000 1100
weight (kg) weight (kg)
35 .09 .20 .41 .65 45 .06 .12 .23 .40
45 .06 .15 .32 .55 55 .04 .09 .19 .34
55 .04 .11 .24 .46 65 .03 .07 .15 .28

THE VALUE OF | MPROVED NUTRI TI ON

Al'though there is little doubt that increasing the weight of ewes through
better nutrition leads to nmore lambs and reduced lamb nortality in cold condi-
tions, it seems unlikely that the responses are large enough to be routinely
useful if food supplements have to be purchased. A 40kg ewe requires about
40M) of netabolisable energy or about 3.5kg of wheat, in addition to mainten-
ance requirements, to gain lkg in weight (A RC 1980). Since the whole flock
nmust be fed to obtain an extra 2% |ambs, each extra lanmb nust be sold for $29
to cover feed costs, assuming wheat costs $165 per tonne.

Simlarly, increasing lanb survival through better ewe nutrition is unlike-
ly to be profitable if supplements have to be purchased. Ewes with twins can
be identified in nid-pregnancy (Fow er and Wlkins 1982) and if only these are
fed, 34kg of wheat will be required for each ewetoincrease her weight from 35
to 45kg (conceptus free). From Table 2, at an average chill index of 1000 kJ/
m2/h an increase in weight of this magnitude would reduce nortality of twns
by 9%  The cost of supplenmentation for this purpose alone is $32/lamb for the
extra 18 | ambs surviving/100 twin bearing ewes, plus the cost of scanning all
ewes. Hence other neasures such as providing shelter may be nore econom cal
in reducing losses from exposure.

Qbviously, inproving the nutrition of ewes sinply to increasethe nunber
of lambs surviving to weaning is unlikely to increase profits, particularly if
suppl ements cost as nuch as wheat. Profits are more likely if cheaper supple-
ments can be grown on the farm but problens remain, including ensuring that
all animals eat the supplement and that substitution of the supplenent for
pasture can be avoided. On the other hand, increases in lamb growth and
wool production and the use of management techniques that reduce exposure
may conpensate for some of the costs.
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MANAGEMENT STRATEG ES FOR HI GH LAMBI NG RATES
R A JELBART* and S.T. DAWE**

Highly fertile and prolific sheep are available in Australia, and the chall-
enge is to exploit this potential commercially. Several managenment options are
available to the grazier: annual l|anbing, 8-monthly |anbing, or nmore intensive,
such as the French 49d system (Robinson 1974) and the Australian 2-nonthly
system (Robinson 1980). Watever systemis chosen, the full potential of the
sheep will only be realised by good sheep managers who are able to:

* meet the nutritional requirements of ewes bearing various litter sizes;
* optimise conception rates, through ram and ewe managenent;

* optimse lanb survival by management during pregnancy and |anbing;
* further increase lanbs by increasing the frequency of |anbings.

The major challenge is undoubtedly to adjust nutritional levels to neet
the widely varied requirenents of ewes bearing zero to five foetuses. For this
we nust know foetal number for individual ewes, and the nutritive value of
feed sources. Real time ultrasound can determne pregnancy with 100% accuracy
and presence of multiple foetuses with 98% accuracy, between 40 and 100 days
of gestation (Fow er and WIkins 1982). Low ewe bl ood glucose |evels 90 days
after joining indicate ewes are carrying nultiple foetuses, while non-pregnant
and single bearing ewes tend to have high glucose levels (Parr et al. 1982).
The major comrercial stunbling block is to assess, cheaply and quickly, the
nutritive value of pastures or grazing crops. A system of 'pasture allowances'
is being developed in New Zealand (Rattray and Jagusch 1978) to allow better
ewe managenent, but the prospects of a similar system being devel oped for
Australia's extensive and variable pastures are linited.

MANAGEMENT BEFORE AND DURI NG JO NI NG
Ram managenent

Current recommendations on ram preparation for joining, such as physical _
soundness, good nutrition, health and shearing, are critical if high reproduct-
ive potential is to be achieved. Serving capacity tests (Blockey 1980),
phot operiod regul ati on (Schanbacher 1979), increased ram percentage and 'neigh-
bourhood' ram pools may be useful additional refinements. Selection of rans
based on a reproductive index is desirable.

Ewe managenent

For nmost breeds and crosses each additional |kg of |iveweight at joining
results in an increase of .015to .02 lanbs born/ewe (Mrley et al.1978). This
increase may be greater for breeds of higher fecundity. Restricted nutritionof
ewes in the previous year has reduced ovul ation rate, even though |iveweights
had recovered (Fletcher 1974). This has important repercussions for high fec-
undity flocks, especially after droughts, and requires further research.

Nutritional managenment is the major challenge of running highly fecund
flocks. |f peak nutritional requirements coincide with periods of limted feed
availability in autum and winter, special crops may need to be grown, extra
hay or grain stored or stocking rates reduced. Wnter fodder crops have been
successfully used to boost winter feed supplies and carrying capacities on the
slopes and tablelands. For exanple, from May to August, dry matter product-
ion in the higher altitude areas of the NSW Central Tabl el ands ranges from 7kg/

* Department of Agriculture, \Mgga, NSW 2650.
** Departnment of Agriculture, Agricultural Institute, Yanco, NSW 2703.
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ha/ d for ryegrass/clover pastures to 20kg/ha/d for grazing oats. The extra 13kg
/ha/d dry matter from oats is sufficient to support 10 to 15 crossbred ewes.
The value of legumes is not to be underrated, especially for summer-autum
grazing to promote high lanb growth rates. Summer forage crops are of little
value for fattening lanmbs, although they may be useful to maintain ewe condit-
ion in sunmer and autumm.  Buying fodder, especially in years of grain and
hay surplus, is always an option requiring |less labour and capital than on
property fodder conservation. Pasture types containing phyto-oestrogens may
restrict the potential of high fecundity flocks. Producers need to be aware of
and be able to identify those species/strains, especially clover, that could
cause a problem

Nutrition of the ewe can be readily manipulated by varying stocking rate.
Reduced stocking rate results in higher twinning percentage and wool cut/ ewe
(Donnelly et al. 1982).

Time of joining

Ewes capable of lambing rates of 200% will require producersto drastically
alter their management. The ensuing large proportion of nultiple births wll
require special consideration. Joining at the peak of oestrus is recomended,
but may not always be possible. Joining, as it effects lanbing tine, may be
altered because of labour availability, likely weather patterns, feed availabil-
ity and likely market trends at lanb marketing. It may be necessary to split
joining, such as in an 8-monthly | ambing system to spread marketing risk and
better utilise labour and rans.

\What ever breeding schedule is adopted, the use of ram harnesses to iden-

tify the time and pattern of joining is essential. Identification of ewes as to
time of lanbing over a short period, such as a week, would greatly assi st
managenent . The use of progesterone, ram pheronone and photoperiod control

may be as useful to synchronise joining as to bring ewes out of seasonal an-
oestrus.

MANAGEMENT DURI NG PREGNANCY

All research indicates that ewes bearing multiples nust be in good condit-
ion at parturition if their twins (or nore) are to survive and grow to weaning
with mniml nmaternal handicap. Ewes must utilise reserves to support the
growh of nultiples. Just as inportantly, if a high level of fertility is to be
mai ntai ned, the ewes nust be back in good condition for the follow ng mating.
This will generally necessitate the ewe being in good body condition at [|anbing
and even at 100 days of pregnancy. Twin bearing Merino ewes need to gain
approxi mately 200g/d during the last trimester of pregnancy to avoid |anbs
suffering maternal handicap (File 1981). Early pregnancy diagnosis would be
an integral part of management to identify foetal nunber and likely nutritional
requirenents.

LAVBI NG MANAGEMENT

Normal principles of good |anbing managenent, such as nutrition, climte,
topography of lanbing site and shelter are essential. Expectation of a high
proportion of nultiple births necessitates extra strategies to ensure survival of
the weaker |anbs, particularly for any quads. Wth know edge of foetal nunber,
singl e bearing ewes can be |anbed separately with nininmal supervision provided
that nutritional managenent has been adequate. Those ewes carrying multiples
shoul d be divided into small groups according to litter size, e.g. twns, separ-
ated from higher order nultiples. Goup sizes can be further reduced by sep-
arating ewes into those expected to lanb each fortnight.
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Data- from Leeton suggests that Border Leicester x Merino ewes on adequate
pasture are able to rear triplet lanbs successfully. Consideration maybegiven
to removal of weak twinsortriplets for artificial rearing or fostering onto ewes
which have lost lanmbs or have only singles. W suggest renoving half the quad
| ambs because of their generally |ower birthweight and vigour. Fostering |anmbs
is the preferred choice econonically, but we have yet to be convinced of a
consistently successful technique. Artificial rearing of |arge nunbers of |anbs
has been conducted successfully at Leeton for a nunber of years and commerc-
ial systems are available. Artificial rearing is a high cost operation and the
costs need to be weighed against the value of the lanb saved. Each |anb will
require a mininumof 5kg of milk replacer ($2.00/kg). C osely supervised pen
| ambi ng systens allow actual lanmbing tines to be fully programmed by the use
of hornones to synchronise mating and further synchronise | anmbi ngs by induct-
ion of parturition.

The above represents some of our current thoughts on |anbing nmanagement
for highly fecund ewes. It is largely speculative and this whole area requires
consi derable research to deternine and evaluate optinmum management strategies.

| NCREASED FREQUENCY COF LAMBI NG

Conparative studies have yet to be undertaken with highly prolific sheep
in Australia under annual or accelerated |ambing programmes. However, over-.
seas data (Hulet 1978) indicate up to 0.53 nore |anbs/ewe/year from 8-monthly
conmpared with annual |anbings, without exogenous hornones. An 8-monthly
programme offers the nost practical accelerated |ambing system based on exper-
lence with a nodified French 494, Robi nson's 2-monthly and a commercial 8-
monthly system all using hornones.

If asingle flock of ewes is |anbed at 8-monthly intervals, the feed re-
quirenments of the flock vary greatly from year to year, as there is onel ambing
in one year and two lambings In the next. Variation in feed and labour require-
ments are minimsed if the flock is divided into two groups which are joined
four months apart. Such a programme results in approximately half the flock
| anbing every four nonths. Lanbing times are consistent-from year to year,
e.g. Mirch, July and Novenber. Prior to each joining, the non-pregnant ewes
fromthe alternate group, detected by ultrasound, can be transferred and re-
joined. Only half the flock |ambs at one time and requirements for rams, |anb-
ing paddocks and other facilities are reduced.

Accel erated | ambing systens can only be enployed where nutrition and
environment are favourable on a year-round basis. Ewes have to be kept in
good condition and adequate sumer/autumn feed supplies are essential for ewe
mai ntenance, |anb growth and prejoining build-up of ewes. The ahility of
ewes to be rebred successfully while lactating is affected by the nunber of
anbs born and the nunber suckled (Cognie et al. 1975) with seasonal interact-
ions. There is an urgent need to investigate the extent of these effects in
highly prolific ewes under 8-monthly |anbing systems in Australi a.

EARLY WEANI NG OF LAMBS

Recent work with Border Leicester x Merino and Dorset x Merino ewes
(S. T. Dawe, unpublished data) showed that lactating ewes, nmated seven weeks
post-partum in autum and nine weeks in spring, had half the conception rates
of ewes with lanbs renoved at birth. In addition, weaning lambs two weeks
prior to mating ewes ten weeks post-partumin the spring increased conception
rate from40 to 61%  These results indicate that early weaning at six to eight
weeks may be necessary if high reproductive rates are to be reliably achieved.
Such effects in genetically highly fertileand prolificewes have yetto beassessed
and will form part of the ongoing research with the Hyfer programre at
Leeton.
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CONCLUSI ON
N. M FOGARTY

* |f specialist lamb production is to remain viable on expensive |and,
productivity and efficiency nust be inproved. Substantial inprovenent in prod-
uctivity and efficiency can be achieved by increases in reproductive rate.

* Sheep have great potential for increasing reproductive rate and |anb
product i on. Qverseas work and recent Australian research has shown that by
utilisation of appropriate genotypes 200% |ambs per year is feasible.

* Selection can be used to inprove nost components of ewe reproduction
and |amb productionand will provide continued cumul ative gains.

* Qptinmum nutrition is inportant for high ewe reproduction, lambsurvival
and lanb growth, and to ensure that the genetic potential of flocks is achieved.

* Managenent systens urgently need to be developed to cater for high
level s of ewe reproduction. Research areas that have been highlighted include
| ambi ng systens and nanagenment of ewes to reduce |anb mortality, and ewe
management during late pregnancy and lactation, together with time of weaning,
to enhance post-partumjoining ability.
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